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POLYMER PARTICLES AND USES THEREOF

TECHNICAL FIELD

The present invention relates to recombinant proteins and related constructs and methods,
and to polymer particles and uses thereof. In particular the present invention relates to
functionalised polymer particles, processes of production and uses thereof in eliciting an immune
response and in the treatment or prevention of diseases or conditions including those caused by
intracellular or extracellular pathogens.

BACKGROUND
The following includes information that is useful in understanding the present invention. It
is not an admission that any of the information provided herein is prior art, or relevant, to the
presently described or claimed inventions, or that any publication or document that is
specifically or implicitly referenced is prior art.

Pathogens including intracellular and extracellular pathogens are known to cause a number
of harmful diseases in humans, including, for example, tuberculosis, hepatitis, influenza, leprosy,
listeriosis, typhoid fever, dysentery, plague, pneumonia, typhus, chlamydia, anthrax disease, and
meningitis, amongst others. Both the ability to generate a robust cell-mediated immune response
and a humoral response, elicited by traditional vaccination strategies, are encompassed herein.

Tubereulosis (Tb), for cxample, is estimated to kill over 2 million pcople cach year.
Current methods for the treatment or prevention of tuberculosis are being challenged by the
emergence of multi-drug resistant strains of Mycobacterium tuberculosis bacteria (Anderson,
2007; Mustafa, 2001). The trcatment or prophylaxis of Tb is complicated by the inaccessability
of the intracellular bacteria to the host’s immune system.

It would be desirable to develop a safe and efficient method for delivering targeted
vaccinations that overcomes many of the disadvantages of conventional vaccine delivery

systems. Disadvantages include increased cost and a need for repeated administration,

fféﬁﬁéntly due to diminished efficacy over time, Geheratihg an immunue fesbbhse, and

particularly a cell-mediated immune response, has also been proposed as a method of treating a
variety of other diseases and conditions, including for example, cancer. There is thus a nced for
vaccine compositions capable of eliciting a robust immune response, and particularly
compositions capable of eliciting a cell-mediated immune response or a humoral response or
both.

The properties of polyhydroxyalkyl carboxylates, in particular polyhydroxy alkanoates

(PHAS) have been investigated for their application in bioplastics, in addition to their use as a
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matrix for the transport of drugs and other active agents in medical, pharmaceutical and food
industry applications. Through bioengineering of the PHA molecule, the composition and
expression of the PHA molecule can be manipulated to suit a particular function.

It is an object of the present invention to provide polymer particles for use in the treatment
or prevention of various diseases and conditions, including, for example, by immunisation or
vaccination, to provide methods and compositions for eliciting an effective immune response in
subjects in need thereof, or to at least provide the public with a useful choice.

BRIEF SUMMARY

The inventions described and claimed herein have many attributes and embodiments
including, but not limited to, those set forth or described or referenced in this Brief Summary. It
is not intended to be all-inclusive and the inventions described and claimed heremn are not limited
to or by the features or nonlimiting embodiments identified in this Brief Summary, which is
included for purposes of illustration only and not restriction.

Disclosed herein are methods for producing polymer particles, the method comprising
providing a host cell comprising at least one expression construct, the at least one expression
construct comprising:

at least one nucleic acid sequence encoding a particle-forming protein; and either
at least one nucleic acid sequence encoding an antigen capable of eliciting an
immune responsc; or

at least one nucleic acid sequence encoding a binding domain capable of binding an
antigen capable of eliciting an immune response;

maintaining the host cell under conditions suitable for expression of the expression

construct; and

separating polymer particles from host cells.

In one embodiment the method comprises providing a host cell comprising at Icast one

expression construct, the at least one expression construct comprising:

at least one nucleic acid sequence encoding a particle-forming protein; and either

at least one nucleic acid sequence encoding an antigen capable of eliciting a cell-

mediated immune response, for example; or

at least one nucleic acid sequence encoding a binding domain capable of binding an

antigen capable of ¢liciting a cell-mediated immune response, for example;
maintaining the host cell under conditions suitable for expression of the expression
construct; and

separating polymer particles from host cells.
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In one embodiment the particle-forming protein is a polymer synthase.

In one embodiment the expression construct is in a high copy number vector.

In one embodiment the at least one nucleic acid sequence encoding a particle-forming
protein, is operably linked to a strong promoter.

In one embodiment the strong promoter is a viral promoter or a phage promoter.

In one embodiment the promoter is a phage promoter, for example a T7 phage promoter.

In one embodiment the host cell is maintained in the presence of a substrate of a polymer
synthase, preferably a substrate of a polymer synthase when present or a substrate mixture,
including monomeric substrate, or a precursor substrate able to be metabolised by the host cell to
form a substrate of the particle-forming protein.

In one embodiment the host cell comprises at least two different expression constructs.

In some embodiments in which the host cell comprises at least two different expression
constructs, at least one of the expression constructs is selected from the group comprising:

an expression construct comprising a nucleic acid sequence encoding a particle-forming

protein, and at least one antigen capable of eliciting an immune response, or

an expression construct comprising a nucleic acid sequence encoding a particle-forming

protein, and a binding domain capable of binding at least one antigen capable of eliciting

an immune response, including, for example, a cell-mediated immune response, or

an cxpression construct comprising a nucleic acid scquence encoding a particle-forming

protein, and at least one antigen capable of eliciting a cell-mediated immune response, or

an expression construct comprising a nucleic acid sequence encoding a particle-forming

protein, and a binding domain capable of binding at least onc antigen capable of eliciting a

cell-mediated immune response, or

an expression construct comprising a nucleic acid sequence encoding an adjuvant, or

an cxpression construct comprising a nucleic acid sequence encoding at least one antigen

capable of eliciting an immune response, or

an expression construct comprising a nucleic acid sequence encoding at least one antigen

capable of eliciting a cell-mediated immune response.

In other embodiments in which the host cell comprises at least two different expression
constructs, one of the expression constructs is selected from the group comprising:

an expression construct comprising a nucleic acid sequence encoding a particle-forming

protein, or

an expression construct comprising a nucleic acid sequence encoding a particle-size

determining protein, or
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an expression construct comprising a nucleic acid sequence encoding a polymer regulator.

In other embodiments in which the host cell comprises at least two different expression
constructs, one of expression constructs comprises a nucleic acid sequence encoding a particle-
forming protein, preferably a polymer synthase, and a binding domain capable of binding at least

5 one antigen capable of eliciting an immune response, for example, a cell-mediated immune
response, and at least one expression construct selected from the group comprising:

an expression construct comprising a nucleic acid sequence encoding a particle-forming

protein, and at least one antigen capable of eliciting an immune response, or

an expression construct comprising a nucleic acid sequence encoding a particle-forming

10 protein, and a binding domain capable of binding at least one antigen capable of eliciting
an immune response, or

an expression construct comprising a nucleic acid sequence encoding a particle-forming

protein, and at least one antigen capable of eliciting a cell-mediated immune response, or

an expression construct comprising a nucleic acid sequence encoding a particle-forming
15 protein, and a binding domain capable of binding at least one antigen capable of eliciting a
cell-mediated immune response, or

an expression construct comprising a nucleic acid sequence encoding an adjuvant, or

an expression construct comprising a nucleic acid sequence encoding at least one antigen

capable of cliciting an immune response, or

20 an expression construct comprising a nucleic acid sequence encoding at least one antigen
capable of eliciting a cell-mediated immune response.

In one embodiment the host ccll comprises a mixed population of expression constructs
wherein each expression construct comprises a nucleic acid sequence encoding a fusion
polypeptide, the fusion polypeptide comprising:

25 at least one particlc-forming protein, and either
at least one antigen capable of eliciting an immune response, or
- at least one binding domain capable of binding at least one antigen capable of eliciting an
immune response.
In various embodiments, the antigen is an antigen capable of eliciting a cell-mediated
30  1mmune response.

Another aspect of the present invention relates to an expression construct, the expression

construct comprising:

at least one nucleic acid sequence encoding a particle-forming protein; and
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at least one nucleic acid sequence encoding an antigen capable of ¢liciting an immune

Tesponse.

In one embodiment, the nucleic acid encodes an antigen capable of eliciting a cell-

mediated immurne response.

Another aspect of the present invention relates to an expression construct, the expression
construct comprising:

at least one nucleic acid sequence encoding a particle-forming protein; and

at least one nucleic acid sequence encoding a binding domain capable of binding an

antigen capable of eliciting an immune response.

In various embodiments, the antigen is capable of eliciting a cell-mediated immune

response, or the binding domain is capable of binding an antigen capable of eliciting a cell-

mediated immune response.

In one embodiment the expression construct encodes a fusion polypeptide comprising the
particle-forming protein, and the antigen capable of eliciting an immune response.

In one embodiment the expression construct encodes a fusion polypeptide comprising the
particle-forming protein, and a binding domain capable of binding an antigen capable of eliciting
an immune response.

In one embodiment the at least one nucleic acid sequence encoding the particle-forming
protein and the at least one nucleic acid sequence encoding the antigen capable of cliciting an
immune response are present as a single open reading frame.

In one embodiment the at least one nucleic acid sequence encoding the particle-forming
protein and the at least onc nucleic acid sequence cncoding the binding domain capable of
binding an antigen capable of eliciting an immune response are present as a single open reading
frame.

In one cmbodiment the at least one nucleic acid sequence encoding the particle-forming

protein is operably linked to a strong promoter.

In one embodiment the expression construct comprises at least one nucleic acid sequence
encoding an additional polypeptide.

In one embodiment, the expression construct comprises:

at least one nucleic acid sequence encoding a fusion polypeptide that comprises a particle-

forming protein, and at least one a binding domain capable of binding an antigen capable

of eliciting an immune response; and
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at least one nucleic acid sequence encoding an additional polypeptide that binds the

binding domain capable of binding an antigen capable of eliciting an immune response of

the fusion polypeptide.

In one embodiment the additional polypeptide is a fusion polypeptide comprising a
particle-forming protein, and at least one antigen capabie of eliciting an immune response, such
as an antigen capable of eliciting a cell-mediated immune response.

In one embodiment the construct additionally comprises a nucleic acid encoding

i at least one thiolase, or
1, at least one reductase, or
iii. both (i) and (ii).

In one embodiment the construct comprises a nucleic acid encoding

L. at least one thiolase,
ii. at least one reductase,
iii. at least one polymer synthase;
iv. at least one antigen capable of eliciting an immune response, or
v. at least one binding domain capable of binding at least one antigen capable

of eliciting an immune response,
Vi, a fusion protein comprising one or more of i) to v) above,
vii. any combination of i) to vi) abovc.

In one embodiment the expression construct comprises:

at least one nucleic acid sequence encoding a fusion polypeptide that comprises a particle-
forming protcin, and at least onc antigen capable of cliciting an immune response, for example, a
cell-mediated immune response,; and

at least one nucleic acid sequence encoding an additional polypeptide that comprises a
binding domain capable of binding at lcast onc antigen capable of cliciting an immune response,
for example, a cell-mediated immune response,.

In one embodiment the expression construct comprises:

at least one nucleic acid sequence encoding a fusion polypeptide that comprises a particle-
forming protein, and at least one antigen capable of eliciting a cell-mediated immune response;
and

at least one nucleic acid sequence encoding an additional polypeptide that comprises a
binding domain capable of binding at least one antigen capable of eliciting a cell-mediated

1MmMune response.
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In one embodiment the additional polypeptide is a fusion polypeptide comprising a
particle-forming protein, and a binding domain capable of binding at least one antigen capable of
eliciting an immune response, for example a cell-mediated immune response.

Another aspect of the present invention relates to a vector comprising an expression
construct of the invention.

In one embodiment the vector is a high copy number vector.

In one embodiment the vector is a low copy number vector.

Another aspect of the present invention relates to a host cell comprising an expression
construct or a vector as defined above.

In one embodiment the host cell comprises an expression construct selected from the group
comprising;

an expression construct comprising a nucleic acid sequence encoding a particle-forming

protein, and at least one antigen capable of eliciting an immune response, or

an expression construct comprising a nucleic acid sequence encoding a particle-forming

protein, and a binding domain capable of binding at least one antigen capable of eliciting

an immune response, for example, a cell-mediated immune response,, or

an expression construct comprising a nucleic acid sequence encoding a particle-forming

protein, and at least one antigen capable of eliciting a cell-mediated immune response, or

an cxpression construct comprising a nucleic acid sequence cncoding a particle-forming

protein, and a binding domain capable of binding at [east one antigen capable of eliciting a

cell-mediated immune response, or

an cxpression construct comprising a nucleic acid scquence encoding an adjuvant, or

an expression construct comprising a nucleic acid sequence encoding at [east one antigen

capable of eliciting an immune response, or

an expression constructconstruct comprising a nucleic acid sequence encoding at Icast onc

antigen capable of eliciting a cell-mediated immune response.

Another aspect of the present invention relates to a polymer particle comprising one or
more fusion polypeptides comprising a particle-forming protein fused to at least one antigen
capable of eliciting an immune response, for example, a cell-mediated immune response.

Another aspect of the present invention relates to a polymer particle comprising one or
more fusion polypeptides comprising a particle-forming protein fused to a binding domain
capable of binding at least one antigen capable of eliciting an immune response, for example, a

cell-mediated immune response.
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In one embodiment the polymer particle comprises two or more different fusion
polypeptides.

In one embodiment the polymer particle comprises two or more different fusion
polypeptides on the polymer particle surface.

In one embodiment the polymer particle comprises three or more different fusion
polypeptides, such as three or more different fusion polypeptides on the polymer particle surface.

In one embodiment the polymer particle comprises two or more different antigens capable
of eliciting an immune response, for example a cell-mediated immune response.

In one embodiment the polymer particle comprises binding domains of at least two or more
different antigens capable of eliciting an immune response, for example a cell-mediated immune
response.

In one embodiment the polymer particle further comprises at least one substance bound to
or incorporated into the polymer particle, or a combination thereof.

In one embodiment the substance is an antigen, or an adjuvant, or an immunostimulatory
molecule.

In one embodiment the substance is bound by cross-linking.

In one embodiment the at least one polymer particle comprises at least one antigen selected
from the group comprising a M. tuberculosis antigen, a hepatitis C antigen, an influenza antigen,
a Francisella tularensis antigen, a Brucella abortus antigen, a Neisseria meningitidis antigen, a
Bacillus anthracis antigen, a dengue virus antigen, an ebola virus antigen, a West Nile virus
antigen, including one of the antigens described herein.

Another aspect of the present invention relates to a polymer particle produced according to
a method defined above.

Another aspect of the present invention relates to a composition of polymer particles,
wherein the polymer particles comprisc one or more fusion polypeptides comprising a particle-
forming protein fused to at least one antigen capable of eliciting an immune response, for
example a cell-mediated immune response.

Another aspect of the present invention relates to a composition of polymer particles,
wherein the polymer particles comprise one or more fusion polypeptides comprising a particle-
forming protein fused to a binding domain capable of binding at least one antigen capable of
eliciting an immune response, for example a cell-mediated immune response.

Another aspect of the present invention relates to a composition of polymer particles,

wherein the polymer particles are produced according to a method defined above.
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In various embodiments, the composition is a vaccine composition. In various
embodiments the vaccine composition additionally comprises one or more adjuvants or
immunostimulatory molecules.

Another aspect of the present invention relates to a diagnostic reagent comprising a
composition of polymer particles as defined above.

Another aspect of the present invention relates to a diagnostic kit comprising a
composition of polymer particles as defined above.

In one embodiment, the composition comprises an homogenous population of polymer
particles.

In one embodiment, the composition comprises a mixed population of polymer particles.

In one embodiment, the composition additionally comprises one or more of the following:

one or more antigens capable of eliciting an immune response, for example a cell-mediated

immune response,

one or more binding domains of one or more antigens capable of eliciting an immune

response, for example a cell-mediated immune response,

one or more adjuvants, or

one or more immunomodulatory agents or molecules.

Another aspect of the present invention relates to a method of eliciting an immune
response in a subject, wherein the method comprises administering to a subject in need thereof at
least one polymer particle comprising one or more fusion polypeptides, wherein at least one of
the fusion polypeptides comprises a particle-forming protein fused to at least one antigen capable
of eliciting an immunc rcsponsc in a subject.

In one embodiment, the immune response is a cell-mediated immune response. In one
embodiment, the antigen is an antigen capable of eliciting a cell-mediated immune response.

In onc cmbodiment, the immune responsc is a humoral immune response. In one
embodiment, the antigen is an antigen capable of eliciting a humoral immune response.

Another aspect of the present invention relates to a method of elicting an immune response
in a subject, wherein the method comprises administering to a subject in need thereof at least one
polymer particle comprising one or more fusion polypeptides, wherein at least one of the fusion
polypeptides comprises a particle-forming protein fused to a binding domain capable of binding
at least one antigen capable of eliciting an immune response in a subject, wherein the binding
domain capable of binding at least one antigen capable of eliciting an immune response is bound
to, the subject comprises, or the subject is administered, at least one antigen capable of eliciting

an immune response.
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In one embodiment, the immune response is a cell-mediated immune response. In one
embodiment, the binding domain is capable of binding an antigen capable of eliciting a cell-
mediated immune response.

In one embodiment the method relates to a method of immunising a subject against
tuberculosis, wherein the method comprises administering to a subject in need thereof at [east
one polymer particle comprising one or more fusion polypeptides, wherein at least one of the
fusion polypeptides comprises a particle-forming protein fused to at least one antigen capable of
cliciting a cell-mediated or other immune response.

In one embodiment the method relates to a method of immunising a subject against
tuberculosis, wherein the method comprises administering to a subject in need thereof at least
one polymer particle comprising one or more fusion polypeptides, wherein at least one of the
fusion polypeptides comprises a particle-forming protein fused fo at least one binding domain
capable of binding at least one antigen capable of eliciting a cell-mediated immune response,
wherein the binding domain capable of binding at least one antigen capable of eliciting a cell-
mediated or other immune response is bound to, the subject comprises, or the subject is
administered, at least one antigen capable of eliciting a cell-mediated or other immune response.

In one embodiment the at least one polymer particle is present in a composition comprising
at least one antigen capable of eliciting an immune response in a subject, such as a composition
comprising at lcast onc antigen capable of cliciting a cell-mediated or other immune response in
a subject.

In one embodiment the invention relates to a method of eliciting an immune response in a
subjcct infected with tuberculosis, wherein the method compriscs administering to a subject in
need thereof a polymer particle comprising a particle-forming protein, preferably a polymer
synthase, for example, fused to a M. tuberculosis antigen binding domain, for example.

In one embodiment, the M. tuberculosis antigen binding domain binds to an endogenous
M. tuberculosis antigen, for example.

Another aspect of the present invention relates to a polymer particle for eliciting an
immune responsc in a subject, for example a cell-mediated immune response, wherein the
polymer particle comprises one or more fusion polypeptides, wherein at least one of the fusion
polypeptides comprises a particle-forming protein, preferably a polymer synthase, fused to at
least one antigen capable of eliciting an immune response in a subject.

In one embodiment, the immune response is a cell-mediated immune response. In one

embodiment, the antigen is an antigen capable of eliciting a cell-mediated immune response.
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In one embodiment, the immune response is a humoral immune response. In one
embodiment, the antigen is an antigen capable of eliciting a humoral immune response.

Another aspect of the present invention relates to a polymer particle for eliciting an
immune response in a subject in need thereof, wherein the at least one polymer particle
comprises one or more fusion polypeptides, wherein at least one of the fusion polypeptides
comprises a particle-forming protein fused to a binding domain capable of binding at least one
antigen capable of eliciting an immune response in a subject, wherein the binding domain
capable of binding at least one antigen capable of eliciting an immune response is bound to, the
subject comprises, or the subject is administered, at least one antigen capable of eliciting an
immune response.

In one embodiment, the immune response is a cell-mediated immune response. In one
embodiment, the binding domain is capable of binding at least one antigen capable of eliciting a
cell-mediated immune response. In one embodiment, the immune response is a humoral immune
response. In one embodiment, the antigen is an antigen capable of eliciting a humoral immune
response.

In one embodiment the at least one polymer particle is present in a composition comprising
at least one antigen capable of eliciting an immune response, for example a cell-mediated
IMImune response.

In onc cmbodiment the at least one polymer particle is present in a composition comprising
at least one M. tuberculosis antigen, for example.

In one embodiment, by way of example, the at least one polymer particle is present in a
composition comprising at lcast onc antigen sclected from the group comprising a M.
tuberculosis antigen, a hepatitis C antigen, an influenza antigen, a Francisella tularensis antigen,
a Brucella abortus antigen, a Neisseria meningitidis antigen, a Bacillus anthracis antigen, a
dengue virus antigen, an cbola virus antigen, a West Nile virus antigen, including one of the
antigens described herein, for example.

In one embodiment the subject is infected with an intracellular pathogen or is at risk of
being infected with an intracellular pathogen, for example. In another embodiment the subject is
infected or is at risk of being infected with a pathogen having a predominantly intracellular life-
cycle, for example.

In various embodiments the subject is infected with hepatitis, influenza or tuberculosis.

In another embodiment the subject has been immunised against an intracellular pathogen,
for example. For example, the subject has been vaccinated with Bacillus Calmette-Guerin

(BCG).
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In one embodiment the subject is infected with an extracellular pathogen or is at risk of
being infected with an extracellular pathogen, for example. In another embodiment the subject is
infected or is at risk of being infected with a pathogen having a predominantly extracellular life-
cycle, for example.

Another aspect of the present invention relates to a polymer particle for eliciting an
immune response in a subject infected with or immunised against an intracellular pathogen,
wherein the at least one polymer particle comprises a particle-forming protein, preferably a
polymer synthase, fused to a binding domain capable of binding at least one antigen capable of
eliciting an immune response.

The use of a polymer particle as described above in the preparation of a medicament for
immunising a subject against an intracellular pathogen, or for eliciting an immune response in a
subject including a subject infected with or immunised against an intracellular pathogen, is also
contemplated.

Another aspect of the present invention relates to a polymer particle for eliciting an
immune response in a subject infected with or immunised against an extracellular pathogen, for
example, wherein the at least one polymer particle comprises a particle-forming protein,
preferably a polymer synthase, fused to a binding domain capable of binding at least one antigen
capable of eliciting an immune response.

The usc of a polymer particle as described above in the preparation of a medicament for
immunising a subject against an extracellular pathogen, for example, or for eliciting an immune
response in a subject including a subject infected with or immunised against an extracellular
pathogen, for cxample, is also contemplated.

The invention further provides a polymer particle as described herein for vaccination of a
subject in need thereof. The use of a polymer particle as described herein in the preparation of a
medicament for vaceinating a subject in nced thercof is thus contemplated.

Another aspect of the present invention relates to a method of diagnosing infection from a
pathogen, wherein the method comprises administering to a subject at least one polymer particle
of the invention and detecting a response indicative of the presence of the pathogen.

In one embodiment, the pathogen is an intracellular pathogen. In another embodiment the
pathogen is an extracellular pathogen.

In one embodiment the response indicative of the presence of the pathogen, such as an
intracellular pathogen, is a delayed-type hypersensitivity response.

Another aspect of the present invention relates to a method of diagnosing infection from an

pathogen, wherein the method comprises contacting a sample obtained from the subject with a
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polymer particle of the invention and detecting a response indicative of the presence of the
pathogen.

Again, in certain embodiments the pathogen is an intracellular pathogen, an extracellular
pathogen, a pathogen having a predominantly intracellular life-cycle, for example, or a pathogen
having a predominantly extracellular life-cycle, for example.

In one embodiment, the response indicative of the presence of the pathogen is a detecting
the presence of an antibody to the pathogen in said sample.

In one embodiment, the response indicative of the presence of the pathogen 1s a detecting
the presence of an immune cell responsive to the pathogen in said sample.

In one embodiment the detection of the presence of antibodies to the pathogen is by
immunoassay.

In onec embodiment the detection of the presence of antibodies to the pathogen is by
ELISA, radioimmunoassay-assay, or Westerm Blot.

In one embodiment the response indicative of the presence of the pathogen is a detecting
the presence of an immune cell responsive to the pathogen in said sample.

Another aspect of the present invention provides a method for producing polymer particles,
the method comprising:

providing a host cell comprising at least one expression construct, the at least one

expression construct comprising:

at least one nucleic acid sequence encoding a particle-forming protein; and
at least one nucleic acid sequence encoding a M. fuberculosis antigen or a M.
tuberculosis antigen binding domain;

maintaining the host cell under conditions suitable for expression of the expression

construct and for formation of polymer particles; and

scparating the polymer particles from the host cells.

In some embodiments in which the host cell comprises at least two different expression

- constructs, at least one of the expression constructs is selected from the group comprising:

an expression construct comprising a nucleic acid sequence encoding a particle-forming
protein and at least one M. tuberculosis antigen, or

an expression construct comprising a nucleic acid sequence encoding a particle-forming
protein and at least one M. tuberculosis antigen binding domain, or

an expression construct comprising a nucleic acid sequence encoding an adjuvant, or

an expression construct comprising a nucleic acid sequence encoding at least one M.

tuberculosis antigen.
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In other embodiments in which the host cell comprises at least two different expression
constructs, one of the expression constructs comprises a nucleic acid sequence encoding a
particle-forming protein and at least one M. fuberculosis antigen binding domain, and at least
one expression construct selected from the group comprising:

an expression construct comprising a nucleic acid sequence encoding a particle-forming

protein and at least one M. tuberculosis antigen, or

an expression construct comprising a nucleic acid sequence encoding a particle-forming

protein and at least one M. fuberculosis antigen binding domain, or

an expression construct comprising a nucleic acid sequence encoding an adjuvant, or

an expression construct comprising a nucleic acid sequence encoding at least one M.

tuberculosis antigen.

In one embodiment the host cell comprises a mixed population of expression constructs
wherein each expression construct comprises a nucleic acid sequence encoding a fusion
polypeptide, the fusion polypeptide comprising:

at least one particle-forming protein and

at least one M. tuberculosis antigen or at least one M. fuberculosis antigen binding domain.

Another aspect of the present invention relates to an expression construct, the expression
construct comprising:

at lcast one nucleic acid sequencc encoding a particle-forming protcin; and

at least one nucleic acid sequence encoding a M. tuberculosis antigen.

Another aspect of the present invention relates to an expression construct, the expression
construct comprising:

at least one nucleic acid sequence encoding a particle-forming protein; and

at least one nucleic acid sequence encoding a M. tuberculosis antigen binding domain.

In one embodiment the expression construct encodes a fusion polypeptide comprising the
particle-forming protein and the M. tuberculosis antigen.

In one embodiment the expression construct encodes a fusion polypeptide comprising the
particle-forming protein and the M. tuberculosis antigen binding domain.

In one embodiment the at least one nucleic acid sequence encoding the particle-forming
protein and the at least one nucleic acid sequence encoding the M. ruberculosis antigen are
present as a single open reading frame.

In one embodiment the at least one nucleic acid sequence encoding the particle-forming
protein and the at least one nucleic acid sequence encoding the M. tuberculosis antigen binding

domain are present as a single open reading frame.
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In one embodiment the expression construct comprises:

at least one nucleic acid sequence encoding a fusion polypeptide that comprises a particle-

forming protein and at least one M. tuberculosis antigen binding domain; and

at least one nucleic acid sequence encoding an additional polypeptide that comprises at

least one polypeptide that binds the M. tuberculosis antigen binding domain of the fusion

polypeptide.

In one embodiment the additional polypeptide is a M. tuberculosis antigen, or comprises at
lcast one M. tuberculosis antigen.

In one embodiment the additional polypeptide is a fusion polypeptide comprising a
particle-forming protein and at least one M. fuberculosis antigen.

In one embodiment the expression construct comprises:

at least one nucleic acid sequence encoding a fusion polypeptide that comprises a particle-

forming protein and at least one M. tuberculosis antigen; and

at least one nucleic acid sequence encoding an additional polypeptide that comprises at

least one M. tuberculosis antigen binding domain.

In one embodiment the additional polypeptide is a fusion polypeptide comprising a
particle-forming protein and at least one M. tuberculosis antigen binding domain.

In one embodiment the host cell comprises an expression construct selected from the group
comprising:

an expression construct comprising a nucleic acid sequence encoding a particle-forming

protein and at least one M. tuberculosis antigen, or

an expression construct comprising a nucleic acid sequence encoding a particle-forming

protein and at least one M. fuberculosis antigen binding domain, or

an expression construct comprising a nucleic acid sequence encoding an adjuvant, or

an expression construct comprising a nuclceic acid sequence encoding at least one M.

tuberculosis antigen.

Another aspect of the present invention relates to a polymer particle comprising one or
more fusion polypeptides comprising a particle-forming protein fused to at least one M.
tuberculosis antigen.

Another aspect of the present invention relates to a polymer particle comprising one or
more fusion polypeptides comprising a particle-forming protein fused to at least one M.
tuberculosis antigen binding domain.

In one embodiment the polymer particle comprises two or more different M. tuberculosis

antigens.
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In one embodiment the polymer particle comprises two or more different M. tuberculosis
antigen binding domains.

Another aspect of the present invention relates to a composition of polymer particles,
wherein the polymer particles comprise one or more fusion polypeptides comprising a particle-
forming protein fused to at least one M. tuberculosis antigen.

Another aspect of the present invention relates to a composition of polymer particles,
wherein the polymer particles comprise one or more fusion polypeptides comprising a particle-
forming protein fused to at least one M. fuberculosis antigen binding domain.

In one embodiment, the composition additionally comprises one or more of the following:

one or more M. tuberculosis antigens,

one or more M. tuberculosis antigen binding domains,

one or more adjuvants, or

one or more immunomodulatory agents or molecules.

Another aspect of the present invention relates to a method of immunising a subject against
tuberculosis, wherein the method comprises administering to a subject in need thereof at least
one polymer particle comprising one or more fusion polypeptides, wherein at least one of the
fusion polypeptides comprises a particle-forming protein fused to at least one M. tuberculosis
antigen.

Another aspect of the present invention relates to a method of immunising a subject against
tuberculosis, wherein the method comprises administering to a subject in need thereof at least
one polymer particle comprising one or more fusion polypeptides, wherein at least one of the
fusion polypeptides comprises a particle-forming protein fuscd to at Icast one M. tuberculosis
antigen binding domain, wherein the M. tuberculosis antigen binding domain is bound to, the
subject comprises, or the subject is administered, at least one M. fuberculosis antigen.

In onec embodiment the polymer particle is present in a composition comprising at lcast onc
M. tuberculosis antigen.

Another aspect of the present invention relates to a method of eliciting an immune
response in a subject, wherein the method comprises administering to a subject in need thereof at
least one polymer particle comprising one or more fusion polypeptides, wherein at least one of
the fusion polypeptides comprises a particle-forming protein fused to at least one M. tuberculosis
antigen,

Another aspect of the present invention relates to a method of eliciting an immune
response in a subject, wherein the method comprises administering to a subject in need thereof at

least one polymer particle comprising one or more fusion polypeptides, wherein at least one of
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the fusion polypeptides comprises a particle-forming protein fused to a M. tuberculosis antigen
binding domain, wherein the M. tuberculosis antigen binding domain is bound to, the subject
comprises, or the subject is administered, at least one M. fuberculosis antigen.

In one embodiment the at least one polymer particle is present in a composition comprising
at least one M. fuberculosis antigen.

In one embodiment the subject is infected with tuberculosis.

In another embodiment the subject has been immunised against tuberculosis. In one
example, the subject has been vaccinated with Bacillus Calmette-Guerin (BCG) (World Health
Organisation — http://www.who.int).

Another aspect of the present invention relates to a method of eliciting an immune
response in a subject infected with tuberculosis, wherein the method comprises administering to
a subject in need thereof at least one polymer particle comprising a particle-forming protein
fused to a M. tuberculosis antigen binding domain.

In one embodiment, the M. tuberculosis antigen binding domain binds to an endogenous
M. tuberculosis antigen.

Another aspect of the present invention relates to a polymer particle for immunising a
subject against tuberculosis, wherein the polymer particle comprises one or more fusion
polypeptides, wherein at least one of the fusion polypeptides comprises a particle-forming
protein fused to at lcast onc M. tuberculosis antigen.

Another aspect of the present invention relates to a polymer particle for immunising a
subject against tuberculosis, wherein the polymer particle comprises one or more fusion
polypeptides, wherein at lcast onc of the fusion polypeptides compriscs a particle-forming
protein fused to at least one M. fuberculosis antigen binding domain.

Another aspect of the present invention relates to a polymer particle for eliciting an
immune response in a subject, wherein the polymer particle comprises one or more fusion
polypeptides, wherein at least one of the fusion polypeptides comprises a particle-forming
protein fused to at least one M. tubercilosis antigen.

Another aspect of the present invention relates to a polymer particle for eliciting an
immune response in a subject, wherein the polymer particle comprises one or more fusion
polypeptides, wherein at least one of the fusion polypeptides comprises a particle-forming
protein fused to at least one M. tuberculosis antigen binding domain.

In one embodiment the polymer particle is present in a composition comprising at least one
M. tuberculosis antigen.

In one embodiment the subject is infected with tuberculosis.
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In another embodiment the subject has been immunised against tuberculosis. For example,
the subject has been vaccinated with Bacillus Calmette-Guerin (BCG).

Another aspect of the present invention relates to a polymer particle for eliciting an
immune response in a subject infected with or immunised against tuberculosis, wherein the
polymer particle comprises a particle-forming protein fused to a M. tuberculosis antigen binding
domain

The use of a polymer particle as described above in the preparation of a medicament for
immunising a subject against tuberculosis, or for eliciting an immune response in a subject
including a subject infected with or immunised against tuberculosis, is also contemplated.

Another aspect of the present invention relates to a method of diagnosing tuberculosis in a
subject, wherein the method comprises administering to a subject at least one polymer particle of
the invention and detecting a response indicative of the presence of Mycobacteriun tuberculosis.

In one embodiment the response indicative of the presence of Mycobacterium tuberculosis
is a delayed-type hypersensitivity response.

Another aspect of the present invention relates to a method of diagnosing tuberculosis in a
subject, wherein the method comprises contacting a sample obtained from the subject with a
polymer particle of the invention and detecting a response indicative of the presence of
Mycobacterium tuberculosis.

In onc cmbodiment the response indicative of the presence of Mycobacterium tuberculosis
is the presence of an antibody to the Mycobacterium tuberculosis antigen in said sample.

In one embodiment the presence of antibodies to the Mycobacterium tuberculosis antigen
is detected by immunoassay.

In one embodiment the detection of the presence of antibodies to the Mycobacterium
tuberculosis antigen is by ELISA, radioimmunoassay-assay, or Western Blot.

In one embodiment the response indicative of the presence of the intracellular pathogen is

the presence of an immune cell responsive to the Mycobacterium tuberculosis antigen in said

‘sample.

In one embodiment the presence of an immune cell responsive to the Mycobacterium
tuberculosis antigen is detected by a cell proliferation assay, a cell sorting assay including
FACS, or an in situ hybridisation assay.

Another aspect of the present invention provides a method for producing polymer particles,
the method comprising:

providing a host cell comprising at least one expression construct, the at least one

expression construct comprising:
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at least one nucleic acid sequence encoding a particle-forming protein; and
at least one nucleic acid sequence encoding a hepatitis antigen or a hepatitis antigen
binding domain;

maintaining the host cell under conditions suitable for expression of the expression
construct and for formation of polymer particles; and

separating the polymer particles from the host cells.

In some embodiments in which the host cell comprises at least two different expression
constructs, at least one of the expression constructs is selected from the group comprising:

an expression construct comprising a nucleic acid sequence encoding a particle-forming
protein and at least one hepatitis antigen, or

an expression construct comprising a nucleic acid sequence encoding a particle-forming
protein and at least one hepatitis antigen binding domain, or

an expression construct comprising a nucleic acid sequence encoding an adjuvant, or

an expression construct comprising a nucleic acid sequence encoding at least one hepatitis
antigen.

In other embodiments in which the host cell comprises at least two different expression
constructs, one of the expression constructs comprises a nucleic acid sequence encoding a
particle-forming protein and at least one hepatitis antigen binding domain, and at least one
expression construct sclected from the group comprising:

an expression construct comprising a nucleic acid sequence encoding a particle-forming
protein and at least one hepatitis antigen, or

an expression construct comprising a nucleic acid sequence cncoding a particle-forming
protein and at least one hepatitis antigen binding domain, or

an expression construct comprising a nucleic acid sequence encoding an adjuvant, or

an cxpression construct comprising a nuclcic acid sequence encoding at Icast one hepatitis
antigen.

In one embodiment the host cell comprises a mixed population of expression constructs
wherein each expression construct comprises a nucleic acid sequence encoding a fusion
polypeptide, the fusion polypeptide comprising:

at least one particle-forming protein and

at least one hepatitis antigen or at least one hepatitis antigen binding domain.

Another aspect of the present invention relates to an expression construct, the expression
construct comprising:

at least one nucleic acid sequence encoding a particle-forming protein; and
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at least one nucleic acid sequence encoding a hepatitis antigen.

Another aspect of the present invention relates to an expression construct, the expression
construct comprising:

at least one nucleic acid sequence encoding a particle-forming protein; and

at least one nucleic acid sequence encoding a hepatitis antigen binding domain.

In one embodiment the expression construct encodes a fusion polypeptide comprising the
particle-forming protein and the hepatitis antigen.

In one embodiment the expression construct encodes a fusion polypeptide comprising the
particle-forming protein and the hepatitis antigen binding domain.

In one embodiment the at least one nucleic acid sequence encoding the particle-forming
protein and the at least one nucleic acid sequence encoding the hepatitis antigen are present as a
single open reading frame.

In one embodiment the at least one nucleic acid sequence encoding the particle-forming
protein and the at least one nucleic acid sequence encoding the hepatitis antigen binding domain
are present as a single open reading frame.

In one embodiment the expression construct comprises:

at least one nucleic acid sequence encoding a fusion polypeptide that comprises a particle-
forming protein and at least one hepatitis antigen binding domain; and

at lcast one nucleic acid sequence encoding an additional polypeptide that comprises at
least one polypeptide that binds the hepatitis antigen binding domain of the fusion polypeptide.

In one embodiment the additional polypeptide is a hepatitis antigen, or comprises at least
onc Hepatitis antigen.

In one embodiment the additional polypeptide is a fusion polypeptide comprising a
particle-forming protein and at least one hepatitis antigen.

In one embodiment the expression construct comprises:

at Jeast one nucleic acid sequence encoding a fusion polypeptide that comprises a particle-
forming protein and at least one hepatitis antigen; and

at least one nucleic acid sequence encoding an additional polypeptide that comprises at
least one hepatitis antigen binding domain.

In one embodiment the additional polypeptide is a fusion polypeptide comprising a
particle-forming protein and at least one hepatitis antigen binding domain.

In one embodiment the host cell comprises an expression construct selected from the group

comprising:
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an expression construct comprising a nucleic acid sequence encoding a particle-forming

protein and at least one hepatitis antigen, or

an expression construct comprising a nucleic acid sequence encoding a particle-forming
protein and at least one hepatitis antigen binding domain, or

an expression construct comprising a nucleic acid sequence encoding an adjuvant, or

an expression construct comprising a nucleic acid sequence encoding at least one hepatitis
antigen.

Another aspect of the present invention relates to a polymer particle comprising one or
more fusion polypeptides comprising a particle-forming protein fused to at least one hepatitis
antigen.

Another aspect of the present invention relates to a polymer particle comprising one or
more fusion polypeptides comprising a particle-forming protein fused to at least onc hepatitis
antigen binding domain.

In one embodiment the polymer particle comprises two or more different hepatitis
antigens.

In one embodiment the polymer particle comprises two or more different hepatitis antigen
binding domains.

Another aspect of the present invention relates to a composition of polymer particles,
wherein the polymer particles comprisc onc or morc fusion polypeptides comprising a particle-
forming protein fused to at least one hepatitis antigen.

Another aspect of the present invention relates to a composition of polymer particles,
wherein the polymer particles comprise onc or more fusion polypeptides comprising a particle-
forming protein fused to at least one hepatitis antigen binding domain.

In one embodiment, the composition additionally comprises one or more of the following:

one or morc hepatitis antigens,

one or more hepatitis antigen binding domains,

one or more adjuvants, or

one or more immunomodulatory agents or molecules.

Another aspect of the present invention relates to a method of immunising a subject against
hepatitis, wherein the method comprises administering to a subject in need thereof at least one
polymer particle comprising one or more fusion polypeptides, wherein at least one of the fusion
polypeptides comprises a particle-forming protein fused to at least one hepatitis antigen.

Another aspect of the present invention relates to a method of immunising a subject against

hepatitis, wherein the method comprises administering to a subject in need thereof at least one
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polymer particle comprising one or more fusion polypeptides, wherein at least one of the fusion
polypeptides comprises a particle-forming protein fused to at least one hepatitis antigen binding
domain, wherein the hepatitis antigen binding domain is bound to, the subject comprises, or the
subject is administered, at least one hepatitis antigen.

In one embodiment the polymer particle is present in a composition comprising at least one
Hepatitis antigen.

Another aspect of the present invention relates to a method of eliciting an immune
response in a subject, wherein the method comprises administering to a subject in need thereof at
least one polymer particle comprising one or more fusion polypeptides, wherein at least one of
the fusion polypeptides comprises a particle-forming protein fused to at least one hepatitis
antigen.

Another aspect of the present invention relates to a method of eliciting an immune
response in a subject, wherein the method comprises administering to a subject in need thereof at
least one polymer particle comprising one or more fusion polypeptides, wherein at least.one of
the fusion polypeptides comprises a particle-forming protein fused to a hepatitis antigen binding
domain, wherein the hepatitis antigen binding domain is bound to, the subject comprises, or the
subject is administered, at least one hepatitis antigen.

In one embodiment the at least one polymer particle is present in a composition comprising
at least onc hepatitis antigen.

In one embodiment the subject is infected with hepatitis.

In another embodiment the subject has been immunised against hepatitis.

Another aspect of the present invention rclates to a method of cliciting an immune
response in a subject infected with hepatitis, wherein the method comprises administering to a
subject in need thereof at least one polymer particle comprising a particle-forming protein fused
to a hepatitis antigen binding domain.

In one embodiment, the hepatitis antigen binding domain binds to an endogenous Hepatitis
antigen.

Another aspect of the present invention relates to a polymer particle for immunising a
subject against hepatitis, wherein the polymer particle comprises one or more fusion
polypeptides, wherein at least one of the fusion polypeptides comprises a particle-forming
protein fused to at least one hepatitis antigen.

Another aspect of the present invention relates to a polymer particle for immunising a

subject against hepatitis, wherein the polymer particle comprises one or more fusion
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polypeptides, wherein at least one of the fusion polypeptides comprises a particle-forming
protein fused to at least one hepatitis antigen binding domain.

Another aspect of the present invention relates to a polymer particle for eliciting an
immune response in a subject, wherein the polymer particle comprises one or more fusion
polypeptides, wherein at least one of the fusion polypeptides comprises a particle-forming
protein fused to at least one hepatitis antigen.

Another aspect of the present invention relates to a polymer particle for eliciting an
immune response in a subject, wherein the polymer particle comprises one or more fusion
polypeptides, wherein at least one of the fusion polypeptides comprises a particle-forming
protein fused to at least one hepatitis antigen binding domain.

In one embodiment the polymer particle is present in a composition comprising at least one
hepatitis antigen.

In one embodiment the subject is infected with hepatitis.

In another embodiment the subject has been immunised against hepatitis.

Another aspect of the present invention relates to a polymer particle for eliciting an
immune response in a subject infected with or immunised against hepatitis, wherein the polymer
particle comprises a particle-forming protein fused to a hepatitis antigen binding domain

The use of a polymer particle as described above in the preparation of a medicament for
immunising a subject against hepatitis, or for cliciting an immune response in a subject including
a subject infected with or immunised against hepatitis, is also contemplated.

Another aspect of the present invention relates to a method of diagnosing hepatitis in a
subject, wherein the method comprises administering to a subject at lcast onc polymer particle of
the invention and detecting a response indicative of the presence of viral hepatitis.

In one embodiment the response indicative of the presence of viral hepatitis is a delayed-
type hypersensitivity response.

Another aspect of the present invention relates to a method of diagnosing hepatitis in a
subject, wherein the method comprises contacting a sample obtained from the subject with a
polymer particle of the invention and detecting a response indicative of the presence of viral
hepatitis.

In one embodiment the response indicative of the presence of viral hepatitis is the presence
of an antibody to the viral hepatitis antigen in said sample.

In one embodiment the presence of antibodies to the hepatitis antigen is detected by

1MMmunoassay.
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In one embodiment the detection of the presence of antibodies to the viral hepatitis antigen
is by ELISA, radioimmunoassay-assay, or Western Blot.

In one embodiment the response indicative of the presence of the intracellular pathogen is
the presence of an immune cell responsive to the hepatitis antigen in said sample.

In one embodiment the presence of an immune cell responsive to the viral hepatitis antigen
is detected by a cell proliferation assay, a cell sorting assay including FACS, or an in situ
hybridisation assay.

Another aspect of the present invention provides a method for producing polymer particles,
the method comprising:

providing a host cell comprising at least one expression construct, the at least one

expression construct comprising;

at least one nucleic acid sequence encoding a particle-forming protein; and
at least one nucleic acid sequence encoding an influenza antigen or an influenza
antigen binding domain;

maintaining the host cell under conditions suitable for expression of the expression
construct and for formation of polymer particles; and

separating the polymer particles from the host cells.

In some embodiments in which the host cell comprises at least two different expression
constructs, at lcast onc of the expression constructs is sclected from the group comprising:

an expression construct comprising a nucleic acid sequence encoding a particle-forming
protein and at least one influenza antigen, or

an cxpression construct comprising a nucleic acid sequence encoding a particle-forming

protein and at least one influenza antigen binding domain, or

an expression construct comprising a nucleic acid sequence encoding an adjuvant, or

an cxpression construct comprising a nuclcic acid sequence encoding at Icast one influenza
antigen.

In other embodiments in which the host cell comprises at least two different expression
constructs, one of the expression constructs comprises a nucleic acid sequence encoding a
particle-forming protein and at least one influenza antigen binding domain, and at least one
expression construct selected from the group comprising:

an expression construct comprising a nucleic acid sequence encoding a particle-forming
protein and at least one influenza antigen, or

an expression construct comprising a nucleic acid sequence encoding a particle-forming

protein and at least one influenza antigen binding domain, or
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an expression construct comprising a nucleic acid sequence encoding an adjuvant, or

an expression construct comprising a nucleic acid sequence encoding at least one influenza
antigen.

In one embodiment the host cell comprises a mixed population of expression constructs
wherein each expression construct comprises a nucleic acid sequence encoding a fusion
polypeptide, the fusion polypeptide comprising;

at least one particle-forming protein and

at least one influenza antigen or at least one influenza antigen binding domain,

Another aspect of the present invention relates to an expression construct, the expression
construct comprising:

at least one nucleic acid sequence encoding a particle-forming protein; and

at least one nucleic acid sequence encoding a influenza antigen.

Another aspect of the present invention relates to an expression construct, the expression
construct comprising:

at least one nucleic acid sequence encoding a particle-forming protein; and

at least one nucleic acid sequence encoding a influenza antigen binding domain.

In one embodiment the expression construct encodes a fusion polypeptide comprising the
particle-forming protein and the influenza antigen.

In onc cmbodiment the expression construct encodes a fusion polypeptide comprising the
particle-forming protein and the influenza antigen binding domain.

In one embodiment the at least one nucleic acid sequence encoding the particle-forming
protein and the at least one nucleic acid sequence encoding the influenza antigen are present as a
single open reading frame.

In one embodiment the at least one nucleic acid sequence encoding the particle-forming
protein and the at least onc nuclcic acid scquence encoding the influcnza antigen binding domain
are present as a single open reading frame.

In one embodiment the expression construct comprises:

at least one nucleic acid sequence encoding a fusion polypeptide that comprises a particle-
forming protein and at least one influenza antigen binding domain; and

at least one nucleic acid sequence encoding an additional polypeptide that comprises at
least one polypeptide that binds the influenza antigen binding domain of the fusion polypeptide.

In one embodiment the additional polypeptide is an influenza antigen, or comprises at least

one influenza antigen.
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In one embodiment the additional polypeptide is a fusion polypeptide comprising a
particle-forming protein and at least one influenza antigen.

In one embodiment the expression construct comprises:

at least one nucleic acid sequence encoding a fusion polypeptide that comprises a particle-
forming protein and at least one influenza antigen; and

at least one nucleic acid sequence encoding an additional polypeptide that comprises at
least one influenza antigen binding domain.

In one embodiment the additional polypeptide is a fusion polypeptide comprising a
particle-forming protein and at least one influenza antigen binding domain.

In one embodiment the host cell comprises an expression construct selected from the group
comprising;

an expression construct comprising a nucleic acid sequence encoding a particle-forming
protein and at least one influenza antigen, or

an expression construct comprising a nucleic acid sequence encoding a particle-forming
protein and at least one influenza antigen binding domain, or

an expression construct comprising a nucleic acid sequence encoding an adjuvant, or

an expression construct comprising a nucleic acid sequence encoding at least one influenza
antigen.

Another aspect of the present invention relates to a polymer particle comprising onc or
more fusion polypeptides comprising a particle-forming protein fused to at least one influenza
antigen.

Another aspect of the present invention relates to a polymer particle comprising one or
more fusion polypeptides comprising a particle-forming protein fused to at least one influenza
antigen binding domain.

In onc cmbodiment the polymer particle compriscs two or more different influenza
antigens.

In one embodiment the polymer particle comprises two or more different influenza antigen
binding domains.

Another aspect of the present invention relates to a composition of polymer particles,
wherein the polymer particles comprise one or more fusion polypeptides comprising a particle-
forming protein fused to at least one influenza antigen.

Another aspect of the present invention relates to a composition of polymer particles,
wherein the polymer particles comprise one or more fusion polypeptides comprising a particle-

forming protein fused to at least one influenza antigen binding domain.
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In one embodiment, the composition additionally comprises one or more of the following:

one or more influenza antigens,

one or more influenza antigen binding domains,

one or more adjuvants, or

one¢ or more immunomodulatory agents or molecules.

Another aspect of the present invention relates to a method of immunising a subject against
influenza, wherein the method comprises administering to a subject in need thereof at least one
polymer particle comprising one or more fusion polypeptides, wherein at least one of the fusion
polypeptides comprises a particle-forming protein fused to at least one influenza antigen.

Another aspect of the present invention relates to a method of immunising a subject against
influenza, wherein the method comprises administering to a subject in need thercof at least one
polymer particle comprising one or more fusion polypeptides, wherein at least one of the fusion
polypeptides comprises a particle-forming protein fused to at least one influgnza antigen binding
domain, wherein the influenza antigen binding domain is bound to, the subject comprises, or the
subject is administered, at least one influenza antigen.

In one embodiment the polymer particle is present in a composition comprising at least one
influenza antigen.

Another aspect of the present invention relates to a method of eliciting an immune
response in a subject, wherein the method comprises administering to a subject in need thereof at
least one polymer particle comprising one or more fusion polypeptides, wherein at least one of
the fusion polypeptides comprises a particle-forming protein fused to at least one influenza
antigen.

Another aspect of the present invention relates to a method of eliciting an immune
response in a subject, wherein the method comprises administering to a subject in need thereof at
least one polymer particle comprising one or more fusion polypeptides, wherein at least one of
the fusion polypeptides comprises a particle-forming protein fused to an influenza antigen
binding domain, wherein the influenza antigen binding domain is bound to, the subject
comprises, or the subject is administered, at least one influenza antigen.

In one embodiment the at least one polymer particle is present in a composition comprising
at least one influenza antigen.

In one embodiment the subject is infected with influenza.

In another embodiment the subject has been immunised against influenza.

Another aspect of the present invention relates to a method of eliciting an immune

response in a subject infected with influenza, wherein the method comprises administering to a
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subject in need thereof at least one polymer particle comprising a particle-forming protein fused
to a Influenza antigen binding domain.

In one embodiment, the influenza antigen binding domain binds to an endogenous
Influenza antigen.

Another aspect of the present invention relates to a polymer particle for immunising a
subject apainst influenza, wherein the polymer particle comprises one or more fusion
polypeptides, wherein at least one of the fusion polypeptides comprises a particle-forming
protein fused to at least one influenza antigen.

Another aspect of the present invention relates to a polymer particle for immunising a
subject against influenza, wherein the polymer particle comprises one or more fusion
polypeptides, wherein at least one of the fusion polypeptides comprises a particle-forming
protein fused to at least one influenza antigen binding domain.

Another aspect of the present invention relates to a polymer particle for eliciting an
immune response in a subject, wherein the polymer particle comprises one or more fusion
polypeptides, wherein at least one of the fusion polypeptides comprises a particle-forming
protein fused to at least one influenza antigen.

Another aspect of the present invention relates to a polymer particle for eliciting an
immune response in a subject, wherein the polymer particle comprises one or more fusion
polypeptides, wherein at least one of the fusion polypeptides comprises a particle-forming
protein fused to at least one influenza antigen binding domain.

In one embodiment the polymer particle is present in a composition comprising at least one
influenza antigen.

In one embodiment the subject is infected with influenza.

In another embodiment the subject has been immunised against influenza.

Another aspect of the present invention rclates to a polymer particle for cliciting an

immune response in a subject infected with or immunised against influenza, wherein the polymer

particle comprises a particle-forming protein fused to an influenza antigen binding domain

The use of a polymer particle as described above in the preparation of a medicament for
immunising a subject against influenza, or for eliciting an immune response in a subject
including a subject infected with or immunised against influenza, is also contemplated.

Another aspect of the present invention relates to a method of diagnosing influenza in a
subject, wherein the method comprises administering fo a subject at least one polymer particle of

the invention and detecting a response indicative of the presence of influenza virus.
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In one embodiment the response indicative of the presence of influenza virus is a delayed-
type hypersensitivity response.

Another aspect of the present invention relates to 2 method of diagnosing influenza in a
subject, wherein the method comprises contacting a sample obtained from the subject with a
polymer particle of the invention and detecting a response indicative of the presence of influenza
virus.

In one embodiment the response indicative of the presence of influenza virus is the
presence of an antibody to the influenza antigen in said sample.

In one embodiment the presence of antibodies to the influenza antigen is detected by
immunoassay.

In one embodiment the detection of the presence of antibodies to the influenza antigen is
by ELISA, radioimmunoassay-assay, or Western Blot.

In one embodiment the response indicative of the presence of the intracellular pathogen is
the presence of an immune cell responsive to the influenza antigen in said sample.

In one embodiment the presence of an immune cell responsive to the influenza antigen 1s
detected by a cell proliferation assay, a cell sorting assay including FACS, or an in situ
hybridisation assay.

The following embodiments may relate to any of the above aspects.

In various ecmbodiments the particle-forming protein is a polymer synthasc.

In various embodiments the polymer particle comprises a polymer selected from poly-beta-
amino acids, polylactates, polythioesters and polyesters. Most preferably the polymer comprises
polyhydroxyalkanoate (PHA), preferably poly(3-hydroxybutyratc) (PHB).

In various embodiments the polymer particle comprises a polymer particle encapsulated by
a phospholipid monolayer.

In various embodiments the polymer particle comprises two or more different fusion
polypeptides.

In various embodiments the polymer particle comprises two or more different fusion
polypeptides on the polymer particle surface.

In various embodiments the polymer particle comprises three or more different fusion
polypeptides, such as three or more different fusion polypeptides on the polymer particle surface.

In various embodiments the polymer particle further comprises at least one substance
bound to or incorporated into the polymer particle, or a combination thereof.

In various embodiments the substance is an antigen, adjuvant or immunostimulatory

molecule.
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In various embodiments the substance is bound to the polymer particle by cross-linking.

In various embodiments the polymer synthase is bound to the polymer particle or to the
phospholipid monolayer or is bound to both.

In various embodiments the polymer synthase is covalently or non-covalently bound to the
polymer particle it forms.

In various embodiments the polymer synthase is a PHA synthase from the class 1 genera
Acinetobacter, Vibrio, Aeromonas, Chromobacterium, Pseudomonas, Zoogloea, Alcaligenes,
Delftia, Burkholderia, Ralstonia, Rhodococcus, Gordonia, Rhodobacter, Paracoccus, Rickettsia,
Caulobacter, Methylobacterium, Azorhizobium, Agrobacterium, Rhizobium, Sinorhizobium,
Rickettsia, Crenarchaeota, Synechocystis, Ectothiorhodospira, Thiocapsa, Thyocystis and
Allochromatium, the class 2 genera Burkholderia and Pseudomonas, or the class 4 genera
Bacillus, more preferably from the group comprising class 1 Acinetobacter sp. RA3849, Vibrio
cholerae, Vibrio parahaemolyticus, Aeromonas punctata FA440, Aeromonas hydrophila,
Chromobacterium violaceum, Pseudomonas sp. 61-3, Zoogloea ramigera, Alcaligenes latus,
Alcaligenes sp. SH-69, Delftia acidovorans, Burkholderia sp. DSMZ9242, Ralstonia eutrophia
H16, Burkholderia cepacia, Rhodococcus rubber PP2, Gordonia rubripertinctus, Rickettsia
prowazekii, Synechocystis sp. PCC6803, Ectothiorhodospira shaposhnikovii N1, Thiocapsa
pfennigii 9111, Allochromatium vinosum D, Thyocystis violacea 2311, Rhodobacter sphaeroides,
Paracoccus denitrificans, Rhodobacter capsulatus, Caulobacter crescentus, Methylobacterium
extorquens, Azorhizobium caulinodans, Agrobacterium tumefaciens, Sinorhizobivm meliloti 41,
Rhodospiriflum rubrum HA, and Rhodospirillum rubrum ATCC25903, class 2 Burkholderia
caryophylli, Pseudomonas chloraphis, Pseudomonas sp. 61-3, Pseudomonas putida U,
Pseudomonas oleovorans, Pseudomonas aeruginosa, Pseudomonas resinovorans, Pseudomonas
stutzeri, Pseudomonas mendocina, Pseudomonas pseudolcaligenes, Pseudomonas putida BMO1,

Pseudomonas nitroreducins, Pseudomonas chloraphis, and class 4 Bacillus megaterium and

Bacillus sp. INT005.

In other embodiments the polymer synthase is a PHA polymer synthase from Gram-
negative and Gram-positive eubacteria, or from archaca.

In various examples, the polymer synthase may comprise a PHA polymer synthase from C.
necator, P. aeruginosa, A. vinosum, B. megaterium, H. marismortui, P. aureofaciens, or P.
putida, which have Accession No.s AY836680, AE004091, AB205104, AF109909, YP137339,
AB049413 and AF150670, respectively.

Other polymer synthases amenable to use in the present invention include polymer

synthases, each identified by it accession number, from the following organisms: R. eutropha
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(A34341), T. pfennigii (X93599), A. punctata (032472), Pseudomonas sp. 61-3 (AB014757 and
AB014758), R. sphaeroides (AAAT2004), C. violaceum (AAC69615), 4. borkumensis SK2
(CAL17662), A. borkumensis SK2 (CAL16866), R. sphaeroides KD131 (ACMO01571 and
YP002526072), R. opacus B4 (BAH51880 and YP002780825), B. multivorans ATCC 17616
(YP001946215 and BAG43679), 4. borkumensis SK2(YP693934 and YP693138), R. rubrum
(AAD53179), gamma proteobacterium HTCC5015 (ZP05061661 and EDY86606), Azoarcus sp.
BH72 (YP932525), C. violaceurn ATCC 12472 (NP902459), Limnobacter sp. MEDI05
(ZP01915838 and EDMS82867), M. algicola DG893 (ZP01895922 and EDM46004), R.
sphaeroides (CAA65833), C. violaceumn ATCC 12472 (AAQ60457), A. latus (AAD10274,
AADO01209 and AACS83658), S. maltophilia K279a (CAQ46418 and YP001972712), R.
solanacearum IPO1609 (CAQ59975 and YP002258080), B. multivorans ATCC 17616
(YP001941448 and BAG47458), Pseudonmonas sp. gl13 (ACJ02400), Pseudonionas sp. gl06
(ACJ02399), Pseudomonas sp. gl01 (ACJ02398), R. sp. gl32 (ACJI02397), R. leguminosarum bv.
viciae 3841 (CAK10329 and YP770390), Azoarcus sp. BH72 (CAL93638), Pseudomonas sp.
LDC-5 (AAV36510), L. nitroferrum 2002 (ZP03698179), Thauera sp. MZIT (YP002890098
and ACRO01721), M. radiotolerans JCM 2831 (YP001755078 and ACB24395),
Methylobacterium sp. 4-46 (YP001767769 and ACA15335), L. nitroferrum 2002 (EEG08921),
P. denitrificans (BAAT7257), M. gryphiswaldense (ABG23018), Pseudomonas sp. USM4-55
(ABX64435 and ABX64434), A. hydrophila (AAT77261 and AAT77258), Bacillus sp. INT005
(BAC45232 and BAC45230), P. putida (AAM63409 and AAMG63407), G. rubripertinctus
(AAB94058), B. megaterium (AAD05260), D. acidovorans (BAA33155), P. seriniphilus
(ACM68662), Pseudomonas sp. 14-3 (CAK18904), Pseudomonas sp. LDC-5 (AAX18690),
Pseudomonas sp. PC17 (ABV25706), Pseudomonas sp. 3Y2 (AAV3543]1, AAV35429 and
AAV35426), P. mendocina (AAM10546 and AAM10544), P. nitroreducens (AAK19608), P.
pseudoalcaligenes (AAK19605), P. resinovorans (AAD26367 and AAD26365), Pseudomonas
sp. USM7-7 (ACM90523 and ACM90522), P. fluorescens (AAP58480) and other uncultured

bacterium (BAE02881, BAE(02880, BAE(02879, BAE02878, BAE(2877, BAE(2876,

BAE02875, BAE02874, BAE02873, BAE(02872, BAE02871, BAE(02870, BAE(02869,
BAE02868, BAE02867, BAE(0286, BAE(02865, BAE02864, BAE02863, BAE02862,
BAE02861, BAE02860, BAE02859, BAE02858, BAE02857, BAE(07146, BAE07145,
BAE(07144, BAE(07143, BAE07142, BAE07141, BAE(07140, BAE(07139, BAEQ07138,
BAEQ7137, BAE07136, BAE07135, BAE(07134, BAE07133, BAE07132, BAE0713l,
BAEQ7130, BAE07129, BAE(07128, BARE07127, BAE(07126, BAE07125, BAE07124,
BAE(7123, BAE07122, BAE(07121, BAE07120, BAE07119, BAE07118, BAE07117,



10

15

20

25

30

BAE07116,
BAE07109,
BAE07102,
BAE(7095,
BAE07088,
BAE07047,
BAE07040,
BAE07033,
BAE07026,
BAE07019,
BAE07012,
BAE07005,
BAE06998,
BAE06991,
BAE06984,
BAE06977,
BAE06970,
BAE06963,
BAE06956,
BAE06949,
BAE06942,
BAE06935,
BAE06928,
BAE06921,
BAE06914,
BAE06907,

‘BAE06900,

BAE06893,
BAE06886,
BAE06879,
BAE06872,
BAE06865,

BAE07115,
BAE(7108,
BAE07101,
BAE07094,
BAE07053,
BAE07046,
BAE07039,
BAE07032,
BAE07025,
BAE07018,
BAE07011,
BAE(7004,
BAE06997,
BAE06990,
BAE06983,
BAE06976,
BAE06969,
BAE06962,
BAE06955,
BAFE06948,
BAEQ6941,
BAE06934,
BAE06927,
BAE06920,
BAE06913,
BAE06906,
BAE06899,
BAE06892,
BAE06885,
BAE06878,
BAE06871,
BAE06864,

BAE(7114,
BAE07107,
BAE07100,
BAE07093,
BAE07052,
BAE(7045,
BAE07038,
BAE07031,
BAE07024,
BAE07017,
BAE07010,
BAE07003,
BAE06996,
BAE06989,
BAE06982,
BAE06975,
BAE06968,
BAE06961,
BAE06954,
BAE06947,
BAE06940,
BAE06933,
BAE(06926,
BAE06919,
BAE06912,
BAE06905,
BAE06898,
BAE06891,
BAE06884,
BAE06877,
BAE06870,
BAE06863,

32
BAE07113,
BAE07106,
BAE07099,
BAE07092,
BAE07051,
BAE07044,
BAE07037,
BAE07030,
BAE07023,
BAE07016,
BAE07009,
BAE07002,
BAE06995,
BAE06988,
BAFE06981,
BAE06974,
BAE06967,
BAE06960,
BAE06953,
BAE06946,
BAE06939,
BAE06932,
BAE06925,
BAE06918,
BAE06911,
BAE06904,
BAE06897,
BAE06890,
BAE06883,
BAE06876,
BAE06869,
BAE06862,

BAE07112,
BAE07105,
BAE07098,
BAEQ7091,
BAEQ7050,
BAE07043,
BAE07036,
BAE07029,
BAE07022,
BAE07015,
BAE07008,
BAE07001,
BAE06994,
BAE06987,
BAE06980,
BAE06973,
BAE06966,
BAE06959,
BAE06952,
BAE06945,
BAE06938,
BAE06931,
BAE06924,
BAE06917,
BAE06910,
BAE06903,
BAE06896,
BAE06889,
BAE06882,
BAE06875,
BAE06868,
BAE06861,

BAE07111,
BAE07104,
BAE(7097,
BAE07090,
BAE07049,
BAE07042,
BAE07035,
BAE07028,
BAE07021,
BAE07014,
BAE07007,
BAE07000,
BAE06993,
BAE06986,
BAE06979,
BAE06972,
BAE06965,
BAE06958,
BAE06951,
BAE06944,
BAE06937,
BAE06930,
BAE06923,
BAE06916,
BAE06909,
BAE06902,
BAFE06895,
BAF06888,
BAE06881,
BAE06874,
BAE06867,
BAE06860,

BAE07110,
BAE07103,
BAE(7096,
BAE07089,
BAE07048,
BAE07041,
BAE07034,
BAE07027,
BAE07020,
BAE07013,
BAE07006,
BAE06999,
BAE06992,
BAE06985,
BAE06978,
BAE06971,
BAE06964,
BAE06957,
BAE06950,
BAE06943,
BAE06936,
BAE06929,
BAE06922,
BAE06915,
BAE06908,
BAE06901,
BAE06894,
BAE06887,
BAE06880,
BAE06873,
BAE06366,
BAE06859,

BAE(06858, BAE06857, BAE06856, BAE06855, BAE06854, BAE06853 and BAE06852).
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In various embodiments the polymer synthase can be used for the in vitro production of

polymer particles by polymerising or facilitating the polymerisation of the substrates (R)-

Hydroxyacyl-CoA or other CoA thioester or derivatives thereof.

In various embodiments the substrate or the substrate mixture comprises at least one

5  optionally substituted amino acid, lactate, ester or saturated or unsaturated fatty acid, preferably

acetyl-CoA.

In various embodiments the expression construct is in a high copy number vector.

In various embodiments the expression construct comprises at least one nucleic acid

sequence encoding an additional polypeptide.

10 In various embodiments the construct additionally comprises a nucleic acid encoding

1.
il.

il.

at least one thiolase, or
at least one reductase, or
both (i) and (ii).

In various embodiments the construct comprises a nucleic acid encoding

15 L.
ii.
iii.
iv.
v.
20
Vi

vii.

at least one thiolase,
at least one reductase,
at least one polymer synthase;
at least one antigen capable of eliciting an immune response, or
at lcast one binding domain capable of binding at least one antigen capable of cliciting
an immune response,
a fusion protein comprising one or more of i) to v) above,

any combination of i) to vi) above.

In various embodiments the construct comprises a nucleic acid encoding

1.

25 1.
i1,

v.

v,

30 V1.

vii,

at least one thiolase,

at least one reductase,

at least one polymer synthase;

at least one antigen capable of eliciting a cell-mediated immune response, or

at least one binding domain capable of binding at least one antigen capable of
eliciting a cell-mediated immune response,

a fusion protein comprising one or more of i) to v) above,

any combination of i) to vi) above.

In various embodiments the at least one nucleic acid sequence encoding a particle-forming

protein, is operably linked to a strong promoter.

In various embodiments the strong promoter is a viral promoter or a phage promoter.
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In various embodiments the promoter is a phage promoter, for example a T7 phage
promoter.

In various embodiments the host cell is maintained in the presence of a substrate of the
particle-forming protein, preferably a substrate of polymer synthase when present, or a substrate
mixture, including monomeric substrate, or a precursor substrate able to be metabolised by the
host cell to form a substrate of the particle-forming protein.

In various embodiments the host cell comprises at least two different expression
constructs.

In various embodiments in which the host cell comprises at least two different expression
constructs, one of the expression constructs is selected from the group comprising:

an expression construct comprising a nucleic acid sequence encoding a particle-forming
protein, or

an expression construct comprising a nucleic acid sequence encoding a particle-size
determining protein, or

an expression construct comprising a nucleic acid sequence encoding a polymer regulator.

In various embodiments the nucleic acid sequence that codes for a fusion polypeptide
comprises:

a nucleic acid sequence that codes for an antigen capable of eliciting a cell-mediated
responsc in a subject, or a binding domain capable of binding an antigen capable of cliciting a
cell-mediated response in a subject, contiguous with the 5° or 3’ end of the nucleic acid sequence
that codes for a particle-forming protein, preferably a polymer synthase, or

a nucleic acid sequence that codes for an antigen capable of eliciting a ccll-mediated
response in a subject or a binding domain capable of binding an antigen capable of eliciting a
cell-mediated response in a subject indirectly fused with the 5” or 3’ end of the nucleic acid
scquence that codes for a particle-forming protein, preferably a polymer synthase, through a
polynucleotide linker or spacer sequence of a desired length; or

anucleic acid sequence that codes for an antigen capable of eliciting a cell-mediated
response in a subject or a binding domain capable of binding an antigen capable of eliciting a
cell-mediated response in a subject that is inserted into the nucleic acid sequence that codes for a
particle-forming protein, preferably a polymer synthase, optionally through a polynucleotide
linker or spacer sequence of a desired length; or

a nucleic acid sequence that codes for a protease cleavage site spaced between the nucleic
acid sequence that codes for an antigen capable of eliciting a cell-mediated response in a subject

or a binding domain capable of binding an antigen capable of eliciting a cell-mediated response
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in a subject and the nucleic acid sequence that codes for a particle-forming protein, preferably a
polymer synthase; or

a nucleic acid sequence that codes for a self-splicing element spaced between the nucleic
acid sequence that codes for an antigen capable of eliciting a cell-mediated response or a binding
domain capable of binding an antigen capable of eliciting a cell-mediated response and the
nucleic acid sequence that codes for a particle-forming protein, preferably a polymer synthase; or

any combination of two or more thereof.

In various embodiments the at least one fusion polypeptide comprises:

an amino acid sequence that comprises an antigen capable of eliciting a cell-mediated
response or that comprises a binding domain capable of binding an antigen capable of eliciting a
cell-mediated response contiguous with the N- or C- terminal end of the amino acid sequence
that comprises a particle-forming protein, preferably a polymer synthase; or

an amino acid sequence that comprises a an antigen capable of eliciting a cell-mediated
response or a binding domain capable of binding an antigen capable of eliciting a cell-mediated
response indirectly fused with the N- or C- terminal of the amino acid sequence that comprises a
particle-forming protein, preferably a polymer synthase, through a peptide linker or spacer
sequence of a desired length; or

an amino acid sequence sequence that comprises an antigen capable of eliciting a celi-
mediated responsc or a binding domain capable of binding an antigen capable of cliciting a cell-
mediated response that is inserted into the amino acid sequence that comprises a particle-forming
protein, preferably a polymer synthase, through a peptide linker or spacer sequence of a desired
length; or

an amino acid sequence that comprises a protease cleavage site spaced between the amino
acid sequence that comprises an antigen capable of eliciting a cell-mediated response or a
binding domain capable of binding an antigen capable of eliciting a ccll-mediated response and

the amino acid sequence that codes for a particle-forming protein, preferably a polymer synthase;

or

an amino acid sequence that comprises a self-splicing element spaced between the amino
acid sequence that comprises an antigen capable of eliciting a cell-mediated response or a
binding domain capable of binding an antigen capable of eliciting a cell-mediated response and
the amino acid sequence that codes for a particle-forming protein, preferably a polymer synthase;
or

any combination of two or more thereof.
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In various embodiments the nucleic acid sequence that codes for a fusion polypeptide
COMprises:

anucleic acid sequence that codes for a M. tuberculosis antigen or a M. tuberculosis
antigen binding domain contiguous with the 5° or 3’ end of the nucleic acid sequence that codes
for a particle-forming protein or

a nucleic acid sequence that codes for a M. tuberculosis antigen or a M. tuberculosis
antigen binding domain indirectly fused with the 5’ or 3” end of the nucleic acid sequence that
codes for a particle-forming protein through a polynucleotide linker or spacer sequence of a
desired length; or

a nucleic acid sequence that codes for a M. tuberculosis antigen or a M. tuberculosis
antigen binding domain that is inserted into the nucleic acid sequence that codes for a particle-
forming protein optionally through a polynucleotide linker or spacer sequence of a desired
length; or

a nucleic acid sequence that codes for a protease cleavage site spaced between the nucleic
acid sequence that codes for a M. tuberculosis antigen or a M. tuberculosis antigen binding
domain and the nucleic acid sequence that codes for a particle-forming protein; or

anucleic acid sequence that codes for a self-splicing element spaced between the nucleic
acid sequence that codes for a M. tuberculosis antigen or a M. tuberculosis antigen binding
domain and the nucleic acid scquence that codes for a particle-forming protcin; or

any combination of two or more thereof.

In various embodiments the at [east one fusion polypeptide comprises:

an amino acid sequence that compriscs a M. tuberculosis antigen or that comprises a M.
tuberculosis antigen binding domain contiguous with the N- or C- terminal end of the amino acid
sequence that comprises a particle-forming protein; or

an amino acid sequence that compriscs a M. tuberculosis antigen or a M. tuberculosis
antigen binding domain indirectly fused with the N- or C- terminal of the amino acid sequence
that comprises a particle-forming protein through a peptide linker or spacer sequence of a desired
length; or

an amino acid sequence sequence that comprises a M. tuberculosis antigen or a M.
tuberculosis antigen binding domain that is inserted into the amino acid sequence that comprises
a particle-forming protein through a peptide linker or spacer sequence of a desired length; or

an amino acid sequence that comprises a protease cleavage site spaced between the amino
acid sequence that comprises a M. tuberculosis antigen or a M. tuberculosis antigen binding

domain and the amino acid sequence that codes for a particle-forming protein; or
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an amino acid sequence that comprises a self-splicing element spaced between the amino
acid sequence that comprises a M. tuberculosis antigen or a M. tuberculosis antigen binding
domain and the amino acid sequence that codes for a particle-forming protein; or

any combination of two or more thercof.

In various embodiments the expression construct comprises a constitutive or regulatable
promoter system.

In various embodiments the regulatable promoter system is an inducible or repressible
promoter system.

In various embodiments the regulatable promoter system is selected from Lacl, Trp, phage
v and phage RNA polymerase.

In one embodiment the promoter is any strong promoter known to those skilled in the art.
Suitable strong promoters comprise adenoviral promoters, such as the adenoviral major late
promoter; or heterologous promoters, such as the cytomegalovirus (CMV) promoter; the
respiratory syncytial virus (RSV) promoter; the simian virus 40 (SV40) promoter; inducible
promoters, such as the MMT promoter, the metallothionein promoter; heat shock promoters; the
albumin promoter; the ApoAl promoter; human globin promoters; viral thymidine kinase
promoters, such as the Herpes simplex thymidine kinase promoter; retroviral LTRs; the b-actin
promoter; human growth hormone promoters; phage promoters such as the T7, SP6 and T3 RNA
polymcrasc promoters and the cauliflower mosaic 358 (CaMV 358S) promoter.

In various embodiments the promoter is a T7 RNA polymerase promoter, such as a T7
RNA polymerase promoter as described in PCT/NZ2006/000251, published as WO
2007/037706.

In various embodiments the cell comprises two or more different expression constructs that
each encode a different fusion polypeptide.

In various embodiments the antigen capable of cliciting a ccll-mediated immune response
is an antigen derived from an intracellular pathogen.

In various embodiments the antigen capable of eliciting a cell-mediated immune response
is selected from an antigen derived from the group of pathogens comprising Mycobacterium (e.g.
M. bovis, M. tuberculosis, M. leprae, M. kansasii, M. avium, M. avium paratuberculosis,
Mycobacterium sp.), Listeria (e.g. L. monocytogenes, Listeria sp.), Salmonella (e.g. S. typhi),
Yersinia (e.g Y. pestis, Y. enterocolitica, Y. pseudotuberculosis), Bacillus anthracis, Legionella
(e.g. L. preumophila, L. longbeachae, L. bozemanii, Legionella sp.), Rickettsia (e.g. R. rickettsii,
R. akari, R. conorii, R. siberica, R. australis, R. japonica, R. africae, R. prowazekii, R. typhi,

Rickettsia sp.), Chlamydia (e.g. C. preumoniae, C. trachomatis, Chlamydia sp.), Clamydophila
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(c.g. C. psittaci, C. abortus), Streptococcus (e.g. S. pneumoniae, S. pyogenes, S. agalactiae),
Staphylococcus (S. aureus) including Methicillin resistant Staphylococcus aureus (MRSA),
Ehrlichia (e.g. E. chaffeensis, Ehrlichia phagocytophila geno group, Ehrlichia sp.), Coxiella
burnetii, Leishmania sp., Toxpolasma gondii, Trvpanosoma cruzi, Histoplasma sp., Francisella
tularensis, and viruses including Hepatitis C, Adenoviruses, Picoraviruses including
coxsackievirus, hepatitis A virus, poliovirus, Herpesviruses including epstein-barr virus, herpes
simplex type 1, herpes simplex type 2, human cytomegalovirus, human herpesvirus type 8,
varicella-zoster virus, Hepadnaviruses including hepatitis B virus, Flaviviruses including
hepatitis C virus, yellow fever virus, dengue virus, West Nile virus, Retroviruses including
human immunodeficiency virus (HIV), Orthomyxoviruses including influenza virus,
Paramyxoviruses including measles virus, mumnps virus, parainfluenza virus, respiratory
syncytial virus, Papillomaviruses including papillomavirus, Rhabdoviruses including rabies
virus, Togaviruses including Rubella virus, and other viruses including vaccinia, avipox, adeno-
associated virus, modified Vaccinia Strain Ankara, Semliki Forest virus, poxvirus, and
coronaviruses, or at least on¢ antigenic portion or T-cell epitope of any of the above mentioned
antigens.

In various embodiments the M. tuberculosis antigen is selected from the group comprising
early secretary antigen target (ESAT) -6, Ag85A, Ag85B (MPT59), AgR5B, Ag85C, MPT32,
MPT51, MPT59, MPT63, MPT64, MPT83, MPB5, MPB59, MPB64, MTC28, Mtb2, Mtb8.4,
Mtb9.9, Mtb32A, Mtb39, Mtb4l, TB10.4, TB10C, TB11B, TB12.5, TB13A, TB14, TBI15,
TB15A, TB16, TB16A, TB17, TB18, TB21, TB20.6, TB24, TB27B, TB32, TB32A, TB33,
TB38, TB40.8, TB51, TB54, TB64, CFP6, CFP7, CFP7A, CFP7B, CFP8A, CFP8B, CFP9,
CFP10, CFP11, CFP16, CFP17, CFP19, CFP19A, CFP19B, CFP20, CFP21, CFP22, CFP22A,
CFP23, CFP23A, CFP23B, CFP25, CFP25A, CFP27, CFP28, CFP28B, CFP29, CFP30A,
CFP30B, CFP50, CWP32, hspX (alpha-crystallinc), APA, Tuberculin purified protcin derivative
(PPD), ST-CF, PPEG6S, LppX, PstS-1, PstS-2, PstS-3, HBHA, GroEL, GroEL2, GrpES, LHP,
19kDa lipoprotein, 71kDa, RD1-ORF2, RD1-ORF3, RD1-ORF4, RD1-ORF5, RD1-ORFS,
RDI1-ORF9A, RD1-ORFIB, Rv1984c, Rv0577, Rv1827, BfiB, Tpx. Rv1352, Rvi810, PpiA,
Cut2, FbpB, FbpA, FbpC, DnaK, FecB, Ssb, RplL, FixA, FixB, AhpC2, Rv2626c, Rv1211,
Mdh, Rv1626, Adk, ClpP, SucD (Belisle et al, 2005; US 7,037,510; US 2004/0057963; US
2008/0199493; US 2008/0267990), or at least one antigenic portion or T-cell epitope of any of

the above mentioned antigens.



10

15

20

30

39

In one example, the M. tuberculosis antigen is early secretary antigen target (ESAT) -6,
AgR5A, at least one antigenic portion of ESAT -6, at least one antigenic portion of Ag85A, or
any combination of two or more thereof, such as, for example, both ESAT-6 and Ag85A.

In various embodiments the binding domain capable of binding the antigen capable of
eliciting an immune response, such as a binding domain capable of binding an antigen capable of
cliciting a cell-mediated immune response is selected from a protein, a protein fragment, a
binding domain, a target-binding domain, a binding protein, a binding protein fragment, an
antibody, an antibody fragment, an antibody heavy chain, an antibody light chain, a single chain
antibody, a single-domain antibody (a VHH for example), a Fab antibody fragment, an Fc
antibody fragment, an Fv antibody fragment, a F(ab")2 antibody fragment, a Fab’ antibody
fragment, a single-chain Fv (scFv) antibody fragment, a T-cell receptor, a MHC Class I
molecule, MHC Class II molecule, or a combination thereof.

For example, in various embodiments the M. tuberculosis antigen binding domain is
selected from a protein, a protein fragment, a binding domain, a target-binding domain, a binding
protein, a binding protein fragment, an antibody, an antibody fragment, an antibody heavy chain,
an antibody light chain, a single chain antibody, a single-domain antibody (a VHH for example),
a Fab antibody fragment, an Fc antibody fragment, an Fv antibody fragment, a F(ab’)2 antibody
fragment, a Fab’ antibody fragment, a single-chain Fv (scFv) antibody fragment, a T-cell
receptor, a MHC Class I molecule, MHC Class 1l molecule, or a combination thercof.

In various embodiments, the composition comprises an homogenous population of
polymer particles.

In various cmbodiments, the composition compriscs a mixed population of polymer
particles.

The immune response are a cell-mediated immune response, or are a humoral immune
response, or arc a combination of both a cell-mediated immune response and a humoral immune
response.

For example, the immune response are a cell-mediated immune response without
significant humoral response. For example, the immune response are a cell-mediated immune
response, such as that indicated by an 1FN-y response, in the absence of a significant IgA
response, or in the absence of a significant IgE response, or in the absence of a significant IgG
response, including the absence of a significant IgG1 response, or the absence of a significant
I2G2 response, or in the absence of a significant IgM response.

In another example, the immune response is a humoral response without significant cell-

mediated response.
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It will be appreciated that the focus of the invention is to elicit an immune response so as to
be effective in the treatment or prevention of the diseases or conditions described herein. It will
similarly be appreciated that, given the nature of the immune response, eliciting a cell-mediated
immune response may also elicit a humoral response, such that the subject’s response to the
methods of the invention may in fact be a combination of both a cell-mediated immune response
and a humoral immune response.

It is intended that reference to a range of numbers disclosed herein (for example, 1 to 10)
also incorporates reference to all rational numbers within that range (for example, 1, 1.1, 2, 3,
39,4, 5,6, 65,7, 8,9 and 10) and also any range of rational numbers within that range (for
example, 2 to 8, 1.5 t0 5.5 and 3.1 to 4.7) and, therefore, all sub-ranges of all ranges expressly
disclosed herein are hereby expressly disclosed. These are only examples of what is specifically
intended and all possible combinations of numerical values between the lowest value and the
highest value enumerated are to be considered to be expressly stated in this application in a
similar manner.

Further aspects and advantages of the present invention will become apparent from the
ensuing description which is given by way of example only.

In this specification where reference has been made to patent specifications, other external
documents, or other sources of information, this is generally for the purpose of providing a
context for discussing thc features of the invention. Unless specifically stated otherwise,
reference to such external documents is not to be construed as an admission that such documents,
or such sources of information, in any jurisdiction, are prior art, or form part of the common
general knowledge in the art.

BRIEF DESCRIPTION OF THE DRAWINGS
Further aspects of the present invention will become apparent from the following

description which is given by way of example only and with reference to the accompanying

drawings.

Figure 1 shows the binding of anti-Hep C antibody to Hep C polymer particles. See
Example 4 herein.

Figure 2 shows the IgGl antibody response in mice immunised with various polymer
particle vaccines against Hepatitis C. EC50 refers to the reciprocal serum titre which gives half-
maximal optical density. Level of detection is 25. * indicates significant difference to other
groups. (p<0.05). Bars indicate SEM. See Example 4 herein.

Figure 3 shows the IgG2c antibody response in mice immunised with various polymer

particle vaccines against Hepatitis C. EC50 refers to the reciprocal serum titre which gives half-
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maximal optical density. Level of detection is 25. * indicates significant difference to other
groups. (p<0.05). Bars indicate SEM. See Example 4 herein.

Figure 4 shows the IFN-y responses in mice immunised with various polymer particle
vaccines against Hepatitis. * indicates a significant difference to other groups (p<0.05). Bars
indicate SEM . See Example 4 herein.

Figure 5 shows the antibody responses in mice immunised 3 times with 0-90 pg polymer
particles displaying Ag85A-ESAT-6 or 30 pg recombinant Ag85SA-ESAT-6. * indicates a
significantly greater response than the PBS immunised control group (p<0.01). ** indicates a
significantly greater response than all the other vaccine groups (p<0.01). See Example 5 herein.

Figure 6 shows the antibody responses in mice immunised 3 times with 30 pg of wild-type
polymer particles, Ag85A-ESAT-6 polymer particles, Ag85A-ESAT-6 polymer particles with
Emulsigen or non-immunised. * indicates a significantly greater response than the PBS
immunised control group (p<0.01). ** indicates a significantly greater response than all the other
vaccine groups (p<0.01). See Example 5 herein.

Figurc 7 shows the IFN-y responses in mice immunised 3 times with 0-90 pg polymer
particles displaying Ag85A-ESAT-6 or 30 pg recombinant Ag8SA-ESAT-6. * indicates a
significantly greater response than the PBS immunised control group (p<0.01). ** indicates a
significantly greater response than all the other vaccine groups (p<0.01). See Example 3 herein.

Figure 8 shows the IFN~y responscs in mice immunised 3 times with 30 ng of wild-type
polymer particles, Ag85A-ESAT-6 polymer particles, Ag85A-ESAT-6 polymer particles with
Emulsigen or non-immunised. * indicates a significantly greater response than the PBS
immunised control group (p<0.01). ** indicates a significantly greater responsc than all the other
vaceine groups (p<0.01). See Example 6 herein.

Figure 9 shows the binding of anti-ESAT-6 antibody to Ag85a-ESAT-6 polymer particles.
Sce Example 5 herein.

Figure 10 shows the lung culture results following vaccination of mice with various

- polymer particle vaccines and then challenged with M. bovis. * indicates statistical difference to

the non-vaccinated group (p<0.05). Bars indicate SEM. See Example 6 herein.

Figure 11 shows the spleen culture results following vaccination of mice with various
polymer particle vaccines. * indicates statistical difference to the non-vaccinated group (p<0.05).
Bars indicate SEM. See Example 6 herein.

Figure 12 shows the IgG1 antibody response in mice immunised with various polymer

particle vaccines and then challenged with M. bovis. EC50 refers to the reciprocal serum titre
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which gives half-maximal optical density. Level of detection is 25. * indicates significant
difference to other groups. (p<0.05). Bars indicate SEM. See Example 6 herein.

Figure 13 shows the IgG2c antibody response in mice immunised with various polymer
particle vaccines and then challenged with M. bovis. EC50 refers to the reciprocal serum titre
which gives half-maximal optical density. Level of detection is 25. * indicates significant
difference to other groups. (p<0.05). Bars indicate SEM. See Example 6 herein.

DETAILED DESCRIPTION

The present invention relates to polymer particles and uses thereof. In particular the
present invention relates to functionalised polymer particles, for example, processes of
production of functionalised polymer particles, and uses thereof in the treatment or prevention of
various disecases and conditions, including those caused by or associated with pathogens
including those identified or described herein.

Functionalised polymer particles of the present invention may comprise one or more
surface-bound fusion polypeptides, and may also comprise one or more substances incorporated
or adsorbed into the polymer particle core, one or more substances bound to surface bound
fusion polypeptides, or a combination thereof.

1.  Definitions

The term “coding region” or “open rcading frame” (ORF) refers to the sense strand of a
genomic DNA sequence or a cDNA sequence that is capable of producing a transcription
product and/or a polypeptide under the control of appropriate regulatory sequences. The coding
sequence is identified by the presence of a 5° translation start codon and a 3’ translation stop
codon. When inscrted into a genctic construct, a “coding sequence” is capable of being
expressed when it is operably linked to promoter and terminator sequences.

The term “comprising” as used in this specification means “consisting at least in part of”.
When interpreting cach statement in this specification that includes the term “‘comprising”,
features other than that or those prefaced by the term may also be present. Related terms such as
“comprise” and “comprises” are to be interpreted in the same manner.

The term ‘“‘coupling reagent” as used herein refers to an inorganic or organic compound
that is suitable for binding at least one substance or a further coupling reagent that is suitable for
binding a coupling reagent on one side and at least one substance on the other side. Examples of
suitable coupling reagents, as well as exemplary methods for their use including methods
suitable for the chemical modification of particles or fusion proteins of the present invention, are
presented in PCT/DE2003/002799, published as WO 2004/020623 (Bernd Rehm), herein

incorporated by reference in its entirety.
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The term “expression construct” refers to a genetic construct that includes elements that
permit transcribing the insert polynucleotide molecule, and, optionally, translating the transcript
into a polypeptide. An expression construct typically comprises in a 5’ to 3’ direction:

(1)  apromoter, functional in the host cell into which the construct will be introduced,
(2)  the polynucleotide to be expressed, and
(3)  aterminator functional in the host cell into which the construct will be introduced.

Expression constructs of the invention are inserted into a replicable vector for cloning or
for expression, or are incorporated into the host genome.

Examples of expression constructs amenable for adaptation for use in the present invention
are provided in PCT/DE2003/002799 published as WO 2004/020623 (Bernd Rehm) and
PCT/NZ2006/000251 published as WO 2007/037706 (Bernd Rehm) which are each herein
incorporated by reference in their entirety.

The terms “form a polymer particle” and “formation of polymer particles”, as used herein,
refer to the activity of a particle-forming protein as discussed herein.

A “fragment” of a polypeptide is a subsequence of the polypeptide that performs a function
that is required for the enzymatic or binding activity and/or provides three dimensional structure
of the polypeptide.

The term “fusion polypeptide”, as used herein, refers to a polypeptide comprising two or
amino acid sequences, for cxample two or more polypeptide domains, fused through respective
afnino and carboxyl residues by a peptide linkage to form a single continuous polypeptide. It
should be understood that the two or more amino acid sequences can either be directly fused or
indirectly fused through their respective amino and carboxyl terimini through a linker or spacer
or an additional polypeptide.

In one embodiment, one of the amino acid sequences comprising the fusion polypeptide
comprises a particle-forming protein.

In one embodiment, one of the amino acid sequences comprising the fusion polypeptide
comprises a M. tuberculosis antigen, or a M. tuberculosis antigen binding domain, or a fusion
partner.

The term “fusion partner” as used herein refers to a polypeptide such as a protein, a protein
fragment, a binding domain, a target-binding domain, a binding protein, a binding protein
fragment, an antibody, an antibody fragment, an antibody heavy chain, an antibody light chain, a
single chain antibody, a single-domain antibody (a VHH for example), a Fab antibody fragment,
an Fc antibody fragment, an Fv antibody fragment, a F(ab”)2 antibody fragment, a Fab’ antibody
fragment, a single-chain Fv (scFv) antibody fragment, an antibody binding domain (a ZZ domain
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for example), an antigen, an antigenic determinant, an epitope, a hapten, an immunogen, an
immunogen fragment, biotin, a biotin derivative, an avidin, a streptavidin, a substrate, an
enzyme, an abzyme, a co-factor, a receptor, a receptor fragment, a receptor subunit, a receptor
subunit fragment, a ligand, an inhibitor, a hormone, a lectin, a polyhistidine, a coupling domain,
a DNA binding domain, a FLAG epitope, a cysteine residue, a library peptide, a reporter peptide,
an affinity purification peptide, or any combination of any two or more thereof.

It should be understood that two or more polypeptides listed above can form the fusion
partner.

In one embodiment the amino acid sequences of the fusion polypeptide are indirectly fused
through a linker or spacer, the amino acid sequences of said fusion polypeptide arranged in the
order of polymer synthase-linker- antigen capable of eliciting an immune response, or antigen
capable of eliciting an immune response -linker-polymer synthase, or polymer synthase-linker-
binding domain of an antigen capable of eliciting an immune response, or binding domain of
antigen capable of eliciting an immune response -linker-polymer synthase, for example. In other
embodiments the amino acid sequences of the fusion polypeptide are indirectly fused through or
comprise an additional polypeptide arranged in the order of polymer synthase-additional
polypeptide-antigen capable of eliciting an immune response or polymer synthase-additional
polypeptide- binding domain of an antigen capable of eliciting an immune response, or polymer
synthasc-linkcr- antigen capable of eliciting an immunc responsc -additional polypeptide or
polymer synthase-linker- binding domain of an antigen capable of eliciting an immune response
-additional polypeptide. Again, N-terminal extensions of the polymer synthase are expressly
contcmplated herein.

Immune reponses include cell-mediated and humoral immune responses.

In one embodiment the amino acid sequences of the fusion polypeptide are indirectly fused
through a linker or spacer, the amino acid scquences of said fusion polypeptide arranged in the
order of polymer synthase-linker-M. tuberculosis antigen or M. tuberculosis antigen-linker-
polymer synthase, or polymer synthase-linker-M. tuberculosis antigen binding domain or M.
tuberculosis antigen binding domain-linker-polymer synthase, for example. In other
embodiments the amino acid sequences of the fusion polypeptide are indirectly fused through or
comprise an additional polypeptide arranged in the order of polymer synthase-additional
polypeptide-M. tuberculosis antigen or polymer synthase-additional polypeptide- A, fuberculosis
antigen binding domain, or polymer synthase-linker-M. tuberculosis antigen-additional

polypeptide or polymer synthase-linker-M. fuberculosis antigen binding domain-additional
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polypeptide. Again, N-terminal extensions of the polymer synthase are expressly contemplated
herein,

A fusion polypeptide according to the invention may also comprise one or more
polypeptide sequences inserted within the sequence of another polypeptide. For example, a
polypeptide sequence such as a protease recognition sequence are inserted into a variable region
of a protein comprising a particle binding domain.

Conveniently, a fusion polypeptide of the invention are encoded by a single nucleic acid
sequence, wherein the nucleic acid sequence comprises at least two subsequences each encoding
a polypeptide or a polypeptide domain. In certain embodiments, the at least two subsequences
will be present “in frame” so as comprise a single open reading frame and thus will encode a
fusion polypeptide as contemplated herein. In other embodiments, the at least two subsequences
are present “out of frame”, and are separated by a ribosomal frame-shifting site or other
sequence that promotes a shift in reading frame such that, on translation, a fusion polypeptide is
formed. In certain embodiments, the at least two subsequences are contiguous. In other
embodiments, such as those discussed above where the at least two polypeptides or polypeptide
domains are indirectly fused through an additional polypeptide, the at least two subsequences are
not contiguous.

Reference to a “binding domain” or a “domain capable of binding” is intended to mean one
half of a complementary binding pair and may include binding pairs from the list above. For
example, antibody-antigen, antibody-antibody binding domain, biotin-streptavidin, receptor-
ligand, enzyme-inhibitor pairs. A target-binding domain will bind a target molecule in a sample,
and are an antibody or antibody fragment, for example. A polypeptide-binding domain will bind
a polypeptide, and are an antibody or antibody fragment, or a binding domain from a receptor or
signalling protein, for example.

Examples of substances that arc bound by a binding domain include a protein, a protein
fragment, a peptide, a polypeptide, a polypeptide fragment, an antibody, an antibody fragment,
an antibody binding domain, an antigen, an antigen fragment, an antigenic determinant, an
epitope, a hapten, an immunogen, an immunogen fragment, a pharmaceutically active agent, a
biologically active agent, an adjuvant or any combination of any two or more thereof. Such
substances are “target components” in a sample that is analysed according to a method of the
invention.

Accordingly, a “domain capable of binding an antigen capable of eliciting an immune

response” and grammatical equivalents will be understood to refer to one component in a
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complementary binding pair, wherein the other component is the antigen capable of ¢liciting an
immune response.

Likewise, a “domain capable of binding an antigen capable of eliciting a cell-mediated
immune response” and grammatical equivalents will be understood to refer to one component in
a complementary binding pair, wherein the other component is the antigen capable of eliciting a
cell-mediated response. For example, a domain capable of binding a M. tuberculosis antigen,
which may also be referred to as a M. tuberculosis antigen binding domain, is a domain that is
able to bind one or more M. tuberculosis antigens.

Accordingly, a “M. tuberculosis antigen binding domain” is a domain that is able to bind
one or more M. tuberculosis antigens.

A “M. tuberculosis antigen” as used herein is an antigen derived from M. tuberculosis.
Likewise, other antigens are identified by the organism from which they are derived.

The phrase “antigen capable of eliciting an immune response” refers to an antigen that,
when contacted with one or more agentsagents of the immune system, such as one or more
antibodies or one or more cells, is able to elicit or upregulate the responsiveness of the immune
system, such as, for example, an upregulation in one or more T cell populations, such as for
example increased CD&+ T-cell or CD4+ T cell activity or number, or an upregulation in on¢ or
more B cell populations, such as one or more B cell populations capable of producing antibodies
specific to the antigen or capable of binding the antigen, or an increase in the amount or activity
of one or more populations of antibodies.

The phrase “antigen capable of eliciting a cell-mediated response™ refers to an antigen that,
when contacted with onc or more cells of the immune system, is able to elicit or uprcgulate the
responsiveness of the immune system, such as, for example, an upregulation in one or more T
cell populations, such as for example increased CD8+ T-cell or CD4+ T cell activity or number.

The term “genctic construct” refers to a polynucleotide molecule, usually double-stranded

DNA, which may have inserted into it another polynucleotide molecule (the insert

~ polynucleotide molecule) such as, but not limited to, a cDNA molecule. A genetic construct may

contain the necessary elements that permit transcribing the insert polynucleotide molecule, and,
optionally, translating the transcript into a polypeptide. The insert polynucleotide molecule are
derived from the host cell, or are derived from a different cell or organism and/or are a
recombinant polynucleotide. Once inside the host cell the genetic construct becomes integrated
in the host chromosomal DNA. In one example the genetic construct is linked to a vector.

The term “host cell” refers to a bacterial cell, a fungi cell, yeast cell, a plant cell, an insect

cell or an animal cell such as a mammalian host cell that is either 1) a natural PHA particle
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producing host cell, or 2) a host cell carrying an expression construct comprising nucleic acid
sequences encoding at least a thiolase and a reductase and optionally a phasin. Which genes are
required to augment what the host cell lacks for polymer particle formation will be dependent on
the genetic makeup of the host cell and which substrates are provided in the culture medium.

The term “linker or spacer” as used herein relates to an amino acid or nucleotide sequence
that indirectly fuses two or more polypeptides or two or more nucleic acid sequences encoding
two or more polypeptides. In some embodiments the linker or spacer is about 1, 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or about 100 amino acids or nucleotides in
length. In other embodiments the linker or spacer is about 100, 125, 150, 175, 200, 225, 250,
275, 300, 325, 350, 375, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950 or about
1000 amino acids or nucleotides in length. In still other embodiments the linker or spacer is
from about 1 to about 1000 amino acids or nucleotides in length, from about 10 to about 1000,
from about 50 to about 1000, from about 100 to about 1000, from about 200 to about 1000, from
about 300 to about 1000, from about 400 to about 1000, from about 500 to about 1000, from
about 600 to about 1000, from about 700 to about 1000, from about 800 to about 1000, or from
about 900 to about 1000 amino acids or nucleotides in length.

In one embodiment the linker or spacer may comprise a restriction enzyme recognition
site. In another embodiment the linker or spacer may comprise a protease cleavage recognition
sucquence such as cnterokinase, thrombin or Factor Xa recognition sequence, or a self-splicing
element such as an intein. In another embodiment the linker or spacer facilitates independent
folding of the fusion polypeptides.

The term “mixed population®, as used herein, refers to two or more populations of entities,
each population of entities within the mixed population differing in some respect from another
population of entities within the mixed population. For example, when used in reference to a
mixed population of expression constructs, this refers to two or more populations of expression
constructs where each population of expression construct differs in respect of the fusion
polypeptide encoded by the members of that population, or in respect of some other aspect of the
construct, such as for example the identity of the promoter present in the construct.
Alternatively, when used in reference to a mixed population of fusion polypeptides, this refers to
two or more populations of fusion polypeptides where each population of fusion polypeptides
differs in respect of the polypepetides, such as polymer synthase, the antigen capable of eliciting
a cell-mediated immune response, or the binding domain capable of binding an antigen capable
of eliciting a cell-mediated immune response, the members that population contains. For

example, in the context of use in the treatment of tuberculosis, a mixed population of fusion
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polypeptides refers to two or more populations of fusion polypeptides where each population of
fusion polypeptides differs in respect of the polypepetides, such as polymer synthase, the M.
tuberculosis antigen, or the M. fuberculosis antigen binding domain, the members that
population contains. Similarly, in the context of hepatitis or influenza a mixed population of
fusion polypeptides refers to two or more populations of fusion polypeptides where each
population of fusion polypeptides differs in respect of the polypepetides, such as polymer
synthase, the hepatitis antigen, the hepatitis antigen binding domain, the influenza antigen or the
influenza antigen binding domain the members that population contains. Still further, when used
in reference to a mixed population of polymer particles, this refers to two or more populations of
polymer particles where each population of polymer particles differs in respect of the fusion
polypeptide or fusion polypeptides the members of that population carry.

The term “nucleic acid” as used herein refers to a single- or double- stranded polymer of
deoxyribonucleotide, ribonucleotide bases or known analogues of natural nucleotides, or
mixtures thercof. The term includes reference to a specified sequence as well as to a sequence
complimentary thereto, unless otherwise indicated. The terms “nucleic acid” and
“polynucleotide” are used herein interchangeably.

“Operably-linked” means that the sequenced to be expressed is placed under the control of
regulatory elements that include promoters, tissue-specific regulatory elements, temporal
regulatory clements, enhancers, repressors and terminators.

The term “over-expression” generally refers to the production of a gene product in a host
cell that exceeds levels of production in normal or non-transformed host cells. The term
“overexpression” when uscd in relation to levels of messenger RNA preferably indicates a level
of expression at least about 3-fold higher than that typically observed in a host cell in a control or
non-transformed cell. More preferably the level of expression is at least about 5-fold higher,
about 10-fold higher, about 15-fold higher, about 20-fold higher, about 25-fold higher, about 30-
fold higher, about 35-fold higher, about 40-fold higher, about 45-fold higher, about 50-fold

" higher, about 55-fold higher, about 60-fold higher, about 65-fold higher, about 70-fold higher,

about 75-fold higher, about 80-fold higher, about 85-fold higher, about 90-fold higher, about 95-
fold higher, or about 100-fold higher or above, than typically observed in a control host cell or
non-transformed cell.

Levels of mRNA are measured using any of a number of techniques known to those skilled
in the art including, but not limited to, Northern blot analysis and RT-PCR, including
quantitative RT-PCR.
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The term “particle-forming protein”, as used herein, refers to proteins involved in the
formation of the particle. It may, for example, be selected from the group of proteins which
comprises a polymer depolymerase, a polymer regulator, a polymer synthase and a particle size-
determining protein. Preferably the particle-forming protein is selected from the group
comprising a thiolase, a reductase, a polymer synthase and a phasin. A particle-forming protein
such as a synthase may catalyse the formation of a polymer particle by polymerising a substrate
or a derivative of a substrate to form a polymer particle. Alternatively, a particle-forming protein
such as a thiolase, a reductase or a phasin may facilitate the formation of a polymer particle by
facilitating polymerisation. For example, a thiolase or reductase may catalyse production of
suitable substrates for a polymerase. A phasin may control the size of the polymer particle
formed. Preferably the particle-forming protein comprises a particle binding domain and a
particle forming domain.

As used herein, the term “particle-forming reaction mixture” refers to at least a polymer
synthase substrate if the host cell or expression construct comprises a synthase catalytic domain
or a polymer synthase and its substrate if the host cell or expression construct comprises another
particle-forming protein or a particle binding domain that is not a polymer synthase catalytic
domain.

A “particle size-determining protein” refers to a protein that controls the size of the
polymer particles. It may for example be derived from the family of phasin-like proteins,
preferably selected from the those from the genera Ralstonia, Alcaligenes and Pseudomonas,
more preferably the phasin gene phaP from Ralstonia eutropha and the phasin gene phaF from
Pseudomonas oleovorans. Phasins are amphiphilic proteins with a molccular weight of 14 to 28
kDa which bind tightly to the hydrophobic surface of the polymer particles. It may also
comprise other host cell proteins that bind particles and influence particle size.

The term “pathogen” or “intraccllular pathogen™ or “microbe” refers to any organism that
exists within a host cell, either in the cytoplasm or within a vacuole, for at least part of its
reproductive or life cycle. Intracellular pathogens include viruses (e.g. CMV, HIV), bacteria
(Mycobacterium, Listeria, Salmonella, Shigella, Yersinia, Brucella, Bacillus, Legionella,
Rickettsiae, Clamydia, Clamydophilia, Streptococcus, Staphylococcus, Ehrlichia, Francisella,
enteropathogenic Escherichia coli, enterohaemorrhagic Escherichia coli), protozoa (e.g.
Taxoplasma), fungi, and intraceilular parasites (¢.g. Plasmodiun).

It will be appreciated that pathogens are typically host-specific. Accordingly, the methods
and compositions of the invention are amenable to modification (use) in immunising a particular

host species against a particular pathogen, including against a species-specific pathogen. For
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example, humans are immunised against pathogens, including human-specific pathogens, such as
for example Mycobacterium {(e.g M. bovis, M. tuberculosis, M. leprae, M. kansasii, M. avium, M.
avium paratuberculosis, Mycobacterium sp.), Listeria (e.g. L. monocytogenes, Listeria sp.),
Salmonella (c.g. S. typhi), Yersinia (e.g. Y. pestis, Y. enterocolitica, Y. pseudotuberculosis),
Bacillus anthracis, Legionella (e.g. L. pneumophila, L. longbeachae, L. bozemanii, Legionella
sp.), Rickettsia (e.g. R. rickettsii, R. akari, R. conorii, R. siberica, R. australis, R. japonica, R.
afiicae, R. prowazekii, R. typhi, Rickettsia sp.), Chlamydia (e.g. C. pneumoniae, C. trachomalis,
Chlamydia sp.), Clamydophila (e.g. C. psittaci, C. abortus), Streptococcus (e.g. S. pneumoniae,
S. pyogenes, S. agalactiae), Staphylococcus (e.g. S. aureus), Ehrlichia (e.g. E. chaffeensis,
Ehrlichia phagocytophila geno group, Ehrlichia sp.), Coxiella burnetii, Leishmania sp.,
Toxpolasma gondii, Trypanosoma cruzi, Histoplasma sp., Francisella tularensis, and
adenovirus, vaccinia, avipox, adeno-associated virus, modified Vaccinia Strain Ankara, Semliki
Forest virus, poxvirus, and herpes viruses.

Other genres of intracellular pathogens have wide host specificity, and include for example
the Brucella species. Brucella is a genus of Gram-negative non-motile, non-encapsulated
coccobacilli. Brucella is the cause of brucellosis. Examples of different Brucella species include
B. melitensis, B. abortus, B. suis, B. ovis, B. pinnipediae, and B. neotomae.

In other examples, non-human subjects are immunised against pathogens, including
specics-specific pathogens. For cxample, bovine, corvine and ovine subjects arc immuniscd
against Mycobacterium spp., including for example e.g M. bovis, M. tuberculosis, M. leprae, M.
kansasii, M. avium, M. avium paratuberculosis, and other Mycobacteriun: spp.

Accordingly, a “subjcct” is an animal, such as a mammal, including a mammalian
companion animal or a human. Representative companion animals include include feline,
equine, and canine. Representative agricultural animals include bovine, ovine, cervine, and
porcine. In one embodiment the human is an adult, a child, or an infant, including an
immunocompromised adult, child, or infant, or an adult, a child or an infant vaccinated against,
infected with, exposed to or at risk of infection or exposure to a pathogen.

The term “treat” and its derivatives (including “treatment™) should be interpreted in their
broadest possible context. The term should not be taken to imply that a subject is treated until
total recovery. Accordingly, “treat” broadly includes amelioration and/or prevention of the onset
of the symptoms or severity of a particular condition.

A “polymer regulator” as used herein refers to a protein which regulates the transcription
of the genes phaA, phaB and phaC involved in the formation of the polymer particles. It is

withdrawn from transcription regulation by binding to the particle surface. One example of such
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a regulator is the phasin repressor (phaR) from R. eutropha YP_725943, which binds to the
promoter of a phasin-like gene, the expression product of which regulates the size of polymer
particles formed, and prevents the gene from being read. Because the phasin repressor is bound
on the surface of the polymer particles formed, this site on the promoter is released and
transcription of the underlying gene can begin. A “polymer synthase™ as used herein refers to a
protein which is capable of catalysing the formation of a polymer particle by polymerising a
substrate or a derivative of a substrate to form a polymer particle. The nucleotide sequences of
88 PHA synthase genes from >45 different bacteria have been obtained, differing in primary
structure, substrate specificity and subunit composition (Rehm, 2007).

A polymer synthase comprises at least the synthase catalytic domain at the C-terminus of
the synthase protein that mediates polymerisation of the polymer and attachment of the synthase
protein to the particle core. Polymer synthases for use in the present invention are described in
detail in Rehm, 2003, which is herein incorporated by reference in its entirety. For example, the
polymer synthase is a PHA synthase from the class | genera Acinetobacter, Vibrio, Aeromonas,
Chromobacterium, Pseudomonas, Zoogloea, Alcaligenes, Delftia, Burkholderia, Ralstonia,
Rhodococcus, Gordonia, Rhodobacter, Paracoccus, Rickettsia, Caulobacter, Methylobacterium,
Azorhizobium, Agrobacterium, Rhizobium, Sinorhizobium, Rickettsia, Crenarchaeota,
Svnechocystis, Ectothiorhodospira, Thiocapsa, Thyocystis and Aflochromatium, the class 2
genera Burkholderia and Pseudomonas, or the class 4 genera Bacillus, more preferably from the
group comprising class 1 Acinetobacter sp. RA3849, Vibrio cholerae, Vibrio parahaemolyticus,
Aeromonas punctata FA440, Aeromonas hydrophila, Chromobacterium  violaceum,
Pseudomonas sp. 61-3, Zoogloea ramigera, Alcaligenes latus, Alcaligenes sp. SH-69, Delftia
acidovorans, Burkholderia sp. DSMZ9242, Ralstonia eutrophia H16, Burkholderia cepacia,
Rhodococcus rubber PP2, Gordonia rubripertinctus, Rickettsia prowazekii, Synechocystis sp.
PCC6803, Ectothiorhodospira shaposhnikovii N1, Thiocapsa pfennigii 9111, Allochromatium

vinosum D, Thyocystis violacea 2311, Rhodobacter sphaeroides, Paracoccus denitrificans,

" Rhodobacter capsulatus, Caulobacter crescentus, Methylobacterium extorquens, Azorhizobium

caulinodans, Agrobacterium tumefaciens, Sinorhizobium meliloti 41, Rhodospirillum rubrum
HA, and Rhodospirillum rubrum ATCC25903, class 2 Burkholderia caryophylli, Pseudomonas
chloraphis, Pseudomonas sp. 61-3, Pseudomonas putida U, Pseudomonas oleovorans,
Pseudomonas aeruginosa, Pseudomonas resinovorans, Pseudomonas stutzeri, Pseudomonas
mendocina, Pseudomonas pseudolcaligenes, Pseudomonas putida BMOL, Pseudomonas
nitroreducins, Pseudomonas chloraphis, and class 4 Bacillus megaterium and Bacillus sp.

INTO0S.
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Other polymer synthases amenable to use in the present invention include polymer
synthases, each identified by it accession number, from the following organisms: C. necator
(AY836680), P. acruginosa (AE004091), 4. vinosum (AB205104), B. megaterium {AF109909),
H. marismortui (YP137339), P. aureofaciens (AB049413), P. putida (AF150670), R. eutropha
(A34341), T. pfennigii (X93599), 4. punctata (032472), Pseudomonas sp. 61-3 (AB014757 and
ABO014758), R. sphaeroides (AAAT72004, C. violaceun (AAC69615), A. borkumensis SK2
(CAL17662), A. borkumensis SK2 (CAL16866), R. sphaeroides KD131 (ACM01571 AND
YP002526072), R. opacus B4 (BAH51880 and YP002780825), B. multivorans ATCC 17616
(YP001946215 and BAG43679), A. borkumensis SK2(YP693934 and YP693138), R. rubrum
(AADS53179), gamma proteobacterium HTCC5015 (ZP05061661 and EDY86606), Azoarcus sp.
BH72 (YP932525), C. violaceum ATCC 12472 (NP902459), Limnobacter sp. MEDI105
(ZP01915838 and EDMS82867), M. algicola DG893 (ZP01895922 and EDM46004), R.
sphaeroides (CAAG5833), C. violaceum ATCC 12472 (AAQ60457), A. latus (AAD10274,
AADO01209 and AAC83658), S. maltophilia K279a (CAQ46418 and YP001972712), R.
solanacearum TPO1609 (CAQ59975 and YP002258080), B. mulitivorans ATCC 17616
(YP001941448 and BAG47458), Pseudomonas sp. gll3 (ACJ02400), Pseudomonas sp. gl06
(ACJ02399), Pseudomonas sp. gl01 (ACJ02398), R. sp. gl32 (ACJ02397), R. leguminosarum bv.
viciae 3841 (CAK10329 and YP770390), 4zoarcus sp. BH72 (CAL93638), Pseudonionas sp.
LDC-5 (AAV36510), L. nitroferrum 2002 (ZP03698179), Thauera sp. MZ1T (YP002890098
and ACRO01721), M. radiotolerans JCM 2831 (YP001755078 and ACB24395),
Methylobacterium sp. 4-46 (YP001767769 and ACA15335), L. nitroferrum 2002 (EEG08921),
P. denitrificans (BAATT257), M. gryphiswaldense (ABG23018), Pseudomonas sp. USM4-55
(ABX64435 and ABX64434), 4. hydrophila (AAT77261 and AAT77258), Bacillus sp. INT00S
(BAC45232 and BAC45230), P. putida (AAM63409 and AAMO63407), G. rubripertinctus
(AAB94058), B. megaterium (AADO05260), D. acidovorans (BAA33155), P. seriniphilus
(ACMG68662), Pseudomonas sp. 14-3 (CAK18904), Pseudomonas sp. LDC-5 (AAX18690),
Pseudomonas sp. PC17 (ABV25706), Pseudomonas sp. 3Y2 (AAV35431, AAV35429 and
AAV35426), P. mendocina (AAM10546 and AAMI10544), P. nitroreducens (AAK19608), P.
pseudoalcaligenes (AAK19605), P. resinovorans (AAD26367 and AAD26365), Pseudomonas
sp. USM7-7 (ACM90523 and ACM90522), P. fluorescens (AAP58480) and other uncultured
bacterium (BAE02881, BAE(02880, BAE02879, BAE(02878, BAE(02877, BAE02876,
BAE02875, BAE02874, BAE02873, BAE02872, BAFE02871, BAE02870, BAE02869,
BAE02868, BAE02867, BAE(0286, BAE02865, BAE(02864, BAE02863, BAE02862,
BAE(02861, BAE02860, BAE02859, BAE02858, BAE02857, BAE07146, BAE(07145,
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BAE(07144, BAE(07143, BAE07142, BAE(07141, BAE07140, BAE07139, BAE(07138,
BAE(7137, BAE07136, BAE07135, BAEO07134, BAE07133, BAE07132, BAE07131,
BAEQ7130, BAE07129, BAE07128, BAE07127, BAE07126, BAE07125, BAE07124,
BAE07123, BAE(07122, BAE07121, BAE(07120, BAEO07119, BAE07118, BAE(07117,

5 BAE07116, BAE(7115, BAE07114, BAE07113, BAEO07112, BAEO07111, BAE(7110,
BAE07109, BAE07108, BAE07107, BAE07106, BAE07105, BAE(07104, BAE07103,
BAE07102, BAE(07101, BAE(07100, BAE07099, BAE07098, BAE(7097, BAE07096,
BAEQ07095, BAE07094, BAE07093, BAE(07092, BAEO07091, BAEQ7090, BAEQ7089,
BAE07088, BAE07053, BAE07052, BAE(07051, BAEO07050, BAE(07049, BAEQ7048,

10 BAE07047, BAE07046, BAE07045, BAE07044, BAE07043, BAE(7042, BAEQ07041,
BAE(7040, BAE07039, BAE07038, BAE(07037, BAE07036, BAE(07035, BAE(07034,
BAEQ7033, BAE(07032, BAE07031, BAEO07030, BAE07029, BAE(07028, BAE07027,
BAE07026, BAE07025, BAE(07024, BAE07023, BAE07022, BAE(07021, BAE(7020,
BAE07019, BAE07018, BAE07017, BAE07016, BAE07015, BAE(07014, BAE(07013,

15 BAE07012, BAE(07011, BAE07010, BAE(7009, BAE07008, BAE(07007, BAEQ7006,
BAE07005, BAE(07004, BAE07003, BAE07002, BAE(07001, BAE(07000, BAEQ06999,
BAE06998, BAE06997, BAFE06996, BAE06995, BAE06994, BAE06993, BAE06992,
BAE06991, BAE06990, BAE06989, BAE(06988, BAE06987, BAEQ06586, BAEQG985,
BAE06984, BAE06983, BAE06982, BAE06981, BAE06980, BAE06979, BAE06978,

20 BAE06977, BAE06976, BAE(06975, BAE06974, BAE06973, BAE06972, BAEQ6971,
BAE06970, BAE06969, BAE06968, BAE06967, BAE06966, BAE06965, BAEQ06964,
BAE06963, BAE06962, BAE06961, BAE(06960, BAE06959, BAE(06958, BAE06957,
BAE06956, BAE06955, BAE06954, BAE06953, BAE06952, BAE06951, BAE06950,
BAE06949, BAE06948, BAE06947, BAE06946, BAE06945, BAE06%44, BAE(06943,

25 BAE06942, BAE06941, BAE06940, BAE06939, BAE06938, BAE06937, BAE(06936,
BAE06935, BAE06934, BAE06933, BAE06932, BAE06931, BAE06930, BAE06929,

- BAE06928, BAE06927, BAE06926, BAE06925, BAE06924, BAE06923, BAE06922,
BAE06921, BAE06920, BAE06919, BAE06918, BAE06917, BAE06%16, BAE06915,
BAE06914, BAE(06913, BAE06912, BAE06911, BAE06910, BAE06909, BAEQ6908,
30 BAE06907, BAE06906, BAE06905, BAE06904, BAE06903, BAE06902, BAE06901,
BAE06900, BAE06899, BAE06898, BAE06897, BAE06896, BAE06895, BAE(689%4,
BAE(06893, BAE06892, BAE06891, BAE(06890, BAEO06889, BAE06888, BAE068R7,
BAEQ6886, BAE06885, BAE(06884, BAE06883, BAE(06882, BAE06881, BAE06880,
BAE06879, BAE(06878, BAE06877, BAE06876, BAE06875, BAE06874, BAE06873,
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BAE(06872, BAE06871, BAE(06870, BAE06869, BAE(06868, BAEQ06867, BAE(6866,
BAE06865, BAE(06864, BAEQ6863, BAE06862, BAE06861, BAEQ06860, BAE06859,
BAE06858, BAE06857, BAE06856, BAE06855, BAE06854, BAE06853 and BAE(06852).

The N-terminal fragment of PHA synthase protein (about amino acids 1 to 200, or 1 to
150, or 1 to 100) is highly variable and in some examples is deleted or replaced by an antigen, an
antigen binding domain, or another fusion partner without inactivating the enzyme or preventing
covalent attachment of the synthase via the polymer particle binding domain (i.e. the C-terminal
fragment) to the polymer core. The polymer particle a binding domain capable of binding the
synthase comprises at least the catalytic domain of the synthase protein that mediates
polymerisation of the polymer core and formation of the polymer particles.

In some embodiments the C-terminal fragment of PHA synthase protein is modified,
partially deleted or partially replaced by an antigen capable of eliciting an immune response, a
binding domain capable of binding an antigen capable of eliciting an immune response, or
another fusion partner without inactivating the enzyme or preventing covalent attachment of the
synthase to the polymer particle.

In certain cases, the antigen capable of eliciting an immune response, the binding domain
capable of binding an antigen capable of binding an immune response, or another fusion partner
are fused to the N-terminus or to the C-terminus of PHA synthase protein without inactivating
the enzyme or preventing covalent attachment of the synthase to the polymer particle. Similarly,
in other cases the antigen capable of eliciting an immune response, the binding domain capable
of binding an antigen capable of eliciting an immune response, or another fusion partner are
inserted within the PHA synthase protein, or indeed within the particle-forming protein.
Examples of PhaC fusions are known in the art and presented herein.

In one example, the N-terminal fragment of PHA synthase protein (about amino acids 1 to
200, or 1 to 150, or 1 to 100) is highly variable and is deleted or replaced by a M. fuberculosis
antigen, a M. tuberculosis antigen binding domain, a hepatitis antigen, a hepatitis antigen binding
domain, an influenza antigen or an influenza antigen binding domain or another fusion partner
without inactivating the enzyme or preventing covalent attachment (covalent attachment occurs
through the active site from which the nascent polyester protrudes) of the synthase via the
polymer particle binding domain (i.e. the C-terminal fragment (this domain binds via
hydrophobic interaction)) to the polymer particle. The polymer particle binding domain of thé
synthase comprises at least the catalytic domain of the synthase protein that mediates

polymerisation of the polymer particle and formation of the polymer particles.
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The C-terminal fragment of PHA synthase protein may also be modified, partially deleted

or partially replaced, for example by a M. tuberculosis antigen, a M. tuberculosis antigen binding
domain, a hepatitis antigen, a hepatitis antigen binding domain, an influenza antigen or an
influenza antigen binding or another fusion partner without inactivating the enzyme or
preventing covalent attachment of the synthase to the polymer particle.

In certain cases, the M. tuberculosis antigen, the M. tuberculosis antigen binding domain, a
hepatitis antigen, a hepatitis antigen binding domain, an influenza antigen or an influenza antigen
binding or another fusion partner are fused to the N-terminus or to the C-terminus of PHA
synthase protein without inactivating the enzyme or preventing covalent attachment of the
synthase to the polymer particle. Similarly, in other cases the M. tfuberculosis antigen, a M.
tuberculosiy antigen binding domain, a hepatitis antigen, a hepatitis antigen binding domain, an
influenza antigen or an influenza antigen binding or another fusion partner are inserted within
the PHA synthase protein, or indeed within the particle-forming protein. Examples of PhaC
fusions are known in the art and presented herein.,

A “polymer depolymerase” as used herein refers to a protein which is capable of
hydrolysing existing polymer, such as that found in a polymer particle, into water soluble
monomers and oligomers. Examples of polymer depolymerases occur in a wide variety of PHA-
degrading bacteria and fungi, and include the PhaZl — PhaZ7 extracellular depolymerases from
Paucimonas lemoignei, the PhaZ depolymerases from Acidovorax sp., A. faecalis (strains AE122
and T1), Delftia (Comamonas) acidovorans strain YM1069, Comamonas testosteroni,
Comamionas sp., Leptothrix sp. strain HS, Pseudomonas sp. strain GMI101 (acession no.
AF293347), P. fluorescens strain GK13, P. stutzeri, R. pickettii (strains Al and K1, acession no.
104223, D25315), S. exfoliatus K10 and Streptomyces hygroscopicus (see Jendrossek D., and
Handrick, R., Microbial Degredation of Polyhydroxyalkanoates, Annual Review of
Microbiology, 2002, 56:403-32).

The term “polypeptide™, as used herein, encompasses amino acid chains of any length but
preferably at least 5 amino acids, including full-length proteins, in which amino acid residues are
linked by covalent peptide bonds. Polypeptides of the present invention are purified natural
products, or are produced partially or wholly using recombinant or synthetic techniques. The
term may refer to a polypeptide, an aggregate of a polypeptide such as a dimer or other multimer,
a fusion polypeptide, a polypeptide variant, or derivative thereof.

The term “promoter” refers to non transcribed cis-regulatory elements upstream of the

coding region that regulate gene transcription. Promoters comprise cis-initiator elements which
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specify the transcription initiation site and conserved boxes such as the TATA box, and motifs
that are bound by transcription factors.

The term “terminator” refers to sequences that terminate transcription, which are found in
the 3’ untranslated ends of genes downstream of the translated sequence. Terminators are
important determinants of mRNA stability and in some cases have been found to have spatial
regulatory functions.

The term “‘substance” when referred to in relation to being bound to or absorbed into or
incorporated within a polymer particle is intended to mean a substance that is bound by a fusion
partner or a substance that is able to be absorbed into or incorporated within a polymer particle.

The term “variant” as used herein refers to polynucleotide or polypeptide sequences
different from the specifically identified sequences, wherein one or more nucleotides or amino
acid residues is deleted, substituted, or added. Variants are naturally-occurring allelic variants,
or non-naturally occurring variants. Variants are from the same or from other species and may
encompass homologues, paralogues and orthologues. In certain embodiments, variants of the
polynucleotides and polypeptides possess biological activities that are the same or similar to
those of the wild type polynucleotides or polypeptides. The term “variant™ with reference to
polynucleotides and polypeptides encompasses all forms of polynucleotides and polypeptides as
defined herein.

Polynucleotide and polypeptide variants

The term “polynucleotide(s),” as used herein, means a single or double-stranded
deoxyribonucleotide or ribonucleotide polymer of any length but preferably at least 15
nucleotides, and include as non-limiting examples, coding and non-coding scquences of a gene,
sense and antisense sequences complements, exons, introns, genomic DNA, ¢cDNA, pre-mRNA,
mRNA, rRNA, siRNA, miRNA, tRNA, ribozymes, recombinant polypeptides, isolated and
purificd naturally occurring DNA or RNA scquences, synthetic RNA and DNA sequences,
nucleic acid probes, primers and fragments. A number of nucleic acid analogues are well known
in the art and are also contemplated.

A “fragment” of a polynucleotide sequence provided herein is a subsequence of contiguous
nucleotides that is preferably at least 15 nucleotides in length. The fragments of the invention
preferably comprises at least 20 nucleotides, more preferably at least 30 nucleotides, more
preferably at least 40 nucleotides, more preferably at least 50 nucleotides and most preferably at
least 60 contiguous nucleotides of a polynucleotide of the invention. A fragment of a

polynucleotide sequence can be used in antisense, gene silencing, triple helix or ribozyme
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technology, or as a primer, a probe, included in a microarray, or used in polynucleotide-based
selection methods.

The term “fragment” in relation to promoter polynucleotide sequences is intended to
include sequences comprising cis-elements and regions of the promoter polynucleotide sequence
capable of regulating expression of a polynucleotide sequence to which the fragment is operably
linked.

Preferably fragments of promoter polynucleotide sequences of the invention comprise at
least 20, more preferably at least 30, more preferably at least 40, more preferably at least 50,
more preferably at least 100, more preferably at least 200, more preferably at least 300, more
preferably at least 400, more preferably at least 500, more preferably at least 600, more
preferably at least 700, more preferably at least 800, more preferably at least 900 and most
preferably at least 1000 contiguous nucleotides of a promoter polynucleotide of the invention.

The term “primer” refers to a short polynucleotide, usually having a free 3°’OH group, that
is hybridized to a template and used for priming polymerization of a polynucleotide
complementary to the template. Such a primer is preferably at least 5, more preferably at least 6,
more preferably at least 7, more preferably at least 9, more preferably at least 10, more
preferably at least 11, more preferably at least 12, more preferably at least 13, more preferably at
least 14, more preferably at least 15, more preferably at least 16, more preferably at least 17,
morc preferably at least 18, more preferably at least 19, more preferably at least 20 nucleotides
in length.

The term “probe” refers to a short polynucleotide that is used to detect a polynucleotide
sequencc that is complementary to the probe, in a hybridization-based assay. The probe may
consist of a “fragment” of a polynucleotide as defined herein. Preferably such a probe is at least
5, more preferably at least 10, more preferably at least 20, more preferably at least 30, more
preferably at least 40, more preferably at [cast 50, more preferably at least 100, more preferably
at least 200, more preferably at least 300, more preferably at least 400 and most preferably at
least 500 nucleotides in length.

3

The term “variant” as used herein refers to polynucleotide or polypeptide sequences
different from the specifically identified sequences, wherein one or more nucleotides or amino
acid residues is deleted, substituted, or added. Variants are naturally-occurring allelic variants,
or non-naturally occurring variants. Variants are from the same or from other species and may
encompass homologues, paralogues and orthologues. In certain embodiments, variants of the
polynucleotides and polypeptides possess biological activities that are the same or similar to

those of the wild type polynucleotides or polypeptides. The term “variant” with reference to
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polynucleotides and polypeptides encompasses all forms of polynucleotides and polypeptides as
defined herein.

Polynucleotide variants

Variant polynucleotide sequences preferably exhibit at least 50%, more preferably at least
51%, at least 52%, at least 53%, at least 54%, at least 55%, at least 56%, at least 57%, at least
58%, at least 59%, at least 60%, at least 61%, at least 62%, at least 63%, at least 64%, at least
65%, at least 66%, at least 67%, at least 68%, at lcast 69%, at least 70%, at least 71%, at least
72%, at least 73%, at least 74%, at least 75%, at least 76%, at least %, at least 77%, at least 78%,
at least 79%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at lcast 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to a specified polynucleotide sequence. Identity is found over a comparison window of
at least 20 nucleotide positions, preferably at least 50 nucleotide positions, at least 100
nucleotide positions, or over the entire length of the specified polynucleotide sequence.

Polynucleotide sequence identity can be determined in the following manner. The subject
polynucleotide sequence is compared to a candidate polynucleotide sequence using BLASTN
(from the BLAST suite of programs, version 2.2.10 [Oct 2004]) in bl2seq (Tatiana A. Tatusova,
Thomas L. Madden (1999), "Blast 2 sequences - a new tool for comparing protein and nucleotide
sequences", FEMS Microbiol Lett. 174:247-250), which is publicly available from NCBI
(ftp://fip.ncbi.nih.gov/blast/). The default parameters of bl2seq are utilized except that filtering
of low complexity parts should be turned off.

The identity of polynucleotide sequences can be cxamined using the following unix
command line parameters:

bl2seq —i nucleotideseql —j nucleotideseq2 —F F —p blastn

The parameter —F F turns off filtering of low complexity sections. The parameter —p sclects

the appropriate algorithm for the pair of sequences. The bl2seq program reports sequence

‘identity as both the number and percentage of identical nucleotides in a line “Identities = .

Polynucleotide sequence identity may also be calculated over the entire length of the
overlap between a candidate and subject polynucleotide sequences using global sequence
alignment programs (¢.g. Needleman, S. B. and Wunsch, C. D. (1970) J. Mol. Biol. 48, 443-
453). A full implementation of the Needleman-Wunsch global alignment algorithm is found in
the needle program in the EMBOSS package (Rice,P. Longden,l. and Bleasby,A. EMBOSS: The
European Molecular Biology Open Software Suite, Trends in Genetics June 2000, vol 16, No 6.
pp.276-277) which can be obtained from http://www.hgmp.mrc.ac.uk/Software/EMBOSS/. The
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European Bioinformatics Institute server also provides the facility to perform EMBOSS-needle
global alignments between two sequences on line at http:/www.ebi.ac.uk/emboss/align/.

Alternatively the GAP program can be used which computes an optimal global alignment
of two sequences without penalizing terminal gaps. GAP is described in the following paper:
Huang, X. (1994) On Global Sequence Alignment. Computer Applications in the Biosciences
10, 227-235.

Polynucleotide varianis of the present invention also encompass those which exhibit a
similarity to one or more of the specifically identified sequences that is likely to preserve the
functional equivalence of those sequences and which could not reasonably be expected to have
occurred by random chance. Such sequence similarity with respect to polypeptides determined
using the publicly available bl2seq program from the BLAST suite of programs (version 2.2.10
[Oct 2004]) from NCBI (ftp://ftp.ncbi.nih.gov/blast/).

The similarity of polynucleotide sequences can be examined using the following unix
command line parameters:

bl2seq —i nucleotideseql —j nucleotideseq2 —F F —p tblastx

The parameter —F F turns off filtering of low complexity sections. The parameter —p selects
the appropriate algorithm for the pair of sequences. This program finds regions of similarity
between the sequences and for each such region reports an “E value” which is the expected
number of times one could expect to sce such a match by chance in a database of a fixed
reference size containing random sequences. The size of this database is set by default in the
bl2seq program. For small E values, much less than one, the E value is approximately the
probability of such a random match.

Variant polynucleotide sequences preferably exhibit an E value of less than 1 x 10-10,
more preferably less than 1 x 10-20, less than 1 x 10-30, less than 1 x 10-40, less than 1 x 10-50,
Icss than 1 x 10-60, less than 1 x 10-70, less than 1 x 10-80, less than 1 x 10-90, less than 1 x
10-100, less than 1 x 10-110, less than 1 x 10-120 or less than 1 x 10-123 when compared with
any one of the specifically identified sequences.

Alternatively, variant polynucleotides of the present invention hybridize to a specified
polynucleotide sequence, or complements thereof under stringent conditions.

The term "hybridize under stringent conditions”, and grammatical equivalents thereof,
refers to the ability of a polynucleotide molecule to hybridize to a target polynucleotide molecule
(such as a target polynucleotide molecule immobilized on a DNA or RNA blot, such as a
Southern blot or Northern blot) under defined conditions of temperature and salt concentration.

The ability to hybridize under stringent hybridization conditions can be determined by initially
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hybridizing under less stringent conditions then increasing the stringency to the desired
stringency.

With respect to polynucleotide molecules greater than about 100 bases in length, typical
stringent hybridization conditions are no more than 25 to 30°C (for example, 10°C) below the
melting temperature (Tm) of the native duplex (see gencrally, Sambrook et al., Eds, 1987,
Molecular Cloning, A Laboratory Manual, 2nd Ed. Cold Spring Harbor Press; Ausubel et al.,
1987, Current Protocols in Molecular Biology, Greene Publishing,). Tm for polynucleotide
molecules greater than about 100 bases can be calculated by the formula Tm = 81. 5+ 0. 41% (G
+ C-log (Na+). (Sambrook et al., Eds, 1987, Molecular Cloning, A Laboratory Manual, 2nd Ed.
Cold Spring Harbor Press; Bolton and McCarthy, 1962, PNAS 84:1390). Typical stringent
conditions for polynucleotide of greater than 100 bases in length would be hybridization
conditions such as prewashing in a solution of 6X SSC, 0.2% SDS; hybridizing at 65°C, 6X
SSC, 0.2% SDS overnight; followed by two washes of 30 minutes each in 1X SSC, 0.1% SDS at
65°C and two washes of 30 minutes each in 0.2X SSC, 0.1% SDS at 65°C.

With respect to polynucleotide molecules having a length less than 100 bases, exemplary
stringent hybridization conditions are 5 to 10°C below Tm. On average, the Tm of a
polynucleotide molecule of length less than 100 bp is reduced by approximately
(500/oligonucleotide length)°C.

With respect to the DNA mimics known as peptide nucleic acids (PNAs) (Nielsen ct al.,
Science. 1991 Dec 6;254(5037):1497-500) Tm values are higher than those for DNA-DNA or
DNA-RNA hybrids, and can be calculated using the formula described in Giesen et al., Nucleic
Acids Res. 1998 Nov 1;26(21):5004-6. Exemplary stringent hybridization conditions for a
DNA-PNA hybrid having a length less than 100 bases are 5 to 10°C below the Tm.

Variant polynucleotides of the present invention also encompasses polynucleotides that
differ from the sequences of the invention but that, as a conscquence of the degencracy of the

genetic code, encode a polypeptide having similar activity to a polypeptide encoded by a

polynucleotide of the present invention. A sequence alteration that does not change the amio

acid sequence of the polypeptide is a “silent variation”. Except for ATG (methionine) and TGG
(tryptophan), in some examples other codons for the same amino acid are changed by art
recognized techniques, e.g., to optimize codon expression in a particular host organism.
Polynucleotide sequence alterations resulting in conservative substitutions of one or
several amino acids in the encoded polypeptide sequence without significantly altering its

biological activity are also included in the invention. A skilled artisan will be aware of methods
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for making phenotypically silent amino acid substitutions (see, e.g., Bowie et al., 1990, Science
247, 1306).

Variant polynucleotides due to silent variations and conservative substitutions in the
encoded polypeptide sequence can be determined using the publicly available bl2seq program
from the BLAST suite of programs (version 2.2.10 [Oct 2004]) from NCBI
(ftp://ftp.ncbi.nih.gov/blast/) via the tblastx algorithm as previously described.

Polypeptide Variants

The term “variant” with reference to polypeptides encompasses naturally occurring,
recombinantly and synthetically produced polypeptides. Variant polypeptide sequences
preferably exhibit at least 50%, more preferably at least 51%, at least 52%, at least 53%, at least
54%, at least 55%, at least 56%, at least 57%, at least 58%, at least 59%, at least 60%, at lcast
61%, at least 62%, at least 63%, at least 64%, at least 65%, at least 66%, at least 67%, at least
68%, at least 69%, at least 70%, at least 71%, at least 72%, at least 73%, at least 74%, at least
75%, at least 76%, at least %, at least 77%, at least 78%, at least 79%, at least 80%, at least 81%,
at lcast 82%, at least 83%, at least 84%, at least 85%, at lcast 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% identity to a sequences of the present
invention. Identity is found over a comparison window of at least 20 amino acid positions,
preferably at lcast 50 amino acid positions, at lcast 100 amino acid positions, or over the entire
length of a polypeptide of the invention.

Polypeptide sequence identity can be determined in the following manner. The subject
polypeptide scquence is compared to a candidate polypeptide sequence using BLASTP (from the
BLAST suite of programs, version 2.2.10 [Oct 2004]) in bl2seq, which is publicly available from
NCBI (ftp://ftp.ncbinih.gov/blast/). The default parameters of bl2seq are utilized except that
filtering of low complexity regions should be turned off.

Polypeptide sequence identity may also be calculated over the entire length of the overlap
between a candidate and subject polynucleotide sequences using global sequence alignment
programs., EMBOSS-needle (available at http:/www.ebi.ac.uk/emboss/align/} and GAP (Huang,
X. (1994) On Global Sequence Alignment. Computer Applications in the Biosciences 10, 227-
235.) as discussed above are also suitable global sequence alignment programs for calculating
polypeptide sequence identity.

Polypeptide variants of the present invention also encompass those which exhibit a
similarity to one or more of the specifically identified sequences that is likely to preserve the

functional equivalence of those sequences and which could not reasonably be expected to have
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occurred by random chance. Such sequence similarity with respect to polypeptides can be

determined using the publicly available bl2seq program from the BLAST suite of programs

(version 2.2.10 [Oct 2004]) from NCBI (fip://ftip.ncbinih.gov/blast/). The similarity of

polypeptide sequences can be examined using the following unix command line parameters:
bl2seq —i peptideseql —j peptideseq2 -F F —p blastp

Variant polypeptide sequences preferably exhibit an E value of less than 1 x 10-10, more
preferably less than 1 x 10-20, less than 1 x 10-30, less than 1 x 10-40, less than 1 x 10-50, less
than 1 x 10-60, less than 1 x 10-70, less than 1 x 10-80, less than 1 x 10-90, less than 1 x10-100,
less than 1 x 10-110, fess than 1 x 10-120 or less than 1 x 10-123 when compared with any one
of the specifically identified sequences.

The parameter —F F turns off filtering of low complexity sections. The parameter —p selects
the appropriate algorithm for the pair of sequences. This program finds regions of similarity
between the sequences and for each such region reports an “E value” which is the expected
number of times one could expect to see such a match by chance in a database of a fixed
reference size containing random scquences. For small E values, much less than one, this is
approximately the probability of such a random match.

Conservative substitutions of one or several amino acids of a described polypeptide
sequence without significantly altering its biological activity are also included in the invention.
A skilled artisan will bec aware of methods for making phenotypically silent amino acid
substitutions (see, e.g., Bowie et al., 1990, Science 247, 1306).

A polypeptide variant of the present invention also encompasses that which is produced
from the nucleic acid encoding a polypeptide, but differs from the wild type polypeptide in that it
is processed differently such that it has an altered amino acid sequence. For example, a variant is
produced by an alternative splicing pattern of the primary RNA transcript to that which produces
a wild type polypeptide.

The term “vector” refers to a polynucleotide molecule, usually double stranded DNA,

which is used to transport the genetic construct into a host cell. In certain examples the vector is

capable of replication in at least one additional host system, such as £. coli.
2,  Pathogens

It will be appreciated that the polymer particles, methods and compositions of the present
invention are in part directed to the prevention or treatment of diseases caused by pathogens,
including intracellular pathogens. Accordingly, antigens derived from an intracellular pathogen
are amenable for use in the present invention and can be selected by persons skilled in the art.

Representative intracellular pathogens are described in more detail below, but those skilled in the
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art will appreciate that the invention has application in the treatment or prevention of any disease

or condition associated with an intracellular pathogen in accordance with the methods described

herein, for example, by selecting one or more antigens from the target intracellular pathogen or

one or more binding domains capable of binding an antigen from the target intracellular
5 pathogen.

Mpycobacterium is a genus of Actinobacteria. The genus includes pathogens known to
cause serious diseases in mammals, including tuberculosis and leprosy. Examples of pathogen
species include M. tuberculosis, M. bovis, M. afiicanum, M. microti; M. leprae (leprosy), M.
avium paratuberculosis (associated with Crohn’s disease in humans and Johne’s disease in

10  sheep).

Listeria species are Gram-positive bacilli. The most known pathogen in this genus is L.
monocytogenes, the causative agent of literiosis. Listeria ivanovii is a pathogen of ruminants and
is only rarely the cause of human disease.

Shigella is a genus of Gram-negative, non-spore forming rod-shaped bacteria closely

15  related to Escherichia coli and Salmonella. Shigella is the causative agent of human shigellosis
(dysentery), infecting only primates but not other mammals.

Yersinia is a Gram-negative rod shaped bacteria. Specific human pathogens include Y.
enterocolitica, causing Yersiniosis, Y. pestis, the causative agent of plague and the least common
pathogen Y. pseudotuberculosis. Yersinia is implicated as one of the pathogenic causes of

20  Reactive Arthritis.

Brucella is a genus of Gram-negative non-motile, non-encapsulated coccobacilli. Brucella
is the causc of bruccllosis. Examples of different Brucclla specics include B. melitensis and B.
ovis which infect ovine species, B. abortus which infects cattle, B. suis which infects swine
species, B. pinnipediae isolated from marine mammals and B. neotomae. Humans typically

25  become infected through contact with fluids from infected animals (sheep, cattle or pigs) or
derived food products such as unpasteurized milk and cheese.

' Legionella is a Gram-negative bacterium. The most notable species, L. pneumophila

causes legionellosis or Legionnaires' disease.

Rickettsia is a genus of motile, Gram-negative, non-spore forming bacteria. Rickettsia

30  species are carried as parasites by many ticks, fleas, and lice, causing diseases such as Rocky

Mountain spotted fever (R. rickettsii), Rickettsialpox (R. akari), Boutonneuse fever (R. conorii),

Siberian tick typhus (R. siberica), Australian tick typhus (R. australis), Oriental spotted fever (R.

Jjaponica), African tick bite fever (R. afiicae), Epidemic typhus (R. prowazekii), and Endemic

typhus (R. typhi)
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Safmonella is a genus of rod-shaped, Gram-negative, non-spore forming, motile
enterobateria that cause illnesses in humans and many animals, including typhoid fever,
paratyphoid fever, and the salmonellosis.

Chlamydia refers to a genus of bacteria, which includes the human pathogen Chlamydia
trachomatis. Chlamydophila is a related bacterium, which includes the human pathogens
Chlamydophila pneumoniae, causing pnemonia, Chlamydophila psittaci, causing respiratory
psittacosis, and Chlamydophila abortus, which is associated with abortion in humans.

Streptococcus s a genus of spherical Gram-positive bacteria known to cause a number of
human diseases including meningitis, bacterial pneumonia (S. preumoniae), endocarditis,
erysipelas and necrotizing fasciitis (S. pyogenes).

Staphylococcus is a genus of Gram-positive bacteria and is a common cause of food
poisoning,.

Plasmodium is a genus of parasitic protozoa. Infection with these parasites is known to
cause malaria (P. falciparum).

2.1  Tuberculosis

Tuberculosis is a severe global health concern, resulting in over 2 million human deaths
worldwide per year. The disease is caused by the bacterium M. tuberculosis. The bacterium
commonly invades the lungs, through inhalation, causing infection in the lung, which can
ultimatcly spread to other parts of the body, including the central nervous system, the lymphatic
system, the circulatory system, the genitourinary system, the gastrointestinal systems, bones,
joints and the skin (Dietrich, 2006; Mustafa, 2001). Various forms of tuberculosis in agricultural
animals, such as bovine tuberculosis and Johne’s discase, also have a significant negative cffect
on production.

The spread of infection by M. tuberculosis is limited by the immune system. Many
individuals show few symptoms other than a cough and fever. However, approximately 30% of

individuals are not able to sufficiently control the infection and develop a primary disease.

ﬂ Despite this, the discase is capable of sitting dormant in individuals, infecting them again years

or even decades later. For this reason, M. tuberculosis is unique among infectious bacteria, as it
can evade the immune response and survive in a refractory non- or slow-replicating phase for
long periods of time,

Tuberculosis infection expresses itself in three phases. The first acute stage is identified by
a proliferation of bacteria in the body’s organs. An immune response quickly follows, controlling
the infection and eventually resulting in a decline in bacterial load. Following the acute phase,

the second latent phase is established. During this second stage, bacterial load is maintained at a
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stable and low level. M. tuberculosis change from an active multiplication state in the acute
phase to a dormant state in the latent phase. A third reactivation phase may occur whereby the
bacteria begin replicating again. The factors that influence this third stage are still largely
unknown (Bames and Cave, 2003).

It it thought that changes in antigen specificity of the immune response occur throughout
the different stages of infection, as the bacterium is capable of modulating gene expression
during transition from active replication to dormancy.

2.2  Hepatitis

Hepatitis is a collective name for diseases commonly caused by various Hepatitis viruses.
Other contributory causes of hepatitis include alcohol, toxins, drugs and autoimmune disease.
Hepatitis is an inflammation of the liver, with symptoms including malaise, muscle and joint
aches, loss of appetite, and jaundice and eventual liver failure in some cases. Hepatitis can be
both acute and chronic, with cirrhosis observed in chronic sufferers of the disease.

2.3  Influenza

Influenza (more commonly referred to as the ‘flu’) is caused by RNA viruses of the
Orthomyxoviridae family. Influenza results in the deaths of between 250,000 and 500,000 people
a year. Common symptoms include chills, fever, sore throat, muscle aches and pains, headaches,
coughing, weakness and fatigue. In severe cases, influenza can lead to pneumonia, a potentially
fatal condition in the young and elderly. Influenza can be transmitted through the air, or through
direct contact with infected bird droppings or nasal secretions.

Three classes of influenza virus exist (A, B and C), all sharing similar structure. Two
large glycoprotcins, hemagglutinin and neuraminidase, are displayed on the surfacc of the viral
particle and are involved in the binding of the virus to target cells, transfer of the viral genome
into the target cell and release of viral progeny from infected cells. There are 16 known subtypes
of hemagglutinin (H1 to H16) and 9 subtypes of neuraminidasc (N1 to N9).

2.4  Current treatment strategies

Current treatment strategies for protection against intracellular pathogens include specific
vaccines against known antigens, or antibiotic treatment in patients infected with intracellular
bacterial pathogens.

The lack of suitable vaccines for protecting against reactivation of intracellular pathogens,
either prophylactically prior to infection, or therapeutically after onset of infection, has prompted
the need for new and improved treatment strategics against intracellular pathogens.

For example, the only currently available vaccine for tuberculosis is Bacille Calmette-

Geurin (BCG), which contains live attenuated strains of Mycobacterium bovis. The efficacy of
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BCG in controlling tuberculosis infection is limited. Although the vaccine appears to protect
children against the primary discase, its protective efficacy against the adult form of the disease
(reactivation after latency) is reduced (World Health Organisation — http://www.who.int}. It has
also been reported that efficacy of BCG is limited in many Third World countries where
tuberculosis is prevalent. In addition, as the BCG vaccine is a live vaccine it is not suitable for
administration to patients who are immuno-comprosmised. While the BCG vaccine reportedly
reduces dissemination of M. fuberculosis to the spleen (and other organs), it does not prevent
bacterial growth in the lungs.

The lack of a suitable vaccine for protecting against reactivation, either prophylactically
prior to infection, or therapeutically after onset of infection, together with the other problems
associated with live vaccines, has prompted the need for new and improved treatment strategies
against intracellular pathogens including tuberculosis, hepatitis or influenza.

3. Immune Response
3.1. Cell-mediated response

Cell-mediated immunity is primarily mediated by T-lymphocytes. Pathogenic antigens are
expressed on the surface of antigen presenting cells (such as macrophages, B-lymphocytes, and
dendritic cells), bound to either major histocompatibility MHC Class T or MHC Class II
molecules. Presentation of pathogenic antigen coupled to MHC Class 1I activates a helper
(CD4+) T-cell response. Upon binding of the T-cell to the antigen-MHC I complex, CD4+ T-
cells proliferate, releasing cytokines, including interferon-gamma (IFN-y) and interleukin 2 (IL-
2), IL-4, 1L~7, and IL-12.

Presentation of pathogenic antigens bound to MHC Class I molccules activates a cytotoxic
(CD8+) T-cell response. Upon binding of the T-cell to the antigen-MHC 1 complex, CD8+ cells
secrete perforin, resulting in pathogen cell lysis, swelling and death. Alternatively, CD8+ cells
induce programmed cell death or apoptosis. Activation of CD8+ T-cells is amplificd by the
release of specific cytokines by CD4+ T-cells.

A cell-mediated immune response is believed to be central to the immunity against various
pathogens, including intracellular pathogens such as M. tuberculosis.

Methods to assess and monitor the onset or progression of a cell-mediated response in a
subject are well known in the art. Convenient exemplary methods include those in which the
presence of or the level of one or more cytokines associated with a cell-mediated response, such
as those identified herein, is assessed. Similarly, cell-based methods to assess or monitor the

onset and progression of a cell-mediated response are amenable to use in the present invention,
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and may include cell proliferation or activation assays, including assays targeted at identifying
activation or expansion of one or more populations of immune cells, such as T-lymphocytes.

In certain embodiments, methods of the invention that elicit both a cell-mediated immune
response and a humoral response are preferred.

In other embodiments, methods of the invention that elicit predominantly a cell-mediated
response are preferred. Such methods may include those that elicit a cell-mediated immune
response without a significant humoral response, or without any detectable humoral response. In
one example, the immune response is a cell-mediated immune response, such as that indicated
by an IFN-y response, in the absence of a significant IgA response, or in the absence of a
significant IgE response, or in the absence of a significant IgG response, including the absence of
a significant IgG1 response, or the absence of a significant IgG2 response, or in the absence of a
significant IgM response.

3.2, Humoral response

The humoral immune response is mediated by secreted antibodies produced by B cells.
The secreted antibodies bind to antigens presented on the surface of invading pathogens,
flagging them for distruction.

It has been suggested that a combined cell-mediated and humoral response (such as that as
a consequence of an initiated cell-mediated response) would be beneficial to achieve a more
highly scnsitive immunc response to or cnhance the level of protection against intracellular
pathogens.

Again, methods to assess and monitor the onset or progression of a humoral response are
well known in the art. These include antibody binding assays, ELISA, skink-prick tcsts and the
like.

4.  Antigens
It will be appreciated that a great many antigens from various pathogenic organisms have

been characterised and are suitable for use in the present invention. All antigens, whether or not

7 presently characterized, that are capable of eliciting an immune response are contemplated.

4.1 Tuberculosis antigensantigens
It will be appreciated that a great many M. fuberculosis antigens have been characterised
and are suitable for use in the present invention. All M. tuberculosis antigens, whether or not
presently characterized, that are capable of eliciting an immune response are contemplated.
Exemplary M. tuberculosis antigens suitable for use in the present invention include early
secretary antigen target (ESAT) -6, Ag85A, Ag85B (MPT359), Ag85B, Ag85C, MPT32, MPT51,
MPT59, MPT63, MPT64, MPTR3, MPBS, MPB59, MPB64, MTC28, Mib2, Mtb8.4, Mtb9.9,
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Mtb32A, Mth39, Mtb41, TB10.4, TB10C, TB11B, TB12.5, TB13A, TB14, TB15, TB15A,
TB16, TB16A, TB17, TB18, TB21, TB20.6, TB24, TB27B, TB32, TB32A, TB33, TB38,
TB40.8, TB51, TB54, TB64, CFP6, CFP7, CFP7A, CFP7B, CFP8A, CFP8B, CFP9, CFP10,
CFP11, CFP16, CFP17, CFP19, CFP19A, CFP19B, CFP20, CFP21, CFP22, CFP22A, CFP23,
CFP23A, CFP23B, CFP25, CFP25A, CFP27, CFP28, CFP28B, CFP29, CFP30A, CFP30B,
CFP50, CWP32, hspX (alpha-crystalline), APA, Tuberculin purified protein derivative (PPD),
ST-CF, PPE68, LppX, PstS-1, PstS-2, PstS-3, HBHA, GroEL, GroEL2, GrpES, LHP, 19kDa
lipoprotein, 71kDa, RD1-ORF2, RD1-ORF3, RD1-ORF4, RDI1-ORFS5, RDI-ORF8, RDI-
ORF9A, RD1-ORF9B, Rv1984c, Rv0577, Rv1827, BftB, Tpx. Rv1352, Rv1§10, PpiA, Cut2,
FbpB, FbpA, FbpC, DnaK, FecB, Ssb, RplL, FixA, FixB, AhpC2, Rv2626¢c, Rv1211, Mdh,
Rv1626, Adk, ClpP, SucD (Belisle et al, 2005; US 7,037,510; US 2004/0057963; US
2008/0199493; US 2008/0267990), or at least one antigenic portion or T-cell epitope of any of
the above mentioned antigens.

The present invention contemplates the use of a single M. tuberculosis antigen. However,
embodiments reliant on the use of two or more M. tuberculosis antigens are also specifically
contemplated.

In various examples, the two or more antigens are produced as fusion proteins comprising
two or more M. fuberculosis antigens, including two or more M. tuberculosis antigens selected
from above mentioned antigens.

4.2 Hepatitis antigens

A number of hepatitis antigens have been characterised and are suitable for use in the
present invention. Exemplary hepatitis C antigens include C — p22, E1 — gp35, E2 - gp70, NSI -
p7, NS2 — p23, NS3 - p70, NS4A — p8, NS4B — p27, NS5A — p56/58, and NS5B — p68, and each
(whether alone or in combination) are suitable for application in the present invention. All
hepatitis antigens, whether or not presently characterized, that arc capable of eliciting an immune
response are contemplated.

4.3 Influenza antigens

A great many influenza antigens have been characterised and are suitable for use in the
present invention. Exemplary influenza antigens suitable for use in the present invention include
PB, PB2, PA, any of the hemagglutinin (HA) or neuramimidase (NA) proteins, NP, M, and NS,
and each (whether alone or in combination) are suitable for application in the present invention. .
All influenza antigens, whether or not presently characterized, that are capable of eliciting an

immune response are contemplated.
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4.4 Anthrax antigens

A number of B. anthracis antigens have been identified as potential candidates for vaccine
development and are useful in the present invention. For example, PA83 is one such antigen for
vaccine development. Currently, only one FDA licensed vaccine for anthrax is available called
“Anthrax Vaccine Adsorbed” (AVA) or BioThrax®. This vaccine is derived from the cell-free
supernatant of a non-encapsulated strain of B. anthracis adsorbed to aluminum adjuvant. PA is
the primary immunogen in AVA. Other exemplary anthrax antigens suitable for use in the
present invention include Protective antigen (PA or PA63), LF and EF (proteins), poly-gamma-
(D-glutamate) capsule, spore antigen (endospore specific components), BclA (exosporium
specific protein), BxpB (spore-associated protein), and secreted proteins. All anthrax antigens,
whether or not presently characterized, that are capable of eliciting an immune response are

contemplated.

4.5 Tularemia antigens

A number of F. tularensis antigens have been identified as potential candidates for vaccine
development and are useful in the present invention. For example, AcpA and IglC are antigens
suitable for vaccine development. Other exemplary Tularemia antigens suitable for use in the
present invention include O-antigen, CPS, outer membrane proteins (e.g. FopA), lipoproteins
(e.g. Tuld), secreted proteins and lipopolysaccharide. All tularemia antigens, whether or not

presently characterized, that are capable of eliciting an immune response are contemplated.

4.6 Brucellosis antigens

A number of B. abortusis antigens have been identified as potential candidates for vaccine
development and are useful in the present invention. For example, Omp16 is one such antigen
for vaccine development. Other exemplary Brucellosis antigens suitable for use in the present
invention include O-antigen, lipopolysaccharide, outer membrane proteins (e.g. Ompl6),
secreted proteins, ribosomal proteins (e.g. L7 and L12), bacterioferritin, p39 (a putative
periplasmic binding protein), groEL(heat-shock protein), lumazine synthase, BCSP31 surface
protein, PAL16.5 OM lipoprotein, catalase, 26 kDa periplasmic protein, 31 kDa Omp31, 28 kDa
Omp, 25 kDa Omp, and 10 kDA Om lipoprotein. All bruccllosis antigens, whether or not

presently characterized, that are capable of eliciting an immune response are contemplated.

4.7 Meningitis antigens
A numbcr of N. meningitidis antigens have been identified as potential candidates for vaccine
development and are useful in the present invention. For example, Cys6, PorA, PorB, FetA, and

ZnuD are antigens suitable for vaccine development. Other exemplary Meningitis antigens
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suitable for use in the present invention include O-antigen, factor H binding protein (fHbp),
TbpB, NspA, NadA, outer membrane proteins, group B CPS, secreted proteins and
lipopolysaccharide. All menigitis antigens, whether or not presently characterized, that are

capable of eliciting an immune response are contemplated.

4,8 Dengue antigens

A number of Flavivirus antigens have been identificd as potential candidates for vaccine
development to treat dengue fever and are useful in the present invention. For example, dengue
virus envelope proteins E1 — E4 and the membrane proteins M1 — M4 are antigens suitable for
vaccine development. Other exemplary dengue antigens suitable for use in the present invention
include C, preM, 1, 2A, 2B, 3, 4A, 4B and 5. All dengue antigens, whether or not presently

characterized, that are capable of eliciting an immune response are contemplated.

4.9 Ebola antigens

A number of ebola virus antigens have been identified as potential candidates for vaccine
development to treat ebola infection and are useful in the present invention. For example,
Filoviridae Zaire ebolavirus and Sudan ebolavirus virion spike glycoprotein precursor antigens
ZEBOV-GP, and SEBOV-GP, respectively, are suitable for vaccine development. Other
exemplary ¢bola antigens suitable for use in the present invention include NP, vp35, vp40, GP,
vp30, vp24 and L. All ebola antigens, whether or not presently characterized, that are capable of

eliciting an immune response are contemplated.

4.10 West Nile antigens

A number of West Nile virus antigens have been identified as potential candidates for
vaccine development to treat infection and are useful in the present invention. For example,
Flavivirus envelope antigen (E) from West Nile virus (WNV) is a non-toxic protein expressed on
the surface of WNV virions (WNVE) and are suitable for vaccine development. Other
exemplary WNV antigens suitable for use in the present invention include Cp, Prm, NS1, NS2A,

" NS2B, NS3, NS4A, NS4B and NS5. All West Nile antigens, whether or not presently

characterized, that are capable of eliciting an immune response are contemplated.

The above-listed or referenced antigens are exemplary, not limiting, of the present

inventions.

5. Expression Constructs
Processes for producing and using expression constructs for expression of fusion
polypeptides in microorganisms, plant cells or animal cells (cellular expression systems) or in

cell free expression systems, and host cells comprising expression constructs useful for forming
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polymer particles for use in the invention are well known in the art (e.g. Sambrook et al., 1987,
Ausubel et al., 1987).

Expression constructs for use in methods of the invention are in one embodiment inserted
into a replicable vector for cloning or for expression, or in another embodiment are incorporated
into the host genome. Various vectors are publicly available. The vector is, for example, in the
form of a plasmid, cosmid, viral particle, or phage. The appropriate nucleic acid sequence can
be inserted into the vector by a variety of procedures. In general, DNA is inserted into an
appropriate restriction endonuclease site(s) using techniques known in the art. Vector
components generally include, but are not limited to, one or more of a signal sequence, an origin
of replication, one or more selectable marker genes, an enhancer element, a promoter, and a
transcription termination sequence. Construction of suitable vectors containing one or more of
these components employs standard ligation techniques known in the art.

Both expression and cloning vectors contain a nucleic acid sequence that enables the
vector to replicate in one or more selected host cells. Such sequences are well known for a
variety of bacteria, yeast, and viruses.

In one embodiment the expression construct is present on a high copy number vector.

In one embodiment the high copy number vector is selected from those that are present at
20 to 3000 copies per host cell.

In onc embodiment the high copy number vector contain a high copy number origin of
replication (ori), such as ColEl or a ColEl-derived origin of replication. For example, the
ColE-1 derived origin of replication may comprise the pUC19 origin of replication.

Numerous high copy number origins of replication suitable for use in the vectors of the
present invention are known to those skilled in the art, These include the ColE1-derived origin of
replication from pBR322 and its derivatives as well as other high copy number origins of
replication, such as M13 FR ori or pl5A ori. The 2 plasmid origin is suitable for yeast, and
varjous viral origins (8V40, polyoma, adenovirus, VSV or BPV) are useful for cloning vectors in
marmmalian cells.

Preferably, the high copy number origin of replication comprises the ColE1-derived
pUC19 origin of replication.

The restriction site is positioned in the origin of replication such that cloning of an insert
into the restriction site will inactivate the origin, rendering it incapable of directing replication of
the vector. Alternatively, the at least one restriction site is positioned within the origin such that
cloning of an insert into the restriction site will render it capable of supporting only low or single

copy number replication of the vector.
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Expression and cloning vectors will typically contain a selection gene, also termed a
sclectable marker to detect the presence of the vector in the transformed host cell. Typical
selection genes encode proteins that (a) confer resistance to antibiotics or other toxins, e.g.,
ampicillin, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic deficiencies, or
(c) supply critical nutrients not available from complex media, ¢.g., the gene encoding D-alanine
racemase for Bacilli.

Selectable markers commonly used in plant transformation include the neomycin
phophotransferase I gene (NPT IT) which confers kanamycin resistance, the aadA gene, which
confers spectinomycin and streptomycin resistance, the phosphinothricin acetyl transferase (bar
gene) for Ignite (AgrEvo) and Basta (Hoechst) resistance, and the hygromycin
phosphotransferase gene ( hpt) for hygromycin resistance.

Examples of suitable selectable markers for mammalian cells are those that enable the
identification of cells competent to take up expression constructs, such as DHFR or thymidine
kinase. An appropriate host cell when wild-type DHFR is employed is the CHO cell line
deficient in DHFR activity, prepared and propagated as described by Urlaub et al,,1980. A
suitable selection gene for use in yeast is the trpl gene present in the yeast plasmid YRp7
(Stinchcomb et al., 1979; Kingsman et al.,, 1979; Tschemper et al., 1980). The trpl gene
provides a selection marker for a mutant strain of yeast lacking the ability to grow in tryptophan,
for cxamplc, ATCC No. 44076 or PEP4-1 [Jones, Genetics, 85:12 (1977)].

An expression construct useful for forming polymer particles preferably includes a
promoter which controls expression of at least one nucleic acid encoding a polymer synthase,
particle-forming protein or fusion polypeptide.

Promoters recognized by a variety of potential host cells are well known. Promoters
suitable for use with prokaryotic hosts include the p-lactamase and lactose promoter systems
[Chang ct al., 1978; Goeddel et al., 1979), alkalinc phosphatase, a tryptophan (trp) promoter
system [Goeddel, Nucleic Acids Res., 8:4057 (1980); EP 36,776], and hybrid promoters such as
the tac promoter [deBoer et al., 1983). Promoters for use in bacterial systems also will contain a
Shine-Dalgarno (8.D.) sequence operably linked to the nucleic acid encoding a polymer
synthase, particle-forming protein or fusion polypeptide.

Examples of suitable promoting sequences for use with yeast hosts include the promoters
for 3-phosphoglycerate kinase [Hitzeman et al., 1980) or other glycolytic enzymes [Hess et al.,
1968; Holland, 1978), such as enolase, glyceraldehyde-3-phosphate dehydrogenase, hexokinase,

pyruvate  decarboxylase, phosphofructokinase,  glucose-6-phosphate  isomerase,  3-
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phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase, phosphoglucose
isomerase, and glucokinase.

Other yeast promoters, which are inducible promoters having the additional advantage of
transcription controlled by growth conditions, are the promoter regions for alcohol
dehydrogenase 2, isocytochrome C, acid phosphatase, degradative enzymes associated with
nitrogen metabolism, metallothionein, glyceraldehyde-3-phosphate dehydrogenase, and enzymes
responsible for maltose and galactose utilization.

Examples of suitable promoters for use in plant host cells, including tissue or organ of a
monocot or dicot plant include cell, tissue- and organ-specific promoters, cell cycle specific
promoters, temporal promoters, inducible promoters, constitutive promoters that are active in
most plant tissues, and recombinant promoters. Choice of promoter will depend upon the
temporal and spatial expression of the cloned polynucleotide, so desired. The promoters are
those from the host cell, or promoters which are derived from genes of other plants, viruses, and
plant pathogenic bacteria and fungi. Those skilled in the art will, without undue
experimentation, be able to sclect promoters that are suitable for use in modifying and
modulating expression constructs using genetic constructs comprising the polynucleotide
sequences of the invention. Examples of constitutive plant promoters include the CaMV 358
promoter, the nopaline synthase promoter and the octopine synthase promoter, and the Ubi 1
promoter from maize. Plant promoters which are active in specific tissucs, respond to internal
developmental signals or external abiotic or biotic stresses are described in the scientific
literature. Exemplary promoters are described, e.g., in WO 02/00894, which is herein
incorporated by reference.

Examples of suitable promoters for use in mammalian host cells comprise those obtained
from the genomes of viruses such as polyoma virus, fowlpox virus, adenovirus (such as
Adcnovirus 2), bovine papilloma virus, avian sarcoma virus, cytomegalovirus, a retrovirus,
hepatitis-B virus and Simian Virus 40 (SV40), from heterologous mammalian promoters, e.g.,
the actin promoter or an immunoglobulin promoter, and from heat-shock promoters, provided
such promoters are compatible with the host cell systems.

Transcription of an expression construct by higher eukaryotes is in some examples
increased by inserting an enhancer sequence into the vector. Enhancers are cis-acting elements
of DNA, usually about from 10 to 300 bp that act on a promoter to increase its transcription.
Many enhancer sequences are now known from mammalian genes (globin, elastase, albumin, o-
fetoprotein, and insulin). Typically, however, one will use an enhancer from a eukaryotic cell

virus, Examples include the SV40 enhancer on the late side of the replication origin (bp 100-
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270), the cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of the
replication origin, and adenovirus enhancers. Typically, the enhancer is spliced into the vector at
a position 5' or 3' to the polymer synthase, particle-forming protein or fusion polypeptide coding
sequence, but is preferably located at a site 5' from the promoter.

Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, animal, human,
or nucleated cells from other multicellular organisms) will also contain sequences necessary for
the termination of transcription and for stabilizing the mRNA. Such sequences are commonly
available from the 5' and, occasionally 3', untranslated regions of cukaryotic or viral DNAs or
c¢DNAs. These regions contain nucleotide segments transcribed as polyadenylated fragments in
the untranslated portion of the mRNA encoding the polymer synthase, particle-forming protein
or fusion polypeptide.

In one embodiment the expression construct comprises an upstream inducible promoter,
such as a BAD promoter, which is induced by arabinose.

In one embodiment the expression construct comprises a constitutive or regulatable
promoter system,

In one embodiment the regulatable promoter system is an inducible or repressible promoter
System.

While it is desirable to use strong promoters in the production of recombinant proteins,
regulation of thcse promoters is cssential since constitutive overproduction of heterologous
proteins leads to decreases in growth rate, plasmid stability and culture viability,

A number of promoters are regulated by the interaction of a repressor protein with the
operator {a rcgion downstream from the promoter). The most wcll known operators arc those
from the lac operon and from bacteriophage A. An overview of regulated promoters in E. coli is
provided in Table I of Frichs & Reardon, 1991.

A major difference between standard bacterial cultivations and thosc involving

recombinant E. coli is the separation of the growth and production or induction phases.

Recombinant protein production often takes advantage of regulated promoters to achieve high

cell densities in the growth phase (when the promoter is “off”” and the metabolic burden on the
host cell is slight) and then high rates of heterologous protein production in the induction phase
(following induction to turn the promoter “on”).

In one embodiment the regulatable promoter system is selected from Lacl, Trp, phage y
and phage RNA polymerase.

In one embodiment the promoter system is selected from the lac or Ptac promoter and the

lacl repressor, or the trp promoter and the TrpR repressor.
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In one embodiment the Lacl repressor is inactivated by addition of isopropyl-B-D-
thiogalactopyranoside (IPTG) which binds to the active repressor causes dissociation from the
operator, allowing expression.

In one embodiment the trp promoter system uses a synthetic media with a defined
tryptophan concentration, such that when the concentration falls below a threshold level the
system becomes self-inducible. In one embodiment 3-B-indole-acrylic acid is added to inactivate
the TrpR repressor.

In one embodiment the promoter system may make use of the bacteriophage y repressor cl.
This repressor makes use of the y prophage and prevent expression of all the lytic genes by
interacting with two operators termed OL and OR. These operators overlap with two strong
promoters PL and PR respectively. In the presence of the cl repressor, binding of RNA
polymerase is prevented. The cl repressor can be inactivated by UV-irradiation or treatment of
the cells with mitomycin C. A more convenient way to allow expression of the recombinant
polypeptide is the application of a temperature-sensitive version of the cl repressor cI857. Host
cells carrying a y-based expression system can be grown to mid-exponential phase at low
temperature and then transferred to high temperature to induce expression of the recombinant
polypeptide.

A widely used expression system makes use of the phage T7 RNA polymerase which
recogniscs only promoters found on the T7 DNA, and not promoters present on the host cell
chromosome. Therefore, the expression construct may contain one of the T7 promoters
(normally the promoter present in front of gene 10) to which the recombinant gene will be fused.
The gene coding for the T7 RNA polymerasc is cither present on the expression construct, on a
second compatible expression construct or integrated into the host cell chromosome. In all three
cases, the gene is fused to an inducible promoter allowing its transcription and translation during
the expression phase.

The E. cofi strains BL21 (DE3) and BL21 (DE3) pLysS (Invitrogen, CA) are examples of

" host cells carrying the T7 RNA polymerase gene (there are a few more very suitable and

commercially available E. coli strains harbouring the T7RNA polymerase gene such as e.g. KRX
and XJ (autolysing)). Other cell strains carrying the T7 RNA polymerase gene are known in the
art, such as Pseudomonas aeruginosa ADDI1976 harboring the T7 RNA polymerase gene
integrated into the genome (Brunschwig & Darzins, 1992) and Cupriavidus necator (formerly
Ralstonia eutropha) harboring the T7 RNA polymerase gene integrated into the genome under

phaP promoter control (Barnard et al., 2004).
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The T7 RNA polymerase offers three advantages over the host cell enzymes: First, it
consists of only one subunit, second it exerts a higher processivity, and third it is insensitive
towards rifampicin. The latter characteristic can be used especially to enhance the amount of
fusion polypeptide by adding this antibiotic about 10 min after induction of the gene coding for
the T7 RNA polymerase. During that time, enough polymerase has been synthesised to allow
high-level expression of the fusion polypeptide, and inhibition of the host cell enzymes prevents
further expression of all the other genes present on both the plasmid and the chromosome. Other
antibiotics which inhibit the bacterial RNA polymerase but not the T7 RNA polymerase are
known in the art, such as streptolydigin and streptovaricin.

Since all promoter systems are leaky, low-level expression of the gene coding for T7 RNA
polymerase may be deleterious to the cell in those cases where the recombinant polypeptide
encodes a toxic protein. These polymerase molecules present during the growth phase can be
inhibited by expressing the T7-encoded gene for lysozyme. This enzyme is a bifunctional protein
that cuts a bond in the cell wall of the host cell and selectively inhibits the T7 RINA polymerase
by binding to it, a feed-back mechanism that ensures a controlled burst of transcription during T7
infection. The E. coli strain BL21 (DE3) pLysS is an example of a host cell that carries the
plasmid pLysS that constitutively expresses T7 lysozyme.

In one embodiment the promoter systerm makes use of promoters such as APl or APR
which are induced or “switched on” to initiate the induction cycle by a temperaturc shift, such as
by elevating the temperature from about 30-37°C to 42°C to initiate the induction cycle.

A strong promoter may enhance fusion polypeptide density at the surface of the particle
during in-vivo production.

Preferred fusion polypeptides comprise:

a polymer synthase, and a fusion partner comprising

(i) atlcast onc antigen capable of cliciting an immune response, or

(ii) abinding domain capable of binding at least one antigen capable of ¢liciting an
immune response, or

(iii) both (i) and (ii).

A nucleic acid sequence encoding both (i) and (ii) for use herein comprises a nucleic acid
encoding a polymer synthase and a nucleic acid encoding an antigen capable of eliciting a cell-
mediated immune response, or 2 nucleic acid sequence encoding polymer synthase and a nucleic
acid encoding a binding domain capable of binding an antigen capable of eliciting a cell-
mediated immune response. Once expressed, the fusion polypeptide is able to form or facilitate

formation of a polymer particle.
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In one embodiment the nucleic acid sequence encoding at least polymer synthase is
indirectly fused with the nucleic acid sequence encoding a particle-forming protein and a nucleic
acid encoding an antigen capable of eliciting a cell-mediated immune response or a particle-
forming protein, preferably a polymer synthase, and a nucleic acid encoding a binding domain
capable of binding an antigen capable of eliciting a cell-mediated immune response, through a
polynucleotide linker or spacer sequence of a desired length.

In one embodiment the amino acid sequence of the fusion polypeptide encoding at least
one antigen capable of eliciting a cell-mediated immune response or a binding domain capable of
binding at least one antigen capable of eliciting a cell-mediated immune response is contiguous
with the C-terminus of the amino acid sequence comprising a polymer synthase.

In one embodiment the amino acid sequence of the fusion protein comprising at least one
antigen capable of eliciting a cell-mediated immune response or a binding domain capable of
binding an antigen capable of eliciting a cell-mediated immune response is indirectly fused with
the N-terminus of the amino acid sequence comprising a polymer synthase fragment through a
peptide linker or spacer of a desired length that facilitates independent folding of the fusion
polypeptides.

In one embodiment the amino acid sequence of the fusion polypeptide encoding at least
one antigen capable of eliciting a cell-mediated immune response or a binding domain capable of
binding an antigen capable of cliciting a cell-mediated immunc response is contiguous with the
N-terminus of the amino acid sequence comprising a particle-forming protein, preferably a
polymer synthase, or a C-terminal synthase fragment.

In onc cmbodiment the amino acid scquence of the fusion protein encoding at least onc
antigen capable of eliciting a cell-mediated immune response or a binding domain capable of
binding an antigen capable of eliciting a cell-mediated immune response is indirectly fused with
the C-terminus of the amino acid scquence comprising a particle-forming protein, preferably a
polymer synthase, or a N-terminal polymer synthase fragment through a peptide linker or spacer
of a desired length to facilitate independent folding of the fusion polypeptides.

In one embodiment the amino acid sequence of the fusion polypeptide encoding at least
one antigen capable of eliciting a cell-mediated immune response or a binding domain capable of
binding at lcast one antigen capable of eliciting a cell-mediated immune response is contiguous
with the N-terminus of the amino acid sequence encoding a depolymerase, or a C-terminal
depolymerase fragment.

In various embodiments directed to the treatment or prevention of tuberculosis, exemplary

fusion polypeptides comprise:
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a polymer synthase, and a fusion partner comprising
(i) at lcast one M. tuberculosis antigen, or
(ii) at least one M. tuberculosis antigen binding domain, or
(iii) both (i) and (ii).

A nucleic acid sequence encoding both (i) and (ii) for use herein comprises a nucleic acid
encoding a polymer synthase and a nucleic acid encoding a M. tuberculosis antigen, or a nucleic
acid sequence encoding polymer synthase and a nucleic acid encoding a M. fuberculosis antigen
binding domain. Once expressed, the fusion polypeptide is able to form or facilitate formation of
a polymer particle.

In one embodiment the nucleic acid sequence encoding at least polymer synthase is
indirectly fused with the nucleic acid sequence encoding a particle-forming protein and a nucleic
acid encoding a M. tuberculosis antigen or a particle-forming protein and a nucleic acid encoding
a M. tuberculosis antigen binding domain, through a polynucleotide linker or spacer sequence of
a desired length,

In one embodiment the amino acid sequence of the fusion polypeptide encoding at least
one M. tuberculosis antigen or at least one M. tuberculosis antigen binding domain is contiguous
with the C-terminus of the amino acid sequence comprising a polymer synthase.

In one embodiment the amino acid sequence of the fusion protein comprising at least one
M. tuberculosis antigen or at lcast onc M. tuberculosis antigen binding domain is indircetly fused
with the N-terminus of the amino acid sequence comprising a polymer synthase fragment
through a peptide linker or spacer of a desired length that facilitates independent folding of the
fusion polypcptides.

In one embodiment the amino acid sequence of the fusion polypeptide encoding at least
one M. tuberculosis antigen or at least one M. tubercidosis antigen binding domain is contiguous
with the N-terminus of the amino acid sequence comprising a particle-forming protein or a
C-terminal synthase fragment.

In one embodiment the amino acid sequence of the fusion protein encoding at least one M.
tuberculosis antigen or at least one M. fuberculosis antigen binding domain is indirectly fused
with the C-terminus of the amino acid sequence comprising a particle-forming protein or a
N-terminal polymer synthase fragment through a peptide linker or spacer of a desired length to
facilitate independent folding of the fusion polypeptides.

In one embodiment the amino acid sequence of the fusion polypeptide encoding at least

one M. tuberculosis antigen or at least one M. tuberculosis antigen binding domain 1s contiguous
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with the N-terminus of the amino acid sequence encoding a depolymerase, or a C-terminal
depolymerase fragment.

In various embodiments directed to the treatment or prevention of hepatitis, exemplary
fusion polypeptides comprise:

a polymer synthase, and a fusion partner comprising

(i) at least one hepatitis antigen, or
(i) at least one hepatitis antigen binding domain, or
(iii) both (i) and (ii).

A nucleic acid sequence encoding both (i) and (ii) for use herein comprises a nucleic acid
encoding a polymer synthase and a nucleic acid encoding an hepatitis antigen, or a nucleic acid
sequence encoding polymer synthase and a nucleic acid encoding an hepatitis antigen binding
domain. Once expressed, the fusion polypeptide is able to form or facilitate formation of a
polymer particle.

In one embodiment the nucleic acid sequence encoding at least polymer synthase is
indirectly fused with the nucleic acid sequence encoding a particle-forming protein and a nucleic
acid encoding an hepatitis antigen or a particle-forming protein and a nucleic acid encoding an
hepatitis antigen binding domain, through a polynucleotide linker or spacer sequence of a desired
length.

In one embodiment the amino acid sequence of the fusion polypeptide cncoding at lcast
one hepatitis antigen or at least one hepatitis antigen binding domain is contiguous with the
C-terminus of the amino acid sequence comprising a polymer synthase.

In one embodiment the amino acid sequence of the fusion protein comprising at least one
hepatitis antigen or at least one hepatitis antigen binding domain is indirectly fused with the
N-terminus of the amino acid sequence comprising a polymer synthase fragment through a
peptide linker or spacer of a desired length that facilitates independent folding of the fusion
polypeptides.

In one embodiment the amino acid sequence of the fusion polypeptide encoding at least
one hepatitis antigen or at least one hepatitis antigen binding domain is contiguous with the
N-terminus of the amino acid sequence comprising a particle-forming protein or a C-terminal
synthase fragment.

In one embodiment the amino acid sequence of the fusion protein encoding at least one
hepatitis antigen or at least one hepatitis antigen binding domain is indirectly fused with the

C-terminus of the amino acid sequence comprising a particle-forming protein or a N-terminal
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polymer synthase fragment through a peptide linker or spacer of a desired length to facilitate
independent folding of the fusion polypeptides.

In one embodiment the amino acid sequence of the fusion polypeptide encoding at least
one hepatitis antigen or at least one hepatitis antigen binding domain is contiguous with the N-
terminus of the amino acid sequence encoding a depolymerase, or a C-terminal depolymerase
fragment.

In various embodiments directed to the treatment or prevention of influenza, exemplary
fusion polypeptides comprise:

a polymer synthase, and a fusion partner comprising

(i) at least one influenza antigen, or
(ii) at least one influenza antigen binding domain, or
(iii) both (i} and (ii).

A nucleic acid sequence encoding both (i) and (ii} for use herein comprises a nucleic acid
encoding a polymer synthase and a nucleic acid encoding an influenza antigen, or a nucleic acid
sequence encoding polymer synthase and a nucleic acid encoding an influenza antigen binding
domain. Once expressed, the fusion polypeptide is able to form or facilitate formation of a
polymer particle.

In one embodiment the nucleic acid sequence encoding at least polymer synthase is
indirectly fuscd with the nucleic acid sequence encoding a particle-forming protein and a nucleic
acid encoding an influenza antigen or a particle-forming protein and a nucleic acid encoding an
influenza antigen binding domain, through a polynucleotide linker or spacer sequence of a
desired length.

In one embodiment the amino acid sequence of the fusion polypeptide encoding at least
one influenza antigen or at least one influenza antigen binding domain is contiguous with the
C-terminus of the amino acid sequence comprising a polymer synthase.

In one embodiment the amino acid sequence of the fusion protein comprising at least one

influenza antigen or at least one influenza antigen binding domain is indirectly fused with the

N-terminus of the amino acid sequence comprising a polymer synthase fragment through a
peptide linker or spacer of a desired length that facilitates independent folding of the fusion
polypeptides.

In one embodiment the amino acid sequence of the fusion polypeptide encoding at least
one influenza antigen or at least one influenza antigen binding domain is contiguous with the
N-terminus of the amino acid sequence comprising a particle-forming protein or a C-terminal

synthase fragment.
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In one embodiment the amino acid sequence of the fusion protein encoding at least one
influenza antigen or at least one influenza antigen binding domain is indirectly fused with the
C-terminus of the amino acid sequence comprising a particle-forming protein or a N-terminal
polymer synthase fragment through a peptide linker or spacer of a desired length to facilitate
independent folding of the fusion polypeptides.

In one embodiment the amino acid sequence of the fusion polypeptide encoding at least
one influenza antigen or at least one influenza antigen binding domain is contiguous with the N-
terminus of the amino acid sequence encoding a depolymerase, or a C-terminal depolymerase
fragment.

One advantage of the fusion polypeptides according to the present invention is that the
modification of the proteins binding to the surface of the polymer particles does not affect the
functionality of the proteins involved in the formation of the polymer particles. For example, the
functionality of the polymer synthase is retained if a recombinant polypeptide is fused with the
N-terminal end thereof, resulting in the production of recombinant polypeptide on the surface of
the particle. Should the functionality of a protein nevertheless be impaired by the fusion, this
shortcoming is offset by the presence of an additional particle-forming protein which performs
the same function and is present in an active state.

In this manner, it is possible to ensure a stable bond of the recombinant pelypeptide bound
to the polymer particles via the particle-forming proteins.

It should be appreciated that the arrangement of the proteins in the fusion polypeptide is
dependent on the order of gene sequences in the nucleic acid contained in the plasmid.

For cxample, it may be desired to produce a fusion polypeptide wherein the antigen
capable of eliciting a cell-mediated immune response or a binding domain capable of binding at
least one antigen capable of eliciting a cell-mediated immune response is indirectly fused to the
polymer synthase. The term “indirectly fused” refers to a fusion polypeptide comprising a

particle-forming protein, preferably a polymer synthase, and at least one antigen capable of

eliciting a cell-mediated immune response or a binding domain capable of binding at least one

antigen capable of eliciting a cell-mediated immune response that are separated by an additional
protein which may be any protein that is desired to be expressed in the fusion polypeptide.

When used in the context of particles for use in the treatment of tuberculosis, it may be
desired to produce a fusion polypeptide wherein the M. tuberculosis antigen or at least one M.
tuberculosis antigen binding domain is indirectly fused to the polymer synthase. Similarly, when
used in the treatment of hepatitis or influenza, it may be desired to produce a fusion polypeptide

wherein the hepatitis antigen or the influenza antigen or at least one hepatitis antigen binding
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domain or at least one influenza antigen binding domain is indirectly fused to the polymer
synthase. The term “indirectly fused” refers to a fusion polypeptide comprising a particle-
forming protein and at least a M. tuberculosis antigen or at least one M. fuberculosis antigen
binding domain that are separated by an additional protein which may be any protein that is
desired to be expressed in the fusion polypeptide. Similiarly, the term can refer to a fusion
polypeptide comprising a particle-forming protein and at least one hepatitis antigen or at least
one hepatitis antigen binding domain that are separated by an additional protein which may be
any protein that is desired to be expressed in the fusion polypeptide. Alternatively, the term can
refer to a fusion polypeptide comprising a particle-forming protein and at least one influenza
antigen or at least one influenza antigen binding domain that are separated by an additional
protein which may be any protein that is desired to be expressed in the fusion polypeptide.

In one embodiment the additional protein is selected from a particle-forming protein or a
fusion polypeptide, or a linker or spacer to facilitate independent folding of the fusion
polypeptides, as discussed above. In this embodiment it would be necessary to order the
sequence of genes in the plasmid to reflect the desired arrangement of the fusion polypeptide.

In one embodiment the antigen capable of eliciting a cell-mediated immune response or a
binding domain capable of binding at least one antigen capable of eliciting a cell-mediated
immune response may beare directly fused to the polymer synthase. The term “directly fused™ is
used herein to indicatc where two or more peptides arce linked via peptide bonds.

In various embodiments directed to the treatment or prevention of tuberculosis, for
example, the M. tuberculosis antigen or at least one M. fuberculosis antigen binding domain may
be directly fuscd to the polymer synthase.

The term “directly fused” is used herein to indicate where two or more peptides are linked
via peptide bonds.

In various embodiments directed to the trecatment or prevention of hepatitis, the hepatitis
antigen or at least one hepatitis antigen binding domain may be directly fused to the polymer
synthase.

In various embodiments directed to the treatment or prevention of influenza, the influenza
antigen or at least one influenza antigen binding domain may be directly fused to the polymer
synthase.

The term “directly fused” is used herein to indicate where two or more peptides are linked
via peptide bonds.

It may also be possible to form a particle wherein the particle comprises at least two

distinct fusion polypeptides that are bound to the polymer particle. For example, a first fusion
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polypeptide comprising an antigen capable of eliciting a cell-mediated immune response or a
binding domain capable of binding at least one antigen capable of eliciting a cell-mediated
immune response fused to a polymer synthase could be bound to the polymer particle. When
used in the context of particles for use in the treatment of tuberculosis, the particle comprises a
first fusion polypeptide comprising a M. tuberculosis antigen, for example, or at least one M.
tuberculosis antigen binding domain fused to a polymer synthase could be bound to the polymer
particle. When used in the context of particles for use in the treatment of hepatitis, the particle
comprises a first fusion polypeptide comprising a hepatitis antigen or at least one hepatitis
antigen binding domain fused to a polymer synthase could be bound to the polymer particle.
When used in the context of particles for use in the treatment of influenza, the particle comprises
a first fusion polypeptide comprising an influenza antigen or at least one influenza antigen
binding domain fused to a polymer synthase could be bound to the polymer particle.

In one embodiment the expression construct is expressed in vivo. Preferably the expression
construct is a plasmid which is expressed in a microorganism, preferably Escherichia coli.

In one embodiment the expression construct is expressed in vitro. Preferably the
expression construct is expressed in vitro using a cell free expression system.

In one embodiment one or more genes can be inserted into a single expression construct, or
on¢ or more genes can be integrated into the host cell genome. In all cases expression can be
controlled through promoters as described above.

In one embodiment the expression construct further encodes at least one additional fusion
polypeptide comprising an antigen capable of eliciting a cell-mediated immune response or a
binding domain capablc of binding at lcast onc antigen capable of eliciting a ccll-mediated
immune response and a particle-forming protein, preferably a polymer synthase, as discussed
above.

In onc embodiment the expression construct further encodes at lcast one additional fusion
polypeptide comprising a M. tuberculosis antigen or at least one M. tuberculosis antigen binding
domain and a particle-forming protein as discussed above.

In one embodiment the expression construct further encodes at least one additional fusion
polypeptide comprising a hepatitis antigen or at least one hepatitis antigen binding domain and a
particle-forming protein as discussed above.

In one embodiment the expression construct further encodes at least one additional fusion
polypeptide comprising a influenza antigen or at least one influenza antigen binding domain and

a particle-forming protein as discussed above.
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Plasmids useful herein are shown in the examples and are described in detail in
PCT/DE2003/002799 published as WO 2004/020623 (Bernd Rehm) and PCT/NZ2006/000251
published as WO 2007/037706 (Bernd Rehm) which are each herein incorporated by reference in
their entirety.

It will be appreciated that the binding domains of the antigens capable of eliciting a cell-
mediated immune response are able to bind at least one antigen capable of eliciting a cell-
mediated immune response, for example an antigen capable of eliciting a cell-mediated immune
response present in the subject to which the binding domain capable of binding the antigen
capable of cliciting a cell-mediated immune response is administered or in which the immune
response is to be elicited.

In the context of use for the treatment of tuberculosis, it will be appreciated that the M.
tuberculosis antigen binding domains are able to bind at least one M. fuberculosis antigen, for
example a M. tuberculosis antigen present in the subject to which the M. fuberculosis antigen
binding domain is administered or in which the immune response is to be elicited. Similarly, in
the use for the treatment of hepatitis, it will be appreciated that the hepatitis antigen binding
domains are able to bind at least one hepatitis antigen, for example a hepatitis antigen present in
the subject to which the hepatitis antigen binding domain is administered or in which the
immune response is to be elicited. In use for the treatment of influenza, it will be appreciated that
the influcnza antigen binding domains arc able to bind at Icast onc influenza antigen, for
example an influenza antigen present in the subject to which the influenza antigen binding
domain is administered or in which the immune response is to be elicited.

6. Hosts for Particle Production

The particles of the present invention are conveniently produced in a host cell, using one or
more expression constructs as herein described. Polymer particles of the invention can be
produccd by enabling the host cell to express the expression construct. This can be achieved by
first introducing the expression construct into the host cell or a progenitor of the host cell, for
cxample by transforming or transfecting a host cell or a progenitor of the host cell with the
expression construct, or by otherwise ensuring the expression construct is present in the host cell.

Following transformation, the transformed host cell is maintained under conditions suitable
for expression of the fusion polypeptides from the expression constructs and for formation of
polymer particles. Such conditions comprise those suitable for expression of the chosen
expression construct, such as a plasmid in a suitable organism, as are known in the art. For

example, and particularly when high yield or overexpression is desired, provision of a suitable
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substrate in the culture media allows the particle-forming protein component of a fusion
polypeptide to form a polymer particle.
Accordingly, the present invention provides a method for producing polymer particles, the
method comprising:
providing a host cell comprising at least one expression construct, the expression
construct comprising:
at least one nucleic acid sequence encoding a particle-forming protein, preferably
a polymer synthase; and
at least one nucleic acid sequence encoding an antigen capable of eliciting a cell-
mediated immune response or a binding domain capable of binding an antigen
capable of eliciting a cell-mediated immune response;
maintaining the host cell under conditions suitable for expression of the expression
construct and for formation of polymer particles; and
separating the polymer particles from the host cells.
In one embodiment, the present invention provides a method for producing polymer
particles, the method comprising:
providing a host cell comprising at least one expression construct, the expression
construct comprising:
at least one nuclceic acid sequence encoding a particle-forming protein; and
at least one nucleic acid sequence encoding a M. tuberculosis antigen or a M.
tuberculosis antigen binding domain, for example;
maintaining the host ccll under conditions suitable for cxpression of the expression
construct and for formation of polymer particles by the polymer synthase; and
separating the polymer particles from the host cells to produce a composition comprising
polymer particles.
In one embodiment, the present invention provides a method for producing polymer
particles, the method comprising:
providing a host cell comprising at least one expression construct, the expression
construct comprising:
at least one nucleic acid sequence encoding a particle-forming protein; and
at least one nucleic acid sequence encoding an hepatitis antigen or an hepatitis
antigen binding domain or an influenza antigen or an influenza —antigen binding

domain;
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maintaining the host cell under conditions suitable for expression of the expression
construct and for formation of polymer particles by the polymer synthase; and
separating the polymer particles from the host cells to produce a composition comprising
polymer particles.

Preferably the host cell is, for example, a bacterial cell, a fungi cell, yeast cell, a plant cell,
an insect cell or an animal cell, preferably an isolated or non-human host cell. Host cells useful
in methods well known in the art (e.g. Sambrook et al., 1987; Ausubel et al., 1987) for the
production of recombinant polymer particles are frequently suitable for use in the methods of the
present invention, bearing in mind the considerations discussed herein.

Suitable prokaryote host cells comprise, for example, eubacteria, such as Gram-negative or
Gram-positive organisms, for example, Enterobacteriaceae such as E. coli. Various E. coli
strains are publicly available, such as E. coli K12 strain MM294 (ATCC 31,446); E. coli X1776
(ATCC 31,537); E. coli strain W3110 (ATCC 27,325) and K5 772 (ATCC 53,635). Other
suitable prokaryotic host cells include other Enterobacteriaceae such as Escherichia spp.,
Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, e.g., Salmonella typhimurium, Serratia,
e.g., Serratia marcescans, and Shigella, as well as Bacilli such as B. subtilis and B. licheniformis,
Pseudomonas such as P. aeruginosa, and Actinomycetes such as Streptomyces, Rhodococcus,
Corynebacterium and Mycobaterium.

In somc embodiments, for example, E. coli strain W3110 may be used because it is a
common host strain for recombinant DNA product fermentations. Preferably, the host cell
secretes minimal amounts of proteolytic enzymes. For example, strain W3110 may be modified
to effcct a genetic mutation in the genes cncoding proteins endogenous to the host, with
examples of such hosts including E. coli W3110 strain 1A2, which has the complete genotype
tonA ; E. coli W3110 strain 9E4, which has the complete genotype tonA ptr3; E. coli W3110
strain 27C7 (ATCC 55,244), which has the complete genotype tonA ptr3 phoA E15 (argF-
lac)169 degP ompT kanr; E. coli W3110 strain 37D6, which has the complete genotype tonA

© pir3 phoA E15 (argF-lac)169 degP ompT rbs7 ilvG kanr; E. coli W3110 strain 40B4, which is

strain 37D6 with a non-kanamycin resistant degP deletion mutation.

In some preferred embodiments, for example, Lactococcus lactis strains that do not
produce lipopolysaccharide endotoxins may be used. Examples of Lactococcus lactis strains
include MG1363 and Lactococcus lactis subspecies cremoris NZ9000.

In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are
suitable cloning or expression hosts for use in the methods of the invention, for example.

Examples include Saccharomyces cerevisiae, a commonly used lower eukaryotic host
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microorganism. Other examples include Schizosaccharoniyces pombe (Beach and Nurse, 1981;
EP 139,383), Kluyveromyces hosts (U.S. Patent No. 4,943,529; Fleer et al., 1991) such as, e.g.,
K. lactis (MW98-8C, CBS683, CBS4574; Louvencourt et al., 1983), K. fragilis (ATCC 12,424),
K. bulgaricus (ATCC 16,045), K. wickeramii (ATCC 24,178), K. waltii (ATCC 56,500), K.
drosophilarum (ATCC 36,906, Van den Berg et al, 1990), K. thermotolerans, and K. marxianus,
yarrowia (EP 402,226); Pichia pastoris (EP 183,070; Sreckrishna et al., 1988); Candida;
Trichoderma reesia (EP 244,234); Neurospora crassa (Case et al., 1979); Schwanniomyces such
as Schwanniomyces occidentalis (EP 394,538 published 31 October 1990); and filamentous
fungi such as, e.g., Newrospora, Penicillium, Tolypocladium (WO 91/00357 published 10
January 1991), and Aspergillus hosts such as 4. nidulans (Ballance et al., 1983; Tilburn et al.,
1983; Yelton et al., 1984) and A. niger (Kelly and Hynes, 1985). Methylotropic yeasts are
suitable herein and comprise yeast capable of growth on methanol selected from the genera
consisting of Hansenula, Candida, Kloeckera, Pichia, Saccharomyces, Torulopsis, and
Rhodotorula. A list of specific species that are exemplary of this class of yeasts may be found in
Anthony, 1982,

Examples of invertebrate host cells include insect cells such as Drosophila S2 and
Spodoptera Sf9, as well as plant cells, such as cell cultures of cotton, corn, potato, soybean,
petunia, tomato, and tobacco. Numerous baculoviral strains and variants and corresponding
permissive insect host cells from hosts such as Spodoptera fiugiperda (caterpillar), dedes
aegypti (mosquito), Aedes albopictus (mosquito), Drosophila melanogaster (fruitfly), and
Bombyx mori have been identified. A variety of viral strains for transfection are publicly
available, e.g., the L-1 variant of dutographa californica NPV and the Bm-5 strain of Bombyx
mori NPV, and such viruses may be used as the virus herein according to the present invention,
particularly for transfection of Spodoptera frugiperda cells.

Examples of uscful mammalian host cell lincs are monkey kidney CV1 line transformed by
SV40 (COS-7, ATCC CRL 1651); human embryonic kidney line (293 or 293 cells subcloned for
growth in suspension culture, Graham et al., J. Gen Virol. 36:59 (1977)); baby hamster kidney
cells (BHK, ATCC CCL 10); Chinese hamster ovary cells/-DHFR (CHO, Urlaub et al., 1980);
mouse sertoli cells (TM4, Mather, 1980); monkey kidney cells (CV1 ATCC CCL 70); African
green monkey kidney cells (VERO-76, ATCC CRIL-1587); human cervical carcinoma cells
(HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver cells
(BRL 3A, ATCC CRL 1442); human lung cells (W138, ATCC CCL 75); human liver cells (Hep
G2, HB 8065); mouse mammary tumor (MMT 060562, ATCC CCL51); TRI cells (Mather et al.,
1982); MRC 5 cells; FS4 cells; and a human hepatoma line (Hep G2).
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Eukaryotic cell lines, and particularly mammalian cell lines, will be preferred when, for
example, the antigen capable of eliciting a cell-mediated immune response or the binding
domain capable of binding the antigen capable of eliciting a cell-mediated immune response or
the M. tuberculosis antigen or the M. tuberculosis antigen binding domain or the hepatitis
antigen or the hepatitis antigen binding domain or the influenza antigen or the influenza antigen
binding domain requires one or more post-translational modifications, such as, for example,
glycation. For example, one or more antigens capable of eliciting a cell-mediated immune
response may require post-translational modification to be immunogenic or optimally
immunogenic, and may thus be usefully expressed in an expression host capable of such post-
translational modifications.

In one embodiment the host cell is a cell with an oxidising cytosol, for example the E. coli
Origami strain (Novagen).

In another embodiment the host cell is a cell with a reducing cytosol, preferably E. coli.

The host cell, for example, may be selected from the genera comprising Realstonia,
Acaligenes, Pseudomonas and Halobiforma. Preferably the microorganism used is selected from
the group comprising, for example, Ralstonia eutropha, Alcaligenes latus, Escherichia coli,
Pseudomonas fragi, Pseudononas putida, Pseudomonas oleovorans, Pseudomonas aeruginosa,
Pseudomonas fluorescens, and Halobiforma haloterrestris.  This group comprises both
microorganisms which arc naturally capable of producing biocompatible, biodegradable particles
and microorganisms, such as for example E. coli, which, due to their genetic makeup, are not
capable of so doing. The genes required to enable the latter-stated microorganisms to produce
the particles are introduced as described above.

Extremely halophilic archaea produce polymer particles with lower levels of unspecific
binding of protein, allowing easier isolation and purification of the particles from the cells.

In principle, any culturable host cell may be used for the production of polymer particles

by means of the above-described process, even if the host cell cannot produce the substrates

required to form the polymer particles due to a different metabolism. In such cases, the necessary
substrates are added to the culture medium and are then converted into polymer particle by the
proteins which have been expressed by the genes which have been introduced into the cell.
Genes utilized to cnable the latter-stated host cells to produce the polymer particles
include, for example, a thiolase, a reductase or a polymer synthase, such as phaA thiolase, phaB
ketoacyl reductase or phaC synthase from Ralstonia eutropha. Which genes are used to augment
what the host cell lacks for polymer particle formation will be dependent on the genetic makeup

of the host cell and which substrates are provided in the culture medium.,
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The genes and proteins involved in the formation of polyhydroxyalkanoate (PHA)
particles, and general considerations for particle formation are reported in Madison, et al, 1999,
published PCT International Application WO 2004/020623 (Bernd Rehm); and Rehm, 2003;
Brockelbank JA. et al., 2006; Peters and Rehm, 2006; Béckstrom et al, (2006) and Rehm, (2006),
all of which are herein incorporated by reference.

A polymer synthase alone can be used in any host cell with (R)-Hydroxyacyl-CoA or other
CoA thioester or derivatives thereof as a substrate.

The polymer particle can also be formed in vitro. Preferably, for example, a cell free
expression system is used. In such systems a polymer synthase is provided. Purified polymer
synthase, such as that obtainable from recombinant production, or in cell free systems capable of
protein translation, that obtainable in the cell free system itself by way of introduction of an
expression construct encoding a polymer synthase, will be preferred. In order to produce an
environment to allow particle formation in vitro the necessary substrates for polymer particle
formation should be included in the media.

The polymer synthase can be used for the in vitro production of functionalised polymer
particles using (R)-Hydroxyacyl-CoA or other CoA thioester as a substrate, for example.

The fusion polypeptides can be purified from lysed cells using a cell sorter, centrifugation,
filtration or affinity chromatography prior to use in ir vitro polymer particle production.

In vitro polymer particle formation cnables optimum control of surface composition,
including the level of fusion polypeptide coverage, phospholipid composition and so forth.

It will be appreciated that the characteristics of the polymer particle may be influenced or
controlled by controlling the conditions in which the polymer particle is produced. This may
include, for example, the genctic make up of the host cell, eg cell division mutants that produce
large granules, as discussed in Peters and Rehm, 2005. The conditions in which a host cell is

maintained, for example temperature, the presence of substrate, the presence of one or more

particle-forming proteins such as a particle size-determining protein, the presence of a polymer

regulator, and the like.

In one embodiment, a desirable characteristic of the polymer particle is that it is persistent.
The term “persistent” refers to the ability of the polymer particle to resist degradation in a
selected environment. An additional desirable characteristic of the polymer partiéle 1s that it is
formed from the polymer synthase or particle-forming protein and binds to the C- or N-terminal
of the polymer synthase or particle-forming protein during particle assembly.

In some embodiments of the invention it is desirable to achieve overexpression of the

expression constructs in the host cell. Mechanisms for overexpression a particular expression
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construct are well known in the art, and will depend on the construct itself, the host in which it is
to be expressed, and other factors including the degree of overexpression desired or required.
For example, overexpression can be achieved by i) use of a strong promoter system, for example
the T7 RNA polymerase promoter systemin prokaryotic hosts; i) use of a high copy number
plasmid, for example a plasmid containing the colE1 origin of replication or iii) stabilisation of
the messenger RNA, for example through use of fusion sequences, or iv) optimization of
translation through, for example, optimization of codon usage, of ribosomal binding sites, or
termination sites, and the like. The benefits of overexpression may allow the production of
smaller particles where desired and the production of a higher number of polymer particles.

The composition of the polymers forming the polymer particles may affect the mechanical
or physiochemical properties of the polymer particles. For example, polymer particles differing
in their polymer composition may differ in half-life or may release biologically active
substances, in particular pharmaceutical active ingredients, at different rates. For example,
polymer particles composed of C6-C14 3-hydroxy fatty acids exhibit a higher rate of polymer
degradation due to the low crystallinity of the polymer. An increase in the molar ratio of
polymer constituents with relatively large side chains on the polymer backbone usually reduces
crystallinity and results in more pronounced clastomeric properties. By controlling polymer
composition in accordance with the process described in the invention, it is accordingly possible
to influence the biodcgradability of the polymer particles and thus affect the duration the
polymer particles (and when present the one or more antigens capable of eliciting a cell-
mediated immune response or the binding domains of the antigens capable of eliciting a cell-
mediated immune response on the particle or the one or more M. tuberculosis antigens or M.
tuberculosis antigen binding domains on the particle, or the hepatitis antigen or the hepatitis
antigen binding domain or the influenza antigen or the influenza antigen binding domain are

maintained in, for cxample, a subject to whom they are administered, or to affect the release rate

for biologically active substances present on or in the polymer particles, in particular

pharmaceutically active agents or skin-care ingredients.

At least one fatty acid with functional side groups is preferably introduced into the culture
medium as a substrate for the formation of the polymer particles, with at least one hydroxy fatty
acid and/or at least one mercapto fatty acid and/or at least one B-amino fatty acid particularly
preferably being introduced. “Fatty acids with functional side groups” should be taken to mean
saturated or unsaturated fatty acids. These also include fatty acids containing functional side
groups which are selected from the group comprising methyl groups, alkyl groups, hydroxyl
groups, phenyl groups, sulthydryl groups, primary, secondary and tertiary amino groups,
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aldehyde groups, keto groups, ether groups, carboxyl groups, O-ester groups, thioester groups,
carboxylic acid amide groups, hemiacetal groups, acetal groups, phosphate monoester groups
and phosphate diester groups. Use of the substrates is determined by the desired composition and
the desired properties of the polymer particle.

The substrate or the substrate mixture may comprise at least one optionally substituted
amino acid, lactate, ester or saturated or unsaturated fatty acid, preferably acetyl-CoA.

In one embodiment an adjuvant, an immunomodulatory agent or molecule, such as an
immunostimulatory agent or molecule, or other compound useful in the preparation of vaccines
is provided in the substrate mixture and is incorporated into the polymer particle during polymer
particle formation, or is allowed to diffuse into the polymer particle.

The polymer particle may comprise a polymer selected from poly-beta-amino acids,
polylactates, polythioesters and polyesters, for example. Most preferably the polymer comprises
polyhydroxyalkanoate (PHA), preferably poly(3-hydroxybutyrate) (PHB).

The polymer synthase or polymer particle preferably comprises a phospholipid monolayer
that encapsulates the polymer particle. Preferably said particle-forming protein spans said lipid
monolayer.

The polymer synthase or particle-forming protein is preferably bound to the polymer
particle or to the phospholipid monolayer or is bound to both.

The particle-forming protein is preferably covalently or non-covalently bound to the
polymer particle it forms.

Preferably at least about 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99% or 100% of the surface arca
of the polymer particle is covered by fusion polypeptides.

In certain circumstances it may be desirable to control the size of the particles produced in

the mecthods of the invention, for cxample to produce particles particularly suited to a given

application. For example, it may be desirable to produce polymer particles comprising one or

more antigens capable of eliciting a cell-mediated immune response of a relatively large size, for
example to elicit a robust cell-mediated immune response. For example, in the context of
particles for use in the treatment of tuberculosis, it may be desirable to produce polymer particles
comprising one or more M. tuberculosis antigens of a relatively large size, for example to elicit a
robust cell-mediated immune response. Similar conditions may be applicable for the treatment of
hepatitis or influenza, where is may be desirable to produce polymer particles comprising one or
more the hepatitis antigens or one or more influenza antigens of a relatively large size, for

example to elicit a robust cell-mediated immune response. Methods to control the size of
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polymer particles are described in PCT/DE2003/002799 published as WO 2004/020623, and
PCT/NZ2006/000251 published as WO 2007/037706.

In some embodiments, particle size is controlled by controlling the expression of the
particle-forming protein, or by controlling the expression of a particle size-determining protein if
present, for example.

In other embodiments of the present invention, for example, particle size control may be
achieved by controlling the availability of a substrate, for example the availability of a substrate
in the culture medium. In certain examples, the substrate may be added to the culture medium in
a quantity such that it is sufficient to ensure control of the size of the polymer particle.

It will be appreciated that a combination of such methods may be used, allowing the
possibility for exerting still more effective control over particle size.

In various embodiments, for example, particle size may be controlled to produce particles
having a diameter of from about 10 nm to 3 pum, preferably from about 10 nm to about 900 nm,
from about 10 nm to about 800 nm, from about 10 nm to about 700 nm, from about 10 nm to
about 600 nm, from about 10 nm to about 500 nm, from about 10 nm to about 400 nm, from
about 10 nm to about 300 nm, from about 10 nm to about 200 nm, and particularly preferably of
from about 10 nm to about 100 nm.

In other embodiments, for example, particle size may be controlled to produce particles
having a diameter of from about 10 nm to about 90 nm, from about 10 nm to about 80 nm, from
about 10 nm to about 70 nm, from about 10 nm to about 60 nm, from about 10 nm to about 50
nm, from about 10 nm to about 40 nm, from about 10 nm to about 30 nm, or from about 10 nm
to about 20 nm.

Other ranges of average polymer size, for example, including ranges within the above
recited ranges, are specifically contemplated, for example polymer particles having a diameter of
from about 50 to about 500 nm, from about 150 to about 250 nm, or from about 100 to about 500
nm, etc.

In various embodiments, for example, 90% of the particles produced have a diameter of
about 200 nm or below, 80 % have a diameter about 150 nm or below, 60 % have a diameter
about 100 nm or below, 45 % have a diameter about 80 nm or below, 40 % have a diameter
about 60 nm or below, 25 % have a diameter about 50 nm or below, and 5 % have a diameter
about 35 nm or below

In various embodiments, for example, the method produces polymer particles with an

average diameter less than about 200 nm, less than about 150 nm, or less than about 110nm.
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7. Compositions and formulations

The polymer particles of the invention can be formulated as compositions suitable for use
in the methods of the invention for a number of different applications, for example, formuiated
for administration via a particular route or formulated for storage, can be stably maintained as
particles outside the host cell that produced them, and that these particles can be designed to suit
a number of applications.

In one embodiment, for example, the compositions useful herein are formulated to allow
for administration to a subject by any chosen route, including but not limited to oral or parenteral
(including topical, subcutaneous, intramuscular and intravenous) administration.

Thus, for example, a pharmaceutical composition useful according to the invention may be
formulated with an appropriatc pharmaceutically acceptable carrier (including excipients,
diluents, auxiliaries, and combinations thereof) selected with regard to the intended route of
administration and standard pharmaceutical practice. For example, pharmaceutical compositions
intended for vaccination can contain one or more adjuvants or immunostimulants, as are well
known in the art. For example, a composition useful according to the invention can be
administered orally as a powder, liquid, tablet or capsule, or topically as an ointment, cream or
lotion. Suitable formulations may contain additional agents as required, including emulsifying,
antioxidant, flavouring or colouring agents, and may be adapted for immediate-, delayed-,
modified-, sustaincd-, pulsed- or controlled-relcase.

Thus, the invention also is directed to doses, dosage forms, formulations, compositions
and/or devices comprising one or more polymer particles of the invention including those
disclosed herein, uscful for the therapy of discascs, disorders, and/or conditions in humans and
other mammals and other disorders as disclosed herein. The use of these dosage forms,
formulations compositions and/or devices comprising one or more polymer particles of the
invention cnables effective treatment of these conditions. The invention provides, for cxample,
dosage forms, formulations, devices and/or compositions containing one or more comprising one
or more polymer particles of the invention, such as one or more polymer particles comprising a
Tb antigen. The dosage forms, formulations, devices and/or compositions of the invention may
be formulated to optimize bioavailability, immunogenicity, or to maintain plasma, blood, or
tissue concentrations within the immunogenic or therapeutic range, including for extended
periods. Controlled delivery preparations may also be used to optimize the antigen concentration
at the site of action, for example.

The dosage forms, formulations, devices and/or compositions of the invention may be

formulated for periodic administration, for example to provide continued exposure to the one or
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more polymer particles of the invention. Strategies to elicit a beneficial immunological response,
for example those that employ one or more “booster” vaccinations, are well known in the art,
and such strategies may be adopted in the practise of the present invention.

Pharmaceutical compositions and dosage forms can be administered via the parenteral
route, and this route will be preferred for certain embodiments of methods of eliciting an
immune response, such as those described herein. Examples of parenteral dosage forms include
aqueous solutions, isotonic saline or 5% glucose of the active agent, or other well-known
pharmaceutically acceptable excipients. Cyclodextrins, for example, or other solubilising agents
well-known to those familiar with the art, can be utilized as pharmaceutical excipients for
delivery of the therapeutic agent.

Examples of dosage forms suitable for oral administration include, but are not limited to
tablets, capsules, lozenges, or like forms, or any liquid forms such as syrups, aqueous solutions,
emulsions and the like, capable of providing a therapeutically effective amount of a polymer
particle of the invention. Capsules can contain any standard pharmaceutically acceptable
materials such as gelatin or cellulose. Tablets can be formulated in accordance with
conventional procedures by compressing mixtures of the active ingredients with a solid carrier
and a lubricant. Examples of solid carriers include starch and sugar bentonite. Active
ingredients can also be administered in a form of a hard shell tablet or a capsule containing a
binder, ¢.g., lactose or mannitol, a conventional filler, and a tabletting agent.

Examples of dosage forms suitable for transdermal administration include, but are not
limited, to transdermal patches, transdermal bandages, and the like. Examples of dosage forms
suitable for topical administration of the compositions and formulations of the invention are any
lotion, stick, spray, ointment, paste, cream, gel, etc., whether applied directly to the skin or via an
intermediary such as a pad, patch or the like.

Examples of dosage forms suitable for suppository administration of the compositions and
formulations of the invention include any solid dosage form inserted into a bodily orifice
particularly those inserted rectally, vaginally and urethrally.

Examples of dosage of forms suitable for injection of the compositions and formulations of
the invention include delivery via bolus such as single or multiple administrations by intravenous
injection, subcutaneous, subdermal, and intramuscular administration or oral administration.

Examples of dosage forms suitable for depot administration of the compositions and
formulations of the invention include pellets or small cylinders of polymer particles of the
invention or solid forms wherein the polymer particles of the invention are entrapped in a matrix

of biodegradable polymers, microemulsions, liposomes or are microencapsulated.
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Examples of infusion devices for compositions and formulations of the invention include
infusion pumps containing one or more polymer particles of the invention at a desired amount
for a desired number of doses or steady state administration, and include implantable drug
pumps.

Examples of implantable infusion devices for compositions, and formulations of the
invention include any solid form in which the polymer particles of the invention are encapsulated
within or dispersed throughout a biodegradable polymer or synthetic, polymer such as silicone,
silicone rubber, silastic or similar polymer.

Examples of dosage forms suitable for transmucosal delivery of the compositions and
formulations of the invention include depositories solutions for enemas, pessaries, tampons,
creams, gels, pastes, foams, nebulised solutions, powders and similar formulations containing in
addition to the active ingredients such carriers as are known in the art to be appropriate.
Specifically contemplated are dosage forms suitable for inhalation or insufflation of the
compositions and formulations of the invention, including compositions comprising solutions
and/or suspensions in pharmaceutically acceptable, aqueous, or organic solvents, or mixture
thereof and/or powders. Transmucosal administration of the compositions and formulations of
the invention may utilize any mucosal membrane but commonly -utilizes the nasal, buccal,
vaginal and rectal tissues. Formulations suitable for nasal administration of the compositions
and formulations of the invention may be administered in a liquid form, for example, nasal
spray, nasal drops, or by aerosol administration by nebulizer, including aqueous or oily solutions
of the polymer particles. Formulations for nasal administration, wherein the carrier is a solid,
include a coarse powder having a particle size, for cxample, of less than about 100 microns,
preferably less, most preferably less than about 50 microns, which is administered in the manner
in which smuff is taken, i.e., by rapid inhalation through the nasal passage from a container of the
powder held close up to the nose. Formulations of the invention may be prepared as aqucous
solutions for example in saline, solutions employing benzyl alcohol or other suitable
preservatives, absorption promoters to enhance bio-availability, fluorocarbons, and/or other
solubilising or dispersing agents known in the art.

Examples of dosage forms suitable for buccal administration of the compositions and
formulations of the invention include lozenges, tablets and the like, compositions comprising
solutions and/or suspensions in pharmaceutically acceptable, aqueous, or organic solvents, or
mixtures thercof and/or powders.

Examples of dosage forms suitable for sublingual administration of the compositions and

formulations of the invention include lozenges, tablets and the like, compositions comprising
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solutions and/or suspensions in pharmaceutically acceptable, aqueous, or organic solvents, or
mixtures thereof and/or powders.

Examples of dosage forms suitable for opthalmic administration of the compositions and
formulations of the invention include inserts and/or compositions comprising solutions and/or
suspensions in pharmaceutically acceptable, aqueous, or organic solvents.

Examples of formulations of compositions, including vaccines and controlled drug
formulations, useful for delivery of the compositions and formulations of the invention are found
in, for example, Sweetman, S. C. (Ed.). Martindale. The Complete Drug Reference, 33rd
Edition, Pharmaceutical Press, Chicago, 2002, 2483 pp.; Aulton, M. E. (Ed.) Pharmaceutics.
The Science of Dosage Form Design. Churchill Livingstone, Edinburgh, 2000, 734 pp.; and,
Ansel, H. C., Allen, L. V. and Popovich, N. G. Pharmacecutical Dosage Forms and Drug
Delivery Systems, 7th Ed., Lippincott 1999, 676 pp.. Excipients employed in the manufacture of
drug delivery systems are described in various publications known to those skilled in the art
including, for example, Kibbe, E. H. Handbook of Pharmaceutical Excipients, 3rd Ed.,
American Pharmaceutical Association, Washington, 2000, 665 pp. The USP also provides
examples of modified-release oral dosage forms, including those formulated as tablets or
capsules. See, for example, The United States Pharmacopeia 23/National Formulary 18, The
United States Pharmacopeial Convention, Inc., Rockville MD, 1995 (hereinafter “the USP”),
which also describes specific tests to determine the drug release capabilitics of extended-release
and delayed-release tablets and capsules. The USP test for drug release for extended-release and
delayed-release articles is based on drug dissolution from the dosage unit against clapsed test
time. Descriptions of various tcst apparatus and procedurcs may be found in the USP. Further
guidance concerning the analysis of extended release dosage forms has been provided by the
F.D.A. (See Guidance for Industry. Extended release oral dosage forms: development,
evaluation, and application of in vitro/in vivo corrclations. Rockville, MD: Center for Drug
Evaluation and Research, Food and Drug Administration, 1997).

Further examples of dosage forms of the invention include, but are not limited to modified-
release (MR) dosage forms including delayed-release (DR) forms; prolonged-action (PA) forms;
controlied-release (CR) forms; extended-release (ER) forms; timed-release (TR) forms; and
long-acting (LA) forms. For the most part, these terms are used to describe orally administered
dosage forms, however these terms may be applicable to any of the dosage forms, formulations,
compositions and/or devices described herein. These formulations effect delayed total drug
release for some time after drug administration, and/or drug release in small aliquots

intermittently after administration, and/or drug release slowly at a controlled rate governed by
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the delivery system, and/or drug release at a constant rate that does not vary, and/or drug release
for a significantly longer period than usual formulations.

In certain embodiments, a therapeutically effective amount of one or more polymer
particles of the invention or of one or more antigens comprising one or more polymer particles of
the invention is from about about 1 ug/kg to about 1 g/kg. Exemplary therapeutically effective
dosc ranges include, for example, from about 1 pg/kg to about 500 mg/kg, from about 1 pg/kg to
about 400 mg/kg, from about 1 pg/kg to about 300 mg/kg, from about 1 pg/kg to about 200
mg/kg, from about 1 pg/kg to about 100 mg/kg, from about 1 pg/kg to about 90 mgrkg, from
about 1 ug/kg to about 80 mg/kg, from about 1 pg/kg to about 70 mg/kg, from about 1 pg/kg to
about 60 mg/kg, from about 1 ug/kg to about 50 mg/kg, from about 5 pg/kg to about 50 mg/kg,
from about 10 pg/kg to about 50 mg/kg, from about 50 pg/kg to about 50 mg/kg, from about 100
ug/kg to about 50 mg/kg, from about 200 pg/kg to about 50 mg/kg, from about 300 ng/kg to
about 50 mg/kg, from about 400 pg/kg to about 50 mg/kg, from about 500 pg/kg to about 50
mg/kg, from about 600 pg/kg to about 50 mgrkg, from about 700 pg/kg to about 50 mg/kg, from
about 800 pg/kg to about 50 mg/kg, from about 900 ng/kg to about 50 mg/kg, about 1 mg/kg to
about 50 mg/kg, about 5 mg/kg to about 50 mg/kg, about 10 mg/kg to about 50mg/kg, about 15
mg/kg to about 50 mg/kg, about 20 mg/kg to about 50 mg/kg, about 25 mg/kg to about 50
mg/kg, about 30 mg/kg to about 50 mg/kg, about 35 mg/kg to about 50 mg/kg, about 40 mg/kg
to about 50 mg/kg, or about 45 mg/kg to about 50 mg/kg.

Other therapeutically effective dose ranges include, for example, from about 1 mg/kg to
about 1 g/kg, from about 1.5 mg/kg to about 950 mg/kg, about 2 mg/kg to about 900 mg/kg,
about 3 mg/kg to about 850 mg/kg, about 4 mg/kg to about 800mg/kg, about 5 mg/kg to about
750 mg/kg, about 5 mg/kg to about 700 mg/kg, 5 mg/kg to about 600 mg/kg, about 5 mg/kg to
about 500 mg/kg, about 10 mg/kg to about 400 mg/kg, about 10 mg/kg to about 300 mg/kg,
about 10 mg/kg to about 200 mg/kg, about 10 mg/kg to about 250 mg/kg, about 10 mg/kg to
about 200 mg/kg, about 10 mg/kg to about 200 mg/kg, about 10 mg/ke to about 150 mgkeg,
about 10 mg/kg to about 100 mg/kg, about 10 mg/kg to about 75 mg/kg, about 10 mg/kg to about
50 mg/kg, or about 15 mg/kg to about 35 mg/kg.

In some embodiments of the invention targeting human subjects, a therapeutically effective
amount of one or more polymer particles of the invention or of one or more antigens comprising
one or more polymer particles of the invention is, for example, from about 10 mg to about 10 g
per dose. Other therapeutically effective dose ranges include, for example, from about 20 mg to
about 9g, from about 30 mg to about 8 g, from about 40 mg to about 7 g, from about 50mg to
about 6 g, from about 60 mg to about 5 g, from about 70 mg to about 4 g, about 80mg to about 3
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g, about 100 mg to about 2 g, about 100 mg to about 1.5 g, about 200 mg to about 1400 mg,
about 200 mg to about 1300 mg, about 200 mg to about 1200 mg, about 200 mg to about 1100
mg, about 200 mg to about 1000 mg, about 300 mg to about 900 mg, about 300 mg to about
800, about 300 mg to about 700 mg or about 300 mg to about 600 mg per dose.

The invention also in part provides low dose compositions, formulations and devices
comprising one or more one or more polymer particles of the invention. For example, low dose
compositions, formulations and the like, are administered in an amount sufficient to provide, for
example, dosages from about 0.001 mg/kg to about 5 mg/kg, about 0.01 mg/kg to about 4.5
mg/kg, about 0.02 mg/kg to about 4 mg/kg, about 0.02 to about 3.5 mg/kg, about 0.02 mg/kg to
about 3 mg/kg, about 0.05 mg/kg to about 2.5 mg/kg, about 0.05 mg/kg to about 2 mg/kg, about
0.05-0.1 mg/kg to about 5 mg/kg, about 0.05-0.1 mg/kg to about 4 mg/kg, about 0.05-0.1 mg/kg
to about 3 mg/kg, about 0.05-0.1 mg/kg to about 2 mg/kg, about 0.05-0.1 mg/kg to about 1
mg/kg, and/or any other doses or dose ranges within the ranges set forth herein, of one or more
one or more polymer particles of the invention or of one or more antigens comprising one or
more polymer particles of the invention.

The doses decribed herein, may be administered in a single dose or multiple doses or
divided doses. For example, doses may be administered, once, twice, three, four or more times
over a treatment regime, as is well known in the immunological arts.

The efficacy of a composition useful according to the invention can be cvaluated both in
vitro and in vivo. See, e.g., the examples below. Briefly, the composition can be tested in vitro
or in vivo for its ability to induce a cell-mediated immune response. For in vivo studies, the
composition can be fed to or injected into an animal (e.g., a mouse) and its cffects on eliciting an
immune response are then assessed. Based on the results, an appropriate dosage range and
administration route can be determined.

In somc embodiments of the invention, a therapeutically cffective amount is an amount

effective to elicit an immunological response, such as, for example, a concentration of IFN-

gamma in the blood of from about 0.5 ng/mL to about 20 ng/mL, about 0.5 ng/mL to about 15
ng/mL, about 0.5 ng/mL to about 10 ng/mL, about 0.5 ng/mL to about 9ng/mL, about 1 ng/mL to
about 8ng/mL, about 2 ng/mL to about 7ng/mL or about 3ng/mL to about 6 ng/mL.

In some circumstances, including post infection or during prolonged infection, elevated
IFN-gamma blood concentrations are observed, and such clevated concentrations should be
accounted for in assessing a baseline against which elicitation of an effective immunological

response by the polymer particles of the invention is to be assessed.
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8. Treatment with polymer particles

It has been discovered that the polymer particles, e.g., polyhydroxyalkyl polymer particles,
can be stably maintained as particles outside the host cell that produced them, and that these
particles can be designed to suit a number of applications.

Functionalised polymer particles may comprise one or more surface-bound antigens
capable of eliciting a cell-mediated or other immune response, one or more substances bound to
binding domains of an antigen capable of eliciting a cell-mediated or other immune response, or
a combination thereof.

In one embodiment, for example, a substance is immobilised on the particle surface during
particle formation, bound to a binding domain capable of binding an antigen capable of eliciting
a cell-mediated immune response, or integrated into the particle by loading, diffusion or
incorporation.

In the context of use in the treatment of tuberculosis, for example, the polymer particles
may comprise one or more surface-bound M. fuberculosis antigens, one or more substances
bound to M. tuberculosis antigen binding domains, or a combination thercof.

In one embodiment a substance may be immobilised on the particle surface during particle
formation, bound to, for example, a M. tuberculosis antigen binding domain, or integrated into
the particle by loading, diffusion or incorporation. Covalent linking to the surface of the polymer
particle, for example, by cross-linking, is also specifically contemplated.

In one embodiment the substance is selected from the list comprising, for example, a
protein or protein fragment, a peptide, a polypeptide, an antibody or antibody fragment, an
antibody binding domain, an antigen, an antigenic decterminant, an cpitope, an immunogen or
fragment thereof, or any combination of any two or more thereof,

In one embodiment DNA from an intracellular pathogen can be fragmented and inserted
into expression constructs cncoding fusion polypeptides that comprise a polymer synthasc. In
this way, polymer particles displaying intracellular pathogen antigenic determinants can be
produced and screened using serum from infected patients and antigen-presenting particles
identified, isolated and reproduced using well-known and scalable bacterial production systems.

In one embodiment multiple antigens capable of eliciting a cell-mediated (or other)
immune response are immobilised on the surface of the polymer particles.

In one embodiment DNA from a M. tuberculosis bacterium, for example, can be
fragmented and inserted into expression constructs encoding fusion polypeptides that comprise a
polymer synthase. In this way, polymer particles displaying M. tuberculosis antigenic

determinants, for example, can be produced and screened using serum from infected patients and



10

15

20

25

30

100

antigen-presenting particles identified, isolated and reproduced using well-known and scalable
bacterial production systems.

In one embodiment, for example, multiple M. tuberculosis or other antigens are
immobilised on the surface of the polymer particles.

Similarly, in various embodiments DNA from a hepatitis virus or from an influenza virus,
for example, can be fragmented and inserted into expression constructs encoding fusion
polypeptides that comprise a polymer synthase. In this way, polymer particles displaying
hepatitis antigenic determinants or influenza antigenic determinants can be produced and
screened using serum from infected patients and antigen-presenting particles identified, isolated
and reproduced using well-known and scalable bacterial production systems.

In one embodiment multiple hepatitis or influenza antigens, for example, are immobilised
on the surface of the polymer particles.

One aspect of the invention relates to the ability of the polymer particles carrying one or
more antigens to elicit an immune response. In one embodiment, the polymer particles comprise
at least one antigen capable of eliciting a cell-mediated or other immune response fused to the
polymer bead. The polymer polymer particles display at least one antigens capable of eliciting a
cell-mediated or other immune response on their surface to stimulate an optimal immune
response to the antigenic moieties.

In one embodiment, the polymer particles carrying onc or more antigens clicit an immune
response. In one embodiment, the polymer particles comprise at least one M. tuberculosis
antigen, for example, fused to the polymer bead. The polymer polymer particles display at least
onc M. tuberculosis antigen, for example, on their surface to stimulatc an optimal immune
response to the antigenic moieties.

In one embodiment, the polymer particles carrying one or more antigens elicit an immune

responsc to hepatitis. In one embodiment, the polymer particles comprise at least one hepatitis

antigen, for example, fused to the polymer bead. The polymer polymer particles display at least

one hepatitis antigen, for example, on their surface to stimulate an optimal immune response to
the antigenic moieties. In one embodiment, the polymer particles comprise at least one influenza
antigen, for example, fused to the polymer bead. The polymer polymer particles display at least
one influenza antigen, for example, on their surface to stimulate an optimal immune response to
the antigenic moieties. Other antigens are contemplated, as noted herein.

In one embodiment, for example, more than one antigen or a combination of antigen and
adjuvant or other immunomodulatory agent or molecule, such as an immunostimulatory agent or

molecule, are present in or on the particle or present in a composition. Typically, the presence of
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the combination of antigens, adjuvants, or other immunomodulatory agents or molecules will be
to further enhance the immune response.

In one embodiment, the invention provided a multiphase vaccine composition, for
example. This hybrid vaccine displays different antigens specific to various stages of
tuberculosis infection. For example, an early stage antigen is co-expressed with a latent stage
antigen. Antigens specific to the various antigens, including intracellular antigens, arc well
known in the art and representative antigens for exemplary pathogens are described herein.

The present invention also relates to a method of eliciting a cell-mediated (and/or other)
immune response in a subject, wherein the method comprises administering to a subject in need
thereof a polymer particle comprising a particle-forming protein, preferably a polymer synthase,
for example, fused to a binding domain capable of binding an antigen capable of eliciting a cell-
mediated immune response.

In this embodiment, on administration to the subject the binding domain capable of binding
an antigen capable of eliciting a cell-mediated immune response may bind to an endogenous
antigen capable of eliciting a cell-mediated immune response. It will be appreciated that binding
of a polymer particle comprising a binding domain capable of binding an antigen capable of
eliciting a cell-mediated immune response to endogenous antigens capable of eliciting a cell-
mediated immune response is able to elicit or enhance the subject’s immune response.

For cxample, antigens capable of cliciting a cell-mediated immune response that is present
in the subject prior to administration of the particle comprising at least one M. tuberculosis
antigen binding domain, for example, but is unable to elicit an effective immune response in the
subject, is on binding to the particle able to elicit an effective immune response or is cffective to
enhance the subject’s immune response.

In one embodiment, the invention provides a method of eliciting an immune response in a
subject infected with tuberculosis, for example, or previously immunised against tuberculosis,
for example, wherein the method comprises administering to a subject in need thereof a polymer
particle comprising a particle-forming protein fused to a M. fuberculosis antigen binding domain,
for example.

In this embodiment, for example, on administration to the subject the AL tuberculosis
antigen binding domain may bind to an endogenous M. tuberculosis antigen. It will be
appreciated that binding of a polymer particle comprising a M. tuberculosis antigen binding
domain to endogenous M. fuberculosis antigen, for example, is able to elicit or enhance the

subject’s immune response.
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For example, M. tuberculosis antigen that is present in the subject prior to administration
of the particle comprising at least one M. tuberculosis antigen binding domain, but is unable to
elicit an effective immune response in the subject, is on binding to the particle able to elicit an
effective immune response or is effective to enhance the subject’s immune response.

In one embodiment, the invention provides a method of eliciting an immune response in a
subject infected with hepatitis or previously immunised against hepatitis, for example, wherein
the method comprises administering to a subject in need thereof a polymer particle comprising a
particle-forming protein fused to a hepatitis antigen binding domain.

In this embodiment, on administration to the subject the hepatitis antigen binding domain
may bind to an endogenous hepatitis antigen, for example. It will be appreciated that binding of a
polymer particle comprising a hepatitis antigen binding domain to endogenous hepatitis antigen
is able to elicit or enhance the subject’s immune response.

For example, hepatitis antigen that is present in the subject prior to administration of the
particle comprising at least one hepatitis antigen binding domain, but is unable to elicit an
effective immune response in the subject, is on binding to the particle able to elicit an effective
immune response or is effective to enhance the subject’s immune response.

In one embodiment, ,for example, the invention provides a method of eliciting an immune
response in a subject infected with hepatitis or previously immunised against influenza, wherein
the method comprises administering to a subject in need thercof a polymer particle comprising a
particle-forming protein fused to a hepatitis antigen binding domain.

In this embodiment, for example, on administration to the subject the influenza antigen
binding domain may bind to an endogenous influcnza antigen. It will be appreciated that binding
of a polymer particle comprising a influenza antigen binding domain to endogenous influenza
antigen is able to elicit or enhance the subject’s immune response.

For cxample, influenza antigen that is present in the subject prior to administration of the
particle comprising at least one hepatitis antigen binding domain, but is unable to elicit an
effective immune response in the subject, is on binding to the particle able to elicit an effective
immune response or is effective to enhance the subject’s immune response.

It will be appreciated that the present invention provides particles, compositions and
methods that elicit an immune response in subjects to whom they are administered. Preferably,
the magnitude of the immune response elicited in response to one or more antigens presented to
a subject using the particles, compositions and methods of the invention is greater than that
elicited in response to the antigen alone (that is, in the absence of a particle or composition of the

invention or presented by a method other than those provided herein). Methods to quantify the
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magnitude of an immune response, and particularly a cell-mediated immune response, are well
known in the art.
9. Modulators of an immune response

In certain circumstances it will be desirable to produce polymer particles displaying a
fusion protein comprising af least one antigen capable of eliciting a cell-mediated immune
response. Alternatively, a fusion protein comprising at least one or more antigens capable of
eliciting a cell-mediated immune response with an adjuvant or other modulator of an immune
response is desirable for eliciting an immune response.

In certain circumstances it will be desirable to produce polymer particles displaying a
fusion protein comprising at least one antigen capable of eliciting a humoral immune response.
Alternatively, a fusion protein comprising at least one or more antigens capable of eliciting a
humoral immune response with an adjuvant or other modulator of an immune response is
desirable for eliciting an immune response.

For example, in the treatment of tuberculosis, it would be desirable to produce polymer
particles displaying a fusion protein comprising at least one M. fuberculosis antigen, where the
polymer particle is administered together with one or more adjuvants or other modulators of the
immune system. Alternatively, a polymer particle comprising a fusion protein comprising one or
more M. tuberculosis antigens, for example, and an adjuvant or other modulator of an immune
responsc may be desirable for cliciting an immune response. In the treatment of hepatitis, it
would be desirable to produce polymer particles displaying a fusion protein comprising at least
one hepatitis antigen, where the polymer particle is administered together with one or more
adjuvants or othcr modulators of the immune system. Altematively, a polymer particle
comprising a fusion protein comprising one or more hepatitis antigens and an adjuvant or other
modulator of an immune response may be desirable for eliciting an immune response. In the
trcatment of influenza, it would be desirable to produce polymer particles displaying a fusion
protein comprising at least one influenza antigen, where the polymer particle is administered
together with onc or more adjuvants or other modulators of the immune system. Alternatively, a
polymer particle comprising a fusion protein comprising one or more influenza antigens and an
adjuvant or other modulator of an immune response may be desirable for eliciting an immune
response.

In one example, a polymer particle of the invention may comprise one or more antigens
together with one or more toll-like receptors, including one or more toll-like receptors able to
bind one or more of the group of ligands comprising LPS, lipoproteins, lipopeptides, flagellin,

double-stranded RNA, unmethylated CpG islands, or bacterial or viral DNA or RNA. Similarly,
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a composition of the invention may comprise a population of polymer particles comprising one
or more Tb antigens, and a population of polymer particles comprising one or more
immunomodulatory molecules, such as one or more toll-like receptors.

The presence of one or more immunomodulatory molecules may be useful in eliciting a
humoral-specific immune response, or a cell-mediated-specific immune response, or in eliciting
an immune response comprising a combination of both humoral and cell-mediated responses.

Specific antigens may be selected from any known M. tuberculosis antigens, including
those described above and in the documents referred to herein. Antigens may be selected so as
to produce a vaccine suitable for treating or immunising against early stage infection.
Alternatively, a multi-phase vaccine comprising antigens from early and latent stages of
infection is provided. For example, a vaccine delivery system comprising a polymer particle
displaying an Ag85A-ESAT-6 fusion protein is provided. A second example may include a
polymer particle expressing Ag85A antigen with a known adjuvant suitable for stimulating an
immune response against tuberculosis.

Specific antigens may be selected from any known antigens capable of eliciting a cell-
mediated immune response, including those described above and in the documents referred to
herein. Antigens may be selected so as to produce a vaccine suitable for treating or immunising
against early stage infection. Alternatively, a multi-phase vaccine comprising antigens from early
and latent stages of infection is provided.

The invention consists in the foregoing and also envisages constructions of which the
following gives examples only.

EXAMPLES
Example 1 - Construction of plasmids and production of PHA polymer particles in E. coli

This example describes the construction of plasmids for the production in E.coli of
polymer particles displaying the tuberculosis antigens Ag-85A and ESAT-6, thc Hepatis C core
antigen, and the HI subtype of the influenza hemagglutinin (HA) antigen together with an
analysis of the immunogenecity of the polymer particles.

Materials and Methods
1.  Growth of Escherichia coli strains

Escherichia coli DH5a (Invitrogen) was grown in Difco™ Luria Broth (sec Table 1)
supplemented with 1% (w/w) glucose and 75 pg/mL ampicillin. Escherichia coli BL21
(Invitrogen) was grown in Difco™ Luria Broth supplemented with 1% (w/w) glucose, 75 pg/mL

ampicillin, and 30 pg/mL chloramphenicol.
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Table 1: Difco™ Luria Broth

Pancreatic Digest of Casein | 10g
Yeast Extract 3g
Sodium Chloride 0.5g

Disolved in 1000ml. water

2.  Construction of plasmids

All plasmids and oligonucleotides used in this example are listed in Table 2.

The PhaA and PhaB enzymes were encoded by plasmid pMCS69. For tuberculosis antigen
polymer particles, the plasmid DK1.2-Ag85A-ESAT-6 contained a hybrid gene comprised of the
coding region (without the secretory signal sequence) of Ag85A (N-terminal component) and the
coding region of ESAT-6 (C-terminal component). A DNA fragment encoding the Ag85A-
ESAT-6 fusion protein and including a translation initiation site and start codon was isolated
from this plasmid by PCR using primers Ag85A-Spel [SEQ ID No. 3] and ESAT-6-Spel [SEQ
ID No. 4] and ligated into Xbal, Clal - endonucleased pHAS vector to generate the plasmid
pHAS-Ag85A-ESAT-6.

The coding scquence from the 3’OH terminal fragment of the Ag85A-ESAT6 fusion is
shown as SEQ ID No. 1, with the derived amino acid sequence shown as SEQ ID No. 2.

For Hepatitis C antigen polymer particles, Hep C DNA synthesized by DNA 2.0 as an
Spel/Notl fragment was subcloned into the pET-14b-scFv-PhaC vector, resulting in the
formation of pET-14b Hep-PhaC.

The coding sequence from the 3’OH terminal fragment of the HepC-PhaC fusion is shown
as SEQ ID No.7, with the derived amino acid sequence shown as SEQ ID No. 8.

For HA antigen polymer particles, a full lemgth hemagglutinin sequence was synthesized
by GenScript, as an Spel/Notl fragment. This fragmant was subcloned into the pET-14b-scFv-
PhaC vector, resulting in the formation of pET-14b hemaggtutinin-PhaC. To create the shorter
H1 part of the hemagglutinin antigen, the H1 sequence was amplified using pET-14b
hemagglutinin-PhaC as a template with primers as described in Table 2. The Spel/Sunl fragment
was subcloned into pET-14b hemagglutinin-PhaC, resulting in the formation of pET-14b HA1 of
H3-PhaC. The Xhol/BamHI fragment was subcloned into pET-14b PhaC-linker-MalE, resulting
in the formation of pET-14b PhaC-linker-HA1 of H3.

The coding sequence from the 3’OH terminal fragment of the HAI of H3-PhaC fusion is
shown as SEQ ID No.11 with the derived amino acid sequence shown as SEQ ID No. 12.

Table 2: Plasmids and Oligonucleotides

Plasmids Description
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pET-14b Ap',T7 promoter

pHAS pET14b derivative containing the Ndel/BamHI inserted
phaC gene from C. necator

pBBRIMCS derivative containing genes phad and phaB
from C. necator

pBluescript SK(-) derivated containing the PHA
synthase gene from C. necator

pBluescript 11 SK (+) containing fusion between Ag85A
DK1.2-Ag85A-ESAT-6 and ESAT-6

pCWE Spel-Ag85AESAT-6 pCWE derivative containing Ag85A-ESAT-6 hybrid gene
inserted into Spel site

pHAS containing Ag85A-ESAT-6 hybrid gene upstream

pMCS69

PCWE Spel

pHAS-Ag85A-ESAT-6

of phaC
Oligonucleotides
i 5’-gctactagtaataaggagatatacatatgttttcceggecgggcettge-3’
Ag85A-Spel [SEQ ID No. 5]
ESAT-6-Spel 5’-tgcactagttgcgaacatcccagtgacgtt-3° [SEQ ID No. 6]

5’-agatactagtatgcapgaaactgecgggtaacgataatagtace-3’[SEQ

HA1 of H3- Spel 1D No 13]

5’-gatgeptacgggtctgttittccggeacattgegeatgee-3°  [SEQ 1D

HA1 of H3-Sunl No. 14]

5’- agatctcgagcagaaactgeegggtaacgataatagtace
-3’ [SEQ ID No. 15]

5’-gatgggatcctcaggtctgtitttceggeacattgegeatgee-3’[SEQ 1D
No. 16]

HA1 of H3-Xhol

HA1 of H3-BamHI

3. Production of Ag8SA-ESAT-6 displaying polymer particles

Plasmids pHAS-Ag85A-ESAT-6 and pHAS were introduced into E. coli BL21 (DE3) cells
harbouring plasmid pMCSé9. The transformants were cultured in conditions suitable for the
production of biopolyester polymer particles, as described above. The ability to produce
Ag85A-ESAT-6 polymer particles, or wild-type polymer particles, respectively, was then
agsessed as described below.

4. Gas Chromatography Mass Spectroscopy (GC-MS)

The polyester content of bacterial cells harboring the various plasmids corresponds to the
activity of the PhaC synthase in vivo. The amount of accumulated polyester was assessed by gas
chromatography-mass spectroscopy (GC-MS) analysis to determine phaC synthase activity, and
particularly to assess whether the PhaC-Tb antigen fusion still catalyses polyester synthesis and
mediates intracellular granule formation. Polyester content was quantitatively determined by
GC-MS after conversion of the polyester into 3-hydroxymethyl ester by acid-catalysed

methanolysis.
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Results

GC-MS analysis of cells carrying pHAS-Ag85A-ESAT-6 and pMCS69, or pHAS and
pMCS69, confirmed the presence of the polyester polyhydroxybutyrate. The presence of
intracellular polyester inclusions was further confirmed by fluorescent microscopy using Nile
Red staining.

Discussion

The presence of polyhydroxybutyrate in cells carrying pHAS-Ag85A-ESAT-6 and
pMCS69 indicated that the phaC polyester synthase domain retained polymer synthase activity
when present as a tripartite fusion protein.

Example 2 - Construction of plasmids and production of PHA polymer particles in L, lactis

This example describes the construction of plasmids for the production in L.lactis of
polymer polymer particles displaying the tuberculosis antigens Ag-85A and ESAT-6.

Materials and Methods
1. Construction of plasmids

All plasmids and strains of L. lactis used in this example are listed in Table 3. The gene
encoding the antigen(s) Ag85A/ESAT6 was synthesized by GeneScript Corporation
(Piscataway, NJ). Codon usage was adapted to the codon usage bias of L. /actis.

A fragment of pUC57-ZZ comprising part of the nis4 promoter (P,i4) was obtained by
Ndel digest of pUC57-ZZ and ligated with Ndel-digested pUCS7-ESAT6 to obtain pUCS7-
nisESAT6. A BstBI-BamHI fragment of pUCS57-nisESAT6 containing part of P, and the
Ag85A/ESAT6 gene was then inserted upstream of phal3 at the corresponding sites of pNZ-AB,
resulting in pNZ-ESAT6-B. To introduce the phaC and phad comprising fragment of pNZ-CAB
into pNZ-ESAT6-B, both plasmids were hydrolyzed with Nhel and BamHI and the phaCA
fragment of pNZ-CAB was inserted into pNZ-ESAT6-B, resulting in pNZ-ESAT6-CAB.

The coding scquence from the 3’OH terminal fragment of the risd promoter (Ppi4) is
shown as SEQ ID No. 3, with the derived amino acid sequence shown as SEQ ID No. 4.

For Hepatitis C antigen polymer particles, the Hep C DNA sequence was codon optimised
for expression in L. lactis and synthesized by GenScript as an Ncol/Nhel fragment. The fragment
was subcloned into the pNZ-CAB plasmid as described in Table 3, resulting in the formation of
pNZ-HepC-PhaCAB.

The coding sequence from the 3’OH terminal fragment of the HepC-PhaC (pNZ) fusion is
shown as SEQ ID No.9, with the derived amino acid sequence shown as SEQ ID No. 10.

Table 3: Plasmids and Oligonucleotides

L. lactis strain Description
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MG1363 NCDO 712 derivative, plasmid and phage free strain
NZ9000 MG1363 derivative, pepN.:nisRK

Plasmids Description

pUCs7 Cloning vector, ColE1 origin, Amp”

pUCS57-ESAT6

pUC57-Z2
pUC-nisESAT6

Codon-optimised gene for Ag85A/ESATG in EcoRV site
of pUC57

Codon-optimised gene for ZZ domain in EcoRV site of
pUC57

pUCS57 derivative, Ppiss-Ag85A/ESATE

pNZ8148 Cm",pSH71 origin, P4

pNZ-AB pUCR8148 derivative, Py-phadB

pNZ-CAB pUCR8148 derivative, Ppisq-phaCAB
pNZ-ESAT6-B pUC8148 derivative, Ppi-Ag85A/ESAT6-phaB

pNZ-ESAT6-CAB
pNZ-HepC-PhaCAB

pUCR8148 derivative, Pi-Ag8SA/ESAT6O-phaC-phadB
pUC8148 derivative, P-HepC-phaC-phadB

Example 3 — Isolation of polyester polymer particles and characterization of the fusion
protein
This example describes the characterization of biopolyester polymer particles displaying

Ag85A-ESAT-6 at their surface.

Materials and Methods
1. Isolation of polyester polymer particles

Polyester granules were isolated by disrupting the bacteria and whole cell lysates were
centrifuged at 4000 g for 15 minutes at 4°C to sediment the polyester polymer particles. The
polymer particles were purified via glycerol gradient ultracentrifugation
2.  Protein concentration determination

The concentration of protein attached to polymer particles was determined using the Bio-

Rad Protein Assay according to the manufacturer’s instructions (Bio-Rad). Following

~ concentration determination, the proteins were scparated by SDS-PAGE and stained with

SimplyBlue Safe Stain (Invitrogen).

The amount of Ag85A-ESAT-6 PhaC fusion protein relative to the amount of total protein
attached to the polymer particles was detected using a Gel Doc™ XR and analysed using
Quantity One software (version 4.6.2, Bio-Rad Laboratories). Proteins of interest were excised
from the gel and subjected to tryptic peptide fingerprinting using matrix-assisted laser
desorption/ionization time-of-flight spectrometry (MALDI-TOF-MS).
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3. ELISA

Maxisorb plates (Nunc) were coated overmight at 4°C with purified Ag85A-ESAT-6
polymer particles or wild-type polymer particles, diluted in carbonate-bicarbonate coating buffer
(pH 9.6) (Sigma-Aldrich). Serial dilutions of the buffer were used, ranging from 1 mg/ml to
0.015 mg/ml protein concentration. Plates were washed and blocked (see Table 4) for 2 h at
25°C.

Plates were then washed in PBS-Tween 20, incubated with mouse antibody to ESAT-6
(Abcam), washed and further incubated for 1 hour at room temperature with anti-mouse
IgG:horse radish peroxidase conjugate (Sigma-Aldrich) diluted in 1% (w/v) BSA in PBS. After
further washing, o-phenylenediamine (OPD) substrate (Sigma-Aldrich) was added and the plates
were incubated for 30 minutes at room temperature.

The reaction was stopped with 0.5 M H2SO4 and absorbance recorded at 495 nm.,

4. Flow Cytometry

Twenty-five micrograms of purified Ag85A-ESAT-6 polymer particles or wild-type
polymer particles were washed twice in ice-cold flow cytometry buffer (see Table 4) and
incubated with mouse anti-ESAT-6 antibodies (Abcam). After washing, polymer particles were
stained with rat anti-mouse Fluorescein isothiocyanate (FITC)-labelled antibody (BD
Pharmingen, CA, USA), incubated for 30 minutes on ice in the dark and washed again. A BD
FACScalibur (BD Biosciences, CA, USA) was used to collect at lcast 10,000 events for cach
sample and analysed using CellQuest software.

Table 4: Buffers

ELISA wash buffer ELISA block buffer Flow Cytometry buffer
PBS
PBS PBS
. . Foetal Calf Serum 1%
0 i)
Tween 20 0.05% | Bovine Serum Albumin 3% Sodium Azide 0.1%
Results

The polymer particles displayed high levels of protein as determined by a prominent
protein band with an apparent molecular weight of 102 kDa and 63 kDa for Ag83A-ESAT-6-
PhaC, and PhaC, respectively. The identity of these proteins was confirmed by tryptic peptide
fingerprinting using MALDI-TOF-MS. ELISA indicated that Ag85A-ESAT-6 polymer particles
bound to the anti-ESAT-6 antibody in a dose-dependent manner, while wild-type polymer
particles did not bind to the antibody. Flow cytometry showed that >98% of Ag85A-ESAT-6
polymer particles bound anti- ESAT-6 antibodies.

Discussion
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The results of this example indicated that the expression in recombinant E. coli of a hybrid
gene encoding a tripartite fusion protein Ag85A-ESAT-6-PhaC was successful, leading to the

overproduction of polyester polymer particles displaying the fusion protein at their surface.

Example 4 — Immunogenicity of influenza polymer particle vaccines

This example describes the construction of plasmids for the production in transformed
hosts, in this case, E.coli, of polymer particles simultaneously displaying the influenza antigens
neuraminidase, M1 influenza coat protein and hemagglutinin, together with an analysis of the
immunogenecity of the polymer particles. Particles with these antigens are useful as prophylactic

and therapeutic vaccines against influenza.

Materials and Methods

All animal experiments were approved by the AgResearch Grasslands Animal Ethics

Committee (Palmerston North, New Zealand).
1. Growth of Escherichia coli strains

Escherichia coli DH5a (Invitrogen) is grown in Difco™ Luria Broth as detailed in Table 1
of Example 1 supplemented with 1% (w/w) glucose and 75 ug/mL ampicillin, Escherichia coli
BL21 (Invitrogen) is grown in Difco™ Luria Broth or a defined medium supplemented with 1%

(w/w) glucose, 75 pg/mL ampicillin, and 30 pg/mL chloramphenicol.

2. Construction of plasmids

All plasmids and oligonucleotides in this example are listed in Table 5. The PhaA and
PhaB enzymes are encoded by plasmid pMCS69.

To produce polymer particles displaying the neuraminidase antigen, the gene encoding
neuraminidase was codon optimised and synthesised by GenScript Inc as Spel/Sunl and
Xhol/BamHI fragments. The Spel/Sunl fragment was inserted into the pET-14b HA1 of H3-PhaC
plasmid, yielding plasmid pET-14b-NA-PhaC. The Xhol/Bamll fragment was subcloned into
pET-14b-PhaC-linker-MalE, resulting in plasmid pET-14b-PhaC-linker-NA.

To produce polymer particles displaying the M1 influenza coat protein, the M1 gene
sequence was codon optimised and synthesised by GenScript as Spel/Sunl and Xhol/BanHI
fragments. The Spel/Sunl fragment was inserted into the pET-14b HA1 of H3-PhaC plasmid,
yielding plasmid pET-14b-M1-PhaC. The Xhol/BamH]I fragment was subcloned into pET-14b-
PhaC-linker-MalE, resulting in plasmid pET-14b-PhaC-linker-M1.

To produce polymer particles simultaneously displaying all three influenza antigens, the

Xbal/Notl fragment from plasmid pET-14b-NA-PhaC is subcloned into plasmid pET-14b-PhaC-
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linker-M1, yielding plasmid pET-14b-NA-PhaC-linker-M1. Hemagglutinin-PhaC is PCR
amplified using the BamH1 H3 primer as described in Table 2 of Example 1. The respective
BamH1/BIpl fragment is subcloned into plasmid pET-14b-NA-PhaC-linker-M1, resulting in
plasmid pET-14b-NA-PhaC-linker-M 1/hemagglutinin-PhaC.

The construct for the NA-PhaC fusion and PhaC-linker-NA fusion are shown as SEQ
ID No.17 and 19, respectively, with the derived amino acid sequences shown as SEQ ID No. 18
and 20, respectively. The construct for the M1-PhaC fusion and PhaC-linker-M1 fusion are
shown as SEQ ID No.21 and 23, respectively, with the derived amino acid sequences shown as
SEQ ID No. 22 and 24, respectively. The construct for the NA-PhaC-linker-M1 fusion is shown
as SEQ ID No. 25, with the derived amino acid sequence shown as SEQ ID No. 26. The
construct for the hemagglutinin-PhaC fusion is shown as SEQ 1D No. 27, with the derived amino

acid sequence shown as SEQ ID No. 28.

Table 5: Plasmids and Oligonucleotides

| pET-14b-PhaC-linker-M1  containing the M1 sequence fused to the

Plasmids Description

pHAS pET14b derivative containing the Ndel/BamHI inscrted
phaC gene from C. necator

pBBRIMCS derivative containing genes phad and phaB

pMCS69 from C. necator -

pET-14b M-PhaC-linker- pET-14b PhaC-linker-MalE derivative
MalE containing the mpl sequence fused to the
5" end of phaC

pET-14b PhaC-linker-MalE derivative
pET-14b-PhaC-linker-NA  containing the NA sequence fused to the
3’ end of phaC

pET-14b PhaC-linker-MalE derivative

3’ end of phaC

pET-14b PhaC-linker-MalE derivative

pET-14b-NA-PhaC- containing the NA sequence fused to the 5° end of phaC

linker-M1/hemagglutinin- 4 M1/hemagglutinin sequence fused to the
PhaC ;

3’ end of phaC
3. Production of AcpA-IglC displaying particles

Plasmids pET-14b-PhaC-linker-NA, pET-14b-PhaC-linker-M1, pET-14b-NA-PhaC-linker-
M1/hemagglutinin-PhaC and pHAS are introduced into E. coli BL21 (DE3) cells harbouring

plasmid pMCS69. The transformants are cultured in conditions suitable for the production of
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biopolyester particles, as described in Example 1. The ability to produce NA, MI or NA-M1-

Hemagglutinin particles or wild-type particles, respectively, is assessed as described below.
4. Gas Chromatography Mass Spectroscopy (GC-MS)

The polyester content of bacterial cells harbouring the various plasmids corresponds to the
activity of the PhaC synthase in vivo. The amount of accumulated polyester is assessed by gas
chromatography-mass spectroscopy (GC-MS) analysis to determine phaC synthase activity, and
particularly to confirm that the PhaC-NA, Pha-M1 and PhaC-NA-MI1-HA fusions catalyse
polyester synthesis and mediate intracellular granule formation. Polyester content is
quantitatively determined by GC-MS after conversion of the polyester into 3-hydroxymethyl

ester by acid-catalysed methanolysis.
5.  Isolation of polyester particles

Polyester granules are isolated by disrupting the bacteria and whole cell lysates are
centrifuged at 4000 g for 15 minutes at 4°C to sediment the polyester particles. The particles are

purified via glycerol gradient ultracentrifugation

6.  Protein concentration determination

The concentration of protein attached to particles is determined using the Bio-Rad Protein
Assay according to the manufacturer’s instructions (Bio-Rad). Following concentration
determination, the proteins arc separated by SDS-PAGE and stained with SimplyBlue Safe Stain
(Invitrogen).

The amount of PhaC-NA, PhaC-M1 and PhaC-NA-MI1-HA fusion protein relative to the
amount of total protein attached to the particles is detected using a Gel Doc™ XR and analysed
using Quantity One software (version 4.6.2, Bio-Rad Laboratories). Proteins of interest are
excised from the gel and subjected to tryptic peptide fingerprinting using matrix-assisted laser
dcsorption/ionization  time-of-flight spcctrometry (MALDI-TOF-MS), which allows
identification of the fusion protein domains.

7. ELISA

Maxisorb plates (Nunc) are coated overnight at 4°C with purified PorA-C-PorB particles or
HA, M1, NA-MI-HA particles or wild-type particles, diluted in carbonate-bicarbonate coating
buffer (pH 9.6) (Sigma-Aldrich). Serial dilutions of the buffer are used, ranging from 1 mg/ml to
0.015 mg/ml protein concentration. Plates are washed and blocked for 2 h at 25°C (see Table 4).

Plates are then washed in PBS-Tween 20, incubated with mouse antibodies raised against
the various antigens, washed and further incubated for [ hour at room temperature with anti-

mouse 1gG:horse radish peroxidase conjugate (Sigma-Aldrich) diluted in 1% (w/v) BSA in PBS.
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After further ishing, o-phenylenediamine (OPD) substrate (Sigma-Aldrich) is added and the

plates are incubated for 30 minutes at room temperature.
The reaction is stopped with 0.5 M H2SO4 and absorbance recorded at 495 nm.
8. Flow Cytometry

Twenty-five micrograms of vartous purified antigen-displaying particles or wild-type
particles are washed twice in ice-cold flow cytometry buffer as described in Table 4 of Example
3 and incubated with mouse anti-antigen antibodies. After washing, particles are stained with rat
anti-mouse Fluorescein isothiocyanate (FITC)-labelled antibody (BD Pharmingen, CA, USA),
incubated for 30 minutes on ice in the dark and washed again. A BD FACScalibur (BD
Biosciences, CA, USA) is used to collect at least 10,000 events for each sample and analysed

using CellQuest software.

9. Immunisation of mice

Female C57BL/6 mice (Malaghan Institute, Wellington, NZ) aged 6-8 wecks are
intramuscularly immunized three times at 2 week intervals. The three treatment groups are as
follows:

a)  individuals immunised with wild-type particles (7.e., particles prepared from bacterial
cells carrying pHAS and pMCS69);

b) individuals immunised with antigen particles alone (i.e., particles prepared from
bacterial cells carrying plasmids encoding the various antigen-PhaC fusion proteins
and pMCS69);

c) individuals immunised with the various antigen particles mixed with 20%

Emulsigen™ adjuvant (MVP Laboratories).
Non-vaccinated control animals arc included for each set of experiments.

10. Immunological assay

The mice are anaesthetised three weeks after the last immunisation and blood is collected,
centrifuged, and the serum collected and frozen at -20°C until assayed.

The mice are then euthanized, their spleens removed and a single cell suspension is
prepared by passage through an 80 gauge wire mesh sieve. Spleen red blood cells (RBCs) are
lysed using a solution of 17 mM TRIS-HCI and 140 mM NHA4CIL. After washing, the RBCs are
cultured in Dulbecco’s Modified Eagle media (DMEM) supplemented with 2mM glutamine
(Invitrogen), 100 U/mL penicillin (Invitrogen), 100 pg/mL streptomycin (Invitrogen), 5 x 10-5
M 2-mercaptoethanol (Sigma) and 5% (w/w) Foetal Calf Serum (Invitrogen).
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The cells are incubated at 37°C in 10% CO2 in medium alone, or in medium containing the
respective antigens.

11.  Quantification of IFN-y

Culture supernatants are removed after 4 days incubation and frozen at -20°C until assayed.
Levels of IFN-y in the supernatants arc measured by ELISA (BD Biosciences) according to
manufacturcr’s instructions using commercially available antibodics and standards (BD

Pharmingen).
12.  Quantification of serum antibody

Scrum antibody is mcasurcd by ELISA using immobilized antigen displaying particlcs for

antibody capture.
13. Statistical analysis

Analysis of IFN-y and antibody responses is performed by Kruskal-Wallis one-way
analysis of variance (ANOVA).

Results

Expression in recombinant E. coli of the respective hybrid genes encoding the various
antigen-PhaC fusion proteins allows production of polyester particles displaying the fusion
protein at their surface.

GC-MS analysis of cells carrying plasmids pET-14b-PhaC-linker-NA, pET-14b-PhaC-
linker-M1, pET-14b-NA-PhaC-linker-M1/hemagglutinin-PhaC and pHAS all in the presence of
pMCS69, will confirm the presence of the polyester polyhydroxybutyrate. The presence of
intracellular polyester inclusions may be further confirmed by fluorescent microscopy using Nile
Red staining.

The presence of polyhydroxybutyrate in cells carrying plasmids pET-14b-PhaC-linker-NA,
pET-14b-PhaC-linker-M1, pET-14b-NA-PhaC-linker-M1/hemagglutinin-PhaC and pHAS
(wildtype control) all in the presence of pMCS69 indicates that the phaC polyester synthase
domain retains polymer synthase activity when present as a single or tripartite fusion protein.

High level protein display by polymer particles is determined by a prominent protein band
with an apparent molecular weight directly aligning with molecular weight deduced from the
fusion protein sequence. The identity of these proteins is confirmed by tryptic peptide
fingerprinting using MALDI-TOF-MS. ELISA results indicate that the various antigen

displaying particles bind to the respective anti-antigen antibody in a dose-dependent manner,
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while wild-type particles show significantly less binding of antibody. Flow cytometry results
preferably show that >98% of antigen particles bind anti-antigen antibodies.

Preferably, no overt toxicity is observed in any of the animals after immunization, and
mouse weights does not differ significantly between groups during the time-course of the
experiment, and mice in all groups gained weight. Mice immunised with polyester particles will
develop small lumps (2.5 mm in diameter) at the immunisation sites but generally without
abscesses or suppuration, and are typically healthy throughout the trial with normal behaviour
and good quality fur.

A dose of 10-100 pg of antigen particles is optimal at generating a significant antibody
response in mice. This dose induces significantly higher antibody titres when compared to a 10-
100 pg dose of wildtype particles alone. Other doses may also be tested and used. In a second
experiment which includes non-immunised control mice compare bead formulations with and
without an adjuvant, and evaluated for significantly higher antigen-specific serum antibody
responses for both vaccine groups given antigen particles compared to non-vaccinated mice. The
highest antibody responses may be observed in mice immunised with antigen particles in
Emuisigen. Antibody responses for the IgG1 isotype will typically be stronger than responses for
1gG2 in both experiments.

The cell-mediated response to antigens of mice immunised with 10-100 pg antigen
particles is also significantly cnhanced compared to that of mice immunised with wildtype
particles alone, or with PBS alone, and there should typically be no significant difference in the
cell-mediated responses of mice immunised with wildtype particles alone compared to PBS-
immunised control mice.

The TFN-y response to either antigen in mice immunised 3 times with 10-100 ug of wild-
type particles (no influenza antigen) will typically not differ significantly from that of PBS-
immuniscd control mice. In contrast, a significantly greater IFN-y response to cach antigen may
be observed in mice immunised 3 times with antigen particles, and in mice immunised 3 times
with antigen particles and Emulsigen. Expected is a significantly greater IFN-y response to each
antigen observed in mice immunised 3 times with antigen particles and Emulsigen than all the
other vaccine groups.

The engineered polyester particles which display neuroaminidase, M1 coat protein or
hemagglutinin antigens are capable of producing an antigen-specific cell-mediated response, as

well as significantly increasing the production of IgG1 and 1gG2 antibodies.
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In addition to generation of both humoral and cell-mediated immune responses, the lack of
adverse side effects such as weight loss, and absence of abscesses and suppuration at the

injection site indicate that the polyester particles are well tolerated, safe, and non-toxic.

Example 5 — Immunogenicity of Francisella tularensis polymer particle vaccines

This example describes the construction of plasmids for the production in transformed
hosts, in this case, E.coli, of polymer particles simulataneously displaying the Francisella
tularensis antigens AcpA and IglC, together with an analysis of the immunogenccity of the
polymer particles. Particles with these antigens are useful as prophylactic and therapeutic

vaccines against Tularemia.
Materials and Methods

All animal experiments were approved by the AgResearch Grasslands Animal Ethics

Committee (Palmerston North, New Zealand).

1.  Construction of plasmids and production of PHA particles in E. coli

All plasmids and oligonucleotides in this example are listed in Table 6. The PhaA and
PhaB enzymes are encoded by plasmid pMCS69.

To producc polymer particles simultancously displaying two F. fularensis antigens, gencs
encoding the antigens AcpA and IglC are codon optimized and synthesized by Genscript Inc. to
allow subcloning into pET-14b M-PhaC-linker-MalE Xbal-Spel site for an N-terminal fusion
and into X#hol-BamHI sites for a C-tcrminal fusion to the PhaC polymer bead forming cnzyme.
The AcpA encoding gene is inserted into the Xbal-Spel sites and on the same plasmid the IgiC
encoding gene is inserted into the X#ol-BamHI sites. Both gene insertions are in frame with the
M and MalE encoding regions of the original plasmid replaced, yielding plasmid pET14B-
AcpA-C-IglC.

The construct for the AcpA-C-IglC fusion is shown as SEQ ID No. 29, with the derived

~ amino acid sequence shown as SEQ ID No. 30.

Table 6: Plasmids and Oligonucleotides

Plasmids Description

pHAS pET14b derivative containing the Ndel/BamHI inserted
phaC gene from C. necator

pBBR1IMCS derivative containing genes phad and phaB

pMCS69 from C., necator
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pET-14b M-PhaC-linker- pET-14b PhaC-linker-MalE derivative
MalE containing the mp! sequence fused to the
5’ end of phaC

pET14B-AcpA-C-IgIC pET-14b M-PhaC-linker-MalE derivative
containing the acpA sequence fused to the
5’ end and ig/C fused to the 3’ end of phaC

Plasmid pETI14B-AcpA-C-IglC and pHAS are introduced into E. coli BL21 (DE3) cells
harbouring plasmid pMCS69. The transformants are cultured in conditions suitable for the
production of biopolyester particles, as described in Example 1. The ability to produce AcpA-

IgIC particles or wild-type particles, respectively, is assessed as described below.

2.  Isolation of polyester particles

Polyester granules are isolated by disrupting the bacteria and whole cell lysates are
centrifuged at 4000 g for 15 minutes at 4°C to sediment the polyester particles. The particles are
purified via glycerol gradient ultracentrifugation

The concentration of protein attached to particles is determined using the Bio-Rad Protein
Assay as described in Example 3.

The amount of AcpA-PhaC-IglC fusion protein relative to the amount of total protein
attached to the particles is detected using a Gel Doc™ XR, analysed using Quantity One
software (version 4.6.2, Bio-Rad Laboratories) and the proteins of interest identified as described
in Example 3.

3. ELISA

Immuno-reactivity of the F. tularensis polymer particles is determined by enzyme-linked
immunosotbent assay (ELISA) as described in Example 3. Briefly, maxisorb plates (Nunc) are
coated overnight at 4°C with purified PorA-C-PorB particles or AcpA-IglC particles or wild-type
particles, diluted in carbonate-bicarbonate coating buffer (pH 9.6) (Sigma-Aldrich). Serial
dilutions of the buffer are used, ranging from 1 mg/ml to 0.015 mg/ml protein concentration.
Plates are washed and blocked for 2 h at 25°C.

Plates are then washed in PBS-Tween 20, incubated with mouse antibodies raised against
the various antigens, washed and further incubated for 1 hour at room temperature with anti-
mouse IgG:horse radish peroxidase conjugate (Sigma-Aldrich) diluted in 1% (w/v) BSA in PBS.
After further ishing, o-phenylenediamine (OPD) substrate (Sigma-Aldrich) is added and the
plates are incubated for 30 minutes at room temperature.

The reaction is stopped with 0.5 M H2S04 and absorbance recorded at 495 nm.
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4. Immunisation of mice
Female C57BL/6 mice (Malaghan Institute, Wellington, NZ) aged 6-8 weeks are
intramuscularly immunized three times at 2 week intervals. The three treatment groups are as

follows:

a)  individuals immunised with wild-type particles (i.e., particles prepared from bacterial
cells carrying pHAS and pMCS69);

b) individuals immunised with antigen particles alone (i.e., particles prepared from
bacterial cells carrying plasmids encoding the various antigen-PhaC fusion proteins
and pMCS69);

¢) individuals immunised with the various antigen particles mixed with 20%

Emulsigen™ adjuvant (MVP Laboratorics).
Non-vaccinated control animals are included for each set of experiments.

5. Immunological assay

The mice are anaesthetised three weeks after the last immunisation and blood is collected,
centrifuged, and the scrum collected and frozen at -20°C until assayed.

The mice are then euthanized, their spleens removed and a single cell suspension is
prepared by passage through an 80 gauge wire mesh sieve. Spleen red blood cells (RBCs) are
processed as described in Example 4.

6.  Quantification of IFN-y

Culture supernatants are removed after 4 days incubation and frozen at -20°C until assayed.
Levels of IFN-y in the supernatants are measured by ELISA (BD Biosciences) according to
manufacturer’s instructions using commercially available antibodies and standards (BD

Pharmingen).
7.  Quantification of serum antibody

Serum antibody is measured by ELISA using immobilized antigen displaying particles for

antibody capture.
8.  Statistical analysis

Analysis of IFN-y and antibody responses is performed by Kruskal-Wallis one-way
analysis of variance (ANOVA).

Results
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GC-MS analysis of cells carrying plasmids pET14B-AcpA-C-IglC and pHAS all in the
presence of pMCS69, will confirm the presence of the polyester polyhydroxybutyrate. The
presence of intracellular polyester inclusions may be further confirmed by fluorescent
microscopy using Nile Red staining.

The presence of polyhydroxybutyrate in cells carrying carrying plasmids pET14B-AcpA-
C-IglC and pHAS (wildtype control) all in the presence of pMCS69 indicates that the phaC
polyester synthase domain retains polymer synthase activity when present as a single or tripartite
fusion protein.

High level protein display by particles is determined by a prominent protein band with an
apparent molecular weight directly aligning with molecular weight deduced from the fusion
protein sequence. The identity of these proteins is confirmed by tryptic peptide fingerprinting
using MALDI-TOF-MS. ELISA results indicate that the various antigen displaying particles
bind to the respective anti-antigen antibody in a dose-dependent manner, while wild-type
particles show significantly less binding of antibody. Flow cytometry results preferably show
that >98% of antigen particles bind anti-antigen antibodies.

Expression in recombinant £. coli of the respective hybrid genes encoding the various
antigen-PhaC fusion proteins allow production of polyester particles displaying the fusion
protein at their surface.

Preferably, no overt toxicity is observed in any of the animals after immunization, and
mouse weights does not differ significantly between groups during the time-course of the
experiment, and mice in all groups gained weight. Mice immunised with polyester particles will
develop small lumps (2.5 mm in diameter) at the immunisation sites but generally without
abscesses or suppuration, and are typically healthy throughout the trial with normal behaviour
and good quality fur.

A dose of 10-100 pg of antigen particles is optimal at gencrating a significant antibody
response in mice. This dose induces significantly higher antibody titres when compared to a 10-
100 pg dose of wildtype particles alone. Other doses may also be tested and used. In a second
experiment which includes non-immunised control mice compare bead formulations with and
without an adjuvant, and evaluated for significantly higher antigen-specific serum antibody
responses for both vaccine groups given antigen particles compared to non-vaccinated mice. The
highest antibody responses may be observed in mice immunised with antigen particles in
Emulsigen. Antibody responses for the IgG1 isotype will typically be stronger than responses for

IgG2 in both experiments.
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The cell-mediated response to antigens of mice immunised with 10-100 pg antigen
particles is also significantly enhanced compared to that of mice immunised with wildtype
particles alone, or with PBS alone, and there should typically be no significant difference in the
cell-mediated responses of mice immunised with wildtype particles alone compared to PBS-
immunised control mice.

The IFN-y response to either antigen in mice immunised 3 times with 10-100 pg of wild-
type particles (no F. tularensis antigen) will typically not differ significantly from that of PBS-
immunised control mice. In contrast, a significantly greater IFN-y response to each antigen may
be observed in mice immunised 3 times with antigen particles, and in mice immunised 3 times
with antigen particles and Emulsigen. Expected is a significantly greater IFN-y response to each
antigen observed in mice immunised 3 times with antigen particles and Emulsigen than all the
other vaccine groups.

The engineered polyester particles which simultaneously display antigens AcpA and IglC
are capable of producing an antigen-specific cell-mediated response, as well as sigmificantly
increasing the production of IgG1 and IgG2 antibodies.

In addition to generation of both humoral and cell-mediated immune responses, the lack of
adverse side effects such as weight loss, and absence of abscesses and suppuration at the

injection site indicate that the polyester particles are well tolerated, safe, and non-toxic.

Example 6 — Immunogenicity of Brucella abortus polymer particle vaccines

This example describes the construction of plasmids for the production in transformed
hosts, in this case, E. cofi, of polymer particles displaying the Brucella abortus antigen Ompl6,
an immunogenic outer membrane protein, together with an analysis of the immunogenecity of
the polymer particles. Polymer particles displaying this antigen as produced in this example are

useful as prophylactic and therapeutic vaccines against brucellosis.
Materials and Methods

All animal experiments were approved by the AgResearch Grasslands Animal Ethics

Committee (Palmerston North, New Zealand).

1.  Overexpression plasmid construction

All plasmids and oligonucleotides in this example are listed in Table 7.
The beta-ketothiolase and acetoacetyl-Coenzyme A reductase are encoded by plasmid pMCS69
and provide substrate for the polymer synthase by catalysing conversion of acetyl CoA to 3-
hydroxybutyryl-Coenzyme A.
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To produce B. abortus Ompl6 displaying polymer particles, a gene encoding the antigen
Ompl6 is codon-optimized and synthesized by Genscript Inc. to allow subcloning into pET-14b
PhaC-linker-GFP Xhol-BamHI sites for a C-terminal fusion to the PhaC polymer bead forming
enzyme. The ompl6 encoding gene is inserted into the XhoI-BamHI site. This gene insertion is
in frame with GFP encoding region of the original plasmid replaced, yielding plasmid pET14B-
C-omp16.

The construct for the PhaC-omp16 fusion and is shown as SEQ ID No. 31, with the derived

amino acid sequence shown as SEQ ID No. 32.

Table 7: Plasmids and Oligonucleotides

Plasmids Description

PHAS pET14b derivative containing the Ndel/BamHI inserted
phaC gene from C. necator

pBBRIMCS derivative containing genes phad and phaB

pMCS69 from C. necator

pET-14b derivative containing the GFP encoding DNA

pET-14b PhaC-linker- sequence fused to the 3° end of phaC

GFP

pET-14b PhaC-linker-GFP derivative

pET14B-C-ompl6 containing the Ompl6 encoding DNA sequence fused to
the 3’ end of phaC

2.  Production of Ompl6 displaying particles

Plasmid pET14B-C-omp16 and pHAS are introduced into E. coli KRX cells harbouring plasmid
pMCS69. The transformants are cultured in conditions suitable for the production of biopolyester
particles, as described in Example 1.

3.  Isolation of polyester particles

Polyester granules are isolated as described in Example 3. The concentration of protein
attached to particles is determined using the Bio-Rad Protein Assay as described in Example 3
and the proteins of interest identified using matrix-assisted laser desorption/ionization time-of-

flight spectrometry (MALDI-TOF-MS) as described in Example 3.
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4. ELISA

Immuno-reactivity of the B. aborfus polymer particles is determined by enzyme-linked
immunosorbent assay (ELISA) as described in Example 3 using mouse antibodics raiscd against

the various antigens.

5. Immunisation of mice

Female CS57BL/6 mice (Malaghan Institute, Wellington, NZ) aged 6-8 weeks are
intraperitoneally (i.p.) immunized two times at 2 week intervals, The three treatment groups are
as follows:

a)  individuals immunised with wild-type particles (i.e., particles prepared from bacterial
cells carrying pHAS and pMCS69),

b) individuals immunised with antigen particles alone (i.e., particles prepared from
bacterial cells carrying plasmids encoding the various antigen-PhaC fusion proteins
and pMCS69);

¢) individuals immunised with the various antigen particles mixed with 20%

Emulsigen™ adjuvant (MVP Laboratories).
Non-vaccinated control animals are included for each set of experiments.

6. Immunological assay

The mice are anacsthetised three weeks after the last immunisation and blood is collected,
centrifuged, and the serum collected and frozen at -20°C until assayed. The mice are then
cuthanized, their spleens removed and a single cell suspension is prepared by passage through an
80 gauge wire mesh sieve. Spleen red blood cells (RBCs) are lysed using a solution of 17 mM
TRIS-HCI and 140 mM NH4CI. After washing, the RBCs are cultured in Dulbecco’s Modified
Eagle media (DMEM) supplemented with 2mM glutamine (Invitrogen), 100 U/mL penicillin
(Invitrogen), 100 pg/mL streptomycin (Invitrogen), 5 x 10-5 M 2-mercaptoethanol (Sigma) and
5% (w/w) Foetal Calf Serum (Invitrogen). The cells are incubated at 37°C in 10% CO2 in

medium alone, or in medium containing the respective antigens.
7. Quantification of IFN-y

Culture supernatants are removed after 4 days incubation and frozen at -20°C until assayed.
Levels of IFN-y in the supernatants are measured by ELISA (BD Biosciences) according to
manufacturer’s instructions using commercially available antibodies and standards (BD

Pharmingen).
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8.  Quantification of serum antibody

Serum antibody is measured by ELISA using immobilized antigen displaying particles for

antibody capture.
9.  Statistical analysis

Analysis of the IFN-y and antibody responses is performed by Kruskal-Wallis one-way
analysis of variance (ANOVA).

Results

GC-MS analysis of cells carrying plasmids pET14B-C-ompl6é and pHAS all in the
presence of pMCS869, will confirm the presence of the polyester polyhydroxybutyrate. The
presence of intracellular polyester inclusions may be further confirmed by fluorescent
microscopy using Nile Red staining.

The presence of polyhydroxybutyrate in cells carrying carrying plasmids pET14B-C-
ompl6 and pHAS (wildtype control) all in the presence of pMCS69 indicates that the PhaC
polyester synthase domain retained polymer synthase activity when present as a single or
tripartite fusion protein.

High level protein display by particles is determined by a prominent protein band with an
apparent molecular weight directly aligning with molecular weight deduced from the fusion
protein scquence, respectively. The identity of these protcins is confirmed by tryptic peptide
fingerprinting using MALDI-TOF-MS. ELISA results indicate that the various antigen
displaying particles bind to the respective anti-antigen antibody in a dose-dependent manner,
while wild-type particles show significantly less binding to the antibody. Flow cytometry results
preferably show that >95% of antigen particles bind anti- antigen antibodies. Expression in
recombinant E. coli of the respective hybrid gene encoding the PhaC-antigen fusion protein
allow production of polycster particles displaying the fusion protein at their surface.

No overt toxicity is observed, preferably, in any of the animals after immunization, and
mouse weights do not differ significantly between groups during the time-course of the
experiment, and mice in all groups gained weight (data not shown). Mice immunised with
polyester particles will be typically healthy throughout the trial with normal behaviour and good
quality fur.

A dose range of about 10-50 pg of antigen particles is generating a significant antibody
response in mice. This dose induces significantly higher antibody titres when compared to a 10-
50 pg dose of wildtype particles alone. Other doses may also be tested and used, for example 50-

500 pg. In a second experiment which includes non-immunised control mice and compare bead
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formulations with and without an adjuvant, and evaluated for significantly higher antigen-
specific serum antibody responses for both vaccine groups given antigen particles compared to
non-vaccinated mice. The highest antibody responses may be observed in mice immunised with
antigen particles in Emulsigen. Antibody responses for the IgGl isotype will typically be
stronger than responses for IgG2 in both experiments.

The cell-mediated response to antigens of mice immunised with 10-50 pg antigen particles
is also significantly enhanced compared to that of mice immunised with wildtype particles alone,
or with PBS alone and there should typically be no significant difference in the cell-mediated
responses of mice immunised with wildtype particles alone compared to PBS-immunised control
mice.

The IFN-y response to the antigen in mice immunised 2 times with 10-50 pg of wild-type
particles (no B. abortus antigen) will typically not differ significantly from that of PBS-
immunised control mice. In contrast, a significantly greater IFN-y response to each antigen is
observed in mice immunised 2 times with antigen particles, and in mice immunised 2 times with
antigen particles and Emulsigen. Expected is a significantly greater IFN-y response to each
antigen is observed in mice immunised 2 times with antigen particles and Emulsigen than all the
other vaccine groups.

The engineered polyester particles which display antigen Omp16 are capable of producing
an antigen-specific ccll-mediated response, as well as significantly increasing the production of
IgGl and IgG2 antibodies.

In addition to generation of both humoral and cell-mediated immune responses, the lack of
adverse side effects such as weight loss, and abscnce of abscesses and suppuration at the

injection site indicate that the polyester particles are well tolerated, safe, and non-toxic.

Example 7 — Immunogenicity of Neisseria meningitidis polymer particle vaccines

This example describes the construction of plasmids for the production in transformed
hosts, in this case, E.coli, of polymer particles displaying the Neisseria meningitidis antigens
PorA, PorB, FetA, ZnuD, as well as chemically cross-linked or non-covalently bound Neisseria
meningitidis B capsular polysaccharide (CPS), together with an analysis of the immunogenecity
of the polymer particles. Particles with these antigens are useful as prophylactic and therapeutic

vaccines against meningitis.
Materials and Methods

All animal experiments were approved by the AgResearch Grasslands Animal Ethics

Committee (Palmerston North, New Zealand).
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1.  Construction of plasmids
All plasmids and oligonucleotides for this example are listed in Table 8.

The PhaA and PhaB enzymes are encoded by plasmid pMCS69. A DNA fragment encoding the
six-cysteine-PhaC fusion protein and including a translation initiation site and start codon is
obtained from genomic DNA isolated from Ralstonia eutropha H16 by PCR using primers Cys6-
Xbal [SEQ 1D No. 55] and PhaC-C-BamH! [SEQ ID No. 56] and as template. The PCR product
is ligated into Xbal, BamHI — endonucleased pET14B vector to generate the plasmid pET-14b-
Cys6-PhaC.

To produce polymer particles simultaneously displaying two Neisseria meningitidis
antigens, genes encoding the antigens PorA, PorB, FetA, ZnuD are codon optimized and
synthesized by Genscript Inc. to allow subcloning into pET-14b M-PhaC-linker-MalE Xbal-Spel
site for an N-terminal fusion and into Xhol-BamHI sites for a C-terminal fusion to the PhaC
polymer bead forming enzyme. The PorA encoding gene is inserted into the Xbal-Spel sites and
on the same plasmid the PorB encoding gene is inserted into the Xhol-BamHI sites. Both gene
insertions are in frame with the M and MalE encoding regions of the original plasmid replaced,
yielding plasmid pET14B-PorA-C-PorB.

The FetA encoding gene is inserted into the Xbal-Spel sites and on the same plasmid the
ZnuD encoding gene is inserted into the Xhol-BamH] sites. Both gene insertions are in frame
with the M and MalE encoding regions of the original plasmid replaced, yielding plasmid
pET14B-FetA-C-ZnuD.

The construct for the Cys6-PhaC fusion is shown as SEQ ID No. 33, with the derived
amino acid sequence shown as SEQ ID No. 34. The construct for the PorA-C-PorB fusion is
shown as SEQ ID No. 35, with the derived amino acid sequence shown as SEQ ID No. 36. The
construct for of the FetA-C-ZnuD fusion is shown as SEQ ID No. 37, with the derived amino
acid sequence shown as SEQ ID No. 38.

Table 8; Plasmids and Oligonucleotides

Plasmids Description
pET-14b Ap",T7 promoter
pHAS pET14b derivative containing the Ndel/BamHI inserted phaC gene

from C. necaror

PET-14b-Cys6-PhaC pET14b derivative containing the Ndel/BamHI inserted phaC gene

from C. necator with a 5° extension encoding six N-terminally inserted
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cysteine residues

pBBRIMCS derivative containing genes phad and phaB from C.

pMCS69 necator

pET-14b M-PhaC-linker- pET-14b PhaC-linker-MalE derivative
MalE containing the mpl/ sequence fused to the

5" end of phaC

pET14B-PorA-C-PorB pET-14b M-PhaC-linker-MalE derivative
containing the por4 sequence fused to the
5’ end and porB fused to the 3’ end of phaC

pET14B-FctA-C-ZnuD pET-14b M-PhaC-linker-MalE derivative
containing the fet4 sequence fused to the
5’ end angd znuD fused to the 3° end of phaC
5-
Cys6-Xbal cgectttgeeggtcgcacaacaacaacaacaacacatactagtatetectiatttctagaggga-
3’ [SEQ ID No. 55]

5’- gatacgtcaaagccaaggeatgtagggatceggetgetaacaaag-3’'[SEQ ID

PhaC-C-BamHI No. 56]

2.  Production of Cys-6, PorA/B and FetA/ZnubD displaying particles

Plasmids pET-14b-Cys6-PhaC, pET14B-PorA-C-PorB, pET14B-FctA-C-ZnuD and pHAS are
introduced into E. coli BL21 (DE3) cells harbouring plasmid pMCS69. The transformants are
cultured in conditions suitable for the production of biopolyester particles, as described in

Example 1.

3. Isolation of polyester particles

Polyester granules are isolated by disrupting the bacteria and whole cell lysates are
centrifuged at 4000 g for 15 minutes at 4°C to sediment the polyester particles. The particles are
purified via glycerol gradient ultracentrifugation

The concentration of protein attached to particles is determined using the Bio-Rad Protein
Assay as described in Example 3. Following concentration determination, the proteins are
separated by SDS-PAGE and stained with SimplyBlue Safe Stain (Invitrogen).

The amount of Cys6-C, PorA-C-PorB or FetA-C-ZnuD fusion protein, respectively,
relative to the amount of total protcin attached to the particles is detected using a Gel Doc™ XR
and analysed using Quantity One software (version 4.6.2, Bio-Rad Laboratories). Proteins of are

identified using matrix-assisted laser desorption/ionization time-of-flight spectrometry (MALDI-
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TOF-MS). In case of Cys6-C N-terminal sequencing is used to confirm the presence of six
cysteine residues in the N-terminus of PhaC.

4.  Chemical cross-linking of N, meningitidis CPS to Cys6 polyester particles

Chemical cross-linking of the capsular polysaccharide (CPS) to the Cys6 particles is
achieved by using purified N. meningitidis CPS and the chemical cross-linker PMPI (N-[p-
Maleimidophenyl]isocyanate) as previously described by Annunziate et al. PMPI is a
heterobifunctional linker for hydroxyl to thiol coupling which allows covalent coupling of N.
meningitidis CPS to polymer particles which display six cysteine residues which are engineered
into the N terminus of the polymer particle forming enzyme, the PHA synthase from Ralstonia

eutropha.

5. Non-covalent binding of N. meningitidis CPS to specific antibody displaying polyester
particles
CPS specific antibodies are raised by immunizing rabbits. Monospecific polyclonal sera
are subjected to protein A affinity purification. The resulting purified 1gG’s are bound to ZZ
domain displaying polyester particles. These particles are then incubated for 30 min with M.
meningitidis CPS using a ratio of 1:1 on dry weight basis. This allows specific but noncovalent
binding of CPS to polyester particles
6. ELISA

Immuno-reactivity of the N. meningitidis polymer particles is determined by enzyme-linked
immunosorbent assay (ELISA) as described in Example 3 using mouse antibodies raised against
the various antigens.
7. Immunisation of mice

Female CS57BL/6 mice (Malaghan Institute, Wellington, NZ) aged 6-8 weeks are
intramuscularly immunized three times at 2 week intervals. The three treatment groups are as
follows:

a)  individuals immunised with wild-type particles (i.e., particles prepared from bacterial
cells carrying pHAS and pMCS69);

b)  individuals immunised with antigen particles alone (i.e., particles prepared from
bacterial cells carrying plasmids encoding the various antigen-PhaC fusion proteins
and pMCS69);

¢) individuals immunised with the various antigen particles mixed with 20%

Emulsigen™ adjuvant (MVP Laboratories).

Non-vaccinated control animals are included for each set of experiments.
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8. Immunological assay

The mice are anaesthetised three weeks after the last immunisation and blood 1s collected,
centrifuged, and the serum collected and frozen at -20°C until assayed.

The mice are then euthanized, their spleens removed and a single cell suspension is
prepared by passage through an 80 gauge wire mesh sieve. Spleen red blood cells (RBCs) are
processed as described in Example 4.

9.  Quantification of IFN-y

Culture supernatants are removed after 4 days incubation and frozen at -20°C until assayed.
Levels of IFN-y in the supernatants are measured by ELISA (BD Biosciences) as described in

Example 4.
10. Quantification of serum antibody

Serum antibody is measurcd by ELISA using immobilized antigen displaying particles for

antibody capture.
11. Statistical analysis

Analysis of IFN-y and antibody responses is performed by Kruskal-Wallis one-way
analysis of variance (ANOVA).

Results

GC-MS analysis of cells carrying plasmids pET-14b-Cys6-PhaC, pET14B-PorA-C-PorB,
pET14B-FetA-C-ZnuD and pHAS all in the presence of pMCS69, will confirm the presence of
the polyester polyhydroxybutyrate. The presence of intracellular polyester inclusions may be
further confirmed by fluorescent microscopy using Nile Red staining.

The presence of polyhydroxybutyrate in cells carrying carrying plasmids pET-14b-Cys6-
PhaC, pET14B-PorA-C-PorB, pET14B-FetA-C-ZnuD and pHAS (wildtype control) all in the

presence of pMCS69 indicates that the phaC polyester synthase domain retains polymer synthase

activity when present as a single or tripartite fusion protein.

High level protein display by particles is determined by a prominent protein band with an
apparent molecular weight directly aligning with molccular weight deduced from the fusion
protein sequence, respectively. The identity of these proteins is confirmed by tryptic peptide
fingerprinting using MALDI-TOF-MS. ELISA results indicate that the various antigen
displaying particles bind to the respective anti-antigen antibody in a dose-dependent manner,
while wild-type particles show significantly less binding of antibody. Flow cytometry results

preferably show that >98% of antigen particleé bind anti- antigen antibodies.
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Expression in recombinant E. coli of the respective hybrid genes encoding the various
antigen-PhaC fusion proteins allow production of polyester particles displaying the fusion
protein at their surface.

Preferably, no overt toxicity is observed in any of the animals after immunization, mouse
weights do not differ significantly between groups during the time-course of the experiment, and
mice in all groups gained weight. Mice immunised with polyester particles will typically develop
small lumps (2.5 mm in diameter) at the immunization sites but generally without abscesses or
suppuration, and all mice are typically healthy throughout the trial with normal behaviour and
good quality fur.

A dose of 5-50 pg of antigen particles is generating a significant antibody response in
mice. This dose induces significantly higher antibody titres when compared to a 5-50 ng dose of
wildtype particles alone. Other doses may also be tested and used. In a second experiment which
includes non-immunised control mice and compares bead formulations with and without an
adjuvant, and evaluated for significantly higher antigen-specific serum antibody responses for
both vaccine groups given antigen particles compared to non-vaccinated mice. The highest
antibody responses may be observed in mice immunised with antigen particles in Emulsigen.
Antibody responses for the IgG1 isotype will typically be stronger than responses for IgG2 in
both experiments.

The cell-mediated response to antigens of mice immunised with 5-50 pg antigen particles
is also significantly enhanced compared to that of mice immunised with wildtype particles alone,
or with PBS alone, and there should typically be no significant difference in the cell-mediated
responscs of mice immunised with wildtype particles alonc compared to PBS-immuniscd control
mice.

The IFN-y response to either antigen in mice immunised 3 times with 40 pg of wild-type
particles (no N. meningitidis antigen) should not differ significantly from that of PBS-immunised
control mice. In contrast, a significantly greater IFN-y response to each antigen should be
observed in mice immunised 3 times with antigen particles, and in mice immunised 3 times with
antigen particles and Emulsigen. Expected is a significantly greater IFN-y response to each
antigen in mice immunised 3 times with antigen particles and Emulsigen than all the other
vaccine groups.

The engineered polyester particles displaying antigens PorA, PorB, FetA, ZnuD and the
CPS are capable of producing an antigen-specific cell-mediated response, as well as significantly

increasing the production of IgG1 and IgG2 antibodies.
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In addition to generation of both humoral and cell-mediated immune responses, the lack of
adverse side effects such as weight loss, and absence of abscesses and suppuration at the

injection site indicate that the polyester particles are well tolerated, safe, and non-toxic.

Example 8 — Immunogenicity of Bacillus anthracis polymer particle vaccines

This example describes the construction of plasmids for the production in transformed
hosts, in this case, E.coli, of polymer particles displaying the Bacillus anthracis antigen PA83, a
non-toxic subunit of the anthrax toxin, together with an analysis of the immunogenecity of the
polymer particles. Polymer particles displaying this antigen as produced in this example are

useful as prophylactic and therapeutic vaccines against Anthrax.

Matferials and Methods

All animal experiments were approved by the AgResearch (Grasslands Animal Ethics

Committec (Palmerston North, New Zealand).

1.  Construction of plasmids

All plasmids and oligonucleotides in this example are listed in Table 9. The PhaA and
PhaB enzymes are encoded by plasmid pMCS69.

To produce polymer particles displaying the B. anthracis PA83 antigen, a truncated variant
of the non-toxic subunit PA of the anthrax toxin, a gene encoding the antigen PA83 is codon-
optimized and synthesized by Genscript Inc. to allow subcloning into pET-14b PhaC-linker-GFP
Xhol-BamHI sites for a C-terminal fusion to the PhaC polymer bead forming enzyme. The PA83
encoding gene is inserted into the Xhol-BamHI site. This gene insertion is in frame with GFP
encoding region of the original plasmid replaced, yiclding plasmid pET14B-PhaC-PAS83.

The construct for the PhaC-PAR3 fusion is shown as SEQ ID No. 39, with the derived

amino acid sequence shown as SEQ 1D No. 40.

Table 9: Plasmids and Oligonucleotides

Plasmids Description

pHAS pET14b derivative containing the Ndel/BamHI inserted
phaC gene from C. necator

pBBRIMCS derivative containing genes phad and phaB

pMCS69 from C. necator

pET-14b  PhaC-linker- pET-14b derivative containing the GFP encoding DNA
GFP sequence fused to the 3’ end of phaC
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pET14B-C-PAS83 pET-14b PhaC-linker-GFP derivative

containing the PA83 encoding DNA sequence fused to
the 3’ end of phaC

2.  Production of PA83 displaying particles

Plasmid pET14B-C-PA83 and pHAS are introduced into E. coli BL21 (DE3) cells harbouring
plasmid pMCS69. The transformants are cultured in conditions suitable for the production of

biopolyester particles, as described in Example 1.

3. Gas Chromatography Mass Spectroscopy (GC-MS)

The polyester content of bacterial cells harboring the various plasmids corresponds to the
activity of the PhaC synthase in vivo. The amount of accumulated polyester is assessed by gas
chromatography-mass spectroscopy (GC-MS) analysis to determine phaC synthase activity, and
particularly to catalysis by PhaC-B. anthracis antigen fusion of polyester synthesis and
mediation of intracellular granule formation. Polyester content is quantitatively determined by
GC-MS after conversion of the polyester into 3-hydroxymethyl ester by acid-catalysed

methanolysis.
4,  Isolation of polyester particles

Polyester granules are isolated as described in Example 3 and the concentration of protein

attached to particles is determined using the Bio-Rad Protein Assay as described in Example 3.
5. ELISA

Immuno-reactivity of the B. anthracis polymer particles is determined by enzyme-linked
immunosorbent assay (ELISA) as described in Example 3 using mouse antibodies raised against

the various antigens.
6. Flow Cytometry

Twenty-five micrograms of various purified antigen-displaying particles or wild-type
particles are washed twice in ice-cold flow cytometry buffer as detailed in Table 4 of Example 3
and incubated with mouse anti-antigen antibodies. After washing, particles are stained with rat
anti-mouse Fluorescein isothiocyanate (FITC)-labelled antibody (BD Pharmingen, CA, USA),
incubated for 30 minutes on ice in the dark and washed again. A BD FACScalibur (BD
Biosciences, CA, USA) is used to collect at least 10,000 events for each sample and analysed

using CellQuest software.
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7.  Immunisation of mice
Female C57BL/6 mice (Malaghan Institute, Wellington, NZ) aged 6-8 weeks are
intramuscularly immunized three times at 2 weck intervals. The three treatment groups are as
follows:

a)  individuals immunised with wild-type particles {i.e., particles prepared from bacterial
cells carrying pHAS and pMCS869);

b) individuals immunised with antigen particles alone (i.e., particles prepared from
bacterial cells carrying plasmids encoding the various antigen-PhaC fusion proteins
and pMCS69);

c) individuals immunised with the various antigen particles mixed with 20%

Emulsigen™ adjuvant (MVP Laboratories).
Non-vaccinated control animals are included for each set of experiments.

8. Immunological assay

The mice are anaesthetised three weeks after the last immunisation and blood is collected,
centrifuged, and the serum collected and frozen at -20°C until assayed.

The mice are then euthanized, their spleens removed and a single cell suspension is
prepared by passage through an 80 gauge wire mesh sieve. Spleen red blood cells (RBCs) are
lysed using a solution of 17 mM TRIS-HCI and 140 mM NHA4CI. After washing, the RBCs are
cultured in Dulbecco’s Modified Eagle media (DMEM) supplemented with 2mM glutamine
(Invitrogen), 100 U/mL penicillin (Javitrogen), 100 pg/mL streptomycin (Invitrogen), 5 x 10-5
M 2-mercaptoethanol (Sigma) and 5% (w/w) Foetal Calf Serum (Invitrogen).

9.  Quantification of IFN-y

Culture supernatants are removed after 4 days incubation and frozen at -20°C until assayed.
Levels of IFN~y in the supernatants are measured by ELISA (BD Biosciences) according to
manufacturer’s instructions using commercially available antibodies and standards (BD

Pharmingen).
10. Quantification of serum antibody

Serum antibody is measured by ELISA using immobilized antigen displaying particles for

antibody capture.
11. Statistical analysis

Analysis of the IFN-y and antibody responses is performed by Kruskal-Wallis one-way
analysis of variance (ANOVA).
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Results

GC-MS analysis of cells carrying plasmids pET14B-C-PAS83 and pHAS all in the presence
of pMCS69 will confirm the presence of the polyester polyhydroxybutyrate. The presence of
intracellular polyester inclusions further confirmed by fluorescent microscopy using Nile Red
staining.

The presence of polyhydroxybutyrate in cells carrying carrying plasmids pET14B-C-PA83
and pHAS (wildtype control) all in the presence of pMCS69 indicates that the PhaC polyester
synthase domain retained polymer synthase activity when present as a single or tripartite fusion
protein.

High level protein display by particles is determined by a prominent protein band with an
apparent molecular weight directly aligning with molecular weight deduced from the fusion
protein sequence, respectively. The identity of these proteins is confirmed by tryptic peptide
fingerprinting using MALDI-TOF-MS. ELISA results indicates that the various antigen
displaying particles bind to the respective anti-antigen antibody in a dose-dependent manner,
while wild-type particles show significantly less binding of antibody. Flow cytometry results
preferably show that >96% of antigen particles bind anti- antigen antibodies.

Expression in recombinant E. coli of the respective hybrid gene encoding the PhaC-antigen
fusion protein allows production of polyester particles displaying the fusion protein at their
surface.

Preferably, no overt toxicity is observed in any of the animals after immunization, and
mouse weights do not differ significantly between groups during the time-course of the
cxperiment, and mice in all groups gained weight (data not shown). Mice immunised with
polyester particles will typically develop small lumps (2.5 mm in diameter) at the immunisation
sites but generally without abscesses or suppuration and are typically healthy throughout the trial
with normal behaviour and good quality fur.

A dose of 40 ng of antigen particles is sufficient to generate a significant antibody response
in mice. This dose induces significantly higher antibody titres when compared to a 40 ug dose of
wildtype particles alone. Other doses may also be tested and used. In a second experiment which
includes non-immunised control mice and compare bead formulations with and without an
adjuvant, and evaluated for significantly higher antigen-specific serum antibody responses for
both vaccine groups given antigen particles compared to non-vaccinated mice. The highest
antibody responses may be observed in mice immunised with antigen particles in Emulsigen.
Antibody responses for the IgGl isotype will typically stronger than responses for IgG2 in both

experiments.
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The cell-mediated response to antigens of mice immunised with 10 pg or with 40 pg
antigen particles is also significantly enhanced compared to that of mice immunised with
wildtype particles alone, or with PBS alone and there should typically be no significant
difference in the cell-mediated responses of mice immunised with wildtype particles alone
compared to PBS-immunised control mice.

The IFN-y response to either antigen in mice immunised 3 times with 40 pg of wild-type
particles (no B. anthracis antigen) will typically not differ significantly from that of PBS-
immunised control mice. In contrast, a significantly greater [IFN-y response to each antigen is
observed in mice immunised 3 times with antigen particles, and in mice immunised 3 times with
antigen particles and Emulsigen. Expected is a significantly greater IFN-y response to each
antigen is observed in mice immunised 3 times with antigen particles and Emulsigen than all the
other vaccine groups.

The engineered polyester particles which display antigen PA83 are capable of producing
an antigen-specific cell-mediated response, as well as significantly increasing the production of
IgG1 and IgG2 antibodies.

In addition to generation of both humoral and cell-mediated immune responses, the lack of
adverse side effects such as weight loss, and absence of abscesses and suppuration at the

injection site indicate that the polyester particles are well tolerated, safe, and non-toxic.
Example 9 — Immunogenicity of Hepatitis C polymer particle vaccines in vive in mice

This example describes the immumisation of a mammalian model with polymer particles

comprising Hep-C antigens.
Materials and Methods

All animal experiments were approved by the AgResearch Grasslands Animal Ethics

Committee (Palmerston North, New Zealand).

1.  Construction of plasmids and isolation of polyester polymer particles

Plasmids were constructed for the production of polymer particles displaying the Hepatitis
C core antigen using E. coli as the host as described in Example 1.

Polyester granules were isolated by disrupting the bacteria and whole cell lysates were
centrifuged at 6000 g for 15 minutes at 4°C to sediment the polymer particles. The particles were
purified via glycerol gradient uitracentrifugation. Protein concentration was determined using the
Bio-Rad Protein Assay according to the manufacturer’s instructions (Bio-Rad). The amount of
Hep C:PhaC fusion protein relative to the amount of total protein attached to the polymer
particles was detected using a Gel DocTM XR and analysed using Quantity One software
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{version 4.6.2, Bio-Rad). The Hep C antigen accounted for approximately 6.7% of the total
protein of the polymer particle in E. coli and 25% of the total protein of the polymer particle in
L. lactis. Identification of the protein of interest was confirmed using matrix-assisted laser
desorption/ionisation time-of flight mass spectrometry (MALDI-TOF-MS).
2.  ELISA

Immuno-reactivity of the Hep C polymer particies was determined by enzyme-linked
immunosorbent assay (ELISA) as described in Example 3. After washing, plates were incubated
with mouse antibody to Hep C (Devatal, USA), washed with PBST, then incubated for 1 hour at
room temperature with biotinylated anti-mouse IgG (Sigma-Aldrich) diluted in 1% (w/v) BSA in
PBS. After further incubation for 1 hour at room temperature, plates were washed with PBST
and streptavidin-HRP conjugate was added and incubated for a further 1 hour. After further
washing, o-phenylenediamine (OPD) substrate (Sigma-Aldrich) was added and the plates were
incubated for 30 minutes at room temperature.

Absorbance was recorded at 490nm on a VERSAax microplate reader.

3. Immunisation of mice

Female C57BL/6 mice (Malaghan Institute, Wellington, NZ) aged 6-8 weeks were sub-
cutaneously immunized three times at weekly intervals, with the exception of the commercial
recombinant Hep C antigen treatment group. The commercial recombinant Hep C antigen (£.
coli derived) was obtained from Devatal Inc. (USA) and contained the nucleocapsid
immunodominant regions of the Hepatitis C virus. The antigen was >95% pure as determined by

10% PAGE (Coomassie staining) indicated by the supplier.
The six treatment groups (n=6 per group) were as follows:

a) individuals immunised with commericial Hep C antigen (30 ng) in Complete
Freund’s adjuvant (CFA) — vaccinated once only.

b) individuals immunised with commericial Hep C antigen (30 pg) and Emulsigen™
adjuvant (MVP Laboratories) — vaccinated once only.

) individuals immunised with PBS and 20% Emulsigen™ adjuvant (MVP
Laboratories).

d) individuals immunised with Hep C polymer particles (10 pg) mixed with 20%
Emulsigen™ adjuvant (MVP Laboratories).

e) individuals immuniscd with Hep C polymer particles (30 pg) mixed with 20%
Emulsigen™ adjuvant (MVP Laboratories).
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) individuals immunised with wild-type polymer particles (E. coli host) mixed with
20% Emulsigen™ adjuvant (MVP Laboratories).
Non-vaccinated control animals were included for each set of experiments.
4, Immunological assay

The mice were anaesthetised intraperitoneally three weeks after the last immunisation
using 87 pg ketamine (Parncll Laboratories, Australia) and 2.6 ug xylazine hydrochloride
(Bayer, Germany) per gram of body weight. Blood was collected, centrifuged, and the serum
collected and frozen at -20°C until assayed.

The mice were then euthanased, their spleens removed and a single cell suspension was
prepared by passage through a 80 guage wire mesh sieve. Spleen red blood cells were processed
as described in Example 4. The cells were incubated at 37°C in 10% CO, in medium alone, or in
medium containing 5 ug/mL recombinant Hep C antigen.

5. Quantification of IFN~y

Culture supernatants were removed after 4 days incubation and frozen at -20°C until
assayed. Levels of IFN-y in the supernatants were measured by ELISA (BD Biosciences)
according to manufacturer’s instructions using commercially available antibodies and standards

(BD Pharmingen).

6. Quantification of serum antibody

Serum antibody was measured by ELISA according to manufacturer’s recommendations
using monoclonal anti-Hep C antibody (Devatal). Briefly, Maxisorb (Nunc) plates were coated
overnight with 3 pg/mL of recombinant Hep C, blocked with 1% BSA and washed in PBST.
Dilutions of serum (from 1:50 to 1:156250) were added and incubated. Following washing, anti-
mouse IgG1:HRP or IgG2¢:HRP (ICL, USA) was added and the plates incubated. Plates were
washed and TMB used as a substrate prior to reading at 450nm on a VERSAmax microplate
reader.

Monoclonal anti-Hep C antibodies were titrated and included as a positive control for the
IgG1 plates. Results were expressed as optical density at 450nm for sera diluted 1:50.

7.  Statistical analysis
Analysis of the IFN-y and antibody responses was performed by Fisher’s one-way analysis
of variance (ANOVA), with a level of significance of P < 0.05.

Results

Reactivity of Hep C polymer particles showed a dose-dependent response to Hep C

antibody as shown in Figure 1.



10

15

20

25

30

137

A dose of 10 pg/mL Hep C polymer particles elicited a greater IgG1 antibody response and
a greater IgG2 antibody response compared to 30 ug/mL Hep C polymer particles (see Figures 2
and 3, respectively). Both doses of Hep C polymer particles elicited a significantly diminished
IgG1 and IgG2 antibody response compared to recombinant Hep C antigen alone (see Figures 2
and 3, respectively).

As shown in Figure 4, the cell-mediated response to Hep C core antigenantigen of mice
immunised with 30 ug Hep C polymer particles was significantly enhanced compared to that of
mice immunised with wild type polymer particles(P<0.05), with recombinant Hep C antigen
alone (P<0.05), or with PBS alone (p<0.05). Indeed, there was no significant difference in the
cell-mediated responses of mice immunised with antigen alone compared to PBS-immunised

control mice.
Discussion

The engineered polymer particles displaying Hep C core antigen produced in E. coli were
capable of producing a targeted cell-mediated response to Hep C antigen challenge. Notably,
immunisation with antigen alone (i.e., antigen not comprising a polymer particle of the present
invention) was ineffective in eliciting a cell-mediated response, despite being capable of eliciting
a strong humoral response.

The Hep C polymer particles of the invention were able to elicit a stronger IgG2 humoral
response compared to the IgGl response. IgG2 antibodies have been implicated in the
stimulation of antibody-dependent, cell-mediated cytotoxicity (ADCC), and these data support
the idea that the Hep C polymer particles can effectively stimulate, both directly and indirectly,
complementary aspects of the cell-mediated response.

These results demonstrated the versatility and potential of this vaccine-delivery system to
elicit different facets of the immune response, whereby a cell-mediated immune response was
effectively elicited, with less stimulation of an ineffective humoral response.

The lack of adverse side effects such as weight loss, and absence of abscesses and
suppuration at the injection site demonstrated that the polyester polymer particles were well

tolerated, safc, and non-toxic.

Example 10 — Immunogenicity of Dengue virus polymer particle vaccines

This example describes the construction of plasmids for the production in transformed
hosts, in this case, E. coli, of polymer particles displaying both the Denguc virus cnvclope
protein (E) and the membrane protein (M), both immunogenic proteins expressed on the surface

of the virion, together with an analysis of the immunogenecity of the polymer particles. Polymer
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particles displaying this antigen as produced in this example are useful as prophylactic and

therapeutic vaccines against Dengue virus.
Materials and Methods

All animal experiments were approved by the AgResearch Grasslands Animal Ethics

Committee (Palmerston North, New Zealand).

1.  Overexpression plasmid construction

All plasmids and oligonucleotides in this example are listed in Table 10. The beta-
ketothiolase and acetoacetyl-Coenzyme A reductase are encoded by plasmid pMCS69 and
provide substrate for the polymer synthase by catalysing conversion of acetyl CoA to 3-
hydroxybutyryl-Coenzyme A.

To produce Dengue virus serotypes 1 -4 E and M displaying polymer particles, genes
encoding the antigens E and M are codon-optimized and synthesized by Genscript Inc. to allow
subcloning into pET-14b M-PhaC-linker-MalE Xbal-Spel sites for an N-terminal fusion and into
Xhol-BamHI sites for a C-terminal fusion to the PhaC polymer bead forming enzyme. The
omp16 encoding gene is inserted into the Xhol-BamHI site. This gene insertion is in frame with
GFP encoding region of the original plasmid replaced, yielding plasmid pET14B-C-ompl6.

The construct for the E1-PhaC-MI1 fusion is shown as SEQ ID No. 41, with the derived
amino acid sequence shown as SEQ ID No. 42. The construct for the E2-PhaC-M2 fusion is
shown as SEQ ID No. 43, with the derived amino acid sequence shown as SEQ ID No. 44. The
coding sequence of the E3-PhaC-M3 fusion is shown as SEQ 1D No. 45, with the derived amino
acid sequence shown as SEQ ID No. 46. The construct for the E4-PhaC-MI fusion is shown as
SEQ ID No. 47, with the derived amino acid sequence shown as SEQ ID No. 48.

Table 10: Plasmids and Oligonucleotides

Plasmids Description

pHAS pET14b derivative containing the Ndel/BamHI inserted
phaC gene from C. necator

pBBRIMCS derivative containing genes phad and phaB

pMCS69 from C. necator

pET-14b M-PhaC-linker- pET-14b PhaC-linker-MalE derivative
MalE containing the mpl sequence fused to the
5’ end of phaC
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pET14B-E1-C-M1 pET-14b M-PhaC-linker-MalE derivative containing the
Dengue serotype 1 E sequence fused to the 5° end and
Dengue serotype 1 M fused to the 3° end of phaC

pET14B-E2-C-E2 PET-14b M-PhaC-linker-MalE derivative containing the
Dengue serotype 2 E sequence fused to the 5” end and
Dengue serotype 2 M fused to the 3° end of phaC

pET14B-E3-C-M3 pET-14b M-PhaC-linker-MalE dcrivative containing the
Dengue serotype 3 E sequence fused to the 5’ end and
Dengue serotype 3 M fused to the 3’ end of phaC

pET14B-E4-C-E4 pET-14b M-PhaC-linker-MalE derivative containing the
Dengue serotype 4 E sequence fused to the 5’ end and
Dengue serotype 4 M fused to the 3’ end of phaC

2. Production of Dengue virus serotypes 1 — 4 E and M displaying particles

The plasmids pET14B-E1-C-M1, pET14B-E2-C-M2, pET14B-E3-C-M3 or pET14B-E4-C-M4
and pHAS are introduced into E. coli BL21 (DE3) cells harbouring plasmid pMCS69. The
transformants are cultured in conditions suitable for the production of biopolyester particles, as
described in Example 1. Production of Dengue virus E -PhaC-M particles or wild-type particles,

respectively, is assessed as described below.

3. Gas Chromatography Mass Spectroscopy (GC-MS)

The polyester content of bacterial cells harboring the various plasmids corresponds to the
activity of the PhaC synthase in vivo. The amount of accumulated polyester is assessed by gas
chromatography-mass spectroscopy (GC-MS) analysis to determine phaC synthase activity, and
to confirm that the PhaC- Dengue virus serotype 1 — 4 E and M antigen fusion catalyses
polyester synthesis and mediates intracellular granule formation. Polyester content is
quantitatively determined by GC-MS after conversion of the polyester into 3-hydroxymethyl

ester by acid-catalysed methanolysis.

4.  Isolation of polyester particles

Polyester granules are isolated by disrupting the bacteria and whole cell lysates are
centrifuged at 4000 g for 15 minutes at 4°C to sediment the polyester particles. The particles are
purified via glycerol gradient ultracentrifugation.

The concentration of protein attached to particles is determined using the Bio-Rad Protein
Assay as described in Example 3. Following concentration determination, the proteins are
separated by SDS-PAGE and stained with SimplyBlue Safe Stain (Invitrogen). The amount of E-

PhaC-M fusion protein relative to the amount of total protein attached to the particles is detected
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using a Gel Doc™ XR and analysed using Quantity One software (version 4.6.2, Bio-Rad
Laboratories). Proteins of interest arc cxcised from the gel and subjected to tryptic peptide
fingerprinting using matrix-assisted laser desorption/ionization time-of-flight spectrometry
(MALDI-TOF-MS), which allows identification of the fusion protein domains.
5. ELISA

Immuno-reactivity of the Dengue virus polymer particles was determined by enzyme-
linked immunosorbent assay (ELISA) as described in Example 3. Briefly, maxisorb plates
(Nunc) are coated overnight at 4°C with purified E-PhaC-M particles or wild-type particles,
diluted in carbonate-bicarbonate coating buffer (pH 9.6) (Sigma-Aldrich). Serial dilutions of the
buffer are used, ranging from 1 mg/ml to 0.015 mg/m! protein concentration. Plates are washed
and blocked for 2 h at 25°C (see Table 4). Plates are then washed in PBS-Tween 20, incubated
with mouse antibodies raised against the various antigens, washed and further incubated for 1
hour at room temperature with anti-mouse IgG:horse radish peroxidase conjugate (Sigma-
Aldrich) diluted in 1% (w/v) BSA in PBS. After further washing, o-phenylenediamine (OPD)
substrate (Sigma-Aldrich) is added and the plates are incubated for 30 minutes at room

temperature. The reaction is stopped with 0.5 M H2S04 and absorbance recorded at 495 nm.

6.  Flow Cytometry

Thirty micrograms of various purified antigen-displaying particles or wild-type particles
are washed twice in ice-cold flow cytometry buffer as described in Table 4 of Example 3 and
incubated with mouse anti-antigen antibodies. After washing, particles are stained with rat anti-
mouse Fluorescein isothiocyanate (FITC)-labelled antibody (BD Pharmingen, CA, USA),
incubated for 30 minutes on ice in the dark and washed again. A BD FACScalibur (BD
Biosciences, CA, USA) is used to collect at least 15,000 events for each sample and analysed

using CellQuest software.

7.  Immunisation of mice

Female C57BL/6 mice (Malaghan Institute, Wellington, NZ) aged 6-8 weeks are
intraperitoneally (i.p.) immunized two times at 2 weck intervals. The three treatment groups are
as follows:

a) individuals immunised with wild-type particles (i.e., particles prepared from bacterial
cells carrying pHAS and pMCS69);

b) individuals immunised with antigen particles alone (i.e, particles prepared from
bacterial cells carrying plasmids encoding the various antigen-PhaC fusion protems and

pMCS69), and
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¢) individuals immunised with the various antigen particles mixed with 20% Emulsigen™
adjuvant (MVP Laboratories). Non-vaccinated control animals are included for each set of
experiments.

8. Immunological assay

The mice are anaesthetised three weeks after the last immunisation and blood is collected,
centrifuged, and the serum collected and frozen at -20°C until assayed. The mice are then
euthanized, their spleens removed and a single cell suspension is prepared by passage through an
80 gauge wire mesh sieve. Spleen red blood cells (RBCs) are processed as described in Example

4.
9.  Plaque reduction neutralization assay

Sera from immunized mice are examined for the presence of Dengue virus neutralizing
antibodies by a plaque reduction ncutralization test. Serially diluted scra are heat-inactivated,
mixed with 100 plaque forming units of both a homologous and heterologous serotype virus then
incubated for 1h at 37°C. The sera virus mixture is incubated with Vero cell monolayers for 1h
then overlayed with agarose containing medium. Virus plaques are stained on day 5 of the
assay. The highest dilution in which there is an 80% reduction in plaque number is the Plaque

reduction neutralization 80 (PRNTgg).
10. Quantification of Cytokines and Chemokines

Culture supernatants are removed after 4 days incubation and frozen at -20°C until assayed.
Levels of cytokines and chemokines in the supernatants are measured by ELISA and/or FACS
(EBioscience) according to manufacturer’s instructions using commercially available antibodies

and standards (EBioscienc).
1. Mouse Virus Protection Assay

A mouse challenge model is used to ascertain the efficacy of the formulations of Dengue
virus E and M antigen presenting particles with and without adjuvant. Thirteen day-old weanling
mice are immunized as stated above in section 1 of Material and Methods, using 1, 5 and 10 pg
dosing. Following immunization, mice are challenged intracranially (IC) with 100 LDs of

mouse-adapted Dengue virus. Morbidity and mortality is monitored for 21 days post-challenge.
12. Quantification of serum antibody

Serum antibody is measured by ELISA using immobilized antigen displaying particles for

antibody capture.
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13. Statistical analysis

Analysis of the cytokine, chemokine and antibody responses is performed by Kruskal-

Wallis one-way analysis of variance (ANOVA).
Results

GC-MS analysis of cells carrying plasmids pET14B-E1-C-M1, pET14B-E2-C-M2,
pET14B-E3-C-M3 or pET14B-E4-C-M4 and pHAS all in the presence of pMCS69, will confirm
the presence of the polyester polyhydroxybutyrate. The presence of intracellular polyester
inclusions may be further confirmed by fluorescent microscopy using Nile Red staining. The
presence of polyhydroxybutyrate in cells carrying carrying plasmids pET14B-E1-C-Ml,
pET14B-E2-C-M2, pET14B-E3-C-M3 or pET14B-E4-C-M4 and pHAS (wildtype control) all in
the presence of pMCS69 indicates that the PhaC polyester synthase domain retained polymer
synthase activity when present as a single or tripartite fusion protein.

High level protein display by particles is determined by a prominent protein band with an
apparent molecular weight directly aligning with molecular weight deduced from the fusion
protein scquence, respectively. The identity of these proteins is confirmed by tryptic peptide
fingerprinting using MALDI-TOF-MS. ELISA results indicate that the various antigen
displaying particles bind to the respective anti-antigen antibody in a dose-dependent manner,
while wild-type particles show significantly less binding to the antibody. Flow cytometry results
preferably show that >97% of antigen particles bind anti-antigen antibodies. Expression in
recombinant E. coli of the respective hybrid gene encoding the PhaC-antigen fusion protein
allow production of polyester particles displaying the fusion protein at their surface.

No overt toxicity is observed, preferably, in any of the animals after immunization, and
mouse weights do not differ significantly between groups during the time-course of the
experiment, and mice in all groups gained weight (data not shown). Mice immunised with
polyester particles will be typically healthy throughout the trial with normal behaviour and good
quality fur.

A dose range of about 10 to about 50 pg of antigen particles is generating a significant
antibody response in mice. This dose induces significantly higher antibody titres when compared
to a 10-50 pg dose of wildtype particles alone. Other doses may also be tested and used, for
example 50-100 pg of each antigen displaying bead (E1-C-M1, E2-C-M2, E3-C-M3 and E4-C-
M4). In a sccond experiment which includes non-immunised control mice and compares bead
formulations with and without an adjuvant, antigen-specific serum antibody responses are

significantly higher for both vaccine groups given antigen particles compared to non-vaccinated
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mice. The highest antibody responses are observed in mice immunised with antigen particles in
Emulsigen. Antibody responses for the 1gG1 isotype are stronger than responses for 1gG2 in both
experiments.

The cell-mediated response to antigens of mice immunised with 10-50 ng antigen particles
is also significantly enhanced compared to that of mice immunised with wildtype particles alone,
or with PBS alone and there should typically be no significant difference in the cell-mediated
responses of mice immunised with wildtype particles alone compared to PBS-immunised control
mice.

The sera from mice immunized with wild-type particles will typically not differ
significantly from that of PBS-immunised control mice in the plaque reduction neutralization
assay. The neutralization titer of sera from mice immunized with a formulation containing a
1:1:1:1 mixture of Dengue virus serotype 1 — 4 E — M particles in the plaque reduction
neutralization assay will be significantly higher than compared to sera of mice immunized with
wild-type particles alone. The neutralization titer of sera from mice immunized with a
formulation containing a 1:1:1:1 mixture of Dengue virus serotype 1 — 4 E — M particles in the
plaque reduction neutralization assay will be significantly higher for heterologous Dengue virus
serotypes than a formulation containing only one Dengue virus serotype E and M presenting
bead.

The chemokine and cytokine response to the antigen in mice immunised 2 times with 10-
50 pg of wild-type particles will typically not differ significantly from that of PBS-immunised
control mice. In contrast, a significantly greater chemokine and cytokine response to each
antigen is obscrved in mice immunised 2 times with antigen particles, and in mice immunised 2
times with antigen particles and Emulsigen. Expected is a significantly greater cytokine and
chemokine response to each antigen is observed in mice immunised 2 times with antigen
particles and Emulsigen than all the other vaccine groups. The engincered polyester particles
which display antigen Dengue virus serotype 1 — 4 E and M proteins are capable of producing an
antigen-specific cell-mediated response, as well as significantly increasing the production of
IgG1 and IgG2 antibodies.

Mice immunized with either PBS or wild-type particles are expected to diec upon viral
challenge without any significant difference between the two groups. The mice immunized with
Dengue virus serotype 1 — 4 E and M presenting particles with and without adjuvant are
expected to be protected, with better protection derived from the formulation containing

adjuvant,



10

15

20

25

30

144

In addition to generation of both humoral and cell-mediated immune responses, the lack of
adverse side effects such as weight loss, and absence of abscesses and suppuration at the

injection site indicate that the polyester particles are well tolerated, safe, and non-toxic.

Example 11 — Immunogenicity of Ebola virus polymer particle vaccines

This example describes the construction of plasmids for the production in E.coli of
polymer particles displaying the Filoviridae Zaire ebolavirus and Sudan ebolavirus virion spike
glycoprotein precursor antigens (ZEBOV-GP and SEBOV-GP, respectively) either separately or
simultaneously together with an analysis of the immunogenecity of the polymer particles. Both

antigens are useful for vaccine development.
Materials and Methods

All animal experiments were approved by the AgResearch Grasslands Animal Ethics

Committee (Palmerston North, New Zealand).

1.  Construction of plasmids mediating fusion protein overproduction and polymer bead

formation

All plasmids and oligonucleotides used in this example are histed in Table 11.
The polyhydroxybutyrate biosynthesis enzymes, beta-ketothiolase and the R-specific
acetoacetyl-Coenzyme reductase are encoded by plasmid pMCS69. To produce polymer
particles simultancously displaying two Ebola virion spike glycoprotein precursor antigens,
genes encoding the virion spike glycoprotein precursor antigens from Zaire Ebola virus and
Sudan Ebola virus are codon optimized and synthesized by Genscript Inc. to allow subcloning
into pET-14b M-PhaC-linker-MalE Xbal-Spel site for an N-terminal fusion and into Xhol-
BamHI sites for a C-terminal fusion to the PhaC polymer bead forming enzyme. The ZEBOV-
GP encoding gene is inserted into the Xbal-Spel sites and on the same plasmid the SEBOV-GP
encoding gene is inserted into the Xhol-BamHI sites. Both gene insertion are in frame and
require replacement of the M and MalE encoding regions of the original plasmid. This results in
plasmid pET14B-ZEBOVGP-C-SEBOVGP. Alternatively, the SEBOV-GP cncoding genc can
be inserted into the Xbal-Spel sites while the ZEBOV-GP encoding gene can be inserted into the
Xhol-BamHI] sites on the same plasmid, generating the plasmid pET14B-SEBOVGP-C-
ZEBOVGP.

The construct for the ZEBOVGP-C-SEBOVGP fusion is shown as SEQ ID No. 49, with
the derived amino acid sequence shown as SEQ ID No. 50. The construct for the SEBOVGP-C-
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ZEBOVGP fusion is shown as SEQ ID No. 51, with the derived amino acid sequence shown as
SEQ ID No. 52.

Table 11: Plasmids and Oligonucleotides

Plasmids Description

pHAS pET14b derivative containing the Ndel/BamHI inserted
phaC gene from C. necator

pBBRIMCS derivative containing genes psad and phaB

pMCS69 from C. necator

pET-14b M-PhaC-linker- pET-14b PhaC-linker-MalE derivative
MalE containing the mp/ sequence fused to the
5’ end of phaC

pET14B-ZEBOVGP-C-  pET-14b M-PhaC-linker-MalE derivative
SEBOVGP containing the ZEBOV-GP sequence fused to the
5" end and SEBOV-GP fused to the 3’ end of phaC

pET14B-SEBOVGP-C-  pET-14b M-PhaC-linker-MalE derivative
ZEBOVGP containing the SEBOV-GP sequence fused to the
5 end and ZEBOV-GP fused to the 3’ end of phaC

2. Production of ZEBOVGP - SEBOVGP displaying particles

Either plasmid pET14B-ZEBOVGP-C-SEBOVGP or pET14B-ZEBOVGP-C-SEBOVGP and
pHAS are introduced into E. coli KRX cells harbouring plasmid pMCS69. The transformants are
cultured in conditions suitable for the production of biopolyester particles, as described in
Example 1. The ability to produce ZEBOVGP-SEBOVGP particles or wild-type particles,

respectively, is then assessed as described below.

3.  Isolation of polyester particles

Polyester granules are isolated as described in Example 3. The concentration of protein
attached to particles is determined using the Bio-Rad Protein Assay as described in Example 3.
Following concentration dctermination, the proteins arc separated by SDS-PAGE and stained
with SimplyBlue Safe Stain (Invitrogen). The amount of ZEBOVGP-PhaC-SEBOVGP or
SEBOVGP-PhaC-ZEBOVGP fusion protein, respectively, relative to the amount of total protein
attached to the particles is detected using a Gel Doc™ XR and analysed using Quantity One

software (version 4.6.2, Bio-Rad Laboratories).



10

15

20

25

30

146
Proteins of interest are identified using matrix-assisted laser desorption/ionization time-of-
flight spectrometry (MALDI-TOF-MS), which allows identification of the fusion protein
domains,
4, ELISA

Immuno-reactivity of the Ebola virus polymer particles was determined by enzyme-
linked immunosorbent assay (ELISA) as described in Example 3. Briefly, maxisorb plates
(Nunc) are coated overnight at 4°C with purified ZEBOVGP-PhaC-SEBOVGP particles,
SEBOVGP-PhaC-ZEBOVGP particles or wild-type particles, diluted in carbonate-bicarbonate
coating buffer (pH 9.6) (Sigma-Aldrich). Serial dilutions of the buffer are used, ranging from 1
mg/ml to 0.015 mg/ml protein concentration. Plates are washed and blocked for 2 h at 25°C (see
Table 4). Plates are then washed in PBS-Tween 20, incubated with mouse antibodies raised
against the various antigens, washed and further incubated for 1 hour at room temperature with
anti-mouse IgG:horse radish peroxidase conjugate (Sigma-Aldrich) diluted in 1% (w/v) BSA in
PBS. After further washing, o-phenylenediamine (OPD) substrate (Sigma-Aldrich) is added and
the plates are incubated for 30 minutes at room temperature. The reaction is stopped with 0.5 M

H2S504 and absorbance recorded at 495 nm.

5. Immunisation of mice

Female C57BL/6 mice (Malaghan Institute, Wellington, NZ) aged 6-8 weeks are
intramuscularly immunized three times at 2 week intervals. The three treatment groups are as
follows:

a) individuals immunised with wild-type particles (ie., particles prepared from bacterial
cells carrying pHAS and pMCS69);

b) individuals immunised with antigen particles alone (i.e., particles prepared from
bacterial cells carrying plasmids encoding the various antigen-PhaC fusion proteins
and pMCS869); and

¢) individuals immunised with the various antigen particles mixed with 20%

Emulsigen™ adjuvant (MVP Laboratories).
Non-vaccinated control animals are included for each set of experiments.
6.  Immunological assay

The mice are anaesthetised three weeks after the last immunisation and blood is collected,
centrifuged, and the serum collected and frozen at -20°C until assayed. The mice are then
euthanased, their spleens removed and a single cell suspension is prepared by passage through an

80 guage wire mesh sieve. Spleen red blood cells (RBCs) are lysed using a solution of 17 mM
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TRIS-HCI and 140 mM NH4CI. After washing, the RBCs are cultured in Dulbecco’s Modified
Eagle media (DMEM) supplemented with 2mM glutamine (Invitrogen), 100 U/mL penicillin
(Invitrogen), 100 pg/mL streptomycin (Invitrogen), 5 x 10-5 M 2-mercaptoethanol (Sigma) and
5% (w/w) Foetal Calf Serum (Invitrogen).

7.  Plaque reduction neutralization assay

Sera from immunized mice are examined for the presence of Ebola virus neutralizing
antibodies by a plaque reduction neutralization test. Serially diluted sera are heat-inactivated,
mixed with 100 plaque forming units of both a homologous and heterologous virus then
incubated for 1h at 37°C. The sera virus mixture is incubated with Vero cell monolayers for 1h
then overlayed with agarose containing medium. Virus plaques are stained on day 10 — 12 of the
assay. The highest dilution in which there is an 80% reduction in plaque number is the Plaque

reduction neutralization 80 (PRNTso).
8.  Quantification of Cytokines and Chemokines

Culture supernatants are removed after 4 days incubation and frozen at -20°C until assayed.
Levels of cytokines and chemokines in the supernatants are measured by ELISA and/or FACS
(EBioscience) according to manufacturer’s instructions using commercially available antibodies

and standards (EBiosciene).

9.  Mouse Virus Protection Assay

A mousc challenge model is used to ascertain the efficacy of the formulations of
ZEBOVGP and SEBOVGP antigen presenting particles with and without adjuvant. B10.BR
mice (MHE H-2%), The Jackson Laboratory, ME)® are immunized as stated above in section 1 of
Material and Methods, using 1, 5 and 10 pg dosing. Following immunization, mice are
challenged by intraperitoneal injection (IP) with 1000xLDs; of mouse-adapted ZEBOV.
Morbidity and mortality 1s monitored for 12 - 16 days post-challenge.

Efficacy of the formulations of ZEBOVGP and SEBOVGP antigen presenting particles
with and without adjuvant is ascertained via administration of the vaccine formulations 30
minutes post IP injection of 1000xLDsy. Morbidity and mortality is monitored for 12 — 16 days
post-challenge.

10. Quantification of serum antibody

Serum antibody is measured by ELISA using immobilized antigen displaying particles for

antibody capture.
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11. Statistical analysis

Analysis of the cytokine, chemokine and of the antibody responses is performed by

Kruskal-Wallis onc-way analysis of variance (ANOVA).
Resulfs

GC-MS analysis of cells carrying plasmids pET14B-ZEBOVGP-C-SEBOVGP or
pET14B-SEBOVGP-C-ZEBOVGP and pHAS all in the presence of pMCS69, confirmed the
presence of the polyester polyhydroxybutyrate. The presence of intracellular polyester
inclusions is further confirmed by fluorescent microscopy using Nile Red staining. The presence
of polyhydroxybutyrate in cells carrying carrying plasmids pET14B-ZEBOVGP-C—SEBOVGP
or pET14B-SEBOVGP-C-ZEBOVGP and pHAS (wildtype control) all in the presence of
pMCS69 indicates that the PhaC polyester synthase domain retained polymer synthase activity
when present as a single or tripartite fusion protein.

The particles display high levels of protein as shown by a prominent protein band with an
apparent molecular weight directly aligning with molecular weight deduced from the fusion
protcin scquence, respectively. The identity of these proteins is confirmed by tryptic peptide
fingerprinting using MALDI-TOF-MS. ELISA indicates that the various antigen displaying
particles bind to the respective anti-antigen antibody in a dose-dependent manner, while wild-
type particles bind significantly less to the antibody. Flow cytometry shows that >98% of antigen
particles bind anti- antigen antibodies. Results will indicate that the expression in recombinant £.
coli of the respective hybrid genes encoding the various antigen-PhaC fusion proteins leads to
the production of polyester particles displaying the fusion protein at their surface.

No overt toxicity is observed in any of the animals after immunisation. Mouse weight does
not differ significantly between groups during the time-course of the experiment, and mice in all
groups gained weight. Mice immunised with polyester particles will typically develop small
fumps (2.5 mm in diameter) at the immunisation sites but no abscesses or suppuration will be
observed. All mice are typically healthy throughout the trial with normal behaviour and good
quality fur.

A dose of 5-100 ug of antigen particles is optimal at generating a significant antibody
response in mice. This dose induces significantly higher antibody titres when compared to a 5-
100 dose of wildtype particles alone. In a second experiment which includes non-immunised
control mice and compares bead formulations with and without an adjuvant, antigen-specific
serum antibody responses are significantly higher for both vaccine groups given antigen particles

compared to non-vaccinated mice. The highest antibody responses will typically be observed in
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mice immunised with antigen particles in Emulsigen. Antibody responses for the IgG1 isotype
are stronger than responses for 1gG2.

The cell-mediated response to antigens of mice immunised with 5-100 g antigen particles
is significantly enhanced compared to that of mice immunised with wildtype particles alone, or
with PBS alone. There is no significant difference in the cell-mediated responses of mice
immunised with wildtype particles alone compared to PBS-immunised control mice. The
chemokine and cytokine response to the antigen in mice immunised 2 times with 10-50 pg of
wild-type particles will typically not differ significantly from that of PBS-immunised control
mice. In contrast, a significantly greater chemokine and cytokine response to cach antigen is
observed in mice immunised 2 times with antigen particles, and in mice immunised 2 times with
antigen particles and Emulsigen. Expected is a significantly greater cytokine and chemokine
response to each antigen is observed in mice immunised 2 times with antigen particles and
Emulsigen than all the other vaccine groups. The engineered polyester particles which display
antigen ZEBOVGP and SEBOVGP proteins are capable of producing an antigen-specific cell-
mediated response, as well as significantly increasing the production of IgGl and IgG2
antibodies.

The sera from mice immunized with wild-type particles will typically not differ
significantly from that of PBS-immunised control mice in the plaque reduction neutralization
assay. The ncutralization titer of sera from mice immunized with a formulation ZEBOVGP and
SEBOVGP presenting particles in the plaque reduction neutralization assay will be significantly
higher than compared to sera of mice immunized with wild-type particles alone. The
neutralization titer of sera from mice immunized with a formulation containing the ZEBOVGP
and SEBOVGP particles in the plaque reduction neutralization assay will be similar for
homologous and heterologous virus.

Mice immunized with cither PBS or wild-type particles are expected to die upon viral

challenge without any significant difference between the two groups irrespective of

* immunization time and order. The mice immunized with ZEBOVGP and SEBOVGP presenting

particles with and without adjuvant prior to virus innoculation are expected to be protected; with
better protection derived from the formulation containing adjuvant. Further, mice immunized
with ZEBOVGP and SEBOVGP presenting particles with and without adjuvant are expected to
be protected.

The engineered polyester particles simultaneously displaying the ZEBOV-GP and
SEBOV-GP antigens are capable of producing an antigen-specific cell-mediated response, as

well as significantly increasing the production of 1gG1 and 1gG?2 antibodiesThe lack of adverse



10

15

20

25

150

side effects such as weight loss, and absence of abscesses and suppuration at the injection site

indicate that the polyester particles are well tolerated, safe, and non-toxic.

Example 12 - Immunogenicity of West Nile virus polymer particle vaccines

This example describes the construction of plasmids for the production in transformed
hosts, in this case, E.coli, of polymer particles displaying the Flavivirus envelope antigen (E)
from West Nile virus (WNV), a non-toxic protein expressed on the surface of WNV virions
(WNVE), together with an analysis of the immunogenecity of the polymer particles. This antigen
is considered a leading candidate for vaccine development. While several vaccine formulations
are currently being examined, there is no approved WNV vaccine. Polymer particles displaying
this antigen as produced in this example are useful as prophylactic and therapeutic vaccines

against WNV.
Materials and Methods

All animal experiments were approved by the AgResearch Grasslands Animal Ethics

Committee (Palmerston North, New Zealand).

1.  Construction of plasmids
All plasmids and oligonucleotides used in this example are listed in Table 12.

Enzymes mediating the synthesis of 3-hydroxybutyryl-Coenzyme A are encoded by plasmid
pMCS69.

To produce polymer particles displaying the WNVE antigen, a gene encoding the envclope
(E) is codon optimized, harmonized and synthesized by Genscript Inc. to allow subcloning into
pET-14b PhaC-linker-GFP Xhol-BamHI sites for a C-terminal fusion to the PhaC polymer bead
forming enzyme. The E encoding gene is inserted into the Xhol-BamHI site. This gene insertion
is in frame with GFP encoding region of the original plasmid replaced, yielding plasmid
pET14B-C-WNVE.

The construct for the PhaC-WNVE fusion is shown as SEQ ID No. 53, with the derived

amino acid sequence shown as SEQ ID No. 54.

Table 12; Plasmids and Oligonucleotides

Plasmids Description

pHAS pET14b derivative containing the Ndel/BamHI inserted
phaC gene from C. necator
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pBBRIMCS derivative containing genes phad and phaB

PMCS69 from C. necator

pET-14b  PhaC-linker- pET-14b derivative containing the GFP encoding DNA
GFP sequence fused to the 3° end of phaC

pET14B-C-WNVE pET-14b PhaC-linker-GFP derivative

containing the WNVE encoding DNA scquence fused to
the 3’ end of phaC

2,  Production of WNVE displaying particles

Plasmid pET14B-C-WNVE and pHAS are introduced into E. coli BL21 Star (DE3) cells
harbouring plasmid pMCS69. The transformants are cultured in conditions suitable for the

production of biopolyester particles, as described in Example 1.
3. Gas Chromatography Mass Spectroscopy (GC-MS)

The polyester content of bacterial cells harbouring the various plasmids corresponds to the
activity of the PhaC synthase in vivo. The amount of accumulated polyester is assessed by gas
chromatography-mass spectroscopy (GC-MS) analysis to determine PhaC synthase activity, and
particularly to assess whether the PhaC-WNVE antigen fusion still catalyses polyester synthesis
and mediatcs intracellular granule formation. Polyester content is quantitatively determined by
GC-MS after conversion of the polyester into 3-hydroxymethyl ester by acid-catalysed

methanolysis.
4.  Isolation of polyester particles

Polyester granules are isolated as described in Example 3.
5.  Protein concentration determination

The concentration of protein attached to particles is determined using the Bio-Rad Protein

Assay as described in Example 3.

6. ELISA

Immuno-reactivity of the West Nile virus polymer particles was determined by enzyme-
linked immunosorbent assay (ELISA) as described in Example 3. Maxisorb plates (Nunc) are
coated overnight at 4°C with purified PhaC-WNVE particles or wild-type particles, diluted in
carbonate-bicarbonate coating buffer (pH 9.6) (Sigma-Aldrich). Serial dilutions of the buffer are
used, ranging from 1 mg/ml to 0.015 mg/ml protein concentration. Plates are washed and

blocked for 2 h at 25°C.
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Plates are then washed in PBS-Tween 20, incubated with mouse antibodies raised against
the various antigens, washed and further incubated for 1 hour at room temperature with anti-
mouse IgG:horse radish peroxidase conjugate (Sigma-Aldrich) diluted in 1% (w/v) BSA in PBS.
After further washing, o-phenylenediamine (OPD) substrate (Sigma-Aldrich) is added and the
plates are incubated for 30 minutes at room temperature.
The reaction is stopped with 0.5 M H2SO4 and absorbance recorded at 495 nm.
7.  Immunisation of mice

Female C57BL/6 mice (Malaghan Institute, Wellington, NZ) aged 6-8 weeks are
intramuscularly immunized three times at 2 week intervals. The three treatment groups are as
follows:

a)  individuals immunised with wild-type particles (i.¢., particles prepared from bacterial
cells carrying pHAS and pMCS69);

b) individuals immunised with antigen particles alone (i.e., particles prepared from
bacterial cells carrying plasmids encoding the various antigen-PhaC fusion proteins
and pMCS69);

¢) individuals immunised with the varions antigen particles mixed with 20%

Emulsigen™ adjuvant (MVP Laboratories).
' Non-vaccinated control animals are included for each set of experiments.

8. Immunological assay

The mice are anaesthetised three weeks after the last immunisation and blood is coliected,
centrifuged, and the serum collected and frozen at -20°C until assayed.

The mice are then cuthanized, their spleens removed and a single cell suspension is
prepared by passage through an 80 gauge wire mesh sieve. Spleen red blood cells (RBCs) are
processed as described in Example 4.

9.  Plaque reduction neutralization assay

Sera from immunized mice are examined for the presence of West Nile virus neutralizing
antibodies by a plaque reduction neutralization test. Serially diluted sera are heat-inactivated,
mixed with 100 plaque forming units (PFU) of both a homologous and heterologous serotype
virus then incubated for 1h at 37°C. The sera-virus mixture is incubated with Vero cell
monolayers for 1h then overlayed with agarose containing medium. Virus plaques are stained on
day 5 of the assay. The highest dilution in which there is an 80% reduction in plaque number is

the Plaque reduction neutralization 80 (PRNTgp).
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10. Quantification of Cytokines and Chemokines

Culture supernatants are removed after 4 days incubation and frozen at -20°C until assayed.
Levels of cytokines and chemokines in the supernatants arc measured by ELISA and/or FACS
(EBioscience) according to manufacturer’s instructions using commercially available antibodies

and standards (EBiosciene).
11. Mouse Virus Protection Assay

A mouse challenge model is used to ascertain the efficacy of the formulations of West Nile
E antigen presenting particles with and without adjuvant. Thirteen day-old weanling mice are
immunized as stated above in scction 1 of Matcrial and Mcthods, using 1, 5 and 10 pg dosing.
Following immunization, mice are challenged intracranially (IC) with 100 LDsy of mouse-

adapted West Nile virus. Morbidity and mortality is monitored for 21 days post-challenge.
12.  Quantification of serum antibody

Serum antibody is measured by ELISA using immobilized antigen displaying particles for

antibody capture.
13. Statistical analysis

Analysis of the cytokine, chemokine and antibody responses is performed by Kruskal-

Wallis one-way analysis of variance (ANOVA).

Results

GC-MS analysis of cells carrying plasmids pET14B-C-WNVE and pHAS all in the
presence of pMCS69, will confirm the presence of the polyester polyhydroxybutyrate. The
presence of intracellular polyester inclusions may be further confirmed by fluorescent
microscopy using Nile Red staining.

The presence of polyhydroxybutyrate in cells carrying carrying plasmids pET14B-C-
WNVE and pHAS (wildtype control) all in the presence of pMCS69 indicates that the PhaC
polyester synthase domain retained polymer synthase activity when present as a single or
tripartite fusion protein.

High level protein display by particles is determined by a prominent protein band with an
apparent molecular weight directly aligning with molecular weight deduced from the fusion
protein sequence, respectively. The identity of these proteins is confirmed by tryptic peptide
fingerprinting using MALDI-TOF-MS. ELISA results indicates that the various antigen

displaying particles bind to the respective anti-antigen antibody in a dose-dependent manner,
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while wild-type particles bind significantly less to the antibody. Flow cytometry results
preferably show that >97% of antigen particles bind anti- antigen antibodies.

Expression in recombinant E. coli of the respective hybrid gene encoding the PhaC-antigen
fusion protein allows production of polyester particles displaying the fusion protein at their
surface.

Preferably, no overt toxicity is observed in any of the animals after immunization, and
mouse weights do not differ significantly between groups during the time-course of the
experiment, and mice in all groups gained weight (data not shown). Mice immunised with
polyester particles will develop small lumps (2.5 mm in diameter) at the immunisation sites but
generally without abscesses or suppuration and are typically healthy throughout the trial with
normal behaviour and good quality fur, A dose of 5-100 pg of antigen particles is generating a
significant antibody response in mice. This dose induces significantly higher antibody titres
when compared to a 5-100 pg dose of wild-type particles alone. Other doses may also be tested
and used. In a second experiment, which includes non-immunized mice (control group), mice
immunized with both control wild-type particles (bead control groups) and WNVE presenting
particles (test groups) formulated with and without an adjuvant. Mice are evaluated for
significantly higher antigen-specific serum antibody responses for both mouse groups given
antigen presenting particles in comparison to non-vaccinated or wild-type bead immunized mice.
The highest antibody responscs may be observed in mice immunised with antigen particles
formulated in Emulsigen. Antibody responses for the IgGl isotype will be stronger than
responses for IgG2 in both experiments.

The cell-mediated response to antigens of mice immunised with 5-100 pg antigen particles
is also significantly enhanced compared to that of mice immunised with either wildtype particles
or with PBS alone. There should typically be no significant difference in the cell-mediated
responses of mice immunised with wildtype particles alone compared to PBS-immunised control
mice.

The sera from mice immunized with wild-type particles will typically not differ
significantly from that of PBS-immunised control mice in the plaque reduction neutralization
assay. The neutralization titer of sera from mice immunized with a formulation containing
WNVE particles in the plaque reduction neutralization assay will be significantly higher than
compared to sera of mice immunized with wild-type particles alone. Preferably, the
neutralization titer of sera from mice immunized with a formulation containing the WNVE

particles will be similar between homologous and heterologous West Nile virus.
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The chemokine and cytokine response to the antigen in mice immunised 2 times with 5-
100 ng of wild-type particles will typically not differ significantly from that of PBS-immunised
control mice. In contrast, a significantly greater chemokine and cytokine response is observed in
mice immunised 2 times with antigen particles, and in mice immunised 2 times with antigen
particles and Emulsigen. Expected is a significantly greater cytokine and chemokine response to
each antigen is observed in mice immunised-2 times with antigen particles and Emulsigen than
all the other vaccine groups. The engineered polyester patticles which display WNVE antigen
are capable of producing an antigen-specific cell-mediated response, as well as significantly
increasing the production of IgG1 and IgG2 antibodies.

Mice immunized with either PBS or wild-type particles are expected to die upon viral
challenge without any significant difference between the two groups. The mice immunized with
WNVE presenting particles with and without adjuvant are expected to be protected, with better
protection derived from the formulation containing adjuvant.

The engineered polyester particles which display WNVE are capable of producing an
antigen-specific cell-mediated response, as well as significantly increasing the production of
IgG1 and IgG2 antibodies. In addition to generation of both humoral and cell-mediated immune
responses, the lack of adverse side effects such as weight loss, and absence of abscesses and
suppuration at the injection site indicate that the polyester particles are well tolerated, safe, and

non-toxic.
Example 13 — Immunological studies in vivo in mice

This example describes the immunisation of a mammalian model organism with Ag85A-

ESAT-6 polymer particles.
Materials and Methods

All animal experiments were approved by the AgResearch Grasslands Animal Ethics

Committee (Palmerston North, New Zealand).

1.  Construction of plasmids and production of polymer particles in E. coli and L.]lactis
Plasmids were constructed for the production of polymer particles displaying the
tuberculosis antigens Ag-85A and ESAT-6 in L./actis and E. coli as described in Examples 1 and
2.
Polymer granules were isolated by disrupting the bacteria and whole cell lysates were
centrifuged at 6000 g for 15 minutes at 4°C to sediment the polymer particles. The particles were
purified via glycerol gradient ultracentrifugation. Protein concentration was determined using

the Bio-Rad Protein Assay according to the manufacturer’s instructions (Bio-Rad). The amount
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of Ag85A-ESAT-6:PhaC fusion protein relative to the amount of total protein attached to the
polymer particles was detected using a Gel DocTM XR and analysed using Quantity One
software (version 4.6.2, Bio-Rad). . The Tb antigen accounted for approximately 20% of the total
protein of the polymer particle. Identification of the protein of interest was confirmed using
matrix-assisted laser desorption/ionisation time-of flight mass spectrometry (MALDI-TOF-MS).
2. ELISA

Activity of the polymer particles was determined by enzyme-linked immunosorbent assay
(ELISA) as described in Example 3. Absorbance was recorded at 490nm on a VERSAax

microplate reader.

3. Immunisation of mice

Female C57BL/6 mice (Malaghan Institute, Wellington, NZ) aged 6-8 weeks were sub-
cutaneously immunized three times at 2 week intervals with tuberculosis polymer particle
vaccines constructed and isolated as described in Examples 1, 2 and 3.. The three treatment

groups were as follows:

a)  individuals immunised with wild-type polymer particles (ie., polymer particles
prepared from bacterial cells carrying pHAS and pMCS69);

b) individuals immunised with Ag85A-ESAT-6 polymer particles alone (ie., polymer
particles prcparcd from bacterial ccells carrying pHAS-Ag8SA-ESAT-6 and
pMCS69);

¢) individuals immunised with Ag85A-ESAT-6 polymer particles mixed with 20%
Emulsigen™ adjuvant (MVP Laboratories).

Non-vaccinated control animals were included for each set of experiments.

4. Immunological assay

The mice were anaesthetised three weeks after the last immunisation and blood was
collected, centrifuged, and the serum collected and frozen at -20°C until assayed.

The mice were then euthanased, their spleens removed and a single cell suspension was
prepared by passage through an 80 guage wire mesh sieve. Spleen red blood cells (RBCs) were
lysed using a solution of 17 mM TRIS-HCI and 140 mM NH4CL. After washing, the RBCs were
cultured in Dulbecco’s Modified Eagle media (DMEM) supplemented with 2mM glutamine
(Invitrogen), 100 U/mL penicillin (Invitrogen), 100 pg/mL streptomycin (Invitrogen), 5 x 10-5
M 2-mercaptoethanol (Sigma) and 5% (w/w) Foetal Calf Serum (Invitrogen).
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The cells were incubated at 37°C in 10% CO2 in medium alone, or in medium containing

either: Ag85A, ESAT-6, or a combination of both antigens.
5. Quantification of IFN-y

Culture supernatants were removed after 4 days incubation and frozen at -20°C until
assayed. Levels of IFN-y in the supernatants were measured by ELISA (BD Biosciences)
according to manufacturer’s instructions using commercially available antibodies and standards

(BD Pharmingen).
6.  Quantification of serum antibody

Serum antibody was measured by ELISA according to manufacturer’s recommendations

using monoclonal anti-ESAT-6 or anti-Ag85A antibodies (Abcam).
7.  Statistical analysis

Analysis of the TFN-y responses and of the antibody responses was performed by Kruskal-

Wallis one-way analysis of variance (ANOVA).
Results

No overt toxicity was observed in any of the amimals after immunisation. Mouse weights
did not differ significantly between groups during the time-course of the experiment, and mice in
all groups gained weight (data not shown). Mice immunised with polyester polymer particles
developed small lumps (2.5 mm in diameter) at the immunisation sites but no abscesses or
suppuration was observed. All mice were healthy throughout the trial with normal behaviour
and good quality fur (data not shown).

A dose of 30 pg of Ag85A-ESAT-6 polymer particles was shown to be optimal at
generating a significant antibody response in mice (see Figure 5). This dose induced significantly

higher antibody titres when compared to a 30 ug dose of recombinant Ag85A-ESAT-6 protein

_alone (P<0.01). In a second experiment which included non-immunised control mice and

compared bead formulations with and without an adjuvant, antigen-specific serum antibody
responses were significantly higher for both vaccine groups given Ag85A-ESAT-6 polymer
particles compared to non-vaccinated mice (P<0.01, see Figure 6). The highest antibody
responses were observed in mice immunised with Ag85A-ESAT-6 polymer particles in
Emulsigen. Antibody responses for the IgG!l isotype were stronger than responses for I1gG2 in
both experiments.

As shown in Figure 7, the cell-mediated response to ESAT-6 and Ag85A of mice
immunised with 10 pg or with 30 ug Ag85A-ESAT-6 polymer particles was significantly
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enhanced compared to that of mice immunised with recombinant ESAT-6-Ag85A antigen alone
(P<0.01), or with PBS alone (p<0.01). There was no significant difference in the cell-mediated
responses of mice immunised with antigen alone compared to PBS-immunised control mice.

As shown in Figure 8, the IFN-y response to either ESAT-6 or Ag85A antigen in mice
immunised 3 times with 30 pg of wild-type polymer particles (no Tb antigen) did not differ
significantly from that of PBS-immunised control mice. In contrast, a significantly greater IFN-y
response to each antigen was observed in mice immunised 3 times with Ag85A-ESAT-6
polymer particles (p<0.01), and in mice immunised 3 times with Ag85A-ESAT-6 polymer
particles and Emulsigen (p<0.01). Indeed, a significantly greater IFN-y response to each antigen
was observed in mice immunised 3 times with Ag85A-ESAT-6 polymer particles and Emulsigen

than all the other vaccine groups (p<0.01, **),
Discussion

The engineered polyester polymer particles displaying an Ag85A-ESAT-6 antigen fusion
were capable of producing an antigen-specific cell-mediated response, as well as significantly
increasing the production of IgGl and IgG2 antibodies. Notably, immunisation with antigen
alone (i.c., antigen not comprising a polymer particle of the present invention) was ineffective in
eliciting a cell-mediated response.

These results also demonstrated the versatility and potential of this vaccine-delivery
system to elicit complementary facets of the immune response, whereby both humoral and cell-
mediated immune responses were elicited.

The lack of adverse side effects such as weight loss, and absence of abscesses and
suppuration at the injection site demonstrated that the polyester polymer particles were well

tolerated, safe, and non-toxic.
Example 14 — Pathogenic challenge in immunised mice in vivo

This example describes the efficacy of immunisation of 2 mammalian model with Ag85A-

ESAT-6 polymer particles exposed to pathogenic challenge with M. bovis.
Materials and Methods

All animal experiments were approved by the AgResearch Grasslands Animal Ethics

Committee (Palmerston North, New Zealand).
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1. Construction of plasmids and isolation of polyester polymer particles

Plasmids were constructed for the production of polymer particles displaying the
tuberculosis antigens Ag-85A and ESAT-6 in L./actis and E. coli as described in Examples 1 and
2.

Polymer granules were isolated by disrupting the bacteria and whole cell lysates were
centrifuged at 6000 g for 15 minutes at 4°C to sediment the polymer particles. The particles were
purified via glycerol gradient ultracentrifugation. Protein concentration was determined using
the Bio-Rad Protein Assay according to the manufacturer’s instructions (Bio-Rad). The amount
of Ag85A-ESAT-6:PhaC fusion protein relative to the amount of total protein attached to the
polymer particles was detected using a Gel DocTM XR and analysed using Quantity One
software (version 4.6.2, Bio-Rad). The Tb antigens accounted for approximately 20% of the total
protein of the polymer particle. Identification of the protein of interest was confirmed using
matrix-assisted laser desorption/ionisation time-of flight mass spectrometry (MALDI-TOF-MS).
2.  ELISA

Activity of the polymer particles was determined by enzyme-linked immunosorbent assay
(ELISA) as described in Example 3. Absorbance was recorded at 490nm on a VERSAax

microplate reader.
3. Immunisation of mice

Female C57BL/6 mice (Malaghan Institute, Wellington, NZ) aged 6-8 weeks were sub-
cutaneously immunized three times at weekly intervals. Seven treatment groups (n=6 per group)

were as follows:

a) individuals immunised with PBS and Emulsigen™ adjuvant (MVP Laboratories).

b) individuals immunised with Ag85A-ESAT-6 polymer particles (£. coli host) mixed
with 20% Emulsigen™ adjuvant (MVP Laboratories).

¢) individuals immunised with wild-type polymer particles (E. coli host) mixed with
20% Emulsigen™ adjuvant (MVP Laboratories).

d) individuals immunised with Ag85A-ESAT-6 polymer particles (L. lactis host) mixed
with 20% Emulsigen™ adjuvant (MVP Laboratories).

¢} individuals immunised with wild-type polymer particles (L. /actis host) mixed with
20% Emulsigen™ adjuvant (MVP Laboratories).

f} individuals immunised with recombinant Ag85A-ESAT-6 antigen mixed with 20%
Emulsigen™ adjuvant (MVP Laboratories).

g) individuals immunised with BCG 10° CFU dose
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Non-vaccinated control animals were included for each set of experiments.
4,  Pathogenic challenge

Fifteen weeks after the first vaccination, all mice were challenged with Mycobacterium
bovis. M. bovis was grown from a low-passage seed lot in tween albumin broth (Tween 80,
Dubos broth base and oleic acid-albumin-dextrose, Difco) to early mid-log phase. Aliquots of
cultures were frozen at -70°C until required.

To infect the mice by low-dose aerosol exposure, diluted M. bovis stock was administered
using a Madison chamber aerosol generation device calibrated to deliver approximately 50
bacteria into the lungs of each mouse.

5. Immunological assay

The mice were anaesthetised intraperitoneally five weeks after the pathogenic challenge
using 87 pg ketamine (Parnell Laboratories, Australia) and 2.6 ug xylazine hydrochloride
(Bayer, Germany) per gram of body weight. Blood was collected, centrifuged, and the serum
collected and frozen at -20°C until assayed.

The mice were then euthanased, their spleens and lungs removed. The apical lung lobe was
removed from the lung and preserved in 10% buffered formalin, for subsequent histological
processing. Sections were stained with the Ziehl-Neelson and haematoxylin and eosin stains.

The spleen and remaining lung samples were mechanically homogenised in 3 mL PBS
with 0.5% Tween 80 using a Seward Stomacher® 80 (Seward, UK) and plated in tenfold
dilutions on selectibe Middlebrook 7H11 agar supplemented with 10% oleic acid-albumin-
dextrose-catalase enrichment (BD), Plates were incubated at 37°C in humidified air for 3 weeks
before counting.

6.  Quantification of serum antibody
Serum antibody was measured by ELISA according to manufacturer’s recommendations

using monoclonal anti-ESAT-6 antibody (Abcam). Briefly, Microlon high-binding plates

.. (Greiner) were coated overnight with 5 ug/mlL of recAg85A-ESAT-6, blocked with 1% BSA and

washed in PBST. Five-fold dilutions of serum (from 1:50 to 1:6250) were added and incubated.
Following washing, anti-mouse IgG1:HRP or IgG2c:HRP (ICL, USA) was addcd and the plates
incubated. Plates were washed and TMB used as a substrate prior to reading at 450nm on a
VERSAmax microplate reader.

Monoclonal anti-ESAT6 antibodies were titrated and included as a positive control for the

1gG1 plates.
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7.  Statistical analysis

Analysis of the bacterial counts from the M. bovis pathogenic challenge and antibody
rcsponscs was performed by Fisher’s one-way analysis of variance (ANOVA), with a level of

significance of P < 0.05.
Results

Reactivity of Ag85A-ESAT-6 polymer particles produced in L. /actis showed a dose-
dependent response to ESAT-6 antibody, while no antibody binding was observed for wild type
polymer particles (Figure 9).

In the lung cultures, vaccination with Ag85A-ESAT-6 polymer particles provided a
significantly improved resistance to infection compared to the PBS-immunised negative control
group (Figure 10, ¥=p<0.05). This improved resistance was conferred by particles synthesised in
either £. coli or in L. lactis hosts. Also, vaccination with Ag85A-ESAT-6 polymer particles
synthesised in E. coli hosts provided significantly better protection compared to that conferred
by antigen alone. Indeed, Ag85A-ESAT-6 polymer particles showed comparable protection to
the gold standard BCG vaccine (Figures 10).

Importantly, vaccination with recombinant Ag85A-ESAT-6 antigen alone (i.e., antigen not
comprising a polymer particle of the present invention) did not confer improved resistance to
infection compared to the PBS-immunised control group.

In spleen cultures, vaccination with Ag85A-ESAT-6 polymer particles provided a
significantly improved resistance to infection compared to the PBS-immunised negative control
group (Figure 11, *=p<0.05). Also, vaccination with Ag85A-ESAT-6 polymer particles
synthesised in E. coli hosts provided significantly better protection compared to that conferred
by antigen alone. Neither immunisation with wild type polymer particle (1.e., polymer particles
with no Tb antigen), nor with recombinant AgSSA-ESAT-6 antigen alone, conferred a protective
response.

Figures 12 and 13 show that, in addition to the specific cell-mediated response, a humoral
response was also elicited in mice vaccinated with Ag85A-ESAT-6 polymer particles .
Compared to BCG vaccine, the 1gG2¢ antibody response was greater with Ag85A-ESAT-6
polymer particles produced in E. coli.

Discussion

Immunisation with polymer particles displaying an Ag85A-ESAT-6 antigen fusion

produced in both E. coli and L. lactis was able to provide immunological protection to animals
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challenged with M. bovis. This protection conferred a reduced infective load on the animals so

vaccinated.

In lungs, the level of protection against Tb infection conferred by immunisation with
polymer particles displaying an Ag85A-ESAT-6 antigen fusion was comparable to that of the
BCG vaccine. This suggests that the polymer particles of the invention may elicit a protective
immunological response to Th infection, including initial infection and colonisation.

The reduced infection observed in the spleens of mammals immunised with polymer
particles displaying an Ag85A-ESAT-6 antigen fusion compared to control mammals also
suggests that immunisation with the polymer particles of the invention provides protection
against Tb infiltration and disease progression.

Again, the lack of adverse side effects demonstrated that the polymer particles of the
invention were well tolerated, safe, and non-toxic.

INDUSTRIAL APPLICATION

Aspects of the invention described herein, including methods, polymer particles and fusion
proteins have utility m therapy and prevention of disease, diagnostics, protein production,
biocatalyst immobilisation, and drug delivery.

Those persons skilled in the art will understand that the above description is provided by
way of illustration only and that the invention is not limited thereto.
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All patents, publications, scientific articles, web sites, and other documents and materials
referenced or mentioned herein are indicative of the levels of skill of those skilled in the art to
which the invention pertains, and each such referenced document and material is hereby
incorporated by reference to the same extent as if it had been incorporated by reference in its
entirety individually or set forth herein in its entirety. Applicants reserve the right to physically
incorporate into this specification any and all materials and information from any such patents,
publications, scientific articles, web sites, electronically available information, and other
referenced materials or documents.

The written description portion of this patent includes all claims. Furthermore, all

claims, including all original claims as well as all claims from any and all priority documents,
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are hereby incorporated by reference in their entirety into the written description portion of the
specification, and Applicants reserve the right to physically incorporate into the written
description or any other portion of the application, any and all such claims. Thus, for example,
under no circumstances may the patent be interpreted as allegedly not providing a written
description for a claim on the assertion that the precise wording of the claim is not set forth in
haec verba in written description portion of the patent.

All of the features disclosed in this specification may be combined in any combination.
Thus, unless expressly stated otherwise, each feature disclosed is only an example of a generic
series of equivalent or similar features.

It is to be understood that while the invention has been described in conjunction with the
detailed description thereof, the foregoing description is intended to illustrate and not limit the
scope of the invention, which is defined by the scope of the appended claims. Thus, from the
foregoing, it will be appreciated that, although specific nonlimiting embodiments of the
invention have been described herein for the purpose of illustration, various modifications may
be made without deviating from the spirit and scope of the invention. Other aspects, advantages,
and modifications are within the scope of the following claims and the present invention is not
limited except as by the appended claims.

The specific methods and compositions described herein are representative of preferred
nonlimiting embodiments and arc exemplary and not intcnded as limitations on the scope of the
invention. Other objects, aspects, and embodiments will occur to those skilled in the art upon
consideration of this specification, and are encompassed within the spirit of the invention as
defined by the scopc of the claims. It will be readily apparent to one skilled in the art that
varying substitutions and modifications may be made to the invention disclosed herein without
departing from the scope and spirit of the invention. The invention illustratively described
herein suitably may be practiced in the absence of any clement or clements, or limitation or

limitations, which is not specifically disclosed herein as essential. Thus, for example, in each

* instance herein, in nonlimiting embodiments or examples of the present invention, the terms

A 1) 37 &L

“comprising”, “including”, “containing™, etc. are to be read expansively and without limitation.
The methods and processes illustratively described herein suitably may be practiced in differing
orders of steps, and that they are not necessarily restricted to the orders of steps indicated herein
or in the claims.

The terms and expressions that have been employed are used as terms of description and
not of limitation, and there is no intent in the use of such terms and expressions to exclude any

equivalent of the features shown and described or portions thereof, but it is recognized that
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various modifications are possible within the scope of the invention as claimed. Thus, it will be
understood that although the present invention has been specifically disclosed by various
nonlimiting embodiments and/or preferred nonlimiting embodiments and optional features, any
and all modifications and variations of the concepts herein disclosed that may be resorted to by
those skilled in the art are considered to be within the scope of this invention as defined by the
appended claims.

The invention has been described broadly and generically herein. Each of the narrower
species and subgeneric groupings falling within the generic disclosure also form part of the
invention. This includes the generic description of the invention with a proviso or negative
limitation removing any subject matter from the genus, regardless of whether or not the excised
material 1s specifically recited herein.

It is also to be understood that as used herein and in the appended claims, the singular
forms “a,” “an,” and “the” include plural reference unless the context clearly dictates otherwise,
the term “X and/or Y” means “X” or “Y” or both “X” and “Y”, and the Ietter “s” following a
noun designates both the plural and singular forms of that noun. In addition, where features or
aspects of the invention are described in terms of Markush groups, it is intended, and those
skilled in the art will recognize, that the invention embraces and is also thereby described in
terms of any individual member and any subgroup of members of the Markush group, and
applicants reserve the right to revise the application or claims to refer specifically to any

individual member or any subgroup of members of the Markush group.
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CLAIMS

1.

A method of eliciting an immune response in a subject, wherein the method comprises
administering to a subject in need thereof a polymer particle comprising one or more
fusion polypeptides, wherein at least one of the fusion polypeptides comprises a particle-

forming protein fused to at least one antigen capable of eliciting an immune response.
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Asp

Asp

Phe

Thr

95

Gln

Ser

Gln

Asn

caa
Gln

tgg
Trp

gcc
Ala
960

cga
Arg

Ser

Tyr
80

Tyr

Met

Phe

2784

2832

2880

2928

2949



val

145

Gly

Ala

Asp

Trp

Leu

225

Phe

Phe

Asn

Thr

Phe

305

Ser

Ala

Gln

Leu

Tyr

Pro

Ser

Pro

val

210

Pro

Gln

Pro

Ala

Gly

Ala

Ile

Ala

Lys

Ala

370

Asn

Ala

Ala

Thr

Asp

Leu

195

TYyr

Ala

Asp

Asp

Met

275

Pro

Gly

His

Ala

Trp

Arg

val

Ser

Gly

Leu

Met

180

Leu

Cys

Lys

Ala

Ser

260

Lys

Ala

Ser

Asp

Thr

Thr

Thr

Ala

Ile

165

Trp

Asn

Gly

Phe

TYyr

245

Gly

Pro

Pro

Glu

Leu

325

Gly

Ala

Ile

Gly

Gln
405

Met

150

Gly

Gly

val

Asn

Leu

230

Asn

Thr

Asp

Gln

Ala

310

Leu

Gly

Thr

Ser

Met

390

Glu

Ser

Leu

Pro

Gly

Ala

His

Leu

Asp

Ser

Ala

Glu

375

Phe

Gly

Gly

Ala

Lys

Lys

Lys

Gly

Gly

Ser

Gln

280

Ala

Ala

Glu

Gly

Thr

360

Ala

Ala

Lys

Leu

Met

Glu

185

Leu

Pro

Phe

Gly

Arg

Gly

Ser

Gly

Ser

345

Glu

Gly

Thr

Ser

Leu

Ser

val

Ala

Ser

Ala

Leu

Gln

Ser

Gln
410

Asp

Pro

Ala

Asp

Arg

235

His

TYyr

Leu

Thr

Ile

315

Gln

Ala

Asn

Ala

Ala

395

Pro

Page 6

Pro

Ala

Ala

Asn

Leu

220

Thr

Asn

Trp

Gly

Glu

300

Gln

Ser

Tyr

Asn

Met

380

Thr

Phe

Ser

Gly

Trp

Asn

205

Gly

Ser

Gly

Gly

Ala

285

Gln

Gly

Leu

Gln

Ala

365

Ala

Gly

Lys

Gln

Gly

Gln

190

Thr

Gly

Asn

val

Ala

270

Thr

Gln

Asn

Thr

Ser

Lys

val

Ala

Tyr

175

Arg

Arg

Asn

Ile

Phe

255

Gln

Pro

Trp

val

Lys

val

Gln

Thr

Gly

Thr
415

Met

160

Lys

Asn

val

Asn

Lys

240

Asp

Leu

Asn

Asn

Thr

320

Leu

Asn

Ala
400

Pro



Gly

Asp

Gln

465

Glu

Gly

Tyr

Ala

val

545

Gln

Arg

Glu

val

Thr

625

Asn

Pro

Ala

Pro

Thr

Ala

450

Gln

Gly

Asp

Leu

Asp

Arg

Asn

Ser

val

610

Asp

Lys

val

Asp

Ala

Phe

Glu

435

Leu

Arg

Lys

Ala

Leu

515

Ala

Ala

Leu

Met

Ala

595

Phe

Lys

Tyr

val

Ala

675

Ile

Asp

Gly

Ala

Tyr

Ala

Lys

Met

Leu

Met

580

Phe

Glu

val

Tyr

Glu

660

Ser

Arg

Pro

Asn

Gly

Met

Glu

485

Arg

Ala

Thr

Ser

Ile

565

Glu

Glu

Asn

His

Ile

645

Gln

Met

Ala

Ala

Gly

val

Lys

Ala

Thr

Arg

Arg

Pro

550

Glu

Asp

val

Glu

Ala

630

Leu

Gly

Ala

Ile

Thr

His

Asp

Thr

Asn

Ala

Gln

535

Ala

Ser

Leu

Gly

Tyr

615

Arg

Asp

Gly

Glu

Trp

Ala

440

Phe

Gly

Leu

Leu

520

Arg

Asn

Gly

Thr

Pro

Leu

Thr

Ser

680

val

Leu

425

Ala

Ala

Ser

Pro

Pro

505

Thr

Phe

Gly

585

Asn

Gln

Leu

Gln

val

665

Thr

Ala

Glu

Ala

Pro

Ala

Leu

490

Tyr

Glu

Arg

Leu

Glu

570

Gly

val

Leu

Leu

Pro

650

Phe

Trp

Arg

Trp

Ser

Ala

Leu

475

His

Arg

Leu

Phe

Ala

555

Ser

Lys

Ala

Leu

Met

635

Glu

Leu

Asp

Asp
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Ser

Gly

Gln

460

Trp

Asp

Phe

Ala

Ala

540

Thr

Leu

val

Gln

620

val

Ser

val

Asp

Ile

Arg

Ile

445

Leu

Gln

Arg

Ala

Asn

Arg

Ser

Thr

605

Tyr

Pro

Ser

Ser

Tyr

685

Ser

Gln

430

Pro

Gly

Ala

Arg

Ala

510

Ala

Ser

Pro

Ala

Gln

590

Glu

Lys

Pro

Leu

Gly

Trp

Gly

Asp

Met

Phe

495

Ala

val

Gln

Glu

Gly

Pro

cys

val

655

Arg

Glu

Gln

Gln

Leu

Ala

480

Phe

Glu

Trp

Ala

560

val

Asp

Leu

Ile

640

Arg

Asn

His

Asp



Thr

val

Gly

Asn

785

val

Phe

TYyr

Leu

Thr

865

Ala

Gly

Lys

Trp

Thr

945

Asn

690

Ile

Leu

Leu

Phe

Asp

Trp

Leu

Thr

850

Tyr

Tyr

Ala

Arg

Leu

930

Ala

Tyr

Asn

Ala

Leu

val

755

Ala

Phe

Asn

Asn

Arg

val

Ile

Ala

Ser

Ser

915

Ala

Trp

Gly

val

val

Thr

740

Asp

Gly

Ser

TYyr

Gly

His

Cys

Tyr

Ser

Gly

Leu

Asn

Leu
Leu

725

Thr

Ala

Phe

Leu

805

Asp

Thr

Gly

Gly

Thr

885

His

Trp

Ala

Ala

Ala
965

Gly

Ala

Leu

Gly

Pro

Leu

790

Lys

Ala

TYyr

val

ser

870

Ala

Ile

Thr

Ile

695

Phe

Ala

Leu

His

Cys

775

Arg

Gly

Thr

Leu

Pro

855

Arg

Leu

Ala

Asn

Glu

935

Gln

Tyr

Cys

Arg

Asp

val

760

Ala

Pro

Asn

Asn

Gln

840

val

Glu

Leu

Gly

920

His

Ala

Arg

val

Gly

Phe

745

Gln

Leu

Asn

Thr

Leu

825

Asn

Asp

Asp

Ala

val

905

Ala

His

Gly

Ala

Gly

Glu

730

Ala

Leu

Leu

Asp

Pro

810

Pro

Glu

Leu

Asn

890

Ile

Leu

Gly

Ala

Ile
970

Gly

His

Asp

Arg

Arg

Leu

795

val

Gly

Leu

Ala

Ile

875

Lys

Asn

Pro

Ser

Lys

955

Glu

Page 8

700

Thr

Pro

Thr

Glu

Gly

val

Pro

Pro

Lys

Ser

860

val

Leu

Pro

Glu

Trp

Arg

Pro

Ile

Ala

Gly

Ala

765

Leu

Trp

Phe

Trp

val

845

Ile

Pro

Arg

Pro

ser

925

Trp

Ala

Ala

val

Ala

Ile

750

Thr

Glu

Asn

Asp

TYyr

830

Pro

Asp

Trp

Phe

Ala

910

Pro

Pro

Ala

Pro

Ser

Ser

735

Leu

Leu

Leu

Tyr

Leu

815

Cys

Gly

val

Thr

val

895

Lys

Gln

Asp

Pro

Thr
720
val

Asp

Gly

val

800

Leu

Trp

Lys

Pro

Ala

880

Leu

Asn

Trp

Ala
960

Arg



Tyr val Lys Ala Lys Ala
980

<210> 3
<211> 2958
<212> DNA

<213> Artificial

<220>
<223> Synthetic

<220>

<221> promoter

<222> (D..9

<223> 3'OH terminus of nisA promoter

<220>

<221> (DS

<222> (10)..(1185)

<223> Ag85A-ESAT6 antigen fusion

<220>

<221> (DS

<222> (1186)..(2955)
<223> PhacC synthase

<400> 3

tgtacacat atg ttt agt aga cca ggt tta cct gtt gaa tat tta caa gtt 51
Met Phe Ser Arg Pro Gly Leu Pro val Glu Tyr Leu Gln val
1 5 10

cct tct cca tct atg ggt aga gat att aaa gtt caa ttt caa tca gga 99
Pro Ser Pro Ser Met Gly Arg Asp Ile Lys val GIn Phe Gln Ser Gly

15 20 25 30

ggt gca aat tct cca gct tta tat tta tta gat ggt tta cgt gct caa 147
Gly Ala Asn Ser Pro Ala Leu Tyr Leu Leu Asp Gly Leu Arg Ala Gln

35 40 45
gat gat ttt tct ggt tgg gat att aat act cca gca ttt gaa tgg tat 195
Asp Asp Phe Ser Gly Trp Asp Ile Asn Thr Pro Ala Phe Glu Trp Tyr
50 55 60
gat caa tca ggt tta tct gtt gtt atg cca gtt ggt gga caa tca tct 243
Asp GIn Ser Gly Leu Ser val val Met Pro val Gly Gly Gln Ser Ser
65 70 75
ttt tat tca gat tgg tat caa cct gct tgt gga aaa gca ggt tgt caa 291
Phe Tyr Ser Asp Trp Tyr GIn Pro Ala Cys Gly Lys Ala Gly Cys Gln
80 85 90

aca tat aaa tgg gaa aca ttt tta aca tca gaa tta cca gga tgg tta 339
Thr Tyr Lys Trp Glu Thr Phe Leu Thr Ser Glu Leu Pro Gly Trp Leu

95 100 105 110

caa gca aat cgt cat gtt aaa cca act ggt tca gct gtt gtt ggt tta 387
Gln Ala Asn Arg His val Lys Pro Thr Gly Ser Ala val val Gly Leu

115 120 125
tct atg gct gct tca tca gct tta aca tta gct att tat cat cca caa 435
Ser Met Ala Ala Ser Ser Ala Leu Thr Leu Ala Ile Tyr His Pro Gln
130 135 140
caa ttt gtt tat gca ggt gct atg tca ggt tta tta gat cca tca caa 483

Gln Phe val Tyr Ala Gly Ala Met Ser Gly Leu Leu Asp Pro Ser Gln
Page 9



gct
Ala

tat
Tyr
175

cgt
Arg

cgt
Arg

aat
Asn

att
Ile

ttt
Phe
255

caa
Gln

cct
Pro

tgg
Trp

gtt
val

aaa
Lys
335

gtt
val

caa
Gln

act
Thr

acc
Thr
415

atg
Met
160

aaa
Lys

aat
Asn

gtt
val

aat
Asn

aaa
Lys
240

gat
Asp

tta
Leu

aat
Asn

aat
Asn

aca
Thr
320

tta
Leu

caa
Gln

aat
Asn

gaa
Glu

gcc
Ala
400

cca
Pro

145
S

gct
Ala

gat
Asp

tgg
Trp

tta
Leu
225

ttt
Phe

ttt
Phe

aat
Asn

aca
Thr

ttt
Phe
305

agt
Ser

gct
Ala

caa
Gln

tta
Leu

ggt
Gly
385

gca
Ala

ggc
Gly

cct
Pro

agt
ser

cCa
Pro

gtt
val
210

cCa
Pro

caa
Gln

cCa
Pro

gct
Ala

ggt
Gly
290

gct
Ala

att
Ile

gca
Ala

aaa
Lys

gct
Ala
370

aat
Asn

gct
Ala

cca
Pro

act
Thr

gat
Asp

tta
Leu
195

tat
Tyr

gca
Ala

gat
Asp

gat
Asp

atg
Met
275

cca
Pro

Gly

C@t
H1s

gct
Ala

tgg
Trp
355

cgt
Arg

gtt
val

tca
Ser

ttt
Phe

tta
Leu

atg
Met
180

tta
Leu

tgt
cys

aaa
Lys

gct
Ala

tct
Ser
260

aaa
Lys

gct
Ala

att
Ile

tca
Ser

tgg
Trp
340

gat
Asp

act
Thr

aca
Thr

acg
Thr

gat
Asp
420

att
Ile
165

tgg
Trp

aat
Asn

Gly

ttt
Phe

tat
TYyr
245

ggt
Gly

cca
Pro

cct
Pro

gaa
Glu

tta
Leu
325

ggt
Gly

gca
Ala

att
Ile

caa
Gln
405

cca
Pro

150

Ty

Gly

gtt
val

aat
Asn

tta
Leu
230

aat
Asn

aca
Thr

gat
Asp

caa
Gln

gct
Ala
310

tta
Leu

act
Thr

tca
Ser

atg
Met
390

gaa
Glu

gca
Ala

tta
Leu

CCa
Pro

ggt
Gly
215

gaa
Glu

gct
Ala

CE_it
H1s

tta
Leu

ggt
Gly
295

gca
Ala

gat
Asp

agt
Ser

gct
Ala

gaa
Glu
375

ttt
Phe

Gly

aca
Thr

gca atg
Ala Met

aaa gaa
Lys Glu
185

aaa tta
Lys Leu
200

aaa cca
Lys Pro

gga ttt
Gly Phe

tca tgg
ser Trp
265

caa cgt
Gln Arg
280

gca gga
Ala Gly

gct tct
Ala Ser

gaa gga
Glu Gly

ggt tca
Gly ser
345

act gaa
Thr Glu
360

gct ggt
Ala Gly

gca act
Ala Thr

aaa tca
Lys Ser

tgg ttg
Trp Leu
425
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oy
170

gat
Asp

att
Ile

tct
Ser

gtt
val

gga
Gly
250

gaa
Glu

gct
Ala

tca
Ser

gct
Ala

dadad
Lys
330

gaa
Glu

tta
Leu

caa
Gln

agt
Ser

caa
Gln
410

gaa
Glu

155

gat
Asp

CcCa
Pro

gca
Ala

gat
Asp

cgt
Arg
235

cqt
H1s

tat
Tyr

tta
Leu

aca
Thr

att
Ile
315

caa
Gln

gct
Ala

aat
Asn

gct
Ala

gca
Ala
395

CcCa
Pro

tgg
Trp

gct
Ala

gca
Ala

aat
Asn

tta
Leu
220

aca
Thr

aat
Asn

tgg
Trp

Gly

gaa
Glu
300

caa
Gln

tca
Ser

tat
Tyr

aat
Asn

atg
Met
380

aca
Thr

ttt
Phe

tca
Ser

oty

tgg
Trp

aat
Asn
205

gga
Gly

tca
Ser

gct
Ala
285

caa
Gln

Gly

tta
Leu

caa
Gln

gct
Ala
365

gct
Ala

gga

aaa
Lys

aga
Arg

oty

caa
Gln
190

act
Thr

Gly

aat
Asn

gtt
val

gca
Ala
270

act
Thr

caa
Gln

aat
Asn

aca
Thr

ggt
Gly
350

tta
Leu

tca
Ser

aaa
Lys

gtt
val

caa
Gln
430

531

579

627

675

723

771

819

867

915

963

1011

1059

1107

1155

1203

1251

1299



tgg
Trp

gat
Asp

atg
Met

ttt
Phe
495

gct
Ala

caa
Gln

gaa
Glu

ggt
575

acc
Thr

cct
Pro

tgt
Cys

gtt
val
655

cga
Arg

gaa
Glu

caa
Gln

tta
Leu

att
Ile

gcc
Ala
480

gca
Ala

ttt
Phe

gaa
Glu

tgg
Trp

gca
Ala
560

gtt
val

gat
Asp

gct
Ala

tta
Leu

att
Ile
640

cga
Arg

aat
Asn

cac
H1s

gga
Gly

gat
Asp

caa
Gln
465

gaa
Glu

tat
Tyr

gct
Ala

gtt
val
545

caa
Gln

aga
Arg

gaa
Glu

gtt
val

aca
Thr
625

aat
Asn

Cfilt
H1s

cct
Pro

gct
Ala

act
Thr

gca
Ala
450

caa
Gln

Gly

gat
Asp

tta
Leu

gat
Asp
530

gat
Asp

cga
Arg

aat
Asn

tca
Ser

gtt
val
610

gat
Asp

ada
Lys

gtt
val

gac
Asp

gcc
Ala
690

gaa
Glu
435

ctt
Leu

cga
Arg

ada
Lys

gcc
Ala

tta
Leu
515

gct
Ala

gct
Ala

tta
Leu

atg
Met

gca
Ala
595

ttc
Phe

ada
Lys

tat
Tyr

gtc
val

gct
Ala
675

att
Ile

gga
Gly

gct
Ala

tat
Tyr

gct
Ala

tgg
Trp
500

aat
Asn

ada
Lys

atg
Met

ctt
Leu

atg
Met
580

ttt
Phe

gaa
Glu

gtt
val

tac
TYyr

gaa
Glu
660

agt
ser

cga
Arg

aat
Asn

atg
Met

gaa
Glu
485

cgt
Arg

gct
Ala

act
Thr

agt
Ser

atc
Ile
565

gaa
Glu

gaa
Glu

aat
Asn

Cfilt
H1s

att
Ile
645

caa
Gln

atg
Met

gca
Ala

Gly

gtc
val

ada
Lys
470

gct
Ala

aca
Thr

cgt
Arg

cgt
Arg

cct
Pro
550

gaa
Glu

gat
Asp

gtg

gaa
Glu

gcc
Ala
630

ttg
Leu

gca
Ala

att
Ile

CZElt
H1s

ada
Lys
455

gat
Asp

aca
Thr

aat
Asn

gct
Ala

caa
Gln
535

gca
Ala

tca
Ser

tta
Leu

ggt

tat
Tyr
615

cgt
Arg

gat
Asp

Cfilt
H1s

Gly

gaa
Glu
695

gct
Ala
440

att
Ile

Tttt
Phe

Gly

ttg
Leu

tta
Leu
520

cgt
Arg

aat
Asn

act
Thr

cga
Arg
600

ttt
Phe

cct
Pro

ctt
Leu

acc
Thr

agt
Ser
680

gtt
val
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gct
Ala

gct
Ala

tca
Ser

CCa
Pro

cct
Pro
505

aca
Thr

att
Ile

ttc
Phe

cga
Arg
585

aat
Asn

caa
Gln

ttg
Leu

caa
Gln

gtc
val
665

acg
Thr

gca
Ala

gct
Ala

CcCa
Pro

gct
Ala

ctt
Leu
490

tac
Tyr

gaa
Glu

aga
Arg

ttg
Leu

gaa
Glu
570

ggt
Gly

gta
val

ttg
Leu

ctt
Leu

cca
Pro
650

ttt
Phe

tgg
Trp

cga
Arg

agc
ser

gct
Ala

ttg
Leu
475

Ca_.t
H1s

aga
Arg

ttg
Leu

ttt
Phe

gca
Ala
555

tca
Ser

aaa
Lys

gct
Ala

tta
Leu

atg
Met
635

gaa
Glu

ttg
Leu

gat
Asp

gat
Asp

ggt
Gly

caa
Gln
460

tgg
Trp

gat
Asp

Tttt
Phe

gca
Ala

gca
Ala
540

acc
Thr

ctt
Leu

att
Ile

gtt
val

caa
Gln
620

gtt
val

agc
Ser

gtt
val

gat
Asp

att
Ile
700

att
Ile
445

tta
Leu

caa
Gln

cga
Arg

gca
Ala

gat
Asp
525

att
Ile

aat
Asn

cgt
Arg

agt
Ser

acg
Thr
605

tat
Tyr

cct
Pro

tca
Ser

agt
Ser

tat
Tyr
685

tct
ser

cct
Pro

gca
Ala

cgt
Arg

gct
Ala
510

gct
Ala

agt
ser

cct
Pro

gct
Ala

caa
Gln
590

gaa
Glu

aaa
Lys

cct
Pro

ctt
Leu

tgg
Trp
670

att
Ile

1347

1395

1443

1491

1539

1587

1635

1683

1731

1779

1827

1875

1923

1971

2019

2067

2115



caa
Gln

tct
Ser

tct
Ser
735

ctt
Leu

tta
Leu

ctt
Leu

tac
Tyr

tta
Leu
815

tgt
Cys

gta
val

aca
Thr

gtt
val
895

aaa
Lys

caa
Gln

gat
Asp

cca
Pro

g9c

gac
Asp

acg
Thr
720

gtc
val

gat
Asp

ggt

gct
Ala

gtg
val
800

ttg
Leu

tgg
Trp

aaa
Lys

cct
Pro

gca
Ala
880

ctt
Leu

aat
Asn

caa
Gln

tgg
Trp

gcc
Ala
960

cgt

aaa
Lys
705

gca
Ala

aca
Thr

gtg
val

gga

aat
Asn
785

gtt
val

ttc
Phe

tat
TYyr

tta
Leu

act
Thr
865

gca
Ala

Gly

aaa
Lys

tgg
Trp

act
Thr
945

aat
Asn

tat

att
Ile

tta
Leu

ttg
Leu

ttt
Phe

gga
Gly
770

aca
Thr

gac
Asp

tgg
Trp

tta
Leu

aca
Thr
850

tat
TYyr

tat
TYyr

gct
Ala

cgt
Arg

tta
Leu
930

gca
Ala

tat
TYyr

gtc

aat
Asn

gct
Ala

ttg
Leu

gtc
val
755

gct
Ala

ttt
Phe

aat
Asn

aac
Asn

aga
Arg
835

gtc
val

att
Ile

gct
Ala

agt
Ser

tct
ser
915

gcc
Ala

tgg
Trp

aaa

gta
val

gtc
val

aca
Thr
740

gat
Asp

agc
Ser

tat
TYyr

ggt
Gly
820
cac
His

tgt
Cys

tat
TYyr

tca
Ser

gga
900

C@t
H1s

Gly

ttg
Leu

aat
Asn

gca

ctt
Leu

ctt
Leu
725

aca
Thr

gaa
Glu

gct
Ala

ttt
Phe

tta
Leu
805

gat
Asp

aca
Thr

aca
Thr
885

cac
H1s

tgg
Trp

gca
Ala

gct
Ala

gct
Ala
965

aaa

a1y
710

gct
Ala

tta
Leu

ggt
Gly

CCa
Pro

ctt
Leu
790

aaa
Lys

gca
Ala

tat
TYyr

gtt
val

agt
Ser
870

gca
Ala

att
Ile

aca
Thr

atc
Ile

ggt
Gly
950

cga
Arg

gca

ttt
Phe

gct
Ala

tta
Leu

cac
H1s

tgt
Cys
775

cga
Arg

Gly

act
Thr

tta
Leu

cct
Pro
855

cgt
Arg

ctt
Leu

gct
Ala

aat
Asn

gaa
Glu
935

caa
Gln

tat
TYyr

tga

tgt
Cys

cga
Arg

gat
Asp

gta
val
760

gct
Ala

CCa
Pro

aat
Asn

aat
Asn

caa
Gln
840

gta
val

gaa
Glu

ttg
Leu

Gly

gat
Asp
920

Ci_it
H1s

gcc
Ala

aga
Arg
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gtt
val

oty

ttt
Phe
745

caa
Gln

ttg
Leu

aat
Asn

acg
Thr

tta
Leu
825

aat
Asn

gat
Asp

gat
Asp

gcc
Ala

gtt
val
905

gct
Ala

CE_B.t
H1s

Gly

gct
Ala

oty

gaa
Glu
730

gct
Ala

tta
Leu

tta
Leu

gat
Asp

cca
Pro
810

CcCa
Pro

gaa
Glu

tta
Leu

Ci_it
H1s

aat
Asn
890

att
Ile

ttg
Leu

Gly

gca
Ala

att
Ile
970

oy
715

Ca_.t
H1s

gat
Asp

aga
Arg

aga
Arg

ttg
Leu
795

gtt
val

ctt
Leu

gca
Ala

att
Ile
875

aaa
Lys

aat
Asn

cCa
Pro

tca
Ser

dadad
Lys
955

gaa
Glu

aca
Thr

cct
Pro

act
Thr

gaa
Glu

ggt
Gly
780

gtc
val

cct
Pro

cct
Pro

aaa
Lys

tca
Ser
860

gtg
val

tta
Leu

cct
Pro

gaa
Glu

tgg
Trp
940

cgt
Arg

cct
Pro

att
Ile

gcc
Ala

gca
Ala
765

ttg
Leu

tgg
Trp

ttc
Phe

tgg
Trp

gtc
val
845

atc
Ile

cct
Pro

cgt
Arg

cCa
Pro

agt
Ser
925

tgg
Trp

gca
Ala

gca
Ala

gtt
val

gct
Ala

att
Ile
750

acc
Thr

gaa
Glu

aac
Asn

gat
Asp

tac
Tyr
830

ccCa
Pro

gac
Asp

tgg
Trp

ttc
Phe

gct
Ala
910

cct
Pro

cCa
Pro

gca
Ala

ccCa
Pro

2163

2211

2259

2307

2355

2403

2451

2499

2547

2595

2643

2691

2739

2787

2835

2883

2931

2958



Gly Arg Tyr val Lys Ala Lys Ala

975

<210>
<211>
<212>
<213>

<220>
<223>

<400>

4
982
PRT

Artificial

980

Synthetic Construct

4

Met Phe Ser Arg Pro Gly Leu
1 5

Pro

Asn

Phe

Ser

65

Ser

Lys

Asn

Ala

val

145

Ala

Asp

Trp

Ser

Ser

Ser

50

Gly

Asp

Trp

Arg

Ala

130

Tyr

Pro

Ser

Pro

val
210

Met

Pro

35

Gly

Leu

Trp

Glu

His

115

Ser

Ala

Thr

Asp

Leu

195

Tyr

Gly

20

Ala

Trp

Ser

Tyr

Thr

100

val

Ser

Gly

Leu

Met

180

Leu

cys

Arg

Leu

Asp

val

Gln

85

Phe

Lys

Ala

Ala

Ile

165

Trp

Asn

Gly

Asp

Tyr

val

70

Pro

Leu

Pro

Leu

Met

150

Gly

Gly

val

Asn

Ile

Leu

Asn

55

Met

Ala

Thr

Thr

Thr

135

Ser

Leu

Pro

Gly

Pro

Lys

Leu

40

Thr

Pro

cys

Ser

Gly

Leu

Gly

Ala

Lys

Lys

Lys

val

val

25

Asp

Pro

val

Gly

Glu

105

Ser

Ala

Leu

Met

Glu

185

Leu

Pro

Glu

10

Gln

Gly

Ala

Gly

Lys

Leu

Ala

Leu

Ser

Page 13

Tyr

Phe

Leu

Phe

Gly

75

Ala

Pro

val

Tyr

Asp

Pro

Ala

Asp

Leu

Gln

Arg

Glu

60

Gln

Gly

Gly

val

His

140

Pro

Ala

Ala

Asn

Leu
220

Gln

sSer

Ala

45

Trp

Ser

cys

Trp

Ser

Gly

Trp

Asn

205

Gly

val

Gly

30

Gln

Tyr

Ser

Gln

Leu

110

Leu

Gln

Gln

Gly

Gln

190

Thr

Gly

Pro

15

Gly

Asp

Asp

Phe

Thr

95

Gln

Ser

Gln

Ala

Tyr

175

Arg

Arg

Asn

Ser

Asp

Gln

Tyr

80

Tyr

Met

Phe

Met

160

Lys

Asn

val

Asn



Leu

225

Phe

Phe

Asn

Thr

Phe

305

Ser

Ala

Gln

Leu

Asp

Gln
465

Glu

Pro

Gln

Pro

Ala

Gly

Ala

Ile

Ala

Lys

Ala

370

Asn

Ala

Pro

Thr

Ala

450

Gln

Gly

Ala

Asp

Asp

Met

275

Pro

Gly

His

Ala

Trp

355

Arg

val

Ser

Phe

Glu

435

Leu

Arg

Lys

Lys

Ala

Ser

260

Lys

Ala

Ile

Ser

Asp

Thr

Thr

Thr

Asp

Gly

Ala

TYyr

Ala

Phe

Tyr

245

Gly

Pro

Pro

Glu

Leu

325

Gly

Ala

Ile

Gly

Gln

405

Pro

Asn

Gly

Met

Glu
485

Leu

230

Asn

Thr

Asp

Gln

Ala

310

Leu

Gly

Thr

Ser

Met

390

Glu

Ala

Gly

val

Lys

470

Ala

Glu

Ala

His

Leu

Asp

Ser

Ala

Glu

375

Phe

Gly

Thr

His

Lys

455

Asp

Thr

Gly

Gly

Ser

Gln

280

Ala

Ala

Glu

Gly

Thr

360

Ala

Ala

Lys

Trp

Ala

440

Ile

Phe

Gly

Phe

Gly

Trp

265

Arg

Gly

Ser

Gly

Ser

345

Glu

Gly

Thr

Ser

Leu

425

Ala

Ala

Ser

Pro

val Arg
Gly His
2
Glu Tyr
Ala Leu
Ser Thr
Ala Ile
315
Lys Gln
Glu Ala
Leu Ash
Gln Ala
Ser Ala

395

Gln Pro
410

Glu Trp
Ala Ser
Pro Ala

Ala Leu
475

Leu His
490

Page 14

Thr

Asn

Trp

Gly

Glu

300

Gln

Ser

Tyr

Asn

Met

380

Thr

Phe

Ser

Gly

Gln

460

Trp

Asp

Ser

Gly

Gly

Ala

285

Gln

Gly

Leu

Gln

Ala

365

Ala

Gly

Lys

Arg

Ile

445

Leu

Gln

Arg

Asn

val

Ala

270

Thr

Gln

Asn

Thr

Ser

Lys

val

Gln

430

Pro

Gly

Ala

Arg

Ile

Phe

255

Gln

Pro

Trp

val

Lys

val

Gln

Thr

Gly

Thr

415

Trp

Gly

Asp

Met

Phe
495

Lys

Asp

Leu

Asn

Asn

Thr

320

Leu

Gln

Asn

Ala
400

Pro

Leu

Ile

Ala
480



Tyr

Ala

val

545

Gln

Arg

Glu

val

Thr

625

Asn

His

Pro

Ala

Thr

val

Gly

Asp

Leu

Asp

Arg

Asn

Ser

val

610

Asp

Lys

val

Asp

Ala

690

Leu

Leu

Phe

Gly

Ala

Leu

515

Ala

Ala

Leu

Met

Ala

595

Phe

Lys

Tyr

val

Ala

675

Ile

Asn

Ala

Leu

val

755

Ala

Lys

Met

Leu

Met

580

Phe

Glu

val

Tyr

Glu

660

Ser

Arg

val

val

Thr

740

Asp

Gly

Arg

Ala

Thr

Ser

Ile

565

Glu

Glu

Asn

Ile

645

Gln

Met

Ala

Leu

Leu

725

Thr

Glu

Ala

Thr

Arg

Arg

Pro

550

Glu

Asp

val

Glu

Ala

630

Leu

Gly

Ala

Ile

Gly

Ala

Leu

Gly

Pro

Asn

Ala

Gln

535

Ala

Ser

Leu

Gly

Tyr

615

Arg

Asp

His

Gly

Glu

695

Phe

Ala

Leu

His

cys

Leu

Leu

520

Arg

Asn

Gly

Thr

Arg

Phe

Pro

Leu

Thr

Ser

680

val

cys

Arg

Asp

val

760

Ala

Pro

505

Thr

Ile

Phe

Gly

Gln

Leu

Gln

val

665

Thr

Ala

val

Gly

Phe

745

Gln

Leu

Tyr

Glu

Arg

Leu

Glu

570

Gly

val

Leu

Leu

Pro

650

Phe

Trp

Arg

Gly

Glu

730

Ala

Leu

Arg

Leu

Phe

Ala

555

Ser

Lys

Ala

Leu

Met

635

Glu

Leu

Asp

Asp

Asp

Arg

Phe

Ala

Ala

540

Thr

Leu

Ile

val

Gln

620

val

Ser

val

Asp

Ile

700

Thr

Pro

Thr

Glu

Leu Arg Gly
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Ala

Asp

525

Asn

Arg

Ser

Thr

605

Tyr

Pro

Ser

Ser

Tyr

685

Ser

Ala

Gly

Ala

765

Leu

Ala

510

Ala

Ser

Pro

Ala

Gln

590

Glu

Lys

Pro

Leu

Trp

Ile

Gly

val

Ala

Ile

750

Thr

Glu

Ala

val

Gln

Glu

Gly

Pro

Cys

val

655

Arg

Glu

Gln

Ser

Ser

735

Leu

Leu

Leu

Phe

Glu

Trp

Ala

560

val

Asp

Ala

Leu

Ile

640

Arg

Asn

Asp

Thr

720

val

Asp

Gly



Asn

785

val

Phe

Tyr

Leu

Thr

865

Ala

Gly

Lys

Trp

Thr

945

Asn

770

Thr

Asp

Trp

Leu

Thr

850

Tyr

Tyr

Ala

Arg

Leu

930

Ala

Tyr

Phe

Asn

Asn

Arg

835

val

Ala

Ser

ser

915

Ala

Trp

Gly

Tyr val Lys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

gctactagta ataaggagat atacatatgt tttcccggcc gggcttgc

<210>
<211>

5

48
DNA
Artificial

Ser

Tyr

Gly

His

Cys

Tyr

Ser

Gly

His

Gly

Leu

Asn

Ala
980

Phe

Leu

805

Asp

Thr

Gly

Gly

Thr

885

Trp

Ala

Ala

Ala

965

Lys

Leu

790

Lys

Ala

TYyr

val

Ser

870

Ala

Thr

Ile

Arg

Ala

775

Arg

Gly

Thr

Leu

Pro

855

Arg

Leu

Ala

Asn

Glu

935

Gln

Tyr

Pro

Asn

Asn

Gln

840

val

Glu

Leu

Gly

Asp

920

His

Ala

Arg

Asn

Thr

Leu

825

Asn

Asp

Asp

Ala

val

905

Ala

His

Gly

Ala

Asp
Pro

810

Pro

Leu

His

Asn

890

Leu

Gly

Ala

Ile
970

Primer-synthesised in laboratory

5

6

3

0
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Leu

795

val

Gly

Leu

Ala

Ile

875

Lys

Asn

Pro

Ser

Lys

955

Glu

780

val

Pro

Pro

Lys

ser

860

val

Leu

Pro

Glu

Trp

Arg

Pro

Trp

Phe

Trp

val

845

Pro

Arg

Pro

ser

925

Trp

Ala

Ala

Asn

Asp

TYyr

830

Pro

Asp

Trp

Phe

Ala

910

Pro

Pro

Ala

Pro

Tyr

Leu

815

Cys

Gly

val

Thr

val

895

Lys

Gln

Asp

Pro

val

800

Leu

Trp

Lys

Pro

Ala

880

Leu

Asn

Gln

Trp

Ala

960

Arg



<212> DNA

<213> Artificial
<220>

<223>

<400> 6

tgcactagtt gcgaacatcc cagtgacgtt

<210> 7
<211>
<212>
<213>

<220>
<223>

<400> 7

2361
DNA
Artificial

Primer-synthesised in laboratory

atgtctacta atcctaaacc tcagcgtaaa accaagcgta

gacgttaagt
ggtccgegtt
cgtcgtcaac
tacccatggc
cgtggtagcc
aaggtgattg
ggcgcaccgc
ggtgtcaact
ctgctgagct
ggcaaaggcg
gggccattcg
aacggccacg
gcgcecggege
caggccatgg
ggcgacgcat
gcgcgcgect
atccgcttcg
aatcccgagg
cgcaacatga
gaggtcggcc
cagctgttgc
ccgeccgtgea
catgtggtgg
atggccggca

ttccgggtgg
tgggtgttcg
cgatcccaaa
cgctgtatgg
gtccgagctg
ataccttgac
tgggcggtgce
atgcgacggg
gcctgaccat
cggcagcttc
atccagccac
cggccgcegtc
agctgggtga
ccgagggcaa
ggcgcaccaa
tgaccgagct
cgatctcgca
cgcagcgcect
tggaagacct
gcaatgtcgc
agtacaagcc
tcaacaagta
agcagggaca

gcacctggga

tggccagatt
cgcgacccgc
agcgcgccaa
caacgagggt
gggtccgacc
gtgcggtttc
agcccgtgea
caatctgccg
tccggcgagce
cacgcaggaa
atggctggaa
cggcattccg
tatccagcag
ggccgaggcc
cctcccatat
ggccgatgec
atgggtcgat
gctgatcgag
gacacgcggc
ggtgaccgaa
gctgaccgac
ctacatcctg
tacggtgttt

cgactacatc

gtgggtggcg
aaaacgagcg
ccggaaggtc
atgggctggg
gacccgcgtc
gcggatctga
ctggcgcacg
ggttgtagct
gcacgtacgg
ggcaagtccc
tggtcccgcece
ggcctggatg
cgctacatga
accggtccgce
cgcttcgctg
gtcgaggcecg
gcgatgtcgce
tcgggeggcg
aagatctcgc
ggcgcegtgg
aaggtgcacg
gacctgcagc
ctggtgtcgt
gagcacgcgg
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Synthetic construct from pET-14b-HepC-PhacC

gcaccaaccg
tctacctgct
aacgctccca
gcgcatggge
ctggttggct
gccgctcteg
tgggttacat
gcgtccgegt
tttcgatctt
gtggcggtgg
aaccattcaa
agtggcaggg
cgctggcagg
aggacttctc
tgcacgaccg
ccgcgttcta
atgccaagac
ccgccaactt
aatcgctgcg
agaccgacga
tcttcgagaa
cgcgcccget
cggagagctc
ggcgcaatcc

ccatccgcgc

tcgtccgcag
gccgecgtegt
accgcgtggc
ccagccaggc
gttgagcccg
taatctgggt
cccgctggtg
tctggaggac
cctgctggcec
cggtgcgacc
ggtcacgccg
cactgaaggc
cgtcaagatc
agcgctgtgg
gcgcttecgec
cctgctcaat
ccgccagegce
ccttgccacc
tgccggcgtg
gagcgcgttt
cgagtacttc
gctgatggtg
gctggtgcgce
ggacgccagc

catcgaagtc

30

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500



gcgcgcgaca
attgtctcga
acgctgctga
gagggccatg
ctgctgcgceg
tggaactacg
ttctggaacg
acctacctgc
gacctggcca
ccgtggaccg
ggtgcgtcgg
tggactaacg
cacggcagct
gccgegeccg
tacgtcaaag
<210> 8

<211> 786
<212> PRT
<213>

<220>
<223>

<400> 8

Met Ser Thr
1

Arg Arg Pro

Gly val Tyr

35

Thr Arg

50

Lys

Ile
65

Pro Lys

Tyr Pro Trp

Leu Leu Ser

tcagcggceca
ccgecgcetggce
ccacgctgct
tgcagttgcg
gccttgaget
tggtcgacaa
gcgacgccac
agaacgagct
gcatcgacgt
cggcctatgce
gccatatcgc
atgcgctgcc
ggtggccgga

ccaactatgg

ccaaggcatg a

Artificial

ggacaagatc
ggtgctggcc
ggactttgcc
cgaggccacg
ggccaatacc
ctacctgaag
caacctgccg
caaggtaccg
gccgacctat
ctcgaccgcg
cggtgtgatc
ggagtcgccg
ctggaccgca

caatgcgcgc

Asn Pro Lys Pro

Gln

20

Leu

Thr

Ala

Pro

Pro
100

5

Asp

Leu

Ser

Arg

Leu

85

Arg

val

Pro

Glu

Gln

70

TYyr

Gly

Lys

Arg

Arg

55

Pro

Gly

Ser

Gln Arg Lys
10

Phe Pro Gly

25

Arg Gly Pro

40

Ser Gln Pro

Gly Arg

Glu Gly

90

Asn

Pro Ser

105

Arg

aacgtgctcg
gcgcgeggcg
gacacgggca
ctgggcggeg
ttctcgttct
ggcaacacgc
gggccgtggt
ggcaagctga
atctacggct
ctgctggcga
aacccgccgg
cagcaatggc
tggctggccg

tatcgcgcaa

Hep C-PhacC fusion polypeptide encoded by

Thr Lys
Gly Gly
Leu

Arg

Gly
60

Arg

Ala
75

Trp
Met

Gly

Trp Gly
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gcttctgegt
agcacccggc
tcctcgacgt
gcgccggcegce
tgcgcccgaa
cggtgccgtt
actgctggta
ccgtgtgcgg
cgcgcgaaga
acaagctgcg
ccaagaacaa
tggccggcegce
ggcaggccgg

tcgaacccgc

gggcggcacc
cgccagcgtc
ctttgtcgac
gccgtgcgeg
cgacctggtg
cgacctgctg
cctgcgcecac
cgtgccggtg
ccatatcgtg
cttcgtgctg
gcgcagccac
catcgagcat
cgcgaaacgc

gcctgggcega

pPET-14b-HepC-PhacC

Arg

Gln

Gly

45

Arg

Ala

Trp

Pro

Ser

Ile

30

val

Arg

Gln

Ala

Thr
110

Thr Asn
15

val Gly
Arg
GlIn

Pro

Gly
80

Pro

Gly
95

Trp

Asp Pro

1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2361



Arg

Gly

Phe

Thr

Gln

Pro

225

Asn

Met

Glu

Thr

Ser

Ile

Glu

Arg

Phe

130

Gly

val

Leu

Gly

Glu

210

Ala

Gly

val

Lys

Ala

290

Thr

Arg

Arg

Pro

Glu

370

Asp

Ala

Asn

Leu

Gly

Thr

His

Lys

Asp

275

Thr

Asn

Ala

Gln

Ala

355

Ser

Leu

Ser

Asp

Ala

Tyr

Ala

180

Gly

Lys

Trp

Ala

Ile

260

Phe

Gly

Leu

Leu

Gly

Thr

Arg

Leu

Arg

Ala

165

Leu

Gly

Ser

Leu

Ala

245

Ala

Ser

Pro

Pro

Thr

325

Phe

Gly

Arg

Asn

Met

Ala

150

Thr

Leu

Gly

Gln

Glu

230

Ala

Pro

Ala

Leu

Tyr

310

Glu

Arg

Leu

Glu

Gly

Leu

Gly

Leu

Gly

Ser

Ala

Pro

215

Trp

Ser

Ala

Leu

His

295

Arg

Leu

Phe

Ala

Ser

375

Lys

Gly

Tyr

Ala

Asn

Cys

Thr

200

Phe

Ser

Gly

Gln

280

Asp

Phe

Ala

Ala

Thr

360

Leu

Ile

Lys

Ile

His

Leu

Leu

185

Gly

Lys

Arg

Ile

Leu

265

Gln

Arg

Ala

Asp

Ile

345

Asn

Arg

Ser

val

Pro

Gly

Pro

170

Thr

Lys

val

Gln

Pro

250

Gly

Ala

Arg

Ala

Ala

330

Ser

Pro

Ala

Leu
val

155

Gly

Gly

Thr

Trp

235

Gly

Asp

Met

Phe

Ala

315

val

Gln

Glu

Gly

Asp

val

140

Arg

Cys

Pro

Ala

Pro

220

Gln

Leu

Ile

Ala

Ala

300

Phe

Glu

Trp

Ala

val
380

Gln Thr Asp
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Thr

125

Gly

val

Ser

Ala

Ala

205

Gly

Gly

Asp

Gln

Glu

285

Gly

Tyr

Ala

val

Gln

365

Arg

Glu

Leu

Ala

Leu

Phe

ser

190

Ala

Pro

Thr

Ala

Gln

270

Gly

Asp

Leu

Asp

Asp

350

Arg

Asn

Ser

Thr

Pro

Glu

ser

175

Ala

Ser

Phe

Glu

Leu

255

Arg

Lys

Ala

Leu

Ala

335

Ala

Leu

Met

Ala

cys

Leu

Asp

160

Arg

Thr

Asp

Trp

Asn

320

Lys

Met

Leu

Met

Phe



385

Glu

Asn

His

Ile

Gln

465

Met

Ala

Leu

Leu

Thr

545

Glu

Ala

Phe

Leu

Asp

Thr

Gly

val

Glu

Ala

Leu

450

Gly

Ala

Ile

Gly

Ala

530

Leu

Gly

Pro

Leu

Lys

610

Ala

Tyr

val

Gly

Tyr

Phe
515

Ala

Leu

Gly

Thr

Leu

Pro

Arg

Phe

420

Pro

Leu

Thr

Ser

val

500

Cys

Arg

Asp

val

Ala

580

Pro

Asn

Asn

Gln

val
660

Asn

405

Gln

Leu

Gln

val

Thr

485

Ala

val

Gly

Phe

Gln

565

Leu

Asn

Thr

Leu

Asn

645

Asp

390

val

Leu

Leu

Pro

Phe

470

Trp

Arg

Gly

Glu

Ala

550

Leu

Leu

Asp

Pro

Pro

630

Leu

Ala

Leu

Met

Glu

455

Leu

Asp

Asp

Gly

His

535

Asp

Arg

Arg

Leu

val

615

Gly

Leu

Ala

val

Gln

val

440

Ser

val

Asp

Ile

Thr

520

Pro

Thr

Glu

Gly

val

600

Pro

Pro

Lys

Ser

Thr

Tyr

425

Pro

Ser

Ser

Tyr

Ser

505

Ala

Gly

Ala

Leu

585

Trp

Phe

Trp

val

Ile
665

Glu

410

Lys

Pro

Leu

Trp

Ile

490

Gly

val

Ala

Ile

Thr

570

Glu

Asn

Asp

Tyr

Pro
650

395

Gly

Pro

Cys

val

Gln

Ser

Ser

Leu

555

Leu

Leu

TYyr

Leu

Cys

635

Gly

Ala

Leu

Arg

Asn

His

Asp

Thr

val

540

Asp

Gly

Ala

val

Leu

620

Trp

Lys

Asp val Pro
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val

Thr

Asn

445

His

Pro

Ala

Lys

Ala

525

Thr

val

Gly

Asn

val

605

Phe

Tyr

Leu

Thr

val

Asp

430

Lys

val

Asp

Ala

Ile

510

Leu

Leu

Phe

Gly

Thr

590

Asp

Trp

Leu

Thr

Tyr
670

Phe

415

Lys

Tyr

val

Ala

Ile

495

Asn

Ala

Leu

val

Ala

575

Phe

Asn

Asn

Arg

val
655

400

val

Tyr

ser

480

Arg

val

val

Thr

560

Gly

Ser

Tyr

Gly

His

640

Cys

Tyr



Gly Ser Arg

Ala
690

Thr Leu

His Ala

705

Trp Thr Asn

Glu

Ala

Gln
755

Ala Gly

Ala Tyr

Lys
785

<210> 9

<211> 2361
<212> DNA
<213> Arti

<220>
<223>

<400> 9
atggcaagta

caagatgtta
agaggaccta
ggtcgtagac
ggatatcctt
ccaagaggat
ggtaaagtta
gttggagcac
gatggtgtta
gctttacttt
acaggaaaag
ccaggcccat

ggaaatggac

Glu Asp

Ala

Leu

Gly val

Asn

Ile

val
680

Ile
Leu

Lys

Asn Pro

710

Ala
725

Asp

His
740

Ala Gly

Arg Ala

ficial

caaatccaaa
aatttcctgg
gattaggtgt
aaccaattcc
ggcctttata
ctcgtcctag
ttgatacact
ctcttggagg
attatgctac
catgtttaac
gtgccgcagce
ttgatccagc

atgctgctgc

Leu

Gly

Ala

Pro Glu

ser Trp

Lys Arg

760

Glu
775

Pro

acctcaaaga
tggaggtcaa
tagagctaca
taaagcaaga
tggtaatgaa
ttggggtcca
tacttgtgga
tgctgcaaga
aggaaatctt
tattcctget
ttcaacgcaa
aacatggttg

tagcggtatt

Pro Trp Thr

Arg Phe val

Ala

Pro

Pro
730

Ser
Pro Asp
Ala

Pro

Pro Gly

Synthetic construct pNz-HepC-PhaCAB

aaaacaaaac
attgttggag
cgtaaaacat
caaccagaag
ggaatgggtt
actgatcctc
tttgctgatc
gctcttgcac
ccaggttgtt
tctgcaacta
gaaggaaaat
gaatggtcaa

cctggtttag
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Ala
685

Ala Tyr

Leu Ala

700

Gly

Asn Lys Arg

Gln Trp Leu

Ala
750

Trp Thr

Ala Asn

765

Tyr

Arg Tyr val

gttcaactaa
gtgtttattt
cagaaagatc
gtcgtgcttg
gggctggatg
gtagacgttc
ttatgggtta
atggagttcg
cattttctat
gtggaggtgg
cacaaccatt
gacaatggca

atgcacttgc

Ala Ser

ser

Gly

His
720

Ser

Ala
735

Gly

Trp Leu

Gly Asn

Lys Ala

tcgtagacca
acttccacgt
acaaccacgt
ggcacaacct
gttactttct
acgtaatctt
tattccatta
tgttttagaa
ttttctttta
aggtggagca
taaagttacc
aggaactgaa

tggagtcaaa

60
120
180
240
300
360
420
480
540
600
660
720
780



attgctccag
tggcaagcaa
gcaggagatg
aatgctcgtg
cgtattagat
accaatcctg
gttagaaata
tttgaagtgg
tttcaattgt
gttcctectt
cgacatgttg
agtatggcag
gttgcacgag
acaattgttt
gtcacattgt
gatgaaggtc
gctttgttaa
gtctggaact
ttgttctgga
cacacatatt
gtagatttag
gtgccttgga
cttggagcta
cattggacaa
catcatggtt
cgtgcagcac
cgttatgtca
<210> 10

<211> 787
<212> PRT
<213>

<220>
<223>

<400> 10

1

ctcaattagg
tggccgaagg
cctggcgtac
ctttaacaga
ttgcaattag
aagcacaacg
tgatggaaga
gtcgaaatgt
tacaatataa
gtattaataa
tcgaacaagg
gtagtacgtg
atatttctgg
ctacggcatt
tgacaacatt
acgtacaatt
gaggtttgga
acgtggttga
acggtgatgc
tacaaaatga
catcaatcga
cagcagcata
gtggacacat
atgatgcttt
catggtggcc
cagccaatta

aagcaaaagc

Artificial

5

tgatattcaa
aaaagctgaa
aaatttgcct
attggcagat
tcaatgggtt
attacttatc
tttaactcga
agctgttacg
acctttaaca
atattacatt
tcataccgtc
ggatgattat
tcaagacaaa
agctgtcctt
attagatttt
aagagaagca
acttgctaat
caattattta
aactaattta
acttaaagtc
cgtacctact
tgcttcaaca
tgctggagtt
gccagaaagt
agattggact
tggcaatgct

a

caacgatata
gctacaggac
tacagatttg
gctgtggaag
gatgctatga
gaatcaggcg
ggtaaaatta
gaaggtgctg
gataaagttc
ttggatcttc
tttttggtta
attgaacacg
attaatgtac
gctgctcgag
gctgatactg
accttaggtg
acatttagct
aaaggtaata
ccaggacctt
ccaggaaaat
tatatttatg
gcacttttgg
attaatcctc
cctcaacaat

gcatggttgg
cgatatagag

HepC-PhacC fusion polypeptide encoded
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tgaaagattt
cacttcatga
cagctgcttt
ctgatgctaa
gtcctgcaaa
gtgaatcact
gtcaaaccga
ttgttttcga
atgcccgtcc
aaccagaaag
gttggcgaaa
ctgccattcg
ttggcttttg
gagaacatcc
gcattcttga
gaggagctgg
ttcttcgacc
cgccagttcc
ggtactgttg
taacagtctg
gtagtcgtga
ccaataaatt
cagctaaaaa
ggttagccgg
ctggtcaagc

ctattgaacc

ttcagctttg
tcgacgtttt
ttatttatta
aactcgtcaa
tttcttggca
tcgtgctggt
tgaatcagca
aaatgaatat
tttgcttatg
ctcacttgtt
tcctgacgcet
agcaattgaa
tgttggtggt
tgccgettct
tgtgtttgtc
cgctccatgt
aaatgatttg
tttcgattta
gtatttaaga
tggtgttcct
agatcatatt
acgtttcgtt
taaacgttct
agcaatcgaa
cggtgcaaaa

tgcaccaggc

by pNzZ-HepC-PhaCAB

Met Ala Ser Thr Asn Pro Lys Pro Gln Arg Lys Thr Lys Arg Ser Thr
10 15

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2361



Asn

Gly

Ala

Pro

65

Gly

Trp

Pro

cys

Leu

145

Asp

Thr

Thr

Gly

Ala

Tyr

Ala

Arg

Gly

Thr

50

Tyr

Leu

Arg

Gly

Gly

Gly

Phe

Ser

Gln

210

Pro

Asn

Gly

Met

Glu

Arg

val

35

Arg

Pro

Pro

Leu

Gly

val

Leu

Ala

Gly

val

Lys

Ala

Pro

20

Tyr

Lys

Lys

Trp

Ser

100

Arg

Ala

Ala

Asn

Leu

180

Gly

Gly

Thr

Lys

Asp

Thr

Gln

Leu

Thr

Ala

Pro

85

Pro

Ser

Asp

Ala

Tyr

165

Ala

Gly

Lys

Trp

Ala

245

Phe

Gly

Asp

Leu

Ser

Arg

70

Leu

Arg

Arg

Leu

Leu

Gly

Ser

Leu

230

Ala

Ala

Ser

Pro

val

Pro

Glu

55

Gln

Tyr

Gly

Asn

Met

135

Ala

Thr

Leu

Gly

Gln

215

Glu

Ala

Pro

Ala

Leu

Lys

Arg

40

Arg

Pro

Gly

Ser

Leu

120

Gly

Leu

Gly

Ser

Ala

200

Pro

Trp

Ser

Ala

Leu

280

His

Phe

25

Arg

Ser

Glu

Asn

Tyr

Ala

Asn

cys

185

Thr

Phe

Ser

Gly

Gln

265

Trp

Asp

Pro

Gly

Gln

Gly

Glu

90

Pro

Lys

Leu

170

Leu

Gly

Lys

Arg

Ile

250

Leu

Gln

Gly

Pro

Pro

Arg

75

Gly

Ser

val

Pro

Thr

Lys

val

Gln

235

Pro

Gly

Ala

Gly

Arg

Arg

60

Ala

Met

Trp

Leu
140

val

Gly

Gly

Thr

220

Trp

Gly

Asp

Met

Arg Arg Phe
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Gly

Leu

45

Gly

Trp

Gly

Gly

125

val

Arg

cys

Pro

Ala

205

Pro

Gln

Leu

Ala
285

Ala

Gln

30

Gly

Arg

Ala

Trp

Pro

110

Thr

Gly

val

Ser

Ala

190

Ala

Gly

Gly

Asp

Gln

270

Glu

Gly

val

Arg

Gln

Ala

95

Thr

Leu

Ala

Leu

Phe

175

Ser

Ala

Pro

Thr

Ala

255

Gln

Gly

Asp

val

Arg

Gln

Pro

80

Gly

Asp

Thr

Pro

Glu

160

Ser

Ser

Phe

Glu

240

Leu

Arg

Lys



Lys

Met

Leu

Met

385

Phe

Glu

val

TYyr

Glu

465

Ser

Arg

val

val

Thr

545

Asp

290

Arg

Ala

Thr

Ser

Ile

370

Glu

Asn

His

Ile

450

Gln

Met

Ala

Leu

Leu

530

Thr

Glu

Thr

Arg

Arg

Pro

355

Glu

Asp

val

Glu

Ala

435

Leu

Gly

Ala

Ile

Leu

Gly

Asn

Ala

Gln

340

Ala

Ser

Leu

Gly

TYyr

420

Arg

Asp

Gly

Glu

500

Phe

Ala

Leu

Leu

Leu

325

Arg

Asn

Gly

Thr

Pro

Leu

Thr

ser

485

val

Cys

Arg

Asp

val
565

Pro

310

Thr

Ile

Phe

Gly

Gln

Leu

Gln

val

470

Thr

Ala

val

Gly

Phe

550

Gln

295

Tyr

Glu

Arg

Leu

Glu

375

Gly

val

Leu

Leu

Pro

455

Phe

Trp

Arg

Gly

Glu

535

Ala

Leu

Arg

Leu

Phe

Ala

360

Ser

Lys

Ala

Leu

Met

440

Leu

Asp

Asp

Asp

Arg

Phe

Ala

Ala

345

Thr

Leu

Ile

val

Gln

425

val

Ser

val

Asp

Ile

505

Thr

Pro

Thr

Glu

Ala Ala
315

Asp Ala
330

Ile Ser

Asn Pro

Arg Ala

Ser Gln

395

Thr Glu
410

Tyr Lys

Pro Pro

Ser Leu

Ser Trp

Tyr Ile

490

Ser Gly

Ile val

Ala Ala

Gly 1Ile

555

Ala Thr
570
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300

Ala

val

Gln

Glu

Gly

Thr

Gly

Pro

Cys

val

460

Arg

Glu

Gln

Ser

Ser

540

Leu

Leu

Phe

Glu

Trp

Ala

365

val

Asp

Ala

Leu

Ile

445

Arg

Asn

His

Asp

Thr

525

val

Asp

Gly

Tyr

Ala

val

350

Gln

Arg

Glu

val

Thr

430

Asn

His

Pro

Ala

Thr

val

Gly

Leu

Asp

335

Asp

Arg

Asn

Ser

val

415

Asp

Lys

val

Asp

Ala

495

Ile

Leu

Leu

Phe

Leu
320

Leu

Met

Ala

400

Phe

Lys

TYyr

val

Ala

480

Ile

Asn

Leu

val
560



Gly Ala Pro Cys Ala Leu Leu Arg Gly Leu Glu Leu Ala Asn Thr Phe
580 585 590

Ser Phe Leu Arg Pro Asn Asp Leu val Trp Asn Tyr val val Asp Asn
595 600 605

Tyr Leu Lys Gly Asn Thr Pro val Pro Phe Asp Leu Leu Phe Trp Asn
610 615 620

Gly Asp Ala Thr Asn Leu Pro Gly Pro Trp Tyr Cys Trp Tyr Leu Arg
625 630 635 640

His Thr Tyr Leu GIn Asn Glu Leu Lys val Pro Gly Lys Leu Thr val
645 650 655

Cys Gly val Pro val Asp Leu Ala Ser Ile Asp val Pro Thr Tyr Ile
660 665 670

Tyr Gly Ser Arg Glu Asp His Ile val Pro Trp Thr Ala Ala Tyr Ala
675 680 685

Ser Thr Ala Leu Leu Ala Asn Lys Leu Arg Phe val Leu Gly Ala Ser
690 695 700

Gly His Ile Ala Gly val Ile Asn Pro Pro Ala Lys Ash Lys Arg Ser
705 710 715 720

His Trp Thr Asn Asp Ala Leu Pro Glu Ser Pro Gln Gln Trp Leu Ala
725 730 735

Gly Ala Ile Glu His His Gly Ser Trp Trp Pro Asp Trp Thr Ala Trp
740 745 750

Leu Ala Gly Gln Ala Gly Ala Lys Arg Ala Ala Pro Ala Asn Tyr Gly
755 760 765

Asn Ala Arg Tyr Arg Ala Ile Glu Pro Ala Pro Gly Arg Tyr val Lys
770 775 780

Ala Lys Ala
785

<210> 11

<211> 2775

<212> DNA

<213> Artificial

<220>

<223> Synthetic construct - pET-14b-PhaCc-HAl of H3-PhacC
<400> 11

atgcagaaac tgccgggtaa cgataatagt accgcaacgc tgtgcctggg tcatcacgca
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gtgccgaacg
acggaactgg
gatggcgaaa
cagaacaaaa
tatgatgtgc
tttaacaatg
attcgtcgca
aaatatccgg
tggggcgttc
ggtcgcatca
cgtccgegeg
ggcgatattc
atccgttctg
gaatgtatca
attacgtatg
atgcgcaatg
ggcgcggeag
ttcgatccag
cacgcggccg
gcgcagetgg
atggccgagg
gcatggcgca
gccttgaccg
ttcgcgatct
gaggcgcagc
atgatggaag
ggccgcaatg
ttgcagtaca
tgcatcaaca
gtggagcagg
ggcagcacct
gacatcagcg
tcgaccgcgce
ctgaccacgc

catgtgcagt

gtaccattgt
ttcagagctc
attgtacgct
aatgggatct
cggattacgc
aaagcttcaa
gtaacaatag
ccctgaatgt
atcacccggg
ccgtgagcac
tgcgtaatat
tgctgatcaa
gcaaatctag
ccccgaacgg
gtgcctgccc
tgccggaaaa
cttccacgca
ccacatggct
cgtccggcat
gtgatatcca
gcaaggccga
ccaacctccc
agctggccga
cgcaatgggt
gcctgctgat
acctgacacg
tcgcggtgac
agccgctgac
agtactacat
gacatacggt
gggacgacta
gccaggacaa
tggcggtgct
tgctggactt

tgcgcgaggc

taaaaccatc
tagtaccggt
gatcgatgcc
gttcgtggaa
cagcctgcgt
ctggaccggc
ctttttctct
gacgatgccg
taccgataac
gaaacgttct
tccgagtcgce
cagcacgggc
tattatgcgt
ctctattccg
gcgttacgtt
acagacccgt
ggaaggcaag
ggaatggtcc
tccgggectg
gcagcgctac
ggccaccggt
atatcgcttc
tgccgtcgag
cgatgcgatg
cgagtcgggc
cggcaagatc
cgaaggcgcc
cgacaaggtg
cctggacctg
gtttctggtg
catcgagcac
gatcaacgtg
ggccgcgcegce
tgccgacacg

cacgctgggc

acgaacgatc
gaaatctgcg
ctgctgggcy
cgctctaaag
tctctggttg
gttacgcaga
cgtctgaact
aacaacgaaa
gatcagattt
cagcagaccg
attagcatct
aatctgattg
agtgatgcgc
aatgataaac
aaacagaaca
acgggtggcg
tcccaaccat
cgccagtggc
gatgcgctgg
atgaaggact
ccgctgcacg
gctgccgegt
gccgatgcca
tcgcccgeca
ggcgaatcgc
tcgcagaccg
gtggtcttcg
cacgcgcgcec
cagccggaga
tcgtggegea
gcggccatcc
ctcggcttct
ggcgagcacc
ggcatcctcg

ggcggcgcecyg
Page 26

agattgaagt
atagcccgca
atccgcagtg
catacagtaa
caagctctgg
atggtacgag
ggctgaccca
aattcgataa
ttccgtatgce
ttattccgaa
actggaccat
caccgcgcegg
cgatcggtaa
cgttccagaa
ccctgaaact
gtggcggtgc
tcaaggtcac
agggcactga
caggcgtcaa
tctcagecgct
accggcgcett
tctacctgct
agacccgcca
acttccttgce
tgcgtgccgg
acgagagcgc
agaacgagta
cgctgctgat
gctcgctggt
atccggacgc
gcgccatcga
gcgtgggcgg
cggccgccag
acgtctttgt

gcgcgecgtg

gaccaatgcg
tcagattctg
cgatggtttt
ctgttacccg
caccctggaa
tagcgcgtgce
cctgaaattt
actgtacatc
ccaggcaagc
catcggctct
cgttaaaccg
ttattttaaa
atgcaatagc
cgtgaatcgc
ggcaacgggc
gaccggcaaa
gccggggceca
aggcaacggc
gatcgcgccg
gtggcaggcc
cgccggcgac
caatgcgcgc
gcgcatccgce
caccaatccc
cgtgcgcaac
gtttgaggtc
cttccagctg
ggtgccgceceg
gcgccatgtg
cagcatggcc
agtcgcgcgce
caccattgtc
cgtcacgctg
cgacgagggc
cgcgctgctg

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160



cgcggcecttg
tacgtggtcg
aacggcgacg
ctgcagaacg
gccagcatcg
accgcggcect
tcgggccata
aacgatgcgc
agctggtggc
cccgccaact
aaagccaagg
<210> 12

<211> 924
<212> PRT
<213>
<220>

<223>
H3-P

<220>

<221> Prot
<222>
<223>
<400> 12
Met GIn Lys
1

Gly His His

Asp Gln Ile
35

Thr Gly Glu
50

Cys Thr Leu
65

Gln Asn Lys

Asn Cys Tyr

agctggccaa
acaactacct
ccaccaacct
agctcaaggt
acgtgccgac
atgcctcgac
tcgccggtgt
tgccggagtc
cggactggac

atggcaatgc

catga

hac

ein

Leu
Ala

20

Glu

Ile

Lys

Pro
100

Artificial

HAl of H3-PhacC

(D..0924)
HAl1 of H3-PhacC

Pro

5

val

val

Cys

Asp

Trp

85

TYyr

Gly

Pro

Thr

Asp

Ala

70

Asp

Asp

Asn

Asn

Asn

ser

55

Leu

Leu

val

taccttctcg
gaagggcaac
gccggggecg
accgggcaag
ctatatctac
cgcgctgctg
gatcaacccg
gccgcagcaa
cgcatggctg

gcgctatcgce

Asp

Gly

Ala

40

Pro

Leu

Phe

Pro

ttcttgcgec

acgccggtgce

tggtactgct

ctgaccgtgt

ggctcgcgcg

gcgaacaagc

ccggccaaga

tggctggecg
gccgggcagg

gcaatcgaac

Asn

Thr

25

Thr

His

Gly

val

Ser Thr
10

Ile val

Glu Leu

Gln Ile

Asp Pro

75

Glu Arg
90

Tyr Ala
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cgaacgacct

cgttcgacct

ggtacctgcg

gcggcgtgec

aagaccatat

tgcgcttegt

acaagcgcag

gcgccatcga

ccggcgcgaa

ccgcgectgg

Ala

Lys

val

Leu

60

Gln

Ser

Ser

fusion polypeptide encoded by

Thr

Thr

Gln

45

Asp

Cys

Lys

Leu

pPET-14b-HAl of

Leu

Ile

30

Ser

Gly

Asp

Ala

ggtgtggaac
gctgttctgg
ccacacctac
ggtggacctg
cgtgccgtgg
gctgggtgcg
ccactggact
gcatcacggc
acgcgccgeg

gcgatacgtc

Cys

15

Thr

Ser

Glu

Gly

TYyr

95

Ser

Leu

Asn

Ser

Asn

Phe

80

Ser

Leu

2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2775



val

Thr

Asn

145

Lys

Lys

Ala

305

Met

Ala

Pro

Trp

Ser

Ala

Gly

Asn

Tyr

Leu

Phe

Ser

210

Asn

Asp

Tyr

Pro

Pro

290

cys

Arg

Thr

Phe

Ser

370

Gly

Ser

115

val

Ser

Pro

Tyr

Pro

195

Gln

Phe

Ile

275

Asn

Pro

Asn

Gly

Ser

Thr

Phe

Ala

Ile

180

Tyr

Gln

Pro

Leu

Lys

Gly

Asp

Arg

val

Lys

val

Gln

Pro

Gly

Gln

Phe

Leu

165

Trp

Ala

Thr

Ser

Leu

245

Lys

Lys

Tyr

Pro

325

Gly

Thr

Trp

Gly

Thr

Asn

Ser

150

Asn

Gly

Gln

val

Arg

cys

Pro

val

310

Glu

Ala

Pro

Gln

Leu

Leu

Gly

Arg

val

val

Ala

Ile

215

Asn

Ser

Asn

Phe

295

Lys

Lys

Ala

Gly

Gly

Asp

Glu

120

Thr

Leu

Thr

His

Ser

200

Pro

Ser

Ser

Gly

Ser

280

Gln

Gln

Gln

Ala

Pro

360

Thr

Ala

Phe

Ser

Asn

Met

His

185

Gly

Asn

Thr

Asn

Asn

Thr

Ser

345

Phe

Glu

Leu

Asn

Ser

Trp

Pro

170

Pro

Arg

Ile

Tyr

Gly

Ser

cys

val

Thr

Arg

330

Thr

Asp

Gly

Asn

Ala

Leu

155

Asn

Gly

Gly
Trp
235

Asn

Ser

Asn

Leu

315

Thr

Gln

Pro

Asn

Glu

Cys

140

Thr

Asn

Thr

Thr

Ser

220

Thr

Leu

Thr

Arg

Lys

Gly

Glu

Ala

Gly
380

Ala Gly val
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Ser
125

Glu

Asp

val

205

Arg

Met

Pro

285

Leu

Gly

Gly

Thr

365

His

Lys

Phe

Arg

Leu

Lys

Asn

190

Ser

Pro

val

Ala

Arg

Asn

Thr

Ala

Gly

Trp

Ala

Asn

Arg

Lys

Phe

175

Asp

Thr

Arg

Lys

Pro

255

Ser

Gly

Tyr

Thr

Gly

Ser

Leu

Ala

Ala

Trp

sSer

Phe

160

Asp

Gln

Lys

val

Pro

240

Arg

Asp

Ser

Gly

Gly

Gly

Glu

Pro



385

Ala

Leu

His

Arg

Leu

465

Phe

Ala

Ser

Lys

Ala

545

Leu

Met

Leu

Asp

Asp

Gly

Gln

Trp

Asp

Phe

450

Ala

Ala

Thr

Leu

Ile

530

val

Gln

val

Ser

val

610

Asp

Ile

Thr

Leu

Gln

Asn

Thr

Tyr

Pro

ser

595

Ser

TYyr

Ser

Gly

Ala

420

Arg

Ala

Ala

Ser

Pro

500

Ala

Gln

Lys
Pro
580

Leu

Trp

Gly

val
660

Phe

Ala

val

Gln

485

Gly

Thr

Gly

Pro

565

Cys

val

Arg

Glu

Gln

645

Ser

390

Ala

Ala

Phe

Glu

470

Trp

Ala

val

Asp

Ala

550

Leu

Arg

Asn

His

630

Asp

Thr

Gln

Glu

Gly

TYyr

455

Ala

val

Gln

Arg

Glu

535

val

Thr

Asn

His

Pro

615

Ala

Lys

Ala

Gln

Gly

Asp

Leu

Asp

Asp

Arg

Asn

520

Ser

val

Asp

Lys

val

600

Asp

Ala

Ile

Leu

Leu

Ala

Ala

Leu

505

Met

Ala

Phe

Lys

Tyr

585

val

Ala

Asn

Ala
665

Tyr

410

Ala

Trp

Asn

Lys

Met

490

Leu

Met

Phe

val
570

Tyr

Ser

Arg

val
650

395

Met

Glu

Arg

Ala

Thr

475

Ser

Ile

Glu

Glu

Asn
555

Gln

Met

Ala

635

Leu

Lys

Ala

Thr

Arg

Arg

Pro

Glu

Asp

val

540

Glu

Ala

Leu

Gly

Ala

620

Ile

Gly

val Leu Ala
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Asp

Thr

Asn

445

Ala

Gln

Ala

Ser

Leu

525

Gly

Tyr

Arg

Asp

His

605

Gly

Glu

Phe

Ala

Phe

Gly

Leu

Leu

Arg

Asn

Arg

Phe

Pro

Leu

590

Thr

Ser

val

Cys

Arg

ser
415
Pro

Pro

Thr

Phe

495

Gly

Arg

Asn

Gln

Leu

575

Gln

val

Thr

Ala

val

655

Gly

400

Leu

Tyr

Arg

Leu

Gly

val

Leu

560

Leu

Pro

Phe

Trp

Arg

Gly



His

Asp

Arg

Leu

val

Gly

Leu

785

Ala

Ile

Lys

Asn

Pro

865

Ser

Lys

Glu

Pro

Thr

690

Glu

Gly

val

Pro

Pro

770

Lys

Ser

val

Leu

Pro

850

Glu

Trp

Arg

Pro

<210>
<211>
<212>

Ala

675

Gly

Ala

Leu

Trp

Phe

755

Trp

val

Ile

Pro

Arg

Pro

Ser

Trp

Ala

Ala
915

13
43
DNA

Ala

Ile

Thr

Glu

Asn

740

Asp

Tyr

Pro

Asp

Trp

Phe

Ala

Pro

Pro

Ala

900

Pro

Ser

Leu

Leu

Leu

725

Tyr

Leu

Cys

Gly

val

805

Thr

val

Lys

Gln

Gly

val

Asp

Gly

710

Ala

val

Leu

Trp

Lys

Pro

Ala

Leu

Asn

Gln

870

Trp

Ala

Arg

Thr

val

695

Gly

Asn

val

Phe

Tyr

775

Leu

Thr

Ala

Gly

Trp

Thr

Asn

Tyr

Leu

680

Phe

Gly

Thr

Asp

Trp

760

Leu

Thr

Tyr

Tyr

Ala

840

Arg

Leu

Ala

Tyr

val
920

Leu

val

Ala

Phe

Asn

745

Asn

Arg

val

Ile

Ala

825

Ser

Ser

Ala

Trp

Thr

Asp

Gly

Ser

730

Tyr

Gly

Cys

Tyr

810

Ser

Gly

His

Gly

Leu

890

Asn

Ala
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Thr

Glu

Ala

715

Phe

Leu

Asp

Thr

Gly

Thr

Trp

Ala

875

Ala

Ala

Lys

Leu

Gly

Pro

Leu

Lys

Ala

Tyr

780

val

Ser

Ala

Ile

Thr

860

Ile

Gly

Arg

Ala

Leu

685

His

Cys

Arg

Gly

Thr

765

Leu

Pro

Arg

Leu

Ala

845

Asn

Glu

Gln

Tyr

Asp

val

Ala

Pro

Asn

750

Asn

Gln

val

Glu

Leu

830

Gly

Asp

Ala

Phe

Gln

Leu

Asn

735

Thr

Leu

Asn

Asp

val

Ala

His

Leu

Leu

720

Asp

Pro

Pro

Glu

Leu

800

His

Asn

Leu



<213>

<220>
<223>

<400> 13

Artificial

Primer - synthesised in the Taboratory

agatactagt atgcagaaac tgccgggtaa cgataatagt acc

<210> 14

<211> 40

<212> DNA

<213> Artificial
<220>

<223>

<400> 14

gatgcgtacg ggtctgtttt tccggcacat tgcgcatgcc

<210> 15

<211> 40

<212> DNA

<213> Artificial
<220>

<223>

<400> 15

agatctcgag cagaaactgc cgggtaacga taatagtacc

<210> 16

<211> 43

<212> DNA

<213> Artificial
<220>

<223>

<400> 16

Primer - synthesised in the Taboratory

Primer - synthesised in the Taboratory

Primer - synthesised in the Taboratory

gatgggatcc tcaggtctgt ttttccggca cattgcgcat gcc

<210> 17
<211>
<212>
<213>

DNA
<220>
<223>

<400> 17
atgaatccaa

tgcttcttca
gaattcaact
aacataacag
ctagcagaat
tctaaggaca
tatgtgtcat

aacaacgtgc

3195

Artificial

atcaaaagat
tgcaaattgc
cccccccaaa
agatagtgta
acagaaattg
attcgattag
gcgatcctga

attcaaatga

aataacgatt
catcttgata
caaccaagtg
tctgaccaac
gtcaaagccg
gctttccget
caagtgttat

cacagtacgt

Synthetic construct - pET-14b-NA-PhacC

ggctctgttt
actactgtaa
atgctgtgtg
accaccatag
caatgtgaca
ggtggggaca
caatttgccc

gataggaccc
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ctctcaccat
cattgcattt
aaccaacaat
agaaggaaat
ttacaggatt
tctgggtgac

ttggacaggg
cttatcggac

ttccacaata
caagcaatat
aatagaaaga
atgccccaaa
tgcacctttt
aagagaacct
aacaacacta

cctattgatg

43

40

40

43

60
120
180
240
300
360
420
480



aatgagttag
tcaagttgtc
gcaactgcta
gaaatcctca
atgactgatg
aaaatcgttc
tatcctcgat
cccatcgtag
cttgttggag
aacaatgaag
tggatgggaa
gaaggctggt
ggtaataggt
tgcttttatg
aacagtattg
ggggcggaca
ggcgcggceag
ttcgatccag
cacgcggccg
gcgcagctgg
atggccgagg
gcatggcgca
gccttgaccg
ttcgcgatct
gaggcgcagc
atgatggaag
ggccgcaatg
ttgcagtaca
tgcatcaaca
gtggagcagg
ggcagcacct
gacatcagcg
tcgaccgcgce

ctgaccacgc

gtgttccttt
acgatggaaa
gcttcattta
ggacccagga
ggagtgcttc
atactagcac
atcctggtgt
atataaacat
acacacccag
aaggtggtca
gaacgatcag
ccaaccctaa
ccggttattc
tggagttgat
ttgtgttttg
tcaatctcat
cttccacgca
ccacatggct
cgtccggcat
gtgatatcca
gcaaggccga
ccaacctccc
agctggccga
cgcaatgggt
gcctgctgat
acctgacacg
tcgcggtgac
agccgctgac
agtactacat
gacatacggt
gggacgacta
gccaggacaa
tggcggtgct
tgctggactt

tcatctgggg
agcatggctg
Caatgggagg
gtcagaatgc
aggaaaagct
attgtcagga
cagatgtgtc
aaaggatcat
aaaaaacgac
tggagtgaaa
cgagaagtcg
gtccaaattg
tggtattttc
aaggggaaga
tggcacctca
gcctatacgt
ggaaggcaag
ggaatggtcc
tccgggectg
gcagcgctac
ggccaccggt
atatcgcttc
tgccgtcgag
cgatgcgatg
cgagtcgggc
cggcaagatc
cgaaggcgcc
cgacaaggtg
cctggacctg
gtttctggtg
catcgagcac
gatcaacgtg
ggccgcgege

tgccgacacg

accaagcaag
catgtttgta
cttgtagata
gtttgtatca
gatactaaaa
agtgctcagc
tgcagagaca
agcactgttt
agctccagca
ggctgggcct
cgcttagggt
cagataaata
tctgttgaag
aaagaggaaa
ggtacatatg
acgggtggcg
tcccaaccat
cgccagtggc
gatgcgctgg
atgaaggact
ccgctgcacg
gctgccgegt
gccgatgcca
tcgcccgeca
ggcgaatcgc
tcgcagaccg
gtggtcttcg
cacgcgcgcc
cagccggaga
tcgtggegea
gcggccatcc
ctcggcttct
ggcgagcacc
ggcatcctcg
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tgtgcatagc
taacggggga
gtattgtttc
atggaacttg
tactattcat
atgtcgagga
actggaaagg
ccagttatgt
gtagccattg
ttgatgatgg
atgaaacctt
ggcaagtcat
gcaaaagctg
ctgaagtctt
gaacaggctc
gtggcggtgc
tcaaggtcac
agggcactga
caggcgtcaa
tctcagecget
accggcgcett
tctacctgct
agacccgcca
acttccttgce
tgcgtgccgg
acgagagcgc
agaacgagta
cgctgctgat
gctcgctggt
atccggacgc
gcgccatcga
gcgtgggcgg
cggccgcecag

acgtctttgt

atggtccagc
tgataaaaat
atggtccaaa
tacagtagta
tgaggagggg
gtgctcctgce
ctccaatagg
gtgttcagga
tttagatcct
aaatgacgtg
caaagtcatt
agttgacaga
catcaatcgg
gtggacctca
atggcctgat
gaccggcaaa
gccggggceca
aggcaacggc
gatcgcgccg
gtggcaggcc
cgccggcgac
caatgcgcgc
gcgcatccgce
caccaatccc
cgtgcgcaac
gtttgaggtc
cttccagctg
ggtgccgccg
gcgccatgtg
cagcatggcc
agtcgcgcgce
caccattgtc
cgtcacgctg

cgacgagggc

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520



catgtgcagt
cgcggcecttg
tacgtggtcg
aacggcgacg
ctgcagaacg
gccagcatcg
accgcggcect
tcgggccata
aacgatgcgc
agctggtggc
cccgccaact
aaagccaagg
<210>
<211>
<212>
<213>

<220>
<223>

18
1064
PRT
Arti

<400> 18
Met Asn Pro
1

ITe Ser Thr

val Thr Leu

35

val
50

Gln Met

ITe val

65

TYyr

Leu Ala Glu

Phe Ala Pro

Asp Ile

Cys Tyr

130

tgcgcgaggce
agctggccaa
acaactacct
ccaccaacct
agctcaaggt
acgtgccgac
atgcctcgac
tcgeccggtgt
tgccggagtc
cggactggac
atggcaatgc

catga

ficial

Gln
5

Asn

Lys

cacgctgggc
taccttctcg
gaagggcaac
gccggggcecg
accgggcaag
ctatatctac
cgcgctgctg
gatcaacccg
gccgcagcaa
cgcatggctg

gcgctatcgce

Ile

Ile Thr

ggcggcgecg
ttcttgcgec
acgccggtgce
tggtactgct
ctgaccgtgt
ggctcgegeg
gcgaacaagc
ccggccaaga
tggctggecg
gccgggcagg

gcaatcgaac

Ile
10

Gly

gcgcgecgtg
cgaacgacct
cgttcgacct
ggtacctgcg
gcggcgtgec
aagaccatat
tgcgcttcgt
acaagcgcag
gcgccatcga
ccggcgcgaa

ccgcgectgg

Ser val Ser

Ile

20

Leu

Leu

TYyr

Phe

100

val

Phe

Cys

Phe

Cys

Thr

Arg

85

Ser

Thr

Ala

Phe

Lys

Glu

Asn

70

Asn

Lys

Arg

Leu

Phe

Gln

Pro

55

Thr

Trp

Asp

Met

Tyr

40

Thr

Thr

Ser

Asn

Pro

120

Gln

Gln

25

Glu

Ile

Ile

Lys

Ser

105

TYyr

Gly

Ile Ala Ile

Phe Asn Ser

ITe Glu Arg

60

Glu Lys Glu

75

Pro Gln

90

Cys

Ile Arg Leu

val Ser Cys

Thr Thr Leu
140
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Leu

Pro

45

Asn

Ile

Asp

Ser

Asp

125

Asn

Ile
30

Pro

Cys

Ile

Ala

110

Pro

Asn

cgcgctgctg
ggtgtggaac
gctgttctgg
ccacacctac
ggtggacctg
cgtgccgtgg
gctgggtgcg
ccactggact
gcatcacggc
acgcgccgeg

gcgatacgtc

NA-PhaC fusion polypeptide encoded by pET-14b-NA-PhacC

Leu Thr
15

Thr Thr

Asn

Asn

Glu

Thr

Pro

Thr
95

Gly
Gly Gly
Asp

Lys

val His

2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3195



Ser

145

Asn

Ala

Cys

Thr
225

Met

Gln

cys

Ile

305

Leu

cys

Ala

Lys

Asn
385

Asn

Glu

Trp

Arg

210

Gln

Thr

Glu

His

val

290

Asn

val

Leu

Phe

Ser

370

Pro

Asn

Asp

Leu

Ser

Thr

195

Leu

Glu

Asp

Glu

val

275

cys

Ile

Gly

Asp

Asp

Arg

Lys

Arg

Thr

Gly

Ser

180

Gly

val

Ser

Gly

Gly

Glu

Arg

Lys

Asp

Pro

340

Asp

Leu

Ser

Ser

val

val

165

Ser

Asp

Asp

Glu

Ser

245

Lys

Glu

Asp

Asp

Thr

325

Asn

Gly

Gly

Lys

Ser

Asp

Ser

Cys

230

Ala

cys

Asn

His

310

Pro

Asn

Asn

Tyr

Leu

390

Tyr

Asp

Phe

Cys

Lys

Ile

215

val

Ser

val

Ser

Trp

Ser

Arg

Glu

Asp

Glu

375

Gln

Ser

Arg

His

Asn

200

val

Cys

Gly

cys

280

Lys

Thr

Lys

Glu

val

360

Thr

Gly

Thr

Leu

Ser

Lys

Thr

265

Tyr

Gly

val

Asn

Trp

Phe

Asn

Pro

Gly

Gly

Thr

Trp

Asn

Ala

250

Ser

Pro

Ser

Ser

330

Gly

Met

Lys

Arg

Phe
410
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Tyr

155

Thr

Lys

Ala

Ser

Gly

Asp

Thr

Arg

Asn

Ser

315

Ser

Gly

val

Gln

395

Ser

Arg

Lys

Ala

Ser

Thr

Leu

Tyr

Arg

Tyr

Ser

Gly

Arg

Ile

380

val

val

Thr

Gln

Trp

Phe

205

Glu

Cys

Lys

Ser

Pro

285

Pro

val

Ser

val

Thr

365

Glu

Glu

Leu

val

Leu
190

Thr

Gly

Gly

cys

Ser

Gly

val

Gly

Leu

Cys

175

His

Tyr

Leu

val

Leu

255

Ser

val

val

Ser

Ser

335

Gly

Ser

Trp

Asp

Met

160

val

Asn

Arg

val

240

Phe

Arg

Asp

Gly

His

Trp

Glu

Ser

Arg

Ser



Cys

Glu

Thr

Asn

465

Thr

Trp

Met

Phe

Ala

val

Gln

625

Gly

Thr

Ile

Thr

Ser

450

Leu

Ala

Pro

Gln

Leu

530

Ile

Ala

Ala

Phe

Glu

610

Trp

Ala

val

Asp

Asn

Glu

435

Gly

Met

Ala

Gly

Asp

Gln

Glu

Gly

Tyr

595

Ala

val

Gln

Arg

Glu
675

Arg

val

Thr

Pro

Ala

Pro

500

Thr

Ala

Gln

Gly

580

Leu

Asp

Asp

Arg

Asn

660

Ser

Cys

Leu

Tyr

Ser

485

Phe

Glu

Leu

Arg

Leu

Ala

Ala

Leu

645

Met

Ala

Phe

Trp

Gly

Arg

Thr

Asp

Gly

Ala

Tyr

550

Ala

Trp

Asn

Lys

Met

630

Leu

Met

Phe

Tyr

Thr

Thr

455

Thr

Gln

Pro

Asn

Glu

Arg

Ala

Thr

615

Ser

Ile

Glu

Glu

val

Ser

440

Gly

Gly

Glu

Ala

Lys

Ala

Thr

600

Arg

Pro

Glu

Asp

val
680

Glu

425

Asn

Ser

Gly

Gly

Thr

505

Lys

Asp

Thr

Asn

585

Ala

Gln

Ala

Ser

Leu

665

Gly

Leu ITe

Ser Ile

Trp Pro

Gly Gly

Lys Ser

Trp Leu

Ala Ala

Ile Ala

Phe Ser

555

Gly Pro

Leu Pro

Leu Thr

Arg Ile

Asn Phe

635

Gly Gly

Thr Arg

Arg Asn
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Arg

val

Asp

Gly

Gln

Glu

Ala

Pro

540

Ala

Leu

TYyr

Glu

Arg

Leu

Glu

Gly

val

Gly

val

445

Gly

Ala

Pro

Trp

ser

525

Ala

Leu

Arg

Leu

605

Phe

Ala

Ser

Lys

Ala
685

Arg

Phe

Ala

Thr

Phe

Ser

510

Gly

Gln

Trp

Asp

Phe

590

Ala

Ala

Thr

Leu

Ile

670

val

Lys

Ccys

Asp

Gly

Leu

Gln

Asn

Thr

Gly

Ile

Lys

val

Gln

Pro

Gly

Ala

560

Arg

Ala

Ser

Pro

640

Ala



Pro

705

Cys

val

Arg

Glu

Gln

785

Ser

Ser

Leu

Leu

Leu

865

Tyr

Leu

cys

val
945

Thr

Ala
690

Leu

Arg

Asn

His

770

Asp

Thr

val

Asp

Gly

Ala

val

Leu

Trp

930

Pro

Ala

val

Thr

Asn

Pro

755

Ala

Lys

Ala

Thr

val

835

Gly

Asn

val

Phe

Tyr

915

Leu

Thr

Ala

val

Asp

Lys

val

740

Asp

Ala

Leu

Leu

820

Phe

Gly

Thr

Asp

Thr

Tyr

Tyr

Phe

Lys

Tyr

725

val

Ala

Asn

Ala

805

Leu

val

Ala

Phe

Asn

885

Asn

Arg

val

Ala

Glu

val

710

Tyr

Glu

Ser

Arg

val

790

val

Thr

Asp

Gly

Ser

870

Tyr

Gly

cys

Tyr
950

Ser

Asn
695

His

Gln

Met

Ala

775

Leu

Leu

Thr

Glu

Ala

855

Phe

Leu

Asp

Thr

Gly

Thr

Glu

Ala

Leu

Gly

Ala

760

Ile

Gly

Ala

Leu

Gly

Pro

Leu

Lys

Ala

Tyr

920

val

Ser

Ala

Tyr

Arg

Asp

His

745

Gly

Glu

Phe

Ala

Leu

825

cys

Arg

Gly

Thr

905

Leu

Pro

Arg

Leu

Phe

Pro

Leu

730

Thr

Ser

val

Cys

Arg

810

Asp

val

Ala

Pro

Asn

890

Asn

Gln

val

Glu

Gln

Leu

715

Gln

val

Thr

Ala

val

795

Gly

Phe

Gln

Leu

Asn

875

Thr

Leu

Asn

Asp

Asp
955

Leu

700

Leu

Pro

Phe

Trp

Arg

Gly

Glu

Ala

Leu

Leu

860

Asp

Pro

Pro

Glu

Leu

940

His

Leu Ala Asn
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Leu

Met

Glu

Leu

765

Asp

Gly

His

Asp

Arg

Leu

val

Gly

Leu

925

Ala

Ile

Lys

Gln

val

Ser

val

750

Asp

Thr

Pro

Thr

830

Glu

Gly

val

Pro

Pro

910

Lys

Ser

val

Leu

Tyr

Pro

ser

735

Ser

Tyr

Ser

Ala

815

Gly

Ala

Leu

Trp

Phe

895

Trp

val

Pro

Arg

Lys
Pro
720

Leu

Trp

Gly

val
800

Thr

Glu

Asn

880

Asp

Tyr

Pro

Asp



965 970

975

val Leu Gly Ala Ser Gly His Ile Ala Gly val Ile Asn Pro Pro Ala
980 985

Lys Asn Lys Arg Ser His Trp Thr
995 1000 1005

Gln GIn Trp Leu Ala Gly Ala Ile Glu His His Gly Ser
1010 1015 1020

Pro Asp Trp Thr Ala Trp Leu Ala Gly Gln Ala Gly Ala
1025 1030 1035

Ala Ala Pro Ala Asn Tyr Gly Asn Ala Arg Tyr Arg Ala
1040 1045 1050

Pro Ala Pro Gly Arg Tyr val Lys Ala Lys Ala
1055 1060

<210> 19

<211> 3228

<212> DNA

<213> Artificial

<220>

<223> Synthetic construct - pET-14b-Phac-Tinker-NA

<400> 19
atggcgaccg gcaaaggcgc ggcagcttcc acgcaggaag gcaagtccca

gtcacgccgg ggccattcga tccagccaca tggctggaat ggtcccgeca
actgaaggca acggccacgc ggccgcgtcc ggcattccgg gcctggatgce
gtcaagatcg cgccggcgca gctgggtgat atccagcagc gctacatgaa
gcgctgtggc aggccatggc cgagggcaag gccgaggcca ccggtccgcet
cgcttcgccg gcgacgcatg gcgcaccaac ctcccatatc gcttcgetgce
ctgctcaatg cgcgcgcctt gaccgagctg gccgatgccg tcgaggcecga
cgccagcgca tccgcttcge gatctcgcaa tgggtcgatg cgatgtcgec
cttgccacca atcccgaggc gcagcgcctg ctgatcgagt cgggcggcga
gccggcgtge gcaacatgat ggaagacctg acacgcggca agatctcgca
agcgcgtttg aggtcggccg caatgtcgcg gtgaccgaag gcgccgtggt
gagtacttcc agctgttgca gtacaagccg ctgaccgaca aggtgcacgc
ctgatggtgc cgccgtgcat caacaagtac tacatcctgg acctgcagcc
ctggtgcgcc atgtggtgga gcagggacat acggtgtttc tggtgtcgtg
gacgccagca tggccggcag cacctgggac gactacatcg agcacgcggc
atcgaagtcg cgcgcgacat cagcggccag gacaagatca acgtgctcgg

ggcggcacca ttgtctcgac cgcgctggcg gtgctggccg cgcgcggcga
Page 37

Asn Asp Ala Leu Pro Glu Ser Pro

Trp Trp

Lys Arg

Ile Glu

accattcaag
gtggcagggc
gctggcaggc
ggacttctca
gcacgaccgg
cgcgttctac
tgccaagacc
cgccaacttc
atcgctgcgt
gaccgacgag
cttcgagaac
gcgcccgcetg
ggagagctcg
gcgcaatccg
catccgcgcec
cttctgcgtg

gcacccggcc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020



gccagcgtca
tttgtcgacg
ccgtgegegce
gacctggtgt
gacctgctgt
ctgcgccaca
gtgccggtgg
catatcgtgc
ttcgtgctgg
cgcagccact
atcgagcatc
gcgaaacgcg
cctgggcgat
ggaggcggtg
ctcaccattt
ttgcatttca
ccaacaataa
aaggaaatat
acaggatttg
tgggtgacaa
ggacagggaa
tatcggaccc
tgcatagcat
acgggggatg
attgtttcat
ggaacttgta
ctattcattg
gtcgaggagt
tggaaaggct
agttatgtgt
agccattgtt
gatgatggaa
gaaaccttca

caagtcatag

cgctgctgac
agggccatgt
tgctgcgcgg
ggaactacgt
tctggaacgg
cctacctgca
acctggccag
cgtggaccgc
gtgcgtcggg
ggactaacga
acggcagctg
ccgcgeecgce
acgtcaaagc
gaggcctcga
ccacaatatg
agcaatatga
tagaaagaaa
gccccaaact
cacctttttc
gagaacctta
caacactaaa
tattgatgaa
ggtccagctc
ataaaaatgc
ggtccaaaga
cagtagtaat
aggaggggaa
gctcctgcta
ccaataggcc
gttcaggact
tggatcctaa
atgacgtgtg
aagtcattga

ttgacagagg

cacgctgctg
gcagttgcgc
ccttgagctg
ggtcgacaac
cgacgccacc
gaacgagctc
catcgacgtg
ggcctatgec
ccatatcgcc
tgcgctgecg
gtggccggac
caactatggc
caaggcacat
gaatccaaat
cttcttcatg
attcaactcc
cataacagag
agcagaatac
taaggacaat
tgtgtcatgc
caacgtgcat
tgagttaggt
aagttgtcac
aactgctagc
aatcctcagg
gactgatggg
aatcgttcat
tcctcgatat
catcgtagat
tgttggagac
caatgaagaa
gatgggaaga
aggctggtcc

taataggtcc

gactttgccg
gaggccacgc
gccaatacct
tacctgaagg
aacctgccgg
aaggtaccgg
ccgacctata
tcgaccgegce
ggtgtgatca
gagtcgccgc
tggaccgcat
aatgcgcgcet
atggtgctgg
caaaagataa
caaattgcca
cccccaaaca
atagtgtatc
agaaattggt
tcgattaggc
gatcctgaca
tcaaatgaca
gttccttttc
gatggaaaag
ttcatttaca
acccaggagt
agtgcttcag
actagcacat
cctggtgtca
ataaacataa
acacccagaa
ggtggtcatg
acgatcagcg
aaccctaagt

ggttattctg
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acacgggcat
tgggcggcgg
tctcgttctt
gcaacacgcc
ggccgtggta
gcaagctgac
tctacggctc
tgctggcgaa
acccgcecggce
agcaatggct
ggctggccgg
atcgcgcaat
cggtggcgat
taacgattgg
tcttgataac
accaagtgat
tgaccaacac
caaagccgca
tttccgctgg
agtgttatca
cagtacgtga
atctggggac
catggctgca
atgggaggct
cagaatgcgt
gaaaagctga
tgtcaggaag
gatgtgtctg
aggatcatag
aaaacgacag
gagtgaaagg
agaagtcgcg
ccaaattgca

gtattttctc

cctcgacgtc
cgccggcegceg
gcgcccgaac
ggtgccgttc
ctgctggtac
cgtgtgcggc
gcgcgaagac
caagctgcgc
caagaacaag
ggccggcgec
gcaggccggce
cgaacccgcg
tgataaacgc
ctctgtttct
tactgtaaca
gctgtgtgaa
caccatagag
atgtgacatt
tggggacatc
atttgccctt
taggacccct
caagcaagtg
tgtttgtata
tgtagatagt
ttgtatcaat
tactaaaata
tgctcagcat
cagagacaac
cactgtttcc
ctccagcagt
ctgggccttt
cttagggtat
gataaatagg

tgttgaaggc

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060



aaaagctgca tcaatcggtg cttttatgtg gagttgataa ggggaagaaa agaggaaact 3120

gaagtcttgt ggacctcaaa cagtattgtt gtgttttgtg gcacctcagg tacatatgga 3180
acaggctcat ggcctgatgg ggcggacatc aatctcatgc ctatataa 3228
<210> 20

<211> 1075

<212> PRT

<213> Artificial

<220>

<223> PhacC-linker-NA fusion polypeptide encoded by
pPET-14b-PhacC-Tinker-NA

<400> 20
Met Ala Thr Gly Lys Gly Ala Ala Ala Ser Thr GIn Glu Gly Lys Ser
1 5 10 15

Gln Pro Phe Lys val Thr Pro Gly Pro Phe Asp Pro Ala Thr Trp Leu
20 25 30

Glu Trp Ser Arg Gln Trp Gln Gly Thr Glu Gly Asn Gly His Ala Ala
35 40 45

Ala Ser Gly Ile Pro Gly Leu Asp Ala Leu Ala Gly val Lys Ile Ala
50 55 60

Pro Ala GIn Leu Gly Asp ITe GIn GIn Arg Tyr Met Lys Asp Phe Ser
65 70 75 80

Ala Leu Trp GIn Ala Met Ala Glu Gly Lys Ala Glu Ala Thr Gly Pro
85 90 95

Leu His Asp Arg Arg Phe Ala Gly Asp Ala Trp Arg Thr Asn Leu Pro
100 105 110

Tyr Arg Phe Ala Ala Ala Phe Tyr Leu Leu Asn Ala Arg Ala Leu Thr
115 120 125

Glu Leu Ala Asp Ala val Glu Ala Asp Ala Lys Thr Arg Gln Arg Ile
130 135 140

Arg Phe Ala ITe Ser GIn Trp val Asp Ala Met Ser Pro Ala Asn Phe
145 150 155 160

Leu Ala Thr Asn Pro Glu Ala Gln Arg Leu Leu Ile Glu Ser Gly Gly
165 170 175

Glu Ser Leu Arg Ala Gly val Arg Asn Met Met Glu Asp Leu Thr Arg
180 185 190

Gly Lys ITe Ser GIn Thr Asp Glu Ser Ala Phe Glu val Gly Arg Asn
195 200 205

Page 39



val

Leu

225

Leu

Pro

Phe

Trp

Ala

Leu

Leu

385

Asp

Pro

Pro

Glu

Leu
465

Ala

210

Leu

Met

Glu

Leu

Asp

290

Asp

Gly

His

Asp

Arg

Arg

Leu

val

Gly

Leu

450

Ala

val

Gln

val

Ser

val

275

Asp

Ile

Thr

Pro

Thr

355

Glu

Gly

val

Pro

Pro

435

Lys

Ser

Thr

Tyr

Pro

Ser

260

Ser

TYyr

Ser

Ala

340

Gly

Ala

Leu

Trp

Phe

420

Trp

val

Glu

Lys

Pro

245

Leu

Trp

Ile

Gly

val

325

Ala

Ile

Thr

Glu

Asn

405

Asp

Tyr

Pro

Asp

Gly

Pro

230

Cys

val

Arg

Glu

Gln

310

Ser

Ser

Leu

Leu

Leu

390

Tyr

Leu

Cys

Gly

val
470

Ala

215

Leu

Ile

Arg

Asn

His

295

Asp

Thr

val

Asp

Gly

Ala

val

Leu

Trp

Lys

455

Pro

val

Thr

Asn

Pro

280

Ala

Lys

Ala

Thr

val

360

Gly

Asn

val

Phe

Tyr

440

Leu

Thr

val

Asp

Lys

val

265

Asp

Ala

Ile

Leu

Leu

345

Phe

Gly

Thr

Asp

Thr

TYyr

Phe

Lys

Tyr

250

val

Ala

Ile

Asn

Ala

330

Leu

val

Ala

Phe

Asn

410

Asn

Arg

val
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Glu

val

235

Tyr

Glu

Ser

Arg

val

315

val

Thr

Asp

Gly

Ser

395

Tyr

Gly

His

Cys

Tyr
475

Asn

220

His

Ile

Gln

Met

Ala

300

Leu

Leu

Thr

Glu

Ala

380

Phe

Leu

Asp

Thr

Gly

Gly

Glu

Ala

Leu

Gly

Ala

285

Ile

Gly

Ala

Leu

Gly

Pro

Leu

Lys

Ala

Tyr

445

val

Ser

Tyr

Arg

Asp

His

270

Gly

Phe

Ala

Leu

350

His

Cys

Arg

Gly

Thr

430

Leu

Pro

Arg

Phe

Pro

Leu

255

Thr

Ser

val

Cys

Arg

Asp

val

Ala

Pro

Asn

415

Asn

Gln

val

Glu

Leu

240

Gln

val

Thr

Ala

val

320

Gly

Phe

Leu

Asn

400

Thr

Leu

Asn

Asp

Asp



His

Asn

Leu

Leu

Pro

Thr

625

Leu

Met

Tyr

Glu

Pro

705

Trp

Gln

Asp

Ile

Lys

Asn

Pro

530

Ser

Lys

Glu

Ala

Asn

610

His

Leu

Leu

Tyr

690

Phe

val

Phe

Thr

val

Leu

Pro

515

Glu

Trp

Arg

Pro

val

595

Gln

cys

Phe

cys

Thr

675

Arg

Ser

Thr

Ala

val

Pro

Ser

Trp

Ala

Ala

580

Ala

Lys

Phe

Lys

Glu

660

Asn

Asn

Lys

Arg

Leu

740

Arg

Ala

Pro

Pro

Ala

565

Pro

Ile

Ile

Phe

Gln

645

Pro

Thr

Trp

Asp

Glu

725

Gly

Asp

Thr

val

Lys

Gln

550

Pro

Gly

Asp

Met

630

Tyr

Thr

Thr

Ser

Asn

710

Pro

Gln

Arg

Ala

Leu

Asn

Gln

535

Trp

Ala

Arg

Lys

Thr

615

Gln

Glu

Tyr

Gly

Thr

Ala

Gly

Lys

Trp

Thr

Asn

Tyr

Arg

600

Ile

Ile

Phe

Ile

Glu

680

Pro

Ile

val

Thr

Pro

Tyr

Ala

505

Arg

Leu

Ala

Tyr

val

585

Gly

Gly

Ala

Asn

Glu

665

Lys

Gln

Arg

Ser

Thr

745

Tyr

Ala

490

Ser

Ser

Ala

Trp

Lys

Gly

Ser

Ser

650

Arg

Glu

cys

Leu

730

Leu

Ser

Gly

Gly

Leu

555

Asn

Ala

Gly

val

Leu

635

Pro

Asn

Asp
Ser
715

Asp

Asn

Thr

His

Trp

Ala

540

Ala

Ala

Lys

Gly

ser

620

Pro

cys

Ile

700

Ala

Pro

Asn

Arg Thr Leu

Page 41

Ala

Ile

Thr

525

Ile

Gly

Arg

Ala

Thr

Asn

Thr

Pro

685

Thr

Gly

Asp

val

Leu

Leu

Ala

510

Asn

Glu

Gln

Tyr

His

590

Leu

Thr

Thr

Asn

Glu

670

Lys

Gly

Gly

Lys

His

750

Met

Leu
495
Gly

Asp

Ala

Arg

Met

Glu

val

Gln

655

Leu

Phe

Asp

Asn

val

val

Asn

ser

Thr

640

val

val

Ile
720

Tyr

Asn



755 760 765

Leu Gly val Pro Phe His Leu Gly Thr Lys GIn val Cys Ile Ala Trp
770 775 780

Ser Ser Ser Ser Cys His Asp Gly Lys Ala Trp Leu His val Cys Ile
785 790 795 800

Thr Gly Asp Asp Lys Asn Ala Thr Ala Ser Phe Ile Tyr Asn Gly Arg
805 810 815

Leu val Asp Ser Ile val Ser Trp Ser Lys Glu Ile Leu Arg Thr Gln
820 825 830

Glu ser Glu Cys val Cys Ile Asn Gly Thr Cys Thr val val Met Thr
835 840 845

Asp Gly Ser Ala Ser Gly Lys Ala Asp Thr Lys ITe Leu Phe Ile Glu
850 855 860

Glu Gly Lys ITe val His Thr Ser Thr Leu Ser Gly Ser Ala GIn His
865 870 875 880

val Glu Glu Cys Ser Cys Tyr Pro Arg Tyr Pro Gly val Arg Cys val
885 890 895

Cys Arg Asp Asn Trp Lys Gly Ser Asn Arg Pro Ile val Asp Ile Asn
900 905 910

Ile Lys Asp His Ser Thr val Ser Ser Tyr val Cys Ser Gly Leu val
915 920 925

Gly Asp Thr Pro Arg Lys Asn Asp Ser Ser Ser Ser Ser His Cys Leu
930 935 940

Asp Pro Asn Asn Glu Glu Gly Gly His Gly val Lys Gly Trp Ala Phe
945 950 955 960

Asp Asp Gly Asn Asp val Trp Met Gly Arg Thr Ile Ser Glu Lys Ser
965 970 975

Arg Leu Gly Tyr Glu Thr Phe Lys val Ile Glu Gly Trp Ser Asn Pro
980 985 990

Lys Ser Lys Leu GIn Ile Asn Arg Gln val Ile val Asp Arg Gly Asn
995 1000 1005

Arg Ser Gly Tyr Ser Gly ITe Phe Ser val Glu Gly Lys Ser Cys
1010 1015 1020

Ile Asn Arg Cys Phe Tyr val Glu Leu ITe Arg Gly Arg Lys Glu
1025 1030 1035
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Glu Thr
1040

Gly Thr
1055

Asp Ile
1070

<210>
<211>
<212>
<213>

21

DNA
<220>
<223>

<400> 21

2544

Glu val Leu Trp Thr
0

Artificial

1045

1060

Asn Leu Met Pro Ile

1075

Ser Asn Ser Ile val

Synthetic construct - pET-14b-M1-PhacC

val
1050

1065

atgagccttc taaccgaggt cgaaacgtat gttctctcta tcgttccatc

aaagccgaga
gctctcatgg
gggtttgtgt
caaaatgccc
aggaaactta
gctggtgcac
gaagtggcat
tctcataggc
ttggccagca
gaggccatgg
actcatccta
cagaaacgaa
accggcaaag
ccggggcecat
ggcaacggcc
atcgcgccgg
tggcaggcca
gccggcgacg
aatgcgcgcg
cgcatccgct
accaatcccg

gtgcgcaaca

tcgcgcagag
aatggctaaa
tcacgctcac
tcaatgggaa
agagggagat
ttgccagttg
ttggcctggt
aaatggtggc
ctacagctaa
agattgctag
gttccagtac
tgggggtgca
gcgcggcagce
tcgatccagce
acgcggccgce
cgcagctggg
tggccgaggg
catggcgcac
ccttgaccga
tcgcgatctc
aggcgcagceg
tgatggaaga

acttgaagat
gacaagacca
cgtgcccagt
tggagatcca
aacgttccat
catgggcctc
atgtgcaaca
aacaaccaat
ggctatggag
tcaggccagg
tggtctaaga
gatgcaacga
ttccacgcag
cacatggctg
gtccggcatt
tgatatccag
caaggccgag
caacctccca
gctggccgat
gcaatgggtc
cctgctgatc

cctgacacgc

gtctttgctg
attctgtcac
gagcgaggac
aataacatgg
ggggccaaag
atatacaata
tgtgagcaaa
ccattaataa
caaatggctg
cagatggtgc
gatgatcttc
ttcaagcgta
gaaggcaagt
gaatggtccc
ccgggectgg
cagcgctaca
gccaccggtc
tatcgcttcg
gccgtcgagg
gatgcgatgt
gagtcgggcg
ggcaagatct
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ggaaaaacac
ctctgactaa
tgcagcgtag
acaaagcagt
aaatagctct
gaatgggggc
ttgctgactc
aacatgagaa
gatcaagtga
aggcaatgag
ttgaaaattt
cgggtggcgg
cccaaccatt
gccagtggca
atgcgctggce
tgaaggactt
cgctgcacga
ctgccgegtt
ccgatgccaa
cgcccgcecaa
gcgaatcgct

cgcagaccga

Phe Cys

Ser Gly Thr Tyr Gly Thr Gly Ser Trp Pro Asp Gly Ala

aggccccctc
agatcttgag
ggggattttg
acgctttgtc
taaactgtat
cagttattct
tgtaaccact
ccagcacagg
cagaatggtt
gcaggcagcg
agccattggg
gcagacctat
tggcggtgcg
caaggtcacg
gggcactgaa
aggcgtcaag
ctcagcgctg
ccggcgettce
ctacctgctc
gacccgccag
cttccttgec
gcgtgccggce
cgagagcgcg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380



tttgaggtcg
ttccagctgt
gtgccgeegt
cgccatgtgg
agcatggccg
gtcgegegeg
accattgtct
gtcacgctgc
gacgagggcc
gcgctgctgce
gtgtggaact
ctgttctgga

cacacctacc

gtggacctgg
gtgccgtgga
ctgggtgcgt
cactggacta
catcacggca
cgcgcecgcegce
cgatacgtca
<210>
<211>

<212>
<213>

22
847
PRT

<220>
<223>
<400> 22

Met Ser Leu
1
Ser Gly Pro

Ala Gly Lys
35

Arg Pro Ile
50

Thr Leu Thr
65

Leu

Leu

20

Asn

Leu

val

gccgcaatgt
tgcagtacaa
gcatcaacaa
tggagcaggg
gcagcacctg
acatcagcgg
cgaccgcgct
tgaccacgct
atgtgcagtt
gcggccttga
acgtggtcga
acggcgacgc
tgcagaacga
ccagcatcga
ccgcggecta
cgggccatat
acgatgcgct
gctggtggcc
ccgccaacta

aagccaaggc

Artificial

M1-PhaC fusion

Thr

Lys

Thr

Ser

Pro

Glu

Ala

Asp

Pro

Ser
70

cgcggtgacc
gccgctgacc
gtactacatc
acatacggtg
ggacgactac
ccaggacaag
ggcggtgctg
gctggacttt
gcgcgaggcec
gctggccaat
caactacctg
caccaacctg
gctcaaggta
cgtgccgacc
tgcctcgacc
cgccggtgtg
gccggagtcg
ggactggacc
tggcaatgcg

atga

val

Glu

Leu

Leu

55

Glu

Glu Thr

Ile Ala
25

Glu Ala
40

Thr Lys

Arg Gly

gaaggcgcecg
gacaaggtgc
ctggacctgc
tttctggtgt
atcgagcacg
atcaacgtgc
gccgcgegeg
gccgacacgg
acgctgggcg
accttctcgt
aagggcaaca
ccggggccgt
ccgggcaagc
tatatctacg
gcgctgectgg
atcaacccgc
ccgcagcaat

gcatggctgg
cgctatcgcg

Tyr val Leu
10

Gln Arg Leu

Leu Met Glu

Gly ITe Leu
60

Leu Gln Arg
75
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tggtcttcga
acgcgcgcecc
agccggagag
cgtggcgcaa
cggccatccg
tcggcttctg
gcgagcaccc
gcatcctcga
gcggcgceegg
tcttgcgcecc
cgccggtgcec
ggtactgctg
tgaccgtgtg
gctcgcgcga
cgaacaagct
cggccaagaa
ggctggccgg
ccgggcaggc

caatcgaacc

Ser Ile
Glu Asp

30
Trp Leu
45

Gly Phe

Arg Arg

gaacgagtac
gctgctgatg
ctcgctggtg
tccggacgcec
cgccatcgaa
cgtgggcggc
ggccgccagce
cgtctttgtc
cgcgccgtgce
gaacgacctg
gttcgacctg
gtacctgcgc
cggcgtgceceg
agaccatatc
gcgcttecgtg
caagcgcagc
cgccatcgag
cggcgcgaaa

cgcgcctggg

polypeptide encoded by pET-14b-M1-PhacC

val Pro

15

val Phe

Lys Thr

val Phe

Phe val
80

1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2544



Gln

val

Lys

Gly

Asn

Ala

Ala

Ser

225

Gln

Gly

Lys

Trp

Ala

305

Phe

Asn

Lys

Glu

Leu

130

Leu

His

Arg

Gly

Arg

210

Ser

Lys

Gly

Ser

Leu

290

Ala

Ala

Ser

Ala

Leu

Ile

115

val

Arg

Met

Ser

195

Gln

Thr

Arg

Gly

Gln

275

Glu

Ala

Pro

Ala

Leu

Tyr

100

Ala

Tyr

Cys

Gln

val

180

Ser

Met

Gly

Met

Ala

260

Pro

Trp

Ser

Ala

Leu
340

Asn

85

Arg

Leu

Asn

Ala

Met

165

Leu

Glu

val

Leu

Phe

Ser

Gly

Gln

325

Trp

Gly

Lys

Ser

Arg

Thr

150

val

Ala

Gln

Gln

Gly

Lys

Arg

Ile

310

Leu

Gln

Asn

Leu

Tyr

Met

135

Cys

Ala

Ser

Ala

Ala

215

Asp

Gln

Lys

val

Gln

295

Pro

Gly

Ala

Gly

Lys

Ser

120

Gly

Glu

Thr

Thr

Ala

200

Met

Asp

Met

Gly

Thr

280

Trp

Gly

Asp

Met

Ala

Gln

Thr

Thr

185

Glu

Arg

Leu

Gln

Ala

265

Pro

Gln

Leu

Ala
345

Pro
90
Glu

Gly

val

Asn

170

Ala

Ala

Ala

Leu

Gly

Gly

Asp

Gln

330

Glu

Asn Asn

Ile Thr

Ala Leu

Thr Thr

140

Ala Asp
155

Pro Leu

Lys Ala

Met Glu

Glu Asn
235

Phe Lys

Ala Ser

Pro Phe

Thr Glu

300

Ala Leu
315

Gln Arg

Gly Lys
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Met

Phe

Ala

125

Glu

Ser

Met

Ile

205

Thr

Leu

Arg

Thr

Asp

285

Gly

Ala

Tyr

Ala

Asp

His

110

Ser

val

Gln

Lys

Glu

190

Ala

His

Gln

Thr

Gln

270

Pro

Asn

Gly

Met

Glu
350

Lys

Gly

Cys

Ala

His

175

Gln

Ser

Pro

Thr

Ala

Gly

val

Lys

Ala

Met

Phe

Arg

Glu

Met

Gln

Ser

Tyr

240

Gly

Gly

Thr

Asp

Thr



Gly

Leu

Leu

385

Arg

Asn

Gly

Thr

Arg

Phe

Pro

Leu

Thr

ser

545

val

Cys

Arg

Asp

Pro
Pro

370

Thr

Phe

Gly

Gln

Leu

Gln

val

530

Thr

Ala

val

Gly

Phe
610

Leu
355

Tyr

Arg

Leu

Glu

435

Gly

val

Leu

Leu

Pro

515

Phe

Trp

Arg

Gly

Glu

595

Ala

His

Arg

Leu

Phe

Ala

420

Ser

Lys

Ala

Leu

Met

500

Glu

Leu

Asp

Asp

Asp

Asp

Phe

Ala

Ala

405

Thr

Leu

val

Gln

485

val

Ser

val

Asp

Ile

565

Thr

Pro

Thr

Arg

Ala

Asp

390

Asn

Arg

Ser

Thr

470

Tyr

Pro

Ser

Ser

TYyr

550

Ser

Ile

Ala

Gly

Arg

Ala

375

Ala

Ser

Pro

Ala

Gln

455

Glu

Lys

Pro

Leu

Trp

535

Gly

val

Ala

Ile
615

Phe

360

Ala

val

Gln

Glu

Gly

Thr

Gly

Pro

Cys

val

520

Arg

Glu

Gln

Ser

Ser

600

Leu

Ala

Phe

Trp

Ala

425

val

Asp

Ala

Leu

Ile

505

Arg

Asn

Asp

Thr

585

val

Asp

Gly

Tyr

Ala

val

410

Gln

Arg

Glu

val

Thr

490

Asn

His

Pro

Ala

Lys

570

Ala

Thr

val
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Asp

Leu

Asp

395

Asp

Arg

Asn

Ser

val

475

Asp

Lys

val

Asp

Ala

555

Leu

Leu

Phe

Ala

Leu

380

Ala

Ala

Leu

Met

Ala

460

Phe

Lys

Tyr

val

Ala

540

Asn

Ala

Leu

val
620

Trp

Asn

Lys

Met

Leu

Met

445

Phe

Glu

val

Tyr

Glu

525

Ser

Arg

val

val

Thr

605

Asp

Arg

Ala

Thr

Ser

Ile

430

Glu

Asn

His

Ile

510

Gln

Met

Ala

Leu

Leu

590

Thr

Glu

Thr

Arg

Arg

Pro

415

Glu

Asp

val

Glu

Ala

495

Leu

Gly

Ala

Ile

Leu

Gly

Asn

Gln

400

Ser

Leu

Gly

TYyr

480

Arg

Asp

His

Gly

Glu

560

Phe

Ala

Leu

His



val Gln Leu Arg Glu Ala Thr Leu Gly Gly Gly Ala Gly Ala Pro Cys
625 630 635 640

Ala Leu Leu Arg Gly Leu Glu Leu Ala Asn Thr Phe Ser Phe Leu Arg
645 650 655

Pro Asn Asp Leu Vval Trp Asn Tyr Vval val Asp Asn Tyr Leu Lys Gly
660 665 670

Asn Thr Pro val Pro Phe Asp Leu Leu Phe Trp Asn Gly Asp Ala Thr
675 680 685

Asn Leu Pro Gly Pro Trp Tyr Cys Trp Tyr Leu Arg His Thr Tyr Leu
690 695 700

Gln Asn Glu Leu Lys val Pro Gly Lys Leu Thr val Cys Gly val Pro
705 710 715 720

val Asp Leu Ala Ser Ile Asp val Pro Thr Tyr Ile Tyr Gly Ser Arg
725 730 735

Glu Asp His ITe val Pro Trp Thr Ala Ala Tyr Ala Ser Thr Ala Leu
740 745 750

Leu Ala Asn Lys Leu Arg Phe val Leu Gly Ala Ser Gly His Ile Ala
755 760 765

Gly val ITe Asn Pro Pro Ala Lys Asn Lys Arg Ser His Trp Thr Asn
770 775 780

Asp Ala Leu Pro Glu Ser Pro GIn GIn Trp Leu Ala Gly Ala Ile Glu
785 790 795 800

His His Gly Ser Trp Trp Pro Asp Trp Thr Ala Trp Leu Ala Gly Gln
805 810 815

Ala Gly Ala Lys Arg Ala Ala Pro Ala Asn Tyr Gly Asn Ala Arg Tyr
820 825 830

Arg Ala ITe Glu Pro Ala Pro Gly Arg Tyr val Lys Ala Lys Ala

835 840 845
<210> 23
<211> 2577
<212> DNA
<213> Artificial
<220>
<223> Synthetic construct - pET-14b-Phac-Tinker-ml
<400> 23
atggcgaccg gcaaaggcgc ggcagcttcc acgcaggaag gcaagtccca accattcaag 60
gtcacgccgg ggccattcga tccagccaca tggctggaat ggtcccgcca gtggcagggc 120
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actgaaggca
gtcaagatcg
gcgctgtggc
cgcttcgccg
ctgctcaatg
cgccagcgca
cttgccacca
gccggegtge
agcgcgtttg
gagtacttcc
ctgatggtgc
ctggtgcgcc
gacgccagca
atcgaagtcg
ggcggcacca
gccagcgtca
tttgtcgacg
ccgtgegegce
gacctggtgt
gacctgctgt
ctgcgccaca
gtgccggtgg
catatcgtgc
ttcgtgctgg
cgcagccact
atcgagcatc
gcgaaacgcg
cctgggcgat
ggaggcggtg
gttccatcag
aaaaacacag
ctgactaagg
cagcgtagac
aaagcagtta

atagctctca

acggccacgc
cgccggegea
aggccatggc
gcgacgcatg
cgcgcgectt
tccgettegce
atcccgaggc
gcaacatgat
aggtcggccg
agctgttgca
cgccgtgcat
atgtggtgga
tggccggcag
cgcgcgacat
ttgtctcgac
cgctgctgac
agggccatgt
tgctgcgcgg
ggaactacgt
tctggaacgg
cctacctgca
acctggccag
cgtggaccgc
gtgcgtcggg
ggactaacga
acggcagctg
ccgcgeecgce
acgtcaaagc
gaggcctcga
gccccctcaa
atcttgaggc
ggattttggg
gctttgtcca
aactgtatag

gttattctgc

ggccgegtec
gctgggtgat
cgagggcaag
gcgcaccaac
gaccgagctg
gatctcgcaa
gcagcgcctg
ggaagacctg
caatgtcgcg
gtacaagccg
caacaagtac
gcagggacat
cacctgggac
cagcggccag
cgcgctggeg
cacgctgctg
gcagttgcgc
ccttgagctg
ggtcgacaac
cgacgccacc
gaacgagctc
catcgacgtg
ggcctatgcc
ccatatcgcc
tgcgctgccg
gtggccggac
caactatggc
caaggcacat
gagccttcta
agccgagatc
tctcatggaa
gtttgtgttc
aaatgccctc
gaaacttaag

tggtgcactt

ggcattccgg
atccagcagc
gccgaggcca
ctcccatatc
gccgatgccg
tgggtcgatg
ctgatcgagt
acacgcggca
gtgaccgaag
ctgaccgaca
tacatcctgg
acggtgtttc
gactacatcg
gacaagatca
gtgctggccg
gactttgccg
gaggccacgc
gccaatacct
tacctgaagg
aacctgccgg
aaggtaccgg
ccgacctata
tcgaccgcgce
ggtgtgatca
gagtcgccgce
tggaccgcat
aatgcgcgct
atggtgctgg
accgaggtcg
gcgcagagac
tggctaaaga
acgctcaccg
aatgggaatg
agggagataa

gccagttgca
Page 48

gcctggatgce
gctacatgaa
ccggteccget
gcttcgetgce
tcgaggccga
cgatgtcgcc
cgggcggcga
agatctcgca
gcgccgtggt
aggtgcacgc
acctgcagcc
tggtgtcgtg
agcacgcggc
acgtgctcgg
cgcgcggcga
acacgggcat
tgggcggcgg
tctcgttctt
gcaacacgcc
ggccgtggta
gcaagctgac
tctacggctc
tgctggcgaa
acccgcecggce
agcaatggct
ggctggcegg
atcgcgcaat
cggtggcgat
aaacgtatgt
ttgaagatgt
caagaccaat
tgcccagtga
gagatccaaa
cgttccatgg

tgggcctcat

gctggcaggc
ggacttctca
gcacgaccgg
cgcgttctac
tgccaagacc
cgccaacttc
atcgctgcgt
gaccgacgag
cttcgagaac
gcgcccgcetg
ggagagctcg
gcgcaatccg
catccgcgcec
cttctgcgtg
gcacccggcc
cctcgacgtc
cgccggcegceg
gcgcccgaac
ggtgccgttc
ctgctggtac
cgtgtgcggc
gcgcgaagac
caagctgcgc
caagaacaag
ggccggcgec
gcaggccggc
cgaacccgcg
tgataaacgc
tctctctatc
ctttgctggg
tctgtcacct
gcgaggactg
taacatggac
ggccaaagaa

atacaataga

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220



atgggggctg

gctgactccc

catgagaaca

tcaagtgagc

gcaatgagag

gaaaatttgc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

24
858
PRT

taaccactga
agcacaggtc
gaatggtttt
aggcagcgga
ccattgggac

agacctatca

Artificial

agtggcattt
tcataggcaa
ggccagcact
ggccatggag
tcatcctagt

gaaacgaatg

ggcctggtat

atggtggcaa

acagctaagg

attgctagtc

tccagtactg

ggggtgcaga

gtgcaacatg

caaccaatcc

ctatggagca

aggccaggca

gtctaagaga

tgcaacgatt

PhaC-1linker-m1 fusion polypeptide encoded by
PET-14b-PhaC-1inker-m1

24

Met Ala Thr
1

Gln

Ala

Pro

65

Ala

Leu

Tyr

Glu

Pro

Trp

ser

50

Ala

Leu

Arg

Leu

130

Phe

Ala

Phe

Ser

35

Gly

Gln

Trp

Asp

Phe

115

Ala

Ala

Thr

Gly

Lys

20

Arg

Ile

Leu

Gln

Asp

Ile

Asn

Lys
5
val
Gln
Pro
Gly
Ala
85
Arg
Ala
Ala

Ser

Pro
165

Gly

Thr

Trp

Gly

Asp

70

Met

Phe

Ala

val

Gln

150

Glu

Ala

Pro

Gln

Leu

55

Ala

Ala

Phe

Glu

135

Trp

Ala

Ala

Gly

Gly

40

Asp

Gln

Glu

Gly

TYyr

120

Ala

val

Gln

Ala

Pro

25

Thr

Ala

Gln

Gly

Asp

Asp

Arg

Ser Thr
10

Phe Asp

Glu Gly

Leu Ala

Arg Tyr

75

Lys Ala

Ala Trp

Leu Asn

Ala Lys

Ala Met

155

Leu Leu
170
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Gln

Pro

Asn

Gly

60

Met

Glu

Arg

Ala

Thr

140

Ser

Ile

Glu

Ala

Gly

45

val

Lys

Ala

Thr

Arg

Pro

Glu

Gly

Thr

30

His

Lys

Asp

Thr

Asn

110

Ala

Gln

Ala

Ser

tgagcaaatt
attaataaaa
aatggctgga
gatggtgcag
tgatcttctt

caagtga

Lys

15

Trp

Ala

Ile

Phe

Gly

95

Leu

Leu

Arg

Asn

Ser

Leu

Ala

Ala

ser

80

Pro

Pro

Thr

Ile

Phe

160

Gly

2280
2340
2400
2460
2520
2577



Glu

Gly

val

Leu

225

Leu

Pro

Phe

Trp

Glu

Ala

Leu

Leu

385

Asp

Pro

Pro

Glu

Ser

Lys

Ala

210

Leu

Met

Glu

Leu

Asp

Asp

Gly

His

Asp

Arg

Arg

Leu

val

Gly

Leu

Leu

Ile

195

val

Gln

val

Ser

val

275

Asp

Ile

Thr

Pro

Thr

355

Glu

Gly

val

Pro

Pro

435

Lys

Arg

Ser

Thr

Tyr

Pro

Ser

260

Ser

Tyr

Ser

Ala

340

Gly

Ala

Leu

Trp

Phe

420

Trp

val

Ala

Gln

Glu

Lys

Pro

245

Leu

Trp

Gly
val

325

Ala

Thr

Glu

Asn

405

Asp

Tyr

Pro

Gly

Thr

Gly

Pro

230

Cys

val

Arg

Glu

Gln

310

Ser

Ser

Leu

Leu

Leu

390

Tyr

Leu

cys

Gly

val

Asp

Ala

215

Leu

Arg

Asn

His

295

Asp

Thr

val

Asp

Gly

Ala

val

Leu

Trp

Lys

Arg

Glu

200

val

Thr

Asn

Pro

280

Ala

Lys

Ala

Thr

val

360

Gly

Asn

val

Phe

Tyr

440

Leu

Asn

185

Ser

val

Asp

Lys

val

265

Asp

Ala

Leu

Leu

345

Phe

Gly

Thr

Asp

Thr

Met

Ala

Phe

Lys

Tyr

250

val

Ala

Asn

Ala

330

Leu

val

Ala

Phe

Asn

410

Asn

Arg

Met

Phe

Glu

val

235

Tyr

Glu

Ser

Arg

val

315

val

Thr

Asp

Gly

Ser

395

Tyr

Gly

His

Glu

Glu

Asn
220

Gln

Met

Ala

300

Leu

Leu

Thr

Glu

Ala

380

Phe

Leu

Asp

Thr

val Cys Gly
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Asp

val

205

Glu

Ala

Leu

Gly

Ala

285

Ile

Gly

Ala

Leu

Gly

Pro

Leu

Lys

Ala

Tyr

445

val

Leu

190

Gly

Tyr

Arg

Asp

His

270

Gly

Glu

Phe

Ala

Leu

350

cys

Arg

Gly

Thr

430

Leu

Pro

Thr

Arg

Phe

Pro

Leu

255

Thr

ser

val

Cys

Arg

Asp

val

Ala

Pro

Asn

415

Asn

Gln

val

Arg

Asn

Gln

Leu

240

Gln

val

Thr

val
320
Gly

Phe

Leu

Asn

400

Thr

Leu

Asn

Asp



Leu

465

His

Asn

Ile

Leu

Leu

Leu

Pro

625

Lys

Ile

Thr

Ala

Leu
705

450

Ala

Ile

Lys

Asn

Pro

530

Ser

Lys

Glu

Ala

Leu

610

Leu

Asn

Leu

val

Leu

690

Tyr

Ala

Ser

val

Leu

Pro

515

Glu

Trp

Arg

Pro

val

595

Thr

Lys

Thr

Ser

Pro

675

Asn

Arg

Leu

Ile

Pro

Ser

Trp

Ala

Ala

580

Ala

Ala

Asp

Pro

660

Ser

Gly

Lys

Ser

Ala

Pro

Pro

Ala

565

Pro

val

Glu

Leu

645

Leu

Glu

Asn

Leu

TYyr
725

val

470

Thr

val

Lys

Gln

550

Pro

Gly

Asp

Ile

630

Glu

Thr

Arg

Gly

Lys

710

Ser

455

Pro

Ala

Leu

Asn

Gln

535

Trp

Ala

Arg

Lys

Thr

615

Ala

Ala

Lys

Gly

Arg

Ala

Thr

Ala

Gly

Trp

Thr

Asn

Tyr

Arg

TYyr

Gln

Leu

Gly

Leu

680

Pro

Gly

Tyr

Tyr

Ala

505

Arg

Leu

Ala

TYyr

val

585

val

Arg

Met

Ile

665

Gln

Asn

Ile

Ala

Ile

Ala

490

Ser

Ser

Ala

Trp

Lys

Gly

Leu

Leu

Glu

650

Leu

Arg

Asn

Thr

Tyr

475

Ser

Gly

His

Gly

Leu

555

Asn

Ala

Gly

Ser

Glu

635

Trp

Gly

Arg

Met

Phe
715

460

Gly

Thr

His

Trp

Ala

540

Ala

Ala

Lys

Gly

Ile

620

Asp

Leu

Phe

Arg

Asp

700

His

Leu Ala Ser

730
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Ser

Ala

Thr

525

Gly

Arg

Ala

val

Lys

val

Phe

685

Lys

Gly

Cys

Arg

Leu

Ala

510

Asn

Glu

Gln

Tyr

His

590

Leu

Pro

Phe

Thr

Phe

670

val

Ala

Ala

Met

Glu

Leu

495

Gly

Asp

His

Ala

Arg

Met

Glu

Ser

Ala

Arg

Thr

Gln

val

Lys

Gly

val

Ala

val

Ser

Gly

Gly

Pro

Leu

Asn

Lys

Glu

720

Leu



Tyr Asn

Ala
755

val Cys

Gln
770

Arg Met

Met val

785

Leu

Ser Ser Glu

Gln Met val

Thr Gly Leu

835

Met
850

Arg Gly

<210>
<211>
<212>
<213>

25
4005
DNA
Arti

<220>
<223>

<400> 25
atgaatccaa

tgcttcttca
gaattcaact
aacataacag
ctagcagaat
tctaaggaca
tatgtgtcat
aacaacgtgc
aatgagttag
tcaagttgtc
gcaactgcta
gaaatcctca

atgactgatg

Met

Cys

Ala

val

Ala Ser

Gly

Glu

Thr

Thr

Ala val

Ile
760

Gln

Thr
775

Asn

Thr Ala

790

Ala
805

Gln

Gln Ala

820

Arg Asp

val Gln

ficial

atcaaaagat
tgcaaattgc
cccccccaaa
agatagtgta
acagaaattg
attcgattag
gcgatcctga
attcaaatga
gtgttccttt
acgatggaaa
gcttcattta
ggacccagga

ggagtgcttc

Ala

Met

Asp

Met

Glu Ala

Ala

Arg

Leu
840

Leu

Gln
855

Arg

aataacgatt
catcttgata
caaccaagtg
tctgaccaac
gtcaaagccg
gctttccget
caagtgttat
cacagtacgt
tcatctgggg
agcatggctg
caatgggagg
gtcagaatgc

aggaaaagct

Thr Thr Glu val Ala

745

His
765

Ala Asp Ser Gln

Pro Leu Ile Lys

780

Met Glu Gln

795

Lys Ala

Glu Ile Ala

810

Met Ser

Ile Thr His

825

Gly Pro

Thr
845

Glu Asn Leu Gln

Phe Lys

Synthetic construct - pET14b-NA-PhacC-Tinker-ml

ggctctgttt ctctcaccat
actactgtaa cattgcattt
atgctgtgtg aaccaacaat
accaccatag agaaggaaat
caatgtgaca ttacaggatt
ggtggggaca tctgggtgac
caatttgccc ttggacaggg
gataggaccc cttatcggac
accaagcaag tgtgcatagc
catgtttgta taacggggga
cttgtagata gtattgtttc
gtttgtatca atggaacttg

gatactaaaa tactattcat
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Phe

750

Arg

Glu

Met

Gln

ser

830

Tyr

Gly Leu

Ser His
Asn Arg
Ala

Gly

Ala
815

Arg

Ser Ser

Gln Lys

ttccacaata
caagcaatat
aatagaaaga
atgccccaaa
tgcacctttt
aagagaacct
aacaacacta
cctattgatg
atggtccagc
tgataaaaat
atggtccaaa

tacagtagta

tgaggagggg

60
120
180
240
300
360
420
480
540
600
660
720
780



aaaatcgttc
tatcctcgat
cccatcgtag
cttgttggag
aacaatgaag
tggatgggaa
gaaggctggt
ggtaataggt
tgcttttatg
aacagtattg
ggggcggaca
aaaggcgcgg
ccattcgatc
ggccacgcgg
ccggcgceagce
gccatggcecg
gacgcatggc
cgcgccttga
cgcttcgcga
cccgaggcgc
aacatgatgg
gtcggccgea
ctgttgcagt
ccgtgcatca
gtggtggagc
gccggcagea
cgcgacatca
gtctcgaccg
ctgctgacca
ggccatgtgc
ctgcgcggec
aactacgtgg
tggaacggcg
tacctgcaga

ctggccagca

atactagcac
atcctggtgt
atataaacat
acacacccag
aaggtggtca
gaacgatcag
ccaaccctaa
ccggttattc
tggagttgat
ttgtgttttg
tcaatctcat
cagcttccac
cagccacatg
ccgcgteccgg
tgggtgatat
agggcaaggc
gcaccaacct
ccgagctggce
tctcgcaatg
agcgcctget
aagacctgac
atgtcgcggt
acaagccgct
acaagtacta
agggacatac
cctgggacga
gcggccagga
cgctggcggt
cgctgctgga
agttgcgcga
ttgagctggc
tcgacaacta
acgccaccaa
acgagctcaa

tcgacgtgcec

attgtcagga
cagatgtgtc
aaaggatcat
aaaaaacgac
tggagtgaaa
cgagaagtcg
gtccaaattg
tggtattttc
aaggggaaga
tggcacctca
gcctatacgt
gcaggaaggc
gctggaatgg
cattccgggc
ccagcagcgc
cgaggccacc
cccatatcgce
cgatgccgtc
ggtcgatgcg
gatcgagtcg
acgcggcaag
gaccgaaggc
gaccgacaag
catcctggac
ggtgtttctg
ctacatcgag
caagatcaac
gctggccgeg
ctttgccgac
ggccacgctg
caataccttc
cctgaagggc
cctgccgggg
ggtaccgggc

gacctatatc

agtgctcagc
tgcagagaca
agcactgttt
agctccagca
ggctgggect
cgcttagggt
cagataaata
tctgttgaag
aaagaggaaa
ggtacatatg
acgggtggcg
aagtcccaac
tcccgcecagt
ctggatgcgc
tacatgaagg
ggtccgctgce
ttcgctgccg
gaggccgatg
atgtcgcccg
ggcggcgaat
atctcgcaga
gccgtggtct
gtgcacgcgc
ctgcagccgg
gtgtcgtggc
cacgcggcca
gtgctcggct
cgcggcgagce
acgggcatcc
ggcggcggceg
tcgttcttgc
aacacgccgg
ccgtggtact
aagctgaccg

tacggctcgc
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atgtcgagga
actggaaagg
ccagttatgt
gtagccattg
ttgatgatgg
atgaaacctt
ggcaagtcat
gcaaaagctg
ctgaagtctt
gaacaggctc
gtggcggtat
cattcaaggt
ggcagggcac
tggcaggcgt
acttctcagc
acgaccggcg
cgttctacct
ccaagacccg
ccaacttcct
cgctgecgtgce
ccgacgagag
tcgagaacga
gcccgcetget
agagctcgct
gcaatccgga
tccgcgecat
tctgcgtggg
acccggecgce
tcgacgtctt
ccggcgcegec
gcccgaacga
tgccgttcga
gctggtacct
tgtgcggcgt

gcgaagacca

gtgctcctgce
ctccaatagg
gtgttcagga
tttagatcct
aaatgacgtg
caaagtcatt
agttgacaga
catcaatcgg
gtggacctca
atggcctgat
ggcgaccgge
cacgccgggg
tgaaggcaac
caagatcgcg
gctgtggcag
cttcgccggce
gctcaatgcg
ccagcgcatc
tgccaccaat
cggcgtgcgce
cgcgtttgag
gtacttccag
gatggtgccg
ggtgcgccat
cgccagcatg
cgaagtcgcg
cggcaccatt
cagcgtcacg
tgtcgacgag
gtgcgcgcetg
cctggtgtgg
cctgctgttc
gcgccacacc
gccggtggac
tatcgtgccg

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880



tggaccgcgg
gcgtcgggcc
actaacgatg
ggcagctggt
gcgcccgeca
gtcaaagcca
ggcctcgaga
cccctcaaag
cttgaggctc
attttggggt
tttgtccaaa
ctgtatagga
tattctgctg
accactgaag
cacaggtctc
atggttttgg
gcagcggagg
attgggactc
acctatcaga
<210> 26

<211> 1334
<212> PRT

cctatgcctc
atatcgccgg
cgctgccgga
ggccggactg
actatggcaa
aggcacatat
gccttctaac
ccgagatcgc
tcatggaatg
ttgtgttcac
atgccctcaa
aacttaagag
gtgcacttgc
tggcatttgg
ataggcaaat
ccagcactac
ccatggagat
atcctagttc

aacgaatggg

<213> Artificial

<220>

gaccgcgctg
tgtgatcaac
gtcgccgcag
gaccgcatgg
tgcgcgctat
ggtgctggeg
cgaggtcgaa
gcagagactt
gctaaagaca
gctcaccgtg
tgggaatgga
ggagataacg
cagttgcatg
cctggtatgt
ggtggcaaca
agctaaggct
tgctagtcag
cagtactggt

ggtgcagatg

ctggcgaaca

ccgccggeca

caatggctgg

ctggccgggc

cgcgcaatcg

gtggcgattg
acgtatgttc

gaagatgtct

agaccaattc

cccagtgagc

gatccaaata

ttccatgggg

ggcctcatat

gcaacatgtg

accaatccat

atggagcaaa

gccaggcaga

ctaagagatg

caacgattca

<223> NA-PhacC-Tinker-M1 fusion polypeptide

pPET-14b-NA-PhaC-Tinker-m1

<400> 26

Met Asn Pro
1

ITe Ser Thr

val Thr Leu
35

Gln val Met
50

Ile val Tyr
65

Asn Gln
5

Ile Cys

20

His Phe

Leu Cys

Leu Thr

Lys

Phe

Lys

Asn
70

Ile

Phe

Gln

Pro

55

Thr

Ile

Met

TYyr

40

Thr

Thr

Thr

Gln

25

Glu

Ile

Ile Gly
10

Ile Ala

Phe Asn

Ile Glu

Glu Lys
75
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agctgcgcett
agaacaagcg
ccggcgecat
aggccggege
aacccgcgcec
ataaacgcgg
tctctatcgt
ttgctgggaa
tgtcacctct
gaggactgca
acatggacaa
ccaaagaaat
acaatagaat
agcaaattgc
taataaaaca
tggctggatc
tggtgcaggc
atcttcttga

agtga

encoded

Ser val

Ile Leu

ser Pro
45

Arg Asn
60

Glu Ile

by

Ser Leu
15

Ile Thr
30
Pro Asn

ITle Thr

Cys Pro

cgtgctgggt
cagccactgg
cgagcatcac
gaaacgcgcc
tgggcgatac
aggcggtgga
tccatcaggc
aaacacagat
gactaagggg
gcgtagacgc
agcagttaaa
agctctcagt
gggggctgta
tgactcccag
tgagaacaga
aagtgagcag
aatgagagcc

aaatttgcag

Thr

Thr

Asn

Glu

Lys

2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4005



Leu

Phe

Asp

Cys

Ser

145

Asn

Ala

cys

Gly

Thr

225

Met

Gln

cys

Ile

305

Leu

cys

Ala

Ala

Tyr

130

Asn

Glu

Trp

Arg

210

Gln

Thr

Glu

val

290

Asn

val

Leu

Glu

Pro

Asp

Leu

Ser

Thr

195

Leu

Glu

Asp

Glu

val

275

cys

Gly

Asp

Tyr

Phe

100

val

Phe

Thr

Gly

Ser

180

Gly

val

Ser

Gly

Gly

Glu

Arg

Lys

Asp

Pro
340

Arg

85

Ser

Thr

Ala

val

val

165

Ser

Asp

Asp

Glu

Ser

245

Lys

Glu

Asp

Asp

Thr

325

Asn

Asn

Lys

Arg

Leu

Ser

Asp

Ser

cys

230

Ala

cys

Asn

His

310

Pro

Asn

Trp

Asp

Glu

Asp

Phe

Cys

Lys

Ile

215

val

Ser

val

Ser

Arg

Glu

Ser

Asn

Pro

120

Gln

Arg

His

Asn

200

val

cys

Gly

His

cys

280

Lys

Thr

Lys

Glu

Lys

Ser

105

Tyr

Gly

Thr

Leu

Ser

Ile

Lys

Thr

265

Tyr

Gly

val

Asn

Pro

90

val

Thr

Pro

Gly

Gly

Thr

Trp

Asn

Ala

250

Ser

Pro

Ser

Ser

Asp
330

Gln

Arg

Ser

Thr

Tyr

155

Thr

Lys

Ala

Ser

Gly

Asp

Thr

Arg

Asn

Ser

315

Ser

Cys

Leu

Cys

Leu

140

Arg

Lys

Ala

Ser

Thr

Leu

Tyr

Arg

Tyr

Ser

Gly His Gly
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Asp

Ser

Asp

125

Asn

Thr

Gln

Trp

Phe

205

Glu

cys

Lys

Ser

Pro

285

Pro

val

Ser

val

Ala

110

Pro

Asn

Leu

val

Leu
190

Thr

Gly

Gly

cys

Ser

Thr

95

Gly

Asp

val

Leu

Cys

175

Tyr

Leu

val

Leu

255

Ser

val

val

Ser

Ser

335

Gly

Gly

Gly

Lys

Met

160

val

Asn

Arg

val

240

Phe

Arg

Asp

Trp



Ala

Lys

Asn

385

Gly

Cys

Thr

Asn

465

Lys

val

Gln

Pro

Arg

Ala

Ala

Phe
Ser
370

Pro

Asn

Thr

Ser

450

Leu

Gly

Thr

Trp

Asp

Met

Phe

Ala

val
610

355

Arg

Lys

Arg

Asn

Glu

435

Gly

Met

Ala

Pro

Gln

515

Leu

Ala

Ala

Phe

595

Glu

Asp

Leu

Ser

Ser

Arg

val

Thr

Pro

Ala

Asp

Gln

Glu

TYyr

Ala

Gly

Gly

Lys

Cys

Leu

TYyr

Ala

485

Pro

Thr

Ala

Gln

Asp

Leu

Asp

Asn

Tyr

Leu

390

Tyr

Phe

Trp

Gly

Arg

Ser

Phe

Glu

Leu

Lys

Ala

Leu

Ala

Asp

Glu

375

Gln

Ser

TYyr

Thr

Thr

455

Thr

Thr

Asp

Gly

Ala

535

TYyr

Ala

Trp

Asn

val

360

Thr

Ile

Gly

val

Ser

440

Gly

Gly

Gln

Pro

Asn

520

Gly

Met

Glu

Arg

Ala

600

Thr

Trp

Phe

Asn

Glu
425
Asn

Ser

Gly

Ala

505

Gly

val

Lys

Ala

Thr

585

Arg

Arg

Met

Lys

Arg

Phe

410

Leu

Ser

Trp

Gly

Gly

Thr

His

Lys

Asp

Thr

570

Asn

Ala

Gln
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Gly

val

Gln

395

Ser

Ile

Pro

Lys

Trp

Ala

Ile

Phe

555

Gly

Leu

Leu

Arg

Arg

Ile

380

val

val

Arg

val

Asp

Gly

Ser

Leu

Ala

Ala

540

Ser

Pro

Pro

Thr

Ile
620

Thr

365

Glu

Ile

Glu

Gly

val

445

Gly

Met

Gln

Glu

Ala

525

Pro

Ala

Leu

Tyr

Glu

605

Arg

Ile

Gly

val

Gly

Arg

Phe

Ala

Ala

Pro

Ala

Leu

His

Phe

Ser

Trp

Asp

Lys

Cys

Asp

Thr

Phe

495

Ser

Gly

Gln

Trp

575

Phe

Ala

Ala

Ser

Arg

ser

Gly

Lys

Arg

Leu

Gln

560

Arg

Ala

Asp



Ser

625

Pro

Ala

Gln

Glu

Leu

Trp

Ile

Gly

val

Ala

Ile

Thr

Glu

865

Asn

Asp

Gln

Glu

Gly

Thr

Gly

Pro

Cys

val

Arg

Glu

770

Gln

Ser

Ser

Leu

Leu

850

Leu

Tyr

Leu

Trp

Ala

val

Asp

Ala

Leu

Ile

Arg

Asn

755

His

Asp

Thr

val

Asp

835

Gly

Ala

val

Leu

val

Gln

Arg

Glu

val

Thr

Asn

His

740

Pro

Ala

Lys

Ala

Thr

820

val

Gly

Asn

val

Phe

Asp

645

Asn

Ser

val

Asp

Lys

val

Asp

Ala

Leu

805

Leu

Phe

Gly

Thr

885

Trp

Ala

630

Leu

Met

Ala

Phe

Lys

710

Tyr

val

Ala

Ile

Asn

790

Ala

Leu

val

Ala

Phe

870

Asn

Asn

Met

Leu

Met

Phe

Glu

695

val

Tyr

Glu

Ser

Arg

val

val

Thr

Asp

Tyr

Gly

Ser

Glu

Glu

680

Asn

Gln

Met

760

Ala

Leu

Leu

Thr

Glu

840

Ala

Phe

Leu

Asp

Pro

Glu

Glu

Ala

Leu

Ile

Gly

Ala

Leu

825

Gly

Pro

Leu

Lys

Ala

Ala

Ser

650

Leu

Gly

Tyr

Arg

Asp

730

Gly

Glu

Phe

Ala

810

Leu

His

cys

Arg

Gly
890

Asn

635

Gly

Thr

Arg

Phe

Pro

715

Leu

Thr

Ser

val

cys

795

Arg

Asp

val

Ala

Pro

875

Asn

Phe

Gly

Arg

Asn

Gln

700

Leu

Gln

val

Thr

Ala

780

val

Gly

Phe

Gln

Leu

860

Asn

Thr

Thr Asn Leu
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Leu

Glu

Gly

val

685

Leu

Leu

Pro

Phe

Trp

Arg

Gly

Glu

Ala

Leu

845

Leu

Asp

Pro

Pro

Ala
Ser
Lys
6

Ala
Leu
Met
Glu
Leu
750
Asp

Asp

Gly

Asp
830
Arg
Arg
Leu

val

Gly

Thr

Leu

655

Ile

val

Gln

val

ser

735

val

Asp

Ile

Thr

Pro

815

Thr

Glu

Gly

val

Pro

895

Pro

Asn

640

Arg

ser

Thr

Tyr

Pro

720

ser

ser

Tyr

Ser

Ile
800

Leu

Trp

Phe

Trp



900 905 910

Tyr Cys Trp Tyr Leu Arg His Thr Tyr Leu GIn Asn Glu Leu Lys Vval
915 920 925

Pro Gly Lys Leu Thr val Cys Gly val Pro val Asp Leu Ala Ser Ile

Asp val Pro Thr Tyr Ile Tyr Gly Ser Arg Glu Asp His Ile val Pro
945 950 955 960

Trp Thr Ala Ala Tyr Ala Ser Thr Ala Leu Leu Ala Asn Lys Leu Arg
965 970 975

Phe val Leu Gly Ala Ser Gly His Ile Ala Gly val Ile Asn Pro Pro
980 985 990

Ala Lys Asn Lys Arg Ser His Trp Thr Asn Asp Ala Leu Pro Glu Ser
995 1000 1005

Pro GIn GIn Trp Leu Ala Gly Ala Ile Glu His His Gly Ser Trp
1010 1015 1020

Trp Pro Asp Trp Thr Ala Trp Leu Ala Gly GIn Ala Gly Ala Lys
1025 1030 1035

Arg Ala Ala Pro Ala Asn Tyr Gly Asn Ala Arg Tyr Arg Ala Ile
1040 1045 1050

Glu Pro Ala Pro Gly Arg Tyr Vval Lys Ala Lys Ala His Met val
1055 1060 1065

Leu Ala Vval Ala Ile Asp Lys Arg Gly Gly Gly Gly Gly Leu Glu
1070 1075 1080

Ser Leu Leu Thr Glu val Glu Thr Tyr val Leu Ser 1Ile val Pro
1085 1090 1095

Ser Gly Pro Leu Lys Ala Glu Ile Ala GIn Arg Leu Glu Asp val
1100 1105 1110

Phe Ala Gly Lys Asn Thr Asp Leu Glu Ala Leu Met Glu Trp Leu
1115 1120 1125

Lys Thr Arg Pro Ile Leu Ser Pro Leu Thr Lys Gly 1Ile Leu Gly
1130 1135 1140

Phe val Phe Thr Leu Thr val Pro Ser Glu Arg Gly Leu Gln Arg
1145 1150 1155

Arg Phe val GIn Asn Ala Leu Asn Gly Asn Gly Asp Pro Asn
1160 1165 1170
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Arg



Tyr Arg
Ala
Leu
Gly Leu
Arg Ser
His Glu
Glu Gln
Ala
Gly Thr
Glu

Asn

Arg Phe

Lys

Leu

Tyr

val

Asn

Met

Ser

His

Leu

Lys

Leu
1185

Ser
1200

Asn
1215

Cys
1230

Arg
1245

Arg
1260

Ala
1275

Gln
1290

Pro
1305

Gln
1320

Lys

Tyr

Arg

Ala

Gln

Met

Gly

Ala

Ser

Thr

pPET-14b-NA-PhacC-Tinker-m1/hemagglutinin-PhacC

Asn Met Asp Lys Ala val Lys Leu
1175 1180

Ile Thr Phe His Gly Ala Lys Glu
1190 1195

Gly Ala Leu Ala Ser Cys Met Gly
1205 1210

Ala val Thr Thr Glu val Ala Phe
1220 1225

Glu GIn 1Ile Ala Asp Ser Gln His
1235 1240

Ala Thr Thr Asn Pro Leu Ile Lys
1250 1255

Ala Sser Thr Thr Ala Lys Ala Met
1265 1270

Glu GIn Ala Ala Glu Ala Met Glu
1280 1285

Met val GIn Ala Met Arg Ala 1Ile
1295 1300

Thr Gly Leu Arg Asp Asp Leu Leu
1310 1315

Lys Arg Met Gly val Gln Met GIn
1325 1330

<210> 27

<211> 3486

<212> DNA

<213> Artificial

<220>

<223> Synthetic construct -

<400> 27

atgaaaacca ttatcgcgct gtcttatatt

ggtaacgata atagtaccgc aacgctgtgc

attgttaaaa ccatcacgaa cgatcagatt

agctctagta ccggtgaaat ctgcgatagce

acgctgatcg atgccctgct gggcgatccg

gatctgttcg tggaacgctc taaagcatac

tacgccagece tgcgttctct ggttgcaagce

ctgtgtctgg
ctgggtcatc
gaagtgacca
ccgcatcaga
cagtgcgatg
agtaactgtt

tctggcaccc
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tgtttacgca
acgcagtgcc
atgcgacgga
ttctggatgg
gttttcagaa
acccgtatga

tggaatttaa

Arg

ser

Met Gly

Thr Cys

Met val

val Leu

Ser Ser

Arg

Ser Ser

Tyr

gaaactgccg
gaacggtacc
actggttcag
Ccgaaaattgt
caaaaaatgg
tgtgccggat

caatgaaagc

60
120
180
240
300
360
420



ttcaactgga
aatagctttt
aatgtgacga
ccgggtaccg
agcacgaaac
aatattccga
atcaacagca
tctagtatta
aacggctcta
tgcccgegtt
gaaaaacaga
ggtatggttg
gccgatctga
attggcaaaa
cgtattcagg
gcagaactgc
aacaaactgt
ggttgtttca
acctatgatc
gttgaactga
ttcctgetgt
cgttgcaata
gcttccacgc
gccacatggc
gcgtccggea
ggtgatatcc
ggcaaggccg
accaacctcc
gagctggccg
tcgcaatggg
cgcctgctga
gacctgacac
gtcgcggtga

aagccgctga

ccggcgttac
tctctcgtct
tgccgaacaa
ataacgatca
gttctcagca
gtcgcattag
cgggcaatct
tgcgtagtga
ttccgaatga
acgttaaaca
cccgtggcat
atggctggta
aaagcaccca
cgaacgaaaa
atctggaaaa
tggttgcgct
tcgaaaaaac
aaatctacca
acgatgtgta
aaagcggtta
gtgttgcact
tttgtatccg
aggaaggcaa
tggaatggtc
ttccgggect
agcagcgcta
aggccaccgg
catatcgctt
atgccgtcga
tcgatgcgat
tcgagtcggg
gcggcaagat
ccgaaggcgc

ccgacaaggt

gcagaatggt
gaactggctg
Ccgaaaaattc
gatttttccg
gaccgttatt
catctactgg
gattgcaccg
tgcgccgatc
taaaccgttc
gaacaccctg
ttttggtgcg
tggttttcge
ggcagcgatt
attccaccag
atacgttgaa
ggaaaatcag
caaaaaacag
taaatgcgat
ccgcgatgaa
taaagattgg
gctgggtttc
tacgggtggc
gtcccaacca
ccgccagtgg
ggatgcgctg
catgaaggac
tccgcetgceac
cgctgccgeg
ggccgatgec
gtcgceccgec
cggcgaatcg
ctcgcagacc
cgtggtcttc

gcacgcgcgc

acgagtagcg
acccacctga
gataaactgt
tatgcccagg
ccgaacatcg
accatcgtta
cgcggttatt
ggtaaatgca
cagaacgtga
aaactggcaa
atcgccggtt
catcagaata
gatcagatca
atcgaaaaag
gataccaaaa
cataccattg
ctgcgcgaaa
aacgcctgta
gcactgaaca
attctgtgga
attatgtggg
ggtggcggtg
ttcaaggtca
cagggcactg
gcaggcgtca
ttctcagcgce
gaccggcgct
ttctacctgce
aagacccgcc
aacttccttg
ctgcgtgecg
gacgagagcg
gagaacgagt
ccgctgctga
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cgtgcattcg
aatttaaata
acatctgggg
caagcggtcg
gctctcgtcc
aaccgggcga
ttaaaatccg
atagcgaatg
atcgcattac
cgggcatgcg
tcattgaaaa
gtgaaggcat
acggtaaact
aatttagcga
tcgatctgtg
atctgacgga
acgcggaaga
ttggctctat
atcgttttca
tcagttttgc
cgtgccagaa
cgaccggcaa
cgccggggcec
aaggcaacgg
agatcgcgcc
tgtggcaggc
tcgccggega
tcaatgcgcg
agcgcatccg
ccaccaatcc
gcgtgcgcaa
cgtttgaggt
acttccagct

tggtgccgcec

tcgcagtaac
tccggecctg
cgttcatcac
catcaccgtg
gcgcgtgegt
tattctgctg
ttctggcaaa
tatcaccccg
gtatggtgcc
caatgtgccg
cggctgggag
tggtcaggcg
gaatcgcctg
agtggaaggc
gagttacaac
tagcgaaatg
tatgggcaat
ccgtaatggt
gattaaaggc
catcagctgc
aggcaacatc
aggcgcggea
attcgatcca
ccacgcggcc
ggcgcagctg
catggccgag
cgcatggcgc
cgccttgacc
cttcgcgatc
cgaggcgcag
catgatggaa
cggccgcaat
gttgcagtac

gtgcatcaac

480

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460



aagtactaca
ggacatacgg
tgggacgact
ggccaggaca
ctggcggtgc
ctgctggact
ttgcgcgagg
gagctggcca
gacaactacc
gccaccaacc
gagctcaagg
gacgtgccga
tatgcctcga
atcgccggtg
ctgccggagt
ccggactgga
tatggcaatg
gcatga
<210>

<211>

<212>
<213>

28
1161
PRT
Arti

<220>
<223>

tcctggacct
tgtttctggt
acatcgagca
agatcaacgt
tggccgegeg
ttgccgacac
ccacgctggg
ataccttctc
tgaagggcaa
tgccggggcc
taccgggcaa
cctatatcta
ccgecgcetget
tgatcaaccc
cgccgcagea
ccgcatggct

cgcgctatcg

ficial

gcagccggag
gtcgtggcgce
cgcggccatc
gctcggcettc
cggcgagcac
gggcatcctc
cggcggcgcc
gttcttgcgce
cacgccggtg
gtggtactgc
gctgaccgtg
cggctcgcgce
ggcgaacaag
gccggccaag
atggctggcc

ggccgggeag

cgcaatcgaa

agctcgctgg
aatccggacg
cgcgccatcg
tgcgtgggcg
ccggccgeca
gacgtctttg
ggcgcgecgt
ccgaacgacc
ccgttcgacc
tggtacctgc
tgcggcgtgce
gaagaccata
ctgcgcettcg
aacaagcgca
ggcgccatcg
gccggcgcga

cccgegectg

tgcgccatgt
ccagcatggc
aagtcgcgcg
gcaccattgt
gcgtcacgct
tcgacgaggg
gcgcgcetget
tggtgtggaa
tgctgttctg
gccacaccta
cggtggacct
tcgtgccgtg
tgctgggtgce
gccactggac
agcatcacgg
aacgcgccgce

ggcgatacgt

Hemagglutinin-PhaC fusion polypeptide encoded by

pPET-14b-NA-PhaC-Tinker-m1/hemagglutinin-pPhacC

<400> 28

Met Lys Thr
1

Ile
5

Ile

Ala Leu

ser Tyr

Ile
10

Leu

Cys Leu val

Gln Lys

His

Ile
50

Gln

Gly Glu

65

Thr Leu

Ser Thr Ala Thr Leu

25

Pro Asn Asn

20

Leu Gly Asp Cys

30

Ala val Thr

35

Pro Asn Gly Thr ITe val Lys Thr

40 45

val Gln
60

Ala Thr Glu

55

Glu val Thr Asn Leu Ser

Ile Ser Pro His Gln Ile Glu

70

Cys Asp Leu Asp

75

Ile Asp Ala Leu Leu Gly Asp Pro Gln Cys
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Asp Gly

ggtggagcag
cggcagcacc
cgacatcagc
ctcgaccgceg
gctgaccacg
ccatgtgcag
gcgcggectt
ctacgtggtc
gaacggcgac
cctgcagaac
ggccagcatc
gaccgcggcc
gtcgggccat
taacgatgcg
cagctggtgg
gcccgccaac

caaagccaag

Phe Thr

15

Leu Gly

Asn Asp
Ser Thr

Asn

Phe

2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3486



Asn

Cys

Ala

Tyr

Leu

Phe

Ser

225

Asn

Asp

Tyr

Pro

Pro

305

Cys

Arg

Gly

Lys

Tyr

Ser

130

val

Ser

Pro

Tyr

Pro

210

Gln

Ile

Phe

Ile

290

Asn

Pro

Asn

Phe

Lys

Pro

115

Ser

Thr

Phe

Ala

Ile

195

TYyr

Gln

Pro

Leu

Lys

275

Gly

Asp

Arg

val

Ile
355

Tyr

Gly

Gln

Phe

Leu

180

Trp

Ala

Thr

Ser

Leu

260

Lys

Lys

TYyr

Pro

340

Glu

85

Asp

Asp

Thr

Asn

Ser

165

Asn

Gly

Gln

val

Arg

Cys

Pro

val

325

Glu

Asn

Leu

val

Leu

Arg

val

val

Ala

Ile

230

Ile

Asn

Ser

Asn

Phe

310

Lys

Lys

Gly

Phe

Pro

Glu

135

Thr

Leu

Thr

His

Ser

215

Pro

Ser

Ser

Gly

Ser

295

Gln

Gln

Gln

Trp

val

Ser

Asn

Met

His

200

Gly

Asn

Ile

Thr

Lys

280

Glu

Asn

Asn

Thr

Glu
360

Glu

105

Tyr

Asn

Ser

Trp

Pro

185

Pro

Arg

Cys

val

Thr

345

Gly

90

Arg Ser

Ala Ser

Asn Glu

Ala Cys

155

Leu Thr

170

Asn Asn

Gly Thr

Ile Thr

Gly ser

235

Trp Thr

Asn Leu

Ser Ile

Ile Thr

Asn Arg

Leu Lys

330

Gly Ile

Met val
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Lys

Leu

Ser

140

Ile

His

Glu

Asp

val

220

Arg

Ile

Ile

Met

Pro

300

Leu

Phe

Asp

Ala

Arg

Leu

Lys

Asn

205

Ser

Pro

val

Ala

Arg

Asn

Thr

Ala

Gly

Gly

Tyr

110

Ser

Asn

Arg

Lys

Phe

190

Asp

Thr

Arg

Lys

Pro

270

Ser

Gly

Tyr

Thr

Ala

350

Trp

95

Ser

Leu

Trp

Ser

Phe

175

Asp

Gln

Lys

val

Pro

255

Arg

Asp

Ser

Gly

Gly

Ile

Tyr

Asn

val

Thr

Asn

160

Lys

Lys

Ile

Arg

Arg

Gly

Gly

Ile

Ala

320

Met

Ala

Gly



Phe

Ser

385

Glu

Lys

Asn

Glu
465

Asn

Asp

val

545

Arg

Lys

val

Gln

Pro
625

Gly

val

Gln

450

Lys

cys

Arg

Asn

cys

Gly

Thr

Trp

Gly

His

Gln

Lys

Glu

Thr

Phe

Asn

Leu

Asn

Ala

Pro

595

Gln

Leu

Gln

Ala

Thr

Gly

Leu

Thr

Lys

Lys

Leu

Leu

Ala
580
Gly

Gly

Asp

Asn

Ala

Asn

405

Arg

Trp

Ile

Lys

Ile

485

Thr

Gln

Trp

Gly

565

Ala

Pro

Thr

Ala

Ser

Ile

390

Glu

Ser

Asp

Gln

470

Tyr

Tyr

Phe

550

Ser

Phe

Glu

Leu
630

Glu

375

Asp

Lys

Gln

Tyr

Leu

455

Leu

Asp

Lys

Ser

535

Arg

Thr

Asp

Gly

Gln

Phe

Asp

Asn

440

Thr

Arg

Lys

His

Met

Thr

Gln

Pro

600

Asn

Gly

His

Leu

425

Ala

Asp

Glu

Cys

505

val

Ala

Trp

Gly

Glu

585

Ala

Gly

val

Gly GIn

Asn Gly

Gln Ile

410

Glu Lys

Glu Leu

Ser Glu

Asn Ala

475

Asp Asn

val Tyr

Glu Leu

Ile Ser

Ala Cys

555

Gly Gly

Gly Lys

Thr Trp

His Ala

Lys Ile
635
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Ala

380

Lys

Glu

Tyr

Leu

Met

460

Glu

Ala

Arg

Lys

cys

540

Gln

Gly

Ser

Leu

Ala

620

Ala

Ala

Leu

Lys

val

val

445

Asn

Asp

Cys

Asp

Ser

525

Phe

Lys

Gly

Gln

Glu

605

Ala

Pro

Asp

Asn

Glu

Glu

430

Ala

Lys

Met

Glu

510

Gly

Leu

Gly

Ala

Pro

590

Trp

Ser

Ala

Leu

Arg

Phe

415

Asp

Leu

Leu

Gly

Tyr

Leu

Asn

Thr

575

Phe

Ser

Gly

Gln

Lys

Leu

400

ser

Thr

Glu

Phe

Asn

480

ser

Leu

Lys

cys

Ile

560

Gly

Lys

Arg

Leu
640



Gly

Ala

Arg

Ala

Ala

705

Ser

Pro

Ala

Gln

Glu

785

Lys

Pro

Leu

Trp

Ile

865

Gly

val

Asp

Met

Phe

Ala

690

val

Gln

Glu

Gly

Thr

770

Gly

Pro

Cys

val

Gln

Ser

Ala

Ala

675

Phe

Glu

Trp

Ala

val

755

Asp

Ala

Leu

Ile

Arg

Asn

His

Asp

Thr

Gln

Glu

660

Gly

TYyr

Ala

val

Gln

740

Arg

val

Thr

Asn

820

Pro

Ala

Lys

Ala
900

Gln

645

Gly

Asp

Leu

Asp

Asp

Arg

Asn

Ser

val

Lys

val

Asp

Ala

Ile

885

Leu

Arg

Lys

Ala

Leu

Ala

710

Ala

Leu

Met

Ala

Phe

790

Lys

TYyr

val

Ala

Ile

870

Asn

Ala

Tyr

Ala

Trp

Asn

695

Lys

Met

Leu

Met

Phe

775

Glu

val

Tyr

Glu

Ser

855

Arg

val

val

Met

Glu

Arg

680

Ala

Thr

Ser

Glu

760

Asn

His

Ile

Gln

840

Met

Ala

Leu

Leu

Lys

Ala

665

Thr

Arg

Arg

Pro

Glu

745

Asp

val

Glu

Ala

Leu

825

Gly

Ala

Ile

Gly

Ala
905

650

Thr

Asn

Ala

Gln

Ala

730

Ser

Leu

Gly

Tyr

Arg

Asp

Phe
890

Ala
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Phe

Gly

Leu

Leu

Gly

Thr

Arg

Phe

795

Pro

Leu

Thr

Ser

val

875

Cys

Arg

Ser

Pro

Pro

Thr

700

Phe

Gly

Arg

Asn

780

Gln

Leu

Gln

val

Thr

860

Ala

val

Gly

Ala

Leu

Tyr

685

Glu

Arg

Leu

Glu

Leu

Leu

Pro

Phe

845

Trp

Arg

Gly

Glu

Leu

His

670

Arg

Leu

Phe

Ala

Ser

750

Lys

Ala

Leu

Met

Glu

830

Leu

Asp

Asp

Gly

His
910

Asp

Phe

Ala

Ala

Thr

735

Leu

val

Gln

val

815

Ser

val

Asp

Ile

Thr

895

Pro

Arg

Ala

Asp

Ile

720

Asn

Arg

Ser

Thr

TYyr

800

Pro

Ser

Ser

Tyr

Ser
880



Ala Ser val Thr Leu Leu Thr Thr Leu Leu Asp Phe Ala Asp Thr Gly
915 920 925

Ile Leu Asp val Phe val Asp Glu Gly His val Gln Leu Arg Glu Ala
930 935 940

Thr Leu Gly Gly Gly Ala Gly Ala Pro Cys Ala Leu Leu Arg Gly Leu
945 950 955 960

Glu Leu Ala Asn Thr Phe Ser Phe Leu Arg Pro Asn Asp Leu val Trp
965 970 975

Asn Tyr val val Asp Asn Tyr Leu Lys Gly Asn Thr Pro val Pro Phe
980 985 990

Asp Leu Leu Phe Trp Asn Gly Asp Ala Thr Asn Leu Pro Gly Pro Trp
995 1000 1005

Tyr Cys Trp Tyr Leu Arg His Thr Tyr Leu Gln Asn Glu Leu Lys
1010 1015 1020

val Pro Gly Lys Leu Thr val Cys Gly val Pro val Asp Leu Ala
1025 1030 1035

Ser ITe Asp val Pro Thr Tyr Ile Tyr Gly Ser Arg Glu Asp His
1040 1045 1050

Ile val Pro Trp Thr Ala Ala Tyr Ala Ser Thr Ala Leu Leu Ala
1055 1060 1065

Asn Lys Leu Arg Phe val Leu Gly Ala Ser Gly His 1ITle Ala Gly
1070 1075 1080

val ITe Asn Pro Pro Ala Lys Asn Lys Arg Ser His Trp Thr Asn
1085 1090 1095

Asp Ala Leu Pro Glu Ser Pro GIln Gln Trp Leu Ala Gly Ala Ile
1100 1105 1110

Glu His His Gly Ser Trp Trp Pro Asp Trp Thr Ala Trp Leu Ala
1115 1120 1125

Gly GIn Ala Gly Ala Lys Arg Ala Ala Pro Ala Asn Tyr Gly Asn
1130 1135 1140

Ala Arg Tyr Arg Ala Ile Glu Pro Ala Pro Gly Arg Tyr val Lys
1145 1150 1155

Ala Lys Ala
1160

<210> 29
Page 65



<211>
<212>
<213>

<220>
<223>

8587
DNA
Arti

<400> 29
ttcttgaaga

aatggtttct
tttatttttc
gcttcaataa
tccectttttt
aaaagatgct
cggtaagatc
agttctgcta
ccgcatacac
tacggatggc
tgcggccaac
caacatgggg
accaaacgac
attaactggc
ggataaagtt
taaatctgga
taagccctcc
aaatagacag
agtttactca
ggtgaagatc
ctgagcgtca
cgtaatctgc
tcaagagcta
tactgtcctt
tacatacctc
tcttaccggg
ggggggttcg
acagcgtgag
ggtaagcggc
gtatctttat

ctcgtcaggg

ficial

cgaaagggcc
tagacgtcag
taaatacatt
tattgaaaaa
gcggcatttt
gaagatcagt
cttgagagtt
tgtggcgcgg
tattctcaga
atgacagtaa
ttacttctga
gatcatgtaa
gagcgtgaca
gaactactta
gcaggaccac
gccggtgage
cgtatcgtag
atcgctgaga
tatatacttt
ctttttgata
gaccccgtag
tgcttgcaaa
ccaactcttt
ctagtgtagc
gctctgctaa
ttggactcaa
tgcacacagc
ctatgagaaa
agggtcggaa
agtcctgtcg

gggcggagec

tcgtgatacg
gtggcacttt
caaatatgta
ggaagagtat
gccttecctgt
tgggtgcacg
ttcgccccga
tattatcccg
atgacttggt
gagaattatg
caacgatcgg
ctcgecttga
ccacgatgcc
ctctagcttc
ttctgcgctc
gtgggtctcg
ttatctacac
taggtgcctc
agattgattt
atctcatgac
aaaagatcaa
caaaaaaacc
ttccgaaggt
cgtagttagg
tcctgttacc
gacgatagtt
ccagcttgga
gcgccacgct
caggagagcg
ggtttcgcca

tatggaaaaa

cctattttta
tcggggaaat
tccgctcatg
gagtattcaa
ttttgctcac
agtgggttac
agaacgtttt
tgttgacgcc
tgagtactca
cagtgctgcc
aggaccgaag
tcgttgggaa
tgcagcaatg
ccggcaacaa
ggccctteccg
cggtatcatt
gacggggagt
actgattaag
aaaacttcat
caaaatccct
aggatcttct
accgctacca
aactggcttc
ccaccacttc
agtggctgct
accggataag
gcgaacgacc
tcccgaaggg
cacgagggag
cctctgactt

cgccagcaac
Page 66

Synthetic construct -pET14b-AcpA-PhaC-IgIC

taggttaatg
gtgcgcggaa
agacaataac
catttccgtg
ccagaaacgc
atcgaactgg
ccaatgatga
gggcaagagc
ccagtcacag
ataaccatga
gagctaaccg
ccggagctga
gcaacaacgt
ttaatagact
gctggctggt
gcagcactgg
caggcaacta
cattggtaac
ttttaattta
taacgtgagt
tgagatcctt
gcggtggttt
agcagagcgc
aagaactctg
gccagtggeg
gcgcageggt
tacaccgaac
agaaaggcgg
cttccagggg
gagcgtcgat
gcggectttt

tcatgataat
cccctatttg
cctgataaat
tcgceccttat
tggtgaaagt
atctcaacag
gcacttttaa
aactcggtcg
aaaagcatct
gtgataacac
cttttttgca
atgaagccat
tgcgcaaact
ggatggaggc
ttattgctga
ggccagatgg
tggatgaacg
tgtcagacca
aaaggatcta
tttcgttcca
tttttctgcg
gtttgccgga
agataccaaa
tagcaccgcc
ataagtcgtg
cgggctgaac
tgagatacct
acaggtatcc
gaaacgcctg
ttttgtgatg

tacggttcct

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860



ggccttttgce
taaccgtatt
cagcgagtca
tctgtgcggt
gcatagttaa
gacacccgcc
acagacaagc
cgaaacgcgc
tgtctgcctg
ttctgataaa
tgtaaggggg
cgatacgggt
tggcggtatg
ttaatacaga
acataatggt
agaccattca
gctcgcgtat
tcctcaacga
tgcgccgegt
tttgcgcatt
cgttagcgag
acgcaacgcg
ccatgtgctc
taggctggta
cctggacagc
aatggggaag
ggccgccatg
gacgaaggct
cgtcgegctc
tcctacgagt
cgcccaccgg
cttatgcgac
cgccgcaagg

tgccaccata

tggccttttg
accgcctttg
gtgagcgagg
atttcacacc
gccagtatac
aacacccgct
tgtgaccgtc
gaggcagctg
ttcatccgeg
gcgggccatg
atttctgttc
tactgatgat
gatgcggcgg
tgtaggtgtt
gcagggcgct
tgttgttgct
cggtgattca
caggagcacg
gcggctgctg
cacagttctc
gtgccgeegg
gggaggcaga
gccgaggegg
agagccgcga
atggcctgca
gccatccagc
ccggcgataa
tgagcgaggg
cagcgaaagc
tgcatgataa
aaggagctga
tcctgcatta
aatggtgcat

cccacgccga

ctcacatgtt
agtgagctga
aagcggaaga
gcatatatgg
actccgctat
gacgcgccct
tccgggaget
cggtaaagct
tccagctcgt
ttaagggcgg
atgggggtaa

gaacatgccc
gaccagagaa
ccacagggta
gacttccgcg
caggtcgcag
ttctgctaac
atcatgcgca
gagatggcgg
cgcaagaatt
cttccattca
caaggtatag
cataaatcgc
gcgatccttg
acgcgggcat
ctcgcgtegce
tggcctgett
cgtgcaagat
ggtcctcgec
agaagacagt
ctgggttgaa
ggaagcagcc
gcaaggagat

aacaagcgct

ctttcctgceg
taccgctcgce
gcgcctgatg
tgcactctca
cgctacgtga
gacgggcttg
gcatgtgtca
catcagcgtg
tgagtttctc
ttttttcctg
tgataccgat
ggttactgga
aaatcactca
gccagcagca
tttccagact
acgttttgca
cagtaaggca
cccgtggeca
acgcgatgga
gattggctcc
ggtcgaggtg
ggcggcgcect
cgtgacgatc
aagctgtccc
cccgatgecg
gaacgccagc
ctcgccgaaa
tccgaatacc
gaaaatgacc
cataagtgcg
ggctctcaag
cagtagtagg
ggcgcccaac
catgagcccg
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ttatcccctg
cgcagccgaa
cggtattttc
gtacaatctg
ctgggtcatg
tctgctcccg
gaggttttca
gtcgtgaagc
cagaagcgtt
tttggtcact
gaaacgagag
acgttgtgag
gggtcaatgc
tcctgcgatg
ttacgaaaca
gcagcagtcg
accccgccag
ggacccaacg
tatgttctgc
aattcttgga
gcccggcetec
acaatccatg
agcggtccag
tgatggtcgt
ccggaagcga
aagacgtagc
cgtttggtgg
gcaagcgaca
cagagcgctg
gcgacgatag
ggcatcggtc
ttgaggccgt
agtcccccgg

aagtggcgag

attctgtgga
cgaccgagcg
tccttacgea
ctctgatgcc
gctgcgeccc
gcatccgctt
ccgtcatcac
gattcacaga
aatgtctggc
gatgcctccg
aggatgctca
ggtaaacaac
cagcgcttcg
cagatccgga
cggaaaccga
cttcacgttc
cctagccggg
ctgcccgaga
caagggttgg
gtggtgaatc
atgcaccgcg
ccaacccgtt
tgatcgaagt
catctacctg
gaagaatcat
ccagcgcgtc
cgggaccagt
ggccgatcat
ccggcacctg
tcatgccccg
gacgctctcc
tgagcaccgc
ccacggggcc

cccgatcttc

1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900



cccatcggtg
ggccacgatg
actataggga
acaaaattac
tgaacaacag
acaacgcgaa
aaaacaacag
aaccgaaatt
tggaaaacaa
gccagaacca
ttgtggaaca
tgggctatta
tgaacgataa
tggcgggcgc
gctatattat
gcggcgatac
tgacccagaa
gcggcaaaac
attatattcc
tggcgccgag
ttagcgaatt
cgccgggcta
tggtgaacac
ttatttatga
gcgatattaa
ataccaaagc
ttgaatataa
acattctgaa
cgaaaaccgg
cttccacgca
ccacatggct
cgtccggeat
gtgatatcca
gcaaggccga

ccaacctccc

atgtcggcga
cgtccggegt
gaccacaacg
cctgggcatt
caaaccgaac
caccctgaaa
ctttgatcgc
tgtggcgaaa
cccgaacacc
tgaatatcat
tggcggccat
tgatggcaac
cacctttggc
gaacggcccg
tgatgatccg
caacaccgcg
aggcattacc
cgcgatttgc
gcatcatgaa
cgatgataaa
ttggaaagcg
tcaggatggc
cattaaccgc
tgatagcgat
aggccgccag
gaactatatt
ctggggcatt
catgtttgat
cctggtggtg
ggaaggcaag
ggaatggtcc
tccgggectg
gcagcgctac
ggccaccggt

atatcgcttc

tataggcgcc
agaggatcga
gtttccctct
ctgagcctga
gattatggca
accaccaccc
tattttggca
gaaaacaccc
aaaaacccgt
caggaaatta
gataacgata
accgtgaccg
accacctttg
gcgatgagcc
aacccgtatt
gtggcgaaaa
tggggctggt
gatgcgatga
ccgtttaact
tatattggca
ctggatcaga
catggcggct
attaaacaga
ggcgattatg
ggctatggcc
gatcatagcc
ggcagcgtga
tttaacaaaa
gataaactga
tcccaaccat
cgccagtggc
gatgcgctgg
atgaaggact
ccgctgcacg

gctgccgegt

agcaaccgca
gatctcgatc
agaatatagg
gcattgcgac
ccctggtgaa
cgattaaaca
tgtatccgaa
cgaacgtgaa
atcgcctgga
gcagctttaa
cctataaaca
cgctgtggaa
gcccgagcac
cgagcggcaa
atgatgattg
ttaccgatgg
ttcagggcgg
gcaccaacaa
attggaaaga
gcaacgatca
acaccatgcc
atagcaaccc
gcaaagattg
atcatgtgta
cgcgectgec
tgctgaacca
gcaaatatag
aacagaaaac
acactagtgc
tcaaggtcac
agggcactga
caggcgtcaa
tctcagcgcet
accggcgctt

tctacctgct
Page 68

cctgtggcgce
ccgcgaaatt
agataccagt
caccaccttt
aattaaacag
tgtggtgatt
cgcgaaaaac
cggcctgacc
tcgcaacttt
cggcggcectg
gaactgcgat
ctatgcgcag
cccgggcegceg
cctggaaaac
cagctatggc
ctataacatt
ctttaaaccg
atttggcatt
aaccagcaac
ggcgaaccat
ggcggtgage
gctggatgaa
ggatagcacc
tagcccgaaa
gatgctggtg
ggcgagcgtg
caacgataaa
cccgaaactg
gaccggcaaa
gccggggceca
aggcaacggc
gatcgcgccg
gtggcaggcc
cgccggcgac

caatgcgcgc

cggtgatgcc
aatacgactc
atgaaactga
gcgaccgatg
aaactgttta
atttttcagg
ccggaaggcg
aaacagctgc
cagccgtgcea
atgaacaaat
ggccaggtga
aactttgcgc
ctgaacctgg
attgaaaaca
accagcaaaa
ggccattatc
accagctata
aaaagccgcg
ccgcatcatc
cagtatgata
tatctgaaag
caggaatggc
gcgattatta
agccagttta
attagcccgt
ctgaaattta
tatagcaaca
attctggatc
ggcgcggeag
ttcgatccag
cacgcggccg
gcgcagetgg
atggccgagg
gcatggcgca

gccttgaccg

3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000



agctggccga
cgcaatgggt
gcctgctgat
acctgacacg
tcgcggtgac
agccgctgac
agtactacat
gacatacggt
gggacgacta
gccaggacaa
tggcggtgct
tgctggactt
tgcgcgaggc
agctggccaa
acaactacct
ccaccaacct
agctcaaggt
acgtgccgac
atgcctcgac
tcgccggtgt
tgccggagtc
cggactggac
atggcaatgc
cacatatggt
ttatgagcga
ccgatccgac
ccattgcggg
ccaaagcgga
gcattaaccc
aaattgaaga
tgggcaacag
atctgagcaa
cgaccgaact

gcctgaccac

tgccgtcgag
cgatgcgatg
cgagtcgggc
cggcaagatc
cgaaggcgcc
cgacaaggtg
cctggacctg
gtttctggtg
catcgagcac
gatcaacgtg
ggccgcgcegce
tgccgacacg
cacgctgggc
taccttctcg
gaagggcaac
gccggggecg
accgggcaag
ctatatctac
cgcgctgctg
gatcaacccg
gccgcagcaa
cgcatggctg
gcgctatcgce
gctggcggtg
aatgattacc
cgcgtgcatt
Ccgaaaaactg
tagcgcgacc
gaccattagc
aaaagtgagc
caacaaaaaa
cctggaactg
gatgggcgtg

cagccagggc

gccgatgcca
tcgcccgeca
ggcgaatcgc
tcgcagaccg
gtggtcttcg
cacgcgcgcc
cagccggaga
tcgtggegea
gcggccatcc
ctcggcttct
ggcgagcacc
ggcatcctcg
ggcggegecg
ttcttgcgec
acgccggtgce
tggtactgct
ctgaccgtgt
ggctcgegeg
gcgaacaagc
ccggccaaga
tggctggcecg
gccgggeagg
gcaatcgaac
gcgattgata
cgccagcagg
ggcagccatc
gataaaaaca
gcggcggcga
attaccctgg
agcattctgc
caggaatata
tatccgatta
agcaaagatg

agcctgccgg

agacccgcca
acttccttgc
tgcgtgccgg
acgagagcgc
agaacgagta
cgctgctgat
gctcgctggt
atccggacgc
gcgccatcga
gcgtgggcgg
cggccgccag
acgtctttgt
gcgcgecgtg
cgaacgacct
cgttcgacct
ggtacctgcg
gcggcgtgcec
aagaccatat
tgcgcttcgt
acaagcgcag
gcgccatcga
ccggcgcgaa
ccgcgectgg
aacgcggagg
tgaccagcgg
cgaactgccg
ttgtggcgat
gcgtgattcg
gcgtgctgat
aggcgagcgc
aaaccgatga
gcgcgaaagce
gcatgagcta
tgtgctgcgce
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gcgcatccgce
caccaatccc
cgtgcgcaac
gtttgaggtc
cttccagctg
ggtgccgccg
gcgccatgtg
cagcatggcc
agtcgcgcgce
caccattgtc
cgtcacgctg
cgacgagggc
cgcgctgctg
ggtgtggaac
gctgttctgg
ccacacctac
ggtggacctg
cgtgccgtgg
gctgggtgcg
ccactggact
gcatcacggc
acgcgccgeg
gcgatacgtc
cggtggaggc
cgaaaccatt
cctgtttatt
tgaaggcggc
cctgagcatt
taaaagcaac
gaccgatatg
agcgtggggc
gtttagcatt
tcatattatt

ggcgagcacc

ttcgcgatct
gaggcgcagc
atgatggaag
ggccgcaatg
ttgcagtaca
tgcatcaaca
gtggagcagg
ggcagcacct
gacatcagcg
tcgaccgcgce
ctgaccacgc
catgtgcagt
cgcggecttg
tacgtggtcg
aacggcgacg
ctgcagaacg
gccagcatcg
accgcggcect
tcgggccata
aacgatgcgc
agctggtggc
cccgccaact
aaagccaagg
ctcgagatga
catgtgcgca
gatagcctga
gaagatgtga
accccgggea
gtgcgcacca
aaaattaaac
attatgattg
agcattgaac
agcattgatg

gataaaggcg

6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040



tggcgaa
gaagctg
aaacggg
gggtgtg
tgggcgg
caacgca
atcccgce
gacggtg
ttagcaa
atgagaa
<210>
<211>
<212>
<213>
<220>
<223>
<400>

Met Lys
1
Thr Thr
Gly Thr
Leu Lys
Asn Asn
65
Pro Glu
Asn Gly
Pro Tyr
Tyr His
130

val Glu

aat
agt
tct
gtc
cgg
tat
aag
ccg

ttt

30
1331
PRT

tggctatatt
tggctgctgce
tgaggggttt
gccatgatcg
ccaaagcggt
agcgctagca
aggcccggea
aggatgacga

aactgtgata

Artificial

gcggcggegt
caccgctgag
tttgctgaaa
cgtagtcgat
cggacagtgc
gcacgccata
gtaccggcat
tgagcgcatt

aactaccgca

gaggatccgg

caataactag
ggaggaacta
agtggctcca
tccgagaacg
gtgactggcg
aaccaagcct
gttagatttc

ttaaagctta

AcpA-PhaC-IgIC fusion polypeptide encoded by
pPET-14b-AcpA-PhaC-IgIC

30

Leu

Thr

Leu

35

Thr

Ser

Gly

Leu

His

Asn

Phe

20

val

Thr

Phe

Glu

Thr

100

Leu

Glu

Gly

Lys
5
Ala
Lys
Thr
Asp
Pro
85
Lys
Asp

Ile

Gly

Ile

Thr

Ile

Pro

Arg

70

Lys

Gln

Arg

Ser

His

Thr

Asp

Lys

Ile

55

Tyr

Phe

Leu

Asn

Ser

135

Asp

Leu

val

Gln

40

Lys

Phe

val

Leu

Phe

120

Phe

Asn

Gly

Asn

25

Lys

His

Gly

Ala

Glu

105

Gln

Asn

Asp

Ile Leu Ser
10

Asn Ser Lys

Leu Phe Asn

val val Ile
60

Met Tyr Pro
75

Lys Glu Asn

Asn Asn Pro

Pro Cys Ser

Gly Gly Leu

140

Thr Tyr Lys
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Leu

Pro

Asn

45

Ile

Asn

Thr

Asn

Gln

125

Met

Gln

ctgctaacaa
cataacccct
tatccggata
agtagcgaag
ggtgcgcata
atgctgtcgg
atgcctacag
atacacggtg

tcgatgataa

Ser

Asn

30

Ala

Phe

Ala

Pro

Thr

110

Asn

Asn

Asn

agcccgaaag
tggggcctct
tccacaggac
cgagcaggac
gaaattgcat
aatggacgat
catccagggt
cctgactgceg

gctgtcaaac

Ile

15

Asp

Asn

Gln

Lys

Asn

95

Lys

His

Lys

cys

Ala

Tyr

Thr

Asn

80

val

Asn

Glu

Phe

Asp

8100
8160
8220
8280
8340
8400
8460
8520
8580
8587



145

Gly

Asn

Phe

Gly

Tyr

225

Thr

Gly

Trp

Tyr

305

Pro

Gln

Gln

Asp

val

385

Ala

Tyr

Gln

Tyr

Gly

Pro

210

Ser

Tyr

Phe

Cys

290

Ile

Ala

Asn

Ile

Ser

val

Ala

Pro

195

Ala

Ile

Lys

Asn

Gln

275

Asp

Pro

His

Asn

Thr

355

His

Thr

Ile

Pro

Met

Gln

180

Ser

Met

Asp

Ser

Ile

260

Gly

Ala

His

Leu

His

340

Met

Gly

Ile

Lys

Thr

Ser

Asp

Gly

Gly

Met

His

Ala

325

Gln

Pro

Gly

Asn

Ile

405

Ser

150

Tyr

Phe

Pro

Pro

Pro

230

Asp

His

Phe

Ser

Glu

310

Pro

Tyr

Ala

TYyr

TYyr

Gln

Tyr

Ala

Gly

Ser

215

Asn

Thr

TYyr

Lys

Thr

295

Pro

Ser

Asp

val

Ser

375

Asp

Phe

Asp

Leu

Ala

200

Gly

Pro

Asn

Leu

Pro

280

Asn

Phe

Asp

Ile

Ser

360

Asn

Lys

Asp

Ser

Gly

Asn

185

Leu

Asn

Tyr

Thr

Thr

265

Thr

Lys

Asn

Asp

Ser

345

TYyr

Pro

Gln

Ser

Asn

170

Asp

Asn

Leu

Tyr

Ala

250

Gln

Ser

Phe

Tyr

Leu

Leu

Ser

Asp
410

155

Thr

Asn

Leu

Asp

235

val

Lys

TYyr

Gly

Trp

Tyr

Phe

Lys

Asp

Gly

val

Thr

val

Asn

220

Asp

Ala

Gly

Ser

Ile

300

Lys

Trp

Ala

Glu

380

Asp

Asp

Ile Lys Gly
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Thr

Phe

Ala

205

Ile

Cys

Lys

Ile

Gly

Lys

Pro

365

Gln

Trp

Tyr

Arg

Ala

Gly

Gly

Ser

Thr

270

Lys

Ser

Thr

Ser

Ala

350

Gly

Glu

Asp

Asp

Gln
430

Leu

175

Thr

Ala

Asn

Tyr

Thr

255

Trp

Thr

Arg

Ser

Asn

335

Leu

TYyr

Trp

Ser

His

415

Gly

160

Trp

Thr

Asn

Ser

Gly

Asp

Gly

Asp

Asn

320

Asp

Asp

Gln

Leu

Thr

400

val

Tyr



Gly

Tyr

Glu

465

Tyr

Thr

Leu

Ser

Leu

545

Ala

Ala

Ser

Pro

Pro

625

Thr

Ile

Phe

Pro

Ile

450

Tyr

Ser

Pro

Asn

Gln

530

Glu

Ala

Pro

Ala

Leu

610

Tyr

Glu

Arg

Leu

Glu
690

Asn

Asn

Lys

Ala

515

Pro

Trp

Ser

Ala

Leu

595

His

Arg

Leu

Phe

Ala

675

Ser

Leu

Trp

Asn

Leu

500

Thr

Phe

Ser

Gly

Gln

580

Trp

Asp

Phe

Ala

Ala

660

Thr

Leu

Pro

Ser

Gly

Ile

485

Ile

Gly

Lys

Arg

Ile

565

Leu

Gln

Arg

Ala

Asn

Arg

Met

Leu

Ile

470

Leu

Leu

Lys

val

Gln

550

Pro

Gly

Ala

Arg

Ala

630

Ala

Ser

Pro

Ala

Leu

Leu

455

Gly

Asn

Asp

Gly

Thr

535

Trp

Gly

Asp

Met

Phe

615

Ala

val

Gln

Glu

val

440

Asn

Ser

Met

Pro

Ala

520

Pro

Gln

Leu

Ala

600

Ala

Phe

Glu

Trp

Ala

680

val

Ile

Gln

val

Phe

Gly

Gly

Asp

Gln

585

Glu

Gly

Tyr

Ala

val

665

Gln

Arg

Ser

Ala

Ser

Ala

Pro

Thr

Ala

570

Gln

Gly

Asp

Leu

650

Asp

Arg

Asn

Pro Tyr

Ser val

460

Lys Tyr

Phe Asn

Gly Leu

Ser Thr

Phe Asp

540

Glu Gly

555

Leu Ala

Arg Tyr

Lys Ala

Ala Trp

Leu Asn

635

Ala Lys

Ala Met

Leu Leu

Met Met
700
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Thr

445

Leu

Ser

Lys

val

Gln

525

Pro

Asn

Gly

Met

Glu

605

Arg

Ala

Thr

Ser

Ile

685

Glu

Lys

Lys

Asn

Lys

val

510

Glu

Ala

Gly

val

Lys

Ala

Thr

Arg

Arg

Pro

670

Glu

Asp

Ala

Phe

Asp

Gln

495

Asp

Gly

Thr

His

Asp

Thr

Asn

Ala

Gln

655

Ala

Ser

Leu

Asn

Ile

Lys

480

Lys

Lys

Lys

Trp

Ala

560

Phe

Gly

Leu

Leu

640

Arg

Asn

Gly

Thr



Gln

Leu

Gln

val

785

Thr

Ala

val

Gly

Phe

865

Gln

Leu

Asn

Thr

Leu

945

Asn

Gly

val

Leu

Leu

Pro

770

Phe

Trp

Arg

Gly

Glu

850

Ala

Leu

Leu

Asp

Pro

930

Pro

Glu

Lys

Ala

Leu

Met

755

Glu

Leu

Asp

Asp

Gly

His

Asp

Arg

Arg

Leu

915

val

Gly

Leu

Ile

val

Gln

740

val

Ser

val

Asp

Ile

820

Thr

Pro

Thr

Gly

val

Pro

Pro

Lys

Ser

Thr

725

Tyr

Pro

Ser

Ser

TYyr

805

Ser

Ile

Ala

Gly

Ala

885

Leu

Trp

Phe

Trp

val
965

Gln

710

Glu

Lys

Pro

Leu

Trp

790

Ile

Gly

val

Ala

Ile

870

Thr

Glu

Asn

Asp

TYyr

950

Pro

Thr

Gly

Pro

Cys

val

775

Arg

Glu

Gln

Ser

ser

855

Leu

Leu

Leu

TYyr

Leu

935

Cys

Gly

Asp

Ala

Leu

Ile

760

Arg

Asn

His

Asp

Thr

840

val

Asp

Gly

Ala

val

920

Leu

Trp

Lys

Glu

val

Thr

745

Asn

His

Pro

Ala

Thr

val

Gly

Asn

905

val

Phe

TYyr

Leu

Ser
val
730
Asp
Lys
val
Asp
Ala
810
Leu
Leu
Phe
Gly
8

Thr
Asp
Trp

Leu

Thr
970
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Ala

715

Phe

Lys

Tyr

val

Ala

795

Ile

Asn

Ala

Leu

val

875

Ala

Phe

Asn

Asn

Phe

Glu

val

Tyr

Glu

780

Ser

Arg

val

val

Thr

860

Asp

Gly

Ser

Tyr

Gly

His

Cys

Glu

Asn

His

Ile

765

Gln

Met

Ala

Leu

Leu

845

Thr

Glu

Ala

Phe

Leu

925

Asp

Thr

Gly

val

Glu

Ala

750

Leu

Gly

Ala

Ile

Gly

Ala

Leu

Gly

Pro

Leu

910

Lys

Ala

Tyr

val

Gly

Tyr

Arg

Asp

His

Gly

Glu

815

Phe

Ala

Leu

His

Cys

895

Arg

Gly

Thr

Leu

Pro
975

Arg
7

Phe
Pro
Leu
Thr
Ser
800
val
Ccys
Arg
Asp
val
880
Ala
Pro
Asn
Asn
Gln

960

val



Asp Leu Ala Ser ITle Asp val Pro Thr Tyr Ile Tyr Gly Ser Arg Glu
980 985 990

Asp His Ile val Pro Trp Thr Ala Ala Tyr Ala Ser Thr Ala Leu Leu
995 1000 1005

Ala Asn Lys Leu Arg Phe val Leu Gly Ala Ser Gly His ITe Ala
1010 1015 1020

Gly val 1Ile Asn Pro Pro Ala Lys Asn Lys Arg Ser His Trp Thr
1025 1030 1035

Asn Asp Ala Leu Pro Glu Ser Pro Gln Gln Trp Leu Ala Gly Ala
1040 1045 1050

Ile Glu His His Gly Ser Trp Trp Pro Asp Trp Thr Ala Trp Leu
1055 1060 1065

Ala Gly GIn Ala Gly Ala Lys Arg Ala Ala Pro Ala Asn Tyr Gly
1070 1075 1080

Asn Ala Arg Tyr Arg Ala Ile Glu Pro Ala Pro Gly Arg Tyr val
1085 1090 1095

Lys Ala Lys Ala His Met val Leu Ala val Ala Ile Asp Lys Arg
1100 1105 1110

Gly Gly Gly Gly Gly Leu Glu Met Ile Met Ser Glu Met Ile Thr
1115 1120 1125

Arg GIn Gln val Thr Ser Gly Glu Thr Ile His val Arg Thr Asp
1130 1135 1140

Pro Thr Ala Cys Ile Gly Ser His Pro Asn Cys Arg Leu Phe Ile
1145 1150 1155

Asp Ser Leu Thr Ile Ala Gly Glu Lys Leu Asp Lys Ash Ile val
1160 1165 1170

Ala ITe Glu Gly Gly Glu Asp Vval Thr Lys Ala Asp Ser Ala Thr
1175 1180 1185

Ala Ala Ala Ser val Ile Arg Leu Ser Ile Thr Pro Gly Ser Ile
1190 1195 1200

Asn Pro Thr Ile Ser Ile Thr Leu Gly val Leu Ile Lys Ser Asn
1205 1210 1215

val Arg Thr Lys Ile Glu Glu Lys val Ser Ser Ile Leu Gln Ala
1220 1225 1230

Ser Ala Thr Asp Met Lys Ile Lys Leu Gly Asn Ser Asn Lys Lys
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1235

Glu
1250

Gln Ty

Asn Le

1265

Ser

Ile GI

1280

Ser

Ser Tyr Hi

1295

Leu Pr

1310

Ser

Ile GI

1325

Lys

<210>
<211>
<212>
<213>

<220>
<223>

31
6844
DNA
Arti

<400> 31

r Lys Thr

u Glu Leu
u Pro Thr
s Ile Ile
o val

Cys

y Tyr Ile

ficial

1240

Glu
1255

Asp

Pro
1270

Tyr

Glu Leu

1285

Ile
1300

Ser

Ala
1315

Cys

Ala
1330

Ala

Ala

Ala Trp Gly Ile

ITe Ser Ala Lys

Met Gly val Ser Lys

Asp Gly Leu Thr

Ala Ser Thr Asp

1245

Met Ile

1260

Ala Phe

1275

Asp
1290

Thr
1305

Ser

Lys Gly

1320

Synthetic construct - pET-14b-PhaC-ompl6

ttcttgaaga cgaaagggcc tcgtgatacg cctattttta taggttaatg

aatggtttct
tttatttttc
gcttcaataa
tccectttttt
aaaagatgct
cggtaagatc
agttctgcta
ccgcatacac
tacggatggc
tgcggccaac
caacatgggg
accaaacgac
attaactggc
ggataaagtt
taaatctgga

taagccctcc

tagacgtcag
taaatacatt
tattgaaaaa
gcggcatttt
gaagatcagt
cttgagagtt
tgtggcgcgg
tattctcaga
atgacagtaa
ttacttctga
gatcatgtaa
gagcgtgaca
gaactactta
gcaggaccac
gccggtgagce
cgtatcgtag

gtggcacttt
caaatatgta
ggaagagtat
gccttecctgt
tgggtgcacg
ttcgccccga
tattatcccg
atgacttggt
gagaattatg
caacgatcgg
ctcgeccttga
ccacgatgcc
ctctagcttc
ttctgcgctc

gtgggtctcg

ttatctacac

tcggggaaat
tccgctcatg
gagtattcaa
ttttgctcac
agtgggttac
agaacgtttt
tgttgacgcc
tgagtactca
cagtgctgcc
aggaccgaag
tcgttgggaa
tgcagcaatg
ccggcaacaa
ggcccttccg

cggtatcatt

gacggggagt

Page 75

gtgcgcggaa
agacaataac
catttccgtg
ccagaaacgc
atcgaactgg
ccaatgatga
gggcaagagc
ccagtcacag
ataaccatga
gagctaaccg
ccggagctga
gcaacaacgt
ttaatagact
gctggctggt
gcagcactgg

caggcaacta

Asp Leu

Ser Ile

Gly Met

Gln Gly

val Ala

tcatgataat
cccctatttg
cctgataaat
tcgcccttat
tggtgaaagt
atctcaacag
gcacttttaa
aactcggtcg
aaaagcatct
gtgataacac
cttttttgca
atgaagccat
tgcgcaaact
ggatggaggc
ttattgctga

ggccagatgg
tggatgaacg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020



aaatagacag
agtttactca
ggtgaagatc
ctgagcgtca
cgtaatctgc
tcaagagcta
tactgtcctt
tacatacctc
tcttaccggg
ggggggttcg
acagcgtgag
ggtaagcggc
gtatctttat
ctcgtcaggg
ggccttttgce
taaccgtatt
cagcgagtca
tctgtgcggt
gcatagttaa
gacacccgcc
acagacaagc
cgaaacgcgc
tgtctgcctg
ttctgataaa
tgtaaggggg
cgatacgggt
tggcggtatg
ttaatacaga
acataatggt
agaccattca
gctcgcgtat
tcctcaacga
tgcgccgegt

tttgcgcatt

atcgctgaga
tatatacttt
ctttttgata
gaccccgtag
tgcttgcaaa
ccaactcttt
ctagtgtagc
gctctgctaa
ttggactcaa
tgcacacagc
ctatgagaaa
agggtcggaa
agtcctgtcg
gggcggagcec
tggccttttg
accgcctttg
gtgagcgagg
atttcacacc
gccagtatac
aacacccgct
tgtgaccgtc
gaggcagctg
ttcatccgeg
gcgggccatg
atttctgttc
tactgatgat
gatgcggcgg
tgtaggtgtt
gcagggcgct
tgttgttgct
cggtgattca
caggagcacg
gcggctgctg

cacagttctc

taggtgcctc
agattgattt
atctcatgac
aaaagatcaa
caaaaaaacc
ttccgaaggt
cgtagttagg
tcctgttacc
gacgatagtt
ccagcttgga
gcgccacgct
caggagagcg
ggtttcgcca
tatggaaaaa
ctcacatgtt
agtgagctga
aagcggaaga
gcatatatgg
actccgctat
gacgcgccct
tccgggaget
cggtaaagct
tccagctcgt
ttaagggcgg
atgggggtaa

gaacatgccc
gaccagagaa
ccacagggta
gacttccgcg
caggtcgcag
ttctgctaac
atcatgcgca
gagatggcgg

cgcaagaatt

actgattaag
aaaacttcat
caaaatccct
aggatcttct
accgctacca
aactggcttc
ccaccacttc
agtggctgct
accggataag
gcgaacgacc
tcccgaaggg
cacgagggag
cctctgactt
cgccagcaac
ctttcctgcg
taccgctcgc
gcgcctgatg
tgcactctca
cgctacgtga
gacgggcttg
gcatgtgtca
catcagcgtg
tgagtttctc
ttttttcctg
tgataccgat
ggttactgga
aaatcactca
gccagcagca
tttccagact
acgttttgca
cagtaaggca
cccgtggeca
acgcgatgga
gattggctcc
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cattggtaac
ttttaattta
taacgtgagt
tgagatcctt
gcggtggttt
agcagagcgc
aagaactctg
gccagtggcg
gcgcagcggt
tacaccgaac
agaaaggcgg
cttccagggg
gagcgtcgat
gcggectttt
ttatcccctg
cgcagccgaa
cggtattttc
gtacaatctg
ctgggtcatg
tctgctcccg
gaggttttca
gtcgtgaagc
cagaagcgtt
tttggtcact
gaaacgagag
acgttgtgag
gggtcaatgc
tcctgcgatg
ttacgaaaca
gcagcagtcg
accccgccag
ggacccaacg
tatgttctgc

aattcttgga

tgtcagacca
aaaggatcta
tttcgttcca
tttttctgcg
gtttgccgga
agataccaaa
tagcaccgcc
ataagtcgtg
cgggctgaac
tgagatacct
acaggtatcc
gaaacgcctg
ttttgtgatg
tacggttcct
attctgtgga
cgaccgagcg
tccttacgea
ctctgatgcc
gctgcgeccc
gcatccgctt
ccgtcatcac
gattcacaga
aatgtctggc
gatgcctccg
aggatgctca
ggtaaacaac
cagcgcttcg
cagatccgga
cggaaaccga
cttcacgttc
cctagccggg
ctgcccgaga
caagggttgg
gtggtgaatc

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060



cgttagcgag
acgcaacgcg
ccatgtgctc
taggctggta
cctggacagc
aatggggaag
ggccgccatg
gacgaaggct
cgtcgecgctc
tcctacgagt
cgcccaccgg
cttatgcgac
cgccgcaagg
tgccaccata
cccatcggtg
ggccacgatg
actataggga
aaggcgcggc
cattcgatcc
gccacgcggc
cggcgcagct
ccatggccga
acgcatggcg
gcgccttgac
gcttcgcgat
ccgaggcgca
acatgatgga
tcggccgcaa
tgttgcagta
cgtgcatcaa
tggtggagca
ccggcagcac
gcgacatcag
tctcgaccgce

tgctgaccac

gtgccgccgg
gggaggcaga
gccgaggcgg
agagccgcga
atggcctgca
gccatccagc
ccggcgataa
tgagcgaggg
cagcgaaagc
tgcatgataa
aaggagctga
tcctgcatta
aatggtgcat
cccacgccga
atgtcggcga
cgtccggegt
gaccacaacg
agcttccacg
agccacatgg
cgcgtcecggce
gggtgatatc
gggcaaggcc
caccaacctc
cgagctggcc
ctcgcaatgg
gcgcctgctg
agacctgaca
tgtcgcggtg
caagccgctg
caagtactac
gggacatacg
ctgggacgac
cggccaggac
gctggcggtg
gctgctggac

cttccattca
caaggtatag
cataaatcgc
gcgatccttg
acgcgggcat
ctcgcgtcgce
tggcctgcett
cgtgcaagat
ggtcctcgec
agaagacagt
ctgggttgaa
ggaagcagcc
gcaaggagat
aacaagcgct
tataggcgcc
agaggatcga
gtttccctct
caggaaggca
ctggaatggt
attccgggcc
cagcagcgct
gaggccaccg
ccatatcgct
gatgccgtcg
gtcgatgcga
atcgagtcgg
cgcggcaaga
accgaaggcg
accgacaagg
atcctggacc
gtgtttctgg
tacatcgagc
aagatcaacg
ctggccgcegce

tttgccgaca

ggtcgaggtg
ggcggcgect
cgtgacgatc
aagctgtccc
cccgatgecg
gaacgccagc
ctcgccgaaa
tccgaatacc
gaaaatgacc
cataagtgcg
ggctctcaag
cagtagtagg
ggcgcccaac
catgagcccg
agcaaccgca
gatctcgatc
agaaataagg
agtcccaacc
cccgccagtg
tggatgcgct
acatgaagga
gtccgctgea
tcgctgecgce
aggccgatgc
tgtcgcccgce
gcggcgaatc
tctcgcagac
ccgtggtctt
tgcacgcgcg
tgcagccgga
tgtcgtggcg
acgcggccat
tgctcggctt
gcggcgagca

cgggcatcct
Page 77

gcccggcetec
acaatccatg
agcggtccag
tgatggtcgt
ccggaagcga
aagacgtagc
cgtttggtgg
gcaagcgaca
cagagcgctg
gcgacgatag
ggcatcggtc
ttgaggccgt
agtcccccgg
aagtggcgag
cctgtggcgce
ccgcgaaatt
agatactagt
attcaaggtc
gcagggcact
ggcaggcgtc
cttctcagcg
cgaccggcgc
gttctacctg
caagacccgc
caacttcctt
gctgcgtgec
cgacgagagc
cgagaacgag
cccgctgetg
gagctcgctg
caatccggac
ccgcgecatc
ctgcgtgggc
cccggecgec

cgacgtcttt

atgcaccgcg
ccaacccgtt
tgatcgaagt
catctacctg
gaagaatcat
ccagcgcgtc
cgggaccagt
ggccgatcat
ccggcacctg
tcatgccccg
gacgctctcc
tgagcaccgc
ccacggggcc
cccgatcttc
cggtgatgcc
aatacgactc
gcgaccggca
acgccgggge
gaaggcaacg
aagatcgcgc
ctgtggcagg
ttcgccggeg
ctcaatgcgc
cagcgcatcc
gccaccaatc
ggcgtgcgea
gcgtttgagg
tacttccagc
atggtgccgce
gtgcgccatg
gccagcatgg
gaagtcgcgc
ggcaccattg
agcgtcacgc

gtcgacgagg

3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160



gccatgtgca
tgcgcggcect
actacgtggt
ggaacggcga
acctgcagaa
tggccagcat
ggaccgceggce
cgtcgggcca
ctaacgatgc
gcagctggtg
cgcccgecaa
tcaaagccaa
gcctcgagat
tgggcgcggg
gcattttttt
aacaggcgca
atgaacgcgg
gcgattttct
acgaacgccc
tgaccgtgct
gctgagttgg
cgggtcttga
tgtggtcgcec
gcggcggeca
cgcatatagc
ccgcaagagg
ggtgccgagg
gcaatttaac
agaa

<210> 32
<211> 752
<212> PRT
<213>

<220>
<223>

<400> 32

gttgcgcgag
tgagctggcc
cgacaactac
cgccaccaac
cgagctcaag
cgacgtgccg
ctatgcctcg
tatcgccggt
gctgccggag
gccggactgg
ctatggcaat
ggcacatatg
gggctgcgeg
cgcggcgacc
tgatctggat
gtggctgcag
cacccgcgaa
ggcgagccgc
ggtggcggtg
gaacggcgcg
ctgctgccac
ggggtttttt
atgatcgcgt
aagcggtcgg
gctagcagca
cccggcagta
atgacgatga

tgtgataaac

Artificial

gccacgctgg
aataccttct
ctgaagggca
ctgccgggge
gtaccgggca
acctatatct
accgcgctgce
gtgatcaacc
tcgccgeagce
accgcatggc
gcgcgctatc
gtgctggcgg
agcaaaaaaa
ccgggcagea
agcagcctga
cgctatccgce
tataacctgg
ggcgtgccga
tgcgatgcgg
ggccgctgag
cgctgagcaa
gctgaaagga
agtcgatagt
acagtgctcc
cgccatagtg
ccggcataac
gcgcattgtt

taccgcatta

gcggcggege
cgttcttgcg
acacgccggt
cgtggtactg
agctgaccgt
acggctcgcg
tggcgaacaa
cgccggccaa
aatggctggc
tggccgggca
gcgcaatcga
tggcgattga
acctgccgaa
gccaggattt
ttcgcgegga
agtatagcat
cgctgggcca
ccaaccgcat
atacctgctg
gatccggctg
taactagcat
ggaactatat
ggctccaagt
gagaacgggt
actggcgatg
caagcctatg
agatttcata

aagcttatcg
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cggcgcgecg
cccgaacgac
gccgttcgac
ctggtacctg
gtgcggcgtg
cgaagaccat
gctgcgcettc
gaacaagcgc
cggcgccatc
ggccggegeg
acccgcgcect
taaacgcgga
caacgcgggc
taccgtgaac
tgcgcagcag
taccattgaa
gcgccgegeg
gcgcaccatt
gagccagaac
ctaacaaagc
aaccccttgg
ccggatatcc
agcgaagcga
gcgcatagaa
ctgtcggaat
cctacagcat
cacggtgcct

atgataagct

tgcgcgcetgce
ctggtgtgga
ctgctgttct
cgccacacct
ccggtggacc
atcgtgccgt
gtgctgggtg
agccactgga
gagcatcacg
aaacgcgccg
gggcgatacg
ggcggtggag
gatctgggcc
gtgggcgatc
accctgagca
ggccatgcgg
gcggcgaccc
agctatggca
cgccgegegg
ccgaaaggaa
ggcctctaaa
acaggacggg
gcaggactgg

attgcatcaa
ggacgatatc
ccagggtgac
gactgcgtta

gtcaaacatg

PhaC-ompl6 fusion polypeptide encoded by pET-14b-PhaC-ompl6

5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6844



Met

Gln

Ala

Pro

65

Ala

Leu

Tyr

Glu

Glu

Gly

val

Leu

225

Leu

Pro

Ala

Pro

Trp

ser

50

Ala

Leu

Arg

Leu

130

Phe

Ala

Ser

Lys

Ala

210

Leu

Met

Glu

Thr

Phe

Ser

35

Gly

Gln

Trp

Asp

Phe

115

Ala

Ala

Thr

Leu

Ile

195

val

Gln

val

Ser

Gly

Lys

Arg

Ile

Leu

Gln

Asp

Ile

Asn

Arg

180

Ser

Thr

Tyr

Pro

Ser
260

Lys
5
val
Gln
Pro
Gly
Ala
85
Arg
Ala
Ala
Ser
Pro
165
Ala
Gln
Glu
Lys
Pro

245

Leu

Gly

Thr

Trp

Gly

Asp

70

Met

Phe

Ala

val

Gln

150

Glu

Gly

Thr

Gly

Pro

230

Cys

val

Ala

Pro

Gln

Leu

55

Ala

Ala

Phe

Glu

135

Trp

Ala

val

Asp

Ala

215

Leu

Arg

Ala

Gly

Gly

40

Asp

Gln

Glu

Gly

TYyr

120

Ala

val

Gln

Arg

Glu

200

val

Thr

Asn

His

Ala

Pro

25

Thr

Ala

Gln

Gly

Asp

Asp

Arg

Asn

185

Ser

val

Asp

Lys

val
265

Ser Thr
10

Phe Asp

Glu Gly

Leu Ala

Arg Tyr

75

Lys Ala

Ala Trp

Leu Asn

Ala Lys

Ala Met

155

Leu Leu
170

Met Met

Ala Phe

Phe Glu

Lys val

235

Tyr Tyr
250

val Glu

Page 79

Gln

Pro

Asn

Gly

60

Met

Glu

Arg

Ala

Thr

140

Ser

Ile

Glu

Glu

Asn

220

His

Ile

Gln

Glu

Ala

Gly

45

val

Lys

Ala

Thr

Arg

Pro

Glu

Asp

val

205

Glu

Ala

Leu

Gly

Gly

Thr

30

His

Lys

Asp

Thr

Asn

110

Ala

Gln

Ala

Ser

Leu

190

Gly

Tyr

Arg

Asp

His
270

Trp

Ala

Ile

Phe

Gly

95

Leu

Leu

Arg

Asn

Arg

Phe

Pro

Leu

255

Thr

Ser

Leu

Ala

Ala

ser

80

Pro

Pro

Thr

Ile

Phe

160

Gly

Arg

Asn

Gln

Leu

240

val



Phe

Trp

Glu

Ala

Leu

Leu

385

Asp

Pro

Pro

Glu

Leu

465

His

Asn

Leu

Gly

Leu

Asp

Asp

Gly

His

Asp

Arg

Arg

Leu

val

Gly

Leu

450

Ala

Ile

Lys

Asn

Pro

530

Ser

val
275

Asp

Thr

Pro

Thr

355

Glu

Gly

val

Pro

Pro

435

Lys

Ser

val

Leu

Pro

515

Glu

Trp

Ser

Tyr

Ser

Ala

340

Gly

Ala

Leu

Trp

Phe

420

Trp

val

Pro

Ser

Trp

Trp

Gly
val

325

Ala

Thr

Glu

Asn

405

Asp

Tyr

Pro

Asp

Ala

Pro

Pro

Arg

Glu

Gln

310

Ser

Ser

Leu

Leu

Leu

390

Tyr

Leu

cys

Gly

val

470

Thr

val

Lys

Gln

Asp

Asn

His

295

Asp

Thr

val

Asp

val

Leu

Trp

Ala

Leu

Asn

Gln

535

Trp

Pro

280

Ala

Lys

Ala

Thr

val

360

Gly

Asn

val

Phe

Tyr

440

Leu

Thr

Ala

Gly

Trp

Thr

Asp

Ala

Leu

Leu

345

Phe

Gly

Thr

Asp

Thr

Tyr

Tyr

Ala

505

Arg

Leu

Ala

Ala

Ile

Asn

Ala

330

Leu

val

Ala

Phe

Asn

410

Asn

Arg

val

Ile

Ala

490

Ser

Ser

Ala

Ser

Arg

val

315

val

Thr

Asp

Gly

Ser

395

Tyr

Gly

His

cys

Tyr

475

Ser

Gly

His

Gly

Met

Ala

300

Leu

Leu

Thr

Glu

Ala

380

Phe

Leu

Asp

Thr

Gly

Gly

Thr

Trp

Ala
540

Trp Leu Ala

Page 80

Ala

285

Gly

Ala

Leu

Gly

Pro

Leu

Lys

Ala

Tyr

445

val

Ser

Ala

Thr
525

Gly

Gly

Glu

Phe

Ala

Leu

350

Cys

Arg

Gly

Thr

430

Leu

Pro

Arg

Leu

Ala

510

Asn

Glu

Gln

sSer

val

Cys

Arg

Asp

val

Ala

Pro

Asn

415

Asn

Gln

val

Glu

Leu

495

Gly

Asp

His

Ala

Thr

val

320

Gly

Phe

Gln

Leu

Asn

400

Thr

Leu

Asn

Asp

val

His

Gly



545

Ala Lys

Ile Glu

Leu Ala

Cys Ala
610

Gly Ala

val Gly

Asp Ala

Pro Gln

Arg Glu
690

Asp Phe
705

Ser Tyr

Trp Ser

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Arg

Pro

val

595

Ser

Gly

Asp

Gln

TYyr

675

TYyr

Leu

Gly

Gln

33
6375
DNA

Ala

Ala

580

Ala

Lys

Ala

Arg

Gln

660

Ser

Asn

Ala

Asn

Asn
740

Ala

565

Pro

Ile

Lys

Ala

Ile

645

Thr

Ile

Leu

Ser

Glu

725

Arg

Artificial

550

Pro

Gly

Asp

Asn

Thr

630

Phe

Leu

Thr

Ala

Arg

710

Arg

Arg

Ala

Arg

Lys

Leu

615

Pro

Phe

Ser

Leu
695
Gly

Pro

Ala

Asn

Tyr

Arg

Pro

Gly

Asp

Lys

Glu

680

Gly

val

val

val

Tyr

val

585

Gly

Asn

Ser

Leu

Gln

665

Gly

Gln

Pro

Ala

Thr
745

Gly

Lys

Gly

Asn

Ser

650

Ala

His

Arg

Thr

val

730

val

555

Asn

Ala

Gly

Ala

Gln

635

Ser

Gln

Ala

Arg

Asn

715

Cys

Leu

Ala

Lys

Gly

Gly

Asp

Ser

Trp

Asp

Ala

700

Arg

Asp

Asn

Synthetic construct - pET-14b-6Cys-PhacC

33

Arg

Ala

Asp

Phe

Leu

Leu

Glu

685

Ala

Met

Ala

Gly

Tyr

His

590

Leu

Leu

Thr

Gln

670

Arg

Ala

Arg

Asp

Ala
750

ttcttgaaga cgaaagggcc tcgtgatacg cctattttta taggttaatg

aatggtttct tagacgtcag gtggcacttt tcggggaaat gtgcgcggaa

tttatttttc taaatacatt caaatatgta tccgctcatg agacaataac

gcttcaataa tattgaaaaa ggaagagtat gagtattcaa catttccgtg

tccctttttt gcggcatttt gccttcctgt ttttgctcac ccagaaacgc

Page 81

560

Arg Ala

Met val

Glu Gly

Gly Leu

val Asn

640

Arg Tyr

Gly Thr

Thr Arg

Thr Ile

720

Thr Cys
735

Gly Arg

tcatgataat
cccctatttg
cctgataaat
tcgcccttat

tggtgaaagt

60
120
180
240
300



aaaagatgct
cggtaagatc
agttctgcta
ccgcatacac
tacggatggc
tgcggccaac
caacatgggg
accaaacgac
attaactggc
ggataaagtt
taaatctgga
taagccctcc
aaatagacag
agtttactca
ggtgaagatc
ctgagcgtca
cgtaatctgc
tcaagagcta
tactgtcctt
tacatacctc
tcttaccggg
ggggggttcg
acagcgtgag
ggtaagcggc
gtatctttat
ctcgtcaggg
ggccttttgce
taaccgtatt
cagcgagtca
tctgtgcggt
gcatagttaa
gacacccgcc
acagacaagc

cgaaacgcgc

gaagatcagt
cttgagagtt
tgtggcgcgg
tattctcaga
atgacagtaa
ttacttctga
gatcatgtaa
gagcgtgaca
gaactactta
gcaggaccac
gccggtgagce
cgtatcgtag
atcgctgaga
tatatacttt
ctttttgata
gaccccgtag
tgcttgcaaa
ccaactcttt
ctagtgtagc
gctctgctaa
ttggactcaa
tgcacacagc
ctatgagaaa
agggtcggaa
agtcctgtcg
gggcggagcec
tggccttttg
accgcctttg
gtgagcgagg
atttcacacc
gccagtatac
aacacccgct
tgtgaccgtc

gaggcagctg

tgggtgcacg
ttcgccccga
tattatcccg
atgacttggt
gagaattatg
caacgatcgg
ctcgccttga
ccacgatgcc
ctctagcttc
ttctgcgcetc
gtgggtctcg
ttatctacac
taggtgcctc
agattgattt
atctcatgac
aaaagatcaa
caaaaaaacc
ttccgaaggt
cgtagttagg
tcctgttacc
gacgatagtt
ccagcttgga
gcgccacgct
caggagagcg
ggtttcgcca
tatggaaaaa
ctcacatgtt
agtgagctga
aagcggaaga
gcatatatgg
actccgctat
gacgcgccct
tccgggaget

cggtaaagct

agtgggttac
agaacgtttt
tgttgacgcc
tgagtactca
cagtgctgcc
aggaccgaag
tcgttgggaa
tgcagcaatg
ccggcaacaa
ggcccttccg
cggtatcatt
gacggggagt
actgattaag
aaaacttcat
caaaatccct
aggatcttct
accgctacca
aactggcttc
ccaccacttc
agtggctgct
accggataag
gcgaacgacc
tcccgaaggg
cacgagggag
cctctgactt
cgccagcaac
ctttcctgceg
taccgctcgce
gcgcctgatg
tgcactctca
cgctacgtga
gacgggcttg
gcatgtgtca
catcagcgtg
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atcgaactgg
ccaatgatga
gggcaagagc
ccagtcacag
ataaccatga
gagctaaccg
ccggagctga
gcaacaacgt
ttaatagact
gctggctggt
gcagcactgg
caggcaacta
cattggtaac
ttttaattta
taacgtgagt
tgagatcctt
gcggtggttt
agcagagcgc
aagaactctg
gccagtggcg
gcgcagcggt
tacaccgaac
agaaaggcgg
cttccagggg
gagcgtcgat
gcggectttt
ttatcccctg
cgcagccgaa
cggtattttc
gtacaatctg
ctgggtcatg
tctgctcccg
gaggttttca
gtcgtgaagc

atctcaacag
gcacttttaa
aactcggtcg
aaaagcatct
gtgataacac
cttttttgca
atgaagccat
tgcgcaaact
ggatggaggc
ttattgctga
ggccagatgg
tggatgaacg
tgtcagacca
aaaggatcta
tttcgttcca
tttttctgcg
gtttgccgga
agataccaaa
tagcaccgcc
ataagtcgtg
cgggctgaac
tgagatacct
acaggtatcc
gaaacgcctg
ttttgtgatg
tacggttcct
attctgtgga
cgaccgagcg
tccttacgea
ctctgatgcc
gctgcgcecc
gcatccgctt
ccgtcatcac

gattcacaga

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340



tgtctgcctg
ttctgataaa
tgtaaggggg
cgatacgggt
tggcggtatg
ttaatacaga
acataatggt
agaccattca
gctcgcgtat
tcctcaacga
tgcgccgegt
tttgcgcatt
cgttagcgag
acgcaacgcg
ccatgtgctc
taggctggta
cctggacagc
aatggggaag
ggccgccatg
gacgaaggct
cgtcgecgctc
tcctacgagt
cgcccaccgg
cttatgcgac
cgccgcaagg
tgccaccata
cccatcggtg
ggccacgatg
actataggga
gttgttgttg
cattcaaggt
ggcagggcac
tggcaggcgt
acttctcagc

acgaccggcg

ttcatccgeg
gcgggccatg
atttctgttc
tactgatgat
gatgcggcgg
tgtaggtgtt
gcagggcgct
tgttgttgct
cggtgattca
caggagcacg
gcggctgctg
cacagttctc
gtgccgcegg
gggaggcaga
gccgaggcgg
agagccgcga
atggcctgca
gccatccagc
ccggcgataa
tgagcgaggg
cagcgaaagc
tgcatgataa
aaggagctga
tcctgcatta
aatggtgcat
cccacgccga
atgtcggcga
cgtccggcgt
gaccacaacg
tgcgaccggc
cacgccgggg
tgaaggcaac
caagatcgcg
gctgtggcag
cttcgceggce

tccagctcgt

ttaagggcgg
atgggggtaa

gaacatgccc
gaccagagaa
ccacagggta
gacttccgcg
caggtcgcag
ttctgctaac
atcatgcgca
gagatggcgg
cgcaagaatt
cttccattca
caaggtatag
cataaatcgc
gcgatccttg
acgcgggcat
ctcgcgtcgce
tggcctgcett
cgtgcaagat
ggtcctcgec
agaagacagt
ctgggttgaa
ggaagcagcc
gcaaggagat
aacaagcgct
tataggcgcc
agaggatcga
gtttccctct
aaaggcgcgg
ccattcgatc
ggccacgcgg
ccggcgceagce
gccatggccg
gacgcatggc

tgagtttctc
ttttttcctg
tgataccgat
ggttactgga
aaatcactca
gccagcagca
tttccagact
acgttttgca
cagtaaggca
cccgtggceca
acgcgatgga
gattggctcc
ggtcgaggtg
ggcggegect
cgtgacgatc
aagctgtccc
cccgatgecg
gaacgccagc
ctcgccgaaa
tccgaatacc
gaaaatgacc
cataagtgcg
ggctctcaag
cagtagtagg
ggcgcccaac
catgagcccg
agcaaccgca
gatctcgatc
agaaataagg
cagcttccac
cagccacatg
ccgcgtccgg
tgggtgatat
agggcaaggc

gcaccaacct
Page 83

cagaagcgtt
tttggtcact
gaaacgagag
acgttgtgag
gggtcaatgc
tcctgcgatg
ttacgaaaca
gcagcagtcg
accccgccag
ggacccaacg
tatgttctgc
aattcttgga
gcccggcetcc
acaatccatg
agcggtccag
tgatggtcgt
ccggaagcga
aagacgtagc
cgtttggtgg
gcaagcgaca
cagagcgctg
gcgacgatag
ggcatcggtc
ttgaggccgt
agtcccccgg
aagtggcgag
cctgtggcgce
ccgcgaaatt
agatactagt
gcaggaaggc
gctggaatgg
cattccgggc
ccagcagcgc
cgaggccacc

cccatatcgc

aatgtctggc
gatgcctccg
aggatgctca
ggtaaacaac
cagcgcttcg
cagatccgga
cggaaaccga
cttcacgttc
cctagccggg
ctgcccgaga
caagggttgg
gtggtgaatc
atgcaccgcg
ccaacccgtt
tgatcgaagt
catctacctg
gaagaatcat
ccagcgcgtc
cgggaccagt
ggccgatcat
ccggcacctg
tcatgccccg
gacgctctcc
tgagcaccgc
ccacggggcc
cccgatcttc
cggtgatgcc
aatacgactc
atgtgttgtt
aagtcccaac
tcccgecagt
ctggatgcgc
tacatgaagg
ggtccgctgce
ttcgctgccg

2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440



cgttctacct
ccaagacccg
ccaacttcct
cgctgcgtgce
ccgacgagag
tcgagaacga
gcccgcetget
agagctcgct
gcaatccgga
tccgcgecat
tctgcgtggg
acccggccgce
tcgacgtctt
ccggcgcegec
gcccgaacga
tgccgttcga
gctggtacct
tgtgcggcgt
gcgaagacca
agctgcgcett
agaacaagcg
ccggcgcecat
aggccggcgce
aacccgcgec
cccgaaagga
gggcctctaa
cacaggacgg
agcaggactg
aattgcatca
tggacgatat
tccagggtga
tgactgcgtt

tgtcaaacat

<210> 34

gctcaatgcg
ccagcgcatc
tgccaccaat
cggcgtgcgce
cgcgtttgag
gtacttccag
gatggtgccg
ggtgcgccat
cgccagcatg
cgaagtcgcg
cggcaccatt
cagcgtcacg
tgtcgacgag
gtgcgcgctg
cctggtgtgg
cctgctgttc
gcgccacacc
gccggtggac
tatcgtgccg
cgtgctgggt
cagccactgg
cgagcatcac
gaaacgcgcc
tgggcgatac
agctgagttg
acgggtcttg
gtgtggtcgc
ggcggcggcc
acgcatatag
cccgcaagag
cggtgccgag
agcaatttaa

gagaa

cgcgccttga
cgcttcgcga
cccgaggcgce
aacatgatgg
gtcggccgea
ctgttgcagt
ccgtgcatca
gtggtggagc
gccggcagea
cgcgacatca
gtctcgaccg
ctgctgacca
ggccatgtgc
ctgcgeggec
aactacgtgg
tggaacggcg
tacctgcaga
ctggccagca
tggaccgcgg
gcgtcgggec
actaacgatg
ggcagctggt
gcgcccgceca
gtcaaagcca
gctgctgcca
aggggttttt
catgatcgcg
aaagcggtcg
cgctagcagc
gcccggcagt
gatgacgatg

ctgtgataaa

ccgagctggc
tctcgcaatg
agcgcctgct
aagacctgac
atgtcgcggt
acaagccgct
acaagtacta
agggacatac
cctgggacga
gcggccagga
cgctggcggt
cgctgctgga
agttgcgcga
ttgagctggc
tcgacaacta
acgccaccaa
acgagctcaa
tcgacgtgec
cctatgcctc
atatcgccgg
cgctgccgga
ggccggactg
actatggcaa
aggcatgtaa
ccgctgagca
tgctgaaagg
tagtcgatag
gacagtgctc
acgccatagt
accggcataa
agcgcattgt

ctaccgcatt
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cgatgccgtc
ggtcgatgcg
gatcgagtcg
acgcggcaag
gaccgaaggc
gaccgacaag
catcctggac
ggtgtttctg
ctacatcgag
caagatcaac
gctggccgeg
ctttgccgac
ggccacgctg
caataccttc
cctgaagggc
cctgccgggg
ggtaccgggc

gacctatatc
gaccgcgctg
tgtgatcaac
gtcgccgcag
gaccgcatgg
tgcgcgctat
ggatccggct
ataactagca
aggaactata
tggctccaag
cgagaacggg
gactggcgat
ccaagcctat
tagatttcat

aaagcttatc

gaggccgatg
atgtcgcccg
ggcggcgaat
atctcgcaga
gccgtggtct
gtgcacgcgc
ctgcagccgg
gtgtcgtggc
cacgcggcca
gtgctcggct
cgcggcgagce
acgggcatcc
ggcggcggcg
tcgttcttge
aacacgccgg
ccgtggtact
aagctgaccg
tacggctcgce
ctggcgaaca
ccgccggeca
caatggctgg
ctggccgggc
cgcgcaatcg
gctaacaaag
taaccccttg
tccggatatc
tagcgaagcg
tgcgcataga
gctgtcggaa
gcctacagea
acacggtgcc

gatgataagc

4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6375



<211> 595

<212> PRT
<213> Artificial
<220>

<223> Cys6-Phac fusion polypeptide encoded by pET-14b-6Cys-PhacC
<400> 34

get Cys Cys Cys Cys Cys Cys Ala Thr Gly Lys Gly Ala Ala Ala Ser
5 10 15

Thr GIn Glu Gly Lys Ser Gln Pro Phe Lys val Thr Pro Gly Pro Phe
20 25 30

Asp Pro Ala Thr Trp Leu Glu Trp Ser Arg Gln Trp Gln Gly Thr Glu
35 40 45

Gly Asn Gly His Ala Ala Ala Ser Gly ITe Pro Gly Leu Asp Ala Leu
50 55 60

Ala Gly val Lys Ile Ala Pro Ala Gln Leu Gly Asp Ile Gln Gln Arg
65 70 75 80

Tyr Met Lys Asp Phe Ser Ala Leu Trp Gln Ala Met Ala Glu Gly Lys
85 90 95

Ala Glu Ala Thr Gly Pro Leu His Asp Arg Arg Phe Ala Gly Asp Ala
100 105 110

Trp Arg Thr Asn Leu Pro Tyr Arg Phe Ala Ala Ala Phe Tyr Leu Leu
115 120 125

Asn Ala Arg Ala Leu Thr Glu Leu Ala Asp Ala val Glu Ala Asp Ala
130 135 140

Lys Thr Arg GIn Arg ITe Arg Phe Ala ITe Ser GIn Trp val Asp Ala
145 150 155 160

Met Ser Pro Ala Asn Phe Leu Ala Thr Asn Pro Glu Ala Gln Arg Leu
165 170 175

Leu Ile Glu Ser Gly Gly Glu Ser Leu Arg Ala Gly val Arg Asn Met
180 185 190

Met Glu Asp Leu Thr Arg Gly Lys Ile Ser Gln Thr Asp Glu Ser Ala

Phe Glu val Gly Arg Asn val Ala val Thr Glu Gly Ala val val Phe
210 215 220

Glu Asn Glu Tyr Phe GIn Leu Leu GIn Tyr Lys Pro Leu Thr Asp Lys
225 230 235 240

Page 85



val

Tyr

Glu

Ser

val

Thr

Asp

His

Tyr

Ser

Gly

Gln

Met

290

Ala

Leu

Leu

Thr

Glu

370

Ala

Phe

Leu

Asp

Thr

450

Gly

Gly

Thr

Ala

Leu

Gly

Ala

Ile

Gly

Ala

Leu

355

Gly

Pro

Leu

Lys

Ala

435

Tyr

val

Ser

Ala

Ile

Arg

Asp

His

Gly

Glu

Phe

Ala

340

Leu

His

cys

Arg

Gly

Thr

Leu

Pro

Arg

Leu

500

Ala

Pro

245

Leu

Thr

Ser

val

Cys

325

Arg

Asp

val

Ala

Pro

405

Asn

Asn

Gln

val

Glu

485

Leu

Gly

Leu

Gln

val

Thr

Ala

310

val

Gly

Phe

Gln

Leu

390

Asn

Thr

Leu

Asn

Asp

Ala

val

Leu

Pro

Phe

Arg

Gly

Glu

Ala

Leu

375

Leu

Asp

Pro

Pro

Glu

455

Leu

Asn

Met

Glu

Leu

280

Asp

Asp

Gly

His

Asp

360

Arg

Arg

Leu

val

Gly

Leu

Ala

Ile

Lys

Asn

val

Ser

265

val

Asp

Ile

Thr

Pro

345

Thr

Glu

Gly

val

Pro

425

Pro

Lys

Ser

val

Leu

505

Pro

Pro

250

Ser

Ser

Tyr

Ser

Ile

330

Ala

Gly

Ala

Leu

Trp

410

Phe

Trp

val

Pro
490

Arg

Pro

Leu

Trp

Gly

val

Ala

Ile

Thr

Glu

395

Asn

Asp

Tyr

Pro

Trp

Phe

Cys

val

Arg

Glu

300

Gln

Ser

Ser

Leu

Leu

380

Leu

Tyr

Leu

cys

Gly

val

Thr

val

Pro Ala Lys

Page 86

Arg

Asn

285

Asp

Thr

val

Asp

365

Gly

Ala

val

Leu

Lys

Pro

Ala

Leu

Asn

Asn

His

270

Pro

Ala

Lys

Ala

Thr

350

val

Gly

Asn

val

Phe

430

Tyr

Leu

Thr

Ala

Asp

Ala

Ile

Leu

335

Leu

Phe

Gly

Thr

Trp

Leu

Thr

Tyr

Tyr

495

Ala

Arg

Tyr

val

Ile

Asn

320

Leu

val

Ala

Phe

400

Asn

Asn

Arg

val

Ile

480

Ser

Ser



515

His Thr
Ile
Ala
Ala

Asn Arg

Ala
595

Ala Lys

<210>
<211>
<212>
<213>

<220>
<223>

35
8464
DNA
Arti

<400> 35
ttctcatgtt

ttgctaacgc
caccgtcacc
gcgggatatc
tgcgttgatg
ccgcccagtc
cacacccgtc
cccgtttaga
cagcttcctt
ccgccggeag
accaaggcag
tcgttgctta
ggcgttacgt
gaattgtcgt
agggcatcat
ttctcttgca
tttttgtagt
agcgcgtatt

atgaggcgtg

Asn Asp Ala Leu

Glu His His Gly Ser Trp Trp Pro Asp Trp Thr
555

520

535

550

565

Tyr Arg Ala Ile

580

ficial

tgacagctta
agtcaggcac
ctggatgctg
gtccattccg
caatttctat
ctgctcgctt
ctgtggatat
ggccccaagg
tcgggctttg
tcgatacgaa
aagtgcgttt
agtctgcatc
tgccgaageg
ttggcaaagc
tgtcgtaacc
cttgatgatg
tgaagccggce
gtacgctgcc

cttcgggttc

tcatcgataa
cgtgtatgaa
taggcatagg
acagcatcgc
gcgcacccgt
cgctacttgg
ccggatatag
ggttatgcta
ttagcagccg
tttgttttcg
ggagaagtcg
atcaaacgag
gtatgccaag
caatttcgca
gctgaccaaa
tcttttatag
gtggtaagat
gctgaggccg
ggcaattttg

570

585

gctttaatgc
atctaacaat
cttggttatg
cagtcactat
tctcggagca
agccactatc
ttcctecttt
gttattgctc
gatccttaga
cctttgectt
tattccgcac
cctttgaagc
gtagcggcaa
tcttgttgtt
cggtgaatct
gcaccgccat
tcgctgttat
gcaaattcgg

tttacaccca

Page 87

525

Pro Glu Ser Pro GIn Gln Trp
540

Gly GIn Ala Gly Ala Lys Arg Ala Ala Pro Ala Asn

Glu Pro Ala Pro Gly Arg Tyr
590

Synthetic construct - pET-14b-PorA-pPhaC-PorB

ggtagtttat
gcgctcatcg
ccggtactgc
ggcgtgctgce
ctgtccgacc
gactacgcga
cagcaaaaaa
agcggtggea
atttgtgacg
cttgcaacca
cgacaaccac
cgtgggcgta
cttcggtttg
gtacggctac
ggtatttctc
attgcacgaa
gtctgcctgce
gagaatcgta

aatagtcgct

Leu Ala

Ala Trp
560

Tyr Gly
575

val Lys

cacagttaaa
tcatcctcgg
cgggcctctt
tagcgctata
gctttggccg
tcatggcgac
cccctcaaga
gcagccaact
cagaccgaca
accggcagaa
ttggtcgtaa
agaaacgcgg
agagttgtgc
ggaggcgtac
aatattcacg
gaagccgccg
attgtcgtta
gcgtacggaa

tttgctatcc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140



caaggattga
ccgaagccgce
gcgatagatg
tggcctttga
gccgectgag
ccgtacaggg
agcaccatat
cgcgcattgce
gcggtccagt
ggcgactccg
atcacaccgg
gcggtcgagg
taggtcggca
ggtaccttga
ggcaggttgg
ttcaggtagt
gtattggcca
gtggcctcgce
gcaaagtcca
gccagcaccg
atcttgtcct
atgtagtcgt
aacaccgtat
aggatgtagt
tcggtcageg
tcggtcaccg
ccgcgtgtca
tcgatcagca
tcgacccatt
gcatcggcca
tatgggaggt
gcctcggect

tgctggatat
ggaatgccgg

tgtcgccggt
ctttcaagcc
ctttttgctc
agccgatttt
ctccattgtg
taacgtcctc
gtgccttggc
catagttggc
ccggccacca
gcagcgcatc
cgatatggcc
cataggccgc
cgtcgatgct
gctcgttctg
tggcgtcgec
tgtcgaccac
gctcaaggcc
gcaactgcac
gcagcgtggt
ccagcgcggt
ggccgctgat
cccaggtgct
gtccctgctc
acttgttgat
gcttgtactg
cgacattgcg
ggtcttccat
ggcgctgcgce
gcgagatcgc
gctcggtcaa
tggtgcgcca
tgccctecggce
cacccagctg

acgcggccgc

atctttcagg
gatgaaggat
aacctgccaa
cgaacccaaa
agctacggag
gaggcctcca
tttgacgtat
gggcgcggceg
gctgccgtga
gttagtccag
cgacgcaccc
ggtccacggc
ggccaggtcc
caggtaggtg
gttccagaac
gtagttccac
gcgcagcagce
atggccctcg
cagcagcgtg
cgagacaatg
gtcgcgegeg
gccggcecatg
caccacatgg
gcacggcgge
caacagctgg
gccgacctca
catgttgcgc
ctcgggattg
gaagcggatg
ggcgcgcgea
tgcgtcgcecg
catggcctgce
cgccggcgeg
gtggccgttg

acgctgttca
tggcggttgce
atggctttca
tcaacgatgc
cgggaagttt
ccgcctccgce
cgcccaggceg
cgtttcgcgce
tgctcgatgg
tggctgcgct
agcacgaagc
acgatatggt
accggcacgc
tggcgcaggt
agcaggtcga
accaggtcgt
gcgcacggceg
tcgacaaaga
acgctggcgg
gtgccgccca
acttcgatgg
ctggcgtccg
cgcaccagcg
accatcagca
aagtactcgt
aacgcgctct
acgccggceac
gtggcaagga
cgctggcggg
ttgagcaggt
gcgaagcgcc
cacagcgctg
atcttgacgc

ccttcagtgc
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aacggccgac
cccaaccgga
ggccgttacc
cggtaccggt
ctacgccggce
gtttatcaat
cgggttcgat
cggcctgecc
cgccggcecag
tgttcttgge
gcagcttgtt
cttcgcgcga
cgcacacggt
accagcagta
acggcaccgg
tcgggcgcaa
cgccggcgec
cgtcgaggat
ccgggtgctc
cgcagaagcc
cgcggatggc
gattgcgcca
agctctccgg
gcgggcgege
tctcgaagac
cgtcggtctg
gcagcgattc
agttggcggg
tcttggcatc
agaacgcggc
ggtcgtgcag
agaagtcctt
ctgccagcgce

cctgccactg

gcgcaattta
gtcagtaccg
gaggtcttct
ttcaacgcta
tttgatggtg
cgccaccgcec
tgcgcgatag
ggccagccat
ccattgctgc
cggcgggttg
cgccagcagc
gccgtagata
cagcttgccc
ccacggcccc
cgtgttgccc
gaacgagaag
gccgcccagce
gcccgtgtcg
gccgegegeg
gagcacgttg
cgcgtgctcg
cgacaccaga
ctgcaggtcc
gtgcaccttg
cacggcgcct
cgagatcttg
gccgcccgac
cgacatcgca
ggcctcgacg
agcgaagcga
cggaccggtg
catgtagcgc
atccaggccc

gcgggaccat

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180



tccagccatg
tcctgcgtgg
gccgcgttaa
acaatcgcgc
ctggtgtttt
cgcggcaccg
ttggttttat
ccttcttcat
ttcgcttcat
acgttcgcat
ttcaggcccg
atggtgttgt
gccggcacaa
ctcaccggca
ctatcccacg
cgcagggtgc
gcgccgecgce
cccagatctt
atgcggcttt
gcttcggtca
aggctcacat
tagtgagtcg
ggccggcatc
tggggaagat
ggcaggcccc
ggcggcggtg
taagggagag
ggcgceggggc
aggacaggtg
gacgatgatc
cgtcactggt
ggccgacgceg
cattatgatt
caggcaggta

cctaacttcg

tggctggatc
aagctgccgce
tctgggtata
tggtgcgttt
cgcctttttt
cgttgccaaa
cgccgttttc
agccgcecggt
catcatcgcc
ggcgcgcata
cataatacac
tcgcgeegtt
actgcacgct
tatcatcatg
gatcaatcgc
caaattcgcc
ccgccacgct
cgctgccttt
tcgctttggt
gctgcagctg
ccatactggt
tattaatttc
accggcgceca
cgggctcgec
gtggccgggg
ctcaacggcc
cgtcgaccga
atgactatcg
ccggcagcgce
ggcctgtcgce
cccgccacca
ctgggctacg
cttctcgett
gatgacgacc

atcactggac

gaatggcccc
gcctttgecg
gttgccaatg
gctaaaatca
gccgcgttca
gcgatagctc
gctcagatcc
caggcgatgc
aatgcggccc
tttaaacgca
atcgctgccc
cgccagggtc
gccgctaaag
gcgtttaaaa
ctggctcgca
cgccaggcca
cacatcctgt
aaagccaata
cactttcacc
atagttgcgg
atctcctata
gcgggatcga
caggtgcggt
acttcgggct
gactgttggg
tcaacctact
tgcccttgag
tcgccgeact
tctgggtcat
ttgcggtatt
aacgtttcgg
tcttgctggce
ccggcggceat
atcagggaca

cgctgatcgt

ggcgtgacct
gtcgcaaatt
ccggtgttgce
taatccacgc
ataaaatcaa
gcggtcgecg
agctgcgccg
acctgatggt
agcagaaaca
tagttgcccg
ggtttgccca
gccggggtat
ccgctaaatt
atgcccagct
tcatcaaact
ataaagcttt
tccagctgec
aagctgccaa
tggccgcetcg
ccttccacgc
ttctagaggg
gatctcgatc
tgctggcgcc
catgagcgct
cgccatctcc
actgggctgc
agccttcaac
tatgactgtc
tttcggcgag
cggaatcttg
cgagaagcag
gttcgcgacg
cgggatgccc
gcttcaagga

cacggcgatt
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tgaatggttg
tatggcgcag
gtttcagcca
ccgcaataat
agccatgcgc
caatttcggt
ccagcgccag
ttttcagcgg
ggttaaacgc
caaagccgcc
ccaccgccgg
acgcgctttt
ccgggctatc
ggctcgccac
ggttcgccac
cgcggttgec
acaccgcttt
aatcgctaat
cgccgeegtt
ccgctttaat
aaaccgttgt
ctctacgccg
tatatcgccg
tgtttcggcg
ttgcatgcac
ttcctaatgce
ccagtcagct
ttctttatca
gaccgctttc
cacgccctcg
gccattatcg
cgaggctgga
gcgttgcagg
tcgctcgegg

tatgccgect

ggacttgcct
gccaatgctc
cgcgccgctc
ctgatcatag
atagctaatg
ggtgctgttt
gttcaggccg
atcggtgcct
atcgcggccc
gtttttatag
cacgcgaata
gctgttctgce
atagcgcacg
atcgttgttg
gcggcccgeg
ccactgggtc
caggccatcg
tttggtgcga
cgccgectgce
ttcgccatac
ggtctcccta
gacgcatcgt
acatcaccga
tgggtatggt
cattccttgc
aggagtcgca
ccttcecggtg
tgcaactcgt
gctggagcgce
ctcaagcctt
ccggcatggce
tggccttccc
ccatgctgtc
ctcttaccag

cggcgagcac

3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280



atggaacggg
gcgtcgeggt
aacggattca
caaaccaacc
cgcatctcgg
aggacccggc
gagcgaacgt
gtcttcggtt
atgttccgga
ttaacgaagc
gccagttgtt
atcgtgagca
tacacggagg
agaagccaga
gacatctgtg
ttcggtgatg
ctgtaagcgg
tgtcggggcg
atgcggcatc
cagatgcgta
gctgcgctcg
gttatccaca
ggccaggaac
cgagcatcac
ataccaggcg
taccggatac
ctgtaggtat
ccccgttcag
aagacacgac
tgtaggcggt
agtatttggt
ttgatccggc
tacgcgcaga

tcagtggaac

ttggcatgga
gcatggagcc
ccactccaag
cttggcagaa
gcagcgttgg
taggctggcg
gaagcgactg
tccgtgtttc
tctgcatcgce
gctggcattg
taccctcaca
tcctctcteg
catcagtgac
cattaacgct
aatcgcttca
acggtgaaaa
atgccgggag
cagccatgac
agagcagatt
aggagaaaat
gtcgttcggc
gaatcagggg
cgtaaaaagg
aaaaatcgac
tttcccectg
ctgtccgect
ctcagttcgg
cccgaccgct
ttatcgccac
gctacagagt
atctgcgctc
aaacaaacca
aaaaaaggat

gaaaactcac

ttgtaggcgc
gggccacctc
aattggagcc
catatccatc
gtcctggcca
gggttgcctt
ctgctgcaaa
gtaaagtctg
aggatgctgc
accctgagtg
acgttccagt
tttcatcggt
caaacaggaa
tctggagaaa
cgaccacgct
cctctgacac
cagacaagcc
ccagtcacgt
gtactgagag
accgcatcag
tgcggcgagce
ataacgcagg
ccgecgttget
gctcaagtca
gaagctccct
ttctcccttc
tgtaggtcgt
gcgccttatc
tggcagcagc
tcttgaagtg
tgctgaagcc
ccgctggtag
ctcaagaaga

gttaagggat

cgccctatac
gacctgaatg
aatcaattct
gcgtccgceca
cgggtgcgca
actggttagc
acgtctgcga
gaaacgcgga
tggctaccct
atttttctct
aaccgggcat
atcattaccc
aaaaccgccc
ctcaacgagc
gatgagcttt
atgcagctcc
cgtcagggcg
agcgatagcg
tgcaccatat
gcgctcttec
ggtatcagct
aaagaacatg
ggcgtttttc
gaggtggcga
cgtgcgctct
gggaagcgtg
tcgctccaag
cggtaactat
cactggtaac
gtggcctaac
agttaccttc
cggtggtttt
tcctttgatc

tttggtcatg
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cttgtctgcc
gaagccggcg
tgcggagaac
tctccagcag
tgatcgtgct
agaatgaatc
cctgagcaac
agtcagcgcc
gtggaacacc
ggtcccgecg
gttcatcatc
ccatgaacag
ttaacatggc
tggacgcgga
accgcagctg
cggagacggt
cgtcagcggg
gagtgtatac
atgcggtgtg
gcttcctcgce
cactcaaagg
tgagcaaaag
cataggctcc
aacccgacag
cctgttccga
gcgctttctce
ctgggctgtg
cgtcttgagt
aggattagca
tacggctaca
ggaaaaagag
tttgtttgca
ttttctacgg

agattatcaa

tcccecgegtt
gcacctcgct
tgtgaatgcg
ccgcacgcgg
cctgtcgttg
accgatacgc
aacatgaatg
ctgcaccatt
tacatctgta
catccatacc
agtaacccgt
aaatccccct
ccgctttatc
tgaacaggca
cctcgcgegt
cacagcttgt
tgttggcggg
tggcttaact
aaataccgca
tcactgactc
cggtaatacg
gccagcaaaa
gcccccctga
gactataaag
ccctgccgcet
atagctcacg
tgcacgaacc
ccaacccggt
gagcgaggta
ctagaaggac
ttggtagctc
agcagcagat
ggtctgacgc

aaaggatctt

5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320



cacctagatc
aacttggtct
atttcgttca
cttaccatct
tttatcagca
atccgcectcc
taatagtttg
tggtatggct
gttgtgcaaa
cgcagtgtta
cgtaagatgc
gcggcgaccg
aactttaaaa
accgctgttg
ttttactttc
gggaataagg
aagcatttat
taaacaaata
cattattatc
agaa

<210>
<211>

<212>
<213>

36

PRT

<220>
<223>

1292

cttttaaatt
gacagttacc
tccatagttg
ggccccagtg
ataaaccagc
atccagtcta
cgcaacgttg
tcattcagct
aaagcggtta
tcactcatgg
ttttctgtga
agttgctctt
gtgctcatca
agatccagtt
accagcgttt
gcgacacgga
cagggttatt

ggggttccgc

atgacattaa

Artificial

aaaaatgaag
aatgcttaat
cctgactccc
ctgcaatgat
cagccggaag
ttaattgttg
ttgccattgce
ccggttccca
gctccttcgg
ttatggcagc
ctggtgagta
gccecggegtc
ttggaaaacg
cgatgtaacc
ctgggtgagc
aatgttgaat
gtctcatgag
gcacatttcc

cctataaaaa

pPET-14b-PorA-PhaC-PorB

<400> 36

Met Asp val Ser

1

Asn Tyr Gln Leu
20

Ser Gly Gln val

35

Ile Ser Asp Phe

50

Gly Asp Gly Leu

Leu Tyr Gly Glu
5
Gln Leu Thr Glu

Lys val Thr Lys

40

Gly Ser Phe Ile

55

Lys Ala val Trp

Ala
25

Ala

Gln

ttttaaatca
cagtgaggca
cgtcgtgtag
accgcgagac
ggccgagcgc
ccgggaagct
tgcaggcatc
acgatcaagg
tccteccgatc
actgcataat
ctcaaccaag
aacacgggat
ttcttcgggg
cactcgtgca
aaaaacagga
actcatactc
cggatacata
ccgaaaagtg

taggcgtatc

Lys Ala
10

Phe Lys

Leu Glu
Page 91

Gln Ala Ala

Lys Ser Arg

atctaaagta
cctatctcag
ataactacga
ccacgctcac
agaagtggtc
agagtaagta
gtggtgtcac
cgagttacat
gttgtcagaa
tctcttactg
tcattctgag
aataccgcgc
cgaaaactct
cccaactgat
aggcaaaatg
ttcctttttc
tttgaatgta
ccacctgacg

acgaggccct

PorA-PhaC-PorB fusion polypeptide encoded by

Gly val

Asn
30

Ile
45

Gly Ser
60

Gln Asp

Glu

Gly

Arg

Glu

val

tatatgagta
cgatctgtct
tacgggaggg
cggctccaga
ctgcaacttt
gttcgccagt
gctcgtcgtt
gatcccccat
gtaagttggc
tcatgccatc
aatagtgtat
cacatagcag
caaggatctt
cttcagcatc
ccgcaaaaaa
aatattattg
tttagaaaaa
tctaagaaac

ttcgtcttca

Gly Arg
15

Gly Ala
Thr Lys
Asp Leu

Ser val

7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8464



65

Ala

Leu

Phe

val

Ser

145

Gln

Leu

Gly

val

225

Asp

Arg

Ala

Thr

Phe

Gly

Ala

Asp

Ala

130

val

Phe

Ala

Lys

Gly

210

Gly

Asp

Leu

Gln

Glu

290

Glu

Ser

Gly

Gly

Arg

val

Asn

Pro

195

Phe

Arg

Glu

Thr

Leu

275

Ile

Ser

Asn

Lys

Gly

Glu

100

Ala

Gln

Tyr

Pro

Gly

Gly

Ala

Asp

Ala

Gly

Asp

Ala

TYyr

Thr

Ala

85

Phe

Ser

Leu

Asp

Ala

165

Ala

Ser

Gly

Ala

Lys

245

Gly

Leu

Ala

Ala

Ser

325

Thr

70

Thr

Gly

Gln

Gly

Ser

150

Gln

Asn

Asp

Asn

Phe

230

Gly

Tyr

Ser

Thr

His

310

TYyr

Ser

Gln

Thr

Ala

Ile

135

Pro

Asn

Asn

val

TYyr

215

Asn

Thr

Glu

Ala
295
Gly

Asp

Ala

Trp

Leu

Ile

120

Phe

Glu

Ser

Thr

TYyr

200

Ala

Leu

Asp

Glu

Asn

280

Ser

Phe

Gln

Lys

Phe

Lys

Ile

185

Tyr

Phe

Phe

Pro

Tyr

Asp

Ile

val
345

Asn

90

Ala

Pro

Arg

Ser

Ser

170

Ile

Ala

Lys

Leu

Leu

250

Gly

Asp

Arg

Phe

Ile
330

75

Arg

Gly

Trp

His

Arg

Gly

TYyr

Leu

235

Lys

Leu

Lys

Phe

Ile

315

Ala

Glu

Arg

Asp

Asp

Phe

Tyr

val

Leu

Ala

220

Gly

Asn

Asn

Thr

Gly

Glu

Gly

Ser Gly Ala
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Ser

val

ser

125

Asp

Ser

Thr

Pro

Asn

205

Arg

Arg

Leu

Arg

val

Trp

Phe

Ala

110

Asn

Met

Gly

Pro

Ala

190

Tyr

His

Ile

Gln

Ala

270

Asn

Ala

Gly

Asp

Leu
350

Ile

95

Asn

Asn

Pro

Ser

Ala

175

val

Lys

Ala

Gly

val

255

Leu

Ser

val

Lys

TYyr

335

Lys

80

Gly

Asp

val

val

160

Thr

val

Asn

Asn

Thr

Pro

Arg



Asn

Leu

Glu

385

Ala

val

Lys

Ala

465

Thr

Arg

Arg

Pro

Glu

545

Asp

val

Glu

Ala

Thr

Arg

Gly

Thr

Asn

Ala

Gln

Ala

530

Ser

Leu

Gly

Tyr

Arg

Lys

Trp

Ala

Ile

435

Phe

Gly

Leu

Leu

Gly

Thr

Arg

Phe

595

Pro

Lys

Ser

Leu

Ala

420

Ala

Ser

Pro

Pro

Thr

500

Phe

Gly

Arg

Asn

580

Gln

Leu

Gly

Phe

Gln

Glu

405

Ala

Pro

Ala

Leu

Tyr

485

Glu

Arg

Leu

Glu

Leu

Leu

Asn

Ala

Pro

390

Trp

Ser

Ala

Leu

His

470

Arg

Leu

Phe

Ala

Ser

550

Lys

Ala

Leu

Met

Tyr

Thr

375

Phe

Ser

Gly

Gln

Asp

Phe

Ala

Ala

Thr

535

Leu

Ile

val

Gln

val
615

Thr
360
Gly

Lys

Arg

Leu

440

Gln

Arg

Ala

Asp

Ile

520

Asn

Arg

Ser

Thr

Tyr

600

Pro

Gln

Lys

val

Gln

Pro

425

Gly

Ala

Arg

Ala

Ala

505

Ser

Pro

Ala

Gln

Glu

585

Lys

Pro

Ile Asn

Gly Ala

Thr Pro
395

Trp Gln
410

Gly Leu

Asp Ile

Met Ala

Phe Ala
475

Ala Phe
490

val Glu

Gln Trp

Glu Ala

Gly val

555

Thr Asp
570

Gly Ala

Pro Leu

Cys Ile
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Ala

Ala

380

Gly

Gly

Asp

Gln

Glu

460

Gly

Tyr

Ala

val

Gln

540

Arg

Glu

val

Thr

Asn
620

Ala

365

Ala

Pro

Thr

Ala

Gln

445

Gly

Asp

Leu

Asp

525

Arg

Asn

Ser

val

605

Lys

sSer

Ser

Phe

Glu

Leu

430

Arg

Lys

Ala

Leu

Ala

510

Ala

Leu

Met

Ala

Phe

590

Lys

Tyr

Thr

Asp

Tyr

Ala

Trp

Asn

495

Lys

Met

Leu

Met

Phe

575

Glu

val

Tyr

Gly

Gln

Pro

400

Asn

Gly

Met

Glu

Thr

Ser

Glu
560

Glu

Asn



Leu
625
Gly

Ala

Ala
705

Leu

Pro

Leu

Lys

Ala

Tyr

val

Ser

Ala
865

Asp

His

Gly

Glu

Phe

690

Ala

Leu

His

Cys

Thr

Leu

Pro

850

Leu

Ala

Leu

Thr

Ser

val

675

Cys

Arg

Asp

val

Ala

755

Pro

Asn

Asn

Gln

val

835

Leu

Gly

Gln

val

Thr

660

Ala

val

Gly

Phe

Gln

740

Leu

Asn

Thr

Leu

Asn

820

Asp

Asp

Ala

val

Pro

Phe

645

Trp

Arg

Gly

Ala

725

Leu

Leu

Asp

Pro

Pro

805

Glu

Leu

His

Asn

Ile
885

Glu

630

Leu

Asp

Asp

Gly

His

710

Asp

Arg

Arg

Leu

val

790

Gly

Leu

Ala

Ile

Lys

870

Asn

Ser

val

Asp

Thr

695

Pro

Thr

Glu

Gly

val

775

Pro

Pro

Lys

Ser

val

855

Leu

Pro

Ser

Ser

Tyr

Ser

680

Ala

Gly

Ala

Leu

760

Trp

Phe

Trp

val

Ile

840

Pro

Arg

Pro

Leu

Trp

Ile

665

Gly

val

Ala

Thr

745

Asn

Asp

TYyr

Pro

825

Asp

Trp

Phe

Ala

val

Gln

Ser

Ser

Leu

730

Leu

Leu

Tyr

Leu

Cys

810

Gly

val

Thr

val

Lys
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Arg

Asn

His

Asp

Thr

val

715

Asp

Gly

Ala

val

Leu

795

Trp

Lys

Pro

Ala

Leu

875

Asn

Pro

Ala

Lys

Ala

700

Thr

val

Gly

Asn

val

780

Phe

Tyr

Leu

Thr

Ala

860

Gly

Lys

val

Asp

Ala

Ile

685

Leu

Leu

Phe

Gly

Thr

765

Asp

Trp

Leu

Thr

TYyr

845

Tyr

Ala

Arg

val

Ala

Ile

670

Asn

Ala

Leu

val

Ala

750

Phe

Asn

Asn

Arg

val

830

Ala

Ser

Ser

Glu

Ser

655

Arg

val

val

Thr

Asp

Gly

Ser

Tyr

Gly

His

815

Cys

TYyr

Ser

Gly

His
895

Gln

640

Met

Ala

Leu

Leu

Thr
720

Phe

Leu

Asp

800

Thr

Gly

Gly

Thr

His

880

Trp



Thr Asn Asp Ala Leu Pro Glu Ser Pro Gln Gln Trp Leu Ala Gly Ala
900 905 910

Ile Glu His His Gly Ser Trp Trp Pro Asp Trp Thr Ala Trp Leu Ala
915 920 925

Gly GIn Ala Gly Ala Lys Arg Ala Ala Pro Ala Asn Tyr Gly Asn Ala
930 935 940

Arg Tyr Arg Ala ITe Glu Pro Ala Pro Gly Arg Tyr val Lys Ala Lys
945 950 955 960

Ala His Met val Leu Ala val Ala Ile Asp Lys Arg Gly Gly Gly Gly
965 970 975

Gly Leu Glu Asp val Thr Leu Tyr Gly Thr Ile Lys Ala Gly val Glu
980 985 990

Thr Ser Arg Ser val Ala His Asn Gly Ala Gln Ala Ala Ser val Glu
995 1000 1005

Thr Gly Thr Gly Ile val Asp Leu Gly Ser Lys Ile Gly Phe Lys
1010 1015 1020

Gly GIn Glu Asp Leu Gly Asn Gly Leu Lys Ala Ile Trp Gln val
1025 1030 1035

Glu GIn Lys Ala Ser Ile Ala Gly Thr Asp Ser Gly Trp Gly Asn
1040 1045 1050

Arg GIn Ser Phe Ile Gly Leu Lys Gly Gly Phe Gly Lys Leu Arg
1055 1060 1065

val Gly Arg Leu Asn Ser val Leu Lys Asp Thr Gly Asp Ile Asn
1070 1075 1080

Pro Trp Asp Ser Lys Ser Asp Tyr Leu Gly val Asn Lys Ile Ala
1085 1090 1095

Glu Pro Glu Ala Arg Leu Ile Ser val Arg Tyr Asp Ser Pro Glu
1100 1105 1110

Phe Ala Gly Leu Ser Gly Ser val Gln Tyr Ala Leu Asn Asp Asn
1115 1120 1125

Ala Gly Arg His Asn Ser Glu Ser Tyr His Ala Gly Phe Asn Tyr
1130 1135 1140

Lys Asn Gly Gly Phe Phe val Gln Tyr Gly Gly Ala Tyr Lys Arg
1145 1150 1155

His His GIln val GlIn Glu Asn Vval Asn Ile Glu Lys Tyr Gln Ile
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1160 1165 1170

His Arg Leu Vval Ser Gly Tyr Asp Asn Asp Ala Leu Tyr
1175 1180 1185

val Ala val Gln GIn Gln Asp Ala Lys Leu Ala Leu Pro
1190 1195 1200

Asn Ser His Asn Ser Gln Thr Glu val Ala Ala Thr Leu
1205 1210 1215

Arg Phe Gly Asn val Thr Pro Arg val Ser Tyr Ala His
1220 1225 1230

Lys Gly Ser Phe Asp Asp Ala Asp Leu Ser Ash Asp Tyr
1235 1240 1245

val val val Gly Ala Glu Tyr Asp Phe Ser Lys Arg Thr
1250 1255 1260

Leu val Ser Ala Gly Trp Leu GIn Glu Gly Lys Gly Glu
1265 1270 1275

Phe val sSer Thr Ala Gly Gly val Gly Leu Arg His Lys
1280 1285 1290

<210> 37

<211> 10693

<212> DNA

<213> Artificial

<220>

<223> Synthetic construct - pET-14b-FetA-PhaC-ZnuD

<400> 37

ttctcatgtt tgacagctta tcatcgataa gctttaatgc ggtagtttat

ttgctaacgc agtcaggcac cgtgtatgaa atctaacaat gcgctcatcg

caccgtcacc ctggatgctg taggcatagg cttggttatg ccggtactgc

gcgggatatc gtccattccg acagcatcgc cagtcactat ggcgtgctgce

tgcgttgatg caatttctat gcgcacccgt tctcggagca ctgtccgacc

ccgcccagtc ctgctcgett cgctacttgg agccactatc gactacgcga

cacacccgtc ctgtggatat ccggatatag ttcctccttt cagcaaaaaa

cccgtttaga ggccccaagg ggttatgcta gttattgctc agcggtggca

cagcttcctt tcgggctttg ttagcagccg gatcctcaaa atttcacgtt

gtaaagctgc ggcccatctg cggggtatcg ctcagaaagc tgctatgcgc

tggttcagca ggttatccgc tttcacatac cagttccatt cgccatagcg

cgatagttcg cgcccaggtt cagcatatga tggcccgggg tgcgggtttc

agtttgttct gcgcaaacac gcgataataa tccaggttcg catcaatgcg
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Ala Ser

Asn Asp

Ala Tyr

Gly Phe

Asp

Ser

Ash Lys

Phe

cacagttaaa
tcatcctcgg
cgggcctctt
tagcgctata
gctttggccg
tcatggcgac
cccctcaaga
gcagccaact
cacgccgecg
atacacgctc
ggtgttgcgg
atagcgcgcc

atcggtcagg

60
120
180
240
300
360
420
480
540
600
660
720
780



ctcgctttca
tgcgcaataa
ttcaggcggc
aaataaattt
ttcatttcge
taaatatagt
tcatagccca
acttcaaagg
aggcgttcct
ccgctcagceg
ttataatagt
tccacgcgcea
aagctataat
gcgctcageg
ccaatcggct
tccaccgecat
agcgcttcaa
cgcagatcaa
aagccgcagc
tacagctgca
tcatcatatt
acgccaataa
gcatggctat
ttgcgataca
ccgctggtca
ccgttttccg
ttgccgcetgce
gcggtatcca
tgatggttca
ccgccgecat
accgctttct
agcaggccgc
acgctctgtt

gccagcacca

gatgaaagcc
acgggcggtt
cgcgcacata
cgccttecgce
tatcatcttc
tgccaaagcg
gcgccagttc
tgttggtcgc
gatggctcgc
caaagctgcg
tttcgcgatc
cgccgecttce
gctgcacttt
cgctgctttt
gatggcgcag
cgcccgettt
agcccggaaa
tccacgggcg
tcaggcccgg
gatagcgttt
catggctatg
agcctttttc
ccggcaggcg
ggccttcggt
gtttttccag
gcattttttc
tatacagcag
ccataatcgc
gcactttaat
actggctcgc
ggcgcagggt
tggtcgcgeg
cggtttcatg

tatgtgcctt

caggcgcgcc
gccatacgca
atcgccgcetc
gccataaaaa
aatgcttttc
gttgcgatac
aatgttgttg
cacatgtttg
ggtcaggctc
cgcggtctgg
aatcagcgct
cagggtaaag
gttatccagc
ctgctgcaga
ttcaatgcgc
ttcatcatgg
cggctgtttc
gccgctatgg
gttatcataa
gttaatcagg
cgccggcagg
gcccacccag
tttcaggttg
atgcagcaca
gttgccgctg
cggaattttg
ggtcaccggg
atgatccggg
gcggcggecg
atgaatgccc
atcgccgceta
cgggcggcett
ctcgaggcct

ggctttgacg

gccggcacgc
tcttcgeggce
acgccaatgc
tccgegecgce
gggccgceggc
agcgccaggt
ctgcgttctt
ccatgcgcat
agtttatgct
cgatgcgcgc
ttatcatact
ttatcccagt
agcatcggct
tactgcacgc
gcgttctggg
cgataatcgt
cattccgcgc
gtatgcgcat
tcaatatctt
cttttctgce
ccatactgat
ctcaggccaa
cgatagcgcg
aagtttttgc
ctcaggcgca
ccatccgcca
ccgcgcagaa
ctaaaatccg
gtctggccgce
ggcacgccat
ataattttat
ttgcccacca
ccaccgcctc

tatcgcccag
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gcggcgegtt
ccggcaggcet
gatagcgcgg
tctggttata
catcgttcag
tatactgcca
tgttcagatg
acagttcctg
gcggggtaaa
ccagatccgg
gaatgctcgc
tcgectgttce
gtttcaccgc
cccagctgcec
tctggttgtt
tgcggttcag
gcagttcata
gcgcgttatc
cttcggtcag
aaataatatc
cgcggcgatc
tgctgccggt
gcaccgcata
ccaggccaat
ggcccagttc
catccaccag
tttccacctg
ccatatcgcc
gaatcaccgg
ccagcgcatc
cgctcgcggt
cgctcacggt

cgcgtttatc

gcgcgggttc

ctgatcatcc
cggcaggttt
ggtcggttta
gcgcaccagt
ggtctgcgca
gcgatcgcct
tttgttgccc
ggtgctcggc
ataccagttg
cagcggatgg
tttctgtttt
cacgccaaaa
ttcgctaatc
tttcaggcgg
aaaaaagttt
atgcacgcgc
gcgtttgttg
atcatcatga
cagatgcgga
cgcatggcaa
gctatacgcc
ctggctatcc
atcgccgcett
gttaatgccg
gccgctcacg
gcccgcecacg
ctggctcagc
ggtttcgcca
cgcgctcgceg
gcccaggttc
gctggtatgce
ttccagatcc
aatcgccacc

gattgcgcga

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820



tagcgcgcat
catgcggtcc
tgcggcgact
ttgatcacac
agcgcggtcg
atataggtcg
cccggtacct
cccggcaggt
cccttcaggt
aaggtattgg
agcgtggcct
tcggcaaagt
gcggccagea
ttgatcttgt
tcgatgtagt
agaaacaccg
tccaggatgt
ttgtcggtca
ccttcggtca
ttgccgegtg
gactcgatca
gcatcgaccc
acggcatcgg
cgatatggga
gtggcctcgg
cgctgctgga
cccggaatgce
cattccagcc
ccttcctgeg
cccaggcgca
taataaaagg
agcggtttcc
aggttgccct
tagcggccgce
gtccaggtgc

tgccatagtt
agtccggcca
ccggcagcgce
cggcgatatg
aggcataggc
gcacgtcgat
tgagctcgtt
tggtggcgtc
agttgtcgac
ccagctcaag
cgcgcaactg
ccagcagcgt
ccgccagcgce
cctggecget
cgtcccaggt
tatgtccctg
agtacttgtt
gcggcttgta
ccgcgacatt
tcaggtcttc
gcaggcgctg
attgcgagat
ccagctcggt
ggttggtgcg
ccttgecectc
tatcacccag
cggacgcggc
atgtggctgg
tggaagctgc
catcgcggcc
tgttaaacac
agttcgcaaa
ggcgatcttt
gccagccaat

ggcccacctg

ggcgggcgcg
ccagctgccg
atcgttagtc
gcccgacgea
cgcggtccac
gctggccagg
ctgcaggtag
gccgttccag
cacgtagttc
gccgcgceagce
cacatggccc
ggtcagcagc
ggtcgagaca
gatgtcgcgc
gctgccggec
ctccaccaca
gatgcacggc
ctgcaacagc
gcggccgacc
catcatgttg
cgcctcggga
cgcgaagcgg
caaggcgcgc
ccatgcgtcg
ggccatggcc
ctgcgeeggce
cgcgtggccg
atcgaatggc
cgcgcctttg
cacgcccggc
gttgttcacg
cacatcgttc
ctggcccgec
ttccaggttc

cgcgccaaat

gcgecgtttcg
tgatgctcga
cagtggctgc
cccagcacga
ggcacgatat
tccaccggea
gtgtggcgca
aacagcaggt
cacaccaggt
agcgcgcacg
tcgtcgacaa
gtgacgctgg
atggtgccgce
gcgacttcga
atgctggcgt
tggcgcacca
ggcaccatca
tggaagtact
tcaaacgcgc
cgcacgccgg
ttggtggcaa
atgcgctggce
gcattgagca
ccggcgaagc
tgccacagcg
gcgatcttga
ttgccttcag
cccggegtga
ccggtcgeac
agggtgttgg
ctcaggttca
acgccaaagc
accagaatgc
gggtttttaa

tccgggttcg
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cgccggectg
tggcgcecggce
gcttgttctt
agcgcagcett
ggtcttcgcg
cgccgcacac
ggtaccagca
cgaacggcac
cgttcgggcg
gcgcgceeggc
agacgtcgag
cggccgggtg
ccacgcagaa
tggcgcggat
ccggattgceg
gcgagctctc
gcagcgggcg
cgttctcgaa
tctcgtcggt
cacgcagcga
ggaagttggc
gggtcttggc
ggtagaacgc
gccggtcgtg
ctgagaagtc
cgcctgccag
tgccctgeca
ccttgaatgg
tagtaaattt
tccagcgcetg
cgttcagggt
ctttgcgcac
tgcccaccgce
agcgatacgc

cgctcagcag

cccggecagce
cagccattgc
ggccggcggg
gttcgccagce
cgagccgtag
ggtcagcttg
gtaccacggc
cggcgtgttg
caagaacgag
gccgecgcecc
gatgcccgtg
ctcgcecgegce
gccgagcacg
ggccgegtgce
ccacgacacc
cggctgcagg
cgcgtgcacc
gaccacggcg
ctgcgagatc
ttcgccgcecc
gggcgacatc
atcggcctcg
ggcagcgaag
cagcggaccg
cttcatgtag
cgcatccagg
ctggcgggac
ttgggacttg
atagttcacg
gctatgcgga
atctttgccc
cacgttttcc
tttctgcaca
caggctcgceg

tttatcttta

2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920



tgggtatcat
gtgcgatagc
tcgcgcaccg
tgccaaaaat
gtgttgcgcg
tgggtctgca
aagctccaat
ctcacggttt
agggtaaagc
gggttggtca

gcctgggtcg
ttaatttcct

ctatcaaagt
ttgcccgeat
gcgttcgcat
ttgctctggg
tcgccgecca
tggctcagca
ctgcgtttat
cctttgcccg
ttgccttctt
ctgttcaggc
gttttcgcaa
ttctgcacgc
agaatctggc
ccgcgcaggg
tctttcagca
atgttggtgc
actttcgcgt
gtctccctat
acgcatcgtg
catcaccgat

gggtatggtg
attccttgcg

aaaagcgcgg
tcgcgeccag
ccacgctatc
agctgccgtt
cgcgttccgce
gcgcatcata
attcatgcgg
tgccatcatg
catcaatttc
ggcgatacgc
cgccgetttt
gatggcgata
taaagttcgc
agccgctgcec
ccagtttttc
tggtttcgcg
cggtaaattc
caatgcgatg
ccagcgcgcet
cttcataatc
tgccaaacac
gcacgcccca
taatcgcgcc
tcaccacttt
tatcgctata
tcagaaactg
gttcgcgcat
gaattttgct
tgttttccge
agtgagtcgt
gccggcatca

ggggaagatc

gcaggccccg

gcggceggtgce

tttgctatgg
ttcatagcca
atggcggttc
cgccgcaaag
tttggtgcca
caggcgcggg
ctgccaaatc
ggttttcact
atgaatcgct
tttcacaatg
atctttaatt
gttaatgcca
gccatgggtg
tttatcatcc
cacaaagccc
atacgccggc
ttcgcgcacg
atcgccatcg
atacggcacg
tttttcgttg
gctcgcgeca
gtttttatcc
gttggtcgcg
caccagcgcc
cgcgttatcc
gctggtgccg
atcggtcgcg
gccctggcga
catactggta
attaatttcg
ccggcgcecac
gggctcgcca
tggccggggg

tcaacggcct

ctcacgccca
tggtttttaa
tgcgggttcg
gtgccatcgt
tccgcaatgce
ctgcggctcg
acgccaaagc
ttaaagcgat
tcaatatacg
ttttcatcat
ttaaattcgc
tatttcagca
gtaatgcggg
gcgctatagce
aggtttttgc
gcctggegtt
gtgcgaatgc
ccaaagctgg
gttttgccgce
ttgcggttat
tagctcacgc
aggcctttca
ccaatgcccg
ggatccacaa
actttaatat
ttgccgecgce
gtgctttcat
tcgectttca
tctcctatat
cgggatcgag
aggtgcggtt
cttcgggctc
actgttgggc

caacctacta
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ctttcgcggt
tatagcccgc
ccagcgcatc
tatagttaaa
taataatgcc
catagttatg
tcgggttcag
catagcgcag
cgccggtatc
cgcggttttt
cgttcagaaa
gggtctgttc
tatggttcgg
gttttttttc
cggtatacgc
ccatgctaat
cgcgatgctg
tgccaatttt
cgttaaagtt
agctaaacag
cttcgttgct
gcagatcctg
cgctcgegcet
taaagcggcc
ccacgctgtt
caaaatcaat
ctttctgctg
cggtaatggt
tctagaggga
atctcgatcc
gctggcgect
atgagcgctt
gccatctcct

ctgggctgct

caggccgccg
gttcaccgct
tttaatggtc
gccaatttcg
gcgtttgcca
gctcgcgceta
gctgctgctg
gccgccggtc
ggttttggtc
ctgtttttcc
cgcctgcggt
cgccaggcgg
gccttccacg
cagcacatac
caggttggtg
gcgttcttta
atctttcata
cgccagatag
gttgcgaaag
gccatcaaag
cgcaaagccg
cgcatccacg
gcccgegect
ctgatgatac
ctggcccatg
gctcggttct
cagggtcaca
atccagcacc
aaccgttgtg
tctacgccgg
atatcgccga
gtttcggcgt
tgcatgcacc

tcctaatgca

4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960



ggagtcgcat
cttccggtgg
gcaactcgta
ctggagcgcg
tcaagccttc
cggcatggcg
ggccttcccc
catgctgtcc
tcttaccagc
ggcgagcaca
ccccgegttg
cacctcgcta
gtgaatgcgc
cgcacgcggc
ctgtcgttga
ccgatacgcg
acatgaatgg
tgcaccatta
acatctgtat
atccataccg
gtaacccgta
aatccccctt
cgctttatca
gaacaggcag
ctcgecgegtt
acagcttgtc
gttggcgggt
ggcttaacta
aataccgcac
cactgactcg
ggtaatacgg
ccagcaaaag
ccccecctgac
actataaaga

cctgeccgett

aagggagagc
gcgcggggca
ggacaggtgc
acgatgatcg
gtcactggtc
gccgacgcgce
attatgattc
aggcaggtag
ctaacttcga
tggaacgggt
cgtcgcggtg
acggattcac
aaaccaaccc
gcatctcggg
ggacccggct
agcgaacgtg
tcttcggttt
tgttccggat
taacgaagcg
ccagttgttt
tcgtgagcat
acacggaggc
gaagccagac
acatctgtga
tcggtgatga
tgtaagcgga
gtcggggcge
tgcggcatca
agatgcgtaa
ctgcgctcgg
ttatccacag
gccaggaacc
gagcatcaca
taccaggcgt

accggatacc

gtcgaccgat
tgactatcgt
cggcagcgct
gcctgtecget
ccgccaccaa
tgggctacgt
ttctcgette
atgacgacca
tcactggacc
tggcatggat
catggagccg
cactccaaga
ttggcagaac
cagcgttggg
aggctggcgg
aagcgactgc
ccgtgtttcg
ctgcatcgca
ctggcattga
accctcacaa
cctctctegt
atcagtgacc
attaacgctt
atcgcttcac
cggtgaaaac
tgccgggagce
agccatgacc
gagcagattg
ggagaaaata
tcgttcgget
aatcagggga
gtaaaaaggc
aaaatcgacg
ttccccctgg

tgtccgectt

gcccttgaga
cgccgcactt
ctgggtcatt
tgcggtattc
acgtttcggc
cttgctggcg
cggcggcatc
tcagggacag
gctgatcgtc
tgtaggcgcc
ggccacctcg
attggagcca
atatccatcg
tcctggcecac
ggttgcctta
tgctgcaaaa
taaagtctgg
ggatgctgct
ccctgagtga
cgttccagta
ttcatcggta
aaacaggaaa
ctggagaaac
gaccacgctg
ctctgacaca
agacaagccc
cagtcacgta
tactgagagt
ccgcatcagg
gcggcgageg
taacgcagga
cgcgttgctg
ctcaagtcag
aagctccctc

tctccctteg
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gccttcaacc
atgactgtct
ttcggcgagg
ggaatcttgc
gagaagcagg
ttcgcgacgce
gggatgcccg
cttcaaggat
acggcgattt
gccctatacc
acctgaatgg
atcaattctt
cgtccgccat
gggtgcgcat
ctggttagca
cgtctgcgac
aaacgcggaa
ggctaccctg
tttttctctg
accgggcatg
tcattacccc
aaaccgccct
tcaacgagct
atgagcttta
tgcagctccc
gtcagggcge
gcgatagcgg
gcaccatata
cgctctteccg
gtatcagctc
aagaacatgt
gcgtttttcc
aggtggcgaa
gtgcgctctc
ggaagcgtgg

cagtcagctc
tctttatcat
accgctttcg
acgccctcgce
ccattatcgc
gaggctggat
cgttgcaggc
cgctcgeggce
atgccgcectc
ttgtctgect
aagccggegg
gcggagaact
ctccagcagc
gatcgtgctc
gaatgaatca
ctgagcaaca
gtcagcgccc
tggaacacct
gtcccgecgce
ttcatcatca
catgaacaga
taacatggcc
ggacgcggat
ccgcagctgc
ggagacggtc
gtcagcgggt
agtgtatact
tgcggtgtga
cttcctcget
actcaaaggc
gagcaaaagg
ataggctccg
acccgacagg
ctgttccgac

cgctttctca

7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060



tagctcacgc
gcacgaaccc
caacccggta
agcgaggtat
tagaaggaca
tggtagctct
gcagcagatt
gtctgacgct
aaggatcttc
atatgagtaa
gatctgtcta
acgggagggc
ggctccagat
tgcaacttta
ttcgccagtt
ctcgtcgttt
atcccccatg
taagttggcc
catgccatcc
atagtgtatg
acatagcaga
aaggatctta
ttcagcatct
cgcaaaaaag
atattattga
ttagaaaaat
ctaagaaacc
tcgtcttcaa
<210>
<211>
<212>
<213>

<220>
<223>

38
2029
PRT
Arti

tgtaggtatc
cccgttcagce
agacacgact
gtaggcggtg
gtatttggta
tgatccggca
acgcgcagaa
cagtggaacg
acctagatcc
acttggtctg
tttcgttcat
ttaccatctg
ttatcagcaa
tccgectcca
aatagtttgc
ggtatggctt
ttgtgcaaaa
gcagtgttat
gtaagatgct
cggcgaccga
actttaaaag
ccgctgttga
tttactttca
ggaataaggg
agcatttatc
aaacaaatag
attattatca

gaa

ficial

tcagttcggt
ccgaccgctg
tatcgccact
ctacagagtt
tctgecgcetct
aacaaaccac
aaaaaggatc
aaaactcacg
ttttaaatta
acagttacca
ccatagttgc
gccccagtgc
taaaccagcc
tccagtctat
gcaacgttgt
cattcagctc
aagcggttag
cactcatggt
tttctgtgac
gttgctcttg
tgctcatcat
gatccagttc
ccagcgtttc
cgacacggaa
agggttattg
gggttccgcg

tgacattaac

pPET-14b-FetA-PhaC-znuD

<400> 38

gtaggtcgtt
cgccttatcc
ggcagcagcc
cttgaagtgg
gctgaagcca
cgctggtagc
tcaagaagat
ttaagggatt
aaaatgaagt
atgcttaatc
ctgactcccc
tgcaatgata
agccggaagg
taattgttgc
tgccattgct
cggttcccaa
ctccttcggt
tatggcagca
tggtgagtac
cccggegtca
tggaaaacgt
gatgtaaccc
tgggtgagca
atgttgaata
tctcatgagc
cacatttccc

ctataaaaat
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cgctccaagc
ggtaactatc
actggtaaca
tggcctaact
gttaccttcg
ggtggttttt
cctttgatct
ttggtcatga
tttaaatcaa
agtgaggcac
gtcgtgtaga
ccgcgagacc
gccgagcgcea
cgggaagcta
gcaggcatcg
cgatcaaggc
cctccgatcg
ctgcataatt
tcaaccaagt
acacgggata
tcttcggggc
actcgtgcac
aaaacaggaa
ctcatactct
ggatacatat
cgaaaagtgc

aggcgtatca

fetA-PhaC-znub fusion polypeptide encoded by

tgggctgtgt
gtcttgagtc
ggattagcag
acggctacac
gaaaaagagt
ttgtttgcaa
tttctacggg
gattatcaaa
tctaaagtat
ctatctcagc
taactacgat
cacgctcacc
gaagtggtcc
gagtaagtag
tggtgtcacg
gagttacatg
ttgtcagaag
ctcttactgt
cattctgaga
ataccgcgcc
gaaaactctc
ccaactgatc
ggcaaaatgc
tcctttttca
ttgaatgtat
cacctgacgt

cgaggccctt

9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10693



Met

Gly

Gln

Glu

Thr

65

Ala

Asp

Ala

val

Arg

Ser

Arg

Phe

Tyr

val

225

Glu

Gln

Tyr

Ala

Asp

Lys

Pro

50

Leu

Tyr

Pro

Ser

val

Asn

Asn

Leu

210

Leu

Glu

Ala

Thr

Glu

Arg

Asp

35

Ser

Arg

Ser

Ala

Ala

115

Ala

Asn

Phe

Asn

Ser

Phe

Pro

Gly

Asn
Gln

20

Glu

Gly

Asp

Leu

100

Gly

Gln

Ser

Gly

Glu

180

Gly

Lys

His

Thr

Ala

260

Lys

Asn

Gly

Ser

Asp

Met

Ser

85

val

Ile

Asp

Gly

Lys

Lys

Lys

Ile

Met

val

245

Tyr

Asn

Ala

Ser

Thr

Phe

Gly

70

Gln

Lys

Gly

Leu

Phe

150

Glu

Asp

Thr

Gly

Arg

Leu

Lys

Lys

Ala

Gly

55

Gln

val

Ala

Leu

135

Ala

Gly

Tyr

val

Thr

215

Asp

Gly

Glu

Gly

val

Thr

40

Gly

Asn

Leu

val

Thr

120

Lys

Ser

Asn

Glu

Pro

200

Ser

Gln

Asp

Thr

Phe

val

Arg

25

Asp

Gly

Ser

Tyr

Ser

105

Asn

Gly

Asn

Phe

Ala

185

Tyr

Phe

His

Lys

Thr

265

val

Leu

10

Thr

Met

Asn

val

His

90

val

Gly

Leu

Glu

Asp

170

Gly

Ser

Gly

Arg

Glu

250

Gln

Asp

Asn

Arg

Gly

Asp

75

Gln

Gln

Ala

Asp

Lys

Ala

Asp

Gly

Arg

Ser

Thr

Glu

Thr

60

Gly

Lys

Lys

val

Leu

Gly

Leu

Asn

Glu Lys Leu
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val

Leu

45

Ser

Lys

Arg

Gly

Ile

125

Asn

Ser

Phe

Phe

205

Asp

Arg

Ser

Thr

Asp

Thr

Thr

30

Leu

Gln

val

Phe

Ala

110

Ala

Trp

Tyr

Ser

Arg

Lys

His

Thr

Met

Asn

270

Ala

val

15

Leu

Lys

Phe

Asp

Ile

95

Gly

Lys

Gly

Gly

Tyr

175

Asn

Arg

Arg

val

Glu

255

Leu

Asn

Lys

Gln

Glu

Leu

Asn

80

val

ser

Thr

val

Ala

160

Asn

Asn

Ser



Tyr

Tyr

305

Lys

Leu

Glu

Leu

385

His

Phe

Asn

Ser

Leu

465

Lys

Gly

Ala

Ala

Ser
545

val

290

Ala

Ala

Tyr

Asn

Lys

370

Thr

Glu

Lys

Pro

Ala

450

Gln

Ala

Thr

Leu

val

530

Tyr

275

Leu

Gly

Asn

Gly

Asn

Ile

val

ser

435

Ser

Thr

Glu

Phe

Ala

515

Asn

Arg

Glu

Asn

Phe

Ile

340

Glu

Lys

Pro

Asp

Lys

Phe

His

Arg

Ala

500

Asn

Ala

Thr

Lys

val

Asn

325

Asn

Phe

Asn

Thr

Gly

Asn

Gly

Ala

485

Ala

Pro

Gly

Gly

Lys

Glu

310

Phe

TYyr

Lys

Arg

His

val

Tyr

Lys

470

Arg

Asn

Gln

TYyr

Arg

Gly

Asp

Arg

Asp

375

Thr

Thr

Asp

Ile

Ala

455

Arg

Asn

Gly

Asn

Ile

535

Leu

280

Tyr

Pro

Ser

His

Asp

Asp

Leu

Gly

Gly

Thr

Ser

Lys

Thr

Ser

Asn

Arg

Gln

345

Asp

Glu

Thr

Thr

425

Gln

Arg

Ile

Glu

TYyr

505

His

Asn

Ala

Ala

His

Leu

330

Lys

Asn

Gly

Gly

410

Thr

Pro

Ser

Ile

490

Phe

Asp

His

Lys

Asp

Thr

315

Ala

Ile

Ser

Ala

395

Gly

val

His

Pro

Ser

475

Gly

Trp

Ser

Gly

val
555

Asp

300

Arg

Glu

Lys

Gly

val

380

Tyr

Leu

Ser

Glu

Arg

Ile

Phe

Gln

val

TYyr

540

Gly
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285

Lys

Ile

Gln

Pro

Ala

365

Lys

Ile

Arg

Ser

TYyr

445

Leu

Ala

Asn

Thr

Ala

525

val

Gly

Thr

Thr

Gln

350

Thr

Ala

Glu

Tyr

Ser

430

Trp

Tyr

Asp

Tyr

Ile

510

val

Leu

Ser

Ser

Thr

Leu

335

Ala

Gln

Tyr

Ala

Ser

Asp

Gly

Asn

495

Lys

Arg

Gly

His

Gly
His
320

Leu

Phe

Arg

Ile

400

Arg

Leu

Phe

Ala

Thr

480

Asp

Asp

Ala

Ser
560



Lys

Pro

Tyr

val

Gln

625

val

Leu

Arg

val

Glu

705

Ala

Gly

val

Lys

Ala

785

Thr

Arg

Pro

Glu

Arg

Gln

610

Gly

Phe

Ser

Trp

Asn

690

Gly

Thr

His

Lys

Asn

Ala

Arg

Phe

Phe

595

Lys

Asn

Ala

val

Thr

675

Tyr

Lys

Trp

Ala

Ile

755

Phe

Gly

Leu

Leu

Phe

Lys

Ala

Leu

Asn

Asn

660

Asn

Lys

Ser

Leu

Ala

740

Ala

Ser

Pro

Pro

Thr
820

Tyr

565

Ala

Asn

val

Glu

645

Asn

Thr

Phe

Gln

Glu

725

Ala

Pro

Ala

Leu

Tyr

805

Glu

Asp

Gln

Pro

Gly

Asn

630

Lys

val

Leu

Ala

Pro

710

Trp

Ser

Ala

Leu

His

790

Arg

Leu

Thr

val

Asn

Ser

615

val

Pro

Phe

Pro

Thr

695

Phe

Ser

Gly

Gln

Trp

Asp

Phe

Ala

Gly

Leu

600

val

Leu

Asn

Gly

Gly

Lys

Arg

Leu

760

Gln

Arg

Ala

Asp

Leu

Arg

Gly

Thr

665

val

Lys

val

Gln

Pro

745

Gly

Ala

Arg

Ala

Ala
825

570

Thr

val

Lys

Gly

Gly

Thr

Trp

Gly

Asp

Met

Phe

Ala

810

val

Lys

Trp

Gly

Ala

Gly

Asp

Tyr

Arg

Ala

Pro

715

Gln

Leu

Ala
Ala
795

Phe

Glu

Leu

Thr

Trp

Gly

Phe

Thr

Tyr

Asp

Ala

700

Gly

Gly

Asp

Gln

Glu

780

Gly

Tyr

Ala
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Leu

Ala

Gly

Leu

Pro

val

685

Ala

Pro

Thr

Ala

Gln

765

Gly

Asp

Leu

Asp

sSer

sSer

590

Gly

Lys

val

Asn

His

670

Arg

Ser

Phe

Glu

Leu

750

Arg

Lys

Ala

Leu

Ala
830

Ala

575

Leu

Arg

Asp

Asn

val

655

Ser

Leu

Thr

Asp

Gly

Ala

Tyr

Ala

Trp

Asn

815

Lys

Asn

Tyr

Arg

Asp

640

Asn

Gln

Gly

Pro

720

Asn

Gly

Met

Glu

Thr



Arg GIn Arg Ile Arg Phe Ala Ile Ser Gln Trp val Asp Ala Met Ser
835 840 845

Pro Ala Asn Phe Leu Ala Thr Asn Pro Glu Ala Gln Arg Leu Leu Ile
850 855 860

Glu Ser Gly Gly Glu Ser Leu Arg Ala Gly val Arg Asn Met Met Glu
865 870 875 880

Asp Leu Thr Arg Gly Lys Ile Ser Gln Thr Asp Glu Ser Ala Phe Glu
885 890 895

val Gly Arg Asn val Ala val Thr Glu Gly Ala val val Phe Glu Asn
900 905 910

Glu Tyr Phe GIn Leu Leu GIn Tyr Lys Pro Leu Thr Asp Lys val His
915 920 925

Ala Arg Pro Leu Leu Met val Pro Pro Cys Ile Asn Lys Tyr Tyr Ile
930 935 940

Leu Asp Leu Gln Pro Glu Ser Ser Leu val Arg His val val Glu Gln
945 950 955 960

Gly His Thr val Phe Leu val Ser Trp Arg Asn Pro Asp Ala Ser Met
965 970 975

Ala Gly Ser Thr Trp Asp Asp Tyr Ile Glu His Ala Ala Ile Arg Ala
980 985 990

Ile Glu val Ala Arg Asp Ile Ser Gly GIn Asp Lys Ile Asn val Leu
995 1000 1005

Gly Phe cCys val Gly Gly Thr 1Ile val Ser Thr Ala Leu Ala val
1010 1015 1020

Leu Ala Ala Arg Gly Glu His Pro Ala Ala Ser val Thr Leu Leu
1025 1030 1035

Thr Thr Leu Leu Asp Phe Ala Asp Thr Gly ITe Leu Asp val Phe
1040 1045 1050

val Asp Glu Gly His val GIn Leu Arg Glu Ala Thr Leu Gly Gly
1055 1060 1065

Gly Ala Gly Ala Pro Cys Ala Leu Leu Arg Gly Leu Glu Leu Ala
1070 1075 1080

Asn Thr Phe Ser Phe Leu Arg Pro Asnh Asp Leu val Trp Asn Tyr
1085 1090 1095
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val

Leu

Tyr

val

Ser

Ile

Asn

val

Asp

Glu

Gly

Ala

Ala

Gly

val

Thr

Gln

Ile

val
1100

Leu
1115

Cys
1130

Pro
1145

Ile
1160

val
1175

Lys
1190

Ile
1205

Ala
1220

His
1235

Gln
1250

Arg
1265

Lys
1280

val
1310

Ser
1325

Lys
1340

His

Asp

Phe

Trp

Gly

Asp

Pro

Leu

Asn

Leu

Ala

Tyr

Ala

His

Gly

Thr

Ala

Ala

Asn

Trp

Tyr

Lys

val

Trp

Arg

Pro

Pro

Gly

Gly

Arg

val

Glu

Lys

Ala

val

Ser

Tyr

Asn

Leu

Leu

Pro

Thr

Phe

Pro

Glu

Ser

Ala

Ala

Leu

Thr

Ser

Ser

Asn

Gln

Leu

Gly

Arg

Thr

Thr

Ala

val

Ala

Ser

Trp

Lys

Ile

Ala

Glu

Arg

Asp

Leu

Tyr

Lys
1105

Asp
1120

His
1135

val
1150

Tyr
1165

Ala
1180

Leu
1195

Lys
1210

Pro
1225

Trp
1240

Arg
1255

Glu
1270

val
1285

Gln
1300

Pro
1315

Lys
1330

Gly

Ala

Thr

Cys

Tyr

Gly

Asn

Gln

Pro

Ala

Pro

Ala

Ser

Arg

Asp

Gly

Asn

Thr

Tyr

Gly

Tyr

Ala

Ala

Lys

Gln

Asp

Ala

Ala

Ile

val

Ala

Ala

Thr

Asn

Leu

val

Gly

Ser

Ser

Arg

Trp

Trp

Pro

Pro

Asp

Asp

Thr

Ser

Leu

Pro

Leu

Gln

Pro

Ser

Thr

Gly

Ser

Leu

Thr

Ala

Gly

Lys

Leu

Ser

Gly

Asp

Gly Ala ser
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val
1110

Pro
1125

Asn
1140

val
1155

Arg
1170

Ala
1185

His
1200

His
1215

Ala
1230

Ala
1245

Asn
1260

Arg
1275

Arg
1290

Glu
1305

Pro

Gly

Glu

Asp

Glu

Leu

Trp

Gly

Trp

Tyr

Tyr

Gly

Thr

Leu

Thr

val

Pro

Phe

Pro

Leu

Leu

Asp

Leu

Ala

Thr

Ala

Leu

Gly

val

Gly

val

Leu

Leu

Pro

val

Asp

Trp

Lys

His

Gly

Asn

Ile

Asn

Lys

Gly

Ser

Arg

Gly



Arg

Glu

val

val

val

Ser

Leu

Leu

Pro

Ser

Phe

Pro

Trp

Ser

Ser

Arg

Thr
1385

Asp
1400

Thr
1415

Ala
1430

Gly
1445

Thr
1460

His
1475

Arg
1490

Gln
1505

Ile
1520

Ala
1535

Gln
1550

Leu
1565

Cys
1580

Gly
1595

Ala
1610

Gln

Gly

Thr

Leu

Asp

Glu

Ser

Thr

TYyr

Thr

Gly

His

Lys

Leu

Gly

Arg

Glu

Thr

Asp

Ala

Leu

Gly

Leu

Gly

Glu

Arg

Gly

val

Ser

Ser

Thr

Phe

Pro

Trp

Gly

Met

Leu

TYyr

Lys

Gly

Gly

Gly

Asn

Ser

Ala

His

Leu

Glu

His

Trp

Lys

Arg

Ala

Ser

Ser

Leu

Ile

Leu

Leu

Ile

Tyr

Glu

Ile

Glu

Asp

Ile

Gln

1360

Arg
1375

Asp
1390

Gln
1405

Ser
1420

Pro
1435

Arg
1450

Asn
1465

Tyr
1480

Lys
1495

Gly
1510

Ser
1525

Tyr
1540

Asn
1555

Asp
1570

Asp
1585

Asp
1600

Pro
1615

Ile

Phe

Gln

Gly

Glu

Leu

Ile

Arg

Arg

Leu

Asp

Asp

Lys

Asp

Leu

Phe

Lys

Ser

val

Asn

Lys

Ser

Gly

Lys

Leu

Ser

Arg

Asp

Arg

Asp

Asn

Arg

val

Pro

Glu

val

Met

Ser

Leu

Ser

Pro

Trp

Arg

Cys

Tyr

Tyr

Ala

Asn

Leu

Asp

Ala

Pro

Gly

Gly

Gly

Asp

val

Asp

His

Leu

Asp

His

Lys

Pro Gly Phe
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1365

Asn
1380

His
1395

Leu
1410

Gly
1425

Glu
1440

Asn
1455

Lys
1470

Asp
1485

Ser
1500

Gly
1515

Gln
1530

Ala
1545

Gln
1560

Asn
1575

Ala
1590

Arg
1605

Glu
1620

His

Ala

Arg

Leu

Asn

Leu

Asn

Tyr

His

Tyr

Asp

Leu

Pro

His

Tyr

Ala

His

Ile

Gly

val

Gly

Glu

Phe

Ala

Ala

Lys

Gly

Ile

TYyr

Gly

Thr

Glu

Leu

Gly

Met

Pro

Asp

val

Lys

val

val

Asp

Gly

Leu

Pro

Leu

His

Leu

Arg



val

Asp

Gly

Ser

His

Thr

Gln

Pro

Ala

Leu

Tyr

Asn

Leu

Arg

Gly

val

His
1625

Ala
1640

Glu
1655

val
1670

Glu
1685

TYyr
1700

Leu
1715

TYyr
1730

Leu
1745

Leu
1760

Thr
1775

Ala
1790

Lys
1805

Asn
1835

Arg
1850

Arg
1865

Leu

val

Leu

Gln

Ala

Ser

Glu

Asp

Pro

Ser

Ala

His

Tyr

Arg

Gly

Tyr

Asn

Glu

Arg

Tyr

val

Phe

Gly

Lys

Asp

Gly

Ser

Gly

Leu

Glu

Phe

Pro

Asn

Arg

Asn

His

Leu

Lys

Phe

Gly

Ala

Leu

Asn

Lys

Asn

Gly

Gly

Lys

Gln

Asn

Phe

Gln

Gln

Gln

Gly

val

Leu

Gly

Trp

Gln

His

Lys

Asp

Asn

Ser

Ser

Asp
1630

Phe
1645

Pro
1660

Gln
1675

Pro
1690

val
1705

Arg
1720

Ile
1735

Ala
1750

Tyr
1765

Glu
1780

val
1795

Glu
1810

Arg
1825

Tyr
1840

Ile
1855

Tyr

Asn

Lys

Met

Glu

val

Asp

His

Phe

Arg

Ala

Arg

Trp

Glu

Ala

Arg

Asn

Gly

Ser

Leu

Gln

Glu

Arg

Arg

Thr

Leu

Thr

Ser

Gln

Tyr

Asp

Gln

Arg

Ser

Leu

Ala

Lys

Glu

Gln

Pro

Pro

Asn

Asn

Tyr

Ala

Asp

Asp

Thr

Leu

Ala

Asp

Asn

Gln

Asn

Thr

Gln

Ser

Thr

Asn

Asn

Gln

Ser

Asp Phe Tyr
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Glu
1635

Gln
1650

Lys
1665

Leu
1680

Asn
1695

Trp
1710

Lys
1725

Tyr
1740

Ala
1755

His
1770

Thr
1785

Phe
1800

Ile
1815

Leu
1830

Thr
1845

Glu
1860

Lys

Asn

Gly

Ser

Lys

Asp

Ala

Tyr

Arg

Lys

Gln

Glu

Glu

Ala

Leu

Met

Ala

Ala

Ala

Ser

Ala

val

Asn

sSer

Asn

Ser

Leu

Glu

val

Leu

Leu

Asn

Lys

Glu

Gly

Arg

Trp

Ile

Phe

Phe

Ser

Leu

Gly

Tyr

Asp

Leu

Gly



Glu ITe Tyr Phe Lys Pro Thr Pro Arg Tyr Arg Ile Gly
1880 1885 1890

Gly Asp Tyr val Arg Gly Arg Leu Lys Asn Leu Pro Ser
1895 1900 1905

Gly Arg Glu Asp Ala Tyr Gly Asn Arg Pro Phe Ile Ala
1910 1915 1920

Asp GIn Asn Ala Pro Arg val Pro Ala Ala Arg Leu Gly
1925 1930 1935

Leu Lys Ala Ser Leu Thr Asp Arg Ile Asp Ala Ash Leu
1940 1945 1950

Tyr Arg Vval Phe Ala Gln Asn Lys Leu Ala Arg Tyr Glu
1955 1960 1965

Thr Pro Gly His His Met Leu Asn Leu Gly Ala Asn Tyr
1970 1975 1980

Asn Thr Arg Tyr Gly Glu Trp Asn Trp Tyr val Lys Ala
1985 1990 1995

Leu Leu Asn Gln Ser val Tyr Ala His Ser Ser Phe Leu
2000 2005 2010

Thr Pro Gln Met Gly Arg Ser Phe Thr Gly Gly val Asn
2015 2020 2025

Phe

<210> 39

<211> 8665

<212> DNA

<213> Artificial

<220>

<223> Synthetic construct - pET-14b-PhacC-PA83

<400> 39

ttcttgaaga cgaaagggcc tcgtgatacg cctattttta taggttaatg

aatggtttct tagacgtcag gtggcacttt tcggggaaat gtgcgcggaa

tttatttttc taaatacatt caaatatgta tccgctcatg agacaataac

gcttcaataa tattgaaaaa ggaagagtat gagtattcaa catttccgtg

tccctttttt gcggcatttt geccttcctgt ttttgctcac ccagaaacgc

aaaagatgct gaagatcagt tgggtgcacg agtgggttac atcgaactgg

cggtaagatc cttgagagtt ttcgccccga agaacgtttt ccaatgatga

agttctgcta tgtggcgcgg tattatcccg tgttgacgcc gggcaagagce
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val ser

Leu Pro

Gln Asp

Phe His

Asp Tyr

Thr Arg

Arg Arg

Asp Ash

Sser Asp

val Lys

tcatgataat
cccctatttg
cctgataaat
tcgcccttat
tggtgaaagt
atctcaacag
gcacttttaa

aactcggtcg

60
120
180
240
300
360
420
480



ccgcatacac
tacggatggc
tgcggccaac
caacatgggg
accaaacgac
attaactggc
ggataaagtt
taaatctgga
taagccctcc
aaatagacag
agtttactca
ggtgaagatc
ctgagcgtca
cgtaatctgc
tcaagagcta
tactgtcctt
tacatacctc
tcttaccggg
ggggggttcg
acagcgtgag
ggtaagcggc
gtatctttat
ctcgtcaggg
ggccttttgce
taaccgtatt
cagcgagtca
tctgtgcggt
gcatagttaa
gacacccgcc
acagacaagc
cgaaacgcgc
tgtctgcctg
ttctgataaa

tgtaaggggg

tattctcaga
atgacagtaa
ttacttctga
gatcatgtaa
gagcgtgaca
gaactactta
gcaggaccac
gccggtgagce
cgtatcgtag
atcgctgaga
tatatacttt
ctttttgata
gaccccgtag
tgcttgcaaa
ccaactcttt
ctagtgtagc
gctctgctaa
ttggactcaa
tgcacacagc
ctatgagaaa
agggtcggaa
agtcctgtcg
gggcggagcc
tggccttttg
accgcctttg
gtgagcgagg
atttcacacc
gccagtatac
aacacccgct
tgtgaccgtc
gaggcagctg
ttcatccgcg

gcgggcecatg
atttctgttc

atgacttggt
gagaattatg
caacgatcgg
ctcgccttga
ccacgatgcc
ctctagcttc
ttctgcgcetc
gtgggtctcg
ttatctacac
taggtgcctc
agattgattt
atctcatgac
aaaagatcaa
caaaaaaacc
ttccgaaggt
cgtagttagg
tcctgttacc
gacgatagtt
ccagcttgga
gcgccacgct
caggagagcg
ggtttcgcca
tatggaaaaa
ctcacatgtt
agtgagctga
aagcggaaga
gcatatatgg
actccgctat
gacgcgccct
tccgggaget
cggtaaagct
tccagctcgt
ttaagggcgg
atgggggtaa

tgagtactca
cagtgctgcc
aggaccgaag
tcgttgggaa
tgcagcaatg
ccggcaacaa
ggcccttccg
cggtatcatt
gacggggagt
actgattaag
aaaacttcat
caaaatccct
aggatcttct
accgctacca
aactggcttc
ccaccacttc
agtggctgct
accggataag
gcgaacgacc
tcccgaaggg
cacgagggag
cctctgactt
cgccagcaac
ctttcctgceg
taccgctcgce
gcgcctgatg
tgcactctca
cgctacgtga
gacgggcttg
gcatgtgtca
catcagcgtg
tgagtttctc
ttttttcctg

tgataccgat
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ccagtcacag
ataaccatga
gagctaaccg
ccggagctga
gcaacaacgt
ttaatagact
gctggctggt
gcagcactgg
caggcaacta
cattggtaac
ttttaattta
taacgtgagt
tgagatcctt
gcggtggttt
agcagagcgc
aagaactctg
gccagtggcg
gcgcageggt
tacaccgaac
agaaaggcgg
cttccagggg
gagcgtcgat
gcggectttt
ttatcccctg
cgcagccgaa
cggtattttc
gtacaatctg
ctgggtcatg
tctgctcccg
gaggttttca
gtcgtgaagc
cagaagcgtt
tttggtcact

gaaacgagag

aaaagcatct
gtgataacac
cttttttgca
atgaagccat
tgcgcaaact
ggatggaggc
ttattgctga
ggccagatgg
tggatgaacg
tgtcagacca
aaaggatcta
tttcgttcca
tttttctgcg
gtttgccgga
agataccaaa
tagcaccgcc
ataagtcgtg
cgggctgaac
tgagatacct
acaggtatcc
gaaacgcctg
ttttgtgatg
tacggttcct
attctgtgga
cgaccgagcg
tccttacgea
ctctgatgcc
gctgcgcccc
gcatccgctt
ccgtcatcac
gattcacaga
aatgtctggc
gatgcctccg

aggatgctca

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520



cgatacgggt
tggcggtatg
ttaatacaga
acataatggt
agaccattca
gctcgcgtat
tcctcaacga
tgcgccgegt
tttgcgcatt
cgttagcgag
acgcaacgcg
ccatgtgctc
taggctggta
cctggacagc
aatggggaag
ggccgccatg
gacgaaggct
cgtcgcgctc
tcctacgagt
cgcccaccgg
cttatgcgac
cgccgcaagg
tgccaccata
cccatcggtg
ggccacgatg
actataggga
gcaaaggcgc
ggccattcga
acggccacgc
cgccggegea
aggccatggc
gcgacgcatg
cgcgcgectt
tccgettegce

atcccgaggc

tactgatgat
gatgcggcgg
tgtaggtgtt
gcagggcgct
tgttgttgct
cggtgattca
caggagcacg
gcggctgetg
cacagttctc
gtgccgcegg
gggaggcaga
gccgaggcgg
agagccgcga
atggcctgca
gccatccagc
ccggcgataa
tgagcgaggg
cagcgaaagc
tgcatgataa
aaggagctga
tcctgcatta
aatggtgcat
cccacgccga
atgtcggcga
cgtccggcgt
gaccacaacg
ggcagcttcc
tccagccaca
ggccgegtcc
gctgggtgat
cgagggcaag
gcgcaccaac
gaccgagctg
gatctcgcaa

gcagcgcctg

gaacatgccc
gaccagagaa
ccacagggta
gacttccgcg
caggtcgcag
ttctgctaac
atcatgcgca
gagatggcgg
cgcaagaatt
cttccattca
caaggtatag
cataaatcgc
gcgatccttg
acgcgggcat
ctcgcgtcgce
tggcctgcett
cgtgcaagat
ggtcctcgec
agaagacagt
ctgggttgaa
ggaagcagcc
gcaaggagat
aacaagcgct
tataggcgcc
agaggatcga
gtttccctct
acgcaggaag
tggctggaat
ggcattccgg
atccagcagc
gccgaggcca
ctcccatatc
gccgatgccg
tgggtcgatg
ctgatcgagt

ggttactgga
aaatcactca
gccagcagca
tttccagact
acgttttgca
cagtaaggca
cccgtggceca
acgcgatgga
gattggctcc
ggtcgaggtg
ggcggegect
cgtgacgatc
aagctgtccc
cccgatgecg
gaacgccagc
ctcgccgaaa
tccgaatacc
gaaaatgacc
cataagtgcg
ggctctcaag
cagtagtagg
ggcgcccaac
catgagcccg
agcaaccgca
gatctcgatc
agaaataagg
gcaagtccca
ggtcccgceca
gcctggatgce
gctacatgaa
ccggtccget
gcttcgetgce
tcgaggccga
cgatgtcgcc

cgggcggcga
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acgttgtgag
gggtcaatgc
tcctgcgatg
ttacgaaaca
gcagcagtcg
accccgccag
ggacccaacg
tatgttctgc
aattcttgga
gcccggcetec
acaatccatg
agcggtccag
tgatggtcgt
ccggaagcga
aagacgtagc
cgtttggtgg
gcaagcgaca
cagagcgctg
gcgacgatag
ggcatcggtc
ttgaggccgt
agtcccccgg
aagtggcgag
cctgtggcgce
ccgcgaaatt
agatactagt
accattcaag
gtggcagggc
gctggcaggc
ggacttctca
gcacgaccgg
cgcgttctac
tgccaagacc
cgccaacttc

atcgctgegt

ggtaaacaac
cagcgcttcg
cagatccgga
cggaaaccga
cttcacgttc
cctagccggg
ctgcccgaga
caagggttgg
gtggtgaatc
atgcaccgcg
ccaacccgtt
tgatcgaagt
catctacctg
gaagaatcat
ccagcgcgtc
cgggaccagt
ggccgatcat
ccggcacctg
tcatgccccg
gacgctctcc
tgagcaccgc
ccacggggcc
cccgatcttc
cggtgatgcc
aatacgactc
atggcgaccg
gtcacgccgg
actgaaggca
gtcaagatcg
gcgctgtggce
cgcttcgecg
ctgctcaatg
cgccagcgcea
cttgccacca

gccggegtgce

2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620



gcaacatgat
aggtcggccg
agctgttgca
cgccgtgcat
atgtggtgga
tggccggcag
cgcgcgacat
ttgtctcgac
cgctgctgac
agggccatgt
tgctgcgcegg
ggaactacgt
tctggaacgg
cctacctgca
acctggccag
cgtggaccgc
gtgcgtcggg
ggactaacga
acggcagctg
ccgcgeecgce
acgtcaaagc
gaggcctcga
cggtgtttgt
gcagcagcca
tggtgaccag
cgagcgaaaa
gcgatgaata
aggaagtgat
atcagattaa
tgtattggac
cggaactgaa
acgatggcat
gcacctttct

aaagcagccc

ggaagacctg
caatgtcgcg
gtacaagccg
caacaagtac
gcagggacat
cacctgggac
cagcggccag
cgcgctggeg
cacgctgctg
gcagttgcgc
ccttgagctg
ggtcgacaac
cgacgccacc
gaacgagctc
catcgacgtg
ggcctatgec
ccatatcgcc
tgcgctgecg
gtggccggac
caactatggc
caaggcacat
gatggatgcg
gagcccgagc
gggcctgctg
cagcaccacc
ccagtatttt
tacctttgcg
taacaaagcg
aattcagtat
cgatagccag
acagaaaagc
tccggatagce
gagcccgtgg
ggaaaaatgg

acacgcggca
gtgaccgaag
ctgaccgaca
tacatcctgg
acggtgtttc
gactacatcg
gacaagatca
gtgctggccg
gactttgccg
gaggccacgc
gccaatacct
tacctgaagg
aacctgccgg
aaggtaccgg
ccgacctata
tcgaccgcgce
ggtgtgatca
gagtcgccgce
tggaccgcat
aatgcgcgct
atggtgctgg
atgaaacgcg
gaagtgaaac
ggctattatt
ggcgatctga
cagagcgcga
accagcgcgg
agcaacagca
cagcgcgaaa
aacaaaaaag
agcaacacca
ctggaagtgg
attagcaaca

agcaccgcga

agatctcgca
gcgccgtggt
aggtgcacgc
acctgcagcc
tggtgtcgtg
agcacgcggc
acgtgctcgg
cgcgcggcga
acacgggcat
tgggcggcgg
tctcgttctt
gcaacacgcc
ggccgtggta
gcaagctgac
tctacggctc
tgctggcgaa
acccgcecggce
agcaatggct
ggctggccgg
atcgcgcaat
cggtggcgat
gcctgtgctg
aggaaaaccg
ttagcgatct
gcattccgag
tttggagcgg
ataaccatgt
acaaaattcg
acccgaccga
aagtgattag
gcgcgggcecc
aaggctatac
ttcatgaaaa
gcgatccgta
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gaccgacgag
cttcgagaac
gcgcccgcetg
ggagagctcg
gcgcaatccg
catccgcgcec
cttctgcgtg
gcacccggcc
cctcgacgtc
cgccggcegceg
gcgcccgaac
ggtgccgttc
ctgctggtac
cgtgtgcggc
gcgcgaagac
caagctgcgc
caagaacaag
ggccggegcec
gcaggccggce
cgaacccgcg
tgataaacgc
cgtgctgctg
cctgctgaac
gaactttcag
cagcgaactg
ctttattaaa
gaccatgtgg
cctggaaaaa
aaaaggcctg
cagcgataac
gaccgtgccg
cgtggatgtg
aaaaggcctg

tagcgatttt

agcgcgtttg
gagtacttcc
ctgatggtgc
ctggtgcgcc
gacgccagca
atcgaagtcg
ggcggcacca
gccagcgtca
tttgtcgacg
ccgtgegegce
gacctggtgt
gacctgctgt
ctgcgccaca
gtgccggtgg
catatcgtgc
ttcgtgctgg
cgcagccact
atcgagcatc
gcgaaacgcg
cctgggcgat
ggaggcggtg
ctgtgcggcg
gaaagcgaaa
gcgccgatgg
gaaaacattc
gtgaaaaaaa
gtggatgatc
ggccgectgt
gattttaaac
ctgcagctgc
gatcgcgata
aaaaacaaac
accaaatata

gaaaaagtga

4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660



ccggccgceat
cgattgtgca
agaacaccga
ccagcgaagt
tgagcgcggg
tggcgggcga
tgaacgcgaa
ccaccagcct
agctgagcca
cgctgaacgc
tggaactgga
cgacctataa
tgctgccgea
tggtggaacg
atatgaccct
tgcagtatca
agaacattaa
aaattaaact
gcaacaacat
ttaacagcag
gcggctatat
atgatatgct
aatataacga
cggtgaccaa
gcattaaaaa
gctaacaaag
taaccccttg
tccggatatc
tagcgaagcg
tgcgcataga
gctgtcggaa
gcctacagca
acacggtgcc

gatgataagc

tgataaaaac
tgtggatatg
tagcgaaacc
gcatggcaac
ctttagcaac
acgcacctgg
cattcgctat
ggtgctgggc
gattctggcg
gcaggatgat
aaaaaccaaa
ctttgaaaac
gattcaggaa
ccgcattgcg
gaaagaagcg
gggcaaagat
aaaccagctg
gaacgcgaaa
tgcggtgggc
caccgaaggc
tgtggaaatt
gaacattagc
taaactgccg
agaaaacacc
aattctgatt
cccgaaagga
gggcctctaa
cacaggacgg
agcaggactg
aattgcatca
tggacgatat
tccagggtga
tgactgcgtt

tgtcaaacat

gtgagcccgg
gaaaacatta
cgcaccatta
gcggaagtgc
agcaacagca
gcggaaacca
gtgaacaccg
aaaaaccaga
ccgaacaact
tttagcagca
cagctgcgcc
ggccgegtge
accaccgcgc
gcggtgaacc
ctgaaaattg
attaccgaat
gcggaactga
atgaacattc
gcggatgaaa
ctgctgctga
gaagataccg
agcctgegec
ctgtatatta
attattaacc
tttagcaaaa
agctgagttg
acgggtcttg
gtgtggtcgc
ggcggcggcec
acgcatatag
cccgcaagag
cggtgccgag
agcaatttaa

gagaa

aagcgcgceca
ttctgagcaa
gcaaaaacac
atgcgagctt
gcaccgtggc
tgggcctgaa
gcaccgcgcc
ccctggcgac
attatccgag
ccccgattac
tggataccga
gcgtggatac
gcattatttt
cgagcgatcc
cgtttggctt
ttgattttaa
acgcgaccaa
tgattcgcga
gcgtggtgaa
acattgataa
aaggcctgaa
aggatggcaa
gcaacccgaa
cgagcgaaaa
aaggctatga
gctgctgcca
aggggttttt
catgatcgcg
aaagcggtcg
cgctagcagc
gcccggecagt
gatgacgatg

ctgtgataaa
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tccgctggtg
aaacgaagat
cagcaccagc
ttttgatatt
gattgatcat
caccgcggat
gatttataac
cattaaagcg
caaaaacctg
catgaactat
tcaggtgtat
cggcagcaac
taacggcaaa
gctggaaacc
taacgaaccg
ctttgatcag
catttatacc
taaacgcttt
agaagcgcat
agatattcgc
agaagtgatt
aacctttatt
ctataaagtg
cggcgatacc
aattggctga
ccgctgagcea
tgctgaaagg
tagtcgatag
gacagtgctc
acgccatagt
accggcataa
agcgcattgt

ctaccgcatt

gcggcgtatc
cagagcaccc
cgcacccata
ggcggcagcg
agcctgagec
accgcgcgec
gtgctgccga
aaagaaaacc
gcgccgattg
aaccagtttc
ggcaacattg
tggagcgaag
gatctgaacc
accaaaccgg
aacggcaacc
cagaccagcc
gtgctggata
cattatgatc
cgcgaagtga
aaaattctga
aacgatcgct
gattttaaaa
aacgtgtatg
agcaccaacg
ggatccggct
ataactagca
aggaactata
tggctccaag
cgagaacggg
gactggcgat
ccaagcctat
tagatttcat

aaagcttatc

6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8665



<210> 40

<211> 1359
<212> PRT

<213> Artificial

<220>
<223> PhacC-PA83 fusion polypeptide encoded by pET-14b-PhaC-PA83

<400> 40
Met Ala Thr Gly Lys Gly Ala Ala Ala Ser Thr GIn Glu Gly Lys Ser
1 5 10 15

Gln Pro Phe Lys val Thr Pro Gly Pro Phe Asp Pro Ala Thr Trp Leu
20 25 30

Glu Trp Ser Arg Gln Trp Gln Gly Thr Glu Gly Asn Gly His Ala Ala
35 40 45

Ala Ser Gly Ile Pro Gly Leu Asp Ala Leu Ala Gly val Lys Ile Ala
50 55 60

Pro Ala GIn Leu Gly Asp Ile GIn Gln Arg Tyr Met Lys Asp Phe Ser
65 70 75 80

Ala Leu Trp Gln Ala Met Ala Glu Gly Lys Ala Glu Ala Thr Gly Pro
85 90 95

Leu His Asp Arg Arg Phe Ala Gly Asp Ala Trp Arg Thr Asn Leu Pro
100 105 110

Tyr Arg Phe Ala Ala Ala Phe Tyr Leu Leu Asn Ala Arg Ala Leu Thr
115 120 125

Glu Leu Ala Asp Ala val Glu Ala Asp Ala Lys Thr Arg Gln Arg Ile
130 135 140

Arg Phe Ala ITe Ser GIn Trp val Asp Ala Met Ser Pro Ala Asn Phe
145 150 155 160

Leu Ala Thr Asn Pro Glu Ala Gln Arg Leu Leu Ile Glu Ser Gly Gly
165 170 175

Glu Ser Leu Arg Ala Gly val Arg Asn Met Met Glu Asp Leu Thr Arg
180 185 190

Gly Lys ITe Ser GIn Thr Asp Glu Ser Ala Phe Glu val Gly Arg Asn
195 200 205

val Ala val Thr Glu Gly Ala val val Phe Glu Asn Glu Tyr Phe GIn
210 215 220

Leu Leu GIn Tyr Lys Pro Leu Thr Asp Lys val His Ala Arg Pro Leu
225 230 235 240
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Leu

Pro

Phe

Trp

Glu

Ala

Leu

Leu

385

Asp

Pro

Pro

Glu

Leu

465

Asn

Met
Glu
Leu
Asp
2

Asp

Gly

Asp
Arg
370
Arg
Leu
val
Gly
Leu

450

Ala

Lys

val

Ser

val

275

Asp

Ile

Thr

Pro

Thr

355

Glu

Gly

val

Pro

Pro

435

Lys

Ser

val

Leu

Pro

Ser

260

Ser

TYyr

Ser

Ile

Ala

340

Gly

Ala

Leu

Trp

Phe

420

Trp

val

Ile

Pro

Pro
245

Leu

Trp

Gly

val

325

Ala

Ile

Thr

Glu

Asn

405

Asp

TYyr

Pro

Asp

Cys

val

Arg

Glu

Gln

310

Ser

Ser

Leu

Leu

Leu

390

TYyr

Leu

Cys

Gly

val

470

Thr

val

Ile

Arg

Asn

His

295

Asp

Thr

val

Asp

Gly

Ala

val

Leu

Trp

Lys

455

Pro

Ala

Leu

Asn

His

Pro

280

Ala

Lys

Ala

Thr

val

360

Gly

Asn

val

Phe

TYyr

440

Leu

Thr

Ala

Gly

Lys

val

265

Asp

Ala

Ile

Leu

Leu

345

Phe

Gly

Thr

Asp

Thr

Tyr

TYyr

Ala
505

Tyr

250

val

Ala

Ile

Asn

Ala

330

Leu

val

Ala

Phe

Asn

410

Asn

Arg

val

Ile

Ala

490

Ser
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Tyr

Glu

Ser

Arg

val

315

val

Thr

Asp

Gly

Ser

395

TYyr

Gly

Cys
Tyr
475

Ser

Gly

Ile

Gln

Met

Ala

300

Leu

Leu

Thr

Glu

Ala

380

Phe

Leu

Asp

Thr

Gly

Gly

Thr

His

Leu

Gly

Ala

285

Ile

Gly

Ala

Leu

Gly

Pro

Leu

Lys

Ala

TYyr

445

val

Ser

Ala

Ile

Asp

His

270

Gly

Glu

Phe

Ala

Leu

350

Cys

Arg

Gly

Thr

430

Leu

Pro

Arg

Leu

Ala
510

Leu

255

Thr

Ser

val

Cys

Arg

Asp

val

Ala

Pro

Asn

415

Asn

Gln

val

Glu

Leu

495

Gly

val

Thr

val

320

Gly

Phe

Gln

Leu

Asn

400

Thr

Leu

Asn

Asp

val



Leu

Leu

Asp

val

625

Glu

Leu

Leu

Tyr

Asp

705

val

Arg

Glu

Ser

Glu

Asn

Pro

530

Ser

Lys

Glu

Ala

Ala

610

Phe

Ser

Asn

Ser

Phe

690

Glu

Asp

Leu

Asn

Gln

770

Leu

Pro

515

Glu

Trp

Arg

Pro

val

595

Met

val

Glu

Phe

Ile

675

Gln

Tyr

Asp

Glu

Pro

755

Asn

Lys

Pro

Ser

Trp

Ala

Ala

580

Ala

Lys

Ser

Ser

Gln

660

Pro

Ser

Thr

Gln

Lys

Thr

Lys

Gln

Ala

Pro

Pro

Ala

565

Pro

Ile

Arg

Pro

Ser

645

Ala

Ser

Ala

Phe

Glu

725

Gly

Glu

Lys

Lys

Lys

Gln

550

Pro

Gly

Asp

Gly

Ser

630

Ser

Pro

Ser

Ile

Ala

710

val

Arg

Lys

Glu

Ser

Asn

Gln

535

Trp

Ala

Arg

Lys

Leu

615

Glu

Gln

Met

Glu

Leu

Gly

val

775

Ser

Trp

Thr

Asn

Tyr

Cys

val

Gly

val

Leu

680

Ser

Ser

Asn

Tyr

Leu

760

Asn

Arg

Leu

Ala

Tyr

val

585

Gly

Cys

Lys

Leu

val

665

Glu

Gly

Ala

Lys

Gln

745

Asp

Ser

Thr

Ser

Ala

Trp

Lys

Gly

val

Gln

Leu

650

Thr

Asn

Phe

Asp

Ala

730

Phe

Ser

Gly

Leu

555

Asn

Ala

Gly

Leu

Glu

635

Gly

Ser

Asn

715

Ser

Lys

Lys

Asp

Trp

Ala

540

Ala

Ala

Lys

Gly

Leu

620

Asn

Tyr

Ser

Pro

Lys

His

Asn

Ile

Leu

Asn
780

Ser Ala Gly
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Thr

525

Gly

Arg

Ala

Gly

Leu

Arg

Tyr

Thr

Ser

685

val

val

Ser

Gln

Tyr

765

Leu

Pro

Asn

Glu

Gln

Tyr

His

590

Leu

Cys

Leu

Phe

Thr

670

Glu

Lys

Thr

Asn

Tyr

750

Trp

Gln

Thr

Asp

His

Ala

Arg

Met

Glu

Gly

Leu

ser

655

Gly

Asn

Lys

Met

Thr

Leu

val

His

val

Met

Asn
640

Asp

Asp

Ser

Arg

Asp

Pro

Pro



785 790 795 800

Asp Arg Asp Asn Asp Gly Ile Pro Asp Ser Leu Glu val Glu Gly Tyr
805 810 815

Thr val Asp val Lys Asn Lys Arg Thr Phe Leu Ser Pro Trp Ile Ser
820 825 830

Asn Ile His Glu Lys Lys Gly Leu Thr Lys Tyr Lys Ser Ser Pro Glu
835 840 845

Lys Trp Ser Thr Ala Ser Asp Pro Tyr Ser Asp Phe Glu Lys val Thr
850 855 860

Gly Arg Ile Asp Lys Asn val Ser Pro Glu Ala Arg His Pro Leu Vval
865 870 875 880

Ala Ala Tyr Pro Ile val His val Asp Met Glu Asn Ile Ile Leu Ser
885 890 895

Lys Asn Glu Asp GIn Ser Thr Gln Asn Thr Asp Ser Glu Thr Arg Thr
900 905 910

ITe Ser Lys Asn Thr Ser Thr Ser Arg Thr His Thr Ser Glu val His
915 920 925

Gly Asn Ala Glu val His Ala Ser Phe Phe Asp ITle Gly Gly Ser val
930 935 940

Ser Ala Gly Phe Ser Asn Ser Asn Ser Ser Thr val Ala Ile Asp His
945 950 955 960

Ser Leu Ser Leu Ala Gly Glu Arg Thr Trp Ala Glu Thr Met Gly Leu
965 970 975

Asn Thr Ala Asp Thr Ala Arg Leu Asn Ala Asn Ile Arg Tyr val Asn
980 985 990

Thr Gly Thr Ala Pro Ile Tyr Asn Val Leu Pro Thr Thr Ser Leu val
995 1000 1005

Leu Gly Lys Asn Gln Thr Leu Ala Thr Ile Lys Ala Lys Glu Asn
1010 1015 1020

Gln Leu Ser GIn ITe Leu Ala Pro Asn Asn Tyr Tyr Pro Ser Lys
1025 1030 1035

Asn Leu Ala Pro Ile Ala Leu Asnh Ala Gln Asp Asp Phe Ser Ser
1040 1045 1050

Thr Pro Ile Thr Met Asn Tyr Asn GIln Phe Leu Glu Leu Glu Lys
1055 1060 1065
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Thr

Ala

Ser

Arg

Asp

Glu

Phe

Gln

Lys

Arg

Ser

Glu

Ser

val

Gln

Leu

Lys
1070

Thr
1085

Asn
1100

Ile
1115

Ala
1130

Met
1145

Pro
1160

Asp
1175

Leu
1190

Ile
1205

Phe
1220

val
1235

Ile
1280

Asp
1295

Pro
1310

Gln

Tyr

Trp

Ala

Thr

Asn

Phe

Ala

Lys

val

Leu

Tyr

Asn

Gly

Leu

Leu

Asn

Ser

Phe

val

Leu

Gly

Asn

Glu

Leu

Tyr

Lys

Leu

Asp

Lys

Tyr

Arg

Phe

Glu

Asn

Asn

Lys

Asn

Phe

Leu

Asn

Asp

Glu

Leu

val

Arg

Thr

Leu

Glu

val

Gly

Pro

Glu

Leu

Asp

Asn

Ala

Arg

Ala

Asn

Glu

Tyr

Phe

Ser

Asp
1075

Asn
1090

Leu
1105

Lys
1120

Ser
1135

Ala
1150

Gln
1165

Gln
1180

Ala
1195

Lys
1210

Asn
1225

His
1240

Ile
1255

Ile
1270

Asp
1285

Ile
1300

Asn
1315

Thr

Gly

Pro

Asp

Asp

Leu

Tyr

Gln

Thr

Met

Asn

Arg

Asp

Glu

Met

Asp

Pro

Asp Gln

Arg val

Gln Ile

Leu Asn

Pro Leu

Lys Ile

Gln Gly

Thr Ser

Asn Ile

Asn Ile

Ile Ala

Glu val

Lys Asp

Asp Thr

Leu Asn

Phe Lys

Asn Tyr

val

Arg

Gln

Leu

Glu

Ala

Lys

Gln

Tyr

Leu

val

Glu

Ile

Lys

Lys

Page 118

Tyr
1080

val
1095

Glu
1110

val
1125

Thr
1140

Phe
1155

Asp
1170

Asn
1185

Thr
1200

Ile
1215

Asn
1245

Arg
1260

Ser
1290

Tyr
1305

val
1320

Gly

Asp

Thr

Glu

Thr

Gly

val

Arg

Ala

Ser

Lys

Leu

Ser

Asn

Asn

Asn

Thr

Thr

Arg

Lys

Phe

Thr

Lys

Leu

Asp

Asp

Ser

Lys

Leu

Asp

val

Ile

Gly

Ala

Arg

Pro

Asn

Glu

Asn

Asp

Lys

Glu

Thr

Leu

Glu

Arg

Lys

Tyr



Ala val
1325

Asp Thr
1340

Thr Lys Glu Asn Thr

Ser Thr Asn Gly Ile

1330

1345

Lys Gly Tyr Glu Ile Gly

1355

<210>
<211>
<212>
<213>

<220>
<223>

41

DNA

<400> 41
ttcttgaaga

aatggtttct
tttatttttc
gcttcaataa
tccectttttt
aaaagatgct
cggtaagatc
agttctgcta
ccgcatacac
tacggatggc
tgcggccaac
caacatgggg
accaaacgac
attaactggc
ggataaagtt
taaatctgga
taagccctcc
aaatagacag
agtttactca
ggtgaagatc
ctgagcgtca
cgtaatctgc
tcaagagcta

tactgtcctt

8122

Artificial

cgaaagggcc
tagacgtcag
taaatacatt
tattgaaaaa
gcggcatttt
gaagatcagt
cttgagagtt
tgtggcgcegg
tattctcaga
atgacagtaa
ttacttctga
gatcatgtaa
gagcgtgaca
gaactactta
gcaggaccac
gccggtgage
cgtatcgtag
atcgctgaga
tatatacttt
ctttttgata
gaccccgtag
tgcttgcaaa
ccaactcttt

ctagtgtagc

tcgtgatacg
gtggcacttt
caaatatgta
ggaagagtat
gccttectgt
tgggtgcacg
ttcgccccga
tattatcccg
atgacttggt
gagaattatg
caacgatcgg
ctcgeccttga
ccacgatgcc
ctctagcttc
ttctgcgctc
gtgggtctcg
ttatctacac
taggtgcctc
agattgattt
atctcatgac
aaaagatcaa
caaaaaaacc
ttccgaaggt

cgtagttagg

Ile ITe Asn Pro Ser

Lys Lys Ile Leu Ile

cctattttta
tcggggaaat
tccgctcatg
gagtattcaa
ttttgctcac
agtgggttac
agaacgtttt
tgttgacgcc
tgagtactca
cagtgctgcc
aggaccgaag
tcgttgggaa
tgcagcaatg
ccggcaacaa
ggcccttccg
cggtatcatt
gacggggagt
actgattaag
aaaacttcat
caaaatccct
aggatcttct
accgctacca
aactggcttc

ccaccacttc
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1335

Phe
1350

Synthetic construct - pET-14b-El1-PhaCc-M1

taggttaatg
gtgcgcggaa
agacaataac
catttccgtg
ccagaaacgc
atcgaactgg
ccaatgatga
gggcaagagc
ccagtcacag
ataaccatga
gagctaaccg
ccggagctga
gcaacaacgt
ttaatagact
gctggctggt
gcagcactgg
caggcaacta
cattggtaac
ttttaattta
taacgtgagt
tgagatcctt
gcggtggttt
agcagagcgc

aagaactctg

Glu Asn Gly

Ser Lys

tcatgataat
cccctatttg
cctgataaat
tcgcccttat
tggtgaaagt
atctcaacag
gcacttttaa
aactcggtcg
aaaagcatct
gtgataacac
cttttttgca
atgaagccat
tgcgcaaact
ggatggaggc
ttattgctga
ggccagatgg
tggatgaacg
tgtcagacca
aaaggatcta
tttcgttcca
tttttctgcg
gtttgccgga
agataccaaa

tagcaccgcc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440



tacatacctc
tcttaccggg
ggggggttcg
acagcgtgag
ggtaagcggc
gtatctttat
ctcgtcaggg
ggccttttgce
taaccgtatt
cagcgagtca
tctgtgcggt
gcatagttaa
gacacccgcc
acagacaagc
cgaaacgcgc
tgtctgcctg
ttctgataaa
tgtaaggggg
cgatacgggt
tggcggtatg
ttaatacaga
acataatggt
agaccattca
gctcgcgtat
tcctcaacga
tgcgccgegt
tttgcgcatt
cgttagcgag
acgcaacgcg
ccatgtgctc
taggctggta
cctggacagc

aatggggaag
ggccgccatg

gctctgctaa
ttggactcaa
tgcacacagc
ctatgagaaa
agggtcggaa
agtcctgtcg
gggcggagcc
tggccttttg
accgcctttg
gtgagcgagg
atttcacacc
gccagtatac
aacacccgct
tgtgaccgtc
gaggcagctg
ttcatccgeg
gcgggccatg
atttctgttc
tactgatgat
gatgcggcgg
tgtaggtgtt
gcagggcgct
tgttgttgct
cggtgattca
caggagcacg
gcggctgctg
cacagttctc
gtgccgeegg
gggaggcaga
gccgaggegg
agagccgcga
atggcctgca
gccatccagc

ccggcgataa

tcctgttacc
gacgatagtt
ccagcttgga
gcgccacgct
caggagagcg
ggtttcgcca
tatggaaaaa
ctcacatgtt
agtgagctga
aagcggaaga
gcatatatgg
actccgctat
gacgcgccct
tccgggaget
cggtaaagct
tccagctcgt
ttaagggcgg
atgggggtaa

gaacatgccc
gaccagagaa
ccacagggta
gacttccgcg
caggtcgcag
ttctgctaac
atcatgcgca
gagatggcgg
cgcaagaatt
cttccattca
caaggtatag
cataaatcgc
gcgatccttg
acgcgggcat
ctcgcgtegce

tggcctgett

agtggctgct
accggataag
gcgaacgacc
tcccgaaggg
cacgagggag
cctctgactt
cgccagcaac
ctttcctgceg
taccgctcgce
gcgcctgatg
tgcactctca
cgctacgtga
gacgggcttg
gcatgtgtca
catcagcgtg
tgagtttctc
ttttttcctg
tgataccgat
ggttactgga
aaatcactca
gccagcagca
tttccagact
acgttttgca
cagtaaggca
cccgtggeca
acgcgatgga
gattggctcc
ggtcgaggtg
ggcggcgcect
cgtgacgatc
aagctgtccc
cccgatgecg
gaacgccagc
ctcgccgaaa
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gccagtggcg
gcgcagcggt
tacaccgaac
agaaaggcgg
cttccagggg
gagcgtcgat
gcggcctttt
ttatcccctg
cgcagccgaa
cggtattttc
gtacaatctg
ctgggtcatg
tctgctcccg
gaggttttca
gtcgtgaagc
cagaagcgtt
tttggtcact
gaaacgagag
acgttgtgag
gggtcaatgc
tcctgcgatg
ttacgaaaca
gcagcagtcg
accccgccag
ggacccaacg
tatgttctgc
aattcttgga
gcccggcetec
acaatccatg
agcggtccag
tgatggtcgt
ccggaagcga
aagacgtagc

cgtttggtgg

ataagtcgtg
cgggctgaac
tgagatacct
acaggtatcc
gaaacgcctg
ttttgtgatg
tacggttcct
attctgtgga
cgaccgagcg
tccttacgea
ctctgatgcc
gctgcgeccc
gcatccgctt
ccgtcatcac
gattcacaga
aatgtctggc
gatgcctccg
aggatgctca
ggtaaacaac
cagcgcttcg
cagatccgga
cggaaaccga
cttcacgttc
cctagccggg
ctgcccgaga
caagggttgg
gtggtgaatc
atgcaccgcg
ccaacccgtt
tgatcgaagt
catctacctg
gaagaatcat
ccagcgcgtc

cgggaccagt

1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480



gacgaaggct
cgtcgcgctc
tcctacgagt
cgcccaccgg
cttatgcgac
cgccgcaagg
tgccaccata
cccatcggtg
ggccacgatg
actataggga
tgggcattgg
tgctggaaca
aactgctgaa
aaattagcaa
aagaacagga
gctgcggcect
aactggaagg
ataccggcga
ttaccccgca
attgcagccc
aaagctggct
cgagcaccag
atgcgaaaaa
tgaccggcgc
aatgccgcct
gcagctttaa
tgaaatatga
gcgtgaccca
cggtgaacat
aaaaagcgct
cgaccgcgcg
gcattggcgg
atggcgtgct

cctggctggg
tggtgaccct

tgagcgaggg
cagcgaaagc
tgcatgataa
aaggagctga
tcctgcatta
aatggtgcat
cccacgccga
atgtcggcga
cgtccggcgt
gaccacaacg
caaccgcgat
tggcagctgc
aaccgaagtg
caccaccacc
taccaacttt
gtttggcaaa
caaaattgtg
tcagcatcag
ggcgccgacc
gcgcaccggc
ggtgcataaa
ccaggaaacc
acaggaagtg
gaccgaaatt
gaaaatggat
actggaaaaa
aggcaccgat
gaacggccgc
tgaagcggaa
gaaactgagc
cggcgcgcegce
cgtgtttacc
gtttagcggc
cctgaacagc

gtatctgggc

cgtgcaagat
ggtcctcgec
agaagacagt
ctgggttgaa
ggaagcagcc
gcaaggagat
aacaagcgct
tataggcgcc
agaggatcga
gtttccctct
tttgtggaag
gtgaccacca
accaacccgg
gatagccgct
gtgtgccgec
ggcagcctga
cagtatgaaa
gtgggcaacg
agcgaaattc
ctggatttta
cagtggtttc
tggaaccgcc
gtggtgctgg
cagaccagcg
aaactgattc
gaagtggcgg
gcgccgtgea
ctgattaccg
ccgeccgtttg
tggtttaaaa
cgcatggcga
agcgtgggca
gtgagctgga
cgcagcacca

gtgatggtgc

tccgaatacc
gaaaatgacc
cataagtgcg
ggctctcaag
cagtagtagg
ggcgcccaac
catgagcccg
agcaaccgca
gatctcgatc
agaatatagg
gcctgagegg
tggcgaaaga
cggtgctgcg
gcccgaccca
gcacctttgt
ttacctgcgce
acctgaaata
aaaccaccga
agctgaccga
acgaaatggt
tggatctgcc
aggatctgct
gcagccagga
gcaccaccac
tgaaaggcat
aaacccagca
aaattccgtt
cgaacccgat
gcgaaagcta
aaggcagcag
ttctgggcga
aactgattca
ccatgaaaat
gcctgagcat

aggcgactag
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gcaagcgaca
cagagcgctg
gcgacgatag
ggcatcggtc
ttgaggccgt
agtcccccgg
aagtggcgag
cctgtggcgce
ccgcgaaatt
agataccagt
cgcgacctgg
taaaccgacc
caaactgtgc
gggcgaagcg
ggatcgcggc
gaaatttaaa
tagcgtgatt
acatggcacc
ttatggcgcg
gctgctgacc
gctgccgtgg
ggtgaccttt
aggcgcgatg
catttttgcg
gagctatgtg
tggcaccgtg
tagcagccag
tgtgaccgat
tattgtggtg
cattggcaaa
taccgcgtgg
tcagattttt
tggcattggc
gacctgcatt

tgcgaccggc

ggccgatcat
ccggcacctg
tcatgccccg
gacgctctcc
tgagcaccgc
ccacggggcc
cccgatcttc
cggtgatgcc
aatacgactc
atgcgctgeg
gtggatgtgg
ctggatattg
attgaagcga
accctggtgg
tggggcaacg
tgcgtgacca
gtgaccgtgc
accgcgacca
ctgaccctgg
atgaaaaaaa
accagcggcg
aaaaccgcgc
cataccgcgc
ggccatctga
atgtgcaccg
ctggtgcagg
gatgaaaaag
aaagaaaaac
ggcgcgggeg
atgtttgaag
gattttggca
ggcaccgcgt
attctgctga
gcggtgggca
aaaggcgcgg

3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580



cagcttccac
cagccacatg
ccgcgtccgg
tgggtgatat
agggcaaggc
gcaccaacct
ccgagctggc
tctcgcaatg
agcgcctget
aagacctgac
atgtcgcggt
acaagccgct
acaagtacta
agggacatac
cctgggacga
gcggccagga
cgctggcggt
cgctgctgga
agttgcgcga
ttgagctggc
tcgacaacta
acgccaccaa
acgagctcaa
tcgacgtgec
cctatgcctc
atatcgccgg
cgctgccgga
ggccggactg
actatggcaa
aggcacatat
gcgtggegcet
gcagcgaagg
gctttaccgt

gcattatttt

gcaggaaggc
gctggaatgg
cattccgggc
ccagcagcgc
cgaggccacc
cccatatcgc
cgatgccgtc
ggtcgatgcg
gatcgagtcg
acgcggcaag
gaccgaaggc
gaccgacaag
catcctggac
ggtgtttctg
ctacatcgag
caagatcaac
gctggccgeg
ctttgccgac
ggccacgctg
caataccttc
cctgaagggc
cctgccgggg
ggtaccgggc

gacctatatc
gaccgcgctg
tgtgatcaac
gtcgccgcag
gaccgcatgg
tgcgcgctat
ggtgctggeg
ggcgccgcat
cgcgtggaaa
gattgcgctg

tattctgctg

aagtcccaac
tcccgecagt
ctggatgcgc
tacatgaagg
ggtccgctgce
ttcgctgecg
gaggccgatg
atgtcgcccg
ggcggcgaat
atctcgcaga
gccgtggtct
gtgcacgcgc
ctgcagccgg
gtgtcgtggc
cacgcggcca
gtgctcggct
cgcggcgagce
acgggcatcc
ggcggcggeg
tcgttcttge
aacacgccgg
ccgtggtact
aagctgaccg
tacggctcgce
ctggcgaaca
ccgccggeca
caatggctgg
ctggccgggce
cgcgcaatcg
gtggcgattg
gtgggcctgg
cagattcaga
tttctggcgce
atgctggtga

cattcaaggt
ggcagggcac
tggcaggcgt
acttctcagc
acgaccggcg
cgttctacct
ccaagacccg
ccaacttcct
cgctgcgtgce
ccgacgagag
tcgagaacga
gcccgcetget
agagctcgct
gcaatccgga
tccgcgecat
tctgcgtggg
acccggccgce
tcgacgtctt
ccggcgcgcec
gcccgaacga
tgccgttcga
gctggtacct
tgtgcggcgt
gcgaagacca
agctgcgcett
agaacaagcg
ccggcgecat
aggccggegc
aacccgcgcc
ataaacgcgg
gcctggaaac
aagtggaaac
atgcgattgg
ccccgagcat
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cacgccgggg

tgaaggcaac
caagatcgcg
gctgtggcag
cttcgccggce
gctcaatgcg
ccagcgcatc
tgccaccaat
cggcgtgcgce
cgcgtttgag
gtacttccag
gatggtgccg
ggtgcgccat
cgccagcatg
cgaagtcgcg
cggcaccatt
cagcgtcacg
tgtcgacgag
gtgcgcgctg
cctggtgtgg
cctgctgttc
gcgccacacc
gccggtggac
tatcgtgccg
cgtgctgggt
cagccactgg
cgagcatcac
gaaacgcgcc
tgggcgatac
aggcggtgga
ccgcaccgaa
ctgggcgctg

caccagcatt

ggcgtaagga

ccattcgatc
ggccacgegg
ccggcgcagce
gccatggccg
gacgcatggc
cgcgccttga
cgcttcgcga
cccgaggcegce
aacatgatgg
gtcggccgea
ctgttgcagt
ccgtgcatca
gtggtggagc
gccggcagea
cgcgacatca
gtctcgaccg
ctgctgacca
ggccatgtgc
ctgcgecggcec
aactacgtgg
tggaacggcg
tacctgcaga
ctggccagca
tggaccgcgg
gcgtcgggec
actaacgatg
ggcagctggt
gcgcccgeca
gtcaaagcca
ggcctcgaga
acctggatga
cgccatccgg
acccagaaag

tccggetget

5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620



aacaaag
ccccttg
ggatatc
cgaagcg
gcataga
gtcggaa
tacagca
cggtgcc
gataagc
<210>
<211>
<212>
<213>

<220>
<223>

<400>

ccc
gg9
cac
agc
aat
tgg
tcc
tga
tgt
42

1178
PRT

gaaaggaagc
cctctaaacg
aggacgggtg
aggactgggc
tgcatcaacg
acgatatccc
agggtgacgg
ctgcgttagce

caaacatgag

Artificial

aa

tgagttggct
ggtcttgagg
tggtcgccat
ggcggccaaa
catatagcgc
gcaagaggcc
tgccgaggat

aatttaactg

gctgccaccg

ggttttttgc

gatcgcgtag

gcggtcggac

tagcagcacg

cggcagtacc

gacgatgagc

tgataaacta

ctgagcaata

tgaaaggagg
tcgatagtgg

agtgctccga

ccatagtgac

ggcataacca

gcattgttag

ccgcattaaa

E1l-Phac-M1 fusion polypeptide encoded by

42

Met Arg Cys val Gly ITe Gly Asn Arg Asp Phe val
1 5 10

Gly Ala

Thr Met

Glu val
50

ITe Ser
65

Thr Leu

val Asp

Leu Ile

ITe val

130

Thr Gly
145

Thr

Ala

35

Thr

Asn

val

Arg

Thr

115

Gln

Asp

Trp

20

Lys

Asn

Thr

Glu

Gly

Cys

TYyr

Gln

val

Asp

Pro

Thr

Glu

85

Trp

Ala

Glu

His

Asp

Lys

Ala

Thr

70

Gln

Gly

Lys

Asn

Gln
150

val

Pro

val

55

Asp

Asp

Asn

Phe

Leu

135

val

val

Thr

40

Leu

Ser

Thr

Gly

Lys

Gly

Leu

25

Leu

Arg

Arg

Asn

Cys

105

Cys

Tyr

Asn

Glu His

Asp Ile

Lys Leu

Cys Pro

75

Phe val
90

Gly Leu

val Thr

Ser val

Glu Thr
155
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Gly

Glu

Cys

60

Thr

Cys

Phe

Lys

Ile

140

Thr

PET-14b-E1-Phac-M1

Glu

Ser

Leu

45

Gln

Arg

Gly

Leu

125

val

Glu

Gly

Cys

30

Leu

Glu

Gly

Arg

Lys

Glu

Thr

His

actagcataa
aactatatcc
ctccaagtag
gaacgggtgc
tggcgatgct
agcctatgcec
atttcataca

gcttatcgat

Leu

15

val

Lys

Ala

Glu

Thr

95

Gly

val

Gly

Ser

Thr

Thr

Lys

Ala

80

Phe

Ser

Lys

His

Thr
160

7680
7740
7800
7860
7920
7980
8040
8100
8122



Thr

Asp

Phe

Ser

225

Lys

Glu

Ser

Met

Ser

305

Leu

Phe

Thr

Ala

Asp

Gly

Ala

Tyr

Asn

Lys

210

Thr

Thr

Gly

Gly

Asp

Phe

val

Ser

Ala

Glu

370

Ala

Phe

Thr

Lys

Thr

Gly

Glu

195

Gln

Ser

Ala

Ala

Thr

275

Lys

Lys

Gln

Ser

Asn

355

Pro

Leu

Glu

Ala

Leu

Ile

Ala

180

Met

Trp

Gln

His

Met

260

Thr

Leu

Leu

val

Gln

340

Pro

Pro

Lys

Ala

Thr

165

Leu

val

Phe

Glu

Ala

245

Thr

Glu

Lys

Asp

Ile

Phe

Leu

Thr

405

Asp

His

Pro

Thr

Leu

Leu

Thr

230

Lys

Thr

Leu

Lys

310

Tyr

Glu

val

Gly

Ser

390

Ala

Phe

Gln

Gln

Leu

Leu

215

Trp

Lys

Ala

Phe

Glu

Lys

Thr

Glu

375

Trp

Arg

Gly

Ile

Ala

Asp

Thr

200

Leu

Asn

Gln

Leu

Ala

280

Gly

val

Gly

Gly

Asp

360

Ser

Phe

Gly

Ser

Phe

Pro

Cys

185

Met

Pro

Arg

Glu

Thr

265

Gly

Met

Ala

Thr

val

345

Lys

Tyr

Lys

Ala

Ile

425

Gly

Thr

170

Ser

Lys

Leu

Gln

val

250

Gly

His

Ser

Glu

330

Thr

Glu

Lys

Arg
410

Gly

Ser

Pro

Lys

Pro

Asp

235

val

Ala

Leu

Tyr

Thr

315

Ala

Gln

Lys

val

Gly

Arg

Gly

Glu

Arg

Lys

Trp

Leu

val

Thr

Lys

val

300

Gln

Pro

Asn

Pro

val

380

Ser

Met

val

Thr Ala Tyr
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Thr

ser

205

Thr

Leu

Leu

Glu

Cys

285

Met

cys

Gly

val

365

Gly

Ser

Ala

Phe

Gly

Gln
Gly
Trp
Ser
val
Gly
Ile
270
Arg
cys
Gly
Lys
Arg
3

Asnh

Ala

Ile

Thr
430

val

Leu

175

Leu

Leu

Gly

Thr

ser

255

Gln

Leu

Thr

Thr

Ile

335

Leu

Gly

Gly

Leu

415

Ser

Leu

Thr

Asp

val

Ala

Phe

240

Gln

Thr

Lys

Gly

val

320

Pro

Ile

Glu

Glu

Lys

400

Gly

val

Phe



Ser

Ser

Gln

Glu

Ala

545

Pro

Ala

Leu

Tyr

Glu

625

Arg

Leu

Glu

Gly

val
705

val

Ala

Pro

Ala

Leu

His

Arg

Leu

Phe

Ala

Ser

435

val

Gly

Gly

Thr

Phe

515

Ser

Gly

Gln

Trp

595

Phe

Ala

Ala

Thr

Leu

675

Ile

val

Ser

Leu

Met

Lys

Arg

Ile

Leu

Gln

580

Arg

Ala

Asp

Ile

Asn

660

Arg

Ser

Thr

Trp

Asn

val

485

Lys

val

Gln

Pro

Arg

Ala

Ala

Ser

645

Pro

Ala

Gln

Glu

Thr

Ser

470

Thr

Gly

Thr

Trp

Asp

Met

Phe

Ala

val

630

Gln

Glu

Gly

Thr

Gly
710

Met

455

Arg

Leu

Ala

Pro

Gln

535

Leu

Ala

Ala

Phe

615

Glu

Trp

Ala

val

440

Lys

Ser

TYyr

Ala

Asp

Gln

Glu

Gly

Tyr

Ala

val

Gln

val

Thr

Leu

Ala

505

Pro

Thr

Ala

Gln

Asp

Leu

Asp

Asp

Ser

val

Gly

Ser

Gly

Ser

Phe

Glu

Leu

Lys

Ala

Leu

Ala

Ala

650

Leu

Met

Ala

Phe
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Ile

Leu

475

val

Thr

Asp

Gly

Ala

555

TYyr

Ala

Trp

Asn

Leu

Met

Phe

Glu
715

Gly

Ser

Met

Gln

Pro

Asn

540

Gly

Met

Glu

Arg

Ala

620

Thr

Ser

Glu

Glu
700

Asn

445

Ile

Met

val

Ala

525

Gly

val

Lys

Ala

Thr

605

Arg

Arg

Pro

Glu

685

val

Leu

Thr

Gln

His

Lys

Asp

Thr

590

Asn

Ala

Gln

Ala

ser

670

Leu

Gly

Tyr

Leu

Cys

Ala

495

Lys

Trp

Ala

Ile

Phe

575

Gly

Leu

Leu

Arg

Asn

655

Gly

Thr

Arg

Phe

Thr

Ile

480

Thr

Ser

Leu

Ala

560

Ser

Pro

Pro

Thr

Ile

640

Phe

Gly

Arg

Asn

Gln
720



Leu

Leu

Pro

Phe

Arg

Gly

Glu

Ala

Leu

865

Leu

Asp

Pro

Pro

Glu

945

Leu

Leu

Met

Glu

Leu

770

Asp

Asp

Gly

Arg

Arg

Leu

val

Ala

Ile

Gln

val

Ser

755

val

Asp

Ile

Thr

Pro

835

Thr

Glu

Gly

val

Pro

915

Pro

Lys

Ser

val

Tyr

Pro

740

Ser

Ser

Tyr

Ser

Ile

820

Ala

Gly

Ala

Leu

Trp

val

Pro
980

Lys

Pro

Leu

Trp

Ala

Ile

Thr

Glu

885

Asn

Asp

Tyr

Pro

Pro

Cys

val

Arg

Glu

790

Gln

Ser

Ser

Leu

Leu

870

Leu

Tyr

Leu

cys

Thr

Leu

Arg

Asn

775

Asp

Thr

val

Gly

Ala

val

Leu

Lys

Pro

Ala

Thr

Asn

His

760

Pro

Ala

Lys

Ala

Thr

840

val

Gly

Asn

val

Phe

920

Tyr

Leu

Thr

Ala

Asp

Ala

Ile

Leu

825

Leu

Phe

Gly

Thr

Trp

Leu

Thr

Tyr

Tyr
985

Lys

Tyr

val

Ala

Ile

Asn

810

Ala

Leu

val

Ala

Phe

890

Asn

Asn

Arg

val

Ile

970

Ala

val

Tyr

Glu

Ser

val

Thr

Asp

Gly

Ser

Tyr

Gly

cys
955

Tyr

Ser

His

Ile

Gln

Met

780

Ala

Leu

Leu

Thr

Glu

860

Ala

Phe

Leu

Asp

Thr

940

Gly

Gly

Thr
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Ala

Leu

Gly

Ala

Ile

Gly

Ala

Leu

845

Gly

Pro

Leu

Lys

Ala

925

Tyr

val

Ser

Ala

Arg

Gly

Glu

Phe

Ala

830

Leu

His

cys

Arg

Gly

Thr

Leu

Pro

Arg

Leu
990

Pro

735

Leu

Thr

ser

val

Cys

815

Arg

Asp

val

Ala

Pro

895

Asn

Asn

Gln

val

Glu

975

Leu

Leu

Gln

val

Thr

Ala

800

val

Gly

Phe

Leu

880

Asn

Thr

Leu

Asn



Asn Lys Leu Arg Phe val Leu Gly Ala Ser Gly His Ile Ala Gly val
995 1000 1005

Ile Asn
1010

Ala Leu
1025

His His
1040

Gln Ala
1055

Arg Tyr
1070

Lys Ala
1085

Gly Gly
1100

Gly Leu
1115

Trp Lys
1130

Gly Phe
1145

Ser Ile
1160

Thr Pro
1175

<210> 43

Pro

Pro

Gly

Gly

Arg

Gln

Thr

Thr

Ser

<211> 8122

<212> DN
<213>

<220>
<223>

<400> 43

A

Pro

Ser

Ala

Ala

Met

Leu

Thr

val

Gln

Met

Artificial

Ala Lys Asn

Ser

Trp

Lys

Ile

val

Glu

Arg

Gln

Ile

Lys

Ala

Pro

Trp

Arg

Leu

Ser

Thr

Lys

Ala

Gly

1015

Gln
1030

Pro
1045

Ala
1060

Pro
1075

Ala
1090

val
1105

Glu
1120

val
1135

Leu
1150

Ile
1165

Lys

Gln

Asp

Ala

Ala

val

Ala

Thr

Glu

Phe

Ile

Arg

Trp

Trp

Pro

Pro

Ala

Leu

Trp

Thr

Leu

Phe

Ser

Leu

Thr

Ala

Gly

Ala

Met

Trp

Ala

Ile

His

Ala

Ala

Asn

Arg

Asp

Pro

Ser

Ala

His

Leu

Trp Thr Asn Asp

1020

Trp
1050

Tyr
1065

Tyr
1080

Lys
1095

His
1110

Ser
1125

Leu
1140

Ala
1155

Leu
1170

Synthetic construct - pET-14b-E2-PhaCc-M2

Ala

Leu

Gly

val

Arg

val

Met

ttcttgaaga cgaaagggcc tcgtgatacg cctattttta taggttaatg

aatggtttct tagacgtcag gtggcacttt tcggggaaat gtgcgcggaa

tttatttttc taaatacatt caaatatgta tccgctcatg agacaataac

gcttcaataa tattgaaaaa ggaagagtat gagtattcaa catttccgtg
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Ile Glu

Ala Gly

Asn Ala

Lys Ala

Gly Gly

Gly Leu

Gly Ala

His Pro

Gly Thr

Leu val

tcatgataat
cccctatttg
cctgataaat

tcgcccttat

60
120
180
240



tccectttttt
aaaagatgct
cggtaagatc
agttctgcta
ccgcatacac
tacggatggc
tgcggccaac
caacatgggg
accaaacgac
attaactggc
ggataaagtt
taaatctgga
taagccctcc
aaatagacag
agtttactca
ggtgaagatc
ctgagcgtca
cgtaatctgc
tcaagagcta
tactgtcctt
tacatacctc
tcttaccggg
ggggggttcg
acagcgtgag
ggtaagcggc
gtatctttat
ctcgtcaggg
ggccttttgce
taaccgtatt
cagcgagtca
tctgtgcggt
gcatagttaa
gacacccgcc

acagacaagc

gcggcatttt
gaagatcagt
cttgagagtt
tgtggcgcgg
tattctcaga
atgacagtaa
ttacttctga
gatcatgtaa
gagcgtgaca
gaactactta
gcaggaccac
gccggtgage
cgtatcgtag
atcgctgaga
tatatacttt
ctttttgata
gaccccgtag
tgcttgcaaa
ccaactcttt
ctagtgtagc
gctctgctaa
ttggactcaa
tgcacacagc
ctatgagaaa
agggtcggaa
agtcctgtcg
gggcggagcec
tggccttttg
accgcctttg
gtgagcgagg
atttcacacc
gccagtatac
aacacccgct

tgtgaccgtc

gccttecctgt
tgggtgcacg
ttcgccccga
tattatcccg
atgacttggt
gagaattatg
caacgatcgg
ctcgccttga
ccacgatgcc
ctctagcttc
ttctgcgctc
gtgggtctcg
ttatctacac
taggtgcctc
agattgattt
atctcatgac
aaaagatcaa
caaaaaaacc
ttccgaaggt
cgtagttagg
tcctgttacc
gacgatagtt
ccagcttgga
gcgccacgct
caggagagcg
ggtttcgcca
tatggaaaaa
ctcacatgtt
agtgagctga
aagcggaaga
gcatatatgg
actccgctat
gacgcgccct

tccgggagcet

ttttgctcac
agtgggttac
agaacgtttt
tgttgacgcc
tgagtactca
cagtgctgcc
aggaccgaag
tcgttgggaa
tgcagcaatg
ccggcaacaa
ggcccttccg
cggtatcatt
gacggggagt
actgattaag
aaaacttcat
caaaatccct
aggatcttct
accgctacca
aactggcttc
ccaccacttc
agtggctgct
accggataag
gcgaacgacc
tcccgaaggg
cacgagggag
cctctgactt
cgccagcaac
ctttcctgceg
taccgctcgce
gcgcctgatg
tgcactctca
cgctacgtga
gacgggcttg
gcatgtgtca
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ccagaaacgc
atcgaactgg
ccaatgatga
gggcaagagc
ccagtcacag
ataaccatga
gagctaaccg
ccggagctga
gcaacaacgt
ttaatagact
gctggctggt
gcagcactgg
caggcaacta
cattggtaac
ttttaattta
taacgtgagt
tgagatcctt
gcggtggttt
agcagagcgc
aagaactctg
gccagtggeg
gcgcageggt
tacaccgaac
agaaaggcgg
cttccagggg
gagcgtcgat
gcggectttt
ttatcccctg
cgcagccgaa
cggtattttc
gtacaatctg
ctgggtcatg
tctgctcccg

gaggttttca

tggtgaaagt
atctcaacag
gcacttttaa
aactcggtcg
aaaagcatct
gtgataacac
cttttttgca
atgaagccat
tgcgcaaact
ggatggaggc
ttattgctga
ggccagatgg
tggatgaacg
tgtcagacca
aaaggatcta
tttcgttcca
tttttctgcg
gtttgccgga
agataccaaa
tagcaccgcc
ataagtcgtg
cgggctgaac
tgagatacct
acaggtatcc
gaaacgcctg
ttttgtgatg
tacggttcct
attctgtgga
cgaccgagcg
tccttacgea
ctctgatgcc
gctgcgcecc
gcatccgctt

ccgtcatcac

300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280



cgaaacgcgc
tgtctgcctg
ttctgataaa
tgtaaggggg
cgatacgggt
tggcggtatg
ttaatacaga
acataatggt
agaccattca
gctcgcgtat
tcctcaacga
tgcgccgegt
tttgcgcatt
cgttagcgag
acgcaacgcg
ccatgtgctc
taggctggta
cctggacagc
aatggggaag
ggccgccatg
gacgaaggct
cgtcgcgctc
tcctacgagt
cgcccaccgg
cttatgcgac
cgccgcaagg
tgccaccata
cccatcggtg
ggccacgatg
actataggga
ttggcatgag
tgctggaaca
aactgattaa
aactgaccaa

aagaacagga

gaggcagctg
ttcatccgeg
gcgggccatg
atttctgttc
tactgatgat
gatgcggcgg
tgtaggtgtt
gcagggcgct
tgttgttgct
cggtgattca
caggagcacg
gcggctgetg
cacagttctc
gtgccgcegg
gggaggcaga
gccgaggcegg
agagccgcga
atggcctgca
gccatccagc
ccggcgataa
tgagcgaggg
cagcgaaagc
tgcatgataa
aaggagctga
tcctgcatta
aatggtgcat
cccacgccga
atgtcggcga
cgtccggcgt
gaccacaacg
caaccgcgat
tggcagctgc
aaccgaagcg
caccaccacc

taaacgcttt

cggtaaagct
tccagctegt
ttaagggcgg
atgggggtaa

gaacatgccc
gaccagagaa
ccacagggta
gacttccgcg
caggtcgcag
ttctgctaac
atcatgcgca
gagatggcgg
cgcaagaatt
cttccattca
caaggtatag
cataaatcgc
gcgatccttg
acgcgggcat
ctcgcgtcgce
tggcctgcett
cgtgcaagat
ggtcctcgec
agaagacagt
ctgggttgaa
ggaagcagcc
gcaaggagat
aacaagcgct
tataggcgcc
agaggatcga
gtttccctct
tttgtggaag
gtgaccacca
aaacagccgg
gaaagccgct

gtgtgcaaac

catcagcgtg
tgagtttctc
ttttttcctg
tgataccgat
ggttactgga
aaatcactca
gccagcagca
tttccagact
acgttttgca
cagtaaggca
cccgtggceca
acgcgatgga
gattggctcc
ggtcgaggtg
ggcggegect
cgtgacgatc
aagctgtccc
cccgatgecg
gaacgccagc
ctcgccgaaa
tccgaatacc
gaaaatgacc
cataagtgcg
ggctctcaag
cagtagtagg
ggcgcccaac
catgagcccg
agcaaccgca
gatctcgatc
agaatatagg
gcgtgagcgg
tggcgaaaaa
cgaccctgcg
gcccgaccca

atagcatggt
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gtcgtgaagc
cagaagcgtt
tttggtcact
gaaacgagag
acgttgtgag
gggtcaatgc
tcctgcgatg
ttacgaaaca
gcagcagtcg
accccgccag
ggacccaacg
tatgttctgc
aattcttgga
gcccggcetcc
acaatccatg
agcggtccag
tgatggtcgt
ccggaagcga
aagacgtagc
cgtttggtgg
gcaagcgaca
cagagcgctg
gcgacgatag
ggcatcggtc
ttgaggccgt
agtcccccgg
aagtggcgag
cctgtggcgce
ccgcgaaatt
agataccagt
cggcagctgg
caaaccgacc
caaatattgc
gggcgaaccg
ggatcgcggc

gattcacaga
aatgtctggc
gatgcctccg
aggatgctca
ggtaaacaac
cagcgcttcg
cagatccgga
cggaaaccga
cttcacgttc
cctagccggg
ctgcccgaga
caagggttgg
gtggtgaatc
atgcaccgcg
ccaacccgtt
tgatcgaagt
catctacctg
gaagaatcat
ccagcgcgtc
cgggaccagt
ggccgatcat
ccggcacctg
tcatgccccg
gacgctctcc
tgagcaccgc
ccacggggcc
cccgatcttc
cggtgatgcc
aatacgactc
atgcgctgca
gtggatattg
ctggattttg
attgaagcga
agcctgaacg

tggggcaacg

2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380



gctgcggcect
acatggaagg
atagcggcga
ttaccccgea
aatgcagccc
aagcgtggct
cggataccca
atgcgaaaaa
tgaccggcgce
aatgccgcct
gcaaatttaa
tgcagtatga
aacgccatgt
cggtgaacat
cgggccagct
ccaccatgcg
gcctgggcegg
atggcgcggce
cctggattgg
ttgtgaccct
cagcttccac
cagccacatg
ccgcgteccgg
tgggtgatat
agggcaaggc
gcaccaacct
ccgagctggce
tctcgcaatg
agcgcctget
aagacctgac
atgtcgcggt
acaagccgct
acaagtacta

agggacatac

gtttggcaaa
caaagtggtg
agaacatgcg
gagcagcatt
gcgcaccggc
ggtgcatcgc
gggcagcaac
acaggatgtg
gaccgaaatt
gcgcatggat
agtggtgaaa
aggcgatggc
gctgggccge
tgaagcggaa
gaaactgaac
cggcgcgaaa
cgtgtttacc
gtttagcggc
catgaacagc
gtatctgggc
gcaggaaggc
gctggaatgg
cattccgggc
ccagcagcgc
cgaggccacc
cccatatcgc
cgatgccgtc
ggtcgatgcg
gatcgagtcg
acgcggcaag
gaccgaaggc
gaccgacaag
catcctggac

ggtgtttctg

ggcggcattg

cagccggaaa
gtgggcaacg
accgaagcgg
ctggatttta
cagtggtttc
tggattcaga
gtggtgctgg
cagatgagca
aaactgcagc
gaaattgcgg
agcccgtgea
ctgattaccg
ccgeccgtttg
tggtttaaaa
cgcatggcga
agcattggca
gtgagctgga
cgcagcacca
gtgatggtgc
aagtcccaac
tcccgecagt
ctggatgcgc
tacatgaagg
ggtccgctgce
ttcgctgccg
gaggccgatg
atgtcgcccg
ggcggcgaat
atctcgcaga
gccgtggtct
gtgcacgcgc
ctgcagccgg
gtgtcgtggc

tgacctgcgce
acctggaata
ataccggcaa
aactgaccgg
acgaaatggt
tggatctgcc
aagaaaccct
gcagccagga
gcggcaacct
tgaaaggcat
aaacccagca
aaattccgtt
tgaacccgat
gcgatagcta
aaggcagcag
ttctgggcga
aagcgctgca
ccatgaaaat
gcctgagegt
aggcgactag
cattcaaggt
ggcagggcac
tggcaggcgt
acttctcagc
acgaccggcg
cgttctacct
ccaagacccg
ccaacttcct
cgctgcgtgce
ccgacgagag
tcgagaacga
gcccgcetget
agagctcgct
gcaatccgga
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gatgtttcgc
taccattgtg
acatggcaaa
ctatggcacc
gctgctgcag
gctgccgtgg
ggtgaccttt
aggcgcgatg
gctgtttacc
gagctatagc
tggcaccatt
tgaaattatg
tgtgaccgaa
tattattatt
cattggccag
taccgcgtgg
tcaggtgttt
tctgattggce
gaccctggtg
tgcgaccggc
cacgccgggg
tgaaggcaac
caagatcgcg
gctgtggcag
cttcgccggce
gctcaatgcg
ccagcgcatc
tgccaccaat
cggcgtgcgce
cgcgtttgag
gtacttccag
gatggtgccg
ggtgcgccat

cgccagcatg

tgcaaaaaaa
attaccccgce
gaaattaaaa
gtgaccatgg
atggaaaaca
ctgccgggeg
aaaaacccgc
cataccgcgc
ggccatctga
atgtgcaccg
gtgattcgcg
gatctggaaa
aaagatagcc
ggcgtggaac
atgtttgaaa
gattttggca
ggcgcgattt
gtgattatta
ctggtgggca
aaaggcgcgg
ccattcgatc
ggccacgcgg
ccggcgcagce
gccatggccg
gacgcatggc
cgcgccttga
cgcttcgcga
cccgaggcegce
aacatgatgg
gtcggccgea
ctgttgcagt
ccgtgcatca
gtggtggagc

gccggcagcea

4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420



cctgggacga
gcggccagga
cgctggcggt
cgctgctgga
agttgcgcga
ttgagctggc
tcgacaacta
acgccaccaa
acgagctcaa
tcgacgtgcec
cctatgcectc
atatcgccgg
cgctgccgga
ggccggactg
actatggcaa
aggcacatat
gcgtggcgcet
gcagcgaagg
gctttaccat
cgctgatttt
aacaaagccc
ccccttgggg
ggatatccac
cgaagcgagc
gcatagaaat
gtcggaatgg
tacagcatcc
cggtgcctga
gataagctgt
<210>
<211>

<212>
<213>

44
1178
PRT

Arti

<220>
<223>

<400> 44

ctacatcgag
caagatcaac
gctggeegeg
ctttgccgac
ggccacgctg
caataccttc
cctgaagggc
cctgccgggg
ggtaccgggc

gacctatatc
gaccgcgctg
tgtgatcaac
gtcgccgcag
gaccgcatgg
tgcgcgctat
ggtgctggcg
ggtgccgcat
cgcgtggaaa
gatggcggcg
tattctgctg
gaaaggaagc
cctctaaacg
aggacgggtg
aggactgggc
tgcatcaacg
acgatatccc
agggtgacgg
ctgcgttagc

caaacatgag

ficial

cacgcggcca
gtgctcggct
cgcggcgagce
acgggcatcc
ggcggcggcg
tcgttcttge
aacacgccgg
ccgtggtact
aagctgaccg
tacggctcgce
ctggcgaaca
ccgeccggeca
caatggctgg
ctggccgggce
cgcgcaatcg
gtggcgattg
gtgggcatgg
catgtgcagc
attctggcgt
accgcggtga
tgagttggct
ggtcttgagg
tggtcgccat
ggcggccaaa
catatagcgc
gcaagaggcc
tgccgaggat
aatttaactg

aa

tccgegecat
tctgcgtggg
acccggecgce
tcgacgtctt
ccggcgcegcec
gcccgaacga
tgccgttcga
gctggtacct
tgtgcggcgt
gcgaagacca
agctgcgcett
agaacaagcg
ccggcgcecat
aggccggcgce
aacccgcgcc
ataaacgcgg
gcctggaaac
gcattgaaac
ataccattgg
ccccgagcat
gctgccaccg
ggttttttgc
gatcgcgtag
gcggtcggac
tagcagcacg
cggcagtacc
gacgatgagc

tgataaacta

Page 131

cgaagtcgcg
cggcaccatt
cagcgtcacg
tgtcgacgag
gtgcgcgctg
cctggtgtgg
cctgctgttc
gcgccacacc
gccggtggac
tatcgtgccg
cgtgctgggt
cagccactgg
cgagcatcac
gaaacgcgcc
tgggcgatac
aggcggtgga
ccgcaccgaa
ctggattctg
caccacccat
gacctaagga
ctgagcaata
tgaaaggagg
tcgatagtgg
agtgctccga
ccatagtgac
ggcataacca
gcattgttag

ccgcattaaa

cgcgacatca
gtctcgaccg
ctgctgacca
ggccatgtgc
ctgcgecggcec
aactacgtgg
tggaacggcg
tacctgcaga
ctggccagca
tggaccgcgg
gcgtcgggec
actaacgatg
ggcagctggt
gcgcccgceca
gtcaaagcca
ggcctcgaga
acctggatga
cgccatccgg
tttcagcgcg
tccggcetget
actagcataa
aactatatcc
ctccaagtag
gaacgggtgc
tggcgatgct
agcctatgec
atttcataca

gcttatcgat

E2-PhaCc-M2 fusion polypeptide encoded by pET-14B-E2-PhaC-M2

6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8122



Met

Gly

Thr

Glu

Leu

65

Ser

val

val

Ser

145

Glu

Gly

Phe

His

Asp

Lys

Glu

Ser

Arg

Gly

Met

Ala

50

Thr

Leu

Asp

val

val

130

Gly

Tyr

Asn

Arg

210

Thr

Asn

Gly

Ser

Cys

Ser

Ala

35

Lys

Asn

Asn

Arg

Thr

115

Gln

Glu

Lys

Gly

Glu

195

Gln

Gln

Pro

Ala

Gly

Trp

20

Lys

Gln

Thr

Glu

Gly

Cys

Pro

Glu

Thr
180

Met

Trp

Gly

Met
260

Asn

Gly

val

Asn

Pro

Thr

Glu

85

Trp

Ala

Glu

His

Thr

165

val

val

Phe

Ser

Ala

245

His

Leu

Met

Asp

Lys

Ala

Thr

70

Gln

Gly

Met

Asn

Ala

150

Pro

Thr

Leu

Leu

Asn

230

Lys

Thr

Leu

Ser

Pro

Thr

55

Glu

Asp

Asn

Phe

Leu

135

val

Gln

Met

Leu

Asp

215

Trp

Lys

Ala

Phe

Asn

val

Thr

40

Leu

Ser

Lys

Gly

Arg

Glu

Gly

Ser

Glu

Gln

200

Leu

Ile

Gln

Leu

Thr

Arg

Leu

25

Leu

Arg

Arg

Arg

Cys

105

Cys

Tyr

Asn

Ser

Pro

Gln

Asp

Thr

265

Gly

Asp Phe
10

Glu His

Asp Phe

Lys Tyr

Cys Pro
75

Phe val
90

Gly Leu

Lys Lys

Thr Ile

Asp Thr
155

Ile Thr
170

Ser Pro

Glu Asn

Leu Pro

Lys Glu
235

val val
250

Gly Ala

His Leu
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val

Gly

Glu

Cys

60

Thr

Cys

Phe

Asn

val

140

Gly

Glu

Arg

Lys

Trp

220

Thr

val

Thr

Lys

Glu

Ser

Leu

45

Gln

Lys

Gly

Met

125

Lys

Ala

Thr

Ala

205

Leu

Leu

Leu

Glu

cys

Gly
Cys
30

Glu

Gly

Lys
1
Glu

Thr

Glu
Gly
Trp
Pro
val
Gly
Ile

270

Arg

val

15

val

Lys

Ala

Glu

ser

95

Gly

Gly

Pro

Gly

Leu

175

Leu

Leu

Gly

Thr

Ser

255

Gln

Leu

ser

Thr

Thr

Lys

Pro

80

Met

Gly

Lys

Lys

Thr

Asp

val

Phe
240
Gln

Met

Arg



Met

305

val

Phe

Thr

Ala

Gly

Met

Asp

Gly

Ser

Ser

Gln

Ala
545

Asp
290

Phe

val

Glu

370

Gln

Phe

Thr

Lys

val

Ala

Pro

275

Lys

Lys

Arg

Ile

Asn

355

Pro

Leu

Glu

Ala

Ala

435

val

Gly

Gly

Thr

Phe

515

Ser

Gly

Leu

val

val

Met

340

Pro

Pro

Lys

Thr

Trp

Leu

Ser

Met

Ile

Lys

Arg

Gln

val

Gln

325

Asp

Phe

Leu

Thr

405

Asp

His

Trp

Asn

val

485

Lys

val

Gln

Pro

Leu

Leu

val

Gly

Asn

390

Met

Phe

Gln

Thr

Ser

470

Thr

Gly

Thr

Trp

Glu

Thr

Asp

375

Trp

Arg

Gly

val

Met

455

Arg

Leu

Ala

Pro

Gln

535

Leu

280

Gly

Ile

Gly

Lys

Glu

360

Ser

Phe

Gly

Ser

Phe

440

Lys

Ser

TYyr

Ala

Asp

Met

Ala

Asp

345

Lys

Tyr

Lys

Ala

Leu

425

Gly

Thr

Leu

Ala

505

Pro

Thr

Ala

Ser

Glu

Gly

His

Asp

Lys

Lys

410

Gly

Ala

Leu

Ser

Gly

Ser

Phe

Leu

Tyr

Thr

315

Ser

val

Ser

Gly

Arg

Gly

Ile

Leu

475

val

Thr

Asp

Gly

Ala
555

Ser

300

Gln

Pro

Leu

Pro

Ile

380

Ser

Met

val

Tyr

Gly

Ser

Met

Gln

Pro

Asn

540

Gly
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285

Met

His

Cys

Gly

val

365

Gly

Ser

Ala

Phe

val

val

Glu

Ala

525

Gly

val

Ccys

Gly

Lys

Arg

Asn

val

Ile

Thr
430

Ala

Thr

Gln

His

Lys

Thr

Thr

Ile

335

Leu

Glu

Gly

Leu

415

Ser

Ala

Leu

Ala

495

Lys

Trp

Ala

Gly
Ile
320

Pro

Ile

Pro
Gln

400

Gly

Phe

Thr

val

480

Thr

Ser

Leu

Ala

Ala
560



Pro

Ala

Leu

Tyr

Glu

625

Arg

Leu

Glu

Gly

val

705

Leu

Leu

Pro

Phe

Ala

Leu

His

Arg

610

Leu

Phe

Ala

Ser

Leu

Met

Glu

Leu

770

Asp

Asp

Gly

Gln

Trp

595

Phe

Ala

Ala

Thr

Leu

675

Ile

val

Gln

val

Ser

755

val

Asp

Ile

Thr

Leu

Gln

580

Arg

Ala

Asp

Ile

Asn

660

Arg

Ser

Thr

Tyr

Pro

740

Ser

Ser

Tyr

Ser

Ile
820

Arg

Ala

Ala

Ser

645

Pro

Ala

Gln

Glu

Lys

Pro

Leu

Trp

Ile

Asp

Met

Phe

Ala

val

630

Gln

Glu

Gly

Thr

Gly

710

Pro

cys

val

Arg

Glu

790

Gln

Ser

Ala

Ala

Phe

615

Glu

Trp

Ala

val

Leu

Arg

Asn

775

His

Asp

Thr

Gln

Glu

Gly

Tyr

Ala

val

Gln

Arg

Glu

val

Thr

Asn

His

760

Pro

Ala

Lys

Ala

Gln

Asp

Leu

Asp

Asp

Arg

Asn

Ser

val

Asp

Lys

val

Asp

Ala

Ile

Leu
825

Lys

Ala

Leu

Ala

Ala

650

Leu

Met

Ala

Phe

Tyr

val

Ala

Ile

Asn

810

Ala

Tyr

Ala

Trp

Asn

Lys

Met

Leu

Met

Phe

Glu

715

val

Tyr

Glu

Ser

795

val

val

Met

Glu

Arg

Ala

620

Thr

Ser

Ile

Glu

Glu

700

Asn

Ile

Gln

Met

780

Ala

Leu

Leu
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Lys

Ala

Thr

605

Arg

Arg

Pro

Glu

685

val

Glu

Ala

Leu

Gly

Ala

Ile

Gly

Ala

Asp

Thr

590

Asn

Ala

Gln

Ala

ser

670

Leu

Gly

Tyr

Arg

Gly

Glu

Phe

Ala
830

Phe

575

Gly

Leu

Leu

Arg

Asn

655

Gly

Thr

Arg

Phe

Pro

735

Leu

Thr

Ser

val

cys

815

Arg

Ser

Pro

Pro

Thr

Ile

640

Phe

Gly

Arg

Asn

Gln

720

Leu

val

Thr

Ala

800

val

Gly



Glu His Pro Ala Ala Ser val Thr Leu Leu Thr Thr Leu Leu Asp Phe
835 840 845

Ala Asp Thr Gly Ile Leu Asp val Phe val Asp Glu Gly His val Gln
850 855 860

Leu Arg Glu Ala Thr Leu Gly Gly Gly Ala Gly Ala Pro Cys Ala Leu
865 870 875 880

Leu Arg Gly Leu Glu Leu Ala Asn Thr Phe Ser Phe Leu Arg Pro Asn
885 890 895

Asp Leu val Trp Asn Tyr Vval val Asp Asn Tyr Leu Lys Gly Asn Thr

Pro val Pro Phe Asp Leu Leu Phe Trp Asn Gly Asp Ala Thr Asn Leu
915 920 925

Pro Gly Pro Trp Tyr Cys Trp Tyr Leu Arg His Thr Tyr Leu Gln Asn
930 935 940

Glu Leu Lys val Pro Gly Lys Leu Thr val Cys Gly val Pro val Asp
945 950 955 960

Leu Ala Ser Ile Asp val Pro Thr Tyr Ile Tyr Gly Ser Arg Glu Asp
965 970 975

His ITe val Pro Trp Thr Ala Ala Tyr Ala Ser Thr Ala Leu Leu Ala
980 985 990

Asn Lys Leu Arg Phe val Leu Gly Ala Ser Gly His Ile Ala Gly val
995 1000 1005

Ile Asn Pro Pro Ala Lys Asn Lys Arg Ser His Trp Thr Asn Asp
1010 1015 1020

Ala Leu Pro Glu Ser Pro Gln GIln Trp Leu Ala Gly Ala Ile Glu
1025 1030 1035

His His Gly Ser Trp Trp Pro Asp Trp Thr Ala Trp Leu Ala Gly
1040 1045 1050

Gln Ala Gly Ala Lys Arg Ala Ala Pro Ala Asn Tyr Gly Asn Ala
1055 1060 1065

Arg Tyr Arg Ala ITe Glu Pro Ala Pro Gly Arg Tyr Vval Lys Ala
1070 1075 1080

Lys Ala His Met val Leu Ala Vval Ala Ile Asp Lys Arg Gly Gly
1085 1090 1095
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Gly
1100

Gly Leu

1115

Trp Lys

1130

Phe
1145

His
1160

Thr

Thr Pro

1175

<210>
<211>
<212>
<213>

45

DNA
<220>
<223>

<400> 45
ttcttgaaga

aatggtttct
tttatttttc
gcttcaataa
tccectttttt
aaaagatgct
cggtaagatc
agttctgcta
ccgcatacac
tacggatggc
tgcggccaac
caacatgggg
accaaacgac
attaactggc
ggataaagtt
taaatctgga
taagccctcc

aaatagacag

Glu

His

Thr

Phe

Ser

8116

Leu Glu

Thr Arg
val Gln
Met Met
Gln

Arg

Met Thr

Artificial

cgaaagggcc
tagacgtcag
taaatacatt
tattgaaaaa
gcggcatttt
gaagatcagt
cttgagagtt
tgtggcgcgg
tattctcaga
atgacagtaa
ttacttctga
gatcatgtaa
gagcgtgaca
gaactactta
gcaggaccac
gccggtgagce
cgtatcgtag

atcgctgaga

val
1105

Ser

Glu
1120

Thr

Ile
1135

Arg

Ala
1150

Ala

Ala Leu

1165

tcgtgatacg
gtggcacttt
caaatatgta
ggaagagtat
gccttecctgt
tgggtgcacg
ttcgccccga
tattatcccg
atgacttggt
gagaattatg
caacgatcgg
ctcgccttga
ccacgatgcc
ctctagcttc
ttctgcgctc
gtgggtctcg
ttatctacac

taggtgcctc

Ala

Thr

Glu

Ile

Ile

Leu

Trp

Thr

Leu

Phe

cctattttta
tcggggaaat
tccgctcatg
gagtattcaa
ttttgctcac
agtgggttac
agaacgtttt
tgttgacgcc
tgagtactca
cagtgctgcc
aggaccgaag
tcgttgggaa
tgcagcaatg
ccggcaacaa
ggcccttccg
cggtatcatt
gacggggagt
actgattaag
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val Pro

Met Ser

Trp Ile

Ala Tyr

Ile Leu

His Vval

1110

Ser Glu

1125

Leu
1140

Arg

Thr 1Ile

1155

Leu Thr

1170

Synthetic construct - pET-14b-E3-PhaC-M3

taggttaatg
gtgcgcggaa
agacaataac
catttccgtg
ccagaaacgc
atcgaactgg
ccaatgatga
gggcaagagc
ccagtcacag
ataaccatga
gagctaaccg
ccggagctga
gcaacaacgt
ttaatagact
gctggctggt
gcagcactgg
caggcaacta

cattggtaac

Gly Met

Gly Ala

His Pro

Gly Thr

Ala val

tcatgataat
cccctatttg
cctgataaat
tcgcccttat
tggtgaaagt
atctcaacag
gcacttttaa
aactcggtcg
aaaagcatct
gtgataacac
cttttttgca
atgaagccat
tgcgcaaact
ggatggaggc
ttattgctga
ggccagatgg
tggatgaacg

tgtcagacca

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080



agtttactca
ggtgaagatc
ctgagcgtca
cgtaatctgc
tcaagagcta
tactgtcctt
tacatacctc
tcttaccggg
ggggggttcg
acagcgtgag
ggtaagcggc
gtatctttat
ctcgtcaggg
ggccttttgce
taaccgtatt
cagcgagtca
tctgtgcggt
gcatagttaa
gacacccgcc
acagacaagc
cgaaacgcgc
tgtctgcctg
ttctgataaa
tgtaaggggg
cgatacgggt
tggcggtatg
ttaatacaga
acataatggt
agaccattca
gctcgcgtat
tcctcaacga
tgcgccgegt
tttgcgcatt
cgttagcgag

acgcaacgcg

tatatacttt
ctttttgata
gaccccgtag
tgcttgcaaa
ccaactcttt
ctagtgtagc
gctctgctaa
ttggactcaa
tgcacacagc
ctatgagaaa
agggtcggaa
agtcctgtcg
gggcggagcc
tggccttttg
accgcctttg
gtgagcgagg
atttcacacc
gccagtatac
aacacccgct
tgtgaccgtc
gaggcagctg
ttcatccgeg
gcgggccatg
atttctgttc
tactgatgat
gatgcggcgg
tgtaggtgtt
gcagggcgct
tgttgttgct
cggtgattca
caggagcacg
gcggctgetg
cacagttctc
gtgccgccgg
gggaggcaga

agattgattt
atctcatgac
aaaagatcaa
caaaaaaacc
ttccgaaggt
cgtagttagg
tcctgttacc
gacgatagtt
ccagcttgga
gcgccacgct
caggagagcg
ggtttcgcca
tatggaaaaa
ctcacatgtt
agtgagctga
aagcggaaga
gcatatatgg
actccgctat
gacgcgccct
tccgggaget
cggtaaagct
tccagctcgt
ttaagggcgg
atgggggtaa

gaacatgccc
gaccagagaa
ccacagggta
gacttccgcg
caggtcgcag
ttctgctaac
atcatgcgca
gagatggcgg
cgcaagaatt
cttccattca

caaggtatag

aaaacttcat
caaaatccct
aggatcttct
accgctacca
aactggcttc
ccaccacttc
agtggctgct
accggataag
gcgaacgacc
tcccgaaggg
cacgagggag
cctctgactt
cgccagcaac
ctttcctgeg
taccgctcgce
gcgcctgatg
tgcactctca
cgctacgtga
gacgggcttg
gcatgtgtca
catcagcgtg
tgagtttctc
ttttttcctg
tgataccgat
ggttactgga
aaatcactca
gccagcagca
tttccagact
acgttttgca
cagtaaggca
cccgtggeca
acgcgatgga
gattggctcc
ggtcgaggtg

ggcggcgcct
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ttttaattta
taacgtgagt
tgagatcctt
gcggtggttt
agcagagcgc
aagaactctg
gccagtggcg
gcgcageggt
tacaccgaac
agaaaggcgg
cttccagggg
gagcgtcgat
gcggectttt
ttatcccctg
cgcagccgaa
cggtattttc
gtacaatctg
ctgggtcatg
tctgctcccg
gaggttttca
gtcgtgaagc
cagaagcgtt
tttggtcact
gaaacgagag
acgttgtgag
gggtcaatgc
tcctgcgatg
ttacgaaaca
gcagcagtcg
accccgccag
ggacccaacg
tatgttctgc
aattcttgga
gcccggcetcc

acaatccatg

aaaggatcta
tttcgttcca
tttttctgcg
gtttgccgga
agataccaaa
tagcaccgcc
ataagtcgtg
cgggctgaac
tgagatacct
acaggtatcc
gaaacgcctg
ttttgtgatg
tacggttcct
attctgtgga
cgaccgagcg
tccttacgea
ctctgatgcc
gctgcgececc
gcatccgctt
ccgtcatcac
gattcacaga
aatgtctggc
gatgcctccg
aggatgctca
ggtaaacaac
cagcgcttcg
cagatccgga
cggaaaccga
cttcacgttc
cctagccggg
ctgcccgaga
caagggttgg
gtggtgaatc
atgcaccgcg

ccaacccgtt

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180



ccatgtgctc
taggctggta
cctggacagc
aatggggaag
ggccgccatg
gacgaaggct
cgtcgecgctc
tcctacgagt
cgcccaccgg
cttatgcgac
cgccgcaagg
tgccaccata
cccatcggtg
ggccacgatg
actataggga
tgggcgtggg
tgctggaaca
aactgcagaa
aaattaccaa
aagaacagga
gctgcggcect
cgattgaagg
ataccggcga
cgcaggcgag
gcccgcegceac
ggatggtgca
ccgaaacccc
aaaaacagga
gcgcgaccga
gcctgaaaat
ttgtgctgaa
ataaaggcga
cgcataacgg

acattgaagc

gccgaggcgg
agagccgcga
atggcctgca
gccatccagc
ccggcgataa
tgagcgaggg
cagcgaaagc
tgcatgataa
aaggagctga
tcctgcatta
aatggtgcat
cccacgccga
atgtcggcga
cgtccggegt
gaccacaacg
caaccgcgat
tggcggctgce
aaccgaagcg
cattaccacc
tcagaactat
gtttggcaaa
caaagtggtg
tcagcatcag
caccaccgaa
cggcctggat
tcgccagtgg
gacctggaac
agtggtggtg
aattcagaac
ggataaactg
aaaagaagtg
agatgcgccg
ccgcctgatt

ggaaccgccg

cataaatcgc
gcgatccttg
acgcgggcat
ctcgcgtcgce
tggcctgett
cgtgcaagat
ggtcctcgec
agaagacagt
ctgggttgaa
ggaagcagcc
gcaaggagat
aacaagcgct
tataggcgcc
agaggatcga
gtttccctct
tttgtggaag
gtgaccacca
acccagctgg
gatagccgct
gtgtgcaaac
ggcagcctgg
cagtatgaaa
gtgggcaacg
gcgattctgce
tttaacgaaa
ttttttgatc
cgcaaagaac
ctgggcagcc
agcggcggea
gaactgaaag
agcgaaaccc
tgcaaaattc
accgcgaacc

tttggcgaaa

cgtgacgatc
aagctgtccc
cccgatgecg
gaacgccagc
ctcgccgaaa
tccgaatacc
gaaaatgacc
cataagtgcg
ggctctcaag
cagtagtagg
ggcgcccaac
catgagcccg
agcaaccgca
gatctcgatc
agaatatagg
gcctgagegg
tggcgaaaaa
cgaccctgcg
gcccgaccca
atacctatgt
tgacctgcgce
acctgaaata
aaacccaggg
cggaatatgg
tgattctgct
tgccgcetgec
tgctggtgac
aggaaggcgc
ccagcatttt
gcatgagcta
agcatggcac
cgtttagcac
cggtggtgac
gcaacattgt
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agcggtccag
tgatggtcgt
ccggaagcga
aagacgtagc
cgtttggtgg
gcaagcgaca
cagagcgctg
gcgacgatag
ggcatcggtc
ttgaggccgt
agtcccccgg
aagtggcgag
cctgtggcgce
ccgcgaaatt
agataccagt
cgcgacctgg
caaaccgacc
caaactgtgc
gggcgaagcg
ggatcgcggc
gaaatttcag
taccgtgatt
cgtgaccgcg
caccctgggc
gaccatgaaa
gtgggcgagc
ctttaaaaac
gatgcatacc
tgcgggccat
tgcgatgtgc
cattctgatt
cgaagatggc
caaaaaagaa

gattggcatt

tgatcgaagt
catctacctg
gaagaatcat
ccagcgcgtc
cgggaccagt
ggccgatcat
ccggcacctg
tcatgccccg
gacgctctcc
tgagcaccgc
ccacggggcc
cccgatcttc
cggtgatgcc
aatacgactc
atgcgctgeg
gtggatgtgg
ctggatattg
attgaaggca
gtgctgccgg
tggggcaacg
tgcctggaac
attaccgtgc
gaaattaccc
ctggaatgca
aacaaagcgt
ggcgcgacca
gcgcatgcga
gcgctgaccg
ctgaaatgcc
accaacacct
aaagtggaat
cagggcaaag
gaaccggtga
ggcgataacg

3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220



cgctgaaaat
aacgcggcgc
gcggcgtgct
cgctgtttag
ttggcctgaa
ccctgtatct
ccacgcagga
catggctgga
ccggcattcc
atatccagca
aggccgaggc
acctcccata
tggccgatgc
aatgggtcga
tgctgatcga
tgacacgcgg
cggtgaccga
cgctgaccga
actacatcct
atacggtgtt
acgactacat
aggacaagat
cggtgctggc
tggactttgc
gcgaggccac
tggccaatac
actacctgaa
ccaacctgcc
tcaaggtacc
tgccgaccta
cctcgaccgce
ccggtgtgat
cggagtcgcc
actggaccgc

gcaatgcgcg

taactggtat
gcgccgceatg
gaacagcctg
cggcgtgagc
cagcaaaaac
gggcgcggtg
aggcaagtcc
atggtcccgc
gggcctggat
gcgctacatg
caccggtccg
tcgctteget
cgtcgaggcc
tgcgatgtcg
gtcgggcgge
caagatctcg
aggcgccgtg
caaggtgcac
ggacctgcag
tctggtgtcg
cgagcacgcg
caacgtgctc
cgcgcgeggce
cgacacgggc
gctgggcggc
cttctcgttc
gggcaacacg
ggggccgtgg
gggcaagctg
tatctacggc
gctgctggeg
caacccgccg
gcagcaatgg
atggctggcc

ctatcgcgca

aaaaaaggca
gcgattctgg
ggcaaaatgg
tgggtgatga
accagcatga
gtgcaggcga
caaccattca
cagtggcagg
gcgctggcag
aaggacttct
ctgcacgacc
gccgegttct
gatgccaaga
cccgccaact
gaatcgctgc
cagaccgacg
gtcttcgaga
gcgcgeecgce
ccggagagct
tggcgcaatc
gccatccgeg
ggcttctgcg
gagcacccgg
atcctcgacg
ggcgccggeg
ttgcgcccga
ccggtgecgt
tactgctggt
accgtgtgcg
tcgcgcgaag
aacaagctgc
gccaagaaca
ctggccggceg
gggcaggccg

atcgaacccg

gcagcattgg
gcgataccgc
tgcatcagat
aaattggcat
gctttagctg
ctagtgcgac
aggtcacgcc
gcactgaagg
gcgtcaagat
cagcgctgtg
ggcgcttcgce
acctgctcaa
cccgccagceg
tccttgecac
gtgccggcgt
agagcgcgtt
acgagtactt
tgctgatggt
cgctggtgcg
cggacgccag
ccatcgaagt
tgggcggcac
ccgccagegt
tctttgtcga
cgccgtgcgce
acgacctggt
tcgacctgct
acctgcgcca
gcgtgccggt
accatatcgt
gcttcgtgct
agcgcagcca
ccatcgagca
gcgcgaaacg

cgcctgggcg
Page 139

caaaatgttt
gtgggatttt
ttttggcagc
tggcgtgctg
cattgcgatt
cggcaaaggc
ggggccattc
caacggccac
cgcgccggceg
gcaggccatg
cggcgacgca
tgcgcgcegcec
catccgcttc
caatcccgag
gcgcaacatg
tgaggtcggc
ccagctgttg
gccgeegtgce
ccatgtggtg
catggccggc
cgcgcgcgac
cattgtctcg
cacgctgctg
cgagggccat
gctgctgcgce
gtggaactac
gttctggaac
cacctacctg
ggacctggcc
gccgtggacc
gggtgcgtcg
ctggactaac
tcacggcagc
cgccgegecc

atacgtcaaa

gaagcgaccg
ggcagcgtgg
gcgtataccg
ctgacctgga
ggcattatta
gcggcagcett
gatccagcca
gcggecgegt
cagctgggtg
gccgagggca
tggcgcacca
ttgaccgagc
gcgatctcgc
gcgcagcgcc
atggaagacc
cgcaatgtcg
cagtacaagc
atcaacaagt
gagcagggac
agcacctggg
atcagcggcc
accgcgctgg
accacgctgc
gtgcagttgc
ggccttgagc
gtggtcgaca
ggcgacgcca
cagaacgagc
agcatcgacg
gcggcctatg
ggccatatcg
gatgcgctgc
tggtggccgg
gccaactatg

gccaaggcac

5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320



atatggtgct
cgctggcegcec
aaggcgcgtg
ccattctggc
tttttattct
gcccgaaagg
ggggcctcta
ccacaggacg
gagcaggact
aaattgcatc
atggacgata
atccagggtg
ctgactgcgt
ctgtcaaaca
<210>
<211>

<212>
<213>

46
1176
PRT

<220>
<223>
<400> 46
Met Arg Cys
1

Thr

Gly Ala

Ala
35

Thr Met

Ala Thr

50

Glu

ITe Thr

65

Asn

val Leu Pro

val Asp Arg

Leu val Thr

val
Trp
20

Lys

Gln

Glu

Gly

cys

ggcggtggcg
gcatgtgggc
gcgccaggtg
gctgtttctg
gctgatgctg
aagctgagtt
aacgggtctt
ggtgtggtcg
gggcggcgge
aacgcatata
tcccgcaaga
acggtgccga
tagcaattta

tgagaa

Artificial

Gly

5

val

Asn

Leu

Thr

Glu

85

Trp

Ala

val Gly Asn

Asp val val

Thr
40

Lys Pro

Thr
55

Ala Leu

Thr
70

Asp Ser

Gln Asp GIn

Gly Asn Gly

Lys Phe GIn

attgataaac
atgggcctgg
gaaaaagtgg
gcgcattata
gtgaccccga
ggctgctgec
gaggggtttt
ccatgatcgc
caaagcggtc
gcgctagcag
ggcccggcag
ggatgacgat

actgtgataa

gcggaggcegg

atacccgcac

aaacctgggc

ttggcaccag

gcatgaccta

accgctgagc

ttgctgaaag

gtagtcgata

ggacagtgct

cacgccatag

taccggcata

gagcgcattg

actaccgcat

Arg

Leu

25

Leu

Arg

Arg

Asn

Asp

10

Glu

Asp

Lys

cys

Tyr

90

Gly

Phe

Leu

Pro

75

val

Leu

tggaggcctc
ccagacctgg
gctgcgecat
cctgacccag
aggatccggc
aataactagc
gaggaactat
gtggctccaa
ccgagaacgg
tgactggcga
accaagccta
ttagatttca

taaagcttat

E3-Phac-M3 fusion polypeptide encoded by

val

Gly

Glu

cys

60

Thr

cys

Phe

Leu Glu Pro
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gagagcgtgg
atgagcgcgg
ccgggcttta
aaagtggtga
tgctaacaaa
ataacccctt
atccggatat
gtagcgaagc
gtgcgcatag
tgctgtcgga
tgcctacagc
tacacggtgc

cgatgataag

PET-14B-E3-PhaCc-M3

Glu Gly Leu Ser
15

Gly cys val Thr

30

Leu Gln Thr

45

Lys

Glu Gly Lys

Ala
80

Gln Gly Glu

Thr
95

Lys His Tyr

Gly Lys Gly Ser
1

Glu Gly Lys

7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8116



val

Thr

145

Glu

Gly

Glu

Gln

Glu

225

Ala

Ala

Gly

Lys

val

305

Lys

Thr

Asn

Pro

Leu
385

val
130

Gly

Thr

Met

Trp

210

Thr

Met

Thr

Leu

290

Leu

val

Glu

Pro

Pro

370

Lys

115

Gln

Asp

Thr

Leu

Ile

195

Phe

Pro

Ala

His

Ser

275

Glu

Lys

Asp

val
355

Phe

Tyr

Gln

Pro

Gly

Leu

Phe

Thr

Lys

Thr

260

Ile

Leu

Lys

TYyr

Gly

Asn

Glu

His

Gln

165

Leu

Leu

Asp

Trp

Lys

245

Ala

Phe

Lys

Glu

Lys

Gln

Thr

Trp

Asn

Gln

150

Ala

Glu

Thr

Leu

Asn

230

Gln

Leu

Ala

Gly

val

310

Gly

Gly

Lys

Ser

TYyr
390

Leu

135

val

Ser

Cys

Met

Pro

215

Arg

Glu

Thr

Gly

Met

295

Ser

Lys

Lys

Asn

375

Lys

120

Lys

Gly

Thr

Ser

Lys

Leu

Lys

val

Gly

His

280

Ser

Glu

Asp

Ala

Glu

360

Ile

Lys

Tyr

Asn

Thr

Pro

185

Asn

Pro

val

Ala

265

Leu

Tyr

Thr

Ala

His

345

Glu

val

Gly

Thr

Glu

Glu

170

Arg

Lys

Trp

Leu

val

250

Thr

Lys

Ala

Gln

Pro

330

Asn

Pro

Ile

Ser

val

Thr

155

Ala

Thr

Ala

Ala

Leu

235

Leu

Glu

Cys

Met

His

315

Cys

Gly

val

Gly

Ser
395

Ile
140

Gln

Gly

Trp

ser

220

val

Gly

Arg

Cys

300

Gly

Lys

Arg

Asn

Ile

380

Ile
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125

Ile

Gly

Leu

Leu

Met

205

Gly

Thr

Ser

Gln

Leu

285

Thr

Thr

Ile

Leu

Ile

365

Gly

Gly

Thr

val

Pro

Asp

val

Ala

Phe

Gln

Asn

270

Lys

Asn

Pro

Ile

350

Glu

Asp

Lys

val

Thr

Glu

175

Phe

Thr

Lys

Glu

255

Ser

Met

Thr

Leu

Phe

335

Thr

Ala

Asn

Met

Ala

160

Tyr

Asn

Arg

Thr

Asn

240

Gly

Gly

Asp

Phe

Ile

320

Ser

Glu

Ala

Phe
400



Glu

Ala

Met

val

Gly

Thr

Phe

Ser

Trp

Asp

Phe

Ala

625

Ala

Thr

Ala

Trp

val

Ser

450

Leu

Gly

Lys

Leu

Gln

Arg

Ala

610

Asp

Asn

Thr

Asp

His

435

Trp

Asn

Lys

val

515

Gln

Pro

Gly

Ala

Ala

Ser

Pro

Glu

Phe

420

Gln

val

Ser

Thr

Trp

Gly

Asp

Met

580

Phe

Ala

val

Gln

Glu
660

Met

Lys

Leu

485

Ala

Pro

Gln

Leu

Ile

565

Ala

Ala

Phe

Glu

Gly

Ser

Phe

Lys

Asn

470

Tyr

Ala

Gly

Gly

550

Gln

Glu

Gly

Tyr

Ala

630

val

Gln

Ala

val

Gly

Ile

455

Thr

Leu

Ala

Pro

Thr

535

Ala

Gln

Gly

Asp

Leu

615

Asp

Asp

Arg

Arg

Gly

Ser

440

Gly

Ser

Gly

Ser

Phe

520

Glu

Leu

Arg

Lys

Ala

600

Leu

Ala

Ala

Leu

Met

Ala

Thr

505

Asp

Gly

Ala

Tyr

Ala

585

Trp

Asn

Lys

Met

Leu
665

Met

410

val

Tyr

Gly

Ser

val

490

Gln

Pro

Asn

Gly

Met

570

Glu

Arg

Ala

Thr

Ser

650

Ile
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Ala

Leu

Thr

val

Phe

475

val

Glu

Ala

Gly

val

555

Lys

Ala

Thr

Arg

Arg

635

Pro

Glu

Asn

Ala

Leu

460

Ser

Gln

Gly

Thr

His

540

Lys

Asp

Thr

Asn

Ala

620

Gln

Ala

Ser

Leu

Ser

Leu

445

Leu

Cys

Ala

Lys

Phe

Gly

Leu

605

Leu

Arg

Asn

Gly

Gly
Leu
430

Phe

Thr

Thr
Ser
510
Leu
Ala
Ala
Ser
Pro
590

Pro

Thr

Phe

Gly
6

Ser

Trp

Ala

ser

495

Gln

Glu

Ala

Pro

Ala

575

Leu

Tyr

Glu

Arg

Leu

655

Glu

Thr

Lys

Gly

Ile

480

Pro

Trp

Ser

Ala

560

Leu

His

Arg

Leu

Phe

640

Ala

Ser



Leu

val

705

Gln

val

Ser

val

Asp

785

Ile

Thr

Pro

Thr

Glu

865

val

Pro

Pro

Arg

Ser

690

Thr

Tyr

Pro

Ser

Ser

770

TYyr

Ser

Ala

Leu

Trp

Phe

Ala

675

Gln

Glu

Lys

Pro

Leu

755

Trp

Ile

Gly

val

Ala

835

Ile

Thr

Glu

Asn

Gly

Thr

Gly

Pro

Cys

740

val

Arg

Glu

Gln

ser

820

Ser

Leu

Leu

Leu

Tyr

900

Leu

Cys

val

Asp

Ala

Leu

725

Arg

Asn

His

val

Asp

Gly

Ala

885

val

Leu

Trp

Arg

Glu

val

710

Thr

Asn

His

Pro

Ala

790

Lys

Ala

Thr

val

Gly

Asn

val

Phe

Tyr

Asn

Ser

695

val

Asp

Lys

val

Asp

775

Ala

Ile

Leu

Leu

Phe

855

Gly

Thr

Asp

Trp

Leu
935

Met

680

Ala

Phe

Lys

Tyr

val

760

Ala

Asn

Ala

Leu

840

val

Ala

Phe

Asn

Asn

920

Arg

Met

Phe

val

TYyr

745

Ser

Arg

val

val

825

Thr

Asp

Gly

Ser

Tyr

905

Gly

His

Glu

Glu

Asn

His

730

Gln

Met

Ala

Leu

810

Leu

Thr

Ala

Phe

890

Leu

Asp

Thr

Asp

val

Glu

715

Ala

Leu

Gly

Ala

Ile

795

Gly

Ala

Leu

Gly

Pro

875

Leu

Lys

Ala

Tyr

Leu

Gly

Tyr

Arg

Asp

His

Gly

Glu

Phe

Ala

Leu

His

860

Cys

Arg

Gly

Thr

Leu
940
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Thr

685

Arg

Phe

Pro

Leu

Thr

765

Ser

val

Cys

Arg

845

val

Ala

Pro

Asn

Asn

925

Gln

Arg

Asn

Gln

Leu

Gln

750

val

Thr

Ala

val

Gly

Phe

Gln

Leu

Asn

Thr

910

Leu

Asn

Gly

val

Leu

Leu

735

Pro

Phe

Trp

Arg

Ala

Leu

Leu

Pro

Glu

Lys

Leu
720

Met

Leu

Asp

Asp

800

Gly

Asp

Arg

Arg

Leu

val

Gly

Leu



val

val Pro Gly Lys Leu Thr val Cys Gly val Pro val Asp Leu Ala
950 955 960

Ile Asp val Pro Thr Tyr Ile Tyr Gly Ser Arg Glu Asp His Ile
965 970 975

Pro Trp Thr Ala Ala Tyr Ala Ser Thr Ala Leu Leu Ala Asn Lys
980 985 990

Leu Arg Phe val Leu Gly Ala Ser Gly His Ile Ala Gly Vval Ile Asn
995 1000 1005

Pro Pro Ala Lys Asn Lys Arg Ser His Trp Thr Asn Asp Ala Leu
1010 1015 1020

Pro Glu Ser Pro GIn GIn Trp Leu Ala Gly Ala Ile Glu His His
1025 1030 1035

Gly Ser Trp Trp Pro Asp Trp Thr Ala Trp Leu Ala Gly Gln Ala
1040 1045 1050

Gly Ala Lys Arg Ala Ala Pro Ala Asn Tyr Gly Asn Ala Arg Tyr
1055 1060 1065

Arg Ala Ile Glu Pro Ala Pro Gly Arg Tyr val Lys Ala Lys Ala
1070 1075 1080

His Met Vval Leu Ala val Ala 1Ile Asp Lys Arg Gly Gly Gly Gly
1085 1090 1095

Gly Leu Glu Ser val Ala Leu Ala Pro His val Gly Met Gly Leu
1100 1105 1110

Asp Thr Arg Thr Gln Thr Trp Met Ser Ala Glu Gly Ala Trp Arg
1115 1120 1125

Gln val Glu Lys val Glu Thr Trp Ala Leu Arg His Pro Gly Phe
1130 1135 1140

Thr Ile Leu Ala Leu Phe Leu Ala His Tyr Ile Gly Thr Ser Leu
1145 1150 1155

Thr GIn Lys val val Ile Phe 1Ile Leu Leu Met Leu Val Thr Pro
1160 1165 1170

Ser Met Thr
1175

<210> 47

<211> 8119

<212> DNA

<213> Artificial
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<220>
<223>

<400> 47
ttctcatgtt

ttgctaacgc
caccgtcacc
gcgggatatc
tgcgttgatg
ccgcccagtc
cacacccgtc
cccgtttaga
cagcttcctt
atcagcacaa
cccgccagea
ttccacgcgce
tgcggggtca
gccagcacca
tagcgcgcat
catgcggtcc
tgcggcgact
ttgatcacac
agcgcggtcg
atataggtcg
cccggtacct
cccggcaggt
cccttcaggt
aaggtattgg
agcgtggcct
tcggcaaagt
gcggccagea
ttgatcttgt
tcgatgtagt
agaaacaccg
tccaggatgt
ttgtcggtca

ccttcggtca

tgacagctta
agtcaggcac
ctggatgctg
gtccattccg
caatttctat
ctgctcgctt
ctgtggatat
ggccccaagg
tcgggctttg
aaaacacggt
gcgcaaagcc
cttcgctgct
gcgccacgct
tatgtgcctt
tgccatagtt
agtccggcca
ccggcagcgce
cggcgatatg
aggcataggc
gcacgtcgat
tgagctcgtt
tggtggcgtc
agttgtcgac
ccagctcaag
cgcgcaactg
ccagcagcgt
ccgccagcegce
cctggecget
cgtcccaggt
tatgtccctg
agtacttgtt
gcggcttgta

ccgcgacatt

tcatcgataa
cgtgtatgaa
taggcatagg
acagcatcgc
gcgcacccgt
cgctacttgg
ccggatatag
ggttatgcta
ttagcagccg
gcgctgaatg
cgggttgcgce
catccaggtt
ctcgaggcct
ggctttgacg
ggcgggcgeg
ccagctgccg
atcgttagtc
gcccgacgea
cgcggtccac
gctggccagg
ctgcaggtag
gccgttccag
cacgtagttc
gccgcgcagce
cacatggccc
ggtcagcagc
ggtcgagaca
gatgtcgcgc
gctgccggec
ctccaccaca
gatgcacggc
ctgcaacagc

gcggccgacc

gctttaatgc
atctaacaat
cttggttatg
cagtcactat
tctcggagea
agccactatc
ttcctccttt
gttattgctc
gatccttaat
ccggtctggce
agaatccagc
tccgegeggg
ccaccgcctc
tatcgcccag
gcgcgtttcg
tgatgctcga
cagtggctgc
cccagcacga
ggcacgatat
tccaccggea
gtgtggcgca
aacagcaggt
cacaccaggt
agcgcgcacg
tcgtcgacaa
gtgacgctgg
atggtgccgce
gcgacttcga
atgctggcgt
tggcgcacca
ggcaccatca
tggaagtact

tcaaacgcgc
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Synthetic construct - pET-14b-E4-PhaC-M4

ggtagtttat
gcgctcatcg
ccggtactgc
ggcgtgctgce
ctgtccgacc
gactacgcga
cagcaaaaaa
agcggtggca
agctcggcgce
caatcatata
tttccacgcg
tttccaggcc
cgcgtttatc
gcgecgggttc
cgccggcectg
tggcgccggce
gcttgttctt
agcgcagcett
ggtcttcgcg
cgccgcacac
ggtaccagca
cgaacggcac
cgttcgggcg
gcgcgeeggc
agacgtcgag
cggcecgggtg
ccacgcagaa
tggcgcggat
ccggattgceg
gcgagctctc
gcagcgggcg
cgttctcgaa

tctcgtcggt

cacagttaaa
tcatcctcgg
cgggcctctt
tagcgctata
gctttggccg
tcatggcgac
cccctcaaga
gcagccaact
caccagcatc
cgccataaag
ctgcgcatgt
catgccgcta
aatcgccacc
gattgcgcga
cccggecagce
cagccattgc
ggccggcggg
gttcgccagce
cgagccgtag
ggtcagcttg
gtaccacggc
cggcgtgttg
caagaacgag
gccgccgcecc
gatgcccgtg
ctcgccgegce
gccgagcacg
ggccgegtge
ccacgacacc
cggctgcagg
cgcgtgcacc
gaccacggcg

ctgcgagatc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980



ttgccgcgtg
gactcgatca
gcatcgaccc
acggcatcgg
cgatatggga
gtggcctcgg
cgctgctgga
cccggaatgce
cattccagcc
ccttcctgeg
cccagaaaca
ctgttggtgc
ccgccaaaca
gtaaacaggc
ttcgcgecgce
tgcagggtca
tccagttcaa
cggcccacca
cccgcgectt
ttatcaatgc
tccatgcgea
acttcggtcg
acatcctggc
tgcacttcgc
ttatgcacca
ccgctgegeg
ctcgggctgce
gcatgggtat
accaggttgc
ttgccaaaca
tactgctgat
gtggtaatgt
gcggtggttt

cagccgccat

tcaggtcttc
gcaggcgctg
attgcgagat
ccagctcggt
ggttggtgcg
ccttgecctc
tatcacccag
cggacgcggc
atgtggctgg
tggaagctgc
gggtaatgcc
caatccacag
tggtggtata
cgcccacgct
gataggtgct
gcgcgctgtt
tgttggtcac
ctttttcttt
catatttcac
taaatttgcc
ctttgcattt
cgcccgcecag
gtttcgcatg
tggtatccgc
gccaggtttt
gttcgcaatc
gcggggtaat
cgccgttatg
cggtaatttt
ggccgcagec
cctgttcttc
tgctaatgct
tggtcagttc

gttccagcac

catcatgttg
cgcctcggga
cgcgaagcgg
caaggcgcgc
ccatgcgtcg
ggccatggcc
ctgcgeeggce
cgcgtggccg
atcgaatggc
cgcgcctttg
gcccaccgea
caccagaaag
cacgctgcca
gccaaaatcc
ttcaaacatt
gcccacgcca
gctgttggtg
gttcacatcg
tttcaccacg
gctgcacatg
cagatggccc
cgcgctatgce
cggcacttta
gcccgeggtce
ttttttcatt
cagggtcagt
catcgcggtc
cacggtcacc
gccgctgcag
gttgccccag
tttcagatac
cgcttcaatg
aaaatccagg

cagatccacc

cgcacgccgg
ttggtggcaa
atgcgctggc
gcattgagca
ccggcgaagc
tgccacagcg
gcgatcttga
ttgccttcag
cccggcgtga
ccggtcgceac
atgcaggtca
ccaatcagaa
aacacctgat
cacgcggttt
ttgccaatgc
atcacaatat
ttttccgeca
cgaatttcaa
gtggtgccat
gtatagctca
gcaaacatat
atcgcgectt
aaggtcacca
cacggcagcg
ttcatcagaa
tcgccataat
acgccatggt
accacggtat
ctaaatttcg
ccgcgatcca
ggttcgcect
caataggtgc
gtcggtttgc
cacgcgccgce
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cacgcagcga
ggaagttggc
gggtcttggc
ggtagaacgc
gccggtcgtg
ctgagaagtc
cgcctgcecag
tgccctgceca
ccttgaatgg
tagtcgcctg
tcgccatget
tgcgaatcat
gcaccgcttt
cgcccagaat
tgctgccttt
agctatcgcc
gcggggtgct
tcggcacttt
gctgggtttc
tgcctttaat
ggttgccatc
cctggctgcec
tgcgttcttt
gcagatccag
tcatttcgtt
ccggcagttt
tgctggtatc
attccaggtt
cgcaggtcac
ccacatcgcg
gggtcgggca
gcagcagcgc
cctgcgccat

cgctcacgcc

ttcgccgecc
gggcgacatc
atcggcctcg
ggcagcgaag
cagcggaccg
cttcatgtag
cgcatccagg
ctggcgggac
ttgggacttg
cacggtaaag
ggtgttgcgg
ccagctcacg
gcccaggctg
cgccatgcgt
gcgaaaccaa
aaacggcggt
gctaataatg
gcacggcgceg
cgccatttct
gcgcagtttt
gccgctatcc
cagcacggtc
atagttccaa
aaaccactgt
aaaatcaatg
cacttccacg
gttgcccacc
ttcaatctgc
cacgccgcect
gcggcaaata
gcgggtcgceg
cacttctttc

ggtggtcacg

ttccacaaaa

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020



tcgeggttgce
gttgtggtct
cgccggacgc
cgccgacatc
cggcgtgggt
tgcaccattc
aatgcaggag
cagctccttc
tatcatgcaa
ctttcgctgg
cctcgctcaa
tatcgccggce
ctggatggcc
gcaggccatg
cgcggctctt
cgcctcggeg
ctgcctcccc
cggcggcacc
agaactgtga
agcagccgca
gtgctcctgt
gaatcaccga
gcaacaacat
gcgccctgea
acacctacat
cgccgcatcc
tcatcagtaa
aacagaaatc
atggcccgct
gcggatgaac
agctgcctcg
acggtcacag
gcgggtgttg
tatactggct

gtgtgaaata

ccacgcccac
ccctatagtg
atcgtggccg
accgatgggg
atggtggcag
cttgcggcgg
tcgcataagg
cggtgggcge
ctcgtaggac
agcgcgacga
gccttcgtca
atggcggccg
ttccccatta
ctgtccaggc
accagcctaa
agcacatgga
gcgttgegtc
tcgctaacgg
atgcgcaaac
cgcggcgceat
cgttgaggac
tacgcgagcg
gaatggtctt
ccattatgtt
ctgtattaac
ataccgccag
cccgtatcgt
ccccttacac
ttatcagaag
aggcagacat
cgcgtttcgg
cttgtctgta
gcgggtgteg
taactatgcg

ccgcacagat

gcagcgcata
agtcgtatta
gcatcaccgg
aagatcgggc
gccccgtggce
cggtgctcaa
gagagcgtcg
ggggcatgac
aggtgccggc
tgatcggcct
ctggtcccgce
acgcgctggg
tgattcttct
aggtagatga
cttcgatcac
acgggttggc
gcggtgceatg
attcaccact
caacccttgg
ctcgggcagce
ccggctaggce
aacgtgaagc
cggtttccgt
ccggatctgce
gaagcgctgg
ttgtttaccc
gagcatcctc
ggaggcatca
ccagacatta
ctgtgaatcg
tgatgacggt
agcggatgcc
gggcgcagcc
gcatcagagc

gcgtaaggag

ctggtatctc
atttcgcggg
cgccacaggt
tcgccacttc
cgggggactg
cggcctcaac
accgatgccc
tatcgtcgcc
agcgctctgg
gtcgcttgcg
caccaaacgt
ctacgtcttg
cgcttccggce
cgaccatcag
tggaccgctg
atggattgta
gagccgggcc
ccaagaattg
cagaacatat
gttgggtcct
tggcggggtt
gactgctgct
gtttcgtaaa
atcgcaggat
cattgaccct
tcacaacgtt
tctcgtttca
gtgaccaaac
acgcttctgg
cttcacgacc
gaaaacctct
gggagcagac
atgacccagt
agattgtact

aaaataccgc
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ctatattcta
atcgagatct
gcggttgctg
gggctcatga
ttgggcgcca
ctactactgg
ttgagagcct
gcacttatga
gtcattttcg
gtattcggaa
ttcggcgaga
ctggcgttcg
ggcatcggga
ggacagcttc
atcgtcacgg
ggcgccgcecc
acctcgacct
gagccaatca
ccatcgcgtc
ggccacgggt
gccttactgg
gcaaaacgtc
gtctggaaac
gctgctggct
gagtgatttt
ccagtaaccg
tcggtatcat
aggaaaaaac
agaaactcaa
acgctgatga
gacacatgca
aagcccgtca
cacgtagcga
gagagtgcac

atcaggcgct

gagggaaacc
cgatcctcta
gcgcctatat
gcgcttgttt
tctccttgea
gctgcttcct
tcaacccagt
ctgtcttctt
gcgaggaccg
tcttgcacgc
agcaggccat
cgacgcgagg
tgcccgegtt
aaggatcgct
cgatttatgc
tataccttgt
gaatggaagc
attcttgcgg
cgccatctcc
gcgcatgatc
ttagcagaat
tgcgacctga
gcggaagtca
accctgtgga
tctctggtcc
ggcatgttca
tacccccatg
cgcccttaac
cgagctggac
gctttaccgc
gctcccggag
gggcgcgtca
tagcggagtg
catatatgcg

cttccgettc

4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120



ctcgctcact
aaaggcggta
aaaaggccag
gctccgceccc
gacaggacta
tccgaccctg
ttctcatagc
ctgtgtgcac
tgagtccaac
tagcagagcg
ctacactaga
aagagttggt
ttgcaagcag
tacggggtct
atcaaaaagg
aagtatatat
ctcagcgatc
tacgatacgg
ctcaccggct
tggtcctgca
aagtagttcg
gtcacgctcg
tacatgatcc
cagaagtaag
tactgtcatg
ctgagaatag
cgcgccacat
actctcaagg
ctgatcttca
aaatgccgca
ttttcaatat
atgtatttag
tgacgtctaa

gccctttegt

gactcgctgc
atacggttat
caaaaggcca
cctgacgagc
taaagatacc
ccgcttaccg
tcacgctgta
gaaccccccg
ccggtaagac
aggtatgtag
aggacagtat
agctcttgat
cagattacgc
gacgctcagt
atcttcacct
gagtaaactt
tgtctatttc
gagggcttac
ccagatttat
actttatccg
ccagttaata
tcgtttggta
cccatgttgt
ttggccgcag
ccatccgtaa
tgtatgcggc
agcagaactt
atcttaccgc
gcatctttta
aaaaagggaa
tattgaagca
aaaaataaac
gaaaccatta

cttcaagaa

gctcggtcgt
ccacagaatc
ggaaccgtaa
atcacaaaaa
aggcgtttcc
gatacctgtc
ggtatctcag
ttcagcccga
acgacttatc
gcggtgctac
ttggtatctg
ccggcaaaca
gcagaaaaaa
ggaacgaaaa
agatcctttt
ggtctgacag
gttcatccat
catctggccc
cagcaataaa
cctccatcca
gtttgcgcaa
tggcttcatt
gcaaaaaagc
tgttatcact
gatgcttttc
gaccgagttg
taaaagtgct
tgttgagatc
ctttcaccag
taagggcgac
tttatcaggg
aaataggggt

ttatcatgac

tcggctgegg
aggggataac
aaaggccgcg
tcgacgctca
ccctggaagc
cgcctttctc
ttcggtgtag
ccgctgcgcec
gccactggca
agagttcttg
cgctctgctg
aaccaccgct
aggatctcaa
ctcacgttaa
aaattaaaaa
ttaccaatgc
agttgcctga
cagtgctgca
ccagccagcc
gtctattaat
cgttgttgcc
cagctccggt
ggttagctcc
catggttatg
tgtgactggt
ctcttgcccg
catcattgga
cagttcgatg
cgtttctggg
acggaaatgt
ttattgtctc
tccgcgeaca

attaacctat
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cgagcggtat
gcaggaaaga
ttgctggcgt
agtcagaggt
tccctegtgce
ccttcgggaa
gtcgttcgct
ttatccggta
gcagccactg
aagtggtggc
aagccagtta
ggtagcggtg
gaagatcctt
gggattttgg
tgaagtttta
ttaatcagtg
ctccecgtceg
atgataccgc
ggaagggccg
tgttgccggg
attgctgcag
tcccaacgat
ttcggtcctc
gcagcactgc
gagtactcaa
gcgtcaacac
aaacgttctt
taacccactc
tgagcaaaaa
tgaatactca
atgagcggat
tttccccgaa

aaaaataggc

cagctcactc
acatgtgagc
ttttccatag
ggcgaaaccc
gctctcctgt
gcgtggcgcet
ccaagctggg
actatcgtct
gtaacaggat
ctaactacgg
ccttcggaaa
gtttttttgt
tgatcttttc
tcatgagatt
aatcaatcta
aggcacctat
tgtagataac
gagacccacg
agcgcagaag
aagctagagt
gcatcgtggt
caaggcgagt
cgatcgttgt
ataattctct
ccaagtcatt
gggataatac
cggggcgaaa
gtgcacccaa
caggaaggca
tactcttcct
acatatttga
aagtgccacc

gtatcacgag

6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8119



<210> 48

<211> 1177
<212> PRT

<213> Artificial
<220>

<223> E4-Phac-M4 fusion polypeptide encoded by pET-14b-E4-Phac-m4
<400> 48

Met Arg Cys val Gly val Gly Asn Arg Asp Phe val Glu Gly val Ser

1 5 10 15

Gly Gly Ala Trp val Asp Leu val Leu Glu His Gly Gly Cys val Thr
20 25 30

Thr Met Ala Gln Gly Lys Pro Thr Leu Asp Phe Glu Leu Thr Lys Thr
35 40 45

Thr Ala Lys Glu val Ala Leu Leu Arg Thr Tyr Cys Ile Glu Ala Ser
50 55 60

Ile Ser Asn Ile Thr Thr Ala Thr Arg Cys Pro Thr GIn Gly Glu Pro
65 70 75 80

Tyr Leu Lys Glu Glu Gln Asp Gln GIn Tyr ITe Cys Arg Arg Asp Vval
85 90 95

val Asp Arg Gly Trp Gly Asn Gly Cys Gly Leu Phe Gly Lys Gly Gly
100 105 110

val val Thr Cys Ala Lys Phe Ser Cys Ser Gly Lys Ile Thr Gly Asn
115 120 125

Leu val GIn Ile Glu Asn Leu Glu Tyr Thr val val val Thr val His
130 135 140

Asn Gly Asp Thr His Ala val Gly Asn Asp Thr Ser Asn His Gly val
145 150 155 160

Thr Ala Met Ile Thr Pro Arg Ser Pro Ser val Glu val Lys Leu Pro
165 170 175

Asp Tyr Gly Glu Leu Thr Leu Asp Cys Glu Pro Arg Ser Gly Ile Asp
180 185 190

Phe Asn Glu Met ITle Leu Met Lys Met Lys Lys Lys Thr Trp Leu Vval
195 200 205

His Lys GIn Trp Phe Leu Asp Leu Pro Leu Pro Trp Thr Ala Gly Ala
210 215 220

Asp Thr Ser Glu val His Trp Asn Tyr Lys Glu Arg Met val Thr Phe
225 230 235 240
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Lys

Glu

Gly

Met

Ile

Ser

Leu

Ser

385

Met

Glu

Gly

Ser

val

Gly

Asp

Glu

290

Phe

val

Glu

Ser

Glu

370

Ala

Phe

Thr

Lys

val

Ala

Pro

Ala

Gly

Lys

Ser

Lys

Ile

Thr

355

Pro

Leu

Glu

Ala

Ala

435

val

Gly

Gly

Thr

Met
260

Asn

Leu

val

Pro

Thr

Ser

Ser

Thr

Gly

Ala

245

His

Arg

Asp

Lys

Asp

Leu

Phe

Leu

Thr

405

Asp

Trp

Asn

Ile

485

Lys

Lys

Ser

Met

Ile

Lys

310

Tyr

val

Ala

Gly

His

390

Tyr

Phe

Gln

Met

Ser

470

Thr

Gly

Arg

Ala

Phe

Glu

Asn

Glu

Asp

375

Trp

Arg

Gly

val

Ile

455

Arg

Leu

Ala

Gln

Leu

Ala

280

Gly

Met

Gly

Lys

Asn

360

Ser

Phe

Gly

Ser

Phe

440

Arg

Asn

Phe

Ala

Asp

Ala

265

Gly

Met

Ala

Ala

Glu

345

Thr

Tyr

Arg

Ala

val

425

Gly

Ile

Thr

Leu

Ala
505

val

250

Gly

His

Ser

Glu

Lys

Asn

Lys

Lys

410

Gly

Ser

Leu

Ser

Gly

490

Ser

Thr

Ala

Leu

Tyr

Thr

315

Ala

val

Ser

val

Gly

Arg

Gly

val

Met
475

Phe

Thr

val

Thr

Lys

Thr

300

Gln

Pro

val

val

Ile

380

Ser

Met

Leu

Tyr

Gly

Ala

Thr

Gln
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Leu

Glu

Cys

285

Met

Cys

Gly

Thr

365

Gly

Ser

Ala

Phe

Thr

445

Phe

Met

val

Glu

Gly
val
270
Lys
Cys
Gly
Lys
Arg
3

Ash
val
Ile
Ile
Thr
430
Thr
Leu

Thr

Gln

ser

255

Asp

val

ser

Thr

val

335

Ile

Ile

Gly

Gly

Leu

415

Ser

Met

val

cys

Ala

495

Lys

Gln

ser

Arg

Gly

Thr

320

Pro

Glu

Asn

Lys

400

Gly

Leu

Phe

Leu

Ile

480

Thr

Ser



Gln

Glu

Ala

545

Pro

Ala

Leu

Tyr

Glu

625

Arg

Leu

Glu

Gly

val

705

Leu

Leu

Pro

Phe

Pro

Ala

Leu

His

Arg

610

Leu

Phe

Ala

Ser

Leu

Met

Glu

Leu
770

Phe

515

Ser

Gly

Gln

Trp

595

Phe

Ala

Ala

Thr

Leu

675

Ile

val

Gln

val

Ser

755

val

Lys

Arg

Ile

Leu

Gln

580

Arg

Ala

Asp

Ile

Asn

660

Arg

Ser

Thr

TYyr

Pro

740

Ser

Ser

val

Gln

Pro

Arg

Ala

Ala

Ser

645

Pro

Ala

Gln

Glu

Lys

Pro

Leu

Trp

Thr

Trp

Met

Phe

Ala

val

630

Gln

Glu

Gly

Thr

Gly

710

Pro

Cys

val

Arg

Pro
Gln

535

Leu

Ala

Ala

Phe

615

Glu

Trp

Ala

val

Leu

Ile

Arg

Asn
775

Asp

Gln

Glu

Gly

Tyr

Ala

val

Gln

val

Thr

Asn

His

760

Pro

Pro

Thr

Ala

Gln

Asp

Leu

Asp

Asp

Ser

val

Asp

Lys

745

val

Asp

Phe

Glu

Leu

Lys

Ala

Leu

Ala

Ala

650

Leu

Met

Ala

Phe

Tyr

val

Ala

Asp

Gly

Ala

555

Tyr

Ala

Trp

Asn

Leu

Met

Phe

Glu

715

val

Tyr

Glu

Ser

Pro

Asn

540

Gly

Met

Glu

Arg

Ala

620

Thr

Ser

Glu

Glu

700

Asn

His

Ile

Gln

Met
780
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Ala

525

Gly

val

Lys

Ala

Thr

605

Arg

Arg

Pro

Glu

685

val

Glu

Ala

Leu

Thr

His

Lys

Asp

Thr

590

Asn

Ala

Gln

Ala

ser

670

Leu

Gly

TYyr

Arg

Asp

750

Gly

Trp

Ala

Ile

Phe

575

Gly

Leu

Leu

Arg

Asn

655

Gly

Thr

Arg

Phe

Pro

735

Leu

Thr

Ser

Leu

Ala

560

ser

Pro

Pro

Thr

Ile

640

Phe

Gly

Arg

Asn

Gln

720

Leu

Gln

val

Thr



Arg

Gly

Glu

Ala

Leu

865

Leu

Asp

Pro

Pro

Glu

945

Leu

Asn

Ala

His

Gln

Asp Asp Tyr Ile Glu His Ala Ala ITle Arg Ala Ile Glu val Ala
790 795 800

Asp Ile Ser Gly GIn Asp Lys Ile Asn val Leu Gly Phe Cys val
805 810 815

Gly Thr I1e val Ser Thr Ala Leu Ala val Leu Ala Ala Arg Gly
820 825 830

His Pro Ala Ala Ser val Thr Leu Leu Thr Thr Leu Leu Asp Phe
835 840 845

Asp Thr Gly Ile Leu Asp val Phe val Asp Glu Gly His val Gln
850 855 860

Arg Glu Ala Thr Leu Gly Gly Gly Ala Gly Ala Pro Cys Ala Leu
870 875 880

Arg Gly Leu Glu Leu Ala Asn Thr Phe Ser Phe Leu Arg Pro Asn
885 890 895

Leu val Trp Asn Tyr val val Asp Asn Tyr Leu Lys Gly Asn Thr

val Pro Phe Asp Leu Leu Phe Trp Asn Gly Asp Ala Thr Asn Leu
915 920 925

Gly Pro Trp Tyr Cys Trp Tyr Leu Arg His Thr Tyr Leu GIn Asn
930 935 940

Leu Lys val Pro Gly Lys Leu Thr val Cys Gly val Pro val Asp
950 955 960

Ala Ser Ile Asp val Pro Thr Tyr Ile Tyr Gly Ser Arg Glu Asp
965 970 975

Ile val Pro Trp Thr Ala Ala Tyr Ala Ser Thr Ala Leu Leu Ala
980 985 990

Lys Leu Arg Phe val Leu Gly Ala Ser Gly His Ile Ala Gly val

995 1000 1005

Asn Pro Pro Ala Lys Asn Lys Arg Ser His Trp Thr Asn Asp

1010 1015 1020
Leu Pro Glu Ser Pro Gln GIln Trp Leu Ala Gly Ala Ile Glu
1025 1030 1035

His Gly Ser Trp Trp Pro Asp Trp Thr Ala Trp Leu Ala Gly
1040 1045 1050

Ala Gly Ala Lys Arg Ala Ala Pro Ala Asn Tyr Gly Asn Ala
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Pro Gly Ar

Ala ITe As

Leu Thr Pr

Trp Met Se

Ser Trp Il

Met Ala

Ty

Phe val Le

1065

g Tyr val

1080

P Lys
1095

Arg

0 His Ser

1110

r ser
1125

e Leu
1140

r Met
1155

u Met
1170

Met

Lys
Gly Gly
Gly Met
Gly Ala
Asn Pro
Gly

Leu val

Synthetic construct - pET-14b-SEBOVGP-PhaC-ZEBOVGP

ttctcatgtt tgacagctta tcatcgataa gctttaatgc ggtagtttat cacagttaaa

1055 1060

Arg Tyr Arg Ala ITe Glu Pro Ala
1070 1075

Lys Ala His Met val Leu Ala val
1085 1090

Gly Gly Gly Leu Glu Ser val Ala
1100 1105

Gly Leu Glu Thr Arg Ala Glu Thr
1115 1120

Trp Lys His Ala Gln Arg val Glu
1130 1135

Gly Phe Ala Leu Leu Ala Gly Phe
1145 1150

Thr Gly ITle GIn Arg Thr val Phe
1160 1165

Ala Pro Ser Tyr
1175

<210> 49

<211> 10468

<212> DNA

<213> Artificial

<220>

<223>

<400> 49

ttgctaacgc agtcaggcac cgtgtatgaa

caccgtcacc ctggatgctg taggcatagg

gcgggatatc gtccattccg acagcatcgc

tgcgttgatg caatttctat gcgcacccgt

ccgcccagte ctgctcgett cgctacttgg

cacacccgtc ctgtggatat ccggatatag

cccgtttaga ggccccaagg ggttatgcta

cagcttcctt tcgggctttg ttagcagccg

agcagcgcaa taatcgcaat aataatgccg

cgccagccgg tccaccagtt atcatcgtta

tcatgaataa tctggttaat tttatcggta

cagcaatccg ggcccagaat gcggcaggtg

atctaacaat
cttggttatg
cagtcactat
tctcggagca
agccactatc
ttcctccttt
gttattgctc
gatccttagc
gtaatgccaa
tcctggttcg
atgtttttgg

ccgccccagce
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gcgctcatcg
ccggtactgc
ggcgtgctgce
ctgtccgacc
gactacgcga
cagcaaaaaa
agcggtggea
acagcagttt
tgcccgecgg
gcagcgggtt
tccaatcatg

ggcgcagcag

tcatcctcgg
cgggcctctt
tagcgctata
gctttggccg
tcatggcgac
cccctcaaga
gcagccaact
gcacacgcac
aatccactgg
atcaataaaa
cggttcaatg

aaaatcaatc

60
120
180
240
300
360
420
480
540
600
660
720
780



gctttgcggt
agcgcctggg
tgcatcaggc
atgcccgecg
ccggtcgett
atgccggtca
ttcaccgcgg
gggctgctgc
tgggtggtcg
tggctgctgce
ataatggtcg
tcggtgctgt
cccgggetgt
cctttggtaa
tcaaagctca
gcccattcgce
gtgttgctca
gtatgcgggc
tgctgcgcgce
gtgttttcgg
ggtttcgcca
acggtgctcg
cccgggcacg
acgccatccg
tagcagtttt
cgaaagcccc
ttcaggccca
tcaatttcgg
ttctgaaaca
agctgcagca
gccaccgceca
gcgcgatagce
gccagccatg

cattgctgcg

tcagaatggt
tggtttcgtt
cttcggtata
cgttatgctg
tggtgttggt
cggtgctggt
tggtaatgtt
ccggcggggt
gggtctgcge
tcgggcgaat
ccgecggtttce
tctggctcgg
ttttcggcac
tgcggctgct
gttcttcgec
caatatccgc
gctgctgatg
gatccaggcg
caaagttttc
tatagttcac
gaatcagaaa
ccaggcgatc
ggccggtgec
gcggcggegg
ccgcccattce
agcgtttggt
cgcttttcag
tcacttccag
gaataatcac
ggctcaggcc
gcaccatatg
gcgcattgec
cggtccagtc

gcgactccgg

ataggtgcgc
cgccagctgg
aatgccttcc
ttcctgcgeg
ctggcggcgg
aatcaggccg
ttccggggtg
ggtcggttct
ttccgggcetc
gccaatggtg
ggtaatggtt
cagggtggtt
cagatcgcta
cgccgcatca
gcgcagctgt
gttaatgttc
cagatgaatg
cacaaaggtg
aatttcatat
cgcttcgcga
cgcaatcacg
atacagaaaa
ctgcgcttta
caggcattcg
gcccgcttca
cgcgctcgga
ctgatcggtg
ggtgctgttg
ccacacaaaa
gcccatctcg
tgccttggct
atagttggcg
cggccaccag

cagcgcatcg

agttcggtgg
cgcaggccgc
gcgcccggge
gtccaataat
ctgcgtttgc
ttgctggtgce
gtcagggtcg
tcggtcgceca
ggcgcggtgg
ctaatctgca
tcctgggtgt
tcgecttccg
tatttgcggg
tcatcttcgg
tcgctcaggt
gcatccaggg
gtatcgttca
ttgttatcaa
tccagatagc
atcggcgggc
ccttccgcaa
aacgcgccat
tgcacatagc
ctgccatccg
tagctcacca
atatcggtgc
ctcgccagat
gtcaccacgc
aagctgcttt
aggcctccac
ttgacgtatc
ggcgcggegce
ctgccgtgat
ttagtccagt
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tcgcgcegceag
acaccagcgc
caaaatacgg
gcaggttcgg
gcaggcccag
tttcctgcgg
gcgcttecggt
tcacgctcgg
tcgggctget
tatggttgcc
tcacgcccac
gaatatgcag
tcgcgegatc
tttcgttcag
tttttttgtt
tccaaatcag
gctgaaacag
ttttaaacag
tggtcgcata
tctgcagaaa
agttcacgcc
ctttatgaaa
ggcagcgegg
gttttttaat
ctttcggcgg
tcacgccget
gatctttgca
ccagcggcat
tgcgaaattt
cgccteccgceg
gcccaggcgce
gtttcgcgec
gctcgatggc
ggctgcgcett

aaacagctgc
gttctggtta
aatccacgca
gttgcatttg
gctgcccaga
cagcacggtt
ggtcgggecc
gccgctggta
gctcggaatc
gttggtgcca
gcggcggect
cggcaccatg
gctaatgcgg
gctcagcgct
ttcccaaaac
gcggccggtg
aaactgcggg
ggtggtgcta
atagctgctg
ggtttctttc
gcgataaatc
cgcataatcg
aaagccgcgce
ttccaggtta
cacgccgctg
gccttccagg
caccagctga
gctaaacgct
atcgcgeggce
tttatcaatc
gggttcgatt
ggcctgcccg
gccggccagce

gttcttggcc

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820



ggcgggttga
gccagcagceg
ccgtagatat
agcttgcccg
cacggccccg
gtgttgccct
aacgagaagg
ccgcccageg
cccgtgtcgg
ccgcgcegegg
agcacgttga
gcgtgctcga
gacaccagaa
tgcaggtcca
tgcaccttgt
acggcgcctt
gagatcttgc
ccgcccgact
gacatcgcat
gcctcgacgg
gcgaagcgat
ggaccggtgg
atgtagcgct
tccaggcccg
cgggaccatt
gacttgcctt
ttgcaaatgc
ggaatccact
ttatccacaa
tgcggttcaa
agaaaatcaa
agaaacagct
ccatcctggt
ggaatccacg

gggttgcatt

tcacaccggc
cggtcgaggc
aggtcggcac
gtaccttgag
gcaggttggt
tcaggtagtt
tattggccag
tggcctcgeg
caaagtccag
ccagcaccgc
tcttgtcctg
tgtagtcgtc
acaccgtatg
ggatgtagta
cggtcagcgg
cggtcaccgc
cgcgtgtcag
cgatcagcag
cgacccattg
catcggccag
atgggaggtt
cctcggectt
gctggatatc
gaatgccgga
ccagccatgt
cctgcgtgga
aaaacagcgc
ggcgccagec
aatcatgaat
tgcagcaatc
tcgctttgeg
gcagcgcctg
tatgcatcag
ccaggccaat

tcggctgegce

gatatggccc
ataggccgcg
gtcgatgctg
ctcgttctgce
ggcgtcgccg
gtcgaccacg
ctcaaggccg
caactgcaca
cagcgtggtc
cagcgcggtc
gccgctgatg
ccaggtgctg
tccctgetec
cttgttgatg
cttgtactgc
gacattgcgg
gtcttccatc
gcgctgegec
cgagatcgcg
ctcggtcaag
ggtgcgccat
gccctecggec
acccagctgc
cgcggccgeg
ggctggatcg
agctgccgeg
aatcaccgca
ggtccaccag
aatctgatca
cgggcccaga
gttcagaatg
ggtggtttcg
gccttcaata
cgccgegect

gttcacaatc

gacgcaccca
gtccacggca
gccaggtcca
aggtaggtgt
ttccagaaca
tagttccaca
cgcagcagcg
tggccctegt
agcagcgtga
gagacaatgg
tcgcgcgega
ccggccatgc
accacatggc
cacggcggca
aacagctgga
ccgacctcaa
atgttgcgca
tcgggattgg
aagcggatgc
gcgcgcegceat
gcgtcgecgg
atggcctgcc
gccggcgcga
tggccgttgce
aatggccccg
cctttgccgg
ataatcacgc
ttatcgttat
attttatcgg
atatggcagg
ctaaaggtgc
ttcgccaget
taaatgcctt
tcatcctggg

gcttcgcggc
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gcacgaagcg
cgatatggtc
ccggcacgcec
ggcgcaggta
gcaggtcgaa
ccaggtcgtt
cgcacggcgc
cgacaaagac
cgctggcggc
tgccgceccac
cttcgatggc
tggcgtccgg
gcaccagcga
ccatcagcag
agtactcgtt
acgcgctctc
cgccggcacg
tggcaaggaa
gctggcgggt
tgagcaggta
cgaagcgccg
acagcgctga
tcttgacgcc
cttcagtgcc
gcgtgacctt
tcgcactagt
cggtcacgcc
cgccctgatc
taatgttttt
tgccgcccca
gcagttcggt
ggcgcaggcc
ccgccgecgg
tggtccaata

gggtgcggcg

cagcttgttc
ttcgcgcgag
gcacacggtc
ccagcagtac
cggcaccggc
cgggcgcaag
gccggcgcecg
gtcgaggatg
cgggtgctcg
gcagaagccg
gcggatggcc
attgcgccac
gctctcecggce
cgggcgcgeg
ctcgaagacc
gtcggtctgce
cagcgattcg
gttggcgggc
cttggcatcg
gaacgcggca
gtcgtgcagc
gaagtccttc
tgccagcgca
ctgccactgg
gaatggttgg
aaacacaaat
aatgcccgcec
cggcagggtt
ggtccaatca
gcgctgcagce
ggtcgcgcegce
gcaaatcagg
gccaaaatac
atgcaggttc

gccgecggta

2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920



atcaggcccg
ctttcttcge
tgcgggetgg
tccgettteg
ttatcggtgc
accggggtgt
gtgctaatgg
acctgcacca
ttggtgcccg
ttgctcacca
gtttcccaaa
agtttgccgg
agaaactgcg
agatattcgg
tagccgctgce
aaatcttttt
ccgcgataaa
aacgcaaaat
ggaaagccgc
atttccaggt
ggcacgccgc
ttgccttcca
cacaccagtt
atgctaaagg
cgatcgcgcg
agggaaaccg
gatcctctac
cgcctatatc
cgcttgtttc
ctccttgecat
ctgcttccta
caacccagtc
tgtcttcttt

cgaggaccgc

ccacgcccgce
cggtatcctg
tggtggtcge
gcgggcccgce
ggcgatgatg
tatgggtgct
tcgccagggt
tcgcgetget
gatcgctgct
cggtaaagct
acgcccattc
tggtgttgct
gggtaaagcg
tttcgttggt
tcggatcttc
tcgcctgegg
tcacggtgct
cgcccgegea
gaatgccatc
tatagcagtt
tgcgaaagcc
ggttcaggcc
tatccacatc
tgcgctgaaa
gcagctgcag
ttgtggtctc
gccggacgea
gccgacatca
ggcgtgggta
gcaccattcc
atgcaggagt
agctccttcc
atcatgcaac

tttcgctgga

aatggtgttg
atgatgggtg
cggatccaga
cgcggtggtc
ctgttccacc
gttatccggg
ggtcagatgg
gttttcgctc
ggtgcgcgec
cagttcttcg
gccaatggtg
gcgtttgccg
gctttccagce
gccaaagccg
ggtcgcgttc
cagaatcaga
cgccaggcga
cgggccggtg
cggcgcecgec
ttccgeccat
ccagcgtttg
cacgctgcgc
gctcacctgc
cagaataatc
aatgccggtc
cctatagtga
tcgtggecgg
ccgatgggga
tggtggcagg
ttgcggcgge
cgcataaggg
ggtgggcgcg
tcgtaggaca

gcgcgacgat

gtaatcaggc
ttgttgttgc
aaatcggtgc
gcgctcgggg
tgggtcgcett
cccggtttgg
ctcaccgccg
gccataattt
gggctctgge
ctgcgaattt
gtatcaattt
ctggtataaa
tgcacatagg
gtcgcctgat
accggttcgce
aacgccacca
tcatacagaa
ccgctcactt
ggcaggcatt
tcgccegett
gtcgcgctcg
agctggttgg
agggtgctgt
acccacagaa
acgcccatac
gtcgtattaa
catcaccggc
agatcgggct
cccecgtggec
ggtgctcaac
agagcgtcga
gggcatgact
ggtgccggea
gatcggcctg
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ccagtttgcc
ccgcggtttc
ttttgctggt
tatcgctcgce
cgctaatatc
tggtcaggct
cttcgcggec
tatgatcttc
cgctaatgtt
tgcgggtcag
ccgggttcac
tggtttcgtt
tcaggttatc
agcgaatggt
gcagcggatg
cgccttccgce
aaaacgcgcc
tatgcacata
cgctgccatc
catagttcac
gcacatcggt
tgctgctcag
tatgaatcac
aaaagctggt
tagaatctcc
tttcgcggga
gccacaggtg
cgccacttcg
gggggactgt
ggcctcaacc
ccgatgccct
atcgtcgccg
gcgctctggg
tcgcttgegg

gctgctcgeg
gctatggttc
gttggtgttt
ggtgctatcg
cagtttatac
ctgcgggctg
ctggctatgc
ggtggtggtg
tttcgcgecg
gttttttttg
tttccaaatc
cagctgcagc
cacttcaaac
ggtgctataa
gctgctaaaa
aaaggtggtg
ttctttatga
gcggcagcge
cggtttttta
cactttcggc
cgccacgccg
tttatcgcgg
gcccagcgga
gcgtttaaag
tatattctag
tcgagatctc
cggttgctgg
ggctcatgag
tgggcgccat
tactactggg
tgagagcctt
cacttatgac
tcattttcgg

tattcggaat

4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960



cttgcacgcc
gcaggccatt
gacgcgaggc
gcccgegttg
aggatcgctc
gatttatgcc
ataccttgtc
aatggaagcc
ttcttgcgga
gccatctcca
cgcatgatcg
tagcagaatg
gcgacctgag
cggaagtcag
ccctgtggaa
ctctggtccc
gcatgttcat
acccccatga
gcccttaaca
gagctggacg
ctttaccgca
ctcccggaga
ggcgcgtcag
agcggagtgt
atatatgcgg
ttccgcttcc
agctcactca
catgtgagca
tttccatagg
gcgaaacccg
ctctcctgtt
cgtggcgctt
caagctgggc
ctatcgtctt

taacaggatt

ctcgctcaag
atcgccggcea
tggatggcct
caggccatgc
gcggctctta
gcctcggcga
tgcctcceccg
ggcggcacct
gaactgtgaa
gcagccgcac
tgctcctgtc
aatcaccgat
caacaacatg
cgccctgeac
cacctacatc
gccgcatcca
catcagtaac
acagaaatcc
tggcccgcett
cggatgaaca
gctgecctegce
cggtcacagc
cgggtgttgg
atactggctt
tgtgaaatac
tcgctcactg
aaggcggtaa
aaaggccagc
ctccgecccc
acaggactat
ccgaccctgc
tctcatagct
tgtgtgcacg
gagtccaacc

agcagagcga

ccttcgtcac
tggcggecga
tccccattat
tgtccaggca
ccagcctaac
gcacatggaa
cgttgcgtcg
cgctaacgga
tgcgcaaacc
gcggcgceatc
gttgaggacc
acgcgagcga
aatggtcttc
cattatgttc
tgtattaacg
taccgccagt
ccgtatcgtg
cccttacacg
tatcagaagc
ggcagacatc
gcgtttecggt
ttgtctgtaa
cgggtgtcgg
aactatgcgg
cgcacagatg
actcgctgcg
tacggttatc
aaaaggccag
ctgacgagca
aaagatacca
cgcttaccgg
cacgctgtag
aaccccccgt

cggtaagaca

ggtatgtagg

tggtcccgec
cgcgctgggce
gattcttctc
ggtagatgac
ttcgatcact
cgggttggca
cggtgcatgg
ttcaccactc
aacccttggc
tcgggcageg
cggctaggct
acgtgaagcg
ggtttccgtg
cggatctgca
aagcgctggc
tgtttaccct
agcatcctct
gaggcatcag
cagacattaa
tgtgaatcgc
gatgacggtg
gcggatgccg
ggcgcagcca
catcagagca
cgtaaggaga
ctcggtcgtt
cacagaatca
gaaccgtaaa
tcacaaaaat
ggcgtttccc
atacctgtcc
gtatctcagt
tcagcccgac
cgacttatcg

cggtgctaca
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accaaacgtt
tacgtcttgc
gcttccggcg
gaccatcagg
ggaccgctga
tggattgtag
agccgggceca
caagaattgg
agaacatatc
ttgggtcctg
ggcggggttg
actgctgctg
tttcgtaaag
tcgcaggatg
attgaccctg
cacaacgttc
ctcgtttcat
tgaccaaaca
cgcttctgga
ttcacgacca
aaaacctctg
ggagcagaca
tgacccagtc
gattgtactg
aaataccgca
cggctgcggce
ggggataacg
aaggccgcgt
cgacgctcaa
cctggaagct
gcctttctec
tcggtgtagg
cgctgcgect
ccactggcag

gagttcttga

tcggcgagaa
tggcgttcgce
gcatcgggat
gacagcttca
tcgtcacggc
gcgccgecect
cctcgacctg
agccaatcaa
catcgcgtcc
gccacgggtg
ccttactggt
caaaacgtct
tctggaaacg
ctgctggcta
agtgattttt
cagtaaccgg
cggtatcatt
ggaaaaaacc
gaaactcaac
cgctgatgag
acacatgcag
agcccgtcag
acgtagcgat
agagtgcacc
tcaggcgctc
gagcggtatc
caggaaagaa
tgctggcgtt
gtcagaggtg
ccctegtgceg
cttcgggaag
tcgttcgcetc
tatccggtaa

cagccactgg

agtggtggcc

7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060



taactacggc
cttcggaaaa
tttttttgtt
gatcttttct
catgagatta
atcaatctaa
ggcacctatc
gtagataact
agacccacgc
gcgcagaagt
agctagagta
catcgtggtg
aaggcgagtt
gatcgttgtc
taattctctt
caagtcattc
ggataatacc
ggggcgaaaa
tgcacccaac
aggaaggcaa
actcttcctt
catatttgaa
agtgccacct
tatcacgagg
<210>
<211>
<212>
<213>

<220>
<223>

50

PRT

1960

tacactagaa
agagttggta
tgcaagcagc
acggggtctg
tcaaaaagga
agtatatatg
tcagcgatct
acgatacggg
tcaccggctc
ggtcctgcaa
agtagttcgc
tcacgctcgt
acatgatccc
agaagtaagt
actgtcatgc
tgagaatagt
gcgccacata
ctctcaagga
tgatcttcag
aatgccgcaa
tttcaatatt
tgtatttaga
gacgtctaag

ccctttegtce

Artificial

ggacagtatt
gctcttgatc
agattacgcg
acgctcagtg
tcttcaccta
agtaaacttg
gtctatttcg
agggcttacc
cagatttatc
ctttatccgc
cagttaatag
cgtttggtat
ccatgttgtg
tggccgcagt
catccgtaag
gtatgcggcg
gcagaacttt
tcttaccget
catcttttac
aaaagggaat
attgaagcat
aaaataaaca
aaaccattat

ttcaagaa

tggtatctgc
cggcaaacaa
cagaaaaaaa
gaacgaaaac
gatcctttta
gtctgacagt
ttcatccata
atctggcccc
agcaataaac
ctccatccag
tttgcgcaac
ggcttcattc
caaaaaagcg
gttatcactc
atgcttttct
accgagttgc
aaaagtgctc
gttgagatcc
tttcaccagc
aagggcgaca
ttatcagggt
aataggggtt

tatcatgaca

pPET-14b-ZEBOVGP-PhaC-SEBOVGP

<400> 50

gctctgctga
accaccgctg
ggatctcaag
tcacgttaag
aattaaaaat
taccaatgct
gttgcctgac
agtgctgcaa
cagccagccg
tctattaatt
gttgttgcca
agctccggtt
gttagctcct
atggttatgg
gtgactggtg
tcttgcccgg
atcattggaa
agttcgatgt
gtttctgggt
cggaaatgtt
tattgtctca
ccgcgcacat

ttaacctata

agccagttac
gtagcggtgg
aagatccttt
ggattttggt
gaagttttaa
taatcagtga
tcccegtegt
tgataccgcg
gaagggccga
gttgccggga
ttgctgcagg
cccaacgatc
tcggtectcc
cagcactgca
agtactcaac
cgtcaacacg
aacgttcttc
aacccactcg
gagcaaaaac
gaatactcat
tgagcggata
ttccccgaaa

aaaataggcg

ZEBOVGP-PhaC-SEBOVGP fusion polypeptide encoded by

Met Gly val Thr Gly ITe Leu GIn Leu Pro Arg Asp Arg Phe Lys Arg
1 10 15

5

Thr Ser Phe Phe Leu Trp val Ile Ile Leu Phe GIn Arg Thr Phe Ser

20

25
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30

9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380
10440
10468



Asp
Ser
65

Ser

val

Gly

Leu

Ala

Phe

Pro

Phe

225

Tyr

Asn

Leu

Ala

Glu

Pro

Ala

Asn

Lys

Tyr

Glu

Phe

Ser

210

Gly

val

Glu

Phe
290

Leu

Leu

35

Leu

Gly

Thr

Tyr

Cys

Asp

Gly

Ser

195

Ser

Thr

Gln

Thr

Trp

Trp

Ser

Gly

val

Leu

Lys

Glu

100

Pro

Phe

Ala

Arg

val

180

Ser

Gly

Asn

Leu

Ile

260

Lys

Glu

Phe

val

Cys

Asn

Arg

85

Ala

Asp

Pro

Gly

Leu

165

val

His

Tyr

Glu

Glu

245

Tyr

val

Thr

Thr

Arg

Leu

70

Trp

Gly

Gly

Arg

Ala

Pro

Tyr

Thr

230

Ser

Thr

Asn

Lys

val

Asp

55

Glu

Gly

Glu

Ser

Cys

135

Phe

Ser

Phe

Leu

Ser

215

Glu

Arg

Ser

Pro

Asn

40

Lys

Gly

Phe

Trp

Glu

120

Arg

Ala

Thr

Leu

200

Thr

Tyr

Phe

Gly

Glu

280

Asn

Ser

Ser

Leu

Asn

Arg

Ala

105

Cys

Tyr

Phe

val

Ile

185

Glu

Thr

Leu

Thr

Lys

Ile

Leu

Asn

Thr

Ser

Gly

Ser

90

Glu

Leu

val

His

Ile

170

Leu

Pro

Ile

Phe

Pro

250

Arg

Asp

Thr

Leu

Ser

val

75

Gly

Asn

Pro

Tyr

Pro

val

Arg

Glu

235

Gln

Ser

Thr

Arg

Gln

Thr

60

Ala

val

Cys

Ala

Lys

Glu

Arg

Gln

Asn

Tyr

220

val

Phe

Asn

Thr

Lys
300

Gly Ala Lys
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val

45

Asn

Thr

Pro

Tyr

Ala

125

val

Gly

Gly

Ala

Ala

205

Gln

Asp

Leu

Thr

Ile

285

Ile

Asn

ser

Gln

Asp

Pro

Asn

110

Pro

sSer

Ala

Thr

Lys

Thr

Ala

Asn

Leu

Thr

270

Gly

Arg

Asp

Leu

val

Asp

Gly

Phe

Thr

175

Lys

Glu

Thr

Leu

Gln

255

Gly

Glu

Ser

Ser

val

Arg

Pro

80

val

Glu

Gly

Thr

Phe

160

Phe

Asp

Asp

Gly

Thr

240

Leu

Lys

Trp

Glu

Gly



305

Gln

Glu

val

Ala

385

Ala

Ala

Glu

Thr

His

465

Leu

Arg

Pro

Leu

Glu

545

Leu

Thr

Ser

Asp

His

Thr

370

Asn

Thr

Ser

Asn

Thr

450

His

Arg

Asn

Ala

530

Gly

Ala

Glu

Pro

Ser

355

Ile

Ser

Gln

Asp

Thr

435

Ser

Gln

Thr

Thr

Leu

515

Trp

Leu

Asn

Leu

Ala

Ser

Thr

val

Thr

420

Asn

Pro

Asp

Asn

Met

Arg

Ile

Gly

Thr

Glu

405

Pro

Thr

Gln

Thr

Thr

485

Arg

TYyr

Pro

His

Thr

565

Thr

310

Thr

Met

Arg

Ser

Asn

390

Gln

Ser

Ser

Asn

Glu

Trp

TYyr

Asn

550

Thr

Phe

Ser

Ala

Glu

Pro

375

Thr

His

Ala

Lys

His

455

Ala

Ala

Thr

Phe

535

Gln

Gln

Ser

Ser

Ser

Ala

360

Gln

Pro

His

Thr

Ser

440

Ser

Glu

Gly

Ile

Thr

520

Gly

Asp

Ala

Ile

Asp

Glu

345

Ala

Ser

val

Arg

Thr

425

Thr

Glu

Ser

val

val

505

Gln

Pro

Gly

Leu

Leu
585

Pro

330

Asn

val

Leu

Tyr

Arg

Ala

Asp

Thr

Ala

Ala

490

Asn

Asp

Ala

Leu

Gln
570

315

Gly

Ser

Ser

Thr

Ala

Phe

Ala

ser

475

Gly

Ala

Ala

Ile
555

Leu

Thr

Ser

His

Thr

380

Leu

Asp

Gly

Leu

Gly

Ser

Leu

Gln

Gly

Glu

540

Cys

Phe

Asn Arg Lys
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Asn

Ala

Leu

365

Lys

Asp

Asn

Pro

Pro

Ala

525

Gly

Gly

Leu

Ala

Thr

Met

350

Thr

Pro

Asp

Pro

430

Pro

Asn

Lys

Thr

Leu

Arg

Ile
590

Thr

335

val

Thr

Gly

Ser

ser

415

Lys

Ala

Asn

Leu

Cys

Ile

Tyr

Arg

Ala

575

Asp

320

Thr

Leu

Pro

Glu

400

Thr

Ala

Thr

Thr

Gly

Gly

Asn

Gly

Gln
560

Thr

Phe



Leu

Cys

Gln

625

Asn

Lys

Gln

Pro

705

Asn

Gly

Met

Glu

Arg

Ala

Thr

Ser

Ile

Leu

Ile

610

Asp

val

Phe

Glu

690

Ala

Gly

val

Lys

Ala

770

Thr

Arg

Arg

Pro

Glu
850

Gln

595

Glu

Ile

Asn

Thr

val

675

Gly

Thr

His

Lys

Asn

Ala

Gln

Ala

835

Ser

Arg

Pro

His

Trp

Gly

Phe

Lys

Trp

Ala

Ile

740

Phe

Gly

Leu

Leu

Arg

Asn

Gly

Trp

Thr

Ser

Leu

Ala

725

Ala

Ser

Pro

Pro

Thr

805

Phe

Gly

Gly

Asp

Phe

630

Thr

Ile

Ser

Gln

Glu

710

Ala

Pro

Ala

Leu

Tyr

790

Glu

Arg

Leu

Glu

Ala

Pro

695

Trp

Ser

Ala

Leu

His

775

Arg

Leu

Phe

Ala

Ser
855

Thr

600

Thr

Asp

Trp

Ala

Thr

680

Phe

Ser

Gly

Gln

Trp

Asp

Phe

Ala

Ala

Thr

840

Leu

Cys

Lys

Lys

Arg

val

665

Gly

Lys

Arg

Ile

Leu

745

Gln

Arg

Ala

Asp

Ile

825

Asn

Arg

Asn

Thr

Gln

650

Lys

val

Gln

Pro

730

Gly

Ala

Arg

Ala

Ala

810

Ser

Pro

Ala

Ile

Ile

Leu

635

Trp

Ala

Gly

Thr

Asp

Met

Phe

Ala

795

val

Gln

Glu

Gly

Leu

Thr

620

Pro

Ile

Leu

Ala

Pro

700

Gln

Leu

Ile

Ala

Ala

780

Phe

Glu

Trp

Ala

val
860
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Gly

Asp

Asp

Pro

Phe

Ala

685

Gly

Gly

Asp

Gln

Glu

765

Gly

Tyr

Ala

val

Gln

845

Arg

Pro

Lys

Gln

Ala

Cys

670

Ala

Pro

Thr

Ala

Gln

750

Gly

Asp

Leu

Asp

Asp

830

Arg

Asn

Asp

Ile

Gly

Gly

Ile

ser

Phe

Glu

Leu

735

Arg

Lys

Ala

Leu

Ala

815

Ala

Leu

Met

Cys

Asp

Asp

640

Cys

Thr

Asp

Trp

Asn

800

Lys

Met

Leu

Met



Glu Asp Leu Thr Arg Gly Lys Ile Ser GIn Thr Asp Glu Ser Ala Phe
865 870 875 880

Glu val Gly Arg Asn val Ala val Thr Glu Gly Ala val val Phe Glu
885 890 895

Asn Glu Tyr Phe Gln Leu Leu Gln Tyr Lys Pro Leu Thr Asp Lys Vval
900 905 910

His Ala Arg Pro Leu Leu Met val Pro Pro Cys Ile Asn Lys Tyr Tyr
915 920 925

Ile Leu Asp Leu GIn Pro Glu Ser Ser Leu val Arg His val val Glu
930 935 940

Gln Gly His Thr val Phe Leu val Ser Trp Arg Asn Pro Asp Ala Ser
945 950 955 960

Met Ala Gly Ser Thr Trp Asp Asp Tyr Ile Glu His Ala Ala Ile Arg
965 970 975

Ala Ile Glu val Ala Arg Asp Ile Ser Gly GIn Asp Lys Ile Asn val
980 985 990

Leu Gly Phe Cys val Gly Gly Thr 1Ile val Ser Thr Ala Leu Ala val
995 1000 1005

Leu Ala Ala Arg Gly Glu His Pro Ala Ala Ser val Thr Leu Leu
1010 1015 1020

Thr Thr Leu Leu Asp Phe Ala Asp Thr Gly Ile Leu Asp val Phe
1025 1030 1035

val Asp Glu Gly His val GIn Leu Arg Glu Ala Thr Leu Gly Gly
1040 1045 1050

Gly Ala Gly Ala Pro Cys Ala Leu Leu Arg Gly Leu Glu Leu Ala
1055 1060 1065

Asn Thr Phe Ser Phe Leu Arg Pro Asnh Asp Leu val Trp Asn Tyr
1070 1075 1080

val val Asp Asn Tyr Leu Lys Gly Asn Thr Pro val Pro Phe Asp
1085 1090 1095

Leu Leu Phe Trp Asn Gly Asp Ala Thr Asn Leu Pro Gly Pro Trp
1100 1105 1110

Tyr Cys Trp Tyr Leu Arg His Thr Tyr Leu Gln Asn Glu Leu Lys
1115 1120 1125
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val

Ser

Asn

val

Asp

Glu

Gly

Ala

Ala

Gly

Pro

Asn

Asp

Leu

Arg

Glu

Pro
1130

Ile
1145

val
1160

Lys
1175

Ile
1190

Ala
1205

His
1220

Gln
1235

Arg
1250

Lys
1265

Arg
1295

Leu
1310

Ser
1325

His
1340

Glu
1355

Trp
1370

Ala

Gly

Asp

Pro

Leu

Asn

Leu

Ala

Tyr

Ala

Gly

Asp

Phe

Thr

Leu

Gly

Gly

Gly

Lys

val

Trp

Arg

Pro

Pro

Gly

Gly

Arg

Gly

Lys

Gln

Leu

Ala

Ser

Phe

Glu

Leu

Pro

Thr

Phe

Pro

Glu

Ser

Ala

Ala

Met

Leu

Phe

Lys

Glu

Ser

Gly

Arg

Trp

Thr

Thr

Ala

val

Ala

Ser

Trp

Lys

Ile

val

Glu

Arg

Ala

val

Thr

val

Ser

Ala

val
1135

Tyr
1150

Ala
1165

Leu
1180

Lys
1195

Pro
1210

Trp
1225

Arg
1240

Glu
1255

Leu
1270

Met
1285

Lys
1300

Phe
1315

Thr
1330

Asp
1345

Ser
1360

Cys

Tyr

Gly

Asn

Gln

Pro

Ala

Pro

Ala

Gly

Ser

Ser

Glu

Gln

Thr

val

Asn

Gly

Tyr

Ala

Ala

Lys

Gln

Asp

Ala

Ala

val

Gly

Ser

Met

Leu

Asp

Pro

val

Gly

Ser

Ser

Arg

Trp

Trp

Pro

Pro

Ala

Leu

Phe

Pro

Asp

Lys

Pro

Pro

Ser

Thr

Gly

Ser

Leu

Thr

Ala

Gly

Ile

Ser

Phe

Leu

Gln

Ser

Pro

Lys

Cys Tyr Asn
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val
1140

Arg
1155

Ala
1170

His
1185

His
1200

Ala
1215

Ala
1230

Asn
1245

Arg
1260

Asp
1275

Leu
1290

val
1305

Leu
1335

val
1350

Ser
1365

val
1380

Leu

Asp

Glu

Leu

Trp

Gly

Trp

Tyr

Tyr

Lys

Leu

Trp

val

val

Gly

Ala

val

Glu

Leu

Asp

Leu

Ala

Thr

Ala

Leu

Gly

val

Arg

Gln

val

val

cys

Leu

Thr

Ser

His

Gly

Asn

Ile

Asn

Lys

Gly

Leu

Thr

Lys

Asn

Lys

Tyr

Lys



Lys

Arg

Phe

Asn

Lys

Tyr

Tyr

Lys

Pro

Gln

Asn

Lys

Ala

Arg

Ser

1385

Pro
1400

Pro
1430

Leu
1445

Phe
1460

Glu
1475

Thr
1490

Glu
1505

Ile
1520

Gln
1535

Leu
1550

Ile
1565

Asn
1580

Leu
1595

Ile
1610

Asp
1625

Pro
1640

Asp

Phe

Cys

TYyr

Ala

Thr

Asp

Phe

Ser

Asn

Leu

Ser

Thr

Leu

Glu

Gly

Pro

Pro

Asp

Glu

Phe

Asn

Glu

Asn

Leu

Asn

Ala

Ser

Leu

Lys

val

Gly

Ser

Arg

Gly

Arg

Gly

Leu

Thr

Asn

Asn

Phe

Thr

Asp

Glu

Asn

Gly

Pro

Glu

Glu

Cys

Asp

Leu

val

Gln

Ser

Phe

Thr

Gln

Thr

Gln

Glu

Arg

Lys

Thr

1390

Cys
1405

Arg
1420

Tyr
1435

Ala
1450

Ile
1465

Ser
1480

sSer
1495

Gly
1510

Phe
1525

Leu
1540

Gly
1555

Gly
1570

Leu
1585

Thr
1600

Ile
1615

Asn
1630

Thr
1645

Leu

Tyr

Ala

Ser

Ala

Pro

TYyr

Ala

val

Asn

Arg

Glu

Arg

Glu

Ser

Ser

Leu

Pro

val

Phe

Thr

Phe

Pro

Tyr

Gln

Arg

Asp

Leu

Trp

Gly

Asp

Asp

Pro

Pro

His

val

Leu

Ala

Leu

Thr

Ala

Asp

Arg

Gly

Pro

Lys

Lys

Ile

Ile

Arg

Thr

Ser

Asp

Ile

Trp

Phe

Glu

Asp

Ala

Met

Pro Ser Gln
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1395

Pro
1410

Ala
1425

Asp
1440

Tyr
1455

Leu
1470

Glu
1485

Ser
1500

Thr
1515

Arg
1530

His
1545

Thr
1560

Trp
1575

Leu
1590

Ala
1605

Thr
1620

val
1635

Asn
1650

Asp

Gln

Gly

Arg

Ala

Ala

Tyr

Thr

Pro

Leu

Leu

Glu

Ser

Ala

Arg

Pro

Ser

Gly

Gly

Ala

Gly

Lys

val

Leu

Leu

His

His

Asp

Asn

Phe

Ser

Lys

Leu

Thr

val

Thr

Phe

val

Pro

Asn

Phe

Thr

Gln

Ser

Tyr

His



Gly

Ala

Thr

Pro

Thr

Pro

Thr

Glu

Leu

Thr

Ala

Phe

Asn

Thr

Arg

Arg

Ile

Arg
1655

Ala
1670

Ile
1685

Thr
1700

Ser
1715

Pro
1745

Ser
1760

Lys
1790

Gln
1805

Gln
1835

Thr
1850

Thr
1865

Arg
1880

Glu
1895

Arg

Thr

Gly

Thr

Gly

Ser

Glu

Thr

Ser

Ala

Glu

Pro

Asn

Gln

Tyr

Trp

Pro

val

Ile

Ala

Pro

Ser

Asn

Ser

Leu

Thr

Gln

Gly

Ala

Ala

Thr

Gly

Gly

Ile

Arg

Pro

Ser

Pro

Ile

Asn

Gly

Gly

His

Ala

Leu

Leu

Ile

Gly

Asp

val

Gly

Pro

Ser

val

Gly

Thr

Gly

Leu

Lys

Asn

Glu

val

Gln

Leu

Thr

Trp

Asn
1660

Thr
1675

Ser
1690

Pro
1705

Met
1720

Pro
1735

Thr
1750

Leu
1765

Arg
1780

cys
1795

Ala
1810

cys
1840

Leu
1855

Asn
1870

cys
1885

Thr
1900

Thr

Asn

Ser

Glu

Ala

Thr

Ala

Lys

Asn

Ala

Gly

Phe

Arg

Arg

Lys

Gln

Gly

Ser

Ala

Thr

Thr

val

Thr

Arg

Pro

Gly

Tyr

Leu

Leu

Lys

Asn

Glu Thr

Asn His

Gln Ile

Gln Thr

Glu Glu

Glu Ala

Lys Thr

Ser Thr

Ser Arg

Asn Leu

Ile Ala

Thr Glu

Arg Gln

Arg Ala

Ala Ile

Leu Gly

Ile Thr
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Ile
1665

Met
1680

Pro
1695

Pro
1710

Pro
1725

Pro
1740

val
1755

val
1770

Arg
1785

His
1800

Leu
1845

Thr
1860

Asp
1875

Pro
1890

Asp
1905

Thr

Gln

Ser

Thr

Thr

Thr

Leu

Thr

Gln

Tyr

Leu

Ala

Thr

Phe

Asp

Lys

Glu

Ile

Ser

Thr

Thr

Leu

Pro

Gly

Thr

Trp

Pro

Met

Asn

Glu

Leu

cys

Ile

Thr

ser

ser

His

Pro

Thr

Gln

Ile

Asn

Thr

Tyr

His

Leu

Leu

cys

Asn



Ile
1910

Gln

Asn
1925

Ile
1940

Gly

val
1955

Cys

<210>
<211>
<212>
<213>

<220>
<223>

51

DNA

<400> 51

ITe His Asp Phe

Asp Asp Asn Trp Trp

Gly Ile Thr Gly

Cys Lys Leu Leu

10468

Artificial

Ile
1915

Thr
1930

Ile
1945

Cys
1960

Gly Trp Arg GIn Trp

1920

Ile
1935

1950

Synthetic construct - pET-SEBOVGP-PhaC-ZEBOVGP

ttctcatgtt tgacagctta tcatcgataa gctttaatgc ggtagtttat

ttgctaacgc
caccgtcacc
gcgggatatc
tgcgttgatg
ccgcccagtc
cacacccgtc
cccgtttaga
cagcttcctt
aacagcgcaa
cgccagccgg
tcatgaataa
cagcaatccg
gctttgcggt
agcgcctggg
tgcatcaggc
aggccaatcg
ggctgcgegt
acgcccgcaa
gtatcctgat
gtggtcgccg
gggcccgecg

agtcaggcac
ctggatgctg
gtccattccg
caatttctat
ctgctcgett
ctgtggatat
ggccccaagg
tcgggctttg
tcaccgcaat
tccaccagtt
tctgatcaat
ggcccagaat
tcagaatgct
tggtttcgtt
cttcaatata
ccgcgecttce
tcacaatcgc
tggtgttggt
gatgggtgtt
gatccagaaa

cggtggtecge

cgtgtatgaa
taggcatagg
acagcatcgc
gcgcacccgt
cgctacttgg
ccggatatag
ggttatgcta
ttagcagccg
aatcacgccg
atcgttatcg
tttatcggta
atggcaggtg
aaaggtgcgc
cgccagctgg
aatgccttcc
atcctgggtg
ttcgcggcgg
aatcaggccc
gttgttgccc
atcggtgctt
gctcggggta

atctaacaat
cttggttatg
cagtcactat
tctcggagea
agccactatc
ttcctecttt
gttattgctc
gatccttaaa
gtcacgccaa
ccctgatccg
atgtttttgg
ccgccccagce
agttcggtgg
cgcaggccgc
gccgecggge
gtccaataat
gtgcggcggc
agtttgccgce
gcggtttcgce
ttgctggtgt

tcgctcgegg
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gcgctcatcg
ccggtactgc
ggcgtgctgce
ctgtccgacc
gactacgcga
cagcaaaaaa
agcggtggea
acacaaattt
tgcccgecgg
gcagggtttt
tccaatcatg
gctgcagcag
tcgcgegceag
aaatcaggcc
caaaatacgg
gcaggttcgg
cgccggtaat
tgctcgeget
tatggttctg
tggtgttttc

tgctatcgtt

Asp Asn Pro Leu Pro Asn Gln Asp

Pro Ala

Ile ITe Ala ITe I1e Ala Leu Leu

cacagttaaa
tcatcctcgg
cgggcctctt
tagcgctata
gctttggccg
tcatggcgac
cccctcaaga
gcagccaact
gcaaatgcaa
aatccactgg
atccacaaaa
cggttcaatg
aaaatcaatc
aaacagctgc
atcctggtta
aatccacgcc
gttgcatttc
caggcccgcc
ttcttcgecg
cgggctggtg
cgctttcggce

atcggtgegg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320



cgatgatgct
tgggtgctgt
gccagggtgg
gcgctgctgt
tcgctgctgg
gtaaagctca
gcccattcgce
gtgttgctgc
gtaaagcggc
tcgttggtgce
ggatcttcgg
gcctgcggea
acggtgctcg
cccgcgceacg
atgccatccg
tagcagtttt
cgaaagcccc
ttcaggccca
tccacatcgc
cgctgaaaca
agctgcagaa
gccaccgcca
gcgcgatagce
gccagccatg
cattgctgcg
ggcgggttga
gccagcagceg
ccgtagatat
agcttgcccg
cacggccccg
gtgttgccect
aacgagaagg
ccgcccageg

cccgtgtcgg

gttccacctg
tatccgggcc
tcagatggct
tttcgctcgce
tgcgcgceegg
gttcttcget
caatggtggt
gtttgccgct
tttccagctg
caaagccggt
tcgcgttcac
gaatcagaaa
ccaggcgatc
ggccggtgec
gcgccgecgg
ccgcccattce
agcgtttggt
cgctgcgcag
tcacctgcag
gaataatcac
tgccggtcac
gcaccatatg
gcgcattgec
cggtccagtc
gcgactccgg
tcacaccggc
cggtcgaggc
aggtcggcac
gtaccttgag
gcaggttggt
tcaggtagtt
tattggccag
tggcctcgeg

caaagtccag

ggtcgcttcg
cggtttggtg
caccgccgct
cataatttta
gctctggccg
gcgaattttg
atcaatttcc
ggtataaatg
cacataggtc
cgcctgatag
cggttcgcgce
cgccaccacg
atacagaaaa
gctcacttta
caggcattcg
gcccgcttca
cgcgctecggce
ctggttggtg
ggtgctgtta
ccacagaaaa
gcccatctcg
tgccttggct
atagttggcg
cggccaccag
cagcgcatcg
gatatggccc
ataggccgcg
gtcgatgctg
ctcgttctgce
ggcgtcgccg
gtcgaccacg
ctcaaggccg
caactgcaca

cagcgtggtc

ctaatatcca
gtcaggctct
tcgecggecect
tgatcttcgg
ctaatgtttt
cgggtcaggt
gggttcactt
gtttcgttca
aggttatcca
cgaatggtgg
agcggatggc
ccttccgcaa
aacgcgcctt
tgcacatagc
ctgccatccg
tagttcacca
acatcggtcg
ctgctcagtt
tgaatcacgc
aagctggtgc
aggcctccac
ttgacgtatc
ggcgcggegce
ctgccgtgat
ttagtccagt
gacgcaccca
gtccacggca
gccaggtcca
aggtaggtgt
ttccagaaca
tagttccaca
cgcagcagcg
tggccctegt
agcagcgtga
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gtttatacac
gcgggctggt
ggctatgcac
tggtggtgtt
tcgcgecgtt
tttttttggt
tccaaatcag
gctgcagcag
cttcaaacag
tgctataata
tgctaaaaaa
aggtggtgcc
ctttatgaaa
ggcagcgegg
gttttttaat
ctttcggcgg
ccacgccgtt
tatcgcggea
ccagcggaat
gtttaaagcg
cgccteccgceg
gcccaggcgce
gtttcgcgec
gctcgatggc
ggctgcgcett
gcacgaagcg
cgatatggtc
ccggcacgcc
ggcgcaggta
gcaggtcgaa
ccaggtcgtt
cgcacggcgc
cgacaaagac

cgctggcggc

cggggtgtta
gctaatggtc

ctgcaccatc
ggtgcccgga
gctcaccacg
ttcccaaaac
tttgccggtg
aaactgcggg
atattcggtt
gccgcetgcetc
atcttttttc
gcgataaatc
cgcaaaatcg
aaagccgcga
ttccaggtta
cacgccgctg
gccttccagg
caccagttta
gctaaaggtg
atcgcgcggce
tttatcaatc
gggttcgatt
ggcctgcccg
gccggcecagce
gttcttggcc
cagcttgttc
ttcgcgcgag
gcacacggtc
ccagcagtac
cggcaccggc
cgggcgcaag
gccggegcecg
gtcgaggatg
cgggtgctcg

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360



ccgecgegegg
agcacgttga
gcgtgctcga
gacaccagaa
tgcaggtcca
tgcaccttgt
acggcgcctt
gagatcttgc
ccgcccgact
gacatcgcat
gcctcgacgg
gcgaagcgat
ggaccggtgg
atgtagcgct
tccaggcccg
cgggaccatt
gacttgcctt
ttgcacacgc
ggaatccact
ttatcaataa
tgcggttcaa
agaaaatcaa
agaaacagct
gcgttctggt
ggaatccacg
gggttgcatt
aggctgccca
ggcagcacgg
gtggtcgggc
gggccgcetgg
ctgctcggaa
ccgttggtgce
acgcggceggce
agcggcacca

tcgctaatgc

ccagcaccgc
tcttgtcctg
tgtagtcgtc
acaccgtatg
ggatgtagta
cggtcagcgg
cggtcaccgc
cgcgtgtcag
cgatcagcag
cgacccattg
catcggccag
atgggaggtt
cctcggectt
gctggatatc
gaatgccgga
ccagccatgt
cctgcgtgga
acagcagcgc
ggcgccagec
aatcatgaat
tgcagcaatc
tcgctttgeg
gcagcgcctg
tatgcatcag
caatgcccgce
tgccggtcgce
gaatgccggt
ttttcaccgc
ccgggctget
tatgggtggt
tctggctget
caataatggt
cttcggtgct
tgcccgggct
ggcctttggt

cagcgcggtc
gccgctgatg
ccaggtgctg
tccctgcetec
cttgttgatg
cttgtactgc
gacattgcgg
gtcttccatc
gcgctgegec
cgagatcgcg
ctcggtcaag
ggtgcgccat
gccctecggec
acccagctgc
cgcggcecgeg
ggctggatcg
agctgccgeg
aataatcgca
ggtccaccag
aatctggtta
cgggcccaga
gttcagaatg
ggtggtttcg
gccttcggta
cgcgttatgce
tttggtgttg
cacggtgctg
ggtggtaatg
gcccggceggg
cggggtctgc
gctcgggcga
cgccgeggtt
gttctggctc
gtttttcggc

aatgcggctg

gagacaatgg
tcgcgcgega
ccggccatgc
accacatggc
cacggcggca
aacagctgga
ccgacctcaa
atgttgcgca
tcgggattgg
aagcggatgc
gcgcgcegceat
gcgtcgecgg
atggcctgcc
gccggegega
tggccgttgce
aatggccccg
cctttgccgg
ataataatgc
ttatcatcgt
attttatcgg
atgcggcagg
gtataggtgc
ttcgccaget
taaatgcctt
tgttcctgcg
gtctggcggc
gtaatcaggc
ttttccgggg
gtggtcggtt
gcttccgggce
atgccaatgg
tcggtaatgg
ggcagggtgg
accagatcgc

ctcgccgeat
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tgccgceccac
cttcgatggc
tggcgtccgg
gcaccagcga
ccatcagcag
agtactcgtt
acgcgctctc
cgccggceacg
tggcaaggaa
gctggcgggt
tgagcaggta
cgaagcgccg
acagcgctga
tcttgacgcc
cttcagtgcc
gcgtgacctt
tcgcactagt
cggtaatgcc
tatcctggtt
taatgttttt
tgccgcccca
gcagttcggt
ggcgcaggcc
ccgcgeccgg
cggtccaata
ggctgcgttt
cgttgctggt
tggtcagggt
cttcggtcgce
tcggcgegat
tgctaatctg
tttcctgggt
tttcgccttc
tatatttgcg

catcatcttc

gcagaagccg
gcggatggcc
attgcgccac
gctctcecggce
€gggcgcgeg
ctcgaagacc
gtcggtctgce
cagcgattcg
gttggcgggc
cttggcatcg
gaacgcggca
gtcgtgcagc
gaagtccttc
tgccagcgca
ctgccactgg
gaatggttgg
gcacagcagt
aatgcccgcc
cggcagcggg
ggtccaatca
gcggcgcagce
ggtcgcgcegce
gcacaccagc
gccaaaatac
atgcaggttc
gcgcaggccc
gctttcctgce
cggcgcettceg
catcacgctc
ggtcgggctg
catatggttg
gttcacgccc
cggaatatgc
ggtcgcgcga
ggtttcgttc

3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460



aggctcagcg
ttttcccaaa
aggcggcecgg
agaaactgcg
agggtggtgc
taatagctgc
aaggtttctt
ccgcgataaa
aacgcataat
ggaaagccgc
atttccaggt
ggcacgccgc
ctgccttcca
cacaccagct
atgctaaacg
ttatcgcgcg
agggaaaccg
gatcctctac
cgcctatatc
cgcttgtttc
ctccttgecat
ctgcttccta
caacccagtc
tgtcttcttt
cgaggaccgc
cttgcacgcc
gcaggccatt
gacgcgaggc
gcccgegttg
aggatcgctc
gatttatgcc
ataccttgtc
aatggaagcc

ttcttgcgga

cttcaaagct
acgcccattc
tggtgttgct
gggtatgcgg
tatgctgcgce
tggtgttttc
tcggtttcgce
tcacggtgct
cgcccgggea
gcacgccatc
tatagcagtt
tgcgaaagcc
ggttcaggcc
gatcaatttc
ctttctgaaa
gcagctgcag
ttgtggtctc
gccggacgea
gccgacatca
ggcgtgggta
gcaccattcc
atgcaggagt
agctccttcc
atcatgcaac
tttcgctgga
ctcgctcaag
atcgccggea
tggatggcct
caggccatgc
gcggctctta
gcctcggcga
tgcctccccg
ggcggcacct

gaactgtgaa

cagttcttcg
gccaatatcc
cagctgctga
gcgatccagg
gccaaagttt
ggtatagttc
cagaatcaga
cgccaggcga
cgggccggtg
cggcggcgge
ttccgeccat
ccagcgtttg
cacgcttttc
ggtcacttcc
cagaataatc
caggctcagg
cctatagtga
tcgtggecgg
ccgatgggga
tggtggcagg
ttgcggcgge
cgcataaggg
ggtgggcgceg
tcgtaggaca
gcgcgacgat
ccttcgtcac
tggcggccga
tccccattat
tgtccaggca
ccagcctaac
gcacatggaa
cgttgcgtcg
cgctaacgga

tgcgcaaacc

ccgcgcaget
gcgttaatgt
tgcagatgaa
cgcacaaagg
tcaatttcat
accgcttcgce
aacgcaatca
tcatacagaa
ccctgegett
ggcaggcatt
tcgccegett
gtcgcgctcg
agctgatcgg
agggtgctgt
acccacacaa
ccgcccatac
gtcgtattaa
catcaccggc
agatcgggct
ccccgtggec
ggtgctcaac
agagcgtcga
gggcatgact
ggtgccggea
gatcggcctg
tggtcccgec
cgcgcetgggce
gattcttctc
ggtagatgac
ttcgatcact
cgggttggca
cggtgcatgg
ttcaccactc

aacccttggc
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gttcgctcag
tcgcatccag
tggtatcgtt
tgttgttatc
attccagata
gaatcggcgg
cgccttccgce
aaaacgcgcc
tatgcacata
cgctgccatc
catagctcac
gaatatcggt
tgctcgccag
tggtcaccac
aaaagctgct
tagaatctcc
tttcgcggga
gccacaggtg
cgccacttcg
gggggactgt
ggcctcaacc
ccgatgccct
atcgtcgccg
gcgctctggg
tcgcttgcgg
accaaacgtt
tacgtcttgc
gcttccggeg
gaccatcagg
ggaccgctga
tggattgtag
agccgggceca
caagaattgg

agaacatatc

gttttttttg
ggtccaaatc
cagctgaaac
aattttaaac
gctggtcgca
gctctgcaga
aaagttcacg
atctttatga
gcggcagcge
cggtttttta
cactttcggc
gctcacgccg
atgatctttg
gcccageggce
tttgcgaaat
tatattctag
tcgagatctc
cggttgctgg
ggctcatgag
tgggcgccat
tactactggg
tgagagcctt
cacttatgac
tcattttcgg
tattcggaat
tcggcgagaa
tggcgttcgce
gcatcgggat
gacagcttca
tcgtcacggce
gcgccgecect
cctcgacctg
agccaatcaa

catcgcgtcc

5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500



gccatctcca
cgcatgatcg
tagcagaatg
gcgacctgag
cggaagtcag
ccctgtggaa
ctctggtccc
gcatgttcat
acccccatga
gcccttaaca
gagctggacg
ctttaccgca
ctcccggaga
ggcgcgtcag
agcggagtgt
atatatgcgg
ttccgettec
agctcactca
catgtgagca
tttccatagg
gcgaaacccg
ctctcctgtt
cgtggcgctt
caagctgggc
ctatcgtctt
taacaggatt
taactacggc
cttcggaaaa
tttttttgtt
gatcttttct
catgagatta
atcaatctaa
ggcacctatc
gtagataact

agacccacgc

gcagccgcac
tgctcctgtc
aatcaccgat
caacaacatg
cgccctgeac
cacctacatc
gccgcatcca
catcagtaac
acagaaatcc
tggcccgett
cggatgaaca
gctgecctegce
cggtcacagc
cgggtgttgg
atactggctt
tgtgaaatac
tcgctcactg
aaggcggtaa
aaaggccagc
ctcecgecccc
acaggactat
ccgaccctgce
tctcatagct
tgtgtgcacg
gagtccaacc
agcagagcga
tacactagaa
agagttggta
tgcaagcagc
acggggtctg
tcaaaaagga
agtatatatg
tcagcgatct
acgatacggg

tcaccggctc

gcggcgceatc
gttgaggacc
acgcgagcga
aatggtcttc
cattatgttc
tgtattaacg
taccgccagt
ccgtatcgtg
cccttacacg
tatcagaagc
ggcagacatc
gcgtttecggt
ttgtctgtaa
cgggtgtcgg
aactatgcgg
cgcacagatg
actcgctgcg
tacggttatc
aaaaggccag
ctgacgagca
aaagatacca
cgcttaccgg
cacgctgtag
aaccccccgt
cggtaagaca
ggtatgtagg
ggacagtatt
gctcttgatc
agattacgcg
acgctcagtg
tcttcaccta
agtaaacttg
gtctatttcg
agggcttacc

cagatttatc

tcgggcageg
cggctaggct
acgtgaagcg
ggtttccgtg
cggatctgca
aagcgctggc
tgtttaccct
agcatcctct
gaggcatcag
cagacattaa
tgtgaatcgc
gatgacggtg
gcggatgccg
ggcgcagcca
catcagagca
cgtaaggaga
ctcggtcgtt
cacagaatca
gaaccgtaaa
tcacaaaaat
ggcgtttccc
atacctgtcc
gtatctcagt
tcagcccgac
cgacttatcg
cggtgctaca
tggtatctgc
cggcaaacaa
cagaaaaaaa
gaacgaaaac
gatcctttta
gtctgacagt
ttcatccata
atctggcccc

agcaataaac
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ttgggtcctg
ggcggggttg
actgctgctg
tttcgtaaag
tcgcaggatg
attgaccctg
cacaacgttc
ctcgtttcat
tgaccaaaca
cgcttctgga
ttcacgacca
aaaacctctg
ggagcagaca
tgacccagtc
gattgtactg
aaataccgca
cggctgeggc
ggggataacg
aaggccgcgt
cgacgctcaa
cctggaagct
gcctttctec
tcggtgtagg
cgctgcgect
ccactggcag
gagttcttga
gctctgctga
accaccgctg
ggatctcaag
tcacgttaag
aattaaaaat
taccaatgct
gttgcctgac
agtgctgcaa

cagccagccg

gccacgggtg
ccttactggt

caaaacgtct
tctggaaacg
ctgctggcta
agtgattttt
cagtaaccgg
cggtatcatt
ggaaaaaacc
gaaactcaac
cgctgatgag
acacatgcag
agcccgtcag
acgtagcgat
agagtgcacc
tcaggcgctc
gagcggtatc
caggaaagaa
tgctggcgtt
gtcagaggtg
ccctegtgceg
cttcgggaag
tcgttcgcetce
tatccggtaa
cagccactgg
agtggtggcc
agccagttac
gtagcggtgg
aagatccttt
ggattttggt
gaagttttaa
taatcagtga
tcceccgtegt
tgataccgcg

gaagggccga

7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600



gcgcagaagt
agctagagta
catcgtggtg
aaggcgagtt
gatcgttgtc
taattctctt
caagtcattc
ggataatacc
ggggcgaaaa
tgcacccaac
aggaaggcaa
actcttcctt
catatttgaa
agtgccacct
tatcacgagg
<210>
<211>

<212>
<213>

52
1960
PRT
Arti

<220>
<223>

ggtcctgcaa
agtagttcgc
tcacgctcgt
acatgatccc
agaagtaagt
actgtcatgc
tgagaatagt
gcgccacata
ctctcaagga
tgatcttcag
aatgccgcaa
tttcaatatt
tgtatttaga
gacgtctaag

ccctttegtc

ficial

ctttatccgc
cagttaatag
cgtttggtat
ccatgttgtg
tggccgcagt
catccgtaag
gtatgcggcg
gcagaacttt
tcttaccgcet
catcttttac
aaaagggaat
attgaagcat
aaaataaaca
aaaccattat

ttcaagaa

ctccatccag
tttgcgcaac
ggcttcattc
caaaaaagcg
gttatcactc
atgcttttct
accgagttgc
aaaagtgctc
gttgagatcc
tttcaccagc
aagggcgaca
ttatcagggt
aataggggtt

tatcatgaca

PET-14b-SEBOVGP-PhaC-ZEBOVGO

<400> 52

Met Gly Gly
1

Ser Ser Phe

Met Leu

35

Pro

Gln
50

Asp Leu

Ser val Gly

65

Ser Ala Thr

val ser Tyr

Leu
5

Phe val

20

Gly val

val Cys

Leu Asn

Lys Arg

85

Glu Ala

100

Trp

val

Lys

Leu

70

Trp

Gly

Ser Leu Leu Gln Leu

val

Thr

Asp
55

Glu Gly

Phe

Gly

Glu Trp

Pro Arg

Ile Phe

25

Leu

Ser Thr Leu

Leu Ala Ser

val
75

Ser Gly

Ser Gly

90

Arg

Ala Glu Asn

105

tctattaatt
gttgttgcca
agctccggtt
gttagctcct
atggttatgg
gtgactggtg
tcttgcccgg
atcattggaa
agttcgatgt
gtttctgggt
cggaaatgtt
tattgtctca
ccgcgcacat

ttaacctata

SEBOVGP-PhaC-ZEBOVGO fusion polypeptide encoded

Asp Lys Phe

Ala
30

Gln Lys

val Thr

45

Glu

Thr Gln

60

Asp

Ser Thr Asp

val Pro Pro

Asn
110

Cys Tyr
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gttgccggga
ttgctgcagg
cccaacgatc
tcggtcctcc
cagcactgca
agtactcaac
cgtcaacacg
aacgttcttc
aacccactcg
gagcaaaaac
gaatactcat
tgagcggata
ttccccgaaa

aaaataggcg

by

Arg
15

Lys

Phe Ser

Glu Ile

Leu Lys

ITe Pro

80

Lys val

95

Leu

9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380
10440
10468



Ile

val

Gly

Leu

Ala

Phe

Thr

Phe

225

Phe

Asn

Leu

Ala

Glu

305

Ala

Arg

Leu

Glu

Tyr

Glu

Leu

Ser

210

Gly

val

Asp

Phe
290
Leu

Ala

Lys

Cys

Asp

Gly

Gln

195

Ser

Ala

Arg

Thr

Trp

Trp

Ser

Ser

Tyr

Ile

355

Arg

Pro

Phe

Pro

Arg

val

180

Ser

Tyr

Gln

Leu

Ile

260

Thr

Glu

Phe

Ser

Ser

340

Pro

Arg

Asp

Pro

Gly

Leu

165

Pro

Tyr

Leu

Asn

Glu

Arg

Asp

Glu

val

Gly

Arg

150

Ala

Ala

Pro

Ala

Ser

230

Arg

Leu

Asp

Lys

Ala

310

Ile

Leu

Gly

Gly

Ser

Cys

135

Tyr

Ser

Phe

Thr
215

Thr

Pro

Ala

Thr

val

Glu

val
375

Glu

120

Arg

Ala

Thr

Leu

200

Ser

Thr

His

Gln

Asn

280

Asn

Ser

Lys

Pro

Thr

360

Asn

Cys

Tyr

Phe

val

Ile

185

Glu

Tyr

Leu

Thr

Gln

265

Ile

Leu

Leu

Gly

Lys

Thr

Thr

Leu Pro

val His

His Lys

Ile Tyr

170

Leu Ala

Ala val

Leu Glu

Phe Lys

Pro Gln

250

Leu Ser

Asn Ala

Ser Glu

Asn Glu

315

Asn Ser

Leu Pro

Gln Glu
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Pro

Lys

Asp

Arg

Lys

Asn

Tyr

220

Ile

Phe

Asn

Asp

Gln

300

Thr

Ser

Pro

Ser

Thr
380

Pro

125

Ala

Gly

Gly

Pro

Tyr

205

Glu

Asp

Leu

Thr

Ile

285

Leu

Glu

Asp

Gly

Gln
365

Pro

Gln

Ala

val

Lys

Thr

Asn

Phe

Thr

270

Gly

Arg

Asp

Arg

Met

350

Asn

Thr

Asp

Gly

Phe

Asn

175

Glu

Glu

Glu

Asn

Gln

255

Gly

Glu

Gly

Asp

Ala

335

val

Ser

Glu

Gly

Thr

Phe

160

Phe

Thr

Asn

Asn

Thr

240

Leu

Arg

Trp

Glu

Asp

320

Thr

Pro

Thr

Thr



Ala

385

Ile

Thr

Pro

Pro

Thr

465

Leu

Lys

Pro

Ile

Glu

545

Leu

Thr

Leu

Cys

Gln

625

Asp

Ala

Gly

Ala

Ser

Arg

Asn

Ala

530

Gly

Ala

Glu

Leu

Ile

610

Asp

Thr

Ile

Pro

val

435

Pro

Ala

Thr

Ser

Leu

515

Trp

Leu

Asn

Leu

Ile

Asn

Ile

Arg

Ser

420

Met

Thr

val

Ser

Ile

Met

Arg

Pro

Trp

Ile

Pro

405

Pro

Ala

Thr

Lys

Thr

485

Arg

Tyr

Pro

His

Thr

565

Thr

Trp

His

Asp

Gly

Ser

Glu

Thr

Glu

Thr

470

val

Gln

Trp

TYyr

Asn

550

Thr

Tyr

Gly

Asp

Phe

630

Thr

Thr

Ser

Ala

Glu

Ala

455

val

Thr

Thr

Thr

Phe

535

Gln

Gln

Thr

Gly

Gly

Asn

Ser

Gln

Glu

440

Pro

Leu

Gly

Asn

Ala

520

Gly

Asn

Ala

Thr
600
Thr

Asp

Trp

Gly

Gln

Thr

425

Pro

Thr

Pro

Ile

Thr

505

Gln

Pro

Ala

Leu

Leu

585

Cys

Lys

Asn

Arg

Asn His
395

Ile Pro
410

Pro Thr

Thr Thr

Leu Thr

Gln Glu
475

Leu Gly
490

Lys Ala

Glu Gln

Gly Ala

Leu val
555

Gln Leu
570

Asn Arg

Arg Ile

Asn Ile

Pro Leu
635

Gln Trp
650
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Met

Ser

Thr

Pro

Thr

460

Ser

Ser

Thr

His

Glu

540

Cys

Phe

Lys

Leu

Thr

620

Pro

Ile

Gln

Ser

His

Pro

445

Pro

Thr

Leu

Gly

Asn

525

Gly

Gly

Leu

Ala

Asp

Asn

Pro

Ile
Ser
Thr
430
Gly
Glu
Ser
Gly
Lys
5

Ala
Ile
Leu
Arg
Ile
590
Pro
Lys

Gln

Ala

Ser

Pro

415

Ser

Ser

Asn

Asn

Leu

495

Cys

Ala

Tyr

Arg

Ala

575

Asp

Asp

Ile

Asp

Thr
400
Thr

Gly

ser

Gly

Arg

Asn

Gly

Thr

Gln

560

Thr

Phe

Cys

Asn

Asn

640

Ile



Lys

Gln

Pro

705

Asn

Gly

Met

Glu

Arg

Ala

Thr

Ser

Glu
865
Glu

Asn

His

Ile

Leu

Glu

690

Ala

Gly

val

Lys

Ala

770

Thr

Arg

Arg

Pro

Glu

850

Asp

val

Glu

Ala

Leu

Thr

Leu

675

Gly

Thr

His

Lys

Asn

Ala

Gln

Ala

835

Ser

Leu

Gly

Tyr

Gly

Cys

Lys

Trp

Ala

Ile

740

Phe

Gly

Leu

Leu

Arg

Asn

Gly

Thr

Arg

Phe

900

Pro

Leu

Thr

Ser

Leu

Ala

725

Ala

Ser

Pro

Pro

Thr

805

Phe

Gly

Arg

Asn

885

Gln

Leu

Gln

Ile

Ser

Gln

Glu

710

Ala

Pro

Ala

Leu

Tyr

790

Glu

Arg

Leu

Glu

Gly

val

Leu

Leu

Pro

Ala

Pro

695

Trp

Ser

Ala

Leu

His

775

Arg

Leu

Phe

Ala

Ser

855

Lys

Ala

Leu

Met

Glu

Ala

Thr

680

Phe

Ser

Gly

Gln

Asp

Phe

Ala

Ala

Thr

840

Leu

Ile

val

Gln

val

920

Ser

Ile
665
Gly

Lys

Arg

Leu

745

Gln

Arg

Ala

Asp

Ile

825

Asn

Arg

Ser

Thr

Tyr

905

Pro

Ser

Lys

val

Gln

Pro

730

Gly

Ala

Arg

Ala

Ala

810

Ser

Pro

Ala

Gln

Glu

890

Lys

Pro

Ala

Gly

Thr

Asp

Met

Phe

Ala

795

val

Gln

Glu

Gly

Thr

875

Gly

Pro

cys

Leu

Ala

Pro

700

Gln

Leu

Ala

Ala

780

Phe

Glu

Trp

Ala

val

860

Asp

Ala

Leu

Leu val Arg
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Leu

Ala

685

Gly

Gly

Asp

Gln

Glu

765

Gly

Tyr

Ala

val

Gln

845

Arg

Glu

val

Thr

Asn

925

His

cys

670

Ala

Pro

Thr

Ala

Gln

750

Gly

Asp

Leu

Asp

Asp

830

Arg

Asn

Ser

val

Asp

910

Lys

val

val

Ser

Phe

Glu

Leu

735

Arg

Lys

Ala

Leu

Ala

815

Ala

Leu

Met

Ala

Phe

895

Lys

Tyr

val

cys

Thr

Asp

Trp

Asn

800

Lys

Met

Leu

Met

Phe

880

val

Tyr



Gln

945

Met

Ala

Leu

Leu

Thr

val

Gly

Asn

val

Leu

Tyr

val

Ser

Asn

val

930 935 940

Gly His Thr val Phe Leu val Ser Trp Arg Ash Pro Asp Ala Ser
955 960

Ala Gly Ser Thr Trp Asp Asp Tyr Ile Glu His Ala Ala Ile Arg
965 970 975

Ile Glu val Ala Arg Asp Ile Ser Gly GIn Asp Lys Ile Asn val
980 985 990

Gly Phe Cys val Gly Gly Thr 1Ile val Ser Thr Ala Leu Ala val
995 1000 1005

Ala Ala Arg Gly Glu His Pro Ala Ala Ser val Thr Leu Leu
1010 1015 1020

Thr Leu Leu Asp Phe Ala Asp Thr Gly ITe Leu Asp val Phe
1025 1030 1035

Asp Glu Gly His val Gln Leu Arg Glu Ala Thr Leu Gly Gly
1040 1045 1050

Ala Gly Ala Pro Cys Ala Leu Leu Arg Gly Leu Glu Leu Ala
1055 1060 1065

Thr Phe Ser Phe Leu Arg Pro Asn Asp Leu val Trp Asn Tyr
1070 1075 1080

val Asp Asn Tyr Leu Lys Gly Asn Thr Pro val Pro Phe Asp

1085 1090 1095
Leu Phe Trp Asn Gly Asp Ala Thr Asn Leu Pro Gly Pro Trp
1100 1105 1110

Cys Trp Tyr Leu Arg His Thr Tyr Leu Gln Asn Glu Leu Lys

1115 1120 1125
Pro Gly Lys Leu Thr val <cys Gly val Pro val Asp Leu Ala
1130 1135 1140

Ile Asp val Pro Thr Tyr 1Ile Tyr Gly Ser

Arg Glu Asp His
1145 1150 1155

val Pro Trp Thr Ala Ala Tyr Ala Ser Thr Ala Leu Leu Ala

1160 1165 1170
Lys Leu Arg Phe val Leu Gly Ala Ser Gly His 1Ile Ala Gly
1175 1180 1185

Ile Asn Pro Pro Ala Lys Ash Lys Arg Ser His Trp Thr Asn
1190 1195 1200
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Asp

Glu

Gly

Ala

Ala

Gly

Pro

Asn

Asp

Leu

Arg

Glu

Lys

Arg

Gly

Phe

Ala
1205

His
1220

Gln
1235

Arg
1250

Lys
1265

Arg
1295

Leu
1310

Ser
1325

Lys
1340

Glu
1355

Trp
1370

Ala
1385

Pro
1400

Pro
1430

Leu
1445

Leu

Ala

Tyr

Ala

Gly

Asp

Phe

Thr

Leu

Gly

Gly

Gly

Asp

Phe

cys

Tyr

Pro

Gly

Gly

Arg

His

Gly

Arg

Gln

Leu

Ser

Asn

Phe

Glu

Gly

Pro

Ala

Asp

Glu

Ser

Ala

Ala

Met

Leu

Phe

Arg

Gln

Ser

Gly

Arg

Trp

Ser

Arg

Gly

Arg

Ser

Trp

Lys

val

Glu

Lys

Thr

val

Thr

val

Ser

Ala

Glu

cys

Asp

Leu

Pro
1210

Trp
1225

Arg
1240

Glu
1255

Leu
1270

Met
1285

Arg
1300

Phe
1315

Ser
1330

Asn
1345

Ala
1360

Glu
1390

cys
1405

Arg
1420

Phe
1435

Ala
1450

Gln

Pro

Ala

Pro

Ala

Gly

Thr

Ser

Asp

Gln

Thr

val

Asn

Leu

Tyr

Ala

Ser

Gln

Asp

Ala

Ala

val

val

Ser

val

Leu

Asp

Pro

cys

Pro

val

Phe

Trp

Trp

Pro

Pro

Ala

Thr

Phe

Pro

Asp

Arg

val

Pro

Tyr

Ala

His

Leu

Thr

Ala

Gly

Gly

Phe

Leu

Lys

Ser

Pro

Lys

Asn

Ala

Lys

Lys

Thr val Ile
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Ala
1215

Ala
1230

Asn
1245

Arg
1260

Asp
1275

Ile
1290

Leu
1305

Leu
1335

val
1350

Ser
1365

val
1380

Leu
1395

Pro
1410

val
1425

Glu
1440

Tyr
1455

Gly

Trp

Tyr

Tyr

Lys

Leu

Trp

val

val

Gly

Ala

val

Glu

Asp

Ser

Gly

Arg

Ala

Leu

Gly

val

Arg

Gln

val

cys

Leu

Thr

Asn

Gly

Gly

Ala

Gly

Asn

Lys

Gly

Leu

Arg

Asn

Lys

Tyr

Lys

Thr

Phe

Thr



Thr

Lys

Ala

Tyr

Glu

Pro

Lys

Glu

Lys

val

Arg

Lys

Ser

Thr

Asp

Glu

Ser

Phe
1460

Lys
1475

Thr
1490

Gln
1505

val
1520

Gln
1535

Arg
1550

Ile
1565

Asn
1580

val
1595

Thr
1610

Ile
1625

Gln
1640

Ile
1655

Asn
1670

Ala
1685

Thr
1700

Ala

Asp

Ala

Asp

Phe

Ser

Asp

Leu

Ser

Ser

Met

Gly

Ser

Ser

Thr

Ala

Glu

Phe

Asp

Thr

Asn

Leu

Asn

Thr

Thr

Asn

Ser

Ala

Arg

Thr

Thr

Gln

Ser

Gly

Phe

Pro

Gly

Leu

Leu

Thr

Thr

Arg

Gly

Asp

Ser

Glu

Ser

His

val

Asp

val

Ser

Ser

Phe

Thr

Gln

Thr

Lys

Ala

Pro

Ala

Pro

Asn

Glu

Thr

val
1465

ser
1480

Ser
1495

Gly
1510

Tyr
1525

Leu
1540

Gly
1555

Gly
1570

Ile
1585

Lys
1600

Asn
1630

Ala
1645

Gln
1660

Thr
1675

Gln
1690

Pro
1705

Ala

His

Gly

Thr

val

Asn

Lys

Glu

Arg

Asn

Thr

Ser

val

Ser

Pro

Ser

Phe

Pro

Tyr

Asn

Gln

Leu

Trp

Ser

Asn

Ser

Ser

Leu

val

Ala

Leu

Leu

Tyr

Glu

Leu

Thr

Ile

Ala

Glu

Ser

Thr

Ala

His

Thr

Tyr

Arg

Thr

Ile

Arg

Ser

Thr

Glu

Ile

Trp

Phe

Glu

Gly

Thr

Met

Leu

Thr

Lys

Arg

Thr
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Leu
1470

Glu
1485

Thr
1500

Glu
1515

Ser
1530

Tyr
1545

Lys
1560

Trp
1575

Leu
1590

Gln
1605

Thr
1620

val
1635

Thr
1650

Lys
1665

Leu
1680

Thr
1695

Ala
1710

Pro

Pro

Thr

Tyr

Arg

Thr

val

Glu

Ser

Ser

Glu

Gln

Thr

Pro

Asp

Asp

Ala

Gln

val

Ile

Leu

Phe

Ser

Asn

Thr

Phe

Pro

Asp

val

Leu

Gly

Ile

Asn

Gly

Ala

Asn

Arg

Phe

Thr

Gly

Pro

Lys

Thr

His

His

Pro

Ser

Asp

Pro



Pro

Asp

Gly

Ser

Ala

val

Thr

Phe

Asn

Thr

Arg

Gln

Gln

Asp

cys

<210>

Lys
1715

Pro
1730

Asn
1745

Ser
1760

Asn
1790

Gln
1805

Gln
1835

Thr
1850

Thr
1865

Arg
1880

Glu
1895

Ile
1910

Asn
1925

Ile
1940

Ile
1955

53

Ala

Ala

Asn

Gly

Leu

Ala

Asp

Pro

Asp

Gln

Phe

Trp

Pro

Asp

Gly

cys

Glu

Thr

Asn

Lys

Gln

Glu

Ala

Gly

Ala

Ser

Gly

His

Asn

val

Ly

S

Asn

Thr

Thr

Leu

Thr

Pro

Gly

Ala

Leu

Leu

Ile

Gly

Asp

Asp

Trp

Thr

Phe

Thr

Thr

Gly

Gly

Lys

Ala

Glu

Ile

Gln

Leu

Thr

Trp

Phe

Trp

Gly

val

Asn
1720

Ser
1735

His
1750

Leu
1765

Cys
1795

Ala
1810

cys
1840

Leu
1855

Asn
1870

cys
1885

Thr
1900

val
1915

Thr
1930

val
1945

Phe
1960

Thr

Pro

Gln

Arg

Asn

Gly

Phe

Arg

Lys

Asp

Gly

Ser

Gln

Asp

Thr

Arg

Pro

Gly

Tyr

Leu

Leu

Lys

Asn

Lys

Trp

Ile

Lys

Asn

Thr

Asn

Thr

Asn

Leu

Arg

Arg

Ala

Leu

Thr

Arg

Ala

Ser

His

Gly

Thr

Arg

Leu

Ala

Glu

Gln

Ala

Ile

Gly

Thr

Leu

Gln

val
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Thr
1725

Ser
1740

Glu
1755

Ile
1770

Arg
1785

His
1800

Trp
1815

Leu
1845

Thr
1860

Asp
1875

Pro
1890

Asp
1905

Pro
1920

Trp
1935

Ile
1950

Asp

Glu

Glu

Ala

Glu

Tyr

Leu

Ala

Thr

Phe

Asp

Lys

Asp

Ala

Phe

Thr

Ser

Gly

Ala

Trp

Pro

Met

Asn

Glu

Leu

cys

Ile

Gln

Pro

Leu

Leu

val

Ile

Thr

Tyr

His

Leu

Leu

cys

Asp

Gly

Phe



<211>
<212>
<213>

<220>
<223>

DNA

<400> 53
ttcttgaaga

aatggtttct
tttatttttc
gcttcaataa
tccectttttt
aaaagatgct
cggtaagatc
agttctgcta
ccgcatacac
tacggatggc
tgcggccaac
caacatgggg
accaaacgac
attaactggc
ggataaagtt
taaatctgga
taagccctcc
aaatagacag
agtttactca
ggtgaagatc
ctgagcgtca
cgtaatctgc
tcaagagcta
tactgtcctt
tacatacctc
tcttaccggg
ggggggttcg
acagcgtgag
ggtaagcggc
gtatctttat

ctcgtcaggg

7912

Artificial

cgaaagggcc
tagacgtcag
taaatacatt
tattgaaaaa
gcggcatttt
gaagatcagt
cttgagagtt
tgtggcgcgg
tattctcaga
atgacagtaa
ttacttctga
gatcatgtaa
gagcgtgaca
gaactactta
gcaggaccac
gccggtgage
cgtatcgtag
atcgctgaga
tatatacttt
ctttttgata
gaccccgtag
tgcttgcaaa
ccaactcttt
ctagtgtagc
gctctgctaa
ttggactcaa
tgcacacagc
ctatgagaaa
agggtcggaa
agtcctgtcg

gggcggagec

tcgtgatacg
gtggcacttt
caaatatgta
ggaagagtat
gccttecctgt
tgggtgcacg
ttcgccccga
tattatcccg
atgacttggt
gagaattatg
caacgatcgg
ctcgecttga
ccacgatgcc
ctctagcttc
ttctgcgctc
gtgggtctcg
ttatctacac
taggtgcctc
agattgattt
atctcatgac
aaaagatcaa
caaaaaaacc
ttccgaaggt
cgtagttagg
tcctgttacc
gacgatagtt
ccagcttgga
gcgccacgct
caggagagcg
ggtttcgcca

tatggaaaaa

cctattttta
tcggggaaat
tccgctcatg
gagtattcaa
ttttgctcac
agtgggttac
agaacgtttt
tgttgacgcc
tgagtactca
cagtgctgcc
aggaccgaag
tcgttgggaa
tgcagcaatg
ccggcaacaa
ggccctteccg
cggtatcatt
gacggggagt
actgattaag
aaaacttcat
caaaatccct
aggatcttct
accgctacca
aactggcttc
ccaccacttc
agtggctgct
accggataag
gcgaacgacc
tcccgaaggg
cacgagggag
cctctgactt

cgccagcaac
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Synthetic construct - pET-14b-PhaC-WNVE

taggttaatg
gtgcgcggaa
agacaataac
catttccgtg
ccagaaacgc
atcgaactgg
ccaatgatga
gggcaagagc
ccagtcacag
ataaccatga
gagctaaccg
ccggagctga
gcaacaacgt
ttaatagact
gctggctggt
gcagcactgg
caggcaacta
cattggtaac
ttttaattta
taacgtgagt
tgagatcctt
gcggtggttt
agcagagcgc
aagaactctg
gccagtggeg
gcgcageggt
tacaccgaac
agaaaggcgg
cttccagggg
gagcgtcgat
gcggectttt

tcatgataat
cccctatttg
cctgataaat
tcgceccttat
tggtgaaagt
atctcaacag
gcacttttaa
aactcggtcg
aaaagcatct
gtgataacac
cttttttgca
atgaagccat
tgcgcaaact
ggatggaggc
ttattgctga
ggccagatgg
tggatgaacg
tgtcagacca
aaaggatcta
tttcgttcca
tttttctgcg
gtttgccgga
agataccaaa
tagcaccgcc
ataagtcgtg
cgggctgaac
tgagatacct
acaggtatcc
gaaacgcctg
ttttgtgatg

tacggttcct

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860



ggccttttgce
taaccgtatt
cagcgagtca
tctgtgcggt
gcatagttaa
gacacccgcc
acagacaagc
cgaaacgcgc
tgtctgcctg
ttctgataaa
tgtaaggggg
cgatacgggt
tggcggtatg
ttaatacaga
acataatggt
agaccattca
gctcgcgtat
tcctcaacga
tgcgccgegt
tttgcgcatt
cgttagcgag
acgcaacgcg
ccatgtgctc
taggctggta
cctggacagc
aatggggaag
ggccgccatg
gacgaaggct
cgtcgegctc
tcctacgagt
cgcccaccgg
cttatgcgac
cgccgcaagg

tgccaccata

tggccttttg
accgcctttg
gtgagcgagg
atttcacacc
gccagtatac
aacacccgct
tgtgaccgtc
gaggcagctg
ttcatccgeg
gcgggccatg
atttctgttc
tactgatgat
gatgcggcgg
tgtaggtgtt
gcagggcgct
tgttgttgct
cggtgattca
caggagcacg
gcggctgctg
cacagttctc
gtgccgeegg
gggaggcaga
gccgaggegg
agagccgcga
atggcctgca
gccatccagc
ccggcgataa
tgagcgaggg
cagcgaaagc
tgcatgataa
aaggagctga
tcctgcatta
aatggtgcat

cccacgccga

ctcacatgtt
agtgagctga
aagcggaaga
gcatatatgg
actccgctat
gacgcgccct
tccgggaget
cggtaaagct
tccagctcgt
ttaagggcgg
atgggggtaa

gaacatgccc
gaccagagaa
ccacagggta
gacttccgcg
caggtcgcag
ttctgctaac
atcatgcgca
gagatggcgg
cgcaagaatt
cttccattca
caaggtatag
cataaatcgc
gcgatccttg
acgcgggcat
ctcgcgtegce
tggcctgett
cgtgcaagat
ggtcctcgec
agaagacagt
ctgggttgaa
ggaagcagcc
gcaaggagat

aacaagcgct

ctttcctgceg
taccgctcgce
gcgcctgatg
tgcactctca
cgctacgtga
gacgggcttg
gcatgtgtca
catcagcgtg
tgagtttctc
ttttttcctg
tgataccgat
ggttactgga
aaatcactca
gccagcagca
tttccagact
acgttttgca
cagtaaggca
cccgtggeca
acgcgatgga
gattggctcc
ggtcgaggtg
ggcggcgcect
cgtgacgatc
aagctgtccc
cccgatgecg
gaacgccagc
ctcgccgaaa
tccgaatacc
gaaaatgacc
cataagtgcg
ggctctcaag
cagtagtagg
ggcgcccaac
catgagcccg
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ttatcccctg
cgcagccgaa
cggtattttc
gtacaatctg
ctgggtcatg
tctgctcccg
gaggttttca
gtcgtgaagc
cagaagcgtt
tttggtcact
gaaacgagag
acgttgtgag
gggtcaatgc
tcctgcgatg
ttacgaaaca
gcagcagtcg
accccgccag
ggacccaacg
tatgttctgc
aattcttgga
gcccggcetec
acaatccatg
agcggtccag
tgatggtcgt
ccggaagcga
aagacgtagc
cgtttggtgg
gcaagcgaca
cagagcgctg
gcgacgatag
ggcatcggtc
ttgaggccgt
agtcccccgg

aagtggcgag

attctgtgga
cgaccgagcg
tccttacgea
ctctgatgcc
gctgcgeccc
gcatccgctt
ccgtcatcac
gattcacaga
aatgtctggc
gatgcctccg
aggatgctca
ggtaaacaac
cagcgcttcg
cagatccgga
cggaaaccga
cttcacgttc
cctagccggg
ctgcccgaga
caagggttgg
gtggtgaatc
atgcaccgcg
ccaacccgtt
tgatcgaagt
catctacctg
gaagaatcat
ccagcgcgtc
cgggaccagt
ggccgatcat
ccggcacctg
tcatgccccg
gacgctctcc
tgagcaccgc
ccacggggcc

cccgatcttc

1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900



cccatcggtg
ggccacgatg
actataggga
gcaaaggcgc
ggccattcga
acggccacgc
cgccggegea
aggccatggc
gcgacgcatg
cgcgcgectt
tccgettegce
atcccgaggc
gcaacatgat
aggtcggccg
agctgttgca
cgccgtgcat
atgtggtgga
tggccggcag
cgcgcgacat
ttgtctcgac
cgctgctgac
agggccatgt
tgctgcgegg
ggaactacgt
tctggaacgg
cctacctgca
acctggccag
cgtggaccgc
gtgcgtcggg
ggactaacga
acggcagctg
ccgecgeecgce
acgtcaaagc
gaggcctcga
gcgcgacctg

atgtcggcga
cgtccggegt
gaccacaacg
ggcagcttcc
tccagccaca
ggccgegtcc
gctgggtgat
cgagggcaag
gcgcaccaac
gaccgagctg
gatctcgcaa
gcagcgcctg
ggaagacctg
caatgtcgcg
gtacaagccg
caacaagtac
gcagggacat
cacctgggac
cagcggccag
cgcgctggeg
cacgctgctg
gcagttgcgc
ccttgagctg
ggtcgacaac
cgacgccacc
gaacgagctc
catcgacgtg
ggcctatgec
ccatatcgcc
tgcgctgccg
gtggccggac
caactatggc
caaggcacat

gtttaactgc

ggtggatctg

tataggcgcc
agaggatcga
gtttccctct
acgcaggaag
tggctggaat
ggcattccgg
atccagcagc
gccgaggcca
ctcccatatc
gccgatgccg
tgggtcgatg
ctgatcgagt
acacgcggca
gtgaccgaag
ctgaccgaca
tacatcctgg
acggtgtttc
gactacatcg
gacaagatca
gtgctggceg
gactttgccg
gaggccacgc
gccaatacct
tacctgaagg
aacctgccgg
aaggtaccgg
ccgacctata
tcgaccgcgce
ggtgtgatca
gagtcgccgce
tggaccgcat
aatgcgcgct
atggtgctgg
ctgggcatga
gtgctggaag

agcaaccgca
gatctcgatc
agaaataagg
gcaagtccca
ggtcccgceca
gcctggatgce
gctacatgaa
ccggteccget
gcttcgetgce
tcgaggccga
cgatgtcgcc
cgggcggcga
agatctcgca
gcgccgtggt
aggtgcacgc
acctgcagcc
tggtgtcgtg
agcacgcggc
acgtgctcgg
cgcgcggcga
acacgggcat
tgggcggcag
tctcgttctt
gcaacacgcc
ggccgtggta
gcaagctgac
tctacggctc
tgctggcgaa
acccgcecggce
agcaatggct
ggctggccgg
atcgcgcaat
cggtggcgat
gcaaccgcga

gcgatagctg
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cctgtggcgce
ccgcgaaatt
agatactagt
accattcaag
gtggcagggc
gctggcaggc
ggacttctca
gcacgaccgg
cgcgttctac
tgccaagacc
cgccaacttc
atcgctgcgt
gaccgacgag
cttcgagaac
gcgcccgcetg
ggagagctcg
gcgcaatccg
catccgcgcec
cttctgcgtg
gcacccggcc
cctcgacgtc
cgccggcegceg
gcgcccgaac
ggtgccgttc
ctgctggtac
cgtgtgcggc
gcgcgaagac
caagctgcgc
caagaacaag
ggccggegec
gcaggccggc
cgaacccgcg
tgataaacgc
ttttctggaa

cgtgaccatt

cggtgatgcc
aatacgactc
atggcgaccg
gtcacgccgg
actgaaggca
gtcaagatcg
gcgctgtggc
cgcttcgecg
ctgctcaatg
cgccagcgcea
cttgccacca
gccggegtge
agcgcgtttg
gagtacttcc
ctgatggtgc
ctggtgcgcc
gacgccagca
atcgaagtcg
ggcggcacca
gccagcgtca
tttgtcgacg
ccgtgegegce
gacctggtgt
gacctgctgt
ctgcgccaca
gtgccggtgg
catatcgtgc
ttcgtgctgg
cgcagccact
atcgagcatc
gcgaaacgcg
cctgggcgat
ggaggcggtg
ggcgtgagcg

atgagcaaag

3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000



ataaaccgac
gcagctattg
tgggcgaagc
tggatcgcgg
cgaaatttgc
atgaagtggc
cccaggtggg
ccctgaaact
ataccaacgc
ggtttatgga
aaaccctgat
gccaggaagg
acaccgtgaa
tgaaaggcac
ataccggcca
aagtgccgat
ccgtgaaccc
cgcecgtttgg
ggcataaaag
gcctggeggce
gcgtgggcaa
tgagctggat
gcgatcgcag
tgaacgtgca
gctgccaccg
ggttttttgc
gatcgcgtag
gcggtcggac
tagcagcacg
cggcagtacc
gacgatgagc
tgataaacta
<210>

<211>
<212>

54
1108
PRT

cattgatgtg
ctatctggcg
gcataacgat
ctggggcaac
gtgcagcacc
gatttttgtg
cgcgacccag
gggcgaatat
gtattatgtg
tctgaacctg
ggaatttgaa
cgcgctgcat
actgaccagc
cacctatggc
tggcaccgtg
tagcagcgtg
gtttgtgagc
cgatagctat
cggcagcagc
gctgggcgat
agcggtgcat
tacccagggc
cattgcgctg
tgcgtgagga
ctgagcaata
tgaaaggagg
tcgatagtgg
agtgctccga
ccatagtgac
ggcataacca
gcattgttag

ccgcattaaa

aaaatgatga
accgtgagcg
aaacgcgcgg
ggctgcggcc
aaagcgattg
catggcccga
gcgggcecgec
ggcgaagtga
atgaccgtgg
ccgtggagea
gaaccgcatg
caggcgctgg
ggccatctga
gtgtgcagca
gtgctggaac
gcgagcctga
gtggcgaccg
attgtggtgg
attggcaaag
accgcgtggg
caggtgtttg
ctgctgggeg
acctttctgg
tccggcetget
actagcataa
aactatatcc
ctccaagtag
gaacgggtgc
tggcgatgct
agcctatgcec
atttcataca

gcttatcgat

acatggaagc
atctgagcac
atccggegtt
tgtttggcaa
gccgcaccat
ccaccgtgga
tgagcattac
ccgtggattg
gcaccaaaac
gcgcgggceag
cgaccaaaca
cgggcgcgat
aatgccgcgt
aagcgtttaa
tgcagtatac
acgatctgac
cgaacgcgaa
gccgcggcga
cgtttaccac
attttggcag
gcggcgegtt
cgctgctgct
cggtgggcgg
aacaaagccc
ccccttgggg
ggatatccac
cgaagcgagc
gcatagaaat
gtcggaatgg
tacagcatcc
cggtgcctga

gataagctgt
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ggcgaacctg
caaagcggcg
tgtgtgccgce
aggcagcatt
tctgaaagaa
aagccatggc
cccggeggceg
cgaaccgcgc
ctttctggtg
caccgtgtgg
gagcgtgatt
tccggtggaa
gaaaatggaa
atttctgggc
cggcaccgat
cccggtgggce
agtgctgatt
acagcagatt
caccctgaaa
cgtgggcggc
tcgcagectg
gtggatgggc
cgtgctgctg
gaaaggaagc
cctctaaacg
aggacgggtg
aggactgggc
tgcatcaacg
acgatatccc
agggtgacgg
ctgcgttagc

caaacatgag

gcggaagtgc
tgcccgacca
cagggcgtgg
gatacctgcg
aacattaaat
aactatagca
ccgagctata
agcggcattg
catcgcgaat
cgcaaccgcg
gcgctgggea
tttagcagca
aaactgcagc
accccggcgg
ggcccgtgea
cgcctggtga
gaactggaac
aaccatcatt
ggcgcgcagce
gtgtttacca
tttggcggca
attaacgcgc
tttctgagcg
tgagttggct
ggtcttgagg
tggtcgccat
ggcggccaaa
catatagcgc
gcaagaggcc
tgccgaggat
aatttaactg

aa

6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7912



<213> Artificial

<220>
<223> PhaC-WNVE fusion polypeptide encoded by pET-14b-PhaC-WNVE

<400> 54
Met Ala Thr Gly Lys Gly Ala Ala Ala Ser Thr GIn Glu Gly Lys Ser
1 5 10 15

Gln Pro Phe Lys val Thr Pro Gly Pro Phe Asp Pro Ala Thr Trp Leu
20 25 30

Glu Trp Ser Arg Gln Trp Gln Gly Thr Glu Gly Asn Gly His Ala Ala
35 40 45

Ala Ser Gly ITe Pro Gly Leu Asp Ala Leu Ala Gly val Lys Ile Ala
50 55 60

Pro Ala GIn Leu Gly Asp ITle GIn Gln Arg Tyr Met Lys Asp Phe Ser
65 70 75 80

Ala Leu Trp GIn Ala Met Ala Glu Gly Lys Ala Glu Ala Thr Gly Pro
85 90 95

Leu His Asp Arg Arg Phe Ala Gly Asp Ala Trp Arg Thr Asnh Leu Pro
100 105 110

Tyr Arg Phe Ala Ala Ala Phe Tyr Leu Leu Asn Ala Arg Ala Leu Thr
115 120 125

Glu Leu Ala Asp Ala val Glu Ala Asp Ala Lys Thr Arg GIn Arg Ile
130 135 140

Arg Phe Ala Ile Ser Gln Trp val Asp Ala Met Ser Pro Ala Asn Phe
145 150 155 160

Leu Ala Thr Asn Pro Glu Ala Gln Arg Leu Leu Ile Glu Ser Gly Gly
165 170 175

Glu Ser Leu Arg Ala Gly val Arg Asn Met Met Glu Asp Leu Thr Arg
180 185 190

Gly Lys Ile Ser Gln Thr Asp Glu Ser Ala Phe Glu val Gly Arg Asn
195 200 205

val Ala val Thr Glu Gly Ala val val Phe Glu Asn Glu Tyr Phe Gln
210 215 220

Leu Leu GIn Tyr Lys Pro Leu Thr Asp Lys Vval His Ala Arg Pro Leu
225 230 235 240

Leu Met val Pro Pro Cys Ile Asn Lys Tyr Tyr Ile Leu Asp Leu Gln
245 250 255
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Pro

Phe

Trp

Glu

Ala

Leu

Leu

385

Asp

Pro

Pro

Glu

Leu

465

His

Asn

Ile

Glu
Leu
Asp
2

Asp
Gly
His
Asp
Arg
Arg
Leu
val
Gly
Leu

450

Ala

Lys

Asn

Ser

val

275

Asp

Ile

Thr

Pro

Thr

355

Glu

Gly

val

Pro

Pro

435

Lys

Ser

val

Leu

Pro
515

Ser
260
Ser

Tyr

Ser

Ala

340

Gly

Ala

Leu

Trp

Phe

420

Trp

val

Pro

Leu

Trp

Gly

val

325

Ala

Ile

Thr

Glu

Asn

405

Asp

Tyr

Pro

Asp

Ala

val

Arg

Glu

Gln

310

Ser

Ser

Leu

Leu

Leu

390

Tyr

Leu

cys

Gly

val

470

Thr

val

Lys

Arg

Asn

His

295

Asp

Thr

val

Asp

Gly

Ala

val

Leu

Trp

Lys

455

Pro

Ala

Leu

Asn

Pro

280

Ala

Lys

Ala

Thr

val

360

Gly

Asn

val

Phe

Tyr

440

Leu

Thr

Ala

Gly

val

265

Asp

Ala

Ile

Leu

Leu

345

Phe

Gly

Thr

Asp

Thr

Tyr

Tyr

Ala

505

Arg

val

Ala

Ile

Asn

Ala

330

Leu

val

Ala

Phe

Asn

410

Asn

Arg

val

Ala
490

Ser

Ser

Glu

Ser

Arg

val

315

val

Thr

Asp

Gly

Ser

395

Tyr

Gly

His

cys

Tyr

475

Ser

Gly

His

Gln

Met

Ala

300

Leu

Leu

Thr

Glu

Ala

380

Phe

Leu

Asp

Thr

Gly

Gly

Thr

His

Trp
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Gly

Ala

285

Ile

Gly

Ala

Leu

Gly

Pro

Leu

Lys

Ala

Tyr

445

val

Ser

Ala

Thr
525

His

270

Gly

Glu

Phe

Ala

Leu

350

His

Cys

Arg

Gly

Thr

430

Leu

Pro

Arg

Leu

Ala

510

Asn

Thr

ser

val

Cys

Arg

Asp

val

Ala

Pro

Asn

415

Asn

Gln

val

Glu

Leu

495

Gly

Asp

val

Thr

val

320

Gly

Phe

Gln

Leu

Asn

400

Thr

Leu

Asn

Asp

val



Leu

Gly

Ala

Leu

Asn

Ala

625

Met

Ala

Ser

Asn

705

Asp

Pro

Thr

Leu
785

Pro

530

Ser

Lys

Glu

Ala

Cys

610

Thr

Ser

Ala

Asp

Asp

690

Arg

Thr

Leu

Thr

Gln

770

Lys

Glu

Trp

Arg

Pro

val

595

Leu

Trp

Lys

Asn

Leu

675

Lys

Gly

Cys

Lys

Thr

755

Ala

Leu

Ser

Trp

Ala

Ala

580

Ala

Gly

val

Asp

Leu

660

Ser

Arg

Trp

Ala

Glu

740

val

Gly

Gly

Pro

Pro

Ala

565

Pro

Met

Asp

Lys

645

Ala

Thr

Ala

Gly

Arg

Glu

Gln

550

Pro

Gly

Asp

Ser

Leu

630

Pro

Lys

Asp

Asn

710

Phe

Ser

Leu

Tyr
790

Gln

535

Trp

Ala

Arg

Lys

Asn

615

val

Thr

val

Ala

Pro

695

Gly

Ala

Lys

His

Ser

775

Gly

Trp

Thr

Asn

TYyr

Arg

Arg

Leu

Arg

Ala

680

Ala

Cys

Cys

TYyr

Glu

Leu

Ala

Tyr

val

585

Gly

Asp

Glu

Asp

ser

665

Cys

Phe

Gly

Ser

Glu

745

Asn

Thr

val

Ala

Trp

Lys

Gly

Phe

Gly

val

650

Tyr

Pro

val

Leu

Thr

730

val

Tyr

Pro

Thr
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Gly

Leu

555

Asn

Ala

Gly

Leu

Asp

635

Lys

Cys

Thr

Cys

Phe

715

Lys

Ala

Ser

Ala

val
795

Ala

540

Ala

Ala

Lys

Gly

Glu

620

Ser

Met

Tyr

Met

Arg

Gly

Ala

Thr

Ala
780

Asp

Ile

Gly

Arg

Ala

Cys

Met

Leu

Phe
Gln
765

Pro

Cys

Glu

Gln

Tyr

His

590

Leu

val

val

Asn

Ala

670

Glu

Gly

Gly

Gly

val

750

val

Ser

Glu

Ala

Arg

Met

Glu

Ser

Thr

Met

655

Thr

Ala

val

Ser

Arg

His

Gly

Tyr

Pro

val

Phe

Gly

Ile

640

val

val

Ile

720

Thr

Gly

Ala

Thr

Arg



Ser

Thr

Ser

Phe

Gln

865

Phe

val

Ser

Thr

val

945

Arg

Lys

val

Ser

Arg

Gly

Gln

Gly

Phe

Ser

Glu

850

Glu

Ser

Lys

Lys

val

930

Pro

Leu

val

Gly

Ser

1010

Leu
1025

Gly val phe Thr ser

1040

Gly Ala Phe Arg Ser

1055

Gly

Ile

Leu

Ala

835

Glu

Gly

Ser

Met

Ala

915

val

Ile

val

Leu

Arg
995

Ile Gly Lys Ala Phe

Ala Ala Leu Gly

Leu Leu Gly Ala

Thr
805

Asp

val His

820

Gly Ser
Pro
Ala

Leu

Thr
885

Asn

Glu
900

Lys
Phe Lys
Leu Glu
Ser

Ser

val
965

Thr

Ile Glu

980

Gly Glu

Asn

Arg

Thr

Ala

His

870

val

Leu

Phe

Leu

val

950

Asn

Leu

Gln

Ala Tyr

Glu

Trp

val

Thr
855

Lys
Gln Ala
Lys Leu
Gln Leu
Leu

Gly

Gln
935

Tyr
Ala Ser
Pro Phe
Glu

Pro

Ile
1000

Gln

Th
1015

Asp Th
1030

val Gl

1045

Leu Ph

1060

Leu Le

val Thr val

810

Tyr Met

Phe
825

Met Asp Leu Asn

Thr
845

Arg Asn Arg Glu

Ile Ala

860

Gln Ser val

Leu Ala Gly Ala Ile

Thr Ser His Leu

890

Gly

Gly Thr Thr Tyr

Thr
925

Pro Ala Asp

Thr Gly Thr Asp Gly

Leu Asnh Leu Thr

955

val Ser val Ala Thr

970

Pro Phe Ser

985

Gly Asp

Asn His His Trp His
100

r Thr Thr Leu Lys G

1020

Phe
1035

r Ala Trp Asp G

His G

1050

y Lys Ala val

Ser
1065

e Gly Gly Met

u Leu Trp Met I
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Gly

Thr
815

Gly Lys

Leu Pro

830

Trp

Leu Met Glu

Leu Gly Ser

Glu
880

Pro val

Lys Cys

895

Arg

Gly val Cys

Gly His Gly

Pro Cys Lys

Pro val

Ala Asn

975

Tyr Ile val

990

Lys Ser Gly
5
Ty Ala Gln

1y Ser val

Tn val Phe

Trp Ile Thr

le Asn Ala



1070 1075 1080

Arg Asp Arg Ser Ile Ala Leu Thr Phe Leu Ala val Gly Gly val
1085 1095

1090

Leu Leu Phe Leu Ser val Asn Vval His Ala
1100 1105

<210> 55

<211> 64

<212> DNA

<213> Artificial

<220>

<223> Primer - synthesised in laboratory

<400> 55

cgcctttgecc ggtcgcacaa caacaacaac aacacatact agtatctcct tatttctaga

ggga

<210> 56

<211> 45

<212> DNA

<213> Artificial

<220>

<223> Primer - synethsised in laboratory

<400> 56

gatacgtcaa agccaaggca tgtagggatc cggctgctaa caaag
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60
64

45



