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ENGINEERED SEQUENCES TO FACILITATE EXPRESSION OF ANTIGENS IN
NEISSERIA AND METHODS OF USE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority benefit of United States Provisional Patent
Application Serial No. 61/529,776, filed August 31, 2011, which application is incorporated

herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

[0002] This invention was made with government support under Grant No. Al 046464,
and AI 082263, awarded by the National Institutes of Health. The government has certain rights

in the invention.

INTRODUCTION

[0003] In order to ensure effective colonization and transmission, meningococcus
bacteria adapt and respond to different microenvironments through differential expression of
genes involved in pathogenesis. In Neisseria meningitidis, the presence or absence of pathogenic
determinants is regulated at the transcriptional level, while more fine-tuning of the determinant
level can be made at both transcriptional and translational levels. Gene activation is typically
associated with reversible changes within simple DNA sequence tracts (repeats in some
instances) located in promoter, coding, and/or transcription terminator sequence regions. The
number of repeats can be modified during replication through mechanisms such as slipped strand
mis-pairing, and can consequently influence transcription or translation by introducing frame-
shift mutations or changing critical promoter spacing. The loss or gain of repeat units results in
high frequency on-off switching (in the case of frame-shift/translational control) or modulation
of the level (in the case of promoter control) of expression of genes typically associated with
surface antigens.

[0004] PorA is an example of a surface antigen whose promoter strength is regulated at

least partially by changes in a poly-G tract that is located between base pairs -35 and -10 relative
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to the transcription start site. NadA is an example of a surface antigen whose promoter strength is
regulated in part by phase variation. A tract of repeated TAAA sequences, located upstream of
the nadA promoter, together with the binding of nadR transcriptional repressor to three different
operator elements, dictates the frequency of phase variation of nadA. Over-expressing a surface
antigen from a strong native promoter in a Neisseria meningitidis host therefore presents
difficulties when producing vaccines, as these mechanisms can result in inconsistent expression

of surface antigens.

SUMMARY

[0005] The present disclosure generally provides engineered polynucleotide sequences
that facilitate high-level expression of one or more gene products (e.g., polypeptides) of interest
in Neisseria meningitidis. Methods of use of such sequences, e.g., use in vaccine production, are
also provided.

[0006] In some embodiments, an engineered polynucleotide sequence is a promoter,
including a 5’ portion of a native N. meningitidis porA promoter comprising the sequence
ATGGTT, a spacer portion, and a 3’ portion of a native N. meningitidis porA promoter
comprising the sequence TATAAT, wherein the spacer comprises a sequence of the formula N'-
TTTCA-N?, wherein N' is X*(T/A)(T/A)(T/A)T/G)(C/G)(C/G)(C/G/A)G/T)CX® and N* is
XCXdXe, wherein: X" is present or absent, and when present is T or A, XPis present or absent,
and when present is A or C, X° is present or absent, and when present is T or G, X4 is present or
absent, and when present is A or G; and X° is present or absent, and when present is G, wherein
the 5’ portion, the spacer, and the 3’ portion are operably linked to provide for transcription in V.
meningitidis.

[0007] In some embodiments, the spacer comprises the sequence
ATATGCCTCCTTTCATA. In some embodiments, the spacer comprises the sequence
TATATGCCTCCTTTCATA. In some embodiments, the spacer comprises the sequence
ATAATGCCTCCTTTCATA. In some embodiments, the spacer comprises the sequence
ATATGCATCATTTCATA. In some embodiments, the spacer comprises the sequence
TTTTGCGGGCTTTCATA. In some embodiments, the spacer comprises the sequence
TTTTGCGGGCTTTCAGGG. In some embodiments, the spacer comprises the sequence
TTTTGCGGGCTTTCAG.
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[0008] In some embodiments, an engineered polynucleotide sequence is a promoter
comprising the formula, from 5’ to 3’: TFB-X-E-ATG, wherein TFB refers to a transcription
factor binding sequence of a native nmb1523 promoter; E refers to a 66 base pair extension
sequence of a native nmb 1523 promoter; and X refers to a spacer sequence of a native nmb1523
promoter positioned between TFB and E, wherein portions TFB, X, and E are operably linked to
provide for transcription in N. meningitidis, with the proviso that when E is present, TFB is
absent, and when TFB is present, E is absent. In certain embodiments, both TFB and E are
absent.

[0009] In some embodiments, an engineered polynucleotide sequence is a nucleic acid
construct comprising the promoter described above operably linked to a polynucleotide sequence
encoding a Neisseria meningitidis surface antigen.

[0010] In some embodiments, an isolated Neisseria meningitidis bacterium comprises a
promoter described above, or a nucleic acid construct described above. In some embodiments, an
isolated Neisseria meningitidis bacterium comprises a promoter that is operably positioned in the
genome of the bacterium to facilitate expression of an endogenous polynucleotide. In some
embodiments, the endogenous polynucleotide encodes a Neisseria meningitidis surface antigen.
[0011] Some embodiments relate to a method of expressing a Neisseria meningitidis
surface antigen, the method comprising: culturing an isolated Neisseria meningitidis bacterium
as described above, wherein said culturing facilitates expression of the surface antigen.

[0012] Some embodiments relate to a method of expressing a Neisseria meningitidis
surface antigen, the method comprising operably inserting a promoter sequence as described
above into the genome of a Neisseria meningitidis host upstream of a native surface antigen
gene, and culturing the Neisseria meningitidis host, wherein said culturing facilitates expression
of the surface antigen.

[0013] Some embodiments relate to a method of expressing a Neisseria meningitidis
surface antigen, the method comprising inserting a nucleic acid construct comprising a promoter
sequence as described above operably linked to a polynucleotide sequence encoding a surface
antigen into the genome of a Neisseria meningitidis host; and culturing the Neisseria
meningitidis host, wherein said culturing facilitates expression of the surface antigen.

[0014] Some embodiments relate to a method of expressing a Neisseria meningitidis

surface antigen, the method comprising operably inserting a first promoter sequence as described
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above into the genome of a Neisseria meningitidis host upstream of a native surface antigen
gene, inserting a nucleic acid construct comprising a second promoter sequence as described
above operably linked to a polynucleotide sequence encoding a surface antigen into the genome
of a Neisseria meningitidis host, and culturing the Neisseria meningitidis host, wherein said
culturing facilitates expression of the surface antigen. In some embodiments, the first and second
promoters are the same. In other embodiments, the first and second promoters are different.
[0015] In some embodiments, nucleic acid constructs include a promoter that is operably
linked to a first polynucleotide that encodes a gene product of interest, and the first
polynucleotide is operably linked to a second polynucleotide that encodes a gene product of
interest, such that the promoter drives expression of the first and the second polynucleotides. In
some embodiments, nucleic acid constructs include a first polynucleotide and a second
polynucleotide that encode the same gene product of interest. In some embodiments, nucleic acid
constructs include a first polynucleotide and a second polynucleotide that encode different gene
products of interest. In some embodiments, one or both of the gene products of interest is a
Neisseria meningitidis surface antigen. In some embodiments, nucleic acid constructs include a
transcription terminator that is operably linked to the 3° end of the second polynucleotide.

[0016] In some embodiments, nucleic acid constructs include a promoter that is operably
linked to a first polynucleotide that encodes a gene product of interest, and the first
polynucleotide is operably linked to a second polynucleotide that encodes a gene product of
interest, and the second polynucleotide is operably linked to a third polynucleotide that encodes a
gene product of interest, such that the promoter drives expression of the first, the second, and the
third polynucleotides. In some embodiments, nucleic acid constructs include a first, a second,
and a third polynucleotide that encode the same gene product of interest. In some embodiments,
the gene product of interest is a Neisseria meningitidis surface antigen. In some embodiments,
two of the polynucleotides encode a first gene product of interest, and one of the polynucleotides
encodes a second gene product of interest that is different from the first gene product of interest.
In some embodiments, the first gene product of interest is a Neisseria meningitidis surface
antigen. In some embodiments, the second gene product of interest is a Neisseria meningitidis
surface antigen. In some embodiments, the first, the second, and the third polynucleotides each
encode a different gene product of interest. In some embodiments, each of the gene products of

interest are Neisseria meningitidis surface antigens. In some embodiments, nucleic acid
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constructs include a transcription terminator that is operably linked to the 3° end of the third

polynucleotide.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIGS. 1A-1B show schematic representations of native promoters of two phase
variable Neisserial outer membrane protein genes. FIG. 1A shows the main sequence features of
the native nadA and porA promoters. Underlined sequences represent segments responsible for
phase variation. Boxed portions of the nadA promoter represent sites that are recognized by the
transcriptional repressor NadR (NMB1843). Binding of NadR prevents the nadA promoter from
functioning. FIG. 1B shows an alignment of the nadA and porA promoter sequences, focusing on
the region of base pairs located between -35 and -10 from the transcription start site.

[0018] FIG. 2 shows a schematic diagram of the genes located upstream and downstream
of the factor H binding protein (fHbp) model gene/antigen in two representative Neisserial
strains: capsular group B strain MC58, and capsular group A strain Z2491. The direction of the
estimated transcription activity from nearby genes is marked with dashed lines.

[0019] FIG. 3: Panel A shows a diagram representing the strategy for the identification of
sequences that increase promoter output and therefore increase the amount of a model
gene/antigen (e.g., fHbp) produced by a Neisserial cell. Native fHbp promoter was replaced via
homolgous recombination with engineered promoter sequences. Panel B shows families of
promoter sequences that were engineered.

[0020] FIG. 4 shows the sequence features present in the chimeric promoters (referred to
as X1-X7) of the present disclosure, which contain combinations of sequences of Neisserial porA
and nadA promoter regions. X0 is the original, unmodified porA promoter sequence. Engineered
sequences were inserted into the region located from -35 to -10 nucleotides relative to the
transcription start site, either as a complete replacement using spacer sequences from the nadA
promoter (X1), or different sequence variants.

[0021] FIG. 5 shows an alignment describing the sequence features present in the
chimeric promoters. X0 is the original, unmodified porA promoter sequence used as a control.
Therefore X0 contains the poly G tract and is phase variable. X1 contains a spacing sequence
from the nadA gene (underlined). X2 through X4 are mutant variants of X1 comprising one

additional T (X2), one additional A and a second T to A mutation (X3), and one C to A mutation
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(X4). XS5 comprises a spacer comprising a 5° portion from a native porA gene and a 3’ portion
from a native nadA gene. X6 and X7 comprise spacer portions comprising a 5’ portion from a
native porA gene and a 3’ portion from a native porA gene.

[0022] FIG. 6 shows a schematic diagram of the native nmb1523 promoter (SL)
containing two elements that were deleted: a transcription factor binding domain and a 66 bp
extension domain. S1, nmb1523 without the 66 bp extension but retaining the transcription factor
binding site; S2, nmb1523 with the 66 bp extension but without the transcription factor binding
site; S3, nmb1523 without the 66 bp extension and without the transcription factor binding site.
[0023] FIG. 7: Panel A shows expression of fHbp ID 5 among engineered CH21A
Neisserial isolates as measured by a quantitative Western blot. Panels B and C show flow
cytometry data.

[0024] FIG. 8 shows quantitative Western blot data on fHbp ID 5 levels in mutant
CH21A strains containing one (X1) or more than one copy (X1-S1, and X1-X1) of the
engineered promoters.

[0025] FIG. 9: Panel A shows expression of fHbp ID 5 in engineered CH38W Neisserial
isolates as measured by a quantitative Western blot. Panels B and C show flow cytometry data.
[0026] FIG. 10 shows quantitative Western blot data for expression levels of fHbp ID 9
in mutant CH38W strains.

[0027] FIG. 11: Panel A shows expression levels of fHbp among engineered CH248B
(also known as H44/76) Neisserial mutant isolates measured by quantitative Western blot. Panels

B and C show flow cytometry data.

[0028] FIG. 12 shows quantitative Western blot data measuring fHbp ID 14 expression
levels among CH253B (also known as NZ98/254) derivatives.
[0029] FIG. 13 shows expression levels of fHbp ID 74 among engineered CH164X

Neisserial isolates as measured by a quantitative Western blot.

[0030] FIG. 14: Panel A shows quantitative Western blot data of expression levels in
CH36W mutants. Panels B and C show flow cytometry data.

[0031] FIG. 15 shows the expression levels of fHbp ID 5 in the CH21A strain with and
without a transcription terminator sequence.

[0032] FIG. 16 is a table showing the frequency of codon usage in a Neisseria
meningitidis FAM18§ strain.
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[0033] FIG. 17 is a table showing the frequency of codon usage in a Neisseria
meningitidis 72491 strain.
[0034] FIG. 18 is a sequence comparison between a codon-optimized sequence and an

original sequence for fHbp ID 9. Optimized codons are shown in grey.

[0035] FIG. 19 is a codon-optimized sequence of fHbp ID 23.

[0036] FIG. 20 is a codon-optimized sequence of fHbp ID 4.

[0037] FIG. 21 is a codon-optimized sequence of fHbp ID 28.

[0038] FIG. 22 is a codon-optimized sequence of fHbp ID 1.

[0039] FIG. 23 is a codon-optimized sequence of fHbp ID 14.

[0040] FIG. 24 is a codon-optimized sequence of fHbp ID 45.

[0041] FIG. 25 is a codon-optimized sequence of fHbp ID 55.

[0042] FIG. 26 is a codon-optimized sequence of fHbp ID 19.

[0043] FIG. 27 is a codon-optimized sequence of fHbp ID 77.

[0044] FIG. 28 is a codon-optimized sequence of NspA (nmb0663).

[0045] FIG. 29 is a codon-optimized sequence of NspA (nmc0612, nma0862).
[0046] FIG. 30 is a codon-optimized sequence of NHbp (nmb2132).

[0047] FIG. 31 is a codon-optimized sequence of TbpB (Tbp2, nmb0461).
[0048] FIG. 32 is a codon-optimized sequence of TbpA (Tbpl, nmb0461).
[0049] FIG. 33 is a codon-optimized sequence of LbpB (nmb1541).

[0050] FIG. 34 is a codon-optimized sequence of LbpA (nmb1540).

[0051] FIG. 35 is a codon-optimized sequence of Opacity protein (Class 5, nmb1053).
[0052] FIG. 36 is a codon-optimized sequence of NadA (nmb1994).

[0053] FIG. 37 is a codon-optimized sequence of PorA (nmb1429).

[0054] FIG. 38 is a codon-optimized sequence of feta (nmb1988).

[0055] FIG. 39: Panel A is a schematic illustration of an engineered promoter driving

expression of up to three different polynucleotide sequences that encode surface antigens, and
including a transcription terminator sequence located downstream of the surface antigen-
encoding sequences. Panel B is a schematic illustration of an engineered promoter driving
expression of fHbp and NspA, and including a transcription terminator located downstream of

the surface antigen-encoding sequences. Panel C is a schematic illustration of an engineered
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promoter driving expression of fHbp, TbpB, and TbpA, and including a transcription terminator
located downstream of the surface antigen-encoding sequences.

[0056] FIG. 40 shows quantitative Western blot data of expression levels of both fHbp
and NspA surface antigen sequences in a CH38W mutant Neisseria meningitidis strain, wherein
expression of both of the surface antigen sequences is driven by a single engineered promoter.
[0057] Before the present invention is further described, it is to be understood that this
invention is not limited to particular embodiments described, as such may, of course, vary. It is
also to be understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting, since the scope of the present invention
will be limited only by the appended claims.

[0058] Where a range of values is provided, it is understood that each intervening value,
to the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated or intervening value in that stated
range, is encompassed within the invention. The upper and lower limits of these smaller ranges
may independently be included in the smaller ranges, and are also encompassed within the
invention, subject to any specifically excluded limit in the stated range. Where the stated range
includes one or both of the limits, ranges excluding either or both of those included limits are
also included in the invention.

[0059] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those described herein can
also be used in the practice or testing of the present invention, the preferred methods and
materials are now described. All publications mentioned herein are incorporAted herein by
reference to disclose and describe the methods and/or materials in connection with which the
publications are cited.

[0060] It must be noted that as used herein and in the appended claims, the singular
forms “a,” “an,” and “the” include plural referents unless the context clearly dictates otherwise.
Thus, for example, reference to “the promoter” includes reference to one or more promoters, and
so forth. It is further noted that the claims may be drafted to exclude any optional element. As

such, this statement is intended to serve as antecedent basis for use of such exclusive
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terminology as “solely,” “only” and the like in connection with the recitation of claim elements,
or use of a “negative” limitation.

[0061] The publications discussed herein are provided solely for their disclosure prior to
the filing date of the present application. Nothing herein is to be construed as an admission that
the present invention is not entitled to antedate such publication by virtue of prior invention.

Further, the dates of publication provided may be different from the actual publication dates

which may need to be independently confirmed.

DEFINITIONS

[0062] The following terms have the following meanings unless otherwise indicated.
Any undefined terms have their art recognized meanings.

[0063] "Polynucleotide" as used herein refers to an oligonucleotide, nucleotide, and
fragments or portions thereof, and to DNA or RNA of genomic or synthetic origin which can be
single- or double-stranded, and represent the sense or antisense strand.

[0064] "Promoter” refers to a DNA regulatory region having a sequence capable of
initiating transcription of a downstream (3' direction) sequence.

[0065] “Transcriptional terminator” refers to a DNA regulatory region capable of
terminating transcription of an upstream (5’ direction) sequence.

[0066] A “codon” is a series of three contiguous nucleotides that encode a specific amino
acid residue in a polypeptide chain or encode the termination of translation (e.g. a “stop” codon).
[0067] “Translationally optimized sequence” refers to a non-natural DNA sequence
wherein the codons have been altered based on the preferences of the organism expressing the
sequence for one of the several codons that encode the same amino acid in order to facilitate
more efficient expression of the DNA sequence.

[0068] A "deletion" is defined as a change in nucleotide sequence in which one or more
nucleotide bases are absent as compared to a nucleotide sequence of a naturally occurring
reference polynucleotide.

[0069] An "insertion" or "addition" is that change in a nucleotide sequence which has
resulted in the addition of one or more nucleotide bases as compared to a nucleotide sequence of

a naturally occurring reference polynucleotide.
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[0070] A "substitution" results from the replacement of one or more nucleotides by
different nucleotides as compared to a nucleotide sequence of a naturally occurring reference
polynucleotide.

[0071] By “construct” or “polynucleotide construct” is meant a nucleic acid sequence
that has been constructed to comprise one or more functional units not found together in nature.
[0072] By "operably linked" is meant that a DNA sequence and a regulatory sequence
(e.g. a promoter) are connected in such a way as to permit gene expression when the appropriate
molecules (e.g., transcriptional activator proteins) are bound to the regulatory sequence.
Operably linking a DNA sequence and a regulatory sequence can be accomplished by operably
inserting the regulatory sequence upstream (e.g. in the 5° direction) of the DNA sequence, or by

operably inserting the DNA sequence downstream (e.g. in the 3’ direction) of the regulatory

sequence.
[0073] The term “endogenous” refers to any naturally-occurring component of a cell.
[0074] The term “exogenous” refers to any non-naturally-occurring component of a cell

that originates outside the cell.

[0075] The term “heterologous” or “chimeric” refers to two components that are defined
by structures derived from different sources. For example, where “heterologous” is used in the
context of a chimeric promoter, the chimeric promoter can include operably linked nucleotide
sequences that can be derived from different polynucleotide reference sequences (e.g., a first
component from an alpha and a second component from a beta reference nucleotide sequence).
A chimeric polynucleotide containing two or more defined segments, each of which is from a
different reference sequence, can be naturally-occurring or man-made (non-naturally-occurring).
Non-naturally occurring chimeric polynucleotide sequence refers to “man-made chimeras™ and
may encompass, €.g., a promoter with heterologous components that are not found together in
nature.

[0076] Other exemplary “heterologous” nucleic acids include expression constructs in
which a nucleic acid comprising a coding sequence is operably linked to a regulatory element
(e.g., a promoter) that has a genetic origin different from that of the coding sequence (e.g., to
provide for expression in a host cell of interest, which may be of different genetic origin relative

to the promoter, the coding sequence or both). For example, a chimeric promoter operably linked

10
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to a polynucleotide encoding an fHbp polypeptide or domain thereof is said to be a heterologous
nucleic acid.

[0077] “Domain deletion promoter” as used herein refers to a polynucleotide promoter
sequence that is derived from a native promoter sequence, but in which one or more domains
(e.g. a transcription factor binding domain and/or a base pair extension domain) has been
deleted.

[0078] “Recombinant” as used herein refers to a nucleic acid encoding a gene product, a
gene product (e.g., polypeptide) encoded by such a nucleic acid, or a cell (e.g. a bacterial cell)
that has been manipulated by the hand of man, and thus is provided in a context or form in which
it is not found in nature. “Recombinant” thus encompasses, for example, a polynucleotide
sequence encoding a gene product operably linked to a heterologous promoter (such that the
construct that provides for expression of the gene product from an operably linked promoter is
not found in nature). For example, a “recombinant fHbp” encompasses an fHbp encoded by a
construct that provides for expression from a promoter heterologous to the fHbp coding
sequence, fHbp polypeptides that are modified relative to a naturally-occurring fHbp (e.g., asin a
fusion protein), and the like. It should be noted that a recombinant fHbp polypeptide can be
endogenous to or heterologous to a Neisseria meningitidis strain in which such a recombinant
tHbp-encoding construct is present. A recombinant organism (e.g. a recombinant bacterium) can
be created by incorporating exogenous DNA into an organism to achieve a permanent or
transient genetic change. Genetic change can be accomplished either by incorporation of the
exogenous DNA into the genome of the host cell, or by transient or stable maintenance of the
exogenous DNA as an episomal element.

[0079] A “knock-out” or “knockout” of a target gene refers to an alteration in the
sequence of the gene that results in a decrease of function of the target gene, e.g., such that target
gene expression is undetectable or insignificant, and/or the gene product does not function or is
not significantly functional. For example, a “knockout” of a gene involved in LPS synthesis
means that function of the gene has been substantially decreased so that the expression of the
gene is not detectable or is only present at insignificant levels and/or a biological activity of the
gene product (e.g., an enzymatic activity) is significantly reduced relative to prior to the
modification or is not detectable. “Knock-outs” encompass conditional knock-outs, where

alteration of the target gene can occur upon, for example, exposure to a predefined set of

11
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conditions (e.g., temperature, osmolarity, exposure to substance that promotes target gene
alteration, and the like).

[0080] As used herein, the term "isolated" is meant to describe a molecule of interest
(e.g., a promoter) that is in an environment different from that in which the molecule naturally
occurs. Thus, for example, “isolated” encompasses a naturally-occurring promoter that is isolated
from its natural environment and operably linked to a heterologous polynucleotide sequence.
"Isolated" may also include compounds that are within samples in which the compound of
interest is partially or substantially purified, e.g., isolated surface antigen proteins.

[0081] “Enriched” means that a compound of interest in a sample is manipulated by an
experimentalist or a clinician so that it is present in at least a three-fold greater concentration by
total weight, usually at least 5-fold greater concentration, more preferably at least 10-fold greater
concentration, more usually at least 100-fold greater concentration than the concentration of that
antigen in the strain from which the antigen composition was obtained. Thus, e.g., if the
concentration of a particular antigen is 1 microgram per gram of total bacterial preparation (or of
total bacterial protein), an enriched preparation would contain at least 3 micrograms per gram of
total bacterial preparation (or of total bacterial protein).

[0082] As used herein, the term "substantially purified" refers to a compound (e.g., a
surface antigen) that is removed from its natural environment and is at least 60% free, preferably
75% free, and most preferably 90% free from other components with which it is naturally
associated.

[0083] The term “native” when used in the context of a polynucleotide sequence (e.g. a
promoter or a polynucleotide sequence encoding a surface antigen) refers to naturally-occurring
sequences (e.g. naturally-occurring porA or nadA promoter sequences, or naturally-occurring
tHbp-encoding sequences) as they are typically found in Neisseria meningitidis bacteria.

[0084] “Derived from” in the context of a polynucleotide sequence (e.g., a
polynucleotide sequence derived from a native Neisserial promoter) is meant to indicate that the
polynucleotide has a sequence that is modified relative to a reference polynucleotide, e.g., a
naturally-occurring polynucleotide sequence, and is not meant to be limiting as to the source or
method by which the polynucleotide is made. A polynucleotide sequence derived from another
polynucleotide sequence may include, for example, multiple additions, deletions, or substitutions

of specific nucleic acids.

12
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[0085] The phrase “a disease caused by Neisseria meningitidis” encompasses any clinical
symptom or combination of clinical symptoms that are present in an infection with Neisseria
meningitidis bacteria. These symptoms include but are not limited to: colonization of the upper
respiratory tract (e.g. mucosa of the nasopharynx and tonsils) by a pathogenic strain of Neisseria
meningitidis, penetration of the bacteria into the mucosa and the submucosal vascular bed,
septicemia, septic shock, inflammation, haemmorrhagic skin lesions, activation of fibrinolysis
and of blood coagulation, organ dysfunction such as kidney, lung, and cardiac failure, adrenal
hemorrhaging and muscular infarction, capillary leakage, edema, peripheral limb ischaemia,
respiratory distress syndrome, pericarditis and meningitis.

[0086] The phrase “elicit an immunological response in a subject” means that there is a
detectable difference between an immunological response indicator measured before and after
administration of a particular antigen preparation. Immune response indicators include but are
not limited to: antibody titer or specificity, as detected by an assay such as enzyme-linked
immunoassay (ELISA), bactericidal assay, flow cytometry, immunoprecipitation, Ouchter-
Lowny immunodiffusion; binding detection assays of, for example, spot, Western blot or antigen
arrays; cytotoxicity assays, etc.

[0087] A “surface antigen” is an antigen that is present in a surface structure of Neisseria
meningitidis (e.g. the outer membrane, inner membrane, periplasmic space, capsule, pili, etc.).
[0088] “Serogroup” or “capsular group” as used herein refers to classification of
Neisseria meningitidis by virtue of immunologically detectable variations in the capsular
polysaccharide. About 12 serogroups are known: A, B, C, X, Y, Z, 29-E, W-135, H, I, K and L.
Any one serogroup can encompass multiple serotypes and multiple serosubtypes.

[0089] “Serotype” as used herein refers to classification of Neisseria meningitidis strains
based on monoclonal antibody defined antigenic differences in the outer membrane protein Porin
B. A single serotype can be found in multiple serogroups and multiple serosubtypes.

[0090] “Serosubtype” as used herein refers classification of Neisseria meningitidis strains
based on antibody defined antigenic variations on an outer membrane protein called Porin A, or
upon VR typing of amino acid sequences deduced from DNA sequencing (Sacchi et al., 2000, J.
Infect. Dis. 182:1169; see also the Multi Locus Sequence Typing web site). Most variability

between PorA proteins occurs in two (loops I and IV) of eight putative, surface exposed loops.
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The variable loops I and IV have been designated VR1 and VR2, respectively. A single
serosubtype can be found in multiple serogroups and multiple serotypes.

[0091] A “monovalent vaccine” refers to a vesicle vaccine prepared from a single strain.
The strain may be a mutant strain (i.e., genetically modified) or a wildtype strain (naturally
occurring). Such vaccines may be combined with other immunogenic or antigenic components to
provide a vaccine composition (e.g., combined with one or more recombinant protein antigens).
[0092] A “bivalent vaccine” refers to a vesicle vaccine prepared from two different
strains. The two strains may be mutant strains or wildtype strains or a combination of a mutant
and a wildtype strain. Such vaccines may be combined with other immunogenic or antigenic
components to provide a vaccine composition (e.g., combined with one or more recombinant
protein antigens).

[0093] The term “subject” as used herein can refer to a human or to a non-human animal,
e.g. a mammal, including humans, primates, domestic and farm animals, and zoo, sport,

laboratory, or pet animals, such as horses, cows, dogs, cats, rodents, and the like.

DETAILED DESCRIPTION

[0094] The present disclosure generally provides engineered polynucleotide sequences
that facilitate consistent, high-level expression of one or more gene products (e.g., polypeptides,
RNA) of interest in recombinant host cells. Methods of use of such sequences, e.g., use in
vaccine production, are also provided.

[0095] As described in more detail below, some of the polynucleotide sequences of the
present disclosure function as promoters, while others function as transcription terminators. The
polynucleotide sequences described herein may be operably linked to one or more
polynucleotide sequences encoding one or more gene products (e.g., polypeptides, RNA) of
interest, and the resulting construct may be introduced into host cells, e.g., Neisseria meningitidis
cells, to create recombinant hosts capable of expressing the one or more gene products of interest
at high levels. Polynucleotide sequences of the present disclosure that encode a protein of
interest may be codon-optimized to increase expression of the protein of interest in recombinant

host cells.
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ENGINEERED PROMOTERS

[0096] The present disclosure generally provides engineered polynucleotide sequences
that can act as promoters in host cells, e.g, Neisseria cells, e.g., N. meningitidis, N. gonorrhoeae
or related N. flavescens, N. lactamica, N. polysaccharea, N. cinerea, N. mucosa, N. subflava, N.
sicca, N. elongata, or Haemophilus spp. The disclosed promoter sequences facilitate high-level
expression of gene products (e.g., proteins of interest, e.g. surface antigens), in host cells.
Engineered promoters can be, for example, chimeric promoters that incorporate sequences from
two or more different native Neisserial promoters (or variants thereof). Engineered promoters
may also be, for example, domain deletion promoters that are derived from a native Neisserial
promoter in which one or more functional domains of the promoter have been deleted (e.g.,
where a transcription factor binding domain and/or a base pair extension domain have been
deleted). FIG. 3 shows a diagram representing the strategy employed to identify sequences that
are then subsequently tested for facilitating increased promoter output in Neisserial host strains.
[0097] The engineered promoters of the present disclosure can provide for an increase in
expression of a gene product of interest to which it is operably linked of about 5%, about 10%,
about 25%, about 50%, about 75%, or more relative to expression of the gene product from its
native promoter. The engineered promoters of the present disclosure can provide for an increase
in expression of a gene product of interest that is at least about 2-fold, about 3-fold, about 4-fold,
about 5-fold, about 8-fold, about 10-fold or at least about 15-fold relative to expression of the
gene product from its native promoter.

[0098] When combined with a transcription terminator of the present disclosure, the
engineered promoters with the transcription terminator can provide for a further increase in
expression of a gene product of interest above that provided by an engineered promoter without a
transcription terminator, e.g, by at least about 5%, about 10%, about 15%, about 20%, about
25%, about 30% or more relative to the engineered promoter without the transcription

terminator.
Chimeric Promoters

[0099] The engineered promoters of the present disclosure that contain combinations of
native Neisserial promoter sequences (or variants thereof) are referred to herein as chimeric

promoters.
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[00100] In general, the chimeric promoters contain 1) a 5° portion of a native porA
promoter having the contiguous nucleotide sequence ATGGTT (referred to as a “-35 region” due
to its location relative to the transcription start site), 2) a spacer portion, and 3) a 3’ portion of a
native PorA promoter having the contiguous nucleotide sequence TATAAT (referred to as a “-10
region” due to its location relative to the transcription start site). FIGS. 1A and 1B show a
schematic representation of the native NadA and PorA promoter sequences, along with their
main sequence features.
[00101] The spacer portion generally includes a 5° portion containing a sequence of 10 to
11 contiguous nucleotides derived from a native PorA and/or NadA promoter, 5 contiguous
nucleotides having the sequence TTTCA, and a 3’ portion containing a sequence of 1 to 3
contiguous nucleotides derived from a native PorA or NadA promoter. As used herein, the term
“analogous” is used to describe a heterologous portion of a chimeric promoter that originates
from the same geographical region of the reference or source promoter. For example, a sequence
of 10 contiguous nucleotides located adjacent to the -35 region of a NadA promoter would be
“analogous” to a sequence of 10 contiguous nucleotides located adjacent to the -35 region of a
PorA promoter. FIG. 4 shows the sequence features of several of the chimeric promoters of the
present disclosure.
[00102] The spacer portion of the chimeric promoters of the present disclosure, in general,
has a structure of the formula, from 5 to 3°:

N-TTTCA-N?,
where N' is contiguous with TTTCA and is of the formula

XY (T/A)T/AYT/A)T/G)(C/G)(CIG)CIGIANG/T)CXP
wherein
X* is present or absent, and when present is T or A; and
X is present or absent, and when present is A or C; and
where N is contiguous with TTTCA and is of the of the formula
XXUXE,

wherein
X¢ is present or absent, and when present is T or G,
X4 is present or absent, and when present is A or G, and

X° is present or absent, and when present is G.
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[00103] The components of the spacer were selected by replacing a portion of a native
Neisserial promoter (e.g., a native PorA promoter) with an analogous portion of another native
Neisserial promoter (e.g., a native NadA promoter). In some embodiments, variants of the
analogous sequence were used, including nucleotide substitutions, eliminations, or additions.
FIG. 5 shows an alignment of the chimeric promoters of the present disclosure.

[00104] In some embodiments, the spacer portion is of the sequence
ATATGCCTCCTTTCATA. In some embodiments, the spacer portion is of the sequence
TATATGCCTCCTTTCATA. In some embodiments, the spacer portion is of the sequence
ATAATGCCTCCTTTCATA. In some embodiments, the spacer portion is of the sequence
ATATGCATCATTTCATA. In some embodiments, the spacer portion is of the sequence
TTTTGCGGGCTTTCATA. In some embodiments, the spacer portion is of the sequence
TTTTGCGGGCTTTCAGGG. In some embodiments, the spacer portion is of the sequence
TTTTGCGGGCTTTCAG.

[00105] The chimeric promoters of the present disclosure can provide for an increase of
expression of a gene product of interest of at least about 5%, about 10%, about 15%, about 20%,
about 25%, about 50%, about 75%, or more relative to the expression level of the gene product
from its native promoter. The engineered promoters of the present disclosure can provide for an
increase in expression of a gene product of interest of at least 2-fold, about 3-fold, about 4-fold,
about 5-fold, about 8-fold, about 10-fold, about 15-fold or more relativeot the expression level of
the gene product from its native promoter.

[00106] When combined with a transcription terminator of the present disclosure, the
chimeric promoter and transcription terminator can provide for a further increase in expression
of a gene product of interest above that provided by a chimeric promoter without a transcription
terminator, e.g, by at least about 5%, about 10%, about 15%, about 20%, about 25%, about 30%

or more relative to the chimeric promoter without the transcription terminator.

Domain Deletion Promoters

[00107] The engineered promoters of the present disclosure that are derived from native
promoter sequences wherein one or more functional domains of the native promoter have been
deleted are referred to herein as domain deletion promoters. In general, the domain deletion

promoters of the present disclosure are derived from a native Neisserial promoter. In some
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embodiments, a domain deletion promoter is derived from a native Neisserial nmb1523
promoter. The native nmb1523 promoter is approximately 580 nucleotides in length, and has a
transcription factor binding domain located between nucleotides 105 and 369. The native
nmb1523 promoter also has a 66 base pair extension domain located between nucleotides 511
and 577. FIG. 6 shows a schematic representation of several domain deletion promoters of the
present disclosure.
[00108] Domain deletion promoters are of the general formula, from 5’ to 3’:
TFB-X-E-ATG
wherein TFB refers to a transcription factor binding sequence of a native nmb 1523 promoter,
E refers to a 66 bp extension sequence of a native nmb1523 promoter, and
X refers to a spacer sequence positioned between a TFB sequence and an E sequence of a native
nmb1523 promoter, with the proviso that when TFB is present, E is absent, and when E is
present, TFB is absent, e.g., so as to provide for domain deletion promoters of the following
formulae, from 5 to 3’: TFB-X-ATG, X-E-ATG. In some embodiments, both TFB and E are
absent, so as to provide for domain deletion promoters having the formula X-ATG.
[00109] In some embodiments, the domain deletion promoter is of the formula, from 5’ to
3> TFB-X-ATG such that the promoter includes a native nmb1523 promoter sequence
containing the transcription factor binding domain, but lacks the 66 base pair extension domain.
In one example, the sequence of this domain deletion promoter comprises:
ATTTGTCCTTTCAGGAACAGCAGATTAATTACAGGCGCATTCTAACACAACCGCCGC
GCCGGCCGATTACCGTTAACCTGTTCATAAACTGTACAGCACATATTITCAATGTAAA
TCTTTGTTATTTTATTGCGGTGTAACTTTTTTACAACATTCTTAAAACCATTCCGACCT
GTCTGCCGACTTTCCCAATCCGCCTTAATAAATCATACAAGATACTGAAATTATATT
AATCTCTATAATATTTATCCCTATCGAATTTTTAACAGCAAAACCGTTTTACAGGATT
TATCAATCCGCCCGCCAGAAAACTTTTCATTCAAACCTTTTTCCCATCTGTACGACAT
TGCAATCCCTTATTCCATAGTGCATAATTACGCAAATTCAGCGATGAATTTCCAACC
CGG.
[00110] In other embodiments, the domain deletion promoter is of the formula, from 5’ to
3> X-E-ATG such that the promoter includes a nucleotide sequence of a native nmb1523
promoter sequence containing the 66 base pair extension domain, but lacks the transcription

factor binding domain. In one example, the sequence of the domain deletion promoter comprises:
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CATGGATCCACAGCAAAACCGTTTTACAGGATTTATCAATCCGCCCGCCAGAAAACT
TTTCATTCAAACCTTTTTCCCATCTGTACGACATTGCAATCCCTTATTCCATAGTGCA
TAATTACGCAAATTCAGCGATGAATTTCCAACCCGGTTTGTAGTATGGTCGATAAAG
ACCTATTTGTTTCAATAATTTAAATTGGTTCTAAAGGTTACTCATATGCGA.

[00111] In other embodiments, the domain deletion promoter is of the formula, from 5’ to
3> X-ATG such that the promoter includes the spacer element, but lacks the transcription factor
binding domain and the 66 base pair extension domain of the native nmb1523 promoter. In one
example, the sequence of the domain deletion promoter comprises:
CATGGATCCACAGCAAAACCGTTTTACAGGATTTATCAATCCGCCCGCCA
GAAAACTTTTCATTCAAACCTTTTTCCCATCTGTACGACATTGCAATCCCTTATTCCA
TAGTGCATAATTACGCAAATTCAGCGATGAATTTCCAACCCGGCATATGCGA.
[00112] The domain deletion promoters of the present disclosure can provide for an
increase in expression of a gene product of interest by at least about 5%, about 10%, about 15%,
about 20%, about 25%, about 50%, about 75%, or more relative to an expression level of the
gene product from its native promoter. The domain deletion promoters of the present disclosure
can provide for an increase in expression of a gene product of at least about 2-fold, about 3-fold,
about 4-fold, about 5-fold, about 8-fold, about 10-fold or more relative to an expression level of
the gene product from its native promoter.

[00113] When combined with a transcription terminator of the present disclosure, the
domain deletion promoter and transcription terminator can provide for a further increase in
expression of a gene product of interest above that provided by a domain deletion promoter
without a transcription terminator, e.g, by at least about 5%, about 10%, about 15%, about 20%,
about 25%, about 30% or more relative to the domain deletion promoter without the transcription

terminator.

TRANSCRIPTION TERMINATORS

[00114] The present disclosure generally provides polynucleotide sequences that function
as transcription terminators, which can further facilitate efficient expression of gene products in a
host cell, e.g., a Neisseria cell. Without being held to theory, the transcription terminator
sequences generally function by dissociating RNA polymerase from the DNA template

sequence, thus terminating the transcription process.
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[00115] The present disclosure generally provides transcription terminator sequences that
can be operably linked to the 3’ end of a polynucleotide sequence encoding a surface antigen to
facilitate efficient expression. In some embodiments, polynucleotide constructs comprising a
transcription terminator sequence are provided in which the transcription terminator sequence is
heterologous to the promoter sequence, the coding sequence, or both. In other embodiments, a
transcription terminator sequence can be a native sequence that is found operably attached to the
3’ end of a coding sequence in nature. Transcription terminator sequences can be naturally-
occurring transcription terminators of native surface antigen coding sequences, e.g., fHbp coding
sequences, especially native fHbp coding sequences that naturally exhibit increased expression
relative to other fHbp coding sequences.

[00116] The polynucleotide sequences of the present disclosure that function as
transcription terminators generally have at least about 85% sequence identity to the following
sequence:
TAACCATTGTGAAAATGCCGTCCGAACACGATAATTTACCGTTCGGACGGCATTTTG
TA

[00117] In some embodiments, the transcription terminator sequence has up to about 90%,
up to about 95%, or up to about 98% sequence identity to the sequence disclosed above.

[00118] As shown in FIG. 15, the presence of a transcription terminator sequence operably
linked to the 3* end of a polynucleotide sequence encoding a surface antigen resulted in
increased expression of the surface antigen in a recombinant host. Use of transcription terminator

sequences to increase expression is further described in Example 9.

POLYNUCLEOTIDE CONSTRUCTS

[00119] The polynucleotide sequences of the present disclosure can be provided in a
variety of forms, such as a construct, e.g., an expression construct, for use in the methods
described herein. Examples include circular, linear, double-stranded, extrachromosomal DNA
molecules (plasmids), cosmids (plasmids containing COS sequences from lambda phage), viral
genomes comprising non-native nucleic acid sequences, and the like. A "vector” is any molecule
or agent capable of transferring gene sequences to target cells. Typically, "vector construct,"
"expression vector," and "gene transfer vector," mean any polynucleotide construct capable of

directing the expression of a gene of interest and which can transfer gene sequences to target
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cells, which can be accomplished by genomic integration of all or a portion of the vector, or
transient or inheritable maintenance of the vector as an extrachromosomal element. Thus, the
term includes cloning and expression vehicles, as well as integrating vectors.

[00120] The constructs of the present disclosure may include expression constructs
comprising an engineered promoter operably linked to, for example, one or more polynucleotides
encoding one or more gene products of interest (e.g., a polypeptide or mRNA). In some
embodiments, an expression construct may also include a transcription terminator sequence
operably linked to the 3° end of a coding sequence of interest. An "expression cassette”
comprises any nucleic acid construct capable of directing the expression of one or more coding

sequences of interest, which are operably linked to a promoter of the expression cassette. Such

cassettes can be constructed into a "vector," "vector construct,” "expression vector," or "gene
transfer vector," in order to transfer the expression cassette into target cells. Thus, the term
includes cloning and expression vehicles, as well as viral vectors.

[00121] The nucleic acid constructs of the present disclosure may also include specific
nucleotide sequences (e.g., restriction enzyme recognition sequences or homologous
recombination sequences) that can facilitate the transfer of nucleic acid sequences between
constructs or into the genome of a host. For example, constructs may be provided in which an
engineered promoter (or expression construct comprising an engineered promoter) is flanked by
homologous recombination sequences to facilitate genomic insertion of the target sequence into
the genome of a host cell (e.g., a Neisseria cell) by homologous recombination at a desired
location in the genome of the cell.

[00122] The present disclosure generally provides expression constructs that may
comprise an engineered promoter sequence of the present disclosure operably linked to one or
more polynucleotide sequences that encode a gene product of interest (e.g., a protein of interest,
e.g., an antigen of interest, such as a surface antigen (e.g., fHbp)). In some embodiments, the
expression constructs of the present disclosure also include a transcription terminator sequence
that is operably linked to the 3’ end of a polynucleotide sequence that encodes a gene product
(e.g., a protein) of interest. In some embodiments, expression constructs of the present disclosure

may contain a plurality of polynucleotide sequences that encode one or more gene products (e.g.,

proteins) of interest. In such embodiments, the polynucleotide sequences that encode the gene
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products (e.g., proteins) of interest may encode different gene products (e.g., proteins) of interest,
or may encode the same gene products (e.g., proteins) of interest.

[00123] In some embodiments, expression constructs of the present disclosure may
include an engineered promoter sequence that is operably linked to a polynucleotide sequence
that encodes a gene product (e.g., a protein) of interest, such that a single engineered promoter
sequence drives expression of a single gene product (e.g., protein) of interest.

[00124] In some embodiments, expression constructs of the present disclosure may
include an engineered promoter sequence that is operably linked to a plurality of polynucleotide
sequences that encode one or more gene products (e.g., proteins) of interest, such as two or more,
or such as three or more, polynucleotide sequences that encode gene products (e.g., proteins) of
interest, such that a single engineered promoter sequence drives expression of a plurality of
polynucleotide sequences that encode one or more gene products (e.g., proteins) of interest. In
such embodiments, the polynucleotide sequences that encode the gene products (e.g., proteins) of
interest may encode the same gene product, or may encode different gene products (e.g., may
encode different surface antigens). As described above, in some embodiments, the expression
constructs of the present disclosure may include a transcription terminator sequence that is
operably linked to the 3” end of one of the gene product of interest-encoding polynucleotide
sequences. Expression constructs of the present disclosure may also contain restriction enzyme
recognition sequences and/or homologous recombination sequences that facilitate transfer of the

polynucleotide sequences between constructs or into a suitable host.

RECOMBINANT HOSTS

[00125] In general, the present disclosure involves the use of recombinant hosts for the
replication and expression of nucleic acid constructs. Any of a variety of suitable host cells (e.g.,
various suitable Neisserial strains) may be used with the constructs and methods of the present
disclosure, including but not limited to naturally-occurring strains and genetically modified
strains.

[00126] In some embodiments, replication hosts are used to replicate nucleic acid
constructs of the present disclosure. Constructs are introduced into the replication host using any
suitable technique, and the host cells are then cultured under appropriate conditions that facilitate

replication of the construct. After the host cells have been cultured for a sufficient time, the cells

22



WO 2013/033398 PCT/US2012/053142

are lysed and the replicated nucleic acid constructs are isolated and purified for further use in the
methods of the present disclosure.

[00127] Suitable replication hosts are well known in the art, and include, e.g. DHS alpha
competent cells, DH10B cells, XL-1 Blue cells, JM109 cells, and the like.

[00128] Any of a variety of suitable host cells may be used as expression hosts to express
an antigen of interest using various combinations of the polynucleotide sequences of the present
disclosure. In some embodiments, pathogenic or commensal Haemopilus spp. or Neisseria spp.
or strains derived from pathogenic Neisseria spp., particularly strains pathogenic for humans or
derived from strains pathogenic or commensal for humans, are used as expression hosts.
Exemplary Nessserial spp. include N. meningitidis, N. flavescens, N. gonorrhoeae, N. lactamica,
N. polysaccharea, N. cinerea, N. mucosa, N. subflava, N. sicca, N. elongata, and the like.
“Derived from” in the context of bacterial strains is meant to indicate that a strain was obtained
through passage in vivo, or in in vitro culture, of a parental strain and/or is a recombinant cell
obtained by modification of a parental strain.

[00129] N. meningitidis strains can be divided into serologic capsular groups (also called
serogroups), PorB serotypes and PorA serosubtypes on the basis of reactions with polyclonal
(Frasch, C. E. and Chapman, 1973, J. Infect. Dis. 127: 149-154) or monoclonal antibodies that
interact with different surface antigens. Serogrouping is based on immunologically detectable
variations in the capsular polysaccharide. About 12 serogroups (A, B, C, X, Y, Z, 29-E, and W-
135) are known. PorA serosubtypes can also be classified by differences in DNA sequences of
two variable regions (VR1 and VR2), and are referred to VR types (see, e.g., Russell et al.
Emerging Infect Dis 2004 10:674-78; Sacchi CT, et al. Clin Diagn Lab Immunol 1998; 5:845-55;
Sacchi et al, J. Infect Dis 2000;182:1169-76).

[00130] The Neisserial strain to be used as an expression host can be selected according to
a number of different characteristics that may be desired. For example, the strain may be selected
according to a desired serogroup, serotype, serosubtype, and the like; decreased capsular
polysaccharide production, and the like.

[00131] Alternatively or in addition, a suitable expression host strain can be a capsule
deficient strain. Capsule deficient strains can be used to produce vesicle-based vaccines that
provide for a reduced risk of eliciting a significant autoantibody response in a subject to whom

the vaccine is administered (e.g., due to production of antibodies that cross-react with sialic acid
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on host cell surfaces). “Capsule deficient” or “deficient in capsular polysaccharide™ as used
herein refers to a level of capsular polysaccharide on the bacterial surface that is lower than that
of a naturally-occurring strain or, where the strain is genetically modified, is lower than that of a
parental strain from which the capsule deficient strain is derived. A capsule deficient strain
includes strains that are decreased in surface capsular polysaccharide production by at least 10%,
20%, 25%, 30%, 40%, 50%, 60%., 75%, 80%, 85%, 90% or more, and includes strains in which
capsular polysaccharide is not detectable on the bacterial surface (e.g., by whole cell ELISA
using an anti-capsular polysaccharide antibody).

[00132] Capsule deficient strains include those that are capsule deficient due to a
naturally-occurring or recombinantly-generated genetic modification. Naturally-occurring
capsule deficient strains (see, e.g., Dolan-Livengood et al. J. Infect. Dis. (2003) 187(10):1616-
28)), as well as methods of identifying and/or generating capsule-deficient strains (see, e.g.,
Fisseha et al. (2005) Infect. Immun. 73(7):4070-4080; Stephens et al. (1991) Infect Immun
59(11):4097-102; Frosch et al. (1990) Mol Microbiol. 1990 4(7):1215-1218)) are known in the
art.

[00133] Modification of a Neisserial host cell to provide for decreased production of
capsular polysaccharide may include modification of one or more genes involved in capsule
synthesis, where the modification provides for, for example, decreased levels of capsular
polysaccharide relative to a parent cell prior to modification. Such genetic modifications can
include changes in nucleotide and/or amino acid sequences in one or more capsule biosynthesis
genes rendering the strain capsule deficient (e.g., due to one or more insertions, deletions,
substitutions, and the like in one or more capsule biosynthesis genes). Capsule deficient strains
can lack or be non-functional for one or more capsule genes.

[00134] Strains that are deficient in sialic acid biosynthesis may also be used as expression
hosts. Such strains can provide for production of vesicles that have reduced risk of eliciting anti-
sialic acid antibodies that cross-react with human sialic acid antigens, and can further provide for
improved manufacturing safety. Strains having a defect in sialic acid biosynthesis (due to either a
naturally occurring modification or an engineered modification) can be defective in any of a
number of different genes in the sialic acid biosynthetic pathway. Of particular interest are
strains that are defective in a gene product encoded by the N-acetylglucosamine-6-phosphate 2-

epimerase gene (known as synX AAF40537.1 or siaA AAA20475), with strains having this gene
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inactivated being of special interest. For example, in one embodiment, a capsule deficient strain
is generated by disrupting production of a functional synX gene product (see, e.g., Swartley et al.
(1994) J Bacteriol. 176(5):1530-4).

[00135] Capsular deficient strains can also be generated from naturally-occurring strains
using non-recombinant techniques, e.g., by use of bactericidal anti-capsular antibodies to select
for strains that are reduced in capsular polysaccharide.

[00136] Where the use of two or more expression hosts is involved (e.g., to produce
antigenic compositions of vesicles from different strains), the hosts can be selected so as to differ
in on or more strain characteristics.

[00137] Methods suitable for the growth and maintenance of recombinant Neisserial
strains are well known in the art. In general, bacterial cells are grown at approximately 35-37 °C
in appropriate growth media (e.g. Mueller-Hinton broth (BD Biosciences, Franklin Lakes, NJ,
US) supplemented or not with 0.25% glucose (w/v) and 0.02 mM cytidine 5’-monophospho-N-
acetylneuraminic acid (Sigma-Aldrich, St, Louis, MO, US), Regular or modified Frantz Media,
Minimal media, Catling Media, etc).

GENE PRODUCTS SUITABLE FOR EXPRESSION FROM AN ENGINEERED PROMOTER

[00138] The polynucleotide sequences and methods of the present disclosure generally
facilitate consistent, high-level expression of any gene product of interest (e.g., a protein of
interest, e.g., a surface antigen of interest) in a recombinant host. The promoter sequences and/or
transcription terminator sequences of the present disclosure can be operably linked to a
polynucleotide sequence encoding any gene product of interest in order to facilitate its
expression in a recombinant host. In some embodiments, the polynucleotide coding sequences of
the present disclosure comprise translationally optimized sequences, wherein the codons in the
coding sequence have been optimized to facilitate efficient expression in the host organism. This
technique is described in more detail below.

[00139] The following are examples of gene products that are contemplated by the
compositions and methods of the present disclosure. The following examples of gene products
are in no way limiting, and those of skill in the art will readily appreciate that the sequences and

methods of the present disclosure may be used to express any gene product of interest.
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[00140] Gene products of interest that are suitable for expression include, but are not
necessarily limited to, naturally-occurring polypeptides (e.g., as encoded by an endogenous
genomic sequence), and recombinant polypeptides, where a recombinant polypeptide may be a
polypeptide having an amino acid sequence endogenous or exogenous to the host cell. Where the
polypeptide is an exogenous polypeptide, the polypeptide may have an amino acid sequence of a
naturally-occurring polypeptide that is not endogenous to the host cell and/or have an amino acid
sequence that is non-naturally occurring (e.g., a man-made polypeptide having an amino acid
sequence that does not occur in nature). Polypeptides can be of any of a variety of classes,
including but not limited to e.g., secreted proteins, outer membrane proteins, (e.g., surface
antigens), and intracellular proteins. Gene products of interest also include protein-encoding and
non-protein-encoding RNAs, where the RNAs may be either endogenous or exogenous to the
host cell.

[00141] The polynucleotides and methods of the present disclosure find use in facilitating
expression of gene products such as those provided herein, e.g., to facilitate vaccine production
in a recombinant host. As set out in the examples in more detail below, various gene products,
including but not limited to Neisserial outer membrane proteins and their variants and
subvariants, are well known in the art and find use in connection with the sequences and methods

of the present disclosure.

JHbp
[00142] Factor H binding protein (fHbp), also known in the literature as GNA1870,
ORF2086, rLLP-2086, and “7417, is a Neisseria meningitidis surface antigen. FIG. 2 shows a
schematic diagram of the genes located upstream and downstream of the fHbp gene in two
different Neisserial strains. “fHbp polypeptide” as used herein encompasses naturally-occurring
and synthetic (non-naturally occurring) polypeptides which share at least about 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95% or greater sequence identity at the nucleotide or amino acid level
with a naturally-occurring fHbp polypeptide, and which are capable of eliciting antibodies that
specifically bind a naturally-occurring fHbp polypeptide present on a Neisseria meningitidis
bacterium. “fHbp polypeptide™ also encompasses fusion proteins, e.g., a fHbp polypeptide
having a heterologous polypeptide at the N- and/or C-terminus.
[00143] Nucleic acids encoding fHbp polypeptides for use in the present disclosure are
known in the art. Suitable fHbp polypeptides are described in, for example, WO 2004/048404;
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Masignani et al. 2003 J Exp Med 197:789-799; Fletcher et al. Infect Immun 2004 2088-2100;
Welsch et al. J Immunol 2004 172:5606-5615; and WO 99/57280. Nucleic acid (and amino acid
sequences) for fHbp variants and subvariants are also provided in GenBank as accession nos.:
NC_003112, GenelD: 904318 (NCBI Ref. NP_274866) (from N. meningitidis strain MCS58);
AY548371 (AATO01290.1) (from N. meningitidis strain CU385); AY548370 (AAT01289.1)
(from N. meningitidis strain H44/76); AY548377 (AAS56920.1) (from N. meningitidis strain
M4105); AY548376 (AAS56919.1) (from N. strain M1390); AY548375 (AAS56918.1) (from N.
meningitidis strain N98/254); AY548374 (AAS56917.1) (from N. meningitidis strain M6190);
AY548373 (AAS56916.1) (from N. meningitidis strain 4243); and AY548372 (AAS56915.1)
(from N. meningitidis strain BZ83).

[00144] tHbp polypeptides useful in the present disclosure include non-naturally occurring
(artificial or mutant) fHbp polypeptides that differ in amino acid sequence from a naturally-
occurring fHbp polypeptide, but which are present in the membrane of a Nesserial host so that
vesicles prepared from the host contain fHbp in a form that provides for presentation of epitopes
of interest, preferably a bactericidal epitope, and provides for an anti-fHbp antibody response. In
one embodiment, the fHbp polypeptide is a variant 1 (v.1) or variant 2 (v.2) or variant 3 (v.3)
fHbp polypeptide, with subvariants of v.1 v,2 and v.3 being of interest, including subvariants of
v.1 (see, e.g., Welsch et al. J Immunol 2004 172:5606-5615). Subvariants are defined by peptide
alleles or identification numbers (ID) as specified on the website: pubmlst.org/neisseria/fHbp/.
In one embodiment, the fHbp polypeptide comprises an amino acid sequence of a fHbp
polypeptide that is most prevalent among the strains endemic to the population of a subject to be
vaccinated.

[00145] tHbp polypeptides useful in the present disclosure also include fusion proteins,
where the fusion protein comprises a fHbp polypeptide having a fusion partner at its N-terminus
or C-terminus. Fusion partners of interest include, for example, glutathione S transferase (GST),
maltose binding protein (MBP), His-tag, and the like, as well as leader peptides from other
proteins, particularly lipoproteins (e.g., the amino acid sequence prior to the N-terminal cysteine
may be replaced with another leader peptide of interest).

[00146] Other fHbp polypeptide-encoding nucleic acids can be identified using techniques
well known in the art, where fHbp polypeptides can be identified based on amino acid sequence

similarity to a known fHbp polypeptide. Such fHbp polypeptides generally share at least about
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60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or greater sequence identity at the nucleotide or
amino acid level. Sequence identity can be determined using methods for alignment and
comparison of nucleic acid or amino acid sequences, which methods are well known in the art.
Comparison of longer sequences may require more sophisticated methods to achieve optimal
alignment of two sequences. Optimal alignment of sequences for aligning a comparison window
may be conducted by the local homology algorithm of Smith and Waterman (1981) Adv. Appl.
Math. 2:482, by the homology alignment algorithm of Needleman and Wunsch (1970) J. Mol.
Biol. 48:443, by the search for similarity method of Pearson and Lipman (1988) Proc. Natl.
Acad. Sci. (USA) 85:2444, by computerized implementations of these algorithms (GAP,
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package Release 7.0,
Genetics Computer Group, 575 Science Dr., Madison, WI), or by inspection, and the best
alignment (i.e. resulting in the highest percentage of sequence similarity over the comparison

window) generated by the various methods is selected.
PorA

[00147] PorA is another Neisseria meningitidis surface antigen. “PorA polypeptide” as
used herein encompasses naturally-occurring and synthetic (non-naturally occurring)
polypeptides which share at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or greater
sequence identity at the nucleotide or amino acid level with a naturally-occurring PorA
polypeptide, and which are capable of eliciting antibodies that specifically bind a naturally-
occurring PorA polypeptide present on a Neisseria meningitidis bacterium. “PorA polypeptide”
also encompasses fusion proteins, e.g., a PorA polypeptide having a heterologous polypeptide at
the N- and/or C-terminus.

[00148] Nucleic acids encoding PorA polypeptides for use in the present disclosure are
known in the art. Suitable PorA polypeptides include those that confer a serosubtype of P1.7,16;
P1.19,15; P1.7,1; P1.5,2; P1.22a,14; P1.14; P1.5,10; P1.7,4; P1.12,13; as well as variants of such
PorA polypeptides which may or may not retain reactivity with conventional serologic reagents
used in serosubtyping.

[00149] Also of interest are PorA polypeptides characterized according to PorA variable
region (VR) typing (see, e.g., Russell et al. Emerging Infect Dis 2004 10:674-678; Sacchi CT, et
al, Clin Diagn Lab Immunol 1998;5:845-55; Sacchi et al, J. Infect Dis 2000;182:1169-1176). A

substantial number of distinct VR types have been identified, which can be classified into VR1
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and VR2 family “prototypes”. A web-accessible database describing this nomenclature and its
relationship to previous typing schemes is found at neisseria.org/nm/typing/porA. Alignments of
exemplary PorA VR1 and VR2 types is provided in Russell et al. Emerging Infect Dis 2004
10:674-678.

[00150] Exemplary PorA polypeptides as characterized by PorA serosubtypes include
P1.5,2; P1.5a,2a; P1.5a,2c; P1.5a,2¢c; P1.5a,2¢; P1.5b,10; P1.5b,10; P1.5b,C; P1.7,16; P1.7d,1;
p1.7d,1; P1.7d,1; P1.7d,1; P1.7b,3; P1.7b,4; P1.7b,4; P1.12,16; P1.12a,13a; P1.22,9; P1.23,14;
P1.23,14; P1.19,15; P1.B,1; P1.C,1; P1.E,A; P1.E,A; P1.E,A; P1.5,2; P1.5,2; P1.5a,10a;
P1.5b,10; P1.5b,10; P1.5b,10b; P1.7,16; P1.7,16; P1.7b,1; P1.7b,13e; P1.7b,4; P1.7b,4; P1.7d,1;
P1.7d,1; P1.7b,13a; P1.23,3; P1.23,3; P1.23,3; P1.19,15; P1.19,1; P1.19,15; P1.19,15; P1.19,15;
P1.19,15; P1.19,15; P1.19,15; P1.19,15; P1.E,A; P1.E,A; P1.E,16a; P1.E,4a; P1.E 4a; P1.Ea,3;
P1.Eb,9; P1.Eb,9; P1.Eb,9; P1.Eb,9; P1.Eb,9; P1.F,16; P1.7a,1; P1.7b,3; P1.7d,1; P1.Ea,3;
P1.5b,10; P1.5b,10; P1.5b,10; P1.5b,10; P1.5b,10; P1.5b,10; P1.5b,10b; P1.5b,10; P1.22,14a;
P1.F,16; P1.D,2d; P1.D,2; P1.D,2d; P1.19¢,2¢c; P1.D,10f; P1.A,10e; P1.A,10g; P1.A,10;
P1.19,15; P1.19,15; P1.19,15; P1.19,15; P1.7b,16; P1.7,16b; P1.7,16; P1.19,15; P1.Eb,9;
P1.5,2e; P1.E,A; P1.7b,13d; P1.Ea,3; P1.7,16b; P1.Ec,1; P1.7b,4; P1.7b,4; P1.7,9; P1.19,15;
P1.19,15; P1.19,15; P1.19,15a; P1.19a,15b; P1.19,15; P1.5b,16; P1.19b,13a; P1.5,16; P1.5,2;
P1.5,2b; P1.7b,16; P1.7,16b; P1.7b,3; P1.Ea,3; P1.5a,2c; P1.F,16; P1.5a,9; P1.7¢,10c; P1.7b,13a;
P1.7,13a; P1.7a,10; P1.20,9; P1.22,B; P1.5b,del; P1.5b,10; P1.7,13a; P1.12a,13f; P1.12a,13;
P1.12a,13a; P1.12a,13a; P1.12a,13; P1.12a,13; P1.E,13b; P1.7b,13a; P1.7b,13; P1.5,2; P1.5,2;
P1.Ea,3; P1.22,9; P1.5,2; P1.5,2; P1.19,15; P1.5,2; P1.12b,13a; P1.5¢,10a; P1.7e,16e; P1.B,16d;
P1.F,16e; P1.F,16e; P1.7b,13e; P1.B,16d; P1.7e,16e; P1.7b,13g; P1.B,16f; P1.7,16¢c; P1.22,14b;
P1.22,14c; P1.7,14; P1.7,14; and P1.23,14.

[00151] Amino acid sequences of exemplary PorA polypeptides are found at GenBank
accession nos. X57182, X57180, U92941, U92944, U92927, U92931, U92917, U92922,
X52995, X57184, U92938, U92920, U92921, U92929, U92925, U92916, X57178, AF051542,
X57181, U92919, U92926, X57177, X57179, U92947, U92928, U92915, X57183, U92943,
092942, U92939, U92918, U92946, U92496, U97260, U97259, AF042541, U92923,
AF051539, AF051538, U92934, AF029088, U92933, U97263, U97261, U97262, U92945,
AF042540, U92935, U92936, U92924, AF029086, AF020983, U94958, U97258, U92940,
AF029084, U92930, U94959, U92948, AF016863, AF029089, U92937, AF029087, U92932,
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AF029090, AF029085, AF051540, AF051536, AF052743, AF054269, U92495, U92497,
U92498, U92499, U92500, U92501, U92502, U92503, AF051541, X12899, Z48493, Z48489,
ZA848S, 748494, 7484877, 748488, 748495, 748490, ZA8486, ZA8491, Z48492, X66478,
X66479, X66477, X66480, X81110, X79056, X78467, X81111, X78802, Z14281/82,
214273174, Z14275/76, 214261/62, Z14265/66, Z14277/78, Z14283/84, Z14271/72, Z14269/70,
214263/64, 214259/60, Z14257/58, 214293/94, Z14291/92, Z14279/80, 214289/90, Z14287/88,
714267/68, Z14285/86, 1.02929, X77423, X77424, X77433, X77426, X77428, X77430,
X77427, XT7429, X77425, X77432, XT77431, X77422, 7Z48024/25, Z48032/33, Z48020/21,
748022/23, 748028/29, Z48016/17, Z48012/13, Z48014/15, Z48018/19, Z48026/27, U31060,
U31061, U31062, U31063, U31064, U31065, U31066, U31067, U93898, U93899, U93900,
U93901, U93902, U93903, U93904, U93905, U93906, U93907, and U93908.

NspA

[00152] NspA is another Neisseria meningitidis surface antigen. “NspA polypeptide” as
used herein encompasses naturally-occurring and synthetic (non-naturally occurring)
polypeptides which share at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or greater
sequence identity at the nucleotide or amino acid level with a naturally-occurring NspA
polypeptide, and which are capable of eliciting antibodies that specifically bind a naturally-
occurring NspA polypeptide present on a Neisseria meningitidis bacterium. “NspA polypeptide”
also encompasses fusion proteins, e.g., a NspA polypeptide having a heterologous polypeptide at
the N- and/or C-terminus.

[00153] Nucleic acids encoding NspA polypeptides for use in the present disclosure are
known in the art. Suitable NspA polypeptides are described in, for example, Martin et al., J Exp
Med, Apr. 7, 1997, 185(7).

[00154] Nucleic acid (and amino acid sequences) for NspA variants and subvariants are
also provided in GenBank as accession nos.: U52069, GQ293900.1, AF175678.1, AF175683.1,
AF175682.1, AF175681.1, AF175680.1, AF175679.1, AF175677.1, AF175676.1.

ThpB

[00155] TbpB is a Neisseria surface antigen. “TbpB polypeptide” as used herein
encompasses naturally-occurring and synthetic (non-naturally occurring) polypeptides that share

at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or greater sequence identity at the
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nucleotide or amino acid level with a naturally-occurring TbpB polypeptide, and which are
capable of eliciting antibodies that specifically bind a naturally-occurring TbpB polypeptide
present on a Neisseria meningitidis bacterium. “TbpB polypeptide” also encompasses fusion
proteins, e.g., a TbpB polypeptide having a heterologous polypeptide at the N- and/or C-
terminus.

[00156] Nucleic acids encoding TbpB polypeptides for use in the present disclosure are
known in the art. Suitable TbpB polypeptides are described in, for example, Rokbi, B. et al.,
"Heterogeneity of tbpB, the transferrinbinding protein B gene, among serogroup B Neisseria
meningitidis strains of the ET-5 complex," Clinical and Diagnostic Laboratory Immunology
4(5): 522-529 (1997).

[00157] Nucleic acid (and amino acid sequences) for TbpB variants and subvariants are
also provided in GenBank as accession nos.: DQ355978.1, AJ704760.1, AJ704759.1,
AJ704758.1, AJ704757.1, AJ704756.1, AJ704755.1, AJ704754.1, AJ704753.1, AJ704752.1,
AJ704751.1.

ThpA

[00158] TbpA is a Neisseria surface antigen. “TbpA polypeptide” as used herein
encompasses naturally-occurring and synthetic (non-naturally occurring) polypeptides which
share at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or greater sequence identity at
the nucleotide or amino acid level with a naturally-occurring TbpA polypeptide, and which are
capable of eliciting antibodies that specifically bind a naturally-occurring TbpA polypeptide
present on a Neisseria bacterium. “TbpA polypeptide” also encompasses fusion proteins, €.g., a
TbpA polypeptide having a heterologous polypeptide at the N- and/or C-terminus.

[00159] Nucleic acids encoding TbpA polypeptides for use in the present disclosure are
known in the art. Suitable TbpA polypeptides are described in, for example, J. Med Microbiol.
1998 Sep; 47(9): 757-60.

[00160] Nucleic acid (and amino acid sequences) for TbpA variants and subvariants are
also provided in GenBank as: Accession: EU339282.1 GI: 166863281, Accession: M96731.1 GIL:
150360, Accession: AF240638.1 GI: 9719359, Accession: AF241227.1 GI: 9719361, Accession:
AF124338.1 GI: 8439550, Accession: X94533.1 GI: 2764816, Accession: X99615.1 GI:
2764959, Accession: X99614.1 GI: 2764957, Accession: X99613.1 GI: 2764956, Accession:
X99612.1 GI: 2764955, Accession: X99611.1 GI: 2764954, Accession: X99610.1 GI: 2764952.
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LbpA

[00161] LbpA is a Neisseria surface antigen. “LbpA polypeptide” as used herein
encompasses naturally-occurring and synthetic (non-naturally occurring) polypeptides which
share at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or greater sequence identity at
the nucleotide or amino acid level with a naturally-occurring LbpA polypeptide, and which are
capable of eliciting antibodies that specifically bind a naturally-occurring LbpA polypeptide
present on a Neisseria bacterium. “LbpA polypeptide” also encompasses fusion proteins, e.g., a
LbpA polypeptide having a heterologous polypeptide at the N- and/or C-terminus.

[00162] Nucleic acids encoding LbpA polypeptides for use in the present disclosure are
known in the art. Suitable LbpA polypeptides are described in, for example, Vaccine (2006) Vol.
24 Issue 17, pp. 3545-57.

[00163] Nucleic acid (and amino acid sequences) for LbpA variants and subvariants are
also provided in GenBank as: Accession: DQ058017.1 GI: 68359439, Accession: U16260.1 GI:
915277, Accession: AF049349.1 GI: 3582727, Accession: DQ058018.1 GI: 68359441,
Accession: X79838.1 GI: 509053.

LbpB

[00164] LbpB is a Neisseria surface antigen. “LbpB polypeptide” as used herein
encompasses naturally-occurring and synthetic (non-naturally occurring) polypeptides which
share at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or greater sequence identity at
the nucleotide or amino acid level with a naturally-occurring LbpB polypeptide, and which are
capable of eliciting antibodies that specifically bind a naturally-occurring LbpB polypeptide
present on a Neisseria bacterium. “LbpB polypeptide™ also encompasses fusion proteins, e.g., a
LbpB polypeptide having a heterologous polypeptide at the N- and/or C-terminus.

[00165] Nucleic acids encoding LbpB polypeptides for use in the present disclosure are
known in the art. Suitable LbpB polypeptides are described in, for example, Vaccine (2006) Vol.
24 Issue 17, pp. 3545-57.

[00166] Nucleic acid (and amino acid sequences) for LbpB variants and subvariants are
also provided in GenBank as: Accession: AF123382.1 GI: 4884690, Accession: AF072890.1 GI:
4106392, Accession: AF031432.1 GI: 3213214, Accession: AF022781.1 GI: 2843172,
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Accession: AF123380.1 GI: 4884686, Accession: AF123383.1 GI: 4884692, Accession:
AF123381.1 GI: 4884688.

GNA2132

[00167] GNAZ2132 is a Neisseria surface antigen. “GNA2132 polypeptide” as used herein
encompasses naturally-occurring and synthetic (non-naturally occurring) polypeptides which
share at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or greater sequence identity at
the nucleotide or amino acid level with a naturally-occurring GNA2132 polypeptide, and which
are capable of eliciting antibodies that specifically bind a naturally-occurring GNA2132
polypeptide present on a Neisseria bacterium. “GNA2132 polypeptide” also encompasses fusion
proteins, e.g., a GNA2132 polypeptide having a heterologous polypeptide at the N- and/or C-
terminus.

[00168] Nucleic acids encoding GNA2132 polypeptides for use in the present disclosure
are known in the art. Suitable GNA2132 polypeptides are described in, for example, Proc Natl
Acad Sci U.S.A. 2010 Feb. 23; 107(8): 3770-5.

[00169] Nucleic acid (and amino acid sequences) for GNA2132 variants and subvariants
are also provided in GenBank as: Accession: FJ750981.1 GI: 224830211, Accession:
AY315195.1 GI: 32455020, Accession: AY315194.1 GI: 32455018, Accession: AY315193.1
GI: 32455016, Accession: AY315192.1 GI: 32455014, Accession: GQ302857.1 GI: 254547346,
Accession: AY315196.1 GI: 32455022, Accession: AF226448.1 GI: 7228725, Accession:
AF226447.1 GI: 7228723, Accession: AF226446.1 GI: 7228721, Accession: AF226445.1 GI:
7228719, Accession: FN908855.1 GI: 308814886, Accession: FN908854.1 GI: 308814884,
Accession: FJ615459.1 GI: 222107907, Accession: FJ615446.1 GI: 222107881.

NadA

[00170] NadA is a Neisseria surface antigen. “NadA polypeptide” as used herein
encompasses naturally-occurring and synthetic (non-naturally occurring) polypeptides which
share at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or greater sequence identity at
the nucleotide or amino acid level with a naturally-occurring NadA polypeptide, and which are
capable of eliciting antibodies that specifically bind a naturally-occurring NadA polypeptide
present on a Neisseria bacterium. “NadA polypeptide” also encompasses fusion proteins, e.g., a

NadA polypeptide having a heterologous polypeptide at the N- and/or C-terminus.
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[00171] Nucleic acids encoding NadA polypeptides for use in the present disclosure are
known in the art. Suitable NadA polypeptides are described in, for example, Infection and
Immunity, July 2004, Vol. 72, No. 7, pp. 4217-23.

[00172] Nucleic acid (and amino acid sequences) for NadA variants and subvariants are
also provided in GenBank as: Accession: FJ750979.1 GI: 224830207, Accession: DQ239933.1
GIL: 83616362, Accession: DQ239932.1 GI: 83616360, Accession: DQ239931.1 GI: 83616359,
Accession: DQ239930.1 GI: 83616357, Accession: DQ239929.1 GI: 83616355, Accession:
DQ239928.1 GI: 83616354, Accession: DQ239927.1 GI: 83616353, Accession: DQ239926.1
GI: 83616351, Accession: FJ619647.1 GI: 222159590.

Further Examples of Gene Products of Interest

[00173] Other examples of gene products that find use with the sequences and methods of
the present disclosure include the following:

[00174] Opacity outer membrane protein (see, e.g., Hobbs et al., Microbiology 144:157-66
(1998)), Genbank Accession Numbers: U03412.1, U37255.1, U37256.1, U37257.1,
AF016292.1, AF016285.1, AF001204.1, AF001203.1;

[00175] FetA (see, e.g., Biegel et al, J. Bacteriology 181(9):2895-901 (1999)), Genbank
Accession Numbers: JN182195.1 GI: 343174597, EF157665.1 GI: 120971583, EF153764.1 GI:
120971579, EF153762.1 GI: 120971576

[00176] MafB, MspA, App, Opa, Opc, NhhA, MafA-1, MafA2, NalP, Mip, NMB1483,
HmbR (see, e.g., Echenique-Rivera et al., PLoS Pathog 7(5): 1-18 (2011));

[00177] The foregoing gene products are in no way intended to limit the scope of the
present disclosure, and merely serve as examples of antigens that may be expressed using the

polynucleotide sequences and methods disclosed herein.

CODON OPTIMIZATION

[00178] Polynucleotide sequences encoding gene products of interest encompass
naturally-occurring sequences as well as codon-optimized sequences. Naturally-occurring
sequences may be codon-optimized in order to further facilitate increased expression levels
based on known codon preferences of the host organism selected for expression. For example, a

known polynucleotide sequence encoding a surface antigen (e.g., fHbp) may be altered to replace
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those codons that are not preferred by the host organism with redundant codons that encode the
same amino acid residue, but which are preferred by the host organism and therefore facilitate
more efficient expression of the coding sequence in the host organism.

[00179] A variety of computer algorithms that facilitate codon optimization are publicly
available via the internet. See, e.g., Puigb P., Guzman E., Romeu A., and Garcia-Vallv S.,
OPTIMIZER: A web server for optimizing the codon usage of DNA sequences. Nucleic Acids
Research, 35:W126-W131 (2007). Such algorithms generally allow a user to input a known
polynucleotide sequence encoding a gene product. Once the sequence has been provided, the
user may specify any desired codon-usage preferences (e.g., the most frequently-used codons for
each amino acid residue in the chosen expression host) and the computer algorithm will then
provide the user with a codon-optimized sequence. For example, FIGS. 16 and 17 show tables
that provide the mean codon usage per thousand for each amino acid residue in the Neisseria
meningitidis FAM18 and Z2491 strains, respectively. Once the mean codon usage has been
determined for a given expression host, the polynucleotide sequence encoding a gene product of
interest can be engineered by replacing redundant codons with codons that encode the same
amino acid residue, but which are more frequently utilized by the expression host, i.e., codons
that encode the same amino acid residue but have a higher mean usage value. FIG. 18 is a
sequence comparison showing the nucleotide sequence of a native fHbp ID 9 compared with a
codon-optimized sequence for the same gene product. In the codon-optimized sequence, less-
preferred codons have been replaced with more frequently-utilized redundant codons. Codon

optimization is further described in Example 10.

METHODS OF MAKING

[00180] Polynucleotide sequences of the present disclosure may be generated by any
means known in the art, including but not limited to mutagenesis techniques, including chemical
mutagenesis, polymerase chain reaction (PCR), site-directed mutagenesis of one or more
nucleotides, and the like. Polynucleotide sequences may also be chemically synthesized using
reagents and techniques known in the art. Expression constructs according to the present
disclosure may be generated by using techniques known in the art, including but not limited to
PCR, cloning, and the like. Practicing the present invention may involve the use of conventional

molecular biology, microbiology, recombinant DNA, and immunology techniques that are well
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known in the art. Such techniques are fully explained in the literature, e.g. Sambrook Molecular
Cloning; A Laboratory Manual, Second Edition (1989); DNA Cloning, Volumes I and Il (D. N.
Glover ed. 1985); Oligonucleotide Synthesis (M. J. Gait ed, 1984); Nucleic Acid Hybridization
(B. D. Hames & S. J. Higgins eds. 1984); Transcription and Translation (B. D. Hames & S. J.
Higgins eds. 1984); Immobilized Cells and Enzymes (IRL Press, 1986); B. Perbal, A Practical
Guide to Molecular Cloning (1984); the Methods in Enzymology series (Academic Press, Inc.);
Mayer and Walker, eds. (1987), Immunochemical Methods in Cell and Molecular Biology
(Academic Press, London).

[00181] In general, the polynucleotide sequences of the present disclosure may be cloned
into a suitable vector or expression construct for use in the methods of the present disclosure. In
some embodiments, an engineered promoter sequence is operably linked to a polynucleotide
sequence encoding a surface antigen, which is operably linked to a transcription terminator
sequence. The resulting sequence (comprising a promoter sequence, a surface antigen-encoding
sequence, and a transcription terminator sequence) may then be isolated, e.g., by PCR or with
restriction enzymes, and cloned into a suitable vector or construct. In some embodiments,
constructs may contain polynucleotide sequences that can be used to introduce a target sequence

into the genome of a host, e.g., by homologous recombination.

METHODS OF USE

[00182] In general, the present disclosure provides methods for expressing one or more
gene products of interest, €.g., one or more proteins of interest, €.g., one or more surface antigens
of interest, in recombinant host organsims at high levels. The methods involve combining the
polynucleotide sequences of the present disclosure in ways that facilitate high-level expression of
a gene product (e.g., a protein) of interest in a selected recombinant host organism, e.g., a
Neisseria meningitidis bacterium. The methods of the present disclosure find use in, e.g.,
production of vaccines, where consistent, high-level expression of surface antigens is desireable.
[00183] As described above, some of the polynucleotide sequences of the present
disclosure function as promoters in host organisms. Unlike some naturally-occurring promoter
sequences, the present promoters do not cause variable expression, but instead provide
consistent, high-level expression of one or more gene product-encoding polynucleotide

sequences to which they are operable linked. Other polynucleotide sequences of the present

36



WO 2013/033398 PCT/US2012/053142

disclosure function as transcription terminators that facilitate efficient transcription, and
therefore enhanced expression of gene product -encoding sequences to which they are operably
linked. Various combinations of the polynucleotide sequences of the present disclosure may be
used to facilitate high-level expression ofone or more gene products of interest (e.g., surface
antigens) in recombinant hosts. In addition, the present disclosure provides for codon-
optimization of polynucleotide sequences encoding a protein product to be expressed, e.g., a
surface antigen, based on the codon preferences of the recombinant organism chosen for
expression. The methods of the present disclosure involve combining these polynucleotide
sequences in various ways to facilitate consistent, high-level expression of one or more gene

product of interest in a selected recombinant host organism.
Introduction of Promoters Upstream of Endogenous Host Sequences

[00184] In some embodiments, the methods of the present disclosure involve inserting a
polynucleotide promoter sequence of the present disclosure into the genome of a suitable host
organism, e.g., a Neisseria host cell, upstream (e.g., in the 5° direction) of a native gene, e.g., a
native surface antigen gene. The recombinant host cells are then cultured under conditions that
facilitate expression of the native gene. In embodiments where N. meningitidis are chosen as the
host organsims, vesicles produced by the host cells can then be isolated and used to prepare
vaccine compositions that can be administered to a subject in order to induce an immunological
response in the subject.

[00185] For example, in some embodiments, a chimeric promoter (e.g., X1-X7) or a
domain deletion promoter (e.g., S1-S3) is inserted into the genome of a Neisserial strain
upstream of a native fHbp gene. Introduction of the engineered promoter sequence facilitates

high levels of expression of the fHbp gene.
Introduction of Expression Constructs

[00186] In some embodiments, the methods of the present disclosure involve inserting an
expression construct comprising an engineered promoter operably linked to one or more
polynucleotide sequences that encode a gene product of interest, €.g., a protein of interest into
the genome of a host organism. In some embodiments, a transcription terminator sequence is
operably linked to the 3” end of the polynucleotide sequence encoding a gene product of interest.

For example, in some embodiments, an expression construct comprising a chimeric promoter
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(e.g., X1-X7) or a domain deletion promoter (e.g., S1-S3) operably linked to a polynucleotide
sequence encoding fHbp and operably linked to a transcription terminator having the sequence
described above is inserted into a suitable region of the genome of the Neisserial host cell (e.g.,
the [pxL.1 locus).

[00187] In some embodiments, an expression construct may be inserted into the genome
of the host in a location that disrupts expression of one or more host genes. For example, in some
embodiments, an expression construct may be inserted into the genome of a host in a location
that disrupts expression of a gene that facilitates production of endotoxin (lipopolysaccharide,
LPS). The resulting recombinant host is an endotoxin knockout host, which may be useful in the
production of vaccines with reduced endotoxin.

[00188] In some embodiments, a first engineered promoter sequence is inserted into the
genome of a host cell upstream of a native gene, e.g., a native surface antigen gene, and an
expression construct comprising a second engineered promoter sequence operably linked to a
polynucleotide sequence encoding a gene product of interest is inserted into the genome of the
host cell in a suitable location within the genome of the host cell (e.g., the [pxL1 locus).

[00189] In some embodiments, the first and second promoter sequences are the same,
while in other embodiments, the first and second promoter sequences are different. For example,
in some embodiments, chimeric promoter X1 is inserted into the genome of a Neisserial cell
upstream of a native fHbp gene and an expression construct comprising chimeric promoter X1
operably linked to a polynucleotide sequence encoding fHbp is inserted into the /pxL1 locus of
the host Neisserial cell. In other embodiments, chimeric promoter X1 is inserted into the genome
of a Neisserial strain upstream of a native fHbp gene and an expression construct comprising
domain deletion promoter S1 operably linked to a polynucleotide sequence encoding fHbp is
inserted into the /pxI.1 locus of the host Neisserial cell.

[00190] Introduction of an engineered promoter upstream of a native gene, e.g., a native
surface antigen gene, results in increased expression of the gene, while introduction of a second
copy of the gene driven by an engineered promoter at another location within the host genome
can facilitate increased expression even further. In some embodiments, additional expression
constructs comprising one or more polynucleotide sequences that encode one or more gene
products of interest (e.g., one or more proteins of interest) may be inserted into the host cell

genome as well. In some embodiments, introduction of a third, fourth, or fifth copy of a gene
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product of interest (e.g., a surface antigen of interest) driven by an engineered promoter increases
expression of the gene product of interest even further.

[00191] In some embodiments, several different gene products of interest may be
expressed in the same host cell. For example, in some embodiments, an engineered promoter is
inserted upstream of a first native surface antigen gene (e.g., fHbp), and one or more expression
constructs comprising different surface antigen genes (e.g., NspA) driven by the same or
different engineered promoter sequences are also inserted into the genome of the host cell. The
resuling host cell expresses two or more different surface antigens, and may be useful in the

production of vaccines.
Vectors and Methods for Introducing Genetic Material into Neisserial Host Cells

[00192] Methods and compositions that can be readily adapted to provide for genetic
modification of a host cell with a nucleic acid construct of the present disclosure are known in
the art. Exemplary vectors and methods are provided in, e.g., WO 02/09746 and O’Dwyer et al.
Infect Immun 2004; 72:6511-80.

[00193] Methods for transfer of genetic material into a host cell include, for example,
conjugation, transformation, electroporation, calcium phosphate methods and the like. In general,
the method for transfer should provide for stable expression of the introduced construct. The
construct can be provided as an inheritable episomal element (e.g., plasmid) or can be
genomically integrated.

[00194] Suitable vectors will vary in composition depending on what type of
recombination event is to be performed. Integrative vectors can be conditionally replicative or
can be suicide plasmids, bacteriophages, transposons or linear DNA fragments obtained by
restriction hydrolysis or PCR amplification. Selection of the recombination event can be
accomplished by use of selectable genetic markers such as genes conferring resistance to
antibiotics (for instance kanamycin, erythromycin, chloramphenicol, or gentamycin), genes
conferring resistance to heavy metals and/or toxic compounds, or genes complementing

auxotrophic mutations (for instance pur, leu, met, aro).
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VACCINE PRODUCTION

[00195] Antigenic compositions contemplated by the present disclosure generally include
vesicles prepared from Neisserial cells that express a surface antigen. As referred to herein,
“vesicles” is meant to encompass outer membrane vesicles as well as microvesicles (which are
also referred to as blebs).

[00196] Antigenic compositions for use in the production of vaccines can contain outer
membrane vesicles (OMV) prepared from the outer membrane of a cultured strain of Neisseria
meningitidis spp. genetically modified to express a surface antigen, e.g. fHbp. OMVs may be
obtained from Neisseria meningitidis grown in broth or solid medium culture, preferably by
separating the bacterial cells from the culture medium (e.g. by filtration or by a low-speed
centrifugation that pellets the cells, or the like), lysing the cells (e.g. by addition of detergent,
osmotic shock, sonication, cavitation, homogenization, or the like) and separating an outer
membrane fraction from cytoplasmic molecules (e.g. by filtration; or by differential precipitation
or aggregation of outer membranes and/or outer membrane vesicles, or by affinity separation
methods using ligands that specifically recognize outer membrane molecules; or by a high-speed
centrifugation that pellets outer membranes and/or outer membrane vesicles, or the like); outer
membrane fractions may be used to produce OMVs.

[00197] Antigenic compositions can contain microvesicles (MV) (or “blebs”) containing
surface antigens, where the MV or blebs are released during culture of a Neisseria meningitidis
strain genetically modified to express a surface antigen. For example, MVs may be obtained by
culturing a strain of Neisseria meningitidis in broth culture medium, separating whole cells from
the broth culture medium (e.g. by filtration, or by a low-speed centrifugation that pellets only the
cells and not the smaller blebs, or the like), and then collecting the M Vs that are present in the
cell-free culture medium (e.g. by filtration, differential precipitation or aggregation of M Vs, or
by a high-speed centrifugation that pellets the blebs, or the like). Strains for use in production of
MVs can generally be selected on the basis of the amount of blebs produced in culture (e.g.,
bacteria can be cultured in a reasonable number to provide for production of blebs suitable for
isolation and administration in the methods described herein). An exemplary strain that produces
high levels of blebs is described in PCT Publication No. WO 01/34642. In addition to bleb
production, strains for use in MV production may also be selected on the basis of production of

other surface antigens, where strains that produce higher levels of specific surface antigens may
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be of particular interest (for examples of N. meningitidis strains having different NspA
production levels, see, e.g., Moe et al. (1999 Infect. Immun. 67: 5664)). Other strains of interest
for use in production of blebs include strains having an inactivated GNA33 gene, which encodes
a lipoprotein required for cell separation, membrane architecture and virulence (see, e.g., Adu-
Bobie et al. (2004) Infect Immun.72:1914-1919).

[00198] The antigenic compositions of the present disclosure can contain vesicles from
one strain, or from 2, 3, 4, 5 or more strains, which strains may be homologous or heterologous,
usually heterologous, to one another. For example, the strains may be homologous or
heterologous with respect to a particular surface antigen, such as porA and/or fHbp. The vesicles
can be prepared from strains that express more than one variant or subvariant of a specific
surface antigen (e.g., 1, 2, 3, or more variants of fHbp) which may be composed of fHbp amino
acid sequences from different variants (v.1, v.2, or v.3) or subvariants (e.g., a subvariant of v.1,
v.2, or v.3).

[00199] The antigenic compositions can comprise a mixture of OMVs and MVs
presenting the same or different surface antigens, where the surface antigens may optionally
present epitopes from different combinations of variants and/or subvariants and where the OMVs
and/or MVs may be from the same or different strains. Vesicles from different strains can be
administered as a mixture, or can be administered serially.

[00200] Where desired (e.g., where the strains used to produce vesicles are associated with
endotoxin or particularly high levels of endotoxin), the vesicles can optionally be treated to
reduce endotoxin, e.g., to reduce toxicity following administration. Although potentially less
desirable, reduction of endotoxin can be accomplished by extraction with a suitable detergent
(for example, BRIJ-96, sodium deoxycholate, sodium lauroylsarcosinate, Empigen BB, Triton
X-100, TWEEN 20 (sorbitan monolaurate polyoxyethylene), TWEEN 80, at a concentration of
0.1-10%, preferably 0.5-2%, and SDS). Where detergent extraction is used, it is preferable to use
a detergent other than deoxycholate.

[00201] The vesicles of the antigenic compositions can be prepared without detergent,
e.g., without use of deoxycholate. Although detergent treatment is useful to remove endotoxin
activity, it may negatively impact the surface antigen proteins in preparation. Thus it may be
particularly desirable to decrease endotoxin activity using technology that does not require a

detergent. In one approach, strains that are relatively low producers of endotoxin
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(lipopolysaccharide, LPS) are used so as to avoid the need to remove endotoxin from the final
preparation prior to use in humans. For example, the vesicles can be prepared from Neisseria
mutants in which lipooligosaccharide or other antigens that may be undesirable in a vaccine (e.g.
Rmp) is reduced or eliminated.

[00202] Vesicles can be prepared from N. meningitidis strains that contain genetic
modifications that result in decreased or no detectable toxic activity of lipid A. For example,
such strain can be genetically modified in lipid A biosynthesis (Steeghs et al. (1999) Infect
Immun 67:4988-93; van der Ley et al. (2001) Infect Immun 69:5981-90; Steeghs et al. (2004) J
Endotoxin Res 10:113-9; Fissha et al, (2005) Infect Immun 73:4070). The immunogenic
compositions may be detoxified by modification of LPS, such as downregulation and/or
inactivation of the enzymes encoded by IpxL.1 or [pxL.2, respectively. Production of a penta-
acylated lipid A made in /pxI.] mutants indicates that the enzyme encoded by /px[.1 adds the C12
to the N-linked 3-OH C14 at the 2’ position of GlcN II. The major lipid A species found in /pxl.2
mutants is tetra-acylated, indicating the enzyme encoded by IpxL.2 adds the other C12, i.e., to the
N-linked 3-OH C14 at the 2 position of GlcN I. Mutations resulting in a decreased (or no)
expression of these genes (or decreased or no activity of the products of these genes) result in
altered toxic activity of lipid A (van der Ley et al. (2001) Infect Immun 69:5981-90). Tetra-
acylated (/pxL2 mutant) and penta acylated (/pxI./ mutant) lipid A are less toxic than the wild-
type lipid A. Mutations in the lipid A 4’-kinase encoding gene (IpxK) also decrease the toxic
activity of lipid A. Of particular interest for use in production of vesicles (e.g., MV or OMV) are
N. meningitidis strains genetically modified so as to provide for decreased or no detectable
functional /pxl.1-encoded protein, e.g., where the Neisseria bacterium (e.g., N. meningitidis
strain) is genetically modified to provide for decreased or no activity of a gene product of the
IpxL1 gene. For example, the Neisseria bacterium can be genetically modified to have an IpxL]/
gene knockout, e.g., where the IpxL1 gene is disrupted. See, e.g., US Patent Publication No.
2009/0035328. The Neisseria bacterium can be genetically modified to provide for decreased or
no activity of a gene product of the Ipxl.] gene and/or the IpxL2 gene. Such vesicles provide for
reduced toxicity as compared to N. meningitidis strains that are wild-type for LPS production,
while retaining immunogenicity of a surface antigen, e.g., fHbp.

[00203] LPS toxic activity can also be altered by introducing mutations in genes/loci

involved in polymyxin B resistance (such resistance has been correlated with addition of
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aminoarabinose on the 4’ phosphate of lipid A). These genes/loci could be pmrE that encodes a
UDP-glucose dehydrogenase, or a region of antimicrobial peptide-resistance genes common to
many enterobacteriaciae which could be involved in aminoarabinose synthesis and transfer. The
gene pmrF that is present in this region encodes a dolicol-phosphate manosyl transferase (Gunn
J. S., Kheng, B. L., Krueger J., Kim K., Guo L., Hackett M., Miller S. 1. 1998. Mol. Microbiol.
27:1171-1182).

[00204] Mutations in the PhoP-PhoQ regulatory system, which is a phospho-relay two
component regulatory system (e.g., PhoP constitutive phenotype, PhoPc), or low Mg++
environmental or culture conditions (that activate the PhoP-PhoQ regulatory system) lead to the
addition of aminoarabinose on the 4’-phosphate and 2-hydroxymyristate replacing myristate
(hydroxylation of myristate). This modified lipid A displays reduced ability to stimulate E-
selectin expression by human endothelial cells and TNF secretion from human monocytes.
[00205] Polymyxin B resistant strains are also suitable for use, as such strains have been
shown to have reduced LPS toxicity (see, e.g., van der Ley et al. (1994) In: Proceedings of the
ninth international pathogenic Neisseria conference. The Guildhall, Winchester, England).
Alternatively, synthetic peptides that mimic the binding activity of polymyxin B may be added to
the antigenic compositions to reduce LPS toxic activity (see, e.g., Rustici et al. (1993) Science
259:361-365; Porro et al. (1998) Prog Clin Biol Res.397:315-25).

[00206] Endotoxin can also be reduced through selection of culture conditions. For
example, culturing the strain in a growth medium containing 0.1 mg-100 mg of aminoarabinose

per liter medium provides for reduced lipid toxicity (see, e.g., WO 02/097646).

KITS

[00207] Also provided by the present disclosure are kits for using the polynucleotide
sequences disclosed herein to practice the methods described above. Kits may contain one or
more polynucleotide sequences of the present disclosure in the form of vectors or expression
constructs to be used in the production of additional expression constructs and/or recombinant
Neisseria meningitidis strains. Kits may also contain one or more polynucleotide sequences
encoding an antigen to be expressed in a Neisseria meningitidis host strain in the form of a
vector or an expression construct. Kits may further include one or more recombinant Neisseria

meningitidis strains that comprise one or more of the engineered promoter sequences disclosed
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herein and/or a polynucleotide sequence encoding an antigen and/or a transcription terminator
sequence.

[00208] In addition to the above-mentioned components, the kits can further include
instructions for using the components of the kit to practice the subject methods. The instructions
for practicing the subject methods are generally recorded on a suitable recording medium. For
example, the instructions may be printed on a substrate, such as paper or plastic, etc. As such, the
instructions may be present in the kits as a package insert, in the labeling of the container of the
kit or components thereof (i.e., associated with the packaging or subpackaging), etc. In other
embodiments, the instructions are present as an electronic storage data file present on a suitable
computer readable storage medium, e.g. CD-ROM, diskette, etc. In yet other embodiments, the
actual instructions are not present in the kit, but means for obtaining the instructions from a
remote source, €.g. via the internet, are provided. An example of this embodiment is a kit that
includes a web address where the instructions can be viewed and/or from which the instructions
can be downloaded. As with the instructions, this means for obtaining the instructions is recorded

on a suitable substrate.

EXAMPLES

[00209] The following examples are put forth so as to provide those of ordinary skill in
the art with a complete disclosure and description of how to make and use the present invention,
and are not intended to limit the scope of what the inventors regard as their invention nor are
they intended to represent that the experiments below are all or the only experiments performed.
Efforts have been made to ensure accuracy with respect to numbers used (e.g. amounts,
temperature, etc.) but some experimental errors and deviations should be accounted for. Unless
indicated otherwise, parts are parts by weight, molecular weight is weight average molecular
weight, temperature is in degrees Celsius, and pressure is at or near atmospheric. Standard
abbreviations may be used, e.g., bp, base pair(s); kb, kilobase(s); pl, picoliter(s); s or sec,

second(s); min, minute(s); h or hr, hour(s); aa, amino acid(s); nt, nucleotide(s); and the like.

METHODS AND MATERIALS

[00210] The following methods and materials were used in the Examples below.
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Bacterial Strains
[00211] The six N. meningitidis strains used in the examples that follow are listed in Table
1.
Table 1. N. meningitidis strains used in the following examples.
Strain Alternative
Strain Célzf)‘l‘llar fHbp ID
Name Designation p
Senegal
CH21A 1/99 A 5
CH248B H44/76 B 1
CH253B NZ98/254 B 14
CH36W BuFal/03 W 23
CH38W Sul/06 W 9
Uganda
CH164X 5/07 X 74
Measurement of fHbp expression by Western Blot
[00212] tHbp expression was measured by a quantitative Western blot, which was

performed as previously reported (Pajon, Vaccine 2010 Feb 25;28(9):2122-9) with minor
changes. For fHbp sequences in variant group 1, anti-fHbp mAb JAR 3 was used for detection of
tHbp sequence variants ID 1, 4 or 9, and JAR 5 was used for ID 74. For fHbp in variant groups 2
or 3, anti-fHbp mAb JAR 31 was used (Beernink, Infect Immun. 2008 Sep;76(9):4232-40). The
results for the test strains were reported as percentages of the amount of fHbp expressed by
bacterial cells from the corresponding reference strains H44/76 or 8047 with high expression of

tHbp variant 1 (ID 1) and 2 (ID 77), respectively.
Flow Cytometry

[00213] Binding of mouse anti-fHbp mAbs to live meningococci was measured to assess
the relative amounts of fHbp on the bacterial surface accessible to antibody in mutants
engineered to have increased or decreased fHbp relative to a control. Flow cytometry was
performed as described previously using a combination of two mouse anti-fHbp mAbs, JAR4

and JARS (Welsch, J Infect Dis. 2008 Apr 1;197(7):1053-61), each at a final concentration of 10
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ung/mL. Controls in the assay included a mouse mAb, specific for group A (JW-Al) or B (SEAM
12) polysaccharides (Moe, Mol Immunol. 2006 Mar;43(9):1424-31).

EXAMPLE 1: HIGH FHBP LEVELS DRIVEN BY ENGINEERED PROMOTERS IN A SERIES OF

ISOGENIC MUTANTS OF CH21A, A SEROGROUP A STRAIN EXPRESSING FHBP ID 3,

[00214] Neisseria meningitidis strain CH21A, which is a serogroup A strain expressing
fHbp ID 5, was used to test the ability of the engineered promoters of the present disclosure to
drive expression. Chimeric promoters and domain deletion promoters were operatively inserted
into the genome of the CH21A host strain upstream of the fHbp gene, and subsequent expression
of fHbp was measured by quantitative Western blot. The results are shown in FIG. 7. Values in
Panel A are percentages compared with expression of fHbp by the reference group B strain
H44/76, which is a relatively high expresser of fHbp ID 1 (variant group 1). Error bars represent
ranges of values measured in two independent experiments. Control strains include the parent
wildtype strain and a fHbp KO, which is a mutant with the fHbp gene inactivated and which does
not produce any fHbp protein; WT, CH21A wild type isolate which is a naturally low fHbp ID 5
producer; X1, X5-X7, chimeric promoters; SL and S1-S3, domain deletion promoters; pFP12-f,
plasmid construct that replicates in neisseria expressing high levels of fHbp, but not suitable for
vaccine production due to plasmid instability. X1 promoter is able to drive fHbp expression
levels to similar levels to those seen from the plasmid-based system pFP12-f. Panel B shows
flow cytometry data using monoclonal antibodies specific for fHbp (JAR4 and JARS mixture at a
total concentration of 4 pg/mL) for KO (light gray), WT (dashed line), and X1 (solid line)
strains. Panel C shows flow cytometry data for anti-capsular monoclonal antibody JW-A1, which
recognizes capsular group A polysaccharide. The data show similar expression levels for the
capsular polysaccharide among all tested strains, although the fHbp KO mutant seemed to have

slightly higher capsular content.

EXAMPLE 2: INSERTION OF A SECOND COPY OF THE FHBP GENE AUGMENTS FHBP LEVELS IN

CH21A AS COMPARED TO SINGLE-COPY OR WILD TYPE STRAINS

[00215] Chimeric promoter X1 was operably inserted upstream of the fHbp gene in

Neisseria meningitidis strain CH21A. In addition, an expression construct comprising the
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chimeric promoter X1 or domain deletion promoter S1 operably linked to a copy of the fHbp
gene was inserted into the [pxL./ locus of the host strain to provide a second copy of the fHbp
gene. Subsequent expression of fHbp was measured by a quantitative Western blot. The results
are shown in FIG. 8. Values are mean percentages compared with expression of fHbp by the
reference group B strain H44/76, which is a relatively high expresser of fHbp ID 1 (variant group
1). Error bars represent ranges in values measured in two independent experiments. KO, a
mutant that in which the fHbp gene was inactivated, which did not express the protein; WT, wild
type isolate which is a naturally low fHbp ID 5 producer; X1, chimeric promoter; X1-S1, a
mutant containing X 1-fHbp in the fHbp native locus and a second copy of the fHbp gene in the
form of a S1-fHbp genetic cassette inserted into the Ipxl.] locus; X1-X1 a mutant containing X1-
tHbp in the fHbp native locus and a second copy of the X1-fHbp genetic cassette inserted into
the IpxL1 locus. The insertion of the second copy into the /pxLI locus also resulted in the
attenuation of endotoxic activity. These data indicate that multiple copies of the engineered
promoter-gene of interest can drive increased expression levels regardless of the location in the

genome.

EXAMPLE 3: HIGH FHBP LEVELS DRIVEN BY CHIMERIC PROMOTERS.

[00216] Neisseria meningitidis strain CH38W, a serogroup W-135 strain expressing fHbp
ID 9, was used to test the ability of the chimeric promoters of the present disclosure to drive
expression. Chimeric promoters X1-X4 were operatively inserted into the genome of the
CH38W host strain upstream of the fHbp gene, and subsequent expression of fHbp was
measured by quantitative Western blot. The results are shown in FIG. 9. Values are mean
percentages (+/- ranges from two experiments) compared with expression of fHbp by the
reference group B strain H44/76, which is a relatively high expresser of fHbp ID 1 (variant group
I). KO, a mutant in which the fHbp gene was inactivated by the insertion of an antibiotic marker
(rendering the strain incapable of producing any detectable fHbp protein); WT, CH38W wild
type isolate which is a naturally low producer of fHbp ID 9; X1-X4, chimeric promoters.
Expression levels with these promoters were similar to or higher than that achieved by the native
porA promoter (X0). Panel B shows flow cytometry data collected using monoclonal antibodies

specific for fHbp (JAR4 and JARS mixture at 4 ug/mL) for KO (light gray), WT (dashed line),
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and X1 (solid line) strains. Panel C shows flow cytometry data collected using an anti-capsular

monoclonal antibody JW-W1 that recognizes capsular group W 135 polysaccharide.

EXAMPLE 4: INSERTION OF A SECOND COPY OF THE FHBP GENE DRIVEN BY AN ENGINEERED

PROMOTER INTO THE LPXL.1 LOCUS IN ADDITION TO INSERTION OF AN ENGINEERED PROMOTER

AT THE NATIVE FHBP SITE.

[00217] Chimeric promoter X1 was operably inserted upstream of the fHbp gene in
Neisseria meningitidis strain CH38W. In addition, an expression construct comprising the
chimeric promoter X1 or domain deletion promoter S1 operably linked to a copy of the fHbp
gene was inserted into the [pxL./ locus of the host strain to provide a second copy of the fHbp
gene. Subsequent expression of fHbp was measured by quantitative Western blot. The results are
shown in FIG. 10. KO, a mutant with an inactivated fHbp gene (and no fHbp protein
expression); WT, wild type isolate which is a naturally low fHbp ID 5 producer; X1, isogenic
mutant constructed substituting native f{Hbp promoter with X1 promoter; X1-/pxL.1, a mutant that
has the native fHbp gene inactivated and a copy of X1-fHbp expression construct inserted into
the IpxL1 locus; X1-S1, a mutant containing X1-fHbp in the fHbp native locus and a second
copy of the fHbp gene in the form of a S1-fHbp genetic cassette inserted into the IpxLI locus;
X1-X1, a mutant containing X1-fHbp in the fHbp native locus and a second copy of the X1-fHbp
genetic cassette inserted into the IpxL/ locus. Values are mean percentages (+/- ranges in
replicate experiments) compared with expression of fHbp by the reference group B strain

H44/76, which is a relatively high expresser of fHbp ID 1 (variant group 1).

EXAMPLE 5: OVER-PRODUCTION OF FHBP MODEL ANTIGEN BY CH248B CAPSULAR GROUP B

STRAIN.

[00218] Neisseria meningitidis strain CH248B, a capsular group B strain, was used to test
the ability of the chimeric promoters of the present disclosure to drive expression. This strain
also is referred to as H44/76. Chimeric promoter X1 was operatively inserted into the genome of
the CH248B host strain upstream of the fHbp gene, and subsequent expression of fHbp was
measured by quantitative Western blot. The results are shown in FIG. 11. Values are mean

percentages (+/- ranges in replicate experiments) compared with expression of fHbp alone, as
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this is the reference group B strain and a relatively high expresser of fHbp ID 1 (variant group 1).
KO, a mutant that lacks fHbp gene and protein; WT, wild type isolate which is a naturally high
fHbp ID 1 producer; X1, isogenic mutant constructed substituting native fHbp promoter with X1
promoter; pFP12-f, strain containing a plasmid construct that replicates in Neisseria expressing
high levels of fHbp ID 1, but is not suitable for vaccine production due to plasmid instability.
Panel B shows flow cytometry data collected using monoclonal antibodies specific for fHbp
(JAR4 and JARS mixture at 4 ug/mL) for KO (light gray), WT (dashed line), X1 (solid line), and
pFP12-f (dotted line) strains. The X1 chimeric promoter was able to drive surface fHbp
expression levels to similar levels to that of the plasmid based system pFP12-f. Panel C shows
flow cytometry data collected using an anti-capsular monoclonal antibody SEAM-12 that

recognizes capsular group B polysaccharide.

EXAMPLE 6: OVER-PRODUCTION OF FHBP MODEL ANTIGEN IN CH253B CAPSULAR GROUP B

STRAIN.

[00219] Neisseria meningitidis strain CH253B, a capsular group B strain expressing fHbp
ID 14, was used to test the ability of chimeric promoter X1 to drive expression. Chimeric
promoter X1 was operatively inserted into the genome of the CH253B host strain (also known as
NZ98/254) upstream of the fHbp gene, and subsequent expression of fHbp was measured by
quantitative Western blot. The results are shown in FIG. 12. Values are mean percentages (+/-
ranges in replicate experiments) compared with expression of fHbp by the reference group B
strain H44/76, which is a relatively high expresser of fHbp ID 1 (variant group 1). KO, a mutant
that lacks fHbp gene and protein; WT, wild type isolate which is a naturally low fHbp ID 14
producer; X1, isogenic mutant constructed substituting native fHbp promoter with X1 promoter.
Chimeric promoter X1 achieved significantly higher expression of fHbp as compared to the wild

type isolate.

EXAMPLE 7: OVER-PRODUCTION OF FHBP MODEL ANTIGEN BY CH164X CAPSULAR GROUP X

STRAIN.

[00220] Neisseria meningitidis strain CH164X, a capsular group X strain expressing fHbp

ID 74, was used to test the ability of chimeric promoter X1 to drive expression. Chimeric
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promoter X1 was operatively inserted into the genome of the CH164X host strain upstream of
the fHbp gene, and subsequent expression of fHbp was measured by quantitative Western blot.
The results are shown in FIG. 13. KO, a mutant that lacks fHbp gene and protein; WT, wild type
isolate which is a naturally low fHbp ID 74 producer; X1, isogenic mutant constructed
substituting native fHbp promoter with X1 promoter. Chimeric promoter X1 achieved

significantly higher expression of fHbp as compared to the wild type isolate.

EXAMPLE 8: OVER-PRODUCTION OF FHBP VARIANT 2 MODEL ANTIGEN BY CH36 W CAPSULAR

GROUP W135 STRAIN.

[00221] Neisseria meningitidis strain CH36W, a capsular group W 135 strain expressing
fHbp ID 23 (variant 2), was used to test the ability of chimeric promoter X1 to drive expression.
Chimeric promoter X1 was operatively inserted into the genome of the CH36W host strain
upstream of the fHbp ID 23 gene, and subsequent expression of fHbp was measured by
quantitative Western blot. The results are shown in FIG. 14. Panel A shows quantitative Western
blot data of expression levels in CH36W mutants. Values are mean percentages (+/- ranges in
two replica experiments) compared with expression of fHbp by the reference group B strain
8047, which is a relatively high expresser of fHbp ID 77 (variant group 2). KO, a mutant in
which the fHbp gene was inactivated and which does not express the protein; WT, wild type
isolate which is a naturally low fHbp ID 23 producer; X1, chimeric promoter. Panel B shows
flow cytometry data collected using monoclonal antibodies specific for fHbp (JAR31, at 4 ug/mL
) for KO (light gray), WT (dashed line), and X1 (solid line) strains. Panel C shows flow
cytometry data collected using and anti-capsular monoclonal antibody JW-W1 used as control
that recognizes capsular group W135 polysaccharide. Collectively, the data illustrates the ability

of engineered promoters to drive increased expression of a variant group 2 fHbp.

EXAMPLE 9: USE OF A TRANSCRIPTION TERMINATOR SEQUENCE TO INCREASE EXPRESSION

[00222] Neisseria meningitidis strain CH21A, a capsular group A strain, was used to
evaluate the influence of a transcription terminator sequence on the expression level of fHbp ID
5. An X1 promoter sequence was inserted into the genome of the CH21A strain upstream of a

sequence encoding fHbp ID 5. In a first recombinant host, the native transcription terminator
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having the sequence
TAACCATTGTGAAAATGCCGTCCGAACACGATAATTTACCGTTCGGACGG
CATTTTGTA was operably linked to the 3* end of the fHbp ID 5 coding sequence. In a second
recombinant host, the native transcription terminator sequence was deleted. Both recombinant
hosts were then cultured under the same conditions, and the expression level of fHbp ID 5 was
compared between the two hosts. Results are shown in FIG. 15. The expression level of fHbp ID
5 was higher in the host containing the transcription terminator sequence, indicating that the

transcription terminator sequence facilitates higher expression.

EXAMPLE 10: DETERMINATION OF CODON USAGE FREQUENCY FOR USE IN CODON

OPTIMIZATION

[00223] Codon usage frequency was determined in FAM18 and Z2491, two different
Neisseria meningitidis strains. Codon usage mean and standard deviation results for the two
strains are shown in FIGS. 16 and 17. For each amino acid residue, the codon with the highest
mean usage value was identified. Next, a polynucleotide sequence encoding fHbp ID 9 was
engineered for expression in each strain based on the codon usage results. The fHbp ID 9 coding
sequence was uploaded to an online codon optimization tool, and the codon usage preferences
for each strain were provided. The online codon optimization tool replaced redundant codons in
the coding sequence with the preferred codon for each amino acid residue. A comparison of an
original fHbp sequence with the codon-optimized sequence is shown in FIG. 18.

[00224] Codon optimization was also performed for polynucleotide sequences encoding
fHbp ID 23, 1D 4, ID 28, ID 1, ID 14, ID 45, ID 55, ID 19, ID 77, NspA (nmb0663), NspA
(nmc0612, nma0862), NHbp (nmb2132), TbpB (Tbp2, nmb0461), TbpA (tbpl, nmb0461), LbpB
(nmb1541), LbpA (nmb1540), Opacity protein (Class 5, nmb1053), NadA (nmb1994), PorA
(nmb1429), and feta (nmb1988). The codon-optimized sequences are shown in FIGS. 19-38.

EXAMPLE 11: USE OF A SINGLE ENGINEERED PROMOTER SEQUENCE TO DRIVE EXPRESSION

OF MULTIPLE SURFACE ANTIGENS

[00225] Engineered promoter sequences were used to drive expression of multiple

polynucleotides encoding surface antigens that were organized in an operon-like fashion. FIG.
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39, Panel A. This allowed for over-expression of multiple surface antigens under the control of a
single copy of the engineered promoter. The system can be used to express a plurality of
polynucleotides at the same time due to the high output of the engineered promoters. Examples
of tested surface antigen-encoding polynucleotide sequence configurations are provided in FIG.
39, Panels B and C, where fHbp is over-expressed together with NspA (Panel B) and both TbpB
and TbpA (Panel C).

[00226] To further illustrate this approach, engineered promoter X1 was operably inserted
upstream of an fHbp-encoding polynucleotide sequence in Neisseria meningitidis strain CH38W,
a capsular W-135 strain expressing fHbp ID 9 and NspA, both at low levels. The NspA-encoding
polynucleotide sequence was operably inserted just downstream of the fHbp-encoding sequence.
The transcription terminator sequence from fHbp was operably linked to the 3° end of the NspA-
encoding polynucleotide sequence. Subsequent expression of both fHbp and NspA was measured
by quantitative Western blot using monoclonal antibodies specific to each of the antigens. FIG.
40 shows quantitative Western blot data of expression levels in the CH38W mutant strain,
containing both the fHbp-encoding polynucleotide sequence and the NspA-encoding
polynucleotide sequence under the control of the X1 engineered promoter (FIG. 39, Panel B).
Values shown are mean fluorescence units (+/- ranges in two replicates) compared to the
expression of either fHbp or NspA in the wild type (WT) isolate. Both fHbp and NspA
expression levels in the mutant are significantly higher than in the WT strain. These data indicate
that expression of multiple polynucleotide sequences can be driven to high levels by a single

engineered promoter.
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CLAIMS

What is claimed is:

1. A promoter, comprising:
a 5’ portion of a native N. meningitidis porA promoter comprising the sequence
ATGGTT;
a spacer portion; and
a 3’ portion of a native N. meningitidis porA promoter comprising the sequence
TATAAT,
wherein the spacer comprises a sequence of the formula N'-TTTCA-N?, wherein N' is
XU(T/A)T/A)(T/A)(T/G)(C/G)(C/G)(C/G/AYG/TYCX® and N* is X°X“X°, wherein:
X* is present or absent, and when present is T or A;
X is present or absent, and when present is A or C;
X¢ is present or absent, and when present is T or G;
X4 is present or absent, and when present is A or G; and
X° is present or absent, and when present is G,
wherein the 5° portion, the spacer, and the 3’ portion are operably linked to provide for

transcription in N. meningitidis.

2. The promoter of claim 1, wherein the spacer comprises the sequence

ATATGCCTCCTTTCATA.

3. The promoter of claim 1, wherein the spacer comprises the sequence

TATATGCCTCCTTTCATA.

4. The promoter of claim 1, wherein the spacer comprises the sequence

ATAATGCCTCCTTTCATA.

5. The promoter of claim 1, wherein the spacer comprises the sequence

ATATGCATCATTTCATA.
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6. The promoter of claim 1, wherein the spacer comprises the sequence

TTTTGCGGGCTTTCATA.

7. The promoter of claim 1, wherein the spacer comprises the sequence

TTTTGCGGGCTTTCAGGG.

8. The promoter of claim 1, wherein the spacer comprises the sequence

TTTTGCGGGCTTTCAG.

9. A promoter comprising the formula, from 5’ to 3’:
TFB-X-E-ATG

wherein TFB refers to a transcription factor binding sequence of a native nmb1523
promoter;

E refers to a 66 base pair extension sequence of a native nmb 1523 promoter; and

X refers to a spacer sequence of a native nmb1523 promoter positioned between TFB and
E,

wherein portions TFB, X, and E are operably linked to provide for transcription in N.
meningitidis, with the proviso that when E is present, TFB is absent, and when TFB is present, E

is absent.

10. The promoter of claim 9, wherein both TFB and E are absent.

11. A nucleic acid construct comprising the promoter from any one of claims 1-10

operably linked to a polynucleotide encoding a gene product of interest.

12. An isolated Neisseria meningitidis bacterium comprising the promoter from any one

of claims 1-10, or the nucleic acid construct of claim 11.
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13. The isolated Neisseria meningitidis bacterium of claim 12, wherein the promoter is
operably positioned in the genome of the bacterium to facilitate expression of an endogenous

polynucleotide or a recombinant polynucleotide.

14. The isolated Neisseria meningitidis bacterium of claim 13, wherein the endogenous

polynucleotide encodes a Neisseria meningitidis surface antigen.

15. A method of expressing a Neisseria meningitidis surface antigen, the method
comprising:
culturing the isolated Neisseria meningitidis bacterium of claim 12, wherein said

culturing facilitates expression of the surface antigen.

16. A method of expressing a Neisseria meningitidis surface antigen, the method
comprising:

operably inserting a promoter sequence from any one of claims 1-10 into the genome of a
Neisseria meningitidis host upstream of a native surface antigen gene; and

culturing the Neisseria meningitidis host, wherein said culturing facilitates expression of

the surface antigen.

17. A method of expressing a Neisseria meningitidis surface antigen, the method
comprising:

inserting a nucleic acid construct comprising a promoter sequence from any one of claims
1-10 operably linked to a polynucleotide sequence encoding a surface antigen into the genome of
a Neisseria meningitidis host; and

culturing the Neisseria meningitidis host, wherein said culturing facilitates expression of

the surface antigen.
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18. A method of expressing a Neisseria meningitidis surface antigen, the method
comprising:

operably inserting a first promoter sequence from any one of claims 1-10 into the genome
of a Neisseria meningitidis host upstream of a native surface antigen gene;

inserting a nucleic acid construct comprising a second promoter sequence from any one
of claims 1-10 operably linked to a polynucleotide sequence encoding a surface antigen into the
genome of a Neisseria meningitidis host; and

culturing the Neisseria meningitidis host, wherein said culturing facilitates expression of

the surface antigen.

19. The method of claim 18, wherein said first and second promoters are the same.

20. The method of claim 18, wherein said first and second promoters are different.

21. The nucleic acid construct of claim 11, wherein the promoter is operably linked to a
first polynucleotide that encodes a gene product of interest, and wherein the first polynucleotide
is operably linked to a second polynucleotide that encodes a gene product of interest, such that

the promoter drives expression of the first and the second polynucleotides.

22. The nucleic acid construct of claim 21, wherein the first polynucleotide and the

second polynucleotide each encode the same gene product of interest.

23. The nucleic acid construct of claim 21, wherein the first polynucleotide and the

second polynucleotide each encode different gene products of interest.

24. The nucleic acid construct of claim 22, wherein the gene product of interest is a

Neisseria meningitidis surface antigen.

25. The nucleic acid construct of claim 23, wherein each of the different gene products of

interest are Neisseria meningitidis surface antigens.
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26. The nucleic acid construct of claim 21, further comprising a transcription terminator

that is operably linked to the 3” end of the second polynucleotide sequence.

27. The nucleic acid construct of claim 11, wherein the promoter is operably linked to a
first polynucleotide that encodes a gene product of interest, and wherein the first polynucleotide
is operably linked to a second polynucleotide that encodes a gene product of interest, and
wherein the second polynucleotide is operably linked to a third polynucleotide that encodes a
gene product of interest, such that the promoter drives expression of the first, the second, and the

third polynucleotides.

28. The nucleic acid construct of claim 27, wherein the first, the second, and the third

polynucleotides each encode the same gene product of interest.

29. The nucleic acid construct of claim 28, wherein the gene product of interest is a

Neisseria meningitidis surface antigen.
30. The nucleic acid construct of claim 27, wherein two of the polynucleotides encode a
first gene product of interest, and wherein one of the polynucleotides encodes a second gene

product of interest that is different from the first gene product of interest.

31. The nucleic acid construct of claim 30, wherein the first gene product of interest is a

Neisseria meningitidis surface antigen.

32. The nucleic acid construct of claim 30, wherein the second gene product of interest is

a Neisseria meningitidis surface antigen.

33. The nucleic acid construct of claim 27, wherein the first, the second, and the third

polynucleotides each encode a different gene product of interest.

34. The nucleic acid construct of claim 33, wherein each of the different gene products of

interest is a Neisseria meningitidis surface antigen.
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35. The nucleic acid construct of claim 27, further comprising a transcription terminator

that is operably linked to the 3 end of the third polynucleotide.
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