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Lantibiotic Biosynthetic Gene Clusters From A. garbadinensis and A, liguriae
Fieid Of The Invention

This invention relates to characterisation of the biosynthetic gene cluster for the lantibiotic
actagardine, identification of a novel variant of actagardine and its biosynthetic cluster, and
methods of production and use of actagardine, a novel actagardine variant produced in a
strain of A. liguriae, and variants of both of these produced according to this invention, utilizing
genes from the characterised biosynthetic gene clusters.

Backaround Of The Invention

Lantibiotics are peptides having antibiotic and other activities, produced by Gram-positive
bacteria. They contain, among other modified residues, the thioether amino acids lanthionine
and methyllanthionine, which cross- link the peptide chain into a polycyclic structure. They
have been classified into two classes, type-A and type-B, though such classification is not
unprobiematic. Type-A lantibiotics are generally elongate amphiphiles that are capable of
forming pares in bacterial and other plasma membranes. Examples are nisin and subtilin.
Type- lantibiotics, by contrast, are globular, conformationally defined peptides that inhibit
enzyme functions. Examples are cinnamycin and duramycin.

Activities ascribed to type-B lantibiotics such as cinnamycin include antimicrobial activity
{providing potential application as antibiotics), inhibition of angiotensin-converting enzyme
{providing a potential application in blood pressure regulation), immunomodulation via
inhibition of phospholipase A2 (providing a potential application as anti-inflammatories), and
interference with prostaglandin and teucotriene biosynthesis,

Type-B lantibiotics appear to exert their activity by interfering with enzyme activities by
blocking the respective substrates. For example, type B iantibiotics such as mersacidin and
actagardine have been found to inhibit biosynthesis of peptidoglycan; transglycosylation was
identified as the target reaction. The substrate for this reaction is the lipid-bound cell wall
precursor lipid 1. While this is a target for the lantibictic vancomygin, the site of action is
different and is a new target binding site not used by any current antibacierial drug.

For the cinnamycin class of type B lantibiotics antibacterial activity has been observed, in
particular with Bacillus strains, with effects described on membrane functions, ATP-dependent
proton translocation and Ca®" -uptake, and on ATPases. Also, the formation of defined pores
in phosphatidylethanolamine-containing planar membranes has been reported. These effects
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can be affributed to the specific binding of these type-B {antibiotics fo
phosphatidylethanolamine.

Lantibiotics have been shown to have efficacy and utility as food additives and antibacterial
agents against Propionibacterium acnes and problematic pathogens, e.g. methicillin-resistant
Staphylococcus aureus (MRSA), which has or is developing resistance to many commonly
used antibiotics, and Streptococcus pneumoniae. For reviews, see Sahl and Bierbaum (1998)
Annual Rev. Microbiol. 52:41-79; Jack and Sahl (1995) TIBTECH 13:260 278; Gasson (1995)
Chapter 10, Lantibio’cics, in Vining and Stuttard (eds) Biotechnology Series: Genetics and
Biochemistry of Antibiotic Production, Biotechnoiogical | 30 Series 28, pages 283-3086.

Within the field of antibiotics, there is a continuing heed for the provision of new antibiotic
compounds, fo overcome issues such as resistance, bio-compatibiiity, toxicity and the like.
Accordingly, methods of producing lantibictics, and the production of variant forms of
lantibictics (which may have a different activity profile compared to native forms}), are
desirabie.

Actagardine is a known type B tetracyclic lantibiotic, 19 amino acids in length (1890 Da). It has
potent activity against important Gram positive pathogens such as Staphylococous aureus and
Strepfococcus pyogenes both in vitro and in in vivo animal modets. The structure of
actagardine is shown in Figure 4. The compound is produced from a pre~pro-peptide, the C-
terminal portion of which has the polypeptide sequence of SSGWVCTLTIECGTVICAC (SEQ
ID NO:4). The polypeptide of SEQ ID NO:4 is modified by the following crosslinks, creating
secondary and tertiary structure: CROSSLINK 1-8, Lanthionine (Ser-Cys); CROSSLINK 7-12,
Beta-methylianthionine (Thr-Cys); CROSSLINK 8-17, Beta-methyllanthionine (Thr-Cys);
CROSSLINK 14-19, Beta-methyllanthionine sulfoxide {Thr-Cys).

Actagardine has been reported to be produced by two species of Actinoplanes; A.
garbadinensis and A. liguriae. Also co-produced is an analogue in which the CROSSLINK 14~
19 is not oxidized i.e. it is a beta-methyllanthionine not betamethyllanthionine sulfoxide which
is named herein deoxy-actagardine.

US 6,022,851 describes the isolation of actagardine from isolated strains of A. garbadinensis
and A. liguriae.
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Summary of the Disclosure

The present disclosure relates to the cloned, sequenced and elucidated structural and
regulatory information relevant to the biosynthetic gene cluster for the type-B lantibiotic,
actagardine, from Actinoplanes garbadinensis and A. liguriae.

We have also surprisingly found that in an isolate of A. liguriae, designated herein as A.
figuriae NCIMB 41362, a novel form of actagardine is produced which we have termed
actagardine B or, in the non-oxidised form, deoxy-actagardine B. These forms have similar
anti-microbial activity to actagardine and are generated from the primary polypeptide
sequence of SEQ 1D NO:1, which undergoes similar cross-linking to actagardine. The
variants provide new and useful alternatives to actagardine. In addition, the identification of
residues in actagardine B which are different from actagardine leads {o the provision of
further lantibiotics based on these differences.

We have also isolated gene clusters from both actagardine-producing A. garbadinensis and A.
liguriae NCIMB 41362 which comprise the genes for the production of actagardine and
actagardine B.

in one aspect, the present disciosure provides the novel actagardine B and variants thereof,
including variants based on the primary polypeptide sequences of SEQ 1D NO:2 and SEQ 1D
NO:3, as well as variants thereof.

in a further aspect, the disclosure provides nucleic acids encoding actagardine B and its
variants, sets of nucleic acids and variants thereof derived from the above-mentioned gene
clusters, methods of making actagardine B and its variants, and methods of generating novel
variants of actagardine B.

in a first aspect, there is provided a compound of the formula:
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wherein:

-X1-X2- represents -Leu-Val- or -Leu-lle-;

-Y-is -S- or -S(O)-;

Z is either an amino or -NH, wherein the latter represents the N-terminus of the

Ala at position 1;

R represents the group —OH or —NR" R?, wherein R' and R? independently
represent:

(i) hydrogen;

(i) a group of formula -(CH,),,-NR’R?, in which n represents an integer from 2 to 8
and R® and R* independently represent hydrogen or Cqalkyl, or R® and R* taken together
represents a group -(CHa)s-, -(CHz)a-, (CH2)o-O-(CHz), -(CHz)2-S-(CHz), or ~(CHz)s-;
or R" and R? taken together with the adjacent nitrogen atom represent a piperazine moiety
which may be substituted at position 4 with a substituent selected from:

(a) Craalkyl;

(b) Cscycloalkyl;

(c) pyridyl,

(d) -(CH,),-NR°R® in which p represents an integer from 1 to 8 and Rs and R®

independently represent hydrogen or Cq_alkyl;

(e) piperidinyl;

(f) substitute piperidinyl, wherein the substituted piperindinyl bears a

N-substituent which is Cqalkyl;

(g) benzyl; and

(h) substituted benzyl, wherein the phenyl moiety bears 1 or 2 substituents

3a
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selected from chloro, bromo, nitro, C 14alkyl and Cy.salkoxy,
or a biologically active variant thereof, or a pharmaceutically acceptable salt of said
compound or variant,
wherein the biologically active variant comprises 1, 2, 3 or 4 amino acids substituted at
positions selected from positions 2, 3, 4, 5, 8, 10, 11, 13, 15, 16 and 18 of the compound,
with the proviso that -X1-X2- is -Leu-Val- or -Leu-lle-.

In another aspect, there is provided a compound of the formula

wherein:

-X1-X2- represents -Leu-Val- or -Leu-lle~;

-Y-is -8- or -S(0)-;

Z is either an amino or -NH, wherein the latter represents the N-terminus of the

Ala at position 1;

R represents the group —OH or —NR'R?, wherein R and R?independently
represent:

(i) hydrogen;

(i) a group of formula -(CH ,),-NR®R*, in which n represents an integer from 2 to 8
and R® and R independently represent hydrogen or Cq.alkyl, or R® and R* taken together
represents a group ~(CH,)s-, <(CHz)4=, (CH3)2-0O-(CHgy)s, ~(CH2)2-S-(CHy), or <(CHa)s-;
or R' and R? taken together with the adjacent nitrogen atom represent a piperazine moiety
which may be substituted at position 4 with a substituent selected from:

(i) Craalkyl;

(j) Cszcycloalkyt:

(k) pyridvl,

3b
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(1) -(CH2),~NR®R® in which p represents an integer from 1 to 8 and R® and R®

independently represent hydrogen or Cy.qalkyl;

(m) piperidinyl;

(n) substitute piperidinyl, wherein the substituted piperindiny! bears a

N-substituent which is Cy_salkyl;

(o) benzyl; and

(p) substituted benzyl, wherein the phenyl moiety bears 1 or 2 substituents
selected from chloro, bromo, nitro, Cy4alkyl and Cy_salkoxy,
or a pharmaceutically acceptable salt of said compound, with the proviso that -X1-X2- is
-Leu-Val- or -Leu-lle-.

In a second aspect, there is provided a pharmaceutical composition comprising a compound

as defined above together with a pharmaceutically acceptable carrier or diluent.

In a third aspect, there is provided the use of a compound as defined above, or a composition

as defined above in the manufacture of a medicament for the treatment of a bacterial infection.

In a fourth aspect, there is provided a method for producing a host cell suitable for expressing
a type B lantibiotic peptide deoxyactagardine, actagardine or a variant thereof, the method
comprising the step of transforming a cell by introducing:

a lanA gene, said gene encoding a LanA polypeptide comprising a precursor of
actagardine, actagardine B, afa(0}-actagardine, ala(0)-actagardine B or an amino acid
variant of any one of the same wherein:

1 to 5 amino acids in the sequence is/are substituted by another amino
acid, or
the amino acid sequence is at least 80% identical thereto,

optionally together with one or more associated cluster genes suitable for
conversion of a precursor peptide into said peptide,
thereby generating a host cell comprising a polynucleotide sequence encoding said
peptide and suitable for expressing same, wherein the type B lantibiotic peptide has
antimicrobial activity.

3c



In a fifth aspect, there is provided a cell obtainable from the method as defined above,
wherein said cell is selected from a lantibiotic producing host cell with a mutated
endogenous /anA gene

and a non-producer capable of expressing a /anA gene, wherein the cell comprises a /anA
gene encoding a LanA polypeptide comprising a precursor of actagardine, actagardine B,
ala(0)-actagardine, ala(0)-actagardine B or an amino acid variant of any one of the same,

10

15

20

25

30

35

wherein 1 to 5 amino acids in the LanA polypeptide sequence is/are substituted by

another amino acid, or the amino acid sequence is at least 90% identical thereto.

In a sixth aspect, there is provided a vector suitable for transforming a host cell in the method

defined above, said vector comprising an expression construct comprising a gene
encoding a LanA peptide selected from actagardine, actagardine B, ala(0)-actagardine,
ala(0)-actagardine B or a variant of any one of same wherein:

1 to 5 amino acids in the peptide are substituted by another amino acid, or

the amino acid sequence is at least 90% identical thereto,

optionally together with one or more associated cluster genes required for
conversion of a precursor peptide into a product peptide, and wherein the LanA peptide

has antimicrobial activity.

In a seventh aspect, there is provided an lantibiotic producing host cell suitable for
expressing a type B lantibiotic peptide,

the host cell comprising a mutation in its endogenous /anA gene, said gene encoding a
LanA polypeptide comprising a precursor of actagardine, actagardine B, ala(0)-
actagardine, ala(0)-actagardine B or an amino acid variant of any one of the same,
wherein 1 to 5 amino acids in the LanA polypeptide sequence is/are substituted by
another amino acid, or the amino acid sequence is at least 90% identicai thereto, such
that the gene is not expressed or the gene product is inactive.

In an eighth aspect, there is provided the use of a host cell for the expression of
actagardine, a variant thereof,

deoxyactagardine or a variant thereof, wherein the cell is a lantibiotic producing cell with a

gene encoding a LanO polypeptide and said polypeptide is derived from the iantibiotic
gene cluster and is a factor involved in the oxidation of deoxy-forms to -S(O})- analogue
thereof and:

said gene is inactivated, or

the expression of said gene is increased.

3d
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In a ninth aspect, there is provided the use of a host cell comprising a gene encoding a LanA
peptide, a precursor of a

lantibiotic peptide for the production of actagardine, a variant thereof, deoxyactagardine or

a variant thereof, with the proviso that wherein the host is a lantibiotic producing cell
comprising an endogenous gene encoding a LanA peptide, the latter is mutated such that
the endogenous gene is not expressed or the endogenous gene product is inactive or the

endogenous gene is deleted.

Description Of The Drawings

Figure 1 provides a map of the actagardine encoding and regulatory gene cluster isolated

from A. garbadinensis.

Figure 2 provides a map of the encoding and regulatory gene cluster isolated from A. liguriae
which encodes a novel variant of actagardine, herein referred to as actagardine B.

3e
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Figure 3 provides a schematic showing a method disclosed herein for generation of
actagardine variants utilizing nucleic acid sequences isolated from A, garbadinensis or from A,
liguriae.

Figure 4 is a representation of the primary structure of mature actagardine where X1-X2
represent Val-lie, Y is ~S(O)- and Z is NH,. "Deoxy-actagardine B” is the Val15Leu lie16Val
variant with a non-oxidised methyllanthionine bridge between AbuS14 and AlaS19.

Description of the Sequences

For the convenience of the reader, the seguences of the present application have been

numbered non-contiguously as follows:

SEQ ID NO:1 is the primary polypeptide sequence of Actagardine B:
SSGWVCTLTIECGTLVCAC.

SEQ ID NO:2 is the primary polypeptide sequence of Actagardine B variant VV:
SSGWVCTLTIECGTVVCAC.

SEQ ID NO:3 is the primary polypeptide sequence of Actagardine B variant Li
SSGWVCTLTIECGTLICAC.

SEQ ID NO:4 is the primary polypeptide sequence of Actagardine:
SSGWVCTLTIECGTVICAC,

SEQ ID NO:11 is the primary polypeptide sequence of Ala-Actagardine B:
ASSGWVCTLTIECGTLVCAC.

SEQ ID NO:12 is the primary polypeptide sequence of Ala-Actagardine B variant VV:
ASSGWVCTLTIECGTVVCAC.

SEQ ID NO:13is the primary polypeptide sequence of Ala-Actagardine B variant LI
ASSGWVCTLTIECGTLICAC.

SEQ ID NO:14 is the primary polypeptide sequence of Ala-Actagardine;
ASSGWVCTLTIECGTVICAC.

SEQ ID NO:212 is the primary polypeptide sequence of pre-pro-Actagardine B:
MSAITVETTWKNTDLREDLTAHPAGLGFGELSFEDLREDRTIYAASSCGWVCTLTIECG

TLVCAC.

SEQ ID NO:22 s the primary polypeptide sequence of pre-pro-Actagardine B variant VV.

MSAITVETTWKNTDLREDLTAHPAGLGFGELSFEDLREDRTIYAASSGWVCTLTIECG

TYVCAC. ‘

SEQ ID NO:23 is the primary polypeptide sequence of pre-pro-Actagardine B variant L1
MSALAIEKSWKDVDLRDGATSHPAGLGFGELTFEDLREDRTIYAASSGWVCTLTIECG

TLICAC.
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SEQ ID NO:119 is the primary polypeptide sequence of pre-pro-Actagardine:
MSALAIEKSWKDVDLRDGATSHPAGLGFGELTFEDLREDRTIYAASSGWVCTLTIECG
TVICAC.

EQ ID NO:100 is the non-vector, A. garbadinensis-derived, nucleotide sequence of the
cosmid CosAG14, '
SEQ ID NOs:101 — 132 are the polypeptide sequences of the open reading frames orff —
orf32 of SEQ ID NO:100 respectively.

SEQ ID NO:200 is the non-vector, A. liguriae-derived, nucleotide sequence of the cosmid
CosALO2.

SEQ ID NOs:201 - 231 are the polypeptide sequences of the open reading frames orf? —
orf31 of SEQ ID NO:200 respectively.

SEQ ID NOs:300-312 are primer sequences described herein below.

Detailed Descrintion of the Invention

The present invention reiates o the gene clusters of SEQ ID NO:100 and SEQ 1D NO:200 and
the polypeptides encoded by these clusters and variants thereof. The polypeptide of SEQ ID
NO:119 is pre-pro-actagardine and the polypeptide of SEQ 1D NQ:212 is pre-pro-actagardine
B. The remaining polypeptides and their variants (as defined herein) are referred o herein
generically as "cluster polypeptides". Cluster polypeptides derived from SEQ 1D NO:100 are
referred o as "ixx polypeptides” and those derived from SEQ {D NO:200 are referred to as
"2xx polypeptides”. Polypeptides which are 100% identical in both sequence and length to a
cluster polypeptide are referred to as "wild-type" polypeptides. A cluster polypeptide derived
from SEQ 1D NO:100 or SEQ D NO:200 may be wild type or variant.

A polypeptide may be in substantially isolated form. Isolated polypeptides of the invention will
be those as defined above in isolated form, free or substantially free of material with which it is
naturally associated such as other polypeptides with which it is found in the cell. For example,
the polypeptides may of course be formulated with diluents or adjuvants and still for practical
purposes be isclated.

A polypeptide of the invention may also be in a substantially purified form, in which case it will
generally comprise the polypeptide in a preparation in which more than 90%, e.g. 85%, 98%
or 99% of the polypeptide in the preparation is & polypeptide of the invention.

Lantibiotic Polypeptide and LantibioticA gene
In the present invention, reference to a lantibioticA or LanA polypeptide, the LantibioticA or
LanA gene refers generically to a type B lantibiotic polypeptide or the gene encoding such a
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peptide. Thus reference to these includes reference to cinnamycin, mersacidin, actagardine
and actagardine B and the genes encoding these products. Reference to a lantibiotic
producing host cell refers to any host cell which in its native form produces a LanA
polypeptide, as further defined herein below.

A LanA polypeptide is a polypeptide with anti-microbial activity. Anti-microbial activity may be
examined by determining the MIC value against a reference organism, e.g. Micrococcus
luteus. A LanA polypeptide is considered to exhibit anti-microbial activity if it has a MiC vaiue
of less than or equal to 18-fold higher than that of actagardine against the same strain of the
reference microorganism. In the present invention, the A. garbadinensis LanA gene is
referred to as actA and the A. liguriae LanA gene is referred to as LigA.

Qther Lan Polypeptides ‘

As used herein, reference to a "LanM" polypeptide is a polypeptide derived from a Lantibiotic
gene cluster which is a modification factor required for the conversion of a precursor
polypeptide 1o a lantibiotic compound. LanM polypeptides inciude thase of SEQ ID NO:120
(ActM) or a variant thereof, SEQ 1D NO:213 (LigM) or a variant thereof, a cinM polypeptide as
defined in WO02/088367, a mrsM polypeptide as disclosed in Altena ef al, 2000, ora
hormologous polypeptide from another gene cluster of a bacteria which produces a type B
lantibiotic.

Reference fo a "LanR" polypeptide is a polypeptide derived from a Lantibiolic gene cluster
which is a regulatory factor required for the regulation of production of a precursor
polypeptide. LanR polypeptides include those of SEQ ID NO:122 (ActR) or a variant thereof,
SEQ ID NO:216 (LigR) or a variant thereof, a cinR1 polypeptide as defined in WO02/088367,
a mrsR1 polypeptide as disclosed in Altena ef al, 2000, or a homologous polypeptide from
another gene cluster of a bacteria which produces a type B lantibiotic,

Reference to a "LanT” polypeptide is a polypeptide derived from a Lantibiotic gene cluster
which is a transporter factor required for the production of a precursor polypeptide to a
laniibiotic compound. LanT polypeplides include those of SEQ 1D NO:123 {ActT) or a variant
thereof, SEQ ID NO:214 (LigT) or a variant thereof, a cinT polypeptide as defined in
W002/088367, a mrsT polypeptide as disclosed in Altena et af, 2000, or a homologous
polypeptide from another gene cluster of a bacteria which produces a type B lantibiotic.

Reference to a "LanO" polypeptide is a polypeptide derived from a Lantibiotic gene cluster
which is a factor believed to be involved in the oxidation of the deoxy-form of actagardine and
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compounds of the invention to actagardine or to compounds of the invention in which Y is -
S(O)-.

LanO polypeptides include those of SEQ 1D NO:122 (ActO) or a variant thereof, SEQ ID
NO:215 {LigO) or a variant thereof, or a homologous polypeptide from ancther gene cluster of
a bacteria which produces a type B lantibictic.

Cluster Polypepfides

In one aspect, the invention provides an isolated cluster polypeptide selected from any one of
SEQ ID NOs: 101, 102, 103, 104, 105, 106, 107, 108, 108, 110, 111, 112, 113, 114, 115, 118,
117, 118, 120, 121, 122, 123, 124, 125, 1286, 127, 128, 129, 130, 131, 132, 201, 202, 203,
204, 205, 206, 207, 208, 209, 210, 211, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222,
223, 224, 225, 226, 227, 228, 228, 230 and 231. in another aspact, the invention provides a
cluster polypeptide which is a variant of any of the above-mentioned sequences.

Cluster polypeptides of particular interest include 1xx and 2xx polypeptides which are LanM,
LanR, LanT or LanQ polypeptides,

A “variant”, in relation to a cluster polypeptide, denotes: any polypeptide having an amino acid
sequence which is different from, but which shows significant amino acid sequence identity
with, the amino acid sequence of a reference polypeptide (in this case any wild type cluster

polypeptide), or a fragment of that polypeptide.

Uniess otherwise specified, significant amino acid sequence identity is preferably at least
80%, more preferably 85%, 90% or 95%, still more preferably 98% or 89%. A variantis
preferably of a length which is the same as, or at least 70%, preferably at least 80%, more
preferably at least 30% and most preferably at least 85% of the length of the wild type cluster
polypeptide.

“Percent (%) aminoc acid sequence identity” is defined as the percentage of amino acid
residues in a candidate sequence that are identical with the amino acid residues in the
sequence with which it is being compared, after aligning the sequences and introducing gaps,
if necessary, to achieve the maximum percent sequence identity, and not considering any
conservative substitutions as part of the sequence identity. The % identity values used herein
are generated by BLAST- 2 which was obtained from Altschul et al. (1996); htip://blast.
wustl/edu/blast/README. himt. WU-BLAST-2 uses several search parameters, most of which
are set to the default values. The adjustable parameters are set with the following values:
overlap span =1, overlap fraction = 0.125, word threshold (T) = 11. The HSPS and HSPS2



15

20

25

30

35

parameters are dynamic values and are established by the program itself depending upon the
composition of the particular sequence and composition of the particular database against
which the sequence of interest is being searched; however, the values may be adjusted to
increase sensitivity. A % amino acid sequence identity value is determined by the number of
matching identical residues divided by the total number of residues of the "longer” sequence in
the aligned region, multiplied by 100. The "longer" sequence is the one having the most actual
residues in the aligned region (gaps introduced by WU BLAST-2 to maximize the alignment
score are ignored).

Desirably, a variant wiil retain a biological function of the reference polypeptide. In the present
invention, biological function is retained wherein the variant, when present in a host cell with
the other members of its cluster, is capable of producing a lantibiotic. This may be
determined, for example, by providing a host cell containing SEQ D NO:100 in the case of a
1xx cluster polypeptide variant, or SEQ 1D NO:200 in the case of a 2xx polypeptide variant,
wherein the host cells produce actagardine or actagardine B respectively, modifying the
sequence to encode the variant, and determining whether a lantibiotic polypeptide is still
produced.

Precursor Polypeptides

In another aspect, the invention provides polypeptides, preferably in isolated form, which are
precursors of the compounds of th_e present invention or of actagardine. The precursor
polypeptides include the polypeptides of any one of SEQ ID NOs:1-4, SEQ ID NOs:11-14,
SEQ ID NOs:212, 22, 23 and 119, as well as variants or derivatives thereof which can be
converted to a lantibiotic polypeptide.

A variant of a precursor polypeptide of any one of SEQ 1D NOs:1-4 is a polypeptide in which
one or more, for example from 1 fo 5, such as 1, 2, 3 or 4 amino acids are substituted by
another amino acid. Preferably the amino acid is at a position selected from positions 2, 3, 4,
5, 8, 10, 11, 13 or 18 of any one of SEQ D NOs: 14,

A variant of a precursor polypeptide of any one of SEQ ID NOs:11-14 is a polypeptide in which
one or more, for example from 1 to 5, such as 1, 2, 3 or 4 amino acids are substituted by
another amino acid. Preferably the amino adid is at a position selected from positions 3, 4, 5,
6, 8, 11, 12, 14 or 19 of any one of SEQ ID NOs:11-14.

A variant of a precursor polypeptide of any one of SEQ ID NOs:212, 22,23 and 118is a
polypeptide in which one or more, for exampie from 1 10 5, such as 1, 2, 3 or 4 amino acids of
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the C~erminal region (residues 46-64) corresponding to SEQ 1D NOs:1-4 respectively are
substituted by another amino acid. Preferably the amino acid is at a position selected from
positions corresponding to positions 2, 3, 4, 5, 8, 10, 11, 13 or 18 of any one of SEQ ID
NOCs:1-4. Such variants may further include changes to the N-terminal region which retain at
least 70%, for example at least 80%, preferably at least 90%, for example at least 95% of the
N-terminal regions (residues 1-45). For example, a variant of the N-terminal region of SEQ ID
NO:212 or SEQ 1D NO:119 may comprise one or more substitutions (e.g. from 1 to 12, such
as from 1 fo 5, e.g. 1, 2 or 3 substitutions at positions 4, 5, 6, 8, 9, 12, 13, 17, 18, 19, 21 and
32 which our data shows are varied between SEQ ID NO:212 and 118.

Substitutions may be of one amino acid by another naturally occurring amine acid and may be
conservative or non-conservative substitutions. Conservative substitutions include those set
out in the following table, where amino acids on the same block in the second column and
preferably in the same line in the third column may be substituted for each other;

ALIPHATIC Non-polar G A

' 1LV
Polar - uncharged CSTM
NG
Polar - charged DE

_ KR
AROMATIC HFWY

For SEQ ID NO:212, the substitutions may be of an amino acid which differs from the amino
acid residue located in the corresponding location of SEQ [D NO:119, or vice versa. In either
case, the subsiitution may be to introduce the SEQ 1D NO:119 amino acid into SEQ ID
NO:212, or vice versa (e.g. lle at pasition 4 of SEQ 1D NO:212 may be substituted by Leu, and
S0 on).

A precursor polypeptide may be obtained by expression of a nucleic acid encoding the
polypeptide in a cell which is a non-producer of a lantibiotic.

Compounds
In one aspect, the present invention provides a compound of the formula (I);
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wherein;

-X1-X2- represent -Leu-Val-; -Val-Val- or -Leu-lie-;

Y is -S- or -S(0O)-; and

Z is either HoN- or Ala-,
or a pharmaceutically acceptable salt thereof. in a further aspect, the invention provides
variants and biologically active derivatives of these compounds.

Where -X1-X2- represent -Leu-Val, Y is -S(O)- and Z is NH; the compound of the invention is

also referred to as actagardine B.

Where -X1-X2- represent -Leu-Val-, Y is -S(O)- and Z is Ala- the compound of the invention is
also referred {o as ala-actagardine B.

Where -X1-X2~ represent -Leu-Val-, Y is -8- and Z is NH; the compound of the invention is
also referred to as deoxy-actagardine B.

Where -X1-X2- represent -Leu-Vai-, Y is -8- and Z is Ala- the compound of the invention is
also referred fo as ala-deoxy-actagardine B.

It will be understood by reference to Z being a group HyN-, that this moiety represents the N-
terminus of the alanine residue at position 1 of the above compound. By reference {o the
group Z being Ala-, it will be understood that this moiety represents an alanine, conventionally
referred fo in the art as Ala(0), linked to the alanine at position 1 via an amide bond.
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Variants
A variant of a compound of formula (1) is a compound which one of more, for example from 1
{o 5, such as 1, 2, 3 or 4 amino acids are substifuted by another amino acid. Preferably the
amino acid is at a position selecied from positions 2, 3, 4, 5, 8, 10, 11, 13 or 18 of the
compound of formula (1).

A variant may also comprise a substitution at position 15 or 16, provided that when both
positions 15 and 16 are subsfituted and none of the other positions are changes, 15 and 18
are not Val and lle respectively.

Where Z is Ala-, variants of compounds of the invention inciude those in which Ala- is
replaced by another amino acid (particularly a naturally occurring amino acid encoded by the
genetic code or its D- isoform), more particularly an amino acid selected from the group lle-,
Lys-, Phe-, Val-, Glu-, Asp-, His-, Leu, Arg-, Ser- and Trp-. In one aspect, the amino acid may
be selected from the group lle-, Lys-, Phe-, Val-, Glu-, Asp-, His-, Leu-, Arg- and Ser-. Such
variants may be produced by chemical addition of the residue to compounds where Z = H;N |
as described in US 6,022,851, 1t will be appreciated that the chemical addition of an amino
acid allows the amino acid to be in the L~ or D- configuration. This includes D-Ala, in addition

to the D- forms of other amino acids such as those mentioned above,

Derivatives
Derivatives of compounds of the invention (including variants) are these in which one or more
amino acid side chain of the compound of the invention has been modified, for exampie by
esterification, amidation or oxidation.

Derivatives of compounds of the invention may be monoamide derivatives at one of the
carboxy functions of actagardine, particularly at the C-terminal. More particularly, a derivative
may be a compound in which the C-terminal of the compound of the invention is of the formula
-COR, in which R represents the group -NR'R?, wherein R and R? independently represent:
(i) hydrogen;
(if) 2 group of formula ~(CH,)-NR®R", in which n represents an integer from 2 to 8 and
R® and R* independently represent hydrogen or (C4 -Cy) alkyl or R® and R* taken together
represent a group -{(CHa)s-, {CHz)s=, (CH2)z-O~(CHa)p-, ~(CH2)2-S~(CHp)z~ or «(CHz)s-;
or R’ and R? taken together with the adjacent nitrogen atom represent a piperazine moiety
which may be substituted in position 4 with a substituent selected from:
(a) (C4 -Cyalkyl;
{b) (Cs -Cs)-cycioalkyl,
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(c) pyridyl,

(d) ~(CH,)-NRERE in which p represents an integer from 1 to 8 and R® and R®
independently represent hydrogen or {C4-Cq) alkyl;

(e} piperidinyl;

{f) substituted piperidinyl, wherein the substituted piperidinyl bears a N-
substituent which is (Cr4)alkyl;

{g) benzyl; and

(h) substituted benzyl, wherein the phenyl moiety bears 1 or 2 substituents
selected from chlora, bromo, nitro, (G ~Cgalkyl and (C4 -C4)alkoxy.

In one embodiment, in the formula ~-COR, R represents the group -NR'R?, wherein R' and R?
independently represent hydrogen, a group of formula -(CHz).- NRR?, in which n represents
an integer from 2 to 8 and R® and R* independently represent hydrogen or (Cy -C4) alky! or R®
and R* taken together represent a group ~(CHa)s~, «(CHa)s, (CH2)2-O-(CHa)zm, (CH2)2-S-
(CHa)- or -(CHy)s-, or R' and R? taken together with the adjacent nitrogen atom represent a
piperazine moiety which may be substituted in position 4 with a substituent selected from (Cq -
Cyalkyl, (Cs -C;)-cycloalkyl, pyridyl, benzyl, and substituted benzyl wherein the phenyl moiety
bears 1 or 2 substituents selected from chioro, bromo, nitro, (C1 -Cs)alkyl and (C4 -C4)alkoxy.

Further, a derivative may include a compound in which the carboxy function of a side chain of
an internal residue, e.g. that of the residue Glu11, is modified from -COOH to a group -COOR®
in which R® represents hydrogen, (Cy -C4)alkyl or (C1 ~Cy)atkoxy (Ca -Cy)alkyl.

N-terminal derivatives of compounds of the invention may be those in which the N-terminal
amino group -NH is instead a group -NHR® wherein R® represents Cyqalkyl.

The term "(C4 ~Cy)alkyl" represents straight or branched alkyl chains of from 1 to 4 carbon
atoms, such as: methyl, ethyl, propyl, 1-methylethyl, butyl, 1-methylpropyl or 1,1-dimethylethyl
while the term "(C»-Cyalkyl” represents straight or branched alky! chains of from 2 to 4 carbon
atoms such as: ethyl, propyl, 1-methylethyl, butyl, 1-methylpropyl or 1,1-dimethylethyl. The
term "(Cs -Crjcycioalkyl” represents a cycloalkyl group selected from cyclopentyl, cyclohexy!
and cycioheptyl.

The term "(C4 -Cs)alkoxy™” represenis a straight or branched alkoxy chain of 1 10 4 carbon

atoms such as methoxy, ethoxy, propoxy, 1-methylethoxy, butoxy, 1-methylpropoxy and 1,1-
dimethylethoxy.
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Derivatives according to the present invention may be made according to the methods
described for the manufacture of derivatives of actagardine in EP-0195359, the disclosure of
which is incorporated herein by reference.

Eurther Embodiments
Where the derivative is a compound where the C-terminal is of the formula -COR, in which R
represents the group -NR'R?, in some embodiments, R' is H and R? represents a group of
formuta ~(CH)=NR3®R?, in which n represents an integer from 2 to 8 and R® and R*
independently represent hydrogen or (C -Cy) alkyl or R® and R* taken together represent a
group ~(CHajs-, ~(CHy)e-, (CH2)2-O-(CHy)ze, «(CH3)2-8-(CHy)e- or -{(CHy)s~. In these
embodiments, R® and R* preferably represent hydrogen or (C-C,) alkyl. More preferably R®
and R* represent (C4-Cy) alkyl, e.g. methyl. Integer n may be preferably from 2 to 5, and more
preferably 2 to 4, e.g. 3.

In other embodiments, R* and R? taken together with the adjacent nitrogen atom represent a
piperazine moiety. The N-substituent in the 4 position may preferably be selected from:

(&) (C4 -Cy)alkyl;

{b) (Cs -Cr)-cycloalky!,

(d) -(CH2),-NRR? in which p represents an integer from 1 to 8 and R® and R®
independently represent hydrogen or (C4-C,) alkyl;

(e) piperidiny; and

(f) substituted piperidinyl, wherein the substituted piperidiny! bears a N-substituent
which is (C14)alkyl.

The piperdinyl and substituted piperidiny! groups preferably have their nitrogen atom at the 4-
position.

The N-substituent may more preferably be selected from:

(d) {CH2),-NR®R® in which p represents an integer from 1 to 8 and R® and R®
independently represent hydrogen or (C4-C,) alkyl; and

(f) substituted piperidinyl, wherein the substituted piperidiny! bears a N-substifuent
which is (Cq.4)alikyl.

If the N substituent is ~(CHz)-NR®R®, then R® and R® may be preferably (C4-Cy)alkyl, more
preferably (C+-Cy) alkyl, e.g. methyl. Integer p is preferably 1to 4, e.g. 3.
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- If the N substituent is substituted piperidinyl, then the N-substituent is preferably (C+-C») alkyl,

e.g. methyl. As mentioned above, the N is preferably in the 4-position.

Nucleic Acid

A nucleic acid of the invention may be a DNA or RNA, though preferably a DNA. A nucleic
acid of the invention may be single- or double-stranded. In one aspect, the invention provides
an isolated nucleic acid encoding a cluster polypeptide. In another aspect, the invention
provides an isolated nucleic acid encoding a precursor polypeptide or variant or fragment
thereof.

In a further aspect, the invention provides an isolated nucleic acid which may comprise all or a
fragment of SEQ ID NO:100 or SEQ 1D NO:200, including a fragment comprising an intergenic
region disclosed herein. Such regions may include a promoter or other regulatory element for
the expression of a cluster polypeptide or a precursor polypeptide of the present invention.

Twenty-five nucieotides is recognised by those skilled in the art as a sufficient number of
nucleotides to be specific to the particular gene or gene cluster or sub-sequence thereof as
disciosed herein. Thus fragments include fragments of SEQ 1D NO:100 or SEQ ID NO:200, or
variants thereof having significant sequence identity, which are at least 25, e.g. at least 30,
e.g. at least 50, e.g. at least 100, e.g. at least 250 nucieotides in length.

Promoters that are variants of those intergenic sequences are also included and the specific
intergenic sequences (ar parts thereof) are preferred embodiments. in all cases, where a
preferred embaodiment of an orf, gene, nucleic acid, polypeptide or promoter is defined by
reference to a specific sequence, the invention in its broader sense is intended 1o include
embodiments having variants of that specific sequence.

The term “variant” as used herein in relation to a particular nucleic acid (the reference nucleic
acid) denotes: any nucleic acid having a sequence which is different from that of the reference
nucleic acid, but which is its complement or which shows significant nucleic acid seguence
identity with, or hybridization under stringent conditions fo, the reference nucleic acid or its
complement or a fragment of the reference nucleic acid or its complement; or any nucleic acid
which encodes an amino acid sequence having significant amino acid sequence identity with
the amino acid sequence encoded by the reference nucleic acid, or a fragment of that nucleic
acid. The term “variant” also refers to nucleic acids which differ from each other due only to
the degeneracy of the genetic code, and which therefore encode identical deduced amino acid
sequences. Variant nucleic acids of the invention are further defined as follows. If a variant
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nucleic acid of the invention is infroduced info the gene clusters identified herein, in place of
the sequence of which it is a variant, and the recombinant fragment is introduced into a
suitable host cell under suitable conditions for lantibiotic production (e.g. as shown in the
Examples), then production of a molecule having one or more activities of a lantibiotic
(especially antibiotic activity) will result. Preferably production will be regulated o occur at high
cell density.

Significant nucleic acid sequence identity is preferably at least 50%, more preferably 60%,
70%, 80% or 90%, still more preferably 95%, 98% or 99%. Significant nucleic acid sequence
identity is preferably shown between the variant nucleic acid {or a portion thereof) and a
fragment of at least 30 residues of the reference nucleic acid, more preferably a fragment of at
least 60, 90 or 120 residues; still more preferably a fragment of 180, 240 or 300 residues,
more preferably the entire reference nucleic acid.

"Percent (%) nucleic acid sequence identity” is defined as the percentage of nucleotide
residues in a candidate sequence that are identical with the nucleotide residues in the
seguence under comparison. The identity values used herein were generated by the BLASTN
module of WU BLAST-2 set o the default parameters, with overlap span and overlap fraction

A

setto 1 and 0.125, respectiveiy.

\
in relation to variants of the promoters used in the present invention, nucleic acid sequence
identity is preferably assessed over a sequence of at least 30 residues, more preferably 40 or
50 residues, still more preferably 60 residues.

"Stringent conditions” or "high stringency conditions”, as defined herein, may be identified by
those that: (1) employ low ionic strength and high temperature for washing, for example 0.015
M sodium chloride/0. D015 M sodium citrate/ 0.1% sodium dodecy! sulfate at 50°C; (2) employ
during hybridization a denaturing agent, such as formamide, for example, 50% (v/v)
farmamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/50 mM
sodium phosphate buffer at pH 6.5 with 750 mM sadium chloride, 75 mM sodium citrate at
42°C; or (3) employ 50% formamide, 5 x SSC (0.75 M NaCl, 0.075 M sodium citrate), 50 mM
sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardt's solution, sonicated
salmon sperm DNA (50 g/mi), 0.1% SDS, and 10% dexiran sulfate at 42°C, with washes at
42°C in 0.2 x SSC (sodium chioride/sodium citrate) and 50% formamide at 55°C, followed by
a high-stringency wash consisting of 0.1 x SSC containing EDTA at 55°C.
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When a nucleic acid of interest is said {o be in “operative association” with a promoter or
regulatory sequence, this means that the promoter/regulatory sequence is able to direct
transcription of the nucleic acid of interest in an appropriate expression system, with the
nucleic acid of interest in the correct reading frame for franslation. Preferably when a nucleic
acid of interest is in operative association with a promoter / regulatory sequence, the transcript
of the nucleic acid of interest contains an appropriately located ribosome binding site for
expression in an appropriate expression system of the polypeptide encoded by the nucleic
acid of interest. See for example Sambrook et al. (1989) and Ausubel et al, 25 (1985).

When a nucleic acid is referred to as "isolated”, this may mean substantially or completely
isolated from some or all other nucleic acid normally present in A. garbadinensis and/or A.
liguriae, especially nucleic acid from outside the gene cluster segments identified herein.

In light of the foregoing disclosuire, it will be appreciated that this invention provides nucleotide
sequences or a set of nucieotide sequences encoding the actagardine or actagardine B
biosynthetic gene cluster. Accordingly, the entire gene cluster or portions thereof of at least
twenty-five contiguous nucleotides may be used for a wide variety of applications, including
but not limited to: expression of actagardine or actagardine B; use as probes to screen other

organisms for related molecules and the like; use to induce gene silencing and the like.

Expression Construct

In a further aspect of the invention, there is provided an expression construct comprising a
nucleic acid encoding a cluster polypeptide or a lantibiotic polypeptide of the invention
operably linked to a promoter.

In a further aspect, there is provided a set of expression constructs. A set of expression
constructs comprises two or more polypepfide coding sequences of the present invention and
at least one promoter suitabie for the expression of said sequences. The promoter(s) may be
a promoter with which the polypeptide gene is naturally associated with {or in the case of a
variant, the promoter of the gene from which the variant is derived), or may be a constitutive or
inducible promoter functional in the host cell. Promoters thus include intergenic regions of
SEQ ID NO:100 or SEQ 1D NO:200 upstream of any of the open reading frames listed in
Tables 1 and 2.

The promoter(s) will be operably linked {o the nucleic acids of the set of expression constructs.

By "operably linked" it will be understood that the promoter will be able to direct transcription
of the nudleic acid of interest in an appropriate expression system, with the nucleic acid of
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interest in the correct reading frame for transiation. Preferably when a nucleic acid of interest
is in operative association with a promoter / regulatory sequence, the transcript of the nudleic
acid of interest contains an appropriately located ribosome binding site for expression in an
appropriate expression system of the polypeptide encoded by the nucleic acid of interest. See
for example Sambrook et al. (1989), Ausubel et al. (2002) and Kieser (2000).

Sets of expression consiructs according 1o the invention include numerous permutations of
genes encoding precursor and cluster polypeptides of the invention as defined above. In
various aspects of the invention, the set will include at least a LanA gene. Examples of such
sets are set out as "Set 1" to "Set 7" beiow, though these sets should be understood to be
merely fllustrative and not limiting.

Set 1. A LanA gene encoding a precursor polypeptide, preferably a precursor polypeptide
capable of being converted to a compound of the invention, plus a LanM gene encoding a
LanM polypeptide. The LanM polypeptide is preferably a LanM of SEQ 1D NO1M20 or a variant
thereof, or SEQ ID NO:213 or a variant thereof.

Set 2: A LanA gene encoding a precursor polypeptide, preferably a precursor polypeptide
capable of being converted to a compound of the invention, plus a LanR gene encoding a
LanR polypeptide. The LanR polypeptide is preferably a LanR of SEQ 1D NO:122 or a variant
thereof, or SEQ ID NO:216 or a variant thereof,

Set 3: A LanA gene encoding a precursor polypeptide, preferably a precursor polypeptide
capable of being converted to a compound of the invention, pius a LanM gene encoding a
LanM polypeptide, pius a LanR gene endooding a LanR polypeptide. The LanM polypeptide
is preferably a LanM of SEQ ID NO:120 or a variant thereof, or SEQ 1D NO:213 or a variant
thereof. The LanR polypeptide is preferably a LanR of SEQ ID NO:122 or a variant thereof, or
SEQ ID NO:216 or a variant thereof.

Set 4: The genes of Set 3 together with a LanO gene encoding a LanO polypeptide. The
LanO polypeptide is preferably SEQ ID NO:122 or a variant thereof, or SEQ ID NO:215 ora
variant thereof.

Set &: The genes of Set 3 or Set 4 together with a LanT gene encoding a LanT polypeptide.

The LanT polypeptide is preferably SEQ 1D NO:123 or a variant thereof, or SEQ ID NO:214 or
a variant thereof.
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Set 6: The genes of SEQ 1D NOs:116 to 127 or variants thereof,
Set 7. The genes of SEQ ID NOs:206 to 220 or variants thereof.

In one aspect, a set will comprises sequences which all encode 1xx polypeptides or which all
encode 2xx polypeptides. However sets which are made up of both 1xx and 2xx polypeptides
are not excluded from the present invention.

Recombinant Expression Vector

In another aspect, there is provided a recombinant vector comprising one or more expression
constructs of the invention. in an alternative aspect, there is provided a set of recombinant
vectors which comprise a set of expression constructs of the invention. Suitable vectors
comprising nucleic acid for introduction into bacteria can be chosen or constructed, containing
appropriate additional regulatory elements if necessary, including additional promoters,
terminator fragments, enhancer elements, marker genes and other elements as appropriate.
Vectors may be plasmids, viral e.g. phage, or phagemid, as appropriate. For further details
see, for example, Sambrook et al (1989) Molecular Cloning, A Laboratory Manual, 2nd ed.,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor. Many known fechniques and
protocols for manipulation of nudleic acid, for example in preparation of nucleic acid
constructs, mutagenesis, sequencing, introduction of DNA into cells and gene expression, and
analysis of proteins, are described in detail in Ausubel et al. (1995) Current Protocols in
Molecular Biology, Wiley Interscience Publishers, (1895). Many aspects of the employment of
these techniques in the context of Sireptomyces spp. are described in detail in Hopwood et al
(1985) Genetic manipulation of Streptomyces a laboratory manuai (Norwich: John Innes
Foundation) and Practical Streptomyces Genetics (2000) Kieser T. ef al,, The John innes
Foundation p.386. The disclosures of Sambrook et al, Ausubel et al, Hopwood et al and
Kieser et al are all incorporated herein by reference for these and all other purposes.

Expression Cassettes
in another aspect, the inventors have developed a vector system useful for producing and
screening lantibiotic derivatives of actagardine B. This is achieved by introducing one or more
resiriction endonuclease recognition sites inio the LanA gene which encodes SEQ 1D NO:1,
11 or 212 in order to produce an expression cassetie system. Thus in another aspect, the
invention provides a recombinant DNA cassette which comprises a nucleotide sequence
encoding an actagardine B precursor polypeptide, wherein said sequence comprises

a first restriction site at or adjacent the N-terminal encoding region of the encoding
sequence;
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optionally a second restriction site downstream of the first restriction site and within the
encoding sequence; and |

a third restriction site at or adjacent the C-terminal encoding region of the encoding
sequence,

wherein at least one of said restriction sites does not occur within the LanA coding
sequence shown as SEQ 1D NO:200.

in a further aspect, there is provided a recombinant DNA cassette which comprises a
nucleotide sequence encoding an actagardine precursor polypeptide, wherein said sequence
comprises

a first restriction site at or adjacent the N-terminal encoding region of the encoding
sequence;

optionally a second restriction site downsiream of the first restriction site and within the
encoding sequence; and ,

a third restriction site at or adjacent the C-terminal encoding region of the encoding
sequence,

wherein at least one of said restriction sites does not occur within the LanA coding
sequence shown as SEQ ID NO:100.

Generally, all two or three sites will be different from each other. It is also desirable that when
the cassette is carried by a vector, the sites are unique for that vector.

In a preferred aspect, the non-naturally occurring restriction enzyme site is the second
restriction site and is located between codons 5 and 16, such as between 6 and 15, of the
encoding sequence of SEQ 1D NO:1 or SEQ 1D NO:4.

The cassette will desirably also include a LanA leader sequence and a LanA promoter, and
may include in addition one or more cluster genes, particularly where such a cluster gene is
required fo complement the loss of the equivalent host cell gene.

The cassetie of the invention described above may be engineered in a variety of ways. For
example, the fragment obtained by cleaving the cassette between the first and second, first
and third, or second and third, restriction sites may be replaced with a variant coding
sequence encoding a .lantibiotic A variant. Thus the invention provides a varlant of the
cassette of the invention wherein said variant has from 1 to 15 nucleotide substitutions within
the encoding region of the encoding sequence.
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As an intermediate to the production of such a variant, the sequence of between the first and
second, first and third, or second and third, restriction sites may be replaced by a larger stuffer
fragment.

In another aspect, the cassette encoding a lantibiotic derivative may be used to fransform a
host cell to express the derivative, for example to assess its anti-bacterial properties.

In one aspect, a multiplicity of expression cassettes may be made to provide a library of
different derivatives, which may then be screened for activity.

An expression cassette of the invention may be based on any cloning and expression vector
used in the art for the expression of genes in host celis. Such vectors will include one or mere
origins of replication, which may be temperature sensitive. The vectors may include a
selectable marker, such as the chloramphenicol acetyl transferase gene, the erythromycin
resistance gene, the apramycin resistance gene or the tetracycline resistance gene. The
vector may also contain a targeting region, this region being homologous fo a genomic
sequence present in the host cell outside the LanA gene cluster. Such a vecior may be used
fo integrate the cassette into the genomic sequence homologous 1o the targeting region.

The expression cassette may also comprise one or more cluster genes in addition to the LanA
gene or derivative thereof. Where the host cell is a Al.anA host cell in which the LanA gene
has been inaciivated in a manner which also inactivates such a cluster gene (e.g. in the strain
disclosed in Altena et al, 2000), it is desirable that this gene or an equivalent gene is provided
on the expression cassette.

As used herein, by "at or adjacent the N-terminal encoding region” it is meant that the first
base of the restriction site is located at a position from six residues upstream of the ATG
codon of the LanA leader sequence to no more than six codons downsiream of the first codon
of the propeptide. Preferably the first base of the restriction site is located at a position from
twelve, preferably six, residues upstream fo six residues downstream of the first codon of the
propepiide encoding sequence.

In one aspect, the first restriction site is a Bgfll site.

Similarly, by “at or adjacent the C-terminal encoding region” it is meant that the first base of
the restriction site either includes at least one of the nuclectides of the fermination codon of
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the propeptide or the 5' or 3' nucleotide of the restriction site is no more than twelve,
preferably six, residues downstream or upstream respectively of the termination codon.

It one aspect, the third restriction siie is & Avrll site.

The second restriction site, when present, will lie between the first and third restriction sites.
Preferably the restriction site includes at least one nucleotide present from codon 5 to codon
16, preferably codon 8 to 16 of the propeptide-encoding sequence. In the accompanying
exampies, a BsrG1 site has been introduced by altering codons 6 and 7 of the ActA-encoding
sequence. However, other changes are aiso contemplated by the present invention.

it is also possible to introduce more than one change such that the expression cassette
includes two or more sites between the first and third restriction sites.

The cassette may include two or three non-naturally occurring restriction sites. In the
accompanying example, all three sites do not normally occur in the ActA sequence encoded
by of SEQ D NO:100,

The expression cassetie simplifies the rapid production of lantibiotic derivatives, as discussed
further herein below.

in one aspedct, the region between the first and second sites, the first and third, or the second
and third sites, may be replaced by a stuffer fragment., Where two or more sites between the
first and third sites are present, the region between any pair of such sites may aiso be
replaced by a stuffer fragment. A stuffer fragment is a piece of DNA which is larger than the
sequence which if replaces. The stuffer fragment may be from 50 to 5000 nucleotides in size,
for example from about 500 {o 2000 nucleotides in size. The value of introducing these stuffer
DNA fragments is that when the region is replaced by a lantibiotic-encoding oligonucleotide
there is a significant decrease in plasmid size. The resulling plasmid can thus be readily
purified away from any minor population of unrestricted plasmid thus eliminating any
background.

A cassette of the invention may be used to introduce specific changes to the ActA sequence in
a vector which can then be introduced into a host cell for expression of a lantibiotic, To
achieve this, the seguence is desirably operably linked to the LanA (e.g. ActA or LigA) leader
sequence, which in tumn is operably linked to the LanA promoter (e.g. ActA or LigA)
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In addition or as an alternative, the vector comprising the cassette may also include a LanR
gene, The LanR gene will be located downstream of, and in tandem with, the lantibiotic A
coding sequence.

Expression Libraries

Expression cassettes of the invention may be used to provide libraries of lantibictic-encoding
genes. Such libraries may be made by infroducing into the cassette, between the first and
second restriction sites, the first and third restriction sites, or the second and third restriction
sites, a multiplicity of sequences each of which corresponds to the corresponding ActA or LigA
sequence apart from having from 1 to 15, for example from 1 to 10, preferably from 1 to 6, for
example from 1 to 3 nuclectide changes compared to the propeptide portion of SEQ 1D
NOs:100 or 200. Preferably such changes result in & change of the protein encoded by the
sequence. However non-coding changes are not excluded.

Libraries form a further aspect of the invention. Such libraries may comprise from 10 to
100,000, such as from 10 to 10,000 for example from 10 to 1,000 different coding sequences
which are variants of the lantibiotic A coding sequence of an expression casseite.

An expression cassette encoding a lantibiotic A derivative may be introduced into a host cell
for expression of the lantibiotic.

In one embodiment, the library may be transformed into host cells, and colenies isolated
and/or screened for antibacterial activity. The sequences of the laniibiotic A expressed by
individual colonies showing such activity can be determined. Where the lantibiotic A shows
activity, the invention further provides a lantibiotic obtained by the method of the invention.

Host Cell

Two main types of host cells are envisaged by the present invention. The first type of host cell
is a lantibiotic producing host cell. Alternatively the host cell may be a non-producer cell, i.e.
does not contain a LanA gene or its associated cluster genes required for producing a LanA
polypeptide.

In one embodiment, the invention provides a host cell fransformed with a set of expression
constructs of the invention. The set of constructs may be any one of Sets 1 to 7 as defined
above, or a set based upon any other combination of precursor and cluster polypeptide-
encoding nucleic acids. in another embodiment, the host cell may be transformed with a
expression cassette of the invention.
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in a further embodiment, there is provided a library of host cells, each one comprising a
different expression cassette of the invention.

A Lantibiotic-producing host cell,
In one embodiment, the host cell may be a lantibiotic producing host cell. A lantibiotic

producing host cell is one in which an expression construct comprising a LanA gene, if
introduced info the cell in the absence of any cluster gene, would be expressed and a LanA
polypeptide produced. Such cells include any type-B lantibiotic producing cell such as any
strain of a bacillus, an actinomycete, or a streptomycete, (e.g. S. fividans or S. coelicolor)
which produces a lantibiotic. Exampies of such cells include a cinnamycin-producing host cell
{Streptomyces cinnamoneus cinnamoneus DSM 40005), or an actagardine-producing
Actinoplanes garbadinensis or A. liguriae NCIMB 41362.

Where the invention relates to the productions of compounds of the formuia (1) in which -X1-
X2- represent -L.eu-Val-, the host cell may be A. liguriae NCIMB 41362 without any further
modification.

In one aspect, a host cell of this class may comprise a mutation in its endogenous LantibioticA
gene such that the gene is not expressed or the gene product is inactive. Such a host cell
may be obtained by targeted homologous recombination to delete or mutate the LanA gene of
the host cell. Methods to achieve this are known as such in the art and are illustrated in
Altena ef af, (2000) and WO2005/033069, the disclosures of which are incorporated herein by
reference. The resulting host cell is referred to as a ALanA host cell. in one particular
embodiment, the host cell is a ALigA A. liguriae NCIMB 41362 host cell in which the ligA gene
has been inactivated, for example by mutation or deletion, e.g. deletion brought about by
homologous recombination. In another embodiment, the host cell is 2 AActA A. garbadinensis
host cell in which the ActA gene has been inactivated, for example by mutation or deletion,
e.g. delfetion brought about by homologous recombination.

The transformation of a host cell of this type with other cluster genes Is also contemplated by
the present invention, though where the host cell provides cluster genes necessary for the
production of a lanA, the provision of such cluster genes is optional.

Norn~producer cell

A non-producer celi may be any host cell in which expression of a LanA gene encoding a
precursor polypeptide capable of being converted to actagardine or a variant thereof, or fo a
compound of the invention, can produce such a product provided the LanA gene is introduced
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into the cell as part of a set of expression constructs which are capable of converiing a

precursor polypeptide {0 actagardine or a variant thereof, or to a compound of the invention,

A non-producer host cell may be a bacterial host cell. Bacterial host cells include an
actinomycete, or a streptomycete, e.g. S. lividans ,S. coelicolor or S, cinnamoneus,

Host celis may be those in which the /anO gene is inactivated by mutation or defetion (or in the
case of non-producer cells, not present), or those in which the expression of the lanO gene is
increased, e.g. by provision of two or more copies of the gene or by linking the gene to a
promoter which enhances expression in the host cell. Modulation of the lanO gene in this
manner may be desirable to alter the relative levels of oxidized (Y = -8(0)) and reduced (Y = -
S-) forms of compounds of the invention produced in the host cell.

Production of Compounds of the Invention

Compounds of the invention may be produced by expression of a nucleic acid, for example in
the form of an expression consiruct encoding a precursor polypeptide carried in a recombinant
expression vector, in a host cell which carries a LanA gene together with where necessary,
associated cluster genes required for conversion of the precursor polypeptide to the product.
As noted above, where the invention relates to the productions of compounds of the formula
() in which -X1-X2- represent -Leu-Val-, the host cell may be A. liguriae NCIMB 41362
without any further modification,

The introduction of the expression cassette, or vector(s) into a host cell may (particularly for in
vitro introduction) be generally referred to without limitation as “transformation”. This may
employ any available technique. For bacterial cells, suitable techniques may include calcium
chioride transformation, polyethyleneglycol assisted transformation, electroporation,

conjugation and transfection or transduction using bacteriophages.

In one aspect, the present invention provides a method of expressing nucleic acid of the
invention, the method comprising providing a host cell (or other expression system) culturing
the host cell, so as to express the nucleic acid of interest. The nucleic acid of interest will be
in an expression cassette, such that culturing the host celfl leads o the production of a product
of the invention.

Preferably the nucleic acid of interest is expressed substantially only when the host cell culture
reaches high cell density, more preferably at or close to the stationary phase of host cell

culture. Cell cultures at or close fo stationary phase may have OD650 values in the range of 1-
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20. Known methods of culturing cells are well known in the art, for example from Sambrook et
al (1989), Ausubel et al (2002), and (in particular for Streptomyces spp.) Kieser et al (2000).
The expression products of the expression systems may be collected and purified, Isolation
methods may comprise capture from the fermentation medium using solvent exiraction
techniques, adsorption resin such as hydrophobic resins or precipitation methods such as
ammonium sulfate precipitation. Purification methods may include chromatography techniques
such as ion exchange, hydrophobic interaction, reverse phase, normal phase, solid phase
extraction and HPLC, e.g. as described in US 5,112,806 for the isolation of mersacidin

Following culture of the cell, the compounds of the invention may be recovered from the host
cell culture. The recovered compounds may be formulated in the form of a pharmaceutical
composition, optionally in the form of a pharmaceutically acceptable salt.

Where host celis produce a mixture of compounds of the invention, e.g. those in which Y is -S-
or -8(0)- or those in which Z is NH; or Ala-, or mixtures of all four types, the products may be
isolated using standard separation techniques such as hplc, e.g. as described in US

6,022,851 for the production of Actagardine and Ala-Actagardine.

The recovered compounds may be formulated in the form of a pharmaceutical composition,
optionally in the form of a pharmaceutically accepiable saft.

Pharmaceutically acceptahle salt

A "pharmaceutically acceptabie salt", may be an acid addition salt in which the base retains
the biological effectiveness and properties of the compound and which is physiologically
acceptable. Such salts include those formed with inorganic acids such as hydrochioric acid,
hydrobromic acid, sulphuric acid, nitric acid, phosphoric acid and the iike, and organic acids
such as acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, malic acid, maionic
acid, succinic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic
acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-ioluenesuifonic acid,
salicylic acid and the like.

Salts also include basic salts, such as an alkali or alkaline earth metal salt, e.g. a sodium,
potassium, calcium or magnesium salt.

Pharmaceutical Compositions
The lantibiotics of the present invention may be formulated together with one or more other
pharmaceutically acceptable ingredients well known to those skilled in the art, including, but
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not limited to, pharmaceutically acceptable carriers, adjuvants, excipients, diluents, fillers,
buffers, preservatives, anti-oxidants, lubricants, stabilizers, solubilisers, surfactants (e.g.,
wetting agents), masking agents, colouring agents, flavouring agents, and sweetening agents.
The formulation may further comprise other active agents, for example, other therapeutic or
prophytactic agents, Thus, the present invention further provides pharmaceutical
compositions, as defined above, and methods of making a pharmaceutical composition
comprising admixing at ieast one active compound, as defined above, together with one or
more other pharmaceutically acceptable ingredients well known to those skilled in the art, e.g.,
carriers, adjuvants, excipients, etc. If formulated as discrete units (e.g., tablets, eic.), each unit
contains a predetermined amount (dosage) of the active compound.

The term “pharmaceutically acceptable” as used herein pertains to compounds, ingredients,
materials, compositions, dosage forms, etc., which are, within the scope of sound medical
judgement, suitable for use in contact with the tissues of the subject in question (e.g., human)
without excessive toxicity, irritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio. Each carrier, adjuvant, excipient, etc. must
also be "acceptable” in the sense of being compatible with the other ingredients of the
formulation.

Compositions may be formulated for any suitable route and means of administration.
Pharmaceutically acceptable carriers or diluents include those used in formulations suitable
for oral, rectal, nasal, topical (including buccal and sublingual), vaginai or parenteral (inctuding
subcutaneous, intramuscular, intravenous, intradermal, intrathecal and epidural)
administration. The formulations may conveniently be presented in unit dosage form and may
be prepared by any of the methods well known in the art of pharmacy. Such methoeds include
the step of bringing into association the active ingredient with the carrier which constitutes one
or more accessory ingredients. In general the formulations are prepared by uniformly and
intimately bringing into association the active ingredient with liquid carriers or finely divided
solid carriers or both, and then, if necessary, shaping the product.

For solid compositions, conventional non-toxic solid carriers include, for example,
pharmaceutical grades of mannitol, lactose, cellulose, celiulose derivatives, starch,
magnesium stearate, sodium saccharin, talcum, glucose, sucrose, magnesium carbonate, and
the like may be used. The active compound as defined above may be formulated as
suppositories using, for example, polyalkylene glycols, acetylated triglycerides and the like, as
the carrier. Liquid pharmaceutically administrable compositions can, for example, be prepared
by dissolving, dispersing, etc, an active compound as defined above and optional
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pharmaceutical adjuvants in a carrier, such as, for example, water, saline agueous dextroée,
glycerol, ethanol, and the like, to thereby form a solution or suspension. if desired, the
pharmaceutical composition to be administered may also contain minor amounts of non-toxic
auxiliary substances such as wetting or emulsifying agents, pH buffering agents and the like,
for example, sodium acetate, sorbitan monolaurate, triethanolamine sodium acetate, sorbitan
monolaurate, triethanolamine oleate, etc. Actual methods of preparing such dosage forms are
known, or will be apparent, to those skilled in this art; for example, see "Remington: The
Science and Practice of Pharmacy”, 20th Edition, 2000, pub. Lippincott, Williams & Wilkins.
The composition or formutation to be administered will, in any event, contain a quantity of the
active compound(s) in an amount effective to alleviate the symptoms of the subject being
treated.

Dosage forms or compositions containing active ingredient in the range of 0.25 to 95% with
the balance made up from non-toxic carrier may be prepared.

For oral administration, a pharmaceutically acceptable non-toxic composition is formed by the
incorporation of any of the normally employed excipients, such as, for example,
pharmaceutical grades of mannitol, lactose, cellulose, cellulose derivatives, sodium
crosscarmeliose, starch, magnesium stearste, sodium saccharnin, talcum, glucose, sucrose,
magnesium, carbonate, and the like. Such compositions take the form of solutions,
suspensions, tablets, pills, capsules, powders, sustained release formuiations and the like,
Such compositions may contain 1%-95% active ingredient, more preferably 2-50%, most
preferably 5-8%.

Parenteral adminisiration is generally characterized by injection, either subcutaneously,
intramuscularly or intravenously. Injectables can be prepared in conventional forms, either as
fiquid solutions or suspensions, solid forms suitable for solution or suspension in liquid prior to
injection, or as emulsions. Suitable excipients are, for example, water, saline, dextrose,
glycerol, ethanol or the like. In addition, if desired, the pharmaceutical compositions to be
administered may also contain minor amounts of non-toxic auxiliary substances such as
wetting or emulsifying agents, pH buffering agents and the like, such as for example, sodium
acetate, sorbitan monolaurate, triethanolamine oleate, friethanolamine sodium acetate, etc.

For topical applications, the pharmaceutically acceptable compositions may be formulated in a
suitable ointment or gel containing the active component suspended or dissolved in one or
more carriers. Carriers for topical administration of the compounds of this invention include,
but are not limited to, mineral cil, liquid petrolatum, white petrolatum, propylene glycol,
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polyoxyethyiene, polyoxypropylene compound, emulsifying wax and water. Alternatively, the
pharmaceutically acceptable compositions can be formulated in a suitable lotion or cream
containing the active components suspended or dissolved in one or more pharmaceutically
acceptable carriers. Suitable carriers inciude, but are not limited to, mineral oil, sorbitan
monostearate, polysorbate 60, cety! esters wax, ceteary! alcohol, 2-octyldodecanal, benzyl
alcohol and water.

The percentage of active compound contained in such parental or fopical compositions is
highly dependent on the specific nature thereof, as well as the activity of the compound and
the needs of the subject. However, percentages of active ingredient of 6.1% to 10% wiw
employable, and will be higher if the composition is a solid which will be subsequently diluted
o the above percentages. Preferably, the composition will comprise 0.2-2% w/w of the active
agent in solution.

Further teaching regarding suitable carriers, adjuvants, excipients, eic. can be found in
standard pharmaceutical texts, for example, Remington: The Science and Practice of
Pharmacy”, 20th Edition, 2000, pub. Lippincott, Williams & Wilkins; and Handbook of
Pharmaceutical Excipients, 2nd edition, 1994. '

Administration of Compounds

Lantibiotic compounds and compositions of the invention may be administered tc a subject in
a method of medical treatment or prophylaxis. The subject may be a human or animal
subject. The animal subject may be a mammal, or other vertebrate.

Thus there is provided a compound of the invention for use in a method of treatment or
prophylaxis of a subject. There is also provided use of a compound of the invention for the
manufacture of a medicarnent for use in a method of treatment or prophylaxis of a subject.

The method of treatment may be of a bacterial infection, including a skin, mucosal, enteric or
systemic infection.

The variants and composition may be used for systemic treatment of bacteraemia (including
catheter related bacteraemia), pneumonia, skin and skin structure infections (including
surgical site infections), endocarditis and osteomyelitis. These and other such treatments may
be directed against causative agents such as staphylococdi, streptococci, enterococei. The
compounds of the invention or compositions thereof may also be used for topical treatment of
skin infections including acne ie. Propionibacterium acnes. The variants and compositions
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thereof may also be used in the treatment of eye infections, such as conjunctivitis, and for oral
ireatment for gut super-infection, such as that caused by Clostridium difficile including
multiply-resistant C, difficile (pseudomembranous colitis), or gut infections associated with
Helicobacter pylori.

The variants may also be used in the freatment or prevention of infection of the skin in wounds
or burns. In addition, the variants and compaositions thereof may be uséd in prophylactic
methods, such as for the clearance of the nares to prevent transmission of MRSA. This may
be practiced on subjects at risk of infection (e.g. patients entering a hospital) or on health
professionals or other carers at risk of being carriers of such infections. Prophylactic
clearance of gut flora ahead of abdominal surgery is also contemplated.

The compounds according to the invention can be administered enterally (orally), parenterally
(intramuscularly or intravenously), rectally or iocally {topically). They can be administered in
the form of solutions, powders (tablets, capsules including microcapsules), cintments (creams
or gel), or suppositories. Possible auxiliaries for formulations of this type are the
pharmaceutically customary liguid or solid fillers and extenders, solvents, emulsifiers,
lubricants, flavor corrigents, colorants and/or buffer substances. As an expedient dose, 0.1-
1000, preferably 0.2-100, mg/kg of body weight are administered. They are expediently
administered in dose units which contain at least the efficacious daily amount of the
compounds according to the invention, e.g. 30-3000, preferably 50-1000, mg.

The experimental basis of the present invention, inciuding its best mode, will now be further
described in detail, by way of example only, with reference to the accompanying drawings.

EXAMPLE 1 - Cloning of Gene Clusters

ldentifying and cloning the actagardine biosynthetic gene clusters from A. garbadinensis and
A. liguriae.

Q/SBDIG-1 is a digoxigenin (DIG)-labelied degeneratfe oligonucleotide composed of 48 bases.
It was designed by translating the known amino acid sequence of actagardine and considering
codon usage for Actinoplanes. Southern hybridisation analysis of genomic DNA isolated from
A. garbadinensis and digested using the restriction enzyme Ncol, identified a ~3kb fragment
which hybridised to O/SBDIG-1. The Ncol digest of the genomic DNA was repeated and DNA
fragments of ~3kb were isolated and cloned into Ncol cut pLITMUS28 (NEB). The resulting
plasmids were introduced into £. colil DH10B cells and then analysed by Southemn
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hybridisation using the probe O/SBDIG-1. A hybridising clone was identified and submitted for
sequence analysis. Sequencing revealed that this plasmid designated pLITAG01 consists of
DNA encoding the /anA structural gene for actagardine biosynthesis (actA) together with an
upstream region believed to encode a portion of an ABC sugar transporter and a region
downstream partially encoding lan M (actM).

The primers O/ACTO8F and O/ACTOSR were designed based upon sequence from
pLITAGO1. Using these primers in a PCR reaction together with DIG-labelled dNTPs (Roche)
and pLITAGO1 as a template, a 2296bp DIG-labelled DNA fragment was generated and
designated SBDIG-2.

Two cosmid libraries were generated by cloning Sau3A! digested genomic DNA from A.
garbadinensis ATCC‘31049 and A. liguriae NCIMB 41362, into the cosmid SuperCos1
{Stratagene) previously digested using BarnH\. Each cosmid library was analysed by Southern
hybridisation using SBDIG-1. Twenty-five cosmids from each library believed to hybridise to
SBDIG-1 were selected and re-analysed via Southern hybridisation using the probes
O/SBDIG-1 and SBDIG-2. Nine cosmids derived from genomic DNA from A. garbadinensis
and eleven cosmids derived from genomic DNA from A. liguriae hybridised to both probes.
DNA was isolated from each cosmid and sequenced using the primers T3 and 77, The
cosmids CosAL02 and CosAG14 were subsequently fully sequenced (Sequencing facility,

. Department of Biochemistry, University of Cambridge).

Materials and Methods

Strains :
Bacterial strains used in the present invention are summarised in Table 5.

Vectors
The cosmid SuperCost was obtained from Stratagene.

The plasmid pLITMUS was obtained from New England Biolabs.
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Primers

Primer name SEQ. D Sequence 5°-3’'

O/sSBDIG-1 300 TGGGTSTGCACSCTSACSATCGARTGCGGNACSG
TSATCTGCGCSTGC

‘O/ACTO8F 301 TCCAGCACGCGCGGGG

O/ACTOOR 302 GTTCGACCAGCCGCCC

Southern hybridisation

Labelling of DNA probe
DNA hybridisation probes were prepared using the Digoxygenin (DIG) PCR DNA labeling and

detection kit supplied by Roche, according to their instructions.

Transfer of DNA fo nvlon membrane

The DNA of interest was initially separated by agarose gel electrophoresis and transferred to a
nylon membrane (Hybond-N, Amersham Int., UK) using a vacuum blotter (Q BIO gene). The
time taken for depurination of the DNA using 0.5 M HCl was judged by the time taken for the
bromophenoi blue marker band to turn completely yellow (typically 15-20 min for a 0.7%
agarose gel). The DNA was then systematically denatured with 1.5 M NaCl, 1.5 M NaOH and
then neutralised using 0.5 M Tris, 1.5 M NaCl, pH 8.0 for a further 15-20 min each. Complete
biotling of the DNA was facilitated by flooding with 20 x SSC for a minimum of 60 min. After
removing the blotted membrane from the vacuum it was left to air dry at room femperature.
The DNA was cross-linked by placing the membrane (DNA face down) on a UV
fransilluminator (UVP) and exposing it to UV at a wavelength of 365 nm for 5 min.

Colony lifts and hybridisation

Colonies to be screened by hybridisation were transferred onto a nylon membrane (Roche
diagnostics). This was achieved by placing the positively charged nylon membrane over the
colonies and pressing firmly for 1 min to ensure effective transfer. Reference points were
marked on the membrane fo indicate its orientation with respect to the colonies. Following this,
the membrane was removed and prepared for hybridisation as directed in the Roche user's
manual (DIG Application manual for filter hybridisation).

Hybridisation and development of membranes
DNA was hybridised with the prepared probe overnight (~16hr) at 68°C in a HB-1000

hybridisation oven (UVP). Following hybridisation the membrane was washed for 2 periods of
5 min at room temperature using 2 x salt sodium citrate (SSC) + 0.1% sodium dodecyl
sulphate (8D8). These washes were followed with a second series of 2 x 15 min washes at
68°C using 1 x SSC + 0.1% SDS for the membrane hybridised in the presence of SBDIG-1
and 0.1 x 88C + 0.1% SDS for the membrane screened using SBDIG-2. Membranes were
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then developed as recommended in the Roche user's manual (DIG Application manual for
filter hybridisation).

Software

The consensus sequences were analysed using FramePlot version 2.3.2, BioEdit sequence
alignment editor, ClustalW (EMBL~-EBI) and the Basic Local Alignment Search Tool (BLAST,
NCBI}.

Results and discussion

CosAG14

The cosmid, CosAG14, contains a 38168bp fragment of genomic DNA isolated from A.
garbadinensis. Sequence analysis has identifed DNA encoding the leader and actagardine
prepeptide, this gene has been assigned the name actA. Two alanine residues lie immediately
upstream of the actagardine prepeptide. These residues are believed {o represent the
recognition site for protease cleavage of the ieader peptide from actagardine. Partial cleavage
at this position resulting in the retention of an alanine is thought to result in the production of
ala-actagardine routinely observed in fermentation broths of A. garbadinensis. Downstream of
the actA gene lies a 3162bp region of DNA with strong sequence similarity to several lanM
proteins, for example, mrsM (30% identity) from the mersacidin gene cluster. This putative
gene has been designated actM and is thought to be involved in the modification of the
actagardine prepeptide, catalysing dehydration and thioether formation. An open reading
frame designated actO, that is located 11bp downstream of acftM encodes a 34 1-amino-acid
protein with sequence similarity (~39% identity) to several luciferase-type monooxygenases.
The role of the monocoxygenase, ActO, is believed to be to catalyse the incorporation of
oxygen generating actagardine from deoxy-actagardine. In reverse orientation to actO and
located 62bp downstream is the open reading frame named actR. The protein product of this
orf shows sequence similarity (~37% identity) to several two-component response regulators.
Positioned 788bp downstream and in the same orientation to actR lies a putative 812 amino-
acid protein that shows sequence similarity (~25% identity) to ABC transporter permeases.
This putative protein designated actT is potentially reponsible for the export of the modified
lantibiotic from the cell. The amino acid sequences of the second and fourth orf downstream of
actT show similarity (~30% identity) to reponse regulator kinases and pencillin binding
proteins respectively. Recent work on the nisin biosynthetic gene cluster in Listeria
monocytogenes (Gravesen et al., 2004) has demonstrated that a histidine kinase together with
a pencillin-binding protein and protein of unknown function are involved in conferring nisin
resistance. The presence of analogous genes within close proximity to the actA may indicate
that these genes are involved in an actagardine resistance mechanism.
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CosALO2

The cosmid CosALO2 contains a 40402bp fragment of genomic DNA isolated from
Actinoplanes liguriae. Sequence analysis has identified a /lanA gene encoding a 84-amino-acid
protein with strong sequence homology (50 identical residues) to the actA gene identified in
the cosmid CosAG14. We have termed this species of /and geng as ligA. The amino acid
sequence of the prepeptide of this fanA differs from that of actagardine by two residues
indicated in the alignment of the two genes shown below (SEQ. 1D 119 and SEQ. ID 212);

AG actA MSALAIEKSWKDVDLRDGATSHPAGLGFGELTFEDLREDRTIYAASSGWVCTLTIECETVICAC
64
AL lana MSAITVETTWRENTDLREDLTAHPAGLGFGELSFEDLREDRTIYAASSGWVCTLTIECGTLVCAC
64

LA AN -‘k‘k: , ***: . 'k:‘k*‘k****‘k**:**************'k************: :**1\-

vvvvv

The mutations V15L and 116V would geherate a protein with an identical mass fo actagardine
and would therefore not be distinguished by mass spectroscopy {lc-ms) analysis. The potential
product of the fanA gene identified in CosALOZ represents a novel lantibiotic. An open reading
frame that lies 321bp upstream of ligA encodes a'putative 286-amino acid protein that shows
sequence similarity (46% identity) to the StrR protein of Strepfomyces glaucescens. The StrR
protein is a pathway-specific DNA binding activator involved in the regulation of streptomycin
gene expression. The sequence similarity (31% identity) of the orf lying downstream of ligA
suggests that it encodes for a 1046-amino-acid lanM polypeptide (called "ligM" below)
potentially involved in modification of the ligA prepeptide. The start codon of the foliowing
downstream open reading frame, lanT (ligT), overlaps the stop codon of ligh. LigT is a 575
amino-acid protein with sequence similarity to several ABC-fransporters. LanT proteins are
responsible for the secretion of either the final mature product or the posttransiationalty
modified product still attached to its leader sequence. As observed in the cosmid, CosAG14,
the next orf downstream of /igT encodes for a 347 amino-acid protein with sequence similarity
(~38% identity) to luciferase-type monooxygenases. This putative monooxygenase (ligO) is
believed to be involved in the incorporation of oxygen and sulfoxide bond formation.
Positioned downstream of /igO and in reverse orientation lies a putative 217 amino-acid
protein that shows sequence similarity (~37%) fo several two-component response regulators.
This putative regulator has been designated ligR.
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Table 1 — Annotation of CosAG14 (38168bp fragment isclated from A. garbadinensis.
The SuperCos? vector backbone sequence is omitted)

Gene | Description Position Frame | Size AAs Start — end
(DNA) {bp) {3AA)

orf1 Hypothetical protein 482 ~ 42 -1 146 (441) MPR - RCG

orf2 Hypothetical protein 2824 - 2375 -2 149 (450) V8V - ERA

orf3 | ATPase AAA involved in 4432 - 2876 -2 518 (1857) { VER - TNR
cell division

orf4 | Sugar hydolase 6002 - 5391 -1 203 (612) VGE - NYS

orf5 Endoglucanase 6484 — 5825 -2 219 (660) MRR - TVR

orf8 Cytosinefadenine 8627 - 7112 +3 161 (486) MTI - PAQ
deaminase

orf7 | Unknown 7756 — 8997 +1 413 (1242) | VTT-YDK

orf8 | Unknown 9586 ~ 8833 -2 217 (654) VGK - FRG

orfg Pyruvate oxidase 11886 — 10108 | -3 592 (1779) | VSD -DPS

orf10 | Hydrolase or 12066 — 12866 | +3 266 (801) VB8R - 8GT
acyliransferase

orft1 | Aldose epimerase 13116 — 14306 | +3 396 (1191) { MTE - TAD

orf12 | ABC sugar transport 14385 - 15521 | +3 378 {1137y | MPR - AHG
periplasmic component

orf13 | ABC sugar transport 15514 ~ 16572 | +1 352 (1058) | MDD - GRS
permease

orfi4 | ABC transport protein, ATP- | 16569 - 17330 | +3 253 (762) MTA - RGR
binding

orf15 | Hypothefical protein. 18102 - 17335 | -3 255 (768) MES - RKR
Methyltransferase

orfi6 | ABC fransport permease 18962 - 18120 | 1 280 {843) MPP - RKG

orf17 | ABC transport permease 19896 — 18991 | -3 301 (906) MSA — ESE

orf18 | ABC fransport substrate 21236 ~ 19899 | -1 445 (1338) | MFl—SGR
binding

orf19 | actA, structural gene 21572 -21766 | +2 84 (195) MSA - CAC

orf20 | actM, modification gene 21837 - 24998 | +3 1053 (3162) | MSP - PLT

orf21 | actQ,monooxygenase 25009 - 26034 | +1 341 (10268) | MPE - PAA

orf22 | actR, response regulator 26791 - 26086 | -2 231 (696) MRS - CLS

orf23 | actT, ABC fransporter 20323 -26885 | -2 812 MLA -LTR
assoclated permease (2438bp)
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Gene | Description Position Frame | Size AAs Start -~ end
(DNA) (bp) (3AA)
orf24 | Hypothetical protein 20462 - 30196 | +2 244 (735) MIV - RNR
orf25 | Reponse regulator kinase 30235 - 31338 | +1 367 (1104) | VLR - ARA
orf26 | Respanse regulator sensor | 31335 - 31997 | +3 220 (663) MTR - AVG
orf27 | Penicillin binding protein 32138 - 34486 | +2 782 (2349) | MLl - PPR
orf28 | Methyltransferase 352080 - 34448 | -2 253 (762) MAP - DRR
orf29 | Hydrolase 36030 - 35245 | -3 261 (786) VPR - PPP
orf30 | Response reguiator 36086 - 36820 | +2 244 (735) VSP - TGS
orf31 | Fructose biphosphate 36844 - 37689 | +1 281 (846) MKD - RAW
aldolase
orf32 | Hydrolase 375980 - 38168 | +3 192 (579) MGS ~ DPA
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Table 2 - Annotation of CosALO2 (40402bp fragment isolated from A. liguriae, The
SuperCos1 veclor backbone sequence is omitted).

Gene | Description Position Frame | Size AAs Start-end
(DNA) (bp) (3AA)
orft | Secretion sysiem protein 1008 - 1 -2 335 (1008) | VRL - VDI
orf2 | Response regulator 2998 -1122 |3 368 {1077) | MSE - LFP
orf3 | Hypothetical protein 3088 -2288 | -1 266 (801) MRR - VVR
orf4 | Hypothetical protein 4410~ 3112 | -2 432 (1289) | MRR-RTG
orf5 | Response regulator ATP- 5205 -4795 | -2 136 {(411) MWK ~ SAR
binding
orfé | ABC sugar transporter 5516 — 8607 +2 363 (1082) | MFN - SBAY
orf7 | ABC sugar transporter ATP- 6673 — 8178 | +1 501 (1506) | MLL - DEH
binding
orfé | ABC transport permease 8168 - 9127 +2 319 (960) | MST~RTR
orfe | ABC transporter permease 9130 - 10092 | +1 320 {963} M8l - RRS
protein
orf10 | Metaliopepiidase 12048 ~ -1 486 (1461) | MRT ~ PGS
10586 .
orf{1 | Putative StrR-like reguiator 12460 — +1 286 (861) MDS —- DAA
13320
orf12 | ligA 13641 - 13835 | +3 64 (195) MSA ~ CAC
orf13 | ligM 13907 - 17047 | +2 1046 MSS - THV
{3141)
orf14 | ligT, ABC transporter 17040 - 18767 | +3 575 (1728) | MSE - LLT
orf15 | ligO, Luciferase type 18785 — +2 347 (1044) | MLS ~RRW
monoxygenase 19828
orf{6 | ligR, Response regulator 20459 ~ -3 217 (654) MAD- ELA
19806
orf17 | ABC-transporter associated 23089 - -3 814 (2445) | MiIF —LVR
permease 20625
orf18 | ABC-transporter. ATP-binding 23788 — -1 240 (723) MVS - VTS
protein 23066
orf18 | Histidine kinase 23980 - 25068 | +1 362 (1089) | VIA - AVP
orf20 | Response regulator 25065 — +3 218 (657) MTE - GPS
25721
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Gene | Description Position Frame | Size AAs Start-end
' (DNA) (bp) (3AA)
orf21 | Putative membrane protein 26673 ~ -2 301 (806) | MPI-RFP
25768
orf22 | aipha-beta hydolase 26697 ~ +3 290 (873) MRN - ASR
27569
orf23 | Transcriptional reguiator 27574 - +1 145 (438) | VRL~-RLG
28011
orf24 | Pyruvoyl-dependent arginine 28102 — +1 175 (528) MAD — GMN
decarboxylase 28629
orf25 | Putative diaminopimelate 30946 — -2 406 (1221) | MTL ~LYA
decarboxylase 29626
orf26 | Kinase 31860 — -2 309 (830) | VRS -PDL
30931
orf27 | Transcriptional regulator 33248 - -3 367 (1104) | VVF -~ ANS
32145
orf28 | Glycosyl transferase 33600 — +3 317 (854) MPS - NAG
34553
orf29 | Glycosy! iransferase 34543 ~ +1 369 (1110) | MPA—-ARV
35652
orf30 | Dihydrolipoamide 36432 — +3 459 (1380) | MGE ~ INF
dehydrogenase 37811
orf31 | Putative membrane proiein 37973 - +2 348 (1047 | MTT ~TPG
39019

EXAMPLE 2 - Expression Casselie

Generation of an Expression Cassetle

This example illustrates the production of an expression cassette according to the present

invention. This expression cassette, plasmid pAGvarX has been designed for the efficient

generation of variant lanA genes of the present invention which can then be introduced into a

host cell, such as a strain of A. garbadinensis in which the wild-type actA has been removed

(A. garbadinensis A actA). This plasmid, a derivative of the vector pSET152 (Bierman et a/.,

1992) will integrate info the host’s chromosome via the affP attachment site. Expression of the

mutated actA gene by the host organism together with the remaining wild-type genes of the

actagardine biosynthetic gene cluster should generate actagardine variants.
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Construction of the plasmid pAGvarX
Unless stated otherwise all quoted positions relate o SEQ 1D NO:100. The scheme for the

construction of plasmid pAGvarX is shown in Figure 3. The base adjacent to the orf lying
upstream of the actA at postion 21237 1o the leucine residue within the acfA encoding region
at position 21672 was amplified by PCR using the primers O/AGvar01bF and Q/AGvar02bR
(primer table) and pLITAGO1 as a template. The primers were designed to introduce a flanking
Xbal site at the 5’ end and a Bg/ site via a silent mutation at the 3’ leucine region encoding
the actA. This fragment was infroduced into dephosphorylated pUC19 previously digested
using Smal to yield pAGvari.

The region of DNA spanning from the C-terminus of the actA to the adjacent downstream orf
(21758-21836 inclusive) was amplified by PCR using the primers O/AGvar05F and
O/AGvar06R and pLITAGO1 as a template. The primers were designed to introduce a flanking
Avrll site at the 5" position and an EcoRl site at the 3’ end. The resulting PCR product was
cloned into dephosphorylated pUC19 previously digested using Smal fo vield pAGvar2. The
plasmids pAGvart and pAGvar2 were then digested using Xbal and the PCR fragment from
pAGvar1 recovered and cloned into dephosphorylated Xbal digesied pAGvar2, the correct
orientation of the incoming fragment was determined by restriction analysis. The resulting
plasmid pAGvar3 was subsequently digested using Bglll and Avril and ligated fo the annealed
oligonucleotides O/AGvar03F and O/AGvar04R generating pAGvar4, The plasmid pAGvard
was subsequently digested using FcoRI and Xbal and the resulting ~620bp fragment including
the annealed oligonucieotides introduced into pSET152 previously digested using EcoR! and
Xbal yielding the vector pAGvarX.

The region of pAGvarX constructed by annealing the respective oligonucleotides, introduce a
BsrGl site via a silent mutation at the amino acids 6 and 7 (C and T respectively) with respect
to the actagardine peptide, This site can be used in conjunction with either the upstream Bgill
site or downstream Avril site to introduce DNA encoding targeted mutations to any of the
amino acids encoded within the actA peptide.

EXAMPLE 3 - Host Cell

This example illustrates the production of a lantibiotic-producing host cell in which the lanA
gene has been inactivated. In this example, the host cell is A. garbadinensis in which the actA
gene has been deleted.
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Construction of the sfrain A. garbatinensis A actA

The sirain A. garbadinensis A actA is utilized as a host for expressing variants of the
actagardine structural gene actA. This strain was generated from wild-type A. garbadinensis
using the Redirect technology developed by Gust ef al., 2002. Firstly, the region of DNA from
the cosmid CosAG14 encoding actA was replaced with the cassette SBdel-1. SBdel-1
consists of the apramycin resistance gene (aac(3)/V) and oriT flanked by FLP recognition
target (FRT) sites and was amplified by PCR using the plasmid plJ773 as the tempiate
together with the primers O/SBS0F and O/SB51R which bind at 21538 and 21802 of SEQ ID
NO:100 respectively. Following the Redirect protocol (Gust et al., 2004), actA of CosAG14
was replaced with SBdel-1 generating the cosmid CosAG14AA. The central part of the SBdel-
1 cassette was subsequently removed from CosAG14AA by FLP-mediated excision following
step 7 of the Redirect protocol generating CosAG14AB. Removal of this region allows the
generation of non-polar, unmarked in—frame deletions as well as repeated use of the same
resistance marker (Gust ef af,, 2003).

The second stage of construction was {o engineer the cosmid so that it couid be introduced
into A. garbadinensis via conjugation. This began by first inserting CosAG14AR into the E. coli
strain BW25113/pld790 by transformation. The ampicillin gene of CosAG14AB was then
replaced with SBdel-2 following the Redirect protocol (Gust et al., 2004) generating the
cosmid CosAG14AC. The cassetie SBdel-2, like SBdel-1, houses the apramycin resistance
gene (aac(3)1V) and oriT flanked by FRT sites but was generated using the primers O/SB52F
and O/SB53R together with the template pld773.

CosAG14AC was used to franform electrocompetent cells of E. colf ET12567/plUZ8002 before
being conjugated with A. garbadinensis following the Redirect protoco! (Gust et al., 2004, see

also following paragraph). The resulting strain in which the actA gene has been removed from
the chromosome of the wild-type producer is A, garbadinensis A actA.

In more detail, to obtain the A. garbadinensis A actA strain above, CosAG14AC was used o
transform electrocompetent cells of £. colf ET12567/pUZ8002 before being conjugated with A.
garbadinensis, Apramycin resistant exconjugants were obtained and sub-cultured through six
successive rounds of growth in TSB without apramycin. Cells from culture 6 were plated onto
medium 65 and incubated at 30°C. After 5 days colonies were transferred and patched out
over an area of approximately 1 cm? onto medium 65. After 3 days incubation at 30°C the
patched cells were transferred o medium 65 containing apramycin at a final concentration of
50 ug/mi. Following 72 h incubation at 30°C, cells sensitive {o apramycin were selected and
the respective patches used fo inoculate 50 mi flasks containing 10 ml TSB and grown at
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30°C, 250 rpm for 4 days. Genomic DNA was prepared from each culture and analysed by
PCR using oligonucleotides O/AGvar01bF and O/AGvar(6r. PCR products of a size
consistent with the deletion of the actA gene were generated. In parallel, anaiy.{sis of
fermentation broths by hpic demonstrated that these same samples did not produce
actagardine.

EXAMPLE 4 - Heterologous Expression

This example illustrates the expression of actagardine from the SEQ ID NO:100 gene cluster
in a host cell which is a non-producer cell, S. lividans. Such host cells provide an alternative
means of generating active variants of these two pepfides.

The cosmids CosAG14 and CosAL02 containing the biosynthetic gene clusters encoding the
production of actagardine and deoxy-actagardine B do not possess an origin of transfer (oriT)
necessary to facilitate conjugal transfer to a heterclogous host. Uéing Redirect technology
(Gust ef al,, 2002) an oriT together with a phage attachment site affP and integrase (inf) can
be introduced into the SuperCos1 backbone of CosAG14 and CosALOZ2 replacing the
neomycin resistance gene, neo.

Construction of vectors for heterplogous expression.
The cosmid pMJCOS1 (supplied by the JIC, Norwich) is a derivative of SuperCos1

{Stratagene) in which the gene encoding for neomyecin resistance has been replaced by a
cassette (HEapra) which includes DNA encoding an oriT, attP, integrase (inf) and apramycin
resistance gene (aac(3}/V). The cassetie HEapra was isolated by digesting pMJCOS1 with
Sspl and recovering the DNA from an agarose gel. This cassette together with CosAG14 and
CosALOZ were used to generate the cosmids CosAG14HEapra and CosALO2HEapra
respectively following the Redirect protocol as described by Gust et al., 2004,

The cosmid CosAG14HEapra was subsequently introduced into S. lividans via conjugation.
Apramycin resistant exconjugants of S. lividans/CosAG14HEapra were isolated. Three
exconjugants were used to inoculate TSB seed media. S. lividans, A. garbadinensis and A.
liguriae were grown in parallel to provide controls. Following 48 h incubation the seed cultures
were Used {o inoculate a range of four different production media namely, AAS1, GM1, GM3
and TSB. These cultures were incubated for a total of nine days at 30°C with 1.5 mi aliquots
being removeé from each flask after 5, 7 and 9 days incubation. The aliquots were centrifuged
at 14000 rpm (IEC micromax benchtop centrifuge) for 10 minutes and the supernatants then
decanted and used undiluted for bioassays and HPLC-MS analysis.
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Zones of inhibition (haloes) indicative of the presence of a biclogical active compound(s) were
observed around all of the wells loaded with supernatants of S. fividans containing the cosmid
CosAG14HEapra (S. fividans/CosAG14HEapra) except for wells loaded with supernatant from
fermentations in TSB where no haloes were generated. No biological activity was observed

5 around wells loaded with supernatant from fermentations of S. /ividans grown in any of the
four media. Haloes were evident around all wells loaded with supernatants from culiures of A.
liguriae and A. garbadinensis where growth was supported. Ail haloes were consistently
generated from the first day of sampling on day 5 through to day 9 aithough a general
reduction in the diameter of the haloes was evident.
10
HPLC-MS analysis of the supernatants from the fermentations of S. lividans/CosAG14HEapra
confirm the presence of peaks with retention times and masses corresponding to
ala{O)actagardine. These same peaks were absent from supernatants of S. lividans only.
Table 3 summarises the HPLC-MS analyses of supernatants from fermentation of S. lividans,
15 8. lividans/CosAG14HEapra, A. garbadinensis and A. liguriae following incubation for 5 days.
Table 3:
Sample Fermentation | Conceniration | Retention | Molecular | ldentity
medium of product Time ion
{(ug/mi) (min} {m/z)
S.lividans/ GM1 83 6.75 981 Ala(0)Actagardine
CosAG14HEapra (M+2H)™
991 Ala(0)Actagardine
(M+H+Na)*
S.iividans/ GM3 33 6.75 981 Ala{0)Actagardine
CosAG14HEapra (M+2H)*
991 Ala(0)Actagardine
(M+H+Na)*™
S.lividans GM1 Not Detected Not Not Not Detected
Detected Detected I
S.lividans GM3 Not Detected Not Not Not Detected
Detected Detected
A. garbadinensis | GM1 58 6.9 945 Actagardine
(M+2H)"™
A. garbadinensis | GM3 24 6.8 981 Ala{D)Actagardine
(M+2H)™
981 Ala{0)Actagardine
(M+H+Na)*
A. liguriae GM1 Not detected 7.06 937 Deoxy-
actagardineB
(M+2H)"2
A. liguriae GM3 Not detected 7.06 Q937 Deoxy-
actagardineB
(M+2H)*
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EXAMPLE 5 - Antibacterial Activities

MIC Determination

A selection of the variants produced as disclosed herein above were tested further for activity
against a range of bacteria. Minimum inhibitory concentrations (MICs) for all organisms with
the exception of Strepfococcus pneumoniae were determined by two-fold serial antibiotic
dilutions in Mueller-Hinton broth (MHB) supplemented with calcium chloride dehydrate to a
final calcium concentration of 400pg/mi. Minimum inhibitory concenirations (MICs) for S.
pneumoniae were determined by two-fold serial antibiotic dilutions in Brain Heart Infusion
(BHI) broth supplemented with 400 ug/mi calcium chioride dihydrate., Antimicrobial agent
stock solutions were prepared and stored according o NCCLS standard M7-A8.

Actively growing broth cultures were diluted to contain 105 to 106 CFU/mI by adjusting to an
absorbance of 0.2 - 0.3 at 800nm, equivalent to the McFarland 0.5 standard. They were then
diluted a further 1:100 in broth. The assays were performed in duplicate in sterile 96-well
microtitre plates in a total volume of 200 i (160 pl broth, 20 pl antibiotic, 20 Jl inoculum) in a
concentration range from 64 ug/mi to 0.086 pg/ml. The 12th well of the microtitre plate
contained no antimicrobial agent. Vancomycin was used as a reference antibiotic for quality
Plates were incubated aerobically, shaking, for 18 — 20 hours at 37°C with the MiC
defined as the lowest concentration of drug that produced no visible growth.

control.

E.fagcium E.faecalis| S, aureus  {S.aureus |S.epidermidis|S.pneumoniac
o 19679  |2g212 [R33 SH1000 [11047 R6

Actagardine 4,4 <4,<4 16,8 8,8 8,8 <4, <4
Actagardine 4.4 <4, <4 18, 16 8,8 8,8 <4, <4
Ala(0)Actagardine |8, 8 4,4 8,8 8,8 8, 4 <4, <4
Ala(0)Actagardine 132,16 18,8 <4, <4 8,8 8,8 <4, <4
Deoxyactardine B {16,16 4.4 16,16 16,16 16,16 8,8

Deoxyactardine B 16,16 <4, <4 16,18 16,16 16,16 <4, <4

EXAMPLE 6 - NMR Analysis

NMR Studies on Actagardine and Deoxy-actagardine
NMR spectroscopy (CO8Y, TOCSY, HSQC and NOESY) was successfully used to confirm

the sequencing resulis obtained from producers of actagardine (A. garbadinensis) and deoxy-
actagardine B (A. liguriae). Whilst the data obtained did not permit a completely unambiguous
assignment of all residues, it was consistent with the structures shown in Figure 4 and
sufficient to confirm that deoxy-actagardine B from A. liguriae has at positions 15 and 16 the
residues Leu and Val respectively.
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EXAMPLE 7 — SYNTHESIS OF DERIVATIVES

The following derivatives of deoxy-actagardine B were made, in which the groups Z and the C-
terminal amide were as follows:

Compound Structures

Compound Z C-terminal amide

|
7
coe | OO

i H H@ |

NN
v D-Ala H
\ L-lle H
Vi L-Val H
Vi L-Phe H
VI L-Lys H
X L-Tryp H

The synthesis of the compounds [ — Xi was as follows:

General procedure 1. Preparation of compounds |~ il

To a solution of deoxy-actagardine B (20mg, 11nmol), the appropriate amine (11nmol} and
diisopropylethylamine (7.2u, 70nmol) in dry dimethylformamide (0.8ml} were added 200yl of
a solution of benzofriazole-1-yl-oxy-tris-pyrrofidino-phosphonium hexafluorophosphate
(PyBop) (70mg, 134nmol) in dry dimethylformamide (1.0ml). The mixture was analysed by
HPLC 1o foliow the progress of the reaction, adding further aliquots of the Pybop solution until
all the starting material had been consumed. HPLC analysis at this stage also showed
variable amounts (5-20%) of the diamide. After completion of the reaction, the mixture was
diluted with 30% acetonitrile in 20mM Kpi agueous phosphate buffer, pH7 (10mi) and the
monoamide was purified by preparative HPLC using the conditions described in Table 4. The
appropriate fractions were concentrated to 25% of their original volume and desalted by
Joading on fo a preconditioned C18 Bond Elut column {500mg) which was subsequently
washed by sequential efution with two column volumes of 30, 40, 70 and 90% aqueous
methanol. Evaporation of the appropriate fractions gave the desired products as white solids.
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Compound | : Deoxy-Actagardine B N-[3-dimethylaminopropyl] monocarboxamide
Was obtained from coupling of deoxyactagardine B and 3-(dimethylaminoc)propylamine
according to General Procedure 1. Yield 18mg, 85% yield. [M+2H 2"] calculated 979.0, found
280.2

Compound 1l : Deoxy-Actagardine B N-[1-(1-methvi-4-piperidinvlipiperazine]
monocarboxamide

Was obtained from the coupling of deoxyactagardine B and 4-(piperidino)piperazine according
to General Procedure 1. Yield 8mg, 37% vield. [M+2H 2] calculated 1019.5, found 1020.0;
[M+3H 3] calculated 680.0, found 680.0

Compound fif: Deoxy-Actagardine B [1-(3-dimethylaminopropyilpiperazine]
monocarboxamide

Was obtained from the coupling of Deoxy-actagardine B and 1-(3-
dimethylaminopropyl)piperazine according to general procedure 1. Yield 10mg, 46% [M+2H
2] calculated 1013.5, found 1014.0

General procedure 2. Preparation of compounds {V-IX

A solution of the appropriate Fmoc prociected amino acid (34nmol) in dry dimethyiformarmide
(0.4ml) was treated with a solution of benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate (PyBop) (11.4mg, 22nmol) and diisopropylethylamine {11ul,68 nmol) in
dry dimethylformamide (0.4ml}). The mixture was then added o a solution of Deoxy-
Actagardine B (2mg, 11nmol) in dry dimethylformamide (0.5ml) The mixture was left at room
temperature for 1h, after which time analytical HPLC (30-65% acetonitrile in 20mM Kpi
aqueous phosphate buffer, pH7) showed complete conversion of the starting material. The
reaction mixture was diluted with 40% agueous methanol (20mi} and the mixiure was passed
through a €18 Bond Elute column (500mg) that had been preconditioned by washing with two
column volumes of 100% methanol followed by two column volumes of water. The column
was eluted sequentially with two column volumes of 40, 50, 60, 70, 80, 90 and 100% aqueous
methanol. The fractions were analysed by HPLC and the fractions containing the Fmoc-
protected coupling product were évaporated to dryness. The residue was taken up in
dimethylformamide (1ml) and piperidine (50ul) was added to remove the Fmoc protecting
group. Progress of the reaction was monitered by HPLC and after complete consumption of
the starting material the solution was diluted into 30% aqueous methanol (20mi). The mixture
was then eluted through a C18 Bond Elut cartridge (500mg) as previously described and the
product obtained after evaporation of the appropriate fractions was further purified by
preparative HPLC using the conditions described in Table 4. The appropriate fractions were
concentirated to 25% of their original volume and desalted by loading on to a preconditioned
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C18 Bond Elut column (500mg) which was subsequently washed by sequential elution with
two column volumes of 30, 40, 70 and 90% aqueous methanol. Evaporation of the
appropriate fractions gave the desired products as white solids.

Compound [V : D-Ala (Qideoxy-actagardine B

Was prepared according to general procedure 2 from Deoxy-actagardine B and Fmoc-~-D~
alanine in 74% vield. [M+2H 2'7 calculated 972.5, found 973.0
043/188

Compound V : L-lle{0}deoxy-actagardine B

Was prepared according to general procedure 2 from Deoxy-actagardine B and Fmoc-L-
isoleucine in 27% yield. [M+2H 2" calculated 993.5, found 993.8

Compound VI : L-Val(O)deoxyactagardine B
Was prepared according to general procedure 2 from Deoxy-actagardine B and Fmoc-L-valine
in 55% yield. [M+2H 277 calculated 986.5, found 985.9,

Compound Vil : L-Phe(0)deoxyactagardine B

Was prepared according to general procedure 2 from Deoxy-actagardine B and Fmoc-L-
phenylalanine in 22% yield. [M+2H 2" calculated 1010.5, found 1010.9.

Compound VIl : L-Lys(0}deoxyactagardine B
Was prepared according io general procedure 2 from Deoxy-actagardine B and Bis(Fmoc)-L~
lysine in 45% yield. [M+2H 2'7 calculated 1001.0, found 1001.6

Compound IX ; L-Tryp(0)deoxvactagardine B

Was prepared according to general procedure 2 from Deoxy-actagardine B and Fmoc-L-
tryptophan in 55% vield. [M+2H 2] calculated 1030.0, found 1029.9.

EXAMPLE 8 — FURTHER ANTIBACTERIAL DATA

MIC Determination

Staphylococcus, Streptococcus, Enterococcus spp.
Minimum inhibitory concentrations (MICs) were determined and antimicrobial agent stock

solutions were prepared and stored according to the NCCLS reference microdilution broth
method for aerobic bacteria (M7-A8, 2003). MICs were determined by two-fold serial antibiotic
dilutions in Mueller-Hinton broth (MHB) or Brain Heart infusion (BHI) broth (S. pneumoniae).
Actively growing broth culiures were adjusted in sterile broth or by direct celony suspension
(8. pneumoniae) 1o a turbidity equivalent to the McFarland 0.5 standard (1 x 10° CFU/m),
then further diluted in sterile broth for a final inoculum in sterile 96-well microtitre plates of
approximately 5 x 10° CFU/ml. The assays were performed in duplicate with Enterococcus
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faecalis ATCC 29212 included as a reference control strain and Vancomycin as a reference
antibiotic for quality control. Plates were incubated aerobically, shaking, for 18 — 20 hours at
37°C with the MIC defined as the lowest concentration of drug that produced no visible
growth.

Clostridium difficile
Minimum inhibitory concentrations (MICs) for C. difficile were determined and antimicrobial
agent stock solutions were prepared and stored according to the NCCLS reference agar
dilution method for anaerobic bacteria (M11-A5, 2001). Two-fold serial antibiotic dilutions
were prepared in Wilkens-Chalgren agar (WCA). Test organisms were selected from 48 hour
growth on Braziers (C.C.E.Y.) agar, subculfured in Schaedler broth to a density equivalentto a
McFarland 0.5 standard (1 x 108 CFU/mI), with a final inoculum onto WCA plates of
approximately 10° CFU/spot.  Bacteroides fragilis ATCC 25285 was included as a reference
control strain and Metronidazole was used as a reference antibiotic for quality control, All
manipulations were performed in duplicate in ambient atmosphere in pre-reduced media with
only brief exposure to oxygen. Plates were incubated anaerobically for 48 hours at 37°C with
the MIC defined as the concentration of drug where a marked reduction occurred in the
appearance of growth on the test plate compared {o growth on the anaerobic control plate.

Propionibacterium acnes

Test organisms were selected from 3-7 day growth on Wilkens-Chalgren agar (WCA)
supplemented with furazolidone (1-2 pg/mi). Fresh Wilkens-Chalgren broth (WCB) was
inoculated by direct colony suspension with single colonies of P. aches and adjusted o a
density equivalent to the McFariand 0.5 standard (1 x 10® CFU/mI), then further diluted in
sterile WCB for a final inocutum in sterile 96-well microtitre plates of approximately 10°
CFU/mi. Two-fold serial antibiotic dilutions were performed in sterile water with stock
solutions prepared and stored according to NCCLS standards (M11-A5, 2001). The assays
were performed in duplicate with Vancomycin and Clindamycin used as reference antibiotics
for quality control. Plates were incubated anaerobically for 48-72 hours at 37°C with the MIC
defined as the concentration of drug where a marked reduction occurred in the appearance of
growth on the test plate compared to growth on the anaerobic control plate. All manipulations
were performed in duplicate in ambient aimosphere in pre-reduced media with only brief
exposure {o oxygen.

Culture media were supplemented with calcium fons (as calcium chioride) at 50ug/mi except

where higher concentrations are indicated. MIC values in pg/mi are shown in the following
Tables:
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Table 8: MIC values against Enterococci, Streptococei and Staphylococe!

Organism

M. luteus 4688 +200 ug/mi Ca2+

E. faecalis 29212

E. faecalis 29212 +200 pg/ml Ca*

E. faecalis 28212 +400 pg/mi Ca®

£ faecium 7131121 (VRE)

E. faecium 7131121 (VRE) +200 pg/ml Ca**
E. faecium 7131121 (VRE) +400 pg/m| Ca**
E. fascium 19579

E. faecium 19578 +200 ug/mi Ca2+

E. faecium 19579 +400 pg/mi Ca**

S. aureus R33 (MRSA)

S. aureus R33 (MRSA) +200 ug/mi Ca®*
S. aureus R33 (MRSA) +400 pg/m| Ca®
S. aureus SH1000

S. aureus SH1000 +200 pgimi Ca®*

S. aureys SH1000 +400 ug/mi Ca®”

S. epidermidis 11047

S. epidermidis 11047 +200 pg/m| Ca**
S. epidermidis 11047 +400 ug/mi Ca**
S. pnuemoniae R6

S. pnuemoniae R6 +200 ug/ml Ca2+

S. pnuemoniae R6 +400 ug/mi Ca®

S. aureus 12232 MRSA

S. aureus R36 (MRSA)

S. aureus R34 (MRSA)

8. aureus R39 (MRSA)

S. aureus R40 (MRSA)

S. aureus W71 (MRSA)

S. aureus W74 (MRSA)

S. aureus W96 (MRSA)

S. aureus W97 (MRSA)

S. aureus W98 (MRSA)

S. aursus W89 (MRSA)

S. epidermidis 7755298 (MRSE)

S. epidermidis 7865688 (MRSE)

S. epidermidis 7753821 (MRSE)

Ala(O)-
deoxyactagardine- Deoxyactagardine-

B B
4 8
16 16
4 8
4

>64 >64

>B4 >64
32

>64 >64

>64 >64
16

32 32
16 8
18

16 16
8 8
16

16 32
8 16
16

16 16
32 8
4

16

18

18

>32

>32

>32

>32

>32

>32

>32

>32

>32

>32

>32

47



Ala(0}-
deoxyactagardine- Deoxyactagardine-
Organism B B

S. epidermidis GRL05011 (MRSE) >32

Table 7: MIC values against fusidic acid-resistant Staphvlococcus aureus

Organism Deoxy-Actagardine B
Fusidic acid-res S. aureus 8325-4 8,8
Fusidic acid-res 8. aureus CS1118 32,32
Fusidic acid-res 8. aureus CS857 32,32
Fusidic acid-res 8. aureus CS767 32,32
Fusidic acid-res S. aureus CS858 32,32
Fusidic acid-res S. aureus C8741 32,32
Fusidic acid-res S. aureus C81145 16, 16
Fusidic acid-res S. aureus CS872 16, 16
Fusidic acid-res S. aureus CS58686 32,32
Fusidic acid-res 8. aureus CS607 64, 64
Fusidic acid-res S. aureus C822 16,16
Fusidic acid-res S. aureus 8325-4 +200 pg/ml Ca2+ 4,4
Fusidic acid-res S. aureus CS1116 +200 yg/mi Ca2+ 16, 16
Fusidic acid-res S. aureus C8857+200 pg/mt Ca2+ 16, 16
Fusidic acid-res S. aureus CS767 +200 pg/ml Ca2+ 16, 16
Fusidic acid-res $. aureus C3858 +200 pg/mi Ca2+ 16, 16
Fusidic acld-res 8, aureus CS741+200 pg/mi Ca2+ 16, 16
Fusidic acid-res S. aureus CS1145 +200 pg/m| Ca2+ 8,8
Fusidic acid-res S. aureus CS872 +200 pg/ml Ca2+ 8,8
Fusidic acid-res S. aureus CS866 200 pg/mi Ca2+ 8,8
Fusidic acid-res S. aureus CS607 +200 pg/mi Ca2+ 32,32
Fusidic acid-res S. aureus 822 +200 pg/mi Ca2+ 4,4

Table 8: MIC values against mupirocin-resistant Staphviococcus , aureus

Organism Deoxy-actagardine B
8325-4 8,8

GISA-2 8,8

LZ6 18, 18

LZ8 16, 16

LZ9 16, 16

LZ10 8,8

420 4,4
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1205 186, 16

1120 18, 16
1454 18, 16
1086 8,8

Table 9: MIC values against Propionibacterium acnes

Organism Deoxy-Actagardine B
Propionibacterium acnes P37 {lab strain) 4,4
P. agnes AT1 4.4
P. achesAT26 2,2
P, acnes101887d 2,2
P. acnes PF284 (fet res) 2,2
P. acnes PF286 (erythro & clin res) 2,2
P. acnes PF283 (clin and co-frimazole res) 4,8

Table 10: MIC values against C.dlifficile
Ala{O)-
deoxyactagardine- Deoxyactagardine-

Organism B B
C. difficile 37779 4 4
C. difficile 19126 2 4
MiCsq 10

C.difficile strains 2
MiCg 10 .
C.difficile strains 4

Table 11: MIC values against C.difficile

Organism H i H]| vV v viovit vl IX

C. difficile 37779 >§ 4 4 8 1 4 1

C. difficile 19128 >8 4 4 2 4 2
MICsq C.difficle 2 2 2

MICq, C.difficile 4 4 2
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Materials & Methods

The materials and methods used in Examples 2-7 above are as follows:

Media

All buffers, solutions and media were made up using reverse osmosis (RO) water and
contained per litre the following ingredients:

AAST

Soluble starch
Glucose

Peptone

Dry corn steep liquor
Yeast extract

Adjust pH {0 6.0

GM1

Lablemco meat extract

Pepione

NaCi

Yeast exiract
Soy flour
Giucose
CaCOs

Adjust pHto 7.6

Mueller Hinfon
Mueller Hinton broth
For agar plates add;
Agar

10 g
1049
59
1g
29

4g
49
25¢
tg
10g

259
59

10g

ABB13

Soytone peptone
Soluble starch
CaC0;3

MOPS

Agar

Adjust pH to 7.0

BHI
Brain Heart Infusion

GM3

Arkasoy soyflour
Mannitol

Adiust pHto 7.0

LA
Luria agar

LB
Luria broth

5g
59
3¢
21g
20g

37g

20g
20g

40 g
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SFM SV2

Soya Flour 20 g Glucose 159

D-mannitol 20g Glycerol ‘ 16 g

Agar 16 g Peptone 15¢
NaCl 39
CaCU; 19
Adjust pH 10 7.0

TAE buffer TSB

Tris 4844 g Tryptic soy broth 30¢g

EDTA 3.72¢g Adjust pHi0 7.0

Adjust pH 10 8.3

2TY ‘65

Tryptone 16 ¢ Glucose 49

Yeast extract 10g Yeast extract 49

NaCl 5¢g Melt extract 10 ¢

AdjustpHt0 8.5~7.0 CaCOs 249
Agar 12 g
Adjust pH to 7.2

Biocassays

Micrococcus luteus was inoculated from frozen stock into 10ml Mueller-Hinton broth and
grown overnight at 30°C with shaking at 200 rpm. 1 mi of this culture was used io inoculate
300 mi of Mueller-Hinton agar which was then poured into petri dishes. Wells (6 mm diameter)
placed equidistant apart were made using a cork-borer and subsequently loaded with 50 pi of
the respective sample. The bioassay plate was placed into a laminar air flow until the lcaded
samples had diffused, at which point the plates were transferred fo a 30°C incubator and left
overnight.

Endonuclease restriction digestions
Digestions of DNA with restriction enzymes were carried out in the supplied buffers and in

accordance with the manufacturer’s guidelines. Typically, for preparative digests 5 ug of DNA
was digested with 12 units of enzyme for 3 h at the recommended temperature. For analytical
digests, 0.5 ug of DNA was digested with 2 units of enzyme for 2-3 h again at the

recommended temperature. The digesied DNA was analysed by agarose gel electrophoresis.
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Sub-culturing exconjugants
Agar plugs of paiched exconjugants were used fo inoculate 50 ml flasks containing 8 mI TSB

and 2 glass beads. The culiures were incubated at 30°C, 250 rpm for 10 days then 100 ul
were removed and added to 10 ml TSB in a 50 mi flask containing 2 glass beads. The flasks
were incubated for 2 days then 1 ml was removed and used to incculate a 50 ml flask
containing 10 mi TSB. Using 1 ml inoculum a total of six successive rounds of growth were
catried out each incubated for 2 days at 30°C, 250 rpm. Cells from the sixth round of sub-
culturing were pelleted by centrifuging at 4000 rpm for 20 minutes (Heraeus Sepatech
Megafuge) then sonicated (MSE Sanyo Soniprep 150, amplitude 10-15 microns) for 30
seconds in TSB to disrupt the mycelium. Serial dilutions (10™" to 10°° in TSB) of the sonicated
celts were plated onio medium 65 and incubated at 30°C.

Fermentation for heterologous expression
50 m! conical flasks each containing 2 glass beads and either 8 ml TSB or AAS1 media

supplemented with nalidixic acid and the appropriate selective antibiotic were inoculated using
agar plugs or 250 pl of a -80°C glycerol stock. Foliowing 2 - 4 days incubation at 30°C, 200
rom, 1.2 mi (3%) per seed culture was used fo inoculate 40 ml of the respective production
media in 250 mi conical flasks confaining 2 glass beads. These cultures were incubated at
30°C, 200 rpm for 9 days.1.5 ml whole broth aliquots were removed periodically from each
culture for analysis by bioassay and/or HPL.C-MS analysis.

Fermentation of A. liguriae for the isolation of deoxy-actagardine B
250 ml conical flasks each containing 2 glass beads and 50 m! SV2 media were inoculated

with 500 pi (1%) of A. liguriae cells from a glycerol stock. Following 4 days incubation at 30°C,
250 rpm, 12 ml (3%) per seed culture was used to inoculate 400 ml of GM3 in 2L conical
flasks. These cultures were incubated at 30°C, 225 rpm for nine days. The culture broth was
harvested by centrifugation at 4000 rpm (Heraeus Sepatech Megafuge) for 30 minutes afier
which the supernatant was decanted from the pellet of cells.

Fermentation of A. garbadinensis for the isolation of actaqardine and Ala(Q)-

actagardine
250 mi conical flasks each containing 2 glass beads and 50 mi AAS media were inoculated

with 500 pl (1%) of A. garbadinensis celis from a glycerol stock. Following 9 days incubation at
30°C, 250 rpm, 12 mi (3%) per seed culture was used 1o inoculate 400 m| of AAS in 2L conical
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flasks. These cultures were incubated at 30°C, 200 rpm for eight days. The cuiture broth was
harvested by centrifugation at 4000 rpm (Heraeus Sepatech Megafuge) for 30 minutes after
which the supernatant was decanted from the peliet of cells.

Isolation of Deoxy-actagardine B for MIC studies

Diaion HP-20 resin (50 g/L) was added and mixed with supematant isolated from a
fermentation of A. liguriae and left overnight at 4°C. The suspension was aliquoted info Bond
Elut columns (60 ml) and the resin washed sequentially with four bed volumes of water
foliowed by three bed volumes of 25, 50, 75 and 100% methanol. HPLC analysis confirmed
the presence of Deoxy-actagardine B in the 50, 75 and 100% methanol fractions. These
fractions were combined then concentrated io approximately a quarter of the volume of the
starting pool. The concentrate from 1L of broth was loaded onto two C18 Bond Elut columns
(5 g) that had been pre-conditioned by washing with two column volumes of 100% methanol
followed by two column volumes of water. The columns were eluted sequentially with two
column volumes of 50, 60, 70, 80, 90% methanol followed by two column volumes of 100%
methanol. HPLC analysis confirmed the presence of Deoxy-actagardine B in the 80, 80 and
100% methanol fractions, these fractions were pooled and concentrated to a third of the
starting volume. An equal volume of 40 mM potassium phosphate pH 2.5 in 50% methanal
was added and the concentrate then loaded evenly onto three pre-equilibrated SCX Bond Elut
columns (1g). The SCX columns were initially washed with 40 mM potassium phosphate pH
2.5 in 50% methanol and then eluted using 1.5 column volumes of 250 mM potassium
phosphate pH 7.0 in 50% methanol. The eluent was desalted by loading ontc a C18 Bond Elut
column (5 g) that had been pre-conditioned with two column volumes of methanol followed by
fwo column volumes of water. The column was washed with two column volumes of 50% and
then 60% methanol. Decxy-actagardine B was eluted following the addition of two column
volumes each of 70, 80, 90 and 100% methanol. Fractions containing purified Deoxy-
actagardine B as confirmed by HPLC and LC-MS analyses were pocled and evaporated to
dryness.

Isolation of Ala{0)-Decxyactagardine B from fermentation of A.liguriae

Dialon HP-20 resin (50 g/L) was mixed with supernatant from a four litre fermentation of A.
liguriae and left overnight at 4°C. The suspension was collected into a glass sinter funnel and
the resin was washed sequentially with four bed volumes of water followed by four bed
volumes of 50% Methanol. Deoxy-actagardineB and Ala(0)-deoxyactagardine B were eluted
from the resin by washing with five bed volumes of 100% Methanol. The 100% Methanol
fraction was concentrated to a third of the original volume and was then diluted by addition of
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water {o a final concentration of 60% Methanol. The resulting solution was loaded onto four
10g C18 Bond Elut columns prior to washing with two column volumes of 50% Methanol.
Deoxy-actagardine B-related components were eluted from the column using two column
volumes of Methanol/0.6% Formic Acid. The resulting eluent was concentrated by evaporation
to 40 ml and Ala(0)-deoxy-actagardine B was separated from Deoxy-actagardine B by
preparative HPLC using the conditions described in the table below,

Column . -| Capitol HPLC Ltd C18 ~ BDS — HL5 - 26052 15cm x 20mm
Solvent A 30% ACN in 20mM Potassium Phosphate pH 5.0
' Solvent B . | 65% ACN in 20mM Potassium Phosphate pH 5.0
“Detection _ 1210 nm

Flow Rate - 10 mi/min

Time (T) = 0 min 100% A

T=dmin. © . - |100%A

T =29 min 35% B

T =30 min 100% B

T= 33 min 100% B

T =34 min 100% A

T=36mn ] 100%A

Collection - | Start 10 min; End 30 min; 0.5 or 0.25 minute fractions

Fractions containing Ala{0}-deoxy-actagardine B (as confirmed by HPLC and LC-MS
analyses) were desalted using C18 Bond Elut columns as described above before being
evaporated to dryness.

Ala(0)-deoxy-actagardine B was eluted from the column at Retention Time = 5.04 minutes.
MS analysis confirmed a species of 972.2 m/z (M+2H)"™,

Isolation of actagardine and Ala(Q)-actagardine for MIC studies

Actagardine and Ala{0)-actagardine were purified using the method described for the
purification of Deoxy-actagardine B from A. liguriae with the exception that preparative HPLC
was required to resolve Ala{0)actagardine and Actagardine following the SCX Bond Elut step.
Eluent from the SCX Bond Elut column was concenirated by rotary evaporation from 70 fo 18
ml and the resulting concentrate was purified by preparative HPLC using the conditions
described in Table 4 The respective fractions containing Actagardine and Ala(0)actagardine
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(as confirmed by HPLC and LC-MS analyses) were desalted using C18 Bond Elut columns as
described previously before being evaporated to dryness.

Table 4: Preparative HPL C conditions for the separation of Actagardine and
Ala{Q)actagardine.

Column Capitol HPLC Ltd C18 - BDS ~ HL5 ~ 26052 15 cm x 20 mm
Soivent A 30% Acetonitrile in 20mM Potassium Phosphate pH 7.0
Solvent‘B | 85% Acetonitrile in 20mM Potassium Phosphate pH 7.0
“Detection 268 nm

Flow Rate 10 mi/min

Time (T) = 0'min | 100% A

‘T=1min - | 100% A

T=19min . |25%8B

T =20 min 100% B

T=25min 100% B

T=26min 100% A

T=30 min 100% A

Collection Start 8 min; End 20 min; 1 minute fractions

Agarose gel electrophotesis

Electrophoresis of DNA was carried out as described by Sambrook ef al., 1889. Agarose gels
(0.7-1%) were prepared in TAE buffer containing a final concentration of 0.1 ug/m! ethidium
bromide to aliow visualisation of the DNA by UV light. 0.1 volumes of 10 x agarose gel loading
solution was mixed with the samples. Samples were loaded onto the gel alongside a 100bp, 1
kb, or lambda DNA-Hindlli digest ladders (NEB) and run at 1-5 V/em. The gel was visualised
at A = 300 nm and photographed using a UVP video camera.

Recovery of DNA from agarose gels
DNA was excised from agarose gels and recovered using a Qiaquick gel extraction kit

{Qiagen) and eluted in either sterile reverse osmosis purified water, Tris-HCI (10 mM, pH 8.5)
or TE buffer.

End-filfing
Filling the recessed 3' termini created by digestion of DNA with restriction enzymes was done

using E. colif DNA polymerase Kienow fragment. In a typical reaction 1 unit of enzyme was
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added per pg DNA along with 250 uM each dNTP. The reaction was incubated at 25°C for 15-
30 min and stopped by adding EDTA to a final conceniration of 10 mM.

Phosphoryiation of DNA
PCR products were treated with T4 polynuclectide kinase at 37°C for 30 min, following the

method described by Sambrocok ef al., 1989. The enzyme was inactivated by incubating at
85°C for 20 min.

Dephosphorylation of linearised vectors
To avoid self-ligation of linearised vectors, 5-phosphate groups were removed using shrimp

alkaline phosphatase (SAP) following the manufacturer's guidelines. In a typical reaction 1 unit
of SAP was added to the restriction mixture for the last hour of the DNA restriction reaction, -
The enzyme was inactivated by incubating at 65°C for 20 min.

Ligations .
DNA ligations were performed as described by Sambrook et af., (1889) using 1 unit (U) of T4
DNA ligase in a total volume of 15 ul and incubating for 12-16 h at 16°C.

Maintenance of bacterial cultures

Vieble cells were stored as glycerol suspensions by freezing 0.5 mi of the respective culture at
-80°C with glycerol at a final concentration of 10%. Single colonies of A. garbadinensis and A.
liguriae were obtained by streaking 50 ul from a fermentation broth or glycerol stock onic
either medium 65 or ABB13 plates.

Polymerase chain reaction

Polymerase chain reactions (PCRs) were performed on a Stratagene Robocycler Gradient96.
In a typical reaction 100-200 ng template DNA was mixed with 20 pmol of each
oligonucleotide primer and dNTP's at 250 pM each, Thermophilic DNA polymerase buffer as
supplied by the manufacturer and DMSO made up 10% (v/v) each of a final volume of 50 or
100 pl reaction mixture. A typical reaction began with an initial cycle of 1 min denaturation
(94°C), 1 min, Y°C (annealing) and 30 seconds - 3 min extension (72°C), at which point 5
units of thermophilic DNA polymerase was added. This was followed by 30 cycies of 84°C for
1 min, Y°C (annealing) for 1 min and 72°C for Xmin and a final cycle of 72°C for 2X min. The
extension time X, was 1 min per kb of product when Tag polymerase was used and 2 min per
kb of product when Pfu polymerase was used. The annealing temperature Y was 55°C and
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49°C in the generation of pAGvari and pAGvar2 respectively. The conditions used for the
generation of SBdel-1 and SBdel-2 were as described in the Redirect protocol (Gust et al.,
2004).

Primers
Primer name SEQ ID Sequence 5'-3’
NGO

O/AGvarQ1bF 303 TTCTAGACGTTGTTCTCCCATTTTCAC

O/AGvar02bR | 304 AAGATCTTCGAAGGTGAGCTCGCCGAA

-O/AGvarQ3F 305 GATCTTCGCGAGGACCGCACCATCTACGCCGCCAGCA
GCGGCTGGETETGTACACTGACGATCGAGTGCGGCAC
CGTGATCTGCGCCTGCTGAC

O/AGvarO4R 308 CTAGGTCAGCAGGCGCAGATCACGGTGCCGCACTCGA
TCGTCAGTGTACACACCCAGCCGCTGCTGGCGGCGTA
GATGGTGCGGTCCTCGCGAA

O/AGvarQ5F 307 GCCTGCTGACCTAGGTCGACGATCGT

O/AGvarQer . | 308 TCGAATTCGGCTGCTCCCCECGCGAAAT

O/SB50F 309 - | ATTCGCCCGGGAAGTCCACCGAAAGGAAGACACACCAT
GATTCCGGGGATCCGTCGACC

O/8B51R 310 GGGCGATGCCCGLCCCGGGLCCGGAAACGATCGTCGAT
CATGTAGGCTGGAGCTGCTTC

0/8B52F 311 AAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATG
ATTCCGGGGATCCGTCGACC

O/8B53R 312 GCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCA
TGTAGGCTGGAGCTGCTTC

Preparation of plasmid DNA

Plasmid DNA was prepared on a small scale (less than 20 yg preparation) by inoculating 3 ml
of sterile 2TY or LB containing the appropriate antibiotic with single colonies picked from 2TY
(or LA) agar plates. The cultures were incubated overnight (12-16 h) at 37°C and 250 rpm.
The cells were collected by centrifugation at 12,000 xg for 1 min and plasmid DNA obtained
using Wizard (Promega) Miniprep kits according to the manufaciurer's guidelines. In the case
of larger preparations of up to 100 ug of plasmid DNA, 30 mi of 2TY culiures were grown and
plasmid DNA extracted using a Qiagen Midi-prep kit, following the manufacturer's instructions.
All plasmid preparations were checked by a combination of restriction analysis and/or
sequence analysis. |

Preparation of cosmid DNA

Cosmid DNA was prepared by inocuiating 50 mi of sterile 2TY or LB containing the
appropriate antibiotic with single colonies picked from 2TY (or LA) agar plates. The cultures
were incubated overnight (12-16 h) at 37°C and 250 rpm. The celis were collected by
centrifugation at 4,000rpm (Heraeus sepatech Megafuge 2.0R) for 20 min and Cosmid DNA
isolated using a Qiagen Midi-prep kit according to the manufacturer's guidelines.
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Preparation and transformation of elecirocompetent E. coli cells,

Electrocompetent E. colf DH10B were prepared by the method of Dower sf al.. (1988).
Aliquots (60 i) of competent cells were thawed on ice and 1.8 yl of ligation mixture or plasmid
DNA added. The mixture was placed into an electroporation cuvette (Sigma 0.1cm) and
transferred to the electroporator (Stratagene electroporator-1000). A potential difference of 1.8
kVimm (25 pF, 200 Q) was applied and 0.5 mi of 2TY or LB medium subsequently added. The
cells were then incubated at 37°C for 45-60 min o allow expression of the antibiotic resistance
genes, prior to plating on the appropriate selective medium.

Preparation of genomic DNA

Genomic DNA templates were prepared using the procedure described by Kieser ef al,
(2000).

Conjugation procedure for Actinoplanes sp.
Intergeneric conjugation between E£. colil and Actinopianes sp. was performed following the

procedure described by Heinzelmann et al. (2003), except, the strain E. coli
ET12887/pUB8002 (Kieser ef al., 2000) was used in place of the strain E. colf
ET12567/pUB307 (Fletlt ef al., 1997). Exconjugants were transferred and patched out over an
area approximately 1 cm? onto medium 85 or ABB13 containing 50 ug/ml nalidixic acid and
the relevant selective antibiotic. These plates were incubated at 30°C for 4-7 days prior fo
being used as inoculum for broth culfures.

Conjugation procedure for Streptomyces sp.
intergeneric conjugation between E. coli and Streptomyces sp. was performed following the

procedure described by Kieser et al., 2000. Exconjugants were transferred and patched out
over an area approximately 1 cm? onto SFM containing 50 ug/m! nalidixic acid and the
relevant selective antibiotic. These plates were incubated at 30°C for 4-7 days prior 1o being
used as inoculum for broth cultures.

Table 5- Bacterial Strains

Name Description/Use

Actinoplanes Isolation of the biosynthetic gene cluster
garbadinensis for the production of actagardine.
ATCC31049

Actinoplanes Actinoplanes garbadinensis ATCC31049
garbadinensis A in which the actA gene has been removed.
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Name

Description/Use

actA Expression of variant act4 genes
Actinoplanes {solation of the biosynthetic gene cluster
liguriae NCIMB for the production of deoxy-actagardine B.
41362 Expression of variant ligA genes,
Escherichia coli Generation of a cosmid library.

XL1-Blue MR

Escherichia coli
DH10B

Routine cloning.

Escherichia coli

isolation of non-methylated DNA.

ET12567

Escherichia coli Intergenic transfer of DNA via conjugation.
ET12567/pUZ8002

Escherichia coli Strain containing the lambda red
BW25115/plJ790 | recombination plasmid plJ790. Facilitates

the targetted recombination of a cassette
flanked by FLP recognition sites.

Escherichia coli

Strain containing the plasmid BT340

DH50/BT340 facilitating FLP-mediated excision of
disruption casseties.

Micrococcus luteus | Bioassay test organism.

ATCC4688

Streptomyces Host organism for the heterologous

fividans 1326 expression.

Streptomyces Host organism for the heterologous

coglicolor B757 expression

Streptomyces Host organism for the heterologous

cinnamoneus DSM
40005

expression

Antibiotics

Antibiotic stock solutions were prepared in water (unless stated otherwise) and filier sterilised

by passing through a 0.22 um Millipore filter. Solutions dissolved in ethanot were not sterilised

(Sambrook ef al., 1989). All antibiotics were stored at -20°C. In media where apramycin was

used, MgCl, was added to a final concentration of 10 mM (from a stock of 2.5 M).

Ampicillin (amp)
Apramycin (apra)
Carbenicillin (car)
Chioramphenicol {em)
Kanamyecin (kan)
Nalidixic acid (na)

Stock solution Working concentration

100 mg/mi

100 mg/ml

100 mg/mi

25 mg/m! in ethanol
50 mg/mi

25 mg/mi
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Casseftes

Name Size Source Description/Use
{bp)

SBdel-1 1462 PCR using the | Contains an origin of transfer (orT) and
primers apramycin resistance gene flanked by FLP
O/SB50F and | recognition target sites. The 5' and 3’ regions
O/SB51R and | are homologous to DNA flanking the actA
pld773 as a gene from A. garbadinensis.
template.

SBdel-2 1462 PCR using the | Contains an origin of transfer (oriT) and
primers apramycin resistance gene flanked by FLP
O/SB52F and | recognition target sites. The 5’ and 3’ regions
O/SBE3R and | are homologous to DNA flanking the
pld773 as a ampicillin resistance gene from SuperCos1.
template.

HEapra 85247 pMJCOS1 Sspl fragment isolated from pMJCOS1.
Cassette consists of an apramycin resistance
gene, origin of transfer (orT), attachment sile
(aftP) and 8C31 integrase.

Vectors
Name Size | Resistance | Source Description/Use
(kb) | marker

pAGvart 3.1 amp This study. | 448bp PCR fragment generated
using the primers O/AGvar01bF
and O/AGvar02bR and template
pLITAGO1 cloned into pUC19
previously digested using Smal.

pAGvar2 2.8 amp This study. | 91bp PCR fragment generated
using the primers O/AGvarQ5F
and O/AGvar06R and template
pLITAGO1 cloned into pUC19
previously digested using Smal.

pAGvard 3.2 amp This study. | Xbal fragment {~450bp) cloned
into pAGvar2 previously digesied
using Xbal.

pAGvard 3.3 amp This study. | Annealed oligonucieotides

Of/AGvarQ3F, Q/AGvarQ4R ligated
fo pAGvar3 previously digested
using Bg/ll and Avril.

pAGvarX 6.3 apra This study. | Xbal - EcoR! fragment (~650bp)

from pAGvar4 ligated to pSET152
previously digested using
EcoRl/Xbal. Variant actagardine
genes can be assembled and
introduced into the hosts
chromosome via the attachment
site aftP.

CosAlL02 47.2 | amp and This study. | 40402 bp Sau3Al DNA fragment

. neo. from A. figuriae cloned into
SuperCos1 previously digested
using BamHl.
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Name Size | Resistance | Source Description/Use
{kb) [ marker
CosALOZHEapra | 49.1 | amp and This study. | CosALO2 in which the gene
apra. encoding neomycin has been
replaced with the HEapra
casseite.
CosAG14 45 amp and This study. | 38168 bp Sau3Al DNA fragment
neo. from A. garbadinensis cloned info
SuperCos1 previously digested
using BarmH|.
CosAG14AA 48,3 | amp, neo This study. | CosAG14 in which the actA gene
and ampra. has been replaced by the cassette
SBdel-1.
CosAG14AB 44,9 | amp and This study. | CosAG14AA in which the cassette
neo. SBdel-1 has been removed by
FLP-recombinase leaving an 81bp
scar.
CosAG14AC 45,5 | neo and This study CosAG14AB in which the
apra. ampicillin resistance gene has
been replaced with the cassette
SBdel-2.
CosAG14HEapra | 46.8 | amp and This study. | CosAG14 in which the gene
apra. encoding neomycin has been
replaced with the HEapra
cassetie.
pld773 4.3 amp and John innes | Redirect template (Gust ef al.,
apra, Centre 2003) used to generate the
{JIC), casseties SBdel-1 and SBdel-2.
Norwich.
pLITAGO1 6.1 amp. This study. | 3263bp Ncol fragment isolated
from A. garbadinensis (19055~
23217 CosAG14rc) cloned into
pLITMUGSZ28 previously digested
using Neol.
pliTMUS28 2.8 amp. New Routine cloning
England
Biolabs
(NEB).
pMJCOS31 9.8 amp and JIC, SuperCos1 in which the gene
apra. Norwich. encoding neomycin has been
repiaced by an Sspl fragment
consisting of an apramycin
resistance gene, ori7, aftP and
pC31 integrase, Source of
HEapra casseite.
pSET152 57 apra. NRRL Conjugative plasmid which can
B14792 facilitate introduction of DNA into
the host's chromosome via the
aftP site,
SuperCos1 7.9 |ampand Stratagene. | T3 and T7 promoter regions
~NE0. flanking a unigue cloning site,
 pUC19 2.7 {amp. NEB. Routine cioning
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High performance liguid chromatography
HPLC analyses were performed using a Hewlett Packard 1050 series HPLC system with the
parameters as described below:

Column: Zorbax SB-C18, 4.6x150 mm, 5p

Mobhile Phase A: 30% Acetonitrile in 20 mM potassium phaosphate buffer pH 7.0
Mobile Phase B: 85% Acetonitrile in 20 mM potassium phosphate buffer pH 7.0
Flow rate: 1ml/min

Gradient: Time 0 min 100% A 0% B
Time 10 min 0% A 100% B

Time 11 min 0% A 100% B

Time 11.2 min 100% A 0% B

Cycle time 15 min

Injection volume: 10 ul

Detection: 210 nm

High performance liguid chromatography —mass specirometry (HPLC-MS)
HPLC-MS analyses were performed on a Hewlett Packard 1050 series HPLC system linked to

a Micromass Platform LC (operated with MassLynx version 3.5 software) with the following
parameters:

Column: Agilent Zorbax SB-C18 150 x 4.6mm 5u

Flow rate; {ml/min

Mobile phase: A 10% acetonitrile, 0.1% formic acid 80% water.
B 80% acetonitrile, 0.1% formic acid, 90% water.
Linear gradient A to B over 10 minutes, hold 1 min, B-A

Wavelength: 200 — 400nm

Injection volume: 10ul

Post column split: 1:10

Mass spectrometer: Micromass Platform LC

Mode: Electrospray positive

Nitrogen fiow: 380 I/hr

Capillary voltage: 40V

Skimmer lens offset: 5V
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NCIMB 41362 was deposited under the Budapest Treaty on 7 December 2005 at NCIMB Lid,
Aberdeen, AB21 9YA, Scotland, UK, by Novacta Biosystems Limited.

References

Altena, K., Guder, A., Cramer, C. and Bierbaum, G. (2000). Biosynthesis of the lantibiotic
mersacidin: organization of a type B lantibiotic gene cluster. Applied Environmental
Microbiology 66(8): 2565-71.

Ausubel, F. M., Brent, R., Kingston, R. E., Moore, D. D., Seidman, J. G., Smith, J. A, and
Struhl, K. (20023, Current Protocols in Molecular Biclogy (5“’ edition). Wiley Interscience
Publishers. '

Bierman, M., Logan, R., O'Brien, K., Seno, E. T., Nagaraja Rao, R. and Schoner, B. E. (1992).
Plasmid cloning vectors for the conjugal fransfer of DNA from Escherichia coli to
Strepiomyces spp. Gene 116{1): 43-48.

Chatterjee, S., Chatterjee, S., Ganguli, B. N., Chatterjee, D. K., Jani, R. K. H., Rupp, R. H.,
Fehlhaber, H-W.,, Kogler, H., Siebert, G. and Teetz, V. (1992) Aniibiotic, mersacidin, a process
for the preparation thereof and the use thereof as a pharmaceutical. US Patent 5,112,808.

Dower, W. J., Miller, J. F. and Ragsdale, C. W. (1988). High efficiency transformation of E. coli
by high voltage electroporation. Nucleic Acids Research 16(13): 6127-8145.

Flelt, F., Mersinias, V. and Smith, C. P. (1997). High efficiency intergeneric conjugal transfer
of plasmid DNA from Escherichia coli to methyl DNA-restricting Streptomycetes. FEMS
Microbiology Letters 155(2): 223-229.

Gravesen, A., Kallipolitis, B., Holmstrem, K., Heiby, P. E., Ramnath, M. and Kngchel, S.
(2004) pbp2229-Mediated nisin resistance mechanism in Listeria monocytogenes confers
cross-protection fo class lfa bacteriocins and affects virulence gene expression. Applied and
Environmental Microbiology 70(3): 1669-1679.

Gust, B., Challis, G. L.., Fowler, K., Kieser, T, and Chater, K. F. (2003). PCR-targeted

Streptomyces gene replacement identifies a protein domain needed for biosynthesis of the
sesquiterpene soil odor geosmin. PNAS 100(4): 1541-1546.

63



10

15

20

Gust, B., Chandra, G., Jakimowicz, D., Yuging, T., Bruton, C. J. and Chater, K. F. (2004). A
Red-mediated genetic manipulation of antibiotic-producing Streptomyces. Advances in applied
microbiotogy 54: 107-128.

Gust, B., Chater, K. F. and Kieser, T. E. (2002). Methods and materials for targeted gene
disruption in actinomycete bacteria. Patent Application WO 02/103010 A1,

Heinzelmann, E., Berger, S., Puk, O., Reichenstein, B., Wohlieben, W. and Schwartz, D.
(2002). A glutamate mutase is involved in the biosynthesis of the lipopeptide antibiotic

friulimicin in Actinoplanes friuliensis. Antimicrobtal Agents and Chemotherapy 47(2): 447-457,

Kieser, T., Bibb, M. J., Buttner, M. J,, Chater, K. F. and Hopwood, D. A. {2000).
Practical Streptomyces Genetics. Norwich, John innes Foundation.

Sambrook, J., Fritsch, E. F. and Maniatis, T. (1889). Molecular Cloning: A laboratory
manual. New York, Cold Spring Harbor Laboratory Press.

Vertesy, L., Herbert, K., Schiell, M. and Wink, J. (2000). Lantibiotic related to actagardine, and
processes for the preparation and use thereof. US Patent 6,022,851.

64



Seguence Listing

SEQ ID NO:1 Actagardine B;
SSCGWVCTLTIECGTLVCAC

SEQ ID N0:2 Actagardine B variant VV:
SSGWVCTLTIECGTVVCAC

SEQ ID NO:3 Actagardine B variant LI
SSGWVCTLTIECGTLICAC

SEQ ID NO:4 Actagardine:
SSGWVCTLTIECGTVICAC

SEQ ID NO:5 - SEQ ID NO:10
(Kull)

SEQ ID NO:11 Ala-Actagardine B:
ASSGWVCTLTIECGTLVCAC

SEQ ID NO:12 Ala-Actagardine B variant VV:
ASBGWVCTLTIECGTVVCAC

SEQ ID NO:13 Ala-Actagardine B variant LI
ASSGWVCTLTIECGTLICAC

SEQ ID NO:14 Ala-Actagardine:
ASSGWVCTLTIECGTVICAC

SEQ ID NO:15-SEQ ID NO:21
(Null)

SEQ ID NO:22 pre-pro-~Actagardine B variant VV:
MSAITVETTWKNTDLREDLTAHPAGLGFGELSFEDLREDRTIYAASSGWVCTLTIECGTVVCAC

SEQ ID NO:23 pre-pro-Actagardine B variant LI
MSALAIEKSWKDVDLRDGATSHPAGLGFGELTFEDLREDRT IYAASSGWVCTLTIECGTLICAC

SEQ ID NO:24-SEQ ID NO:98
(Null)

SEQ ID NO:100 CosAGl4 (38168bp)
GATCGGCCGCCGTCAGCTGGAGAAGCGCTGGCTGGﬁGCGGCTCACCCGCAACGGCCRCCCGCATCCGACQCGGGCG
CTGGECGCTGCGGATGGECECEETGGACGTTCGCEEEECAGCTGECGCTGCAGCTCGLCGACATGCECRAGCTCGECA
CGCCGICAGCGACCTGACCCECTGCTCEACGCAGCTCGCTCEGCCEETCCCGCGCCECGCCGATCAACTCCGGCAGL
ACGGCGCGAGCTTCAATCAGCCEGECCCGGCGCACCCCCTACGCCGGTGCGACGAGGCATGCCCGAGRCCAGCGLGG
CCGCAGAGGGCCGETCEGECECTCEEACCGETCAGCGCECCCGCAATCAGGCCGGCAGGCCCGCCCEGAGCCEGALCG
GTCGGECECECCCGCAATCAGGCCGACAGGCCCGCCCEGGETCAGGCTEETCGECTGECGCCEGGCCGECAGECCEGE
GAGCAGCGCGTCGAGCGETCICGGCATCCGCCCAGCCETTGACTGACACTGCGCCTGCCGCCETGACCGTGACCTCA
AGGCGETICCGETETCACCGCCACCTCEGATCGGCGCETCCTCGATGCGGTCGCTCAAGCGGATGARACTGCTEETICG
TCGAGCCGACCCAGGGCCGCTCETGETCCAGCAGETCCTCCCGRRAAGGRGCCEGCCACCAGCAGETCCETGGCETC
GAGCAGTGCGGCGACGTCGGCCCEECCETCCGCEELGAGAGCGCGCAGACGGECGTACTCETAGCCGETGAACGTC
ATGACCGAGCGACCCGCCTGCCGCACCCCEGCEECCACCGCGECEAGACCEGCCECCTGCTCGAACGRCTCGCCGC
CGAGCAGGGTGACACCCETGETGCCCETGECGAGCACTCGETCCACCAACTCGGCGEGTGCEGECCEECACCCCALC
GCGTACGCCGAACRAATGCGGATTGAAGCATCCEGCGCACCGEATEGTGCAACCCTGCACCCAGATCGCGETCCGC
TCECCCGETCCTTCGGCEETEETCCGETCEAGGAACCGEGCCACCCGCACCGAGCGGECGGCTCAGACATCGACTATC
CGACCGAARGGCGTCTGETTCECTTGCGECEGGCEGCTCGCACGACAGCCGGTCCCEGACCGCGACGAACTCGTGTG
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GTGCCAGCCCGGCCACGECCGCGARACTCGCCGAGACTGGCGARTCCECCCLCGCGCCTGCCGCECCGCCACGACGTC
CGCCACCCGCTGCEEEETGAGACCGEECACGGCGGCCAACTGT TGCGCETCCGCGETGTTGACATCGAGCCGLTCG
GGCGCCGGCTCCAGCAGCGAGCCCGGCACACCCLCAGCCGECGAGCCCAGCECEEGECTCCAGCGGGCCGGGCGIGE
GCCCAGCGGGECCAGGCLGCTGTGEECTCAGCCTGCCEGLCRECTGCEEGCTCAGCCTGCCAGCCCGLTRLCEECTE
BGCCTGCCAGCCCGCTGCCGECTCAGCCTGCCAGCCCECTRLCGGCTCAGCGGGCCEGCCCECCGELCEECTCAGCE
AGCBGGCCCCTCECEGECTCAGGCCCEGGAGTCCCTCCCTAGAACTCTTGCGGCGAAGGAACGACACCCTGTAGTT
GCGGCGGCAGCGGAGTCGCCACGGGAGCEEGCECETTCGCCCACGGLCECLTECTEGEGCTGCECATACCACEGCAC
GTGAGCGGCACGCCAGCGCAGCCAGGAGGCETTGATGACGAACGCETGCGCGACBCTGATCGGCCACACCATGARL
ATGATCGAGARACGCGAGGTICTGCTGEAGCGAGTCCTCGGCGCCCTCACTGCCGAGARAGAAGCAGAAGTTGGCCA
CGACGGTGTAGAGGATCCCEGLGATCCACCACACCGECCECUGGECECEGATGCCEACGTAGAGGAACCCGACCEE
GGAGAAACAGCTGAAGGGCACCATCGGCGCGATCACCCAGGCGCTETGCGCGAGGCGCCACGACAGCCGCGCCGEL
CCGETCCECITGECCCEGCTCGTGACCTGGRATGCCECGEGATAGCACGGATACGGCTGCTGETGAGCAGGLGGGAACG
GCGGCAGCGGCTGCTGACCGGAAGCAGECEGGRACGELEELAGCEECTGCTTGCCGAACGACGECEGETACGLLEE
CTGCGAGGCGEGATACGEETCCTGGCCCGEETTAGCCGETGTCCACCTCACGETTCACGATCCETTCCCGCGLEGET
GTGCGCCTGACGCETETAATCCGCGETETACGCACTGTGCCGCACCTGCCCGCCGACGAGATCCTCCAGAACGGCE
ACGTAGTCCAGGCAGCGCTCGCCGAGAATGTCCACGETCTCGECACTCACCTGGCCEGTCGGGACCGACCETGACGR
CGRICCGAGGATTCTCCCTCATGCCCGCTCCCTCICCACCTCGRAAGACCAGGCECACACTGECETCCTGGCCGACT
GACTCCGACTCCAGCCGCAGCCCGECCTCEGECELCTGCGCGCGCAGCCGCTCCAGGACGECCTGCTESGACCCGLC
GCCCGTACGCEGETGTCGACGGTCCGTCATCRAACTCGACAGCCCCTGGCTGATCGACECCGETGACGTCCGLGEECCA
GATGCCGTCCGCGCCECEEETGAACCTCECGGCECTCTGCETCCAGGTCGLCGAGATCETGTCGCCGGCGGLCETC
ACGGTGGCTCCEETETCGCGCASCECCGCATCGAGCAGGETCACAT CECGCATGCEGRTCTGCACCTEECAGRATCA
GCCBGCCGTCETCCATCCGECCCECEGCEECCTGAACCGCEGCCGCGCCEGLCATCGCCARCGGCACCAGCAGCAG
TGARACGCTCACCATGCCCCCCGTTCTCGCTGETCGCCACACCCTATCGGCAGGETGCGACARATCATCGETTEGTG
AGGTCCCAGICGTCEGTEGCCGGTGGCCCACACGECGCEATTGCGGGLCCAGCCECGCAGBGCGTCEACCCECTCEE
CCTGCGTCACGCTGAGCGGCACGATGCTCATCACCGCGCCTACGAGATCGTCGCGCCECAGTGGECGECETTCGGA
GAACGCGTCGAACAGTCCCGCAATGACCGCCTGCTCTATCICCGLCGCCGGAGTAGCCCTCGETCAGCCCGGLCAGC
TCGETGAGCAGCTCGGCATCGACCCGCAGCTCGCLGECEELACGCLEETGCLGCAGCGCCCGLCCEAGGTGCACCC
GCCACACCGCGACCCGCTCGGACCGEGCTCGGCAGATCCACGAAGAACGTCTCGTCGAAGCETCCCTTEGCGCAACAG
CTCCGGCGGCAGCCCETCGAAGTCETTGGCCETCGCGATCACGAAGACCGGAGTCCGCTTCTCCTGLATCCAGGTG
AGGAAGGTGCCGARGACCCGGGECACCGGTGCCGGAATCACCCCCEGTGCCGCCGGCGAAGCCCTTCTCGATCICET
CGACCCACAGGACGCACGGGGCGACCGCCTCCGCCETACGCARTGCEGTGCGCATGTTGTGCTCGCTGGAACCGAC
CAGGCCGGAGAACACACGGCCEATGTCGAAGCGCAGCAGAGGCAGETTCCAGGCGGTCGCGACCGCCTTGGLCGETC
BGCGACTTGCCGCAGCCCGGCACGCCGGTGATCAGTACGCLGCGCEGCGCEGECAGGLCETACCCEECCGCCTCET
CCAGCCAGGATCCGTTGCGTTTGACCAGCCAGGCCTTGAGETTCTCCAGGCCGCCGACGTCETCCAGCACGETTCC
GGCGGCCATGAACTCCAGCACGCCLGATTTGCETACGETCTCGCGCTTCTCCTCGTGCACGATCTCCAGGTCGGCC
AGATCGAGCACGGCGTCGTTCACCATGGCCCGGECETACGCETTCTCCECCTCCTGCATGGTCAGGCCGGCCGLGE
CCGTGACGRACCGCTCCCGRCTCTECTCETCCAGCTCCACCCGCAGCCECCCGGACGCGETGTTCCCGCGCACCAT
GGCGTCGAGCAGAGCGCGCAACTCCAGCTGGCCEEGCAGCGEGEAAGTCCACGATCGTGACGTCCTTGCTCAGCICE
ACCGGCAGGTCCAGTACCGGCCAGAGCAGCACGAGTGTCCGLEEGCTGLGECCGGCCCEGAACGCLCTGGGCGATGT
CGCGCACCAGCCGGACGACCTCCGGEECTCTGCGCGAACAGCGGETGCAGGTCGCGGAAGACGAAGACAGCCGGTIC
GTCGATGCGCTGCACCECCCTGAGCGCETCGETEELCCGCTGCGCGCCCGAGCEGECCTCECCETTCGGCTGGACT
AGRCCGGECEGTICAGCGACCAGGTCCAGACGGCACGTGGCACGCGGACGAGETCGECGTICGCCGGCEATGCCGELCA
GGTGGTGCAGCGCCCGLCTGCTCCTCGTACCTCTCGAGGTGGAGCACCEGGAACCEGGCCTTCAACABCTGCGCGAA
CGTCICCGCGRACGRCCTCTCCACCEGCGCATCCTACGGCLGCGCLGGCCEECETGTCAGAGCCCGGACGGGGTEC
CGGETGGCGTCGCETGCCETCCGETCCTTCCCECGCTICGACGGETTCGTTGEGETTGATCEETCATGGCATCCTCCTG
CTCAGTCCGGGCGETAGACGGCEETGTCCCCGRACACGECECCEEEETCCTACCCCEAGCGECCEETTTCCTCCET
GGTGTCCTGCTCGTCAGCGCCGGCGCCTGTCGACTCGCCEEETTTECCCAGTGACGCCELETATECCGGGGTTCCG
TCCGECTCETCLGTGEGGATGCCECTGGAGTTGTICTCGETCATCGGTCATGARACGGCGGACTTCCCTGCAAGAGCG
CGGACAARCGTGGTCGTTTATCCCGCAGCCGGGCGEGCAGTCGTCCACCATEGAACCCATCGGTGACCCTGACGAG
CAGACCGGCGACTTCGCCGRAAGAGCACCAACTCACCGAGGTCGACAGCCGAGGAGGACGACGACGGCGAGCCGGEAGA
GCCCGGRATCGCTGGACCGGLCGGCATGGACTCCCACGGTCCCCCETEACCTGCGGCTACGATCCCTCACAGGTGCCC
GCCCCGCCBACGACCCGAGGTTCETAGCCGTTCGTCCTCCATCACCGAGCTGACCGAGTCCGTGCETGCCTTCGCGL
GCGAGCGCAACTGGGAGCAGTTCCACACGCCGAAGAACCTCGCGATGGCCCTGECCGGCEAGGTCGETEGAGCTTCT
GGCCGAGTTCCAGTGGCTGACGCCGGAACRAATCAGCCGCGETCATGCGCGATCCCEATCTCGGCCCGCEGETICGG
GCCGAGATCGGAGACGTCACGATCTATCTCGTACGCCTGGCOGEACCTGCTCGGCATCGACCTGGTCEAGGCGGLCA
CCBACAAGTTGGCGGAAGCCGGCCGCCGECTACACCGTCGAAGCCECCCECGACTCGGCCGCCAAGATCGATCAGCT
GTAGTTCAGCGAGAAGTTIGTTGACCGTGAAGTIGGACTGACCGGCEGETECCCCTGATCTCGAAGCCCAACTGECGCE
TCGCCGACCGTCACGTCACCCCACCAGCCGTTEGTGCGCAGCCAGTTCAGEATCGCCAGGATGTCGACGGTGCCGE
AGTTCGTGTTGCTACGGATGAACGAGARGACCECGTTGGCGCCGTTCGACCCGCGETAGACGTTCCAGGTETGCCC
GCCGRCGGACAGETTGCGGACGTICGGECACCGLECCETTGECGTCETACTGTICGGCGATCGGCCLEALCGLGLCT
TECTGETTGGTCCACATCATGACCTCGTAGGCGTGGTTGTTCGCCCAGATGTCGTAGETCGTCGAGTAGTCGCCGC
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TGGACGGCACCGACACGTTGAAGGAGCTCGTCAGAGAATTGAGCGAGCTCAGCGTACGETTGAGGETCT TTCCGET
GCTTGGGGTAGGACTTGACCCCELCTGGTECGCGEETGAT TCGCGACGACGCCCCAGTTGETGCCECTEGCGCECCCAG
ATGETCTGEGETGCCGELGCCCEAGCCCCAGATGTTGTTETEGAGGATGTATCCGTTGTTGGTCCAGTTCGCCCACTG
TCCCGAGTCGACCCAGACGGCETCECTCGETACGCCET TEGTGGECGGCTECGAGCTCERGLTGETGGEGCCAGET
CATCCGGTGCAGGCGETCCCGTTGAGCGTGRALGTGCCCGETECCEGEETEECGECGCCEGAGCCETTGAATCCGA
ACGACACGGTCGCGTTGETGCCEACGCGATCCGTTGTAGCCGECETTECEGGCEGTEACCTGCEGATCCGCTCTGERT
CAGGCTGGTGTTCCAGGCCTGGETGACGGTCTGCCCGCCGGAGTAGGACCAGACCAACGTCCAGTTCGTGAGCEGA
TCACCCAGGTTGGTGATGGETGACGTTGGCGCCCGAAGCLGUCGEGCCACTGECTGCTCACGETGTAGGCGACGCGGEC
AGCCGGCCGCGGCGEEACGCCEECAGCECGETGACCACGCCGECACCGBCEATGAGGGCCGCCGAGECGGCCAGGGA
CAGCGCGAGAGTACGTCTGCGCATGCCETICCARTCTCGGAGGGGCAACACACGACGCTCGTCGAAGCGCTTCGAT
AATGAAGGCTGEGGATCTACGAGTGTCGATGCGGGATGAGECCGATETTACGACCCGCCGCCECEECGAGGCARCC
GCTACCTTGGGCGCATGACGATCACCGAGACCGATCTCGCCCACCTGLGCCEATGCGTCGACCTGECCCECGAGGE
CCTCGACGACGGECGACGAGCCETTCEGETTCCGTCCTGETCTCCGCCGACGGCAAGGTGCTGTTCGAGGACCGCAAL
CGGETGAGECACGGCGACGCCACCCAGCACCCGGAGTTCGCGATCTCCCGCTEGGGCEGCCGAGCACCTGACCCLGC
GGGAGCGCGCCAGCCCGACGETCTACACCTCGGGCGAGCACTGCCCGATGTGCTCAGCGAGCCACGGECTGERTCCG
CCTGGGCCGCATCETGTACGCEECETCGAGCGCCCAGCTGACCECCTGETACAAGGAGTEGEGAATCCCGGECGGEE
CCGGTCGCCCCGCTACCGATCACCACAGTGGTCCCCGGCECCETCETGGAGGGCCCGETCCCAGCCTTCGAGGLCG
AGCTGCGGEGAGCTACATCGCGCCCGCTTCACCCCAGCGCAGTAGCCGCCGGACGAAACCCGACCCTTCTCGCCAAT
GRACCGGACCTGCGAGCGTCTCTECATTGACCECEEAGGCCCECAACGCCACAGGCTCGATCTCCGTCACCRTCGE
ACCTCAGGGGCAGGTCGAGGATCTGCGCCTTGACGACCGAGTGCATGACCTCCCATCCCAGGARCTGAGCCAGCAS
ATCCTGACAGTGATGCGAAAGGCTCAGTACCAGCTCACCGAGTACGTCTCGGCGCACATCCGTGACACCGTGGGCA
TGGATTCGGAGACCGCTCGCAATETGCTCCACGCETTCGCACAGCGCTTCCCGCTGCCGGAGATGACCGATGAGCG
TTGAGCAGGTACAGCTGCCGATCGACGTAATCAACCGGCACACCACTACCATCGCCGCAACCGCCGATGCCGTALG
GCAGGCCCGCGCCGCGGCAGGTCAGGCAGCCATGGACTCGCAAGCGTACGGCCAGTTGTETCAGTTCCTGCCGACC
GCGTTCAGCGTCETGTTCCAGAGTGCGATCGTCGCCATGACCGGCAGCGCCGAAGCGTTGCAGGARACCACCTTCA
ACCTGCAGGATGCCGTCACGACGTTCAGATACACCGACGAGTCGGCCGCTCGCACCATCGCCTCCGCAGGTTCGCC
GCCGTGACCACACCACTTGTCGCCCAAGCCGGGGACTCCACCACGGEATTGACCGETCTEEGGCTCGTGCAGGALG
CCCACCAGATCGCAGAAGCCATCCGCGGGAACAGTTGEGTCGACGGLETCCTCGECEGAGTCGGGGCCAGCCTCGA
CGGTCTGGCECTGECEATCGACCCGCTCEECACCCTTGCCGCCTGEGGCETCGCLTGGCTCATCGAGCACGTCCAR
CCGCTACAAGACGCCCTGGACTGGCTGGCCGGCGACGTCCACGAGATAGCCGCCCAAGCCGCCACCTGGCGCAACG
TCGCCGCCTTCACCGACAGCGCCCAGCAGGATTACGCCGATCEGLTCCGCACCGAGGTCGECCEGCTIGETTCGGLEL
CTCCGGCGACGCATACCGGGCCCATGCCAGCGARCACTTGGCCGCACTGARAGGCATCAGCACCGCAGCCGGCGGE
ATTTCGTCCGCCGTCGAAGGCECCGGCCTECTCETCAGCCTGGTGCGCEGAAT TGTCCGCGACCTGATCGCCCAGT
TCGTCGCCACTCTGGCCOTTCEGCTGCCACAATGGCTCECCGCCGAAGGACTCACTCTGEGCCTCECCACCCCCGT
TGTCGCGAGCCARGTTGCCGCCCTCGTCGCCCGLGRGETCAACAAGATCCAGCACTTCATACGGGCGCTGCTCAAC
AGCCTITCGACGGCTGATGCCCATGATCGACCGECTGGETGAAGTECTGCGAGCEGCTCCGCATGCTCACCGACCGEE
TCGCAAGGTCCAGCCCCTCCACCCGECCCGGAGCCGACACCCGECCCCGCTACTCACGCCGGRACCGAGAACGCATC
GGGAAACAAGCCCGAGGGCCACCTCGAACCGAACGAACCGLGCCCGGCCEAGGCTGACGCCAGAGACAGTACGCLT
CAGGCGTTCGTGGACGAGGTCGTCAGCAACCCCLGGTCAGTCGCEGEACACTCCGCGCAGTCCATCGCGGACCAGT
TCAACGCCGCCGBATACTCTGCGGTCGTCGAGCAGAGCACCAGGAGCGGCACCTCGGGEAACGCCATCCAGGTACG
CATTCACGGCCACCCGGATATCACCRACATCCAGGTGCATCCGGCAGGAGGACGECACACGCCGGAGGGGTCCLCE
TATTGGARARTTTCCGACCAATACGCTCGGGAAGATCTGGATCATCCCCGAARATTTCCGCEGCGCCEGATGAACTSEC
GTGGGAATGTGGTGCGCTATGACARATAAGATCATCARRCTGEATCGGGTGGGATCCGCGEGGGRAGCTGCCACGC
TCGTCGCCCTGEGCGTCCACATCETCGGEETCEATCTTCGTCCTGATCCGCGATTCETTGATGATCGCACGCTGGA
CGCCGAACAGGTTCGCCACATCCECGAAGCGCTECCGCACACGACGCTGGCCGTCACCATGGACACCGGCACCGAG
CCGGACCATGTCGETCGARCTCGCAAGGCGRAATCGGCGCEGATCTGETCCAGTCGATCAACGGTGTCATCCCGLCGT
TCCCAGTACGCGETCGCCCTGCCCAAGGCCGACATCGCGATTGTCTATGCGGGCACAGAGATCTCCCACGACGACGA
TCCCGGCTGEETCTTCAGCGCGTACCACGACACTCCGGACCTGAACGCCGCCCTGTTTCAACTEGAGGTGCTTCCG
GAGTACCTCGATTCCTGGCAGTTTCTGCGTCGACCGCTCCCCGGRATATGCCGACGAGTTCCAGATCGAAGATCTCG
ACGACCTCGGACGCGCTCGCCCCTTGETTECCCGGCCTGAATCTCACGGCTCAGAACCTCGACGAGATCAGGGCACG
GCTTCCCCACGTCCGCEETCTEGCEGCTCACCCTCGCECACGAGGLCCECGAGGAGCGACGLGCEETITCTTCATGTTT
CCCCACGTAGTGGACATCCTTTCGGCAGACTCGTCCEGETGACCGEECATCGCECEGEAGEGGECTCGTGTCGCAGR
GTCAGGCTGACGGCATTCCGGCEGGCCTGACGCCAGCAACCTCATGACCGCGECTGTTCACCATGCGCAAGCACGAG
GCAGGGCGCCEGEEAGGTTCGGATCGTCCTCAGCGGECEAGATCGACGGECGATGTCAGCECGGCECTCACCCTETTCA
TCGCCAACGCCGCCGAGCAGGACGGTGTCCEGATCGETGCTGGTGEATCTGGACCCEETGCTECTECTGGCLGCAGL
CGGGATCCGETECCTGCTGAGCGGCCGTGAGGCEECTCIGCTEGCAGGECTCCTCCTACGAGCTGETCAACGTCCGE
CACGAGGTCGCGGATTCACTEGCACGCCGCCGGCETRECAGATCTGCTGCTCACCCTGCCEGTCCGCTGAGCCGGCT
CAGCTCGGGTCEGTCEGRAAGCCCTCGTCGECECETTCGCGGCECAGGTGETGCCTCGGCCCGGCGCECCTGEGTCACCCT
TCTCCGLCTGCCAGCCCEGCGTACATGECCTGCACCTTCTCGTACGGCTGGCCEGECEGGCAGCAGCGGGATCGCCGE
ATCGACCACGGCCTCEATCAGCGTCGGGCEGTCCGCEGACAGCGLCECCTCCCACGCECCGETCAGETCGGACGGE
TCGGTGATCCGCACTCCGCGCAGGCCGAGCAGCTCEGCETAGCGCGCRTACGGGACGTCGEECAGTTCCTGLGALS
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TGACGAABCGCEGCTCGCCCTCGOTCTCGCGCTGCTCCCAGCTGACCTCGGCCAGETCCCGETTGTTCAGCACGCA
CACCACGAAGCECGGETCCGCCCAGTCGCECCAGCEEGCEGCCACCETGATCAGTTCCGCCATGCCCGCCATCTGE
ATCGCGCCGTCGCCGGCCAGCACCACGACCERGEGTTGCGCCECCGCTAGCTTGRCEGCGAGACCETACGGCAALT
CGCACCCCATCGACGCCAGCGTGCTGEACAGATGCGCCGGEACACCGCGEEECAGCCECAGETGCCEGGCETACCA
GTAGACGRACCGAGCCGACGTCGACCGCEACCTGCGCETCCGCEGGCAGETEETCEGAGAGCGAGCGAATCACGTGC
TGCCEGTTGACCGETTCGECGEGCCECCECGECCCEGECLGCELTGATCAGGCGCLAGCGCTGCACCCATTCCTCCA
CGCGBGCECCCCAGGCECCECTTGCCCEGCTEEECAGCAGTCCCAGCAGCTCACGCARGGTTTCCACGGCETCGLC
CAGGAGCGGGACCTCAACCGGATACCGTACGCCCAGACGGCGCCCGTCCACGTCGATCTETACGGCCCBCGCCTGE
CCCGGCCGEGGATAGAACTCGETCCACGGETCGTTCETEGCCGATCAGCAGCAGCETGTCGCAGTGCCGCATCAGCT
CGGCECTECCCETGGTECCCAGETECCCCATGACGCCGETGTGCAACGGCAGGTTCTLETCGAGGACCEGCTTELC
GAGCAGCGAGGTGGTCACGCCGGCACCCGAGCCGCTGLGCCAGCTCGACGATCTCBCGCTCCGCGCCGTACGCTCCE
TGCCCCACCATGATCGCCACCCGCTCGCCEEAGCGEAGCACCTCGGCCGCCTCECGCAGGTICTTCCEGECEEGELR
CCACCCGGGCEGEECECAGCCCCECECTCETCECCAGCACACCGETGCTCATGCGCCTGCGEETCEGECGCLGGEEET
CGTCTGTACGTCGTGCGGCAGGACCACGCAGCTCGGECTGCGEETCGCRGAGCGCGETGCEGAACBCGCGETCGAGS
AGCATCGGCACCTGCTCGCTCOTICTECGCCECCTGCACCAACTEGECGCACACETCECCEGAAGAGCCGCACCAGRT
CGRTCTCCTGCTGGTACGCGCTGCCGAGCACCGTCCAGACCTGCTGGCCCACGATCGCGACGACCGGTTTGGAGTC
GAGTTTCGCGTCCTAGAGGCCGTTGAGCAGCTGCACCGCGECCGEGACCCTEEETGGCGAGGCAGACTCCGGCACCR
CCGGTCTACTIGGCETGGCCGACGGCCATGAACBCCGCGCCCTCCTCETGCCEEECCTGCACCAAGGTGEGECCGGL
CGGCCCGECGECAGCGCTCCGATCACGCCETCGATGCCGTCCCCGGAGTACCCGARGACCCETTCCACGTCCCACGT
GGTCAGACGCTCCACGACCACGTCCGACACGETCCGECTCCGTCACCGECTGCCTCCTCACGTCACACCGGEGGGCTAL
CCGCTCAGCCGLELGEGTACTCCCCTTGCGCGARATGCGACTCGCETGCACCTCACGGGCCGGECEGACGCEGCACG
GATCTGAGCTEGTTCCCGCCCGGTTCTCGATCCCCTGTGATCGGEGTACACACGTGCGGTGAGCAGGGACAAGALGT
ACCCGCCEGTCCETCCCGALGGEEATCCGGACCACCTTCCACGACGGTGTACTCGEGCECATGCGGATCCGGTGCCT
GGGCGAGCCGCGTCCEGGCETACCGGAGATCGTCGATEATCCAGGGTATGACCGTGAGTGACTATCTGCTGCCGGGET
CTGGGECGCGCTCAGCECCTGEACCCEGETGCACCTGETGCAGCTGCCGGEAGCGCAGCEGCAGCGGCCEGLCGLCEL
ACGATCTCACGCETCGAGGAGTACGCGCGEGCLEGCEECCCGACTEGCTETGCGCCCAGCGLCCTGGECLEEATCETGCT
GGCCGGCCATTCCAGCGGCACCCAGGTGELGECECAGACCGCECTGTTIGTGCCCGCACGAGCTCECCEEAGTGGTG
CTGGCCGEECCCGGECEATCEACCCEETGGCCCECEELEECCTECEEETCTTCGLGCGCTEGTGGATCEGACCGGLGLG
GCGACCCGRAGAGCCTGGACGAGGTGCACARACCCGAACGCEGAGCAGGTCGGETTCCGGCGECTETTCCAGGTGCT
GCGCGCCCACCTGCETCACGACCTGEAGARAGCCGGTGCTCEEECTCTGCETGCCGETGCTGETCATCCGCGGCAGT
GAGEACCGGCTCEGCACCECELEETEEGCCCEECEECTCOCCEATCTEECTECCETCRECEECCEETACETCGRARS
TGCCGGGCACCCACTCGTTCTGCTGECGTTACCCGCAGGCCTGETCCGCGCCEATCCGTGAATTCGCCEEGATGGTC
GGTATCGGTCTCCGGCACCTGAACGEACGTTICGETGGCATCGCCGCCACCGCGGGCLGGCGCATCCGCATCCACA
GTCCGGGETGAGGETCAGCGCCGTITCGCAGGCGGAGTGTCCATGATCGGTCAATTGACSTGCTYCCATGAGCCGLC
CTACGGTCCGACAGAGAAATCGTTATCCGGACCACCATCGACATCCGARTCGGTGGLCCCGGAGCCGATCATCGAL
CGACCCCGGGCCACCCCCECTCTITGCCAGRAGGGEGCCAGGCACATGACGGAAGCTGATCATCETCCGACCETTCTC
AGCGAGARTCCTACGGCTETGCGCCEGIGCTTCTCATGETGCTCCGAGTEGGGCCTGETCEGECGCCCCEGACETCGCACG
CCGGCGGCARAGCCGACCATCTCCAAGGAGGCETTCEGCAGCETCEGCGGCAAGGCCGTCGACCEGTACACCCTCAC
CAACGGGLCECCTGCAGGTGCEGATCCTCACCTACGEAGGCATCCTGCAGACCATCACGTTCCCCGACCACCGCGEEL
CGCAGGGCCARCGTGACGCTCGGATTCAGGACCCTCGACGAGTACGTGACGACGARGAACCCGGCGTACTTCGGELG
CCATCATCGGCCGCTACGGCAACCGGATTGCCGACGECCEETTCACCCTGGACGGCACGACCTACCAGCTGGCGAC
CAACAACGACCCGAACCACCTGCACGGCGGEETCETCEGCTTCGACAAGCGEETGTEGGACGCCACGCCGATCLGC
GRCGGCGACAGCETCGGGCTGCGCCTGACCTACACCAGCCCGCACGGCCAGGAGAACTACCCCGGAACCCTGCGLG
TGACGATGACCTACACCETCACCCGGCAGATGECTATCCCGATGGACTACCGGGCGACGACCGACAGACCGACGAT
CGTCAACCTGACCAACCACGCGTACTGGAACCTCGGCGGCGAGGGCACCGGGACCATCGACGACCACCTGCTGAAG
CTCAACGCCAACCGCUTACACGCCGETCGACGCCACGCTCATCCCGACGGGEGGCGATCGACGCECTCGCCGELACAC
CGATGGACTTCCGCCGECCCACGCCCGATCGECGCECGCAACCGCGACCCETTCCAGCARCTEETGTACGCGCGCEE
CTACGACCACRACTGGGTGCTGRAACCGCGAGEACGGCCAGTTCCGECETCTCGAGTTCGCGECCCEGGECEETCGAC
CCGGACAGCGGGCGECAGCTCACCATCTACACCACCGAGCCGGGCATCCAGTTCTACGGCGGCAACTTCCTCGACE
GCACCCTGTACGGCACCAGCGGCCEGGCCTACCETCAGCGAGACGETTTCGCCCTGGAGACACAGCACTICCCGGA
TTCTCCGAACCACGCGAACTTCCCETCGACCETCCTTCGACCGGGACAGACCTACAACTCGACGACCATCTACCAG
TTCGGTACCGCCGACTGATCGCCTCAGECCGGCCECCGCEEEACGRECECECCECEGTCGGCCGCACGGLAGTCAGE
GGCGGCGACTGGAGGCACACATGCCACGCATCCATCCGARRAGTCGRAGEAGGCCETCTCTACGCTCGACCTGAACTE
GACGACACGACGCCGGCTETTGTCCGCAACCGEETTGTTCAGCGCCTCGCTCGCCGLGGECECGECTGCTGAGCGCA
TGCAGCGACCAGRACGACGGCCAGAACCAGACCGAGGGCGCCEGGTAACTTCCCGGACACCCCCEAGTGELEETTCA
CATTCGTCAACCACGTGACCACCAACCCCTTCTTCACCCCGACGCAGTACGGGATGGAGGACGLCGCGACGCTGCT
CGGCATCGCCAAGCCGCAGTGGACCGGCTCGCAGAACTCEATCGTGGCCGARATGGTGAACGCCACGAACACCGCE
GTCAGCGCAAAGGTGGACGGAATCGCCATCEGCCETGETCGACAAGGACGCETTCCEGCGGCCGETCGACCAGGLTC
TCAACGCGGGGATACCGGTGETGTCGTACAACGCCGACGGAGCCCEGEGCECGCCEEECACGAACCGGCTGGCCTA
TATCGGACAGGGCCTGTACGAGTCCGGETACGCGCTGEECTAGCGGECETTGCAGETGCTGEACTCCGECGAGGTE
GCCGCCTTCATCGCCACCCCGGGCECGCTGAACATCCAGCLUGCGCATCCACGGCGCGCAACAGGCGTTCAAGGACT
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CCGGCAAGCCGATCACGTTCACCGCEETCGCCACGAACGCCGACGTGACACGCGGTCTGTCCATCATCGACGCGTA
CGCCCAGGGGCACGCCAACCTGGCCEGCATGCTGGCGETEGACGCCGEATCEACGTCETCGGTEEETCAGACCGTC
AAGRAGTACAACATGCGCGECAAGGGGCTCAAGGTGGCCGGECGRETTCEACCTGATCCCGGAGACGCTGACCGGGA
TCCAGGAGGGCAGCCTCGACTACACCATCGACCAGCAGCCTITATCTGCAGGGATTCCTGCCCGTGCIGGCGCTGTA
CTTCTACARGGTGCTCCGGECEGEGCTGATCECGCCGAGTGAGACGAACACCGGEGCTECTTETTCGTCACCAAGGACAAC
GTCGCCCCGTACCAGAGCACGAAGAGCCECTACGAGCGCTCCACGACCGACAAGGTTCTCGTACCTCGCAGCGGGEE
CGATCGCCCATGGATGACCGGATCTCECCTGCGLCCECGCAGGCGCCTTCCCTCGAGGTCCAGCARCGCLCETGGCE
GGTGGCAGCCGGETCACGGCGGCCGGCCEEAAGGTCCTCGACGCCTTCCTGCGGCGGCETGAGGCCAGCGTGCTGCT
CGICGCGATCEGCCTGATGATCTACTTTCGGGCETCCAGCCCGETCTTCCTGAGCCGCGACAACCTGGTCARCATC
GCCCAGGCGACCGCGCCCGTCGCGATCATCGCGETCGGCATCGTGCTGCTGCTEGETCAGCGGCGAGATCGACCTGT
CCOTCGETATCETGGCCGCECTEECECCGTTCCIGTITCCACTTCGGGATCAACTTCTACTCGCTGCCEGTGGTGCC
CGCCTTCETGETGGCGCTGGCEATCECGEECCCEARTCGGCCTGGTGAACGGGCTGATCGTCACGCAGCTGCACGTG
CCCTCGTTCGTCGACGACGCTGGGCACETTCTTCGCCCTGCAGCGCATCCTGCTCATCACGTCGCACGCCTATCCGG
TGCCGATCCCCGACGCGGCCARGEGCACCTTCCARAACCTGGLCT CEECGCCEGGCCETCEECCAGCATCACCTGGGC
GCTGATCATCGTCGCGATCTITCCACACGGTGCTEACCCTGACCCEGTEGGECCTGCACACCATCTCGEGTCEGCGGC
AACCCGGTCEGGCECCACCGAGGCCEGCATCCGCGCCTCCCECATCAAGATCEGCAACTTCGTGATCACCAGCACGC
TGGETGGECTGETCGEGCATCATGGAGGCGTTCCGGATCAACACCATCGACCCGRACATCEGCGGCGECACGACGCT
GACCTTCTACGCCATCTCGGCCGCEGTCATCGGCEECACCGCELTCGCCGRCEECTCCGECACCATCGTCGEGCGCC
TTCCTGEECECCCTCETECTGECCGAGCTGCAGRACGGETTCAACCTCATCGGCTACAGCGCCAACACCATCTTCC
TCATCCTGGGCCTGGCCATCCTCGTCTCGATGATCGCCAACCAGTACCTCTCCCGACTGCGCCEGECAGGLCGATC
ATGACCGCGGAAACCGTGTCCGACGCGCTGCECGTACAGAACATCGCCAAGAGATTCGGBCGCTCTCACCECGCTGE
AGGACGTGACCCTGCGCGTCECCEAAGGCGAGGTGCTGGGCCTGATCGGCGACRACGGLGLCGGCAARCTCGACCCT
CATCAAAATCATCTGCGGETACCACCGGCCGEACCCCEEECECATCTTCGTCGGCEGCGAGCAGGTCACGCTGCEL
AGCGTCGACCACGCCCECTCEETCGGCATCGACGCCETCTATCAGGACCTGGCCCTGGTCAACGAGCTGTCCGTCT
ACCACAACATGTTCCTCAACCGGGAGCTCGTACGETGECCGCTGCTGAACRACCGGGCGATGCGCCGCCETGCCGA
GGAGCACCTGCGCGACATGGCAGTGAACCTGCCGGACGTCEGCETCGAGGTGGCCAAGCTCTCCGGCGEGCCAGCGEL
CAGGCGATCGCGETGGCCCGCTGCEGTCTACTCCCACGCCCGCATCCTGCTGCTCGACGAGCCECTAGCCGCGARTGE
GCGCGAAGGAGGGCACGATGATCCTCGACCTGATCCECGACCTGAAGGCGCGCGGCAACGTGTCGATCATCATCAT
CGCGCACARCTACGCGCAGGETGCTCEACGTGTGCCACCEGBETGAACCTGCTGCAGCACGGCCEGRTCACCTTCRAC
AAGAGGTCGGCGEGACACGTCGCTGGCCGAACTGACCGAGCTGETGETCGCCGAGTACCGCACCGGCCELEGECEET
GACGCCTICAGCGCTTGCCEECCCRACTCCCCTETACTGECTCECECCEETLGTCTCCTCGCCEEEETCEEGATGCCAC
TGCGEGCTCEGCACGACECCCGECEEGACCAGETCCAGTCCCTCGAAGRAGCCGECGATCTCGTCGCGCETATGCA
TCAGGTAGGGCACCGCACCGGAGBABTTGTAGCCCTCCTGGECCTGETTGAGCECCTCCTCCCCGGCEACGCGCAL
ACCGTICGTTGATCGACAGGETAGCTGCLGGECGGCAGCLCEGECCATCAGCTGCCGEGACGATETCGCGCALCCTCTGLG
BTGCTGGGGATGTGGCCGAGCACGCCETTGAGGATCAGCGCCACCGGCCGGCCCATETCGAGCTCECGEGECEGCEA
CCGCCAGGATGTCCGCCEETTTCTGCAGETCACCCTCGAGGTACACGTCGGACGACCCGGCCAGCAGCTCACGGLC
GTGCTCCACCGCETACGGGETCCTTCTCGACGTAGAGCACCCGGECETCAGGEECEACCCGCTGCGCCGATCTGGTGG
GTGTTGTCGACCETECEGCAGGCCCGCECCCACGTCOAGRAACTGGCGCACGLCGGCCTICGCCGGCCAGGTAGCGCA
CGGCACGCGACAGGTACCGCCGGGACTCGCGGGLGATCTCETCGATGCCGGGEERACACGGCACGETACTCGTCGLL
GGCAGCGCEETCGACCEGGGAGGTTGTCGETGCCECCEAGCCAGTAGTTCCAGATGCEGGCCGACTGEGGGCACLGAG
GCGCCGGACTCCATAGTCACGGATCGATAGCCTAGCCCTTCCGLGCCTGGCTGGCEACGCCCTCGACGAAGTAGLG
CTGGCACAGGRAGAACGCGATGATCATCGGCACCGTGETCGATCACCGCGCCGGCCAGGACGATCTCCCAGCGGGLC
TCGCCCGCCTGGCCGAACTGETCGAGGATCGCCTTCATGCCGCECEGCATGETGAACAGCGCCGGATCCCECAGAT
AGATCAGCGECTTGAGCAGGTCGGACCAGCTGGCCCECAGCTCGAACACGARCGCCACGATCAGCGCCGGCCGGCA
CAGCGGCACCGCGATGCGCCAGARCAGCCGCCAGTACCCGECECCETCGACGCGEECCGCCTCGAACAGCTCACGG
GGCACGCCGAGGAAGAACTGCCGGATCAGGAAGATGTAGRAGGCGCTGCCGAACAGGTTGCCGGCCCAGAGCGGCA
CCTGCGTGGCGGCCAGGCCEGAGCTCGTTCCAGATCAGGTACGTGGEGATCATGGTGACCGCGCCGGECAGCATCAT
CGTGCCGACGACCAGEGCGRACAACACETTCCGLCCEGEGEARGCGGARGTAGGCGARAGCCGARCGCCACGACCGLG
CTGGAGATCGTGACCGCGGCCECEGECGECEGAGTCGCCACCACGACGCTGTTGAACATCCAGCTCAGCACGGGCGLCGE
CGTCCCAGATGGCGGETGTAGTTCCCCGGCGCCCACTCGECGEEEGAGCAGCCECTTCTICGAAGACGTCECEECEEGEE
CTTGAGGGAGGCGCTGACCAGCCAGACGAACGGETACACGAAGATCACCGCEGCEGCGGCCAGEGCEGTCCAGAGC
ACCCAGGGATGCGGGCCECGCEAGETGCELEGTGECATGETCCTGTCCTCAGCCACAGCCACGGCCTCACTCGCTC
TCGTAGTAGACGAATCGCCGCCTCGAGCCGGACCTGCACCACCCGTGATGATCACGATGATCAGGAACAGCAGCCAGG
CCAGCGCCGAGGCGTACCCCATGTGCAGGRACTGGAAGGCCTGCTGGARCAGCTAGACCACATAGAACAGGGCGGL
GICGTTGCCCTACGICTGCTGGTTGECACTGCCEGTAGARGGCEETGTAGACCTCETCCAAGGTCTGCAGLGAGELE
ATCGTCTTGATGATCAGCGTCGARGRAGAGCECGCCGCTGATCATCEGCACGETGACCGCGCGGAACCGCEGCCCACG
CCGACGCECCGTCCATCTCGGCECECLTCETAGAGGTCGCEECEECALGTTCTGCAGCEGCCGCCAGGTAGATGATGAC
CGTGCTGCCGAGCGCTCCAGGCGCCGATCAGCACCAGECCEEGCTTGATCCACGGEGCCGTCCACGETCCAGTTCEGL
CCGTCGATGCCGACCGTGCCCAGCGCCTCETTCACCATGCCGACCTGGCCGTTGAACAGCAGCAGGAACAGCACGC
CCACGGCCACCTITGGGGGTGATCETCGGCAGCTAGRAGATCGTGCGGAAGAACCCGGCGGAGCGECECCCGACCCE
GGCCAGCAGCATCGCCAGGGCCAGGGACACGATCATGGTGACCGGCACGTGCAGCGCCETEGTAGATCAGCCTGTTG
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GCGATGCTCGTACGCACCCGCGGGTCGECCAGCATCTGCCECTAGTTCTCGCCGLLGACGAAGTCGETGCTGETGEA
GCACGTCCTAGCTCGGETGAACSACAGGACGAGGLTGGCCACCATCGGCTCCGCCATGARGACCGTGAAGCCGATGAG
CCACGGCGACAGGARACCGAAGGCGGCCAGGETCTCCCECCGCCGCACGGCEGCACTCATCGTCAGCGTCCGETGT
TGGCCTTGTCCAGCGCEGLCTGAGCCTECTEGCTGEECCTCGECCATGECCTGGGCEGETTTICTGCTTGCCTTCCAG
GACCCGGTTGACCGCGTTCTIGCCAGGCGGCCTTGAATTCCTCACCGEGCGGCCAGCGCCGEGCTCCGAGARGCCGGAC
TCCTGGGTICTGCAGGACGATCTGCACGTTGGCGTICGEGCETTTCACGACGTCTCTGAAGATCACTTCGTCGGCCTTCT
TGTTCCCEGTGTAGACGCCCGECGAAGGGETTTGTTCTCCTTCTTCCGCAGCTCEGCACGGGCCCTCGCGGCGGCGAT
CCAGGBTCTCGCTCGCGGTCATCETCTTGATCCACTTACAGGCCTGCCCAGGGTGCGCECTGTTCGCCEGGATGGCC
CAGGCETTGCCCGTGATCCAGTCEGATCEGCTGCCCETCEACGCCGCGEAACGGCECCACGGTCACCTTGACCTTCG
GCGAGTTGTCGGCGAGCACCTTCAGGTAGAACTCCTCCATCGGCAAGGCECCCAGCTGGTTGCTGGLCGAACTGGTT
CTTGGCGCCGRAGARGTCCCACGAGTCGCGGAACGACTTGAAGTTCGACCAGCCGCCCTGCGCETTGATCAGGLCS
ACGGCGTATTCGAGGGCCTCGACCACCTTCGEETTETTCAGCTGGGCGETGCGACCGTCGTCGCTGACCAGGGCEE
CGCLETTCGCGCGCGCCCAGACGGGCAGCAACTCEGGCAGLTTCGGGTCGAACCCGATCCGCTEGAGCTTGCCGCC
GCTCATCCTGETGAGCCGGECCETGGCCCTCGACAGCECCTEGCCAGTCCCCCGTGTCEARCCCGGCGEGATCCAAG
TTGACCTCGGCGAACGCGGCGTCETTGAGCATCACGACGCCETTGTTGTAGAAGTCCGGCAGGCCGTACAGCTGCE
CGTTCAGGGTCGCCTCGETGACCGCGGCCTCECEEAACTGCCTCATGTCEATCTTCTCCCGTTCGACGCAGTCGCL
GAGCGGAGTGAGCECCTTCTTGGCCECETAGETECCCAGCAGCCGCCETTCCATGTACACCAGETCLGELGGEETC
CTGGAGGCCACCGCGGACAGGAACGCCTGGGCCETCGAAGCTGCCCTCGEACGCCTTCECCAGGLCTEGECECGATCA
CGGCETTGCGCCGCETCGAAGCGECTCITGGCEGATCTCCTCCCCEETEGCCGARACCCATCATGETCAGCGTCACCGE
GGCETTGCTETCGGAGTCCGAATCGGATCCGCCCACGCCACCGCAGCCCGCCECCAATGTCAGAACCAGGGCACCA
CCCACCACAARACCGGATCGATCGCATCGAACATCGTTIGTTCTCCCATTTTCACTTGTTCCCETGEGCGARGCATAAG
TTCACTTCGATGCCCGCGCACTCGGAGCGGCTGCTEGTCAACCGCCGACCEETTGGCGGATCACCACGATCGGETES
TGCGGCCGCTGCCGGECCGCGCTCCTECTCCCGCCGCCACGLEGETGGGCAGATACCGATCGGCGTCGCTCTAATC
GATGGCAGGGATACCGACGETGACACCGTTTCCTCCCEGCCECTTCATCCCEACGTIAATCGCGGECATGGLGCLGTAE
GCCGCETTTCGTCGARATCGCCGEGCTATTCGCCCGGCAACTCCACCGAAAGGAAGACACACCATGTCTGCTCTCG
CCATCGAGAAGTCCTGGRAGGACGTCGACCTCCGTGACGGGECEACCAGCCACCCEGCLGECCTCGECTTCGGCGA
GCTCACCTTCGAGGACCTTCEGCGAGGACCGCACCATCTACGCCGCCAGCAGCGGCTGGETGTGCACCCTGACGATC
GAGTGCGGCACCCTGATCTGCGCCTGCTCATCGACGATCGTTTCCGGCCCEEGEGECEEGGLCATCECCCGLCLCGGEELT
ATCCATTTCGCGCGGCCAGCAGCCATGTCACCGGTTCCTTCACTCAATTCCACCTCGGTACGCGACAGCGCETATC
TGCACGAACGAACGGTGACCGGAGAAGACCAGCCGGCACCGGCCGECECAGGLCGCGCATAGCGTCCTGGCGCGATTC
GGCGTTCCTCGACGACCEGGTTCTCEGACATCCEGCTACGTCAATCGEGRATCGACCETGCCACCTTCGECCGGLTG
CTCACCGACGACGACTTCACCGTTCCCEGCCEELTECTCGCCTGEECEGACGAGCTGECCACEETGCTGGCCACCE
ACACGACACCGGTCACCGGACTCGAGTTGTCCACCARACTGTGGTCACAGGGATTCGACCGGCTGCTCTTCGCCEE
CCPTGCTTCACCCETTCCTCGCCCACTACGAACAGCGGCTGCACCGAGCGCETGCCCCGECCEATCGCCGECAGCLTE
CGCCEGCCGCTGCTRGAGTCECTGECCAACCGEECTGCTCGCCETCECGGCACGCACCCTGCTGCTGGAGCTCARCE
TGGCCCGTETGCACCEECEECTGACCGGCGACACCCCEGCAGCAGCGCTACCACGACTACGACCGGCEGCTGCTCAC
CGACCCCGCCTACCTGGCCECCCTCTTCGAGGAATACCCGETECTCEGCCETTGCCTGETCGRATGCEECCGGLET
TGGETGCACCACGCCGCCGAGCTIGTTCAACCGECTCCACGACGACGAGCCCEAACTEGCEBLECEECCGETCTECTGE
CGCCETCGGCGCAAGCGCTECGCAGCGTACGELTGGACCTCGGGGACCCGCACAACGGCGECCGGETCEETGGTGCA
GCTGACCTTCEACCACGGCACCEGACCTGETCTACAAGCCGUGGCCGETCGEATCCGRAACGCGCCTACGCCGAGALS
ATGGCCGCECTGECCCECCACGEGCTGCCGETGCCEETGACCGCCLCGCECETECTGGACCETGGCEGGCACGELT
GGTGCGAGTTCGTCCGECCCEGCGCCCTGCECCEACGCCECCGAGCTGETCCCECTTCTACCGGCGCGCCEGEATCEGT
GCTGGCGGCCATGLTGCTGCTCGETGGCETCGACATGCACATGCAGAACGTCATCGCCGCEEGETCETCETTCACT
CCGATCGACCTGGAGACCCTGCTGCAGTCCGGAGAGCTCGECEACGEGCGCCACCGACGCETACGGGLGGGCCCTCG
ACCTGCTCAACCGCAGCGTGCTCCCEATCGGCATCCTGCCLBCCCGCECETTCGETGGCCCECAGCGARAGAGTGT
CGACGTCAGCGCCCTCGECEGCEECGAACCGCAGRACCGCECCCCEGCCGGTGCCACGCATCGTCGACGCGTACALC
GACACGGCACGGCTGGAAGCGETCGAGGCCACCATGECCEGCECCCAGAACCGGCCEAGCCTGCCCEGCGCCGAGE
TCCGCCCETCGGAGCACACCGCTGACGTGETCCCCEEETTCACCEACGCCTACGACATCATGCTGGCCCACCGCGET
CGACTTCGACCGGCTGCTGCECEGCTTCCACGACGTGGAGETGCECTACCTGCCCCGGCCCACCCETCGTTACAGC
ATCTTCCTGACCGAGAGCTACCACCCCGACTACCTGCGCCGACGCCAGCGACCGGGACCGGCTGCTCEACRAGLTGT
GGACCGCCGCGGACGCCCECCCCCAGCTGATTCCEATCATCCAGTCGCAGAAGCEGACAACTGCTCGCCEGTGACAT
CCCOTGCTTCCGCABCGTCGCGEGAAGCCGGCAGATCCGCACCGCCTCCGGCCCECTGCACCCGGAGTTCTTCACC
GCGCCGGCCETCACCGTACTGACCCGCCEGCTCGECCGAGTTCGEACCEGTECACCECGCCECCCAGGTACGCATCA
TCCGCGACTCGATGECCACCGATGCCCGECCCCCEGECCCGCCGCCCAGCCETCCCCCGACCEGGLGECGEECLCCCh
GCCCCGCETCACCGECECCGACCCGGCCACGCTCGCCGACCECATCGCCCGCAGGCTCGCCCACGAGGCGATCCTC
GGCGACCGCGACGTGTCCTGEATCEECETCAGCATCCGAAGGCGTCGCCCAGGAGACCTACAGCTACAAGCCGATGG
CGACCGGCCTGTACGACGGCGTGGCCEELCTGGCECTCACCTTCGCGTACECGGCCCGCACCCTCGGCGACGACCE
CTACCTGGACCTGGCACACCGAGCEECCCGCCCCGTCGCCGECTACCTGCGCTACCTCGCCGAGCACCGCATCGTC
GAGBCCGTCGGCGCCTACAGCGGCACCGCCGGGCTGCTCTACGCCCTGGACCACGTGGCCCACGCCACCGECGACE
ACTCCTACCTCGACGCGETCTCGGAGGCEETGCCETGECTGCECGAATGCGCCACCCECEAGGAGTGCCCCEACCT
GATCGCCGGGCTGGCCGECTGCCCCCTGATCAGCCTGGACCTGCACGCGCECCACCGGATCGACGGECTGCGCGAR
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GTGGCGGCCATCTGCECCGAACGGECTCGCCECCCTCECCGETCGACGTCGACGECGECCGCCEGEATEGCCEGCCACTC
CGGACGGACCGLTGCTCGECEEETTCTCCCACGECGCEECCEELATCGCCTGGCCGCTGCACCGGLTCECTACLGR
ACTCGGCGACCCCTCGCTIGCGCEAGCTCGCCCECCECGCEGTCCAGTTCGACCGCGACCTGTACGTGCCCGCCELE
GGCGCCTEGCETCACCTGCGCCCEGAGATGECCGGCACCGACTCCTACCCCECGCTETGETGCCACGEEGCCGLCE
GCATCGGCCTGTCCCEGCTECTCATCGCECAGCACGACCAGGACACGCEACTGECCGCGGAGGCCACCGCCGLECT
CGACCTGGTCGECGCGCACGGCTTCGGCCACAACCACAGCATCTGCCACGGCGACTTCGGCGCCCTCGCCCTETTC
GACCTGGCGGCACGAACCGGCTTCGACCCCEGGCGCCACGACGLGGCCECLBCEGECCETGACCGCCGACATCGLLE
CCARCGGAGCCCGTTGTGECCTGEGTCGGCGACATCCACATGCCEGGACTCATGCTCEGCECCGCCGGCATCTGCCT
GAGCCTGCTGCGCATCGCCCACCCCGCECAGGTGCCCGCEETEGLCTEECTGCAGCCGCCGCTGACCTGAGGAGGA
GCCCATGCCGGAAGAGATCGTGCTCAGCGTGCTGGACCAGGTGCCEETETTCCETGACGGCAGCCCGGCEGARGCE
GTGCGCGACGCEGTCGCECTGECCCECAGCGECCEAACAGTACGGCTACCACCGCTTCTGGATCECCGAGCACCACG
GCAGCGCGECCARCGCETELGCCECCCCCEAGGTEETGRACGECCGLGRTGERCCGLCECCACGAGCCGGATCCGRRT
GGGCAGCGGCGEECETGCTGCTGCCGCACTACAGCCCECTCGARGE TGECCGAGACET TCCEGETECTGECEGECECTE
TATCCGGGCCGCATCGACCTCGETTTCGGLCGGGCTCCTGETEEGCCECCEECEATEGCCGAGCTGCTCAACTLET
ACGCGGTCCGCACCGACGAGGCGTTICCTGRAGCAGATCGGCCGGCTGCTGGEETTCCTCEGGCEGACACCCETACGRT
CAGCCGCGTGTCGETGACGCCGCAGETCGAAGAGCCCCCGETGCCETEGATGCTCGGCECCEEGACCEGCAGCGLC
CGGATGGCCGGCATGCTGEGETTGCCGTTCTGTTTCGCCCAGT TCATCGCGACCGRGGAGTGCCCGGAGGCEATCE
AGGCGTACCGGGATGCGTTCCGGCCETCGCCCTGGCTEGRGCGACCCCAGCCGATGCTCGLCTTECGEGTGCTETE
CGCCEACTCGGRCGCCERGGCCEAGEARACTGECCACCTGTTTCTGGATGTCGTGCACBGACCGECTGRLETGCGCAG
GTGCAGCTCACCGACGACTACCGTGGGGGCECECCCAATCTCCACBACGCACGCCGETACCGGCTGACCGCGGAGE
ACCTCGCGCTGCEGGAGAGCCEGCCETTCCTCCAGATCTCCGGGACGCCGECCGCGETGEGCAAGGAGATCCGCAG
GTTGCAGGCGETGTACGGEGTATCCGAGGTGGTGCTCACCACCAACTGCCCCEGCCTECCEGCECEGCGLTECTCC
TACGAACTGCTCGCCGGCGAGTTCGCATCCCCEGLCGGCCTECACGGCCTCAGGTCCECGGTAGCTCCGCGTAGGTCC
CGCGCAATGCCGCEGACCTGACGGCCETCAGBACAGGCAGACGTCAETCGCTGGACAGACCCGACGCATACGCCAGG
ACGGCGGCCTGCACGLCGGTTGECCACGCCEAGCTTGCTCAGGATCACGCTGACGTGCTCCTTCACCGTEGGCEGLEC
TGAGGAACAGCTGCCGGCTERATICTCCGCETTCETCAGGCCEGCGLCCAGCAGECEUAGARTGLTCTGCTCCCGETT
GGACAGCTGTTTGACCCECTCGCAGGCLCEETEGACCCGECCCCCECGECAGATCCCCGTGAGCCCGCACGCACGACC
ACCGACGACGCCTCGEGCECCAGCACGATGCTGCCCTCGGCCAGCGECCCGCACGGCEECEACCAGCTGTTCGGGLT
GGCTGTCGCGCAACAGGAAGCCGCAGGCCCCACCCCGCAGCGAGTCGAGCACCAGCTCGGGTGEGGCEAGAGTGET
CAGCATCGCGATCGCCGECEEECTECTCAGAGCCCGCAGCTGATCGAGCACCTCCAGCCCETCGCTCTGGGCACTS
TCGCCGTCEAGCAGCACCACGGCAGGCCGETECTGCTCGACGCCCCATCTCACGTTCTCCCEGETCCGTCETGECGR
CCGCGAAGCCGCCEGETGCTCTCCAGGATCATCTTGATGCCGATGCTGACCAGTGCTTCGCCGTCCACGACCAGTAL
GTCCEGICACGATCGGTCCCCCGCEAGCCGCCEAACGCATGCAACTTGCATCCGCATTCGTGACATTACTTCACTTA
TATGGTCGAATCAATCGATTITTCGCGTATAGTCATTAARCRAACACACAGCGCGTCGTCAGCGGETCAGACCCTCGE
CCGGGGCEACCCECGCCECCCECCECECCEECECCAGACTGGCCACCACCCCGETCAGCACCGECCACCACCAGCAL
GGCGGCCAGCTGGCCCCACGECAGCGCEGATCACCGGATCGECGETACGCCCCACGGCCGCCECCACCECEGCCAGT
CCCACCGGGACACCGACCACGAGGCCGGCCACCETGCCGAGCAGCETGATCACCACCGCCTCGACCECGAGCATCG
CCCGCAGCCGECGCCCEGCETETGCCCCAGCGCCCGECAACAGCECCATCTCGCGTACCCGCTCGACGACTGACAGGLC
CAGCAGATTCGCGATGCCGAGCAGTGCGATCACCACCGTGACCGCCAGCATCGCCAGCGACAGTCCCAACAGGATT
GACAGCACGTTCGCGATGETCACCGCLCTCGETGACCCCGCCACCGACCTGCACCAGLGCGTCGLGEEGCGGECCACCE
CGCCGACGGLGGCCGRCAGCGCCTCCCGETCGAAGCCGEEETCAGCGACGCCCCACACCETTIGTCGEECACCGCCTC
GATCCGGTTCGCCGCCAGGETCCECGCECTCACCACGCCCAGCAGCTGCCCGGTGGTGTCCGCCAGCTGCGACGLT
CGEGCGATCAGCTTCACCCEECECTCGCCGACCTCGACGACGATCEGEECGCTETCCEGCAGGCCCAGCTCEGELCA
GATAGGTCGCCGGCACCAGCACCACCGGCTCCCCEGGCGAGCTCCEETGCCACCCGGGCCECCAGTTICGTCGCCEEE
CGCGGCCAGCAGCCECGGCETCECCTTGCCECCETCCOGGARACGGGCCECCACCETGCCEACCETGCCACTEGLL
GACAGCTGTGGCACCGCGGCGAAGGCCCCGECEETGECACCCCTGATCEGCTCGCCETCGETGCGCAGGCLCGLLG
CCACCGGGTAGCGCGCCTCCAGGTCEGCGTTCACCETGECCCGCTLECTGETCEGCCGCCACCGCCAGGCAGGTGAT
CAGCGCCGCGCCGACCACCACCGLLCATCGCCGCCGAAGCCGTCCGGECECGCETTCTGGCTCAGGLCTGGTCCCGGLT
AGGCCGGCGECCACGCCGRAACGCTCCAGCAGCCELGCCGCCGGCECCAGGCACARCGCGATCAGCCGCGGCAACG
CCGCCAGCRACCCCGCCGCCAGCAGARGCCCGCCCAGCAGTECCAGGEGCAGCEACGUGLCGATCECCECCACCGL
GAGCGCGGCGGCGCCCACCACGGETCACCACGETGCCCACGACGAGCCBGGCGACCECCGCEGALCETGCCGECLEEL
GGCTCETCGGECCGCCTGCAACGCCLGCACCEGGECGATCLTGETGGCACGLCEGECCGELECCCAGGCGGCCACCA
GCGTGGCCAGCACCCCGECCAGCACACAGCCCGCCAGGGCEAACGGATTGACCCGCAGCCCGCCECCGCTGATGTC
GAGCAGGTCGGCGCCGAGATARACCCAGCCCCACACCCGCCGCCGCECCEACCAGGCLEGCCEGCTETTCCGGCGATC
GCCGCCTCGGCCAGCACGACCCGGCTCACCTGGECACGRATGACCGCCGRCCAGCCGCAGCAGGECCATCTGCCGGA
TCCGCTGGACGATCACCACGTGEARGGTGTTCGCGATGACCAGCACCGCCGCGAGCAGEGCEACAGCCGUGAACEE
CAGCATGATCACGACCAGCTGGCLGTIGCCGECCGGECEAACCTCGCGGCGECCTGATCCECAGCCLTLGAGGCRTCE
GTCGCCGAGATGCCGERECCCATGCTGCGCCECARCGCGTCARCGETGCCGGTCAGCGAGGCCETCETCGGCERCAG
TCAGCAGCGCGGCCGECEECACGTCACCGGCGAAGAACGACGCGTCGCCGTAGAACCGEARGTCCGAGCCGGTCAG
CGGCCEGARACCCAGGTCEGCGECACCEETCACGETEACCGGCTECGECGCCGCCTCACCETGGCETACCEICAGE
GTGGCCCCGACGTCRATGCCEAGGTCCTCGAGEETGCGCTGGTCGGCGACGAGCTETCCGEECCCEETGGGCCALG
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CGCCLCCGGTCCAAGETGARCCAGCGGACCTGCGEGETGECCGCGATECTCTGCACGTTEECCGAGCCGCECCGCEA
TCTGCCGAACACGCTGACCGTGCGCGCGTACTGCGCGTCCACCGAGCGCACCCCCGGCACCGLEGCCGLGGCCTCE
TACCAGGCCGGGTCGCGGACCGTETCGTCGGCETCGAGCACGATGTCEGCEETGETCAACGGCECEECEGECGGTAC
GCCECAGGCCCTCACCCGAGGTGGCCGCEAAGGTLGCGGTCEGCGGCCAGGRAACCGETCGCCAGCATCACCGCCGE
GACGATCGCGAACAGCCGGGCCEEETAGGCECGCAGCTGGGACCAGGCAAGCGCGAAGATCATCETCACACCGELCA
CCGACGCCATCGCCGCGAGGATCTGATCGCGECCGEGACTGCGCAGTTCC TCACGGATCCGGCCETCGGCCATCAC
CAGGACCCGETCGGCGTACGTCECEGCECCCGGATCETGGGTGACCATGATGATCGTCTGECCGGAGCGECETGLC
GCGTCGCGCAGCCCGCCCAGCAGCGCECGGCCEETGECGATCTCCAGCGCGLCEGTCGGCTCGTCGGCGARGALCCR
CCGACGGCTTGGCCAGCAGCGCCCGCGCCACCGCCACCCECTGCTGCTGGCCELCEGGACAGCTCGGACGGACGATE
CCCCAGCCGETCGETGATCTGCAGTGAATCGGETGATCTTCCECAGCPCGCCCGEATCCACCCGGCGGCCGGLGAGT
CGTAGCGGCAGCACGATGTTCTGCTCCGCCGTCAGCGTCGGCAGCAGGT TEAACGCCTGGAAGACGAAGCCGATCE
GETCGLCGECECAGGTCGGTCAGGGCCCGETCGTCCAGACCGGCCAATGACCECCCGGECCAGGCTGACCGTECCLGC
CETCGETGTETCCAATCCGGCCAGCAGGTGCATCAGCGTCETCTTCCCGGAACCGGACGGGCCCATGATCELGGTG
AACTGGCCCGCEGAGAAGCCCGCEGACACCCCGTCGARCGGCTETCACGGCAGCCGECCCTGTTCCGTACGTCTTGE
TGACGTCCCGGCAACTGACCATCTCEGCGTGTGTCGTCTGCGTTGTCACCGCACCCACGCTAGAAATCCGCGCGRA
CCGGCACATCCCACCACGGGATCCCGETCEGGCGETEGACCGATACCTTCGTATEACCCGCCGGTATCGACCTCEG
GCGCCGTGTTCCCGCAATCCATGATETCTGCTTAGGCTGGRACCGTGET GCGAGGGAACCGGGETGCTCAGGATCGA
CGCCCTCETCECCECCECEGETGETCATCGECTETCTECTCCTCGGGCTCGCCEGGCTGTCCGRAGTGGTACTGGTCG
GCCGCEGTGGCCGTACCETTGCTTCTCCGECGCAGCGLTCCGCGCTGCTTCCTEELGCTEETCECCEGCETCTCCE
GCCTGCACCTGCTGECCTCGCACAGCTTCATGTTCCCCGGLGAT CTGETCECTCTGETCECEETGCACGCCECLGL
GGCGCACGCGCCGGEGCCETGCCCGCCACGCCGGACTGCTGCTCEGLGCCECCGGAGCTCTCGTGGTGECCGTCCAG
GCCCTGCAGGACCAGCECCTCGECTCGGLECTGCCCGLGETGCTGATCGTCGCGAGCACGATGGCCGCCTGGETCGA
TCGGGCTGATGCAGCGCCAGCAGCGCAGCECCETGCTCEACGCCGAGCACCGECCGCCEGCTEECCGAACAGGACAG
CGCCATGCGCGCGCAGCTCECCGTGCACGAGCAGCGCACCCEGGATCAGCCAGGAGATGCACGACATCATCGCCCAC
TCECTGGCCTCEATCATCGCCCAGGCCGARAGGCEECCEEETCECCECCCGCECCEACGCGCGGATCGCCGGGLCEE
TGTTCGACCGGATCGCGGGCCTCGECCGTCAAGCCCTCACCGACGTGRARAACGGCTGCTCACCCTCETGGACCACGA
CGACGRATCGCACGACGACGGACTGGAGCGGCTGCCEETELTGCTCECCGEAGTCACCGAGBCCGGGCTGGACGTG
ACCGTGGACAGCAGCGGGGCGCCGCAGCCGCTCECCECCGEEATGGACCTCGCCGTGTACCGGETGATCCAGGAGT
CGCTGACCAACGTGCTCAAGCACGCGCCGECGCECCGEGCCTEUCTECGGATCCEETGGACGLCCECECTGCTCAC
GGTCACGETGAGCAGCCCECTTCCCEGETGGCCECEECGCCEECCTGETCGAGGGGLGCGGCLTGTCCGEGATCCGR
CAGCGCTGCTCACTGTTCARCGGCGACTGCACCETCACCGECGACCACGGRACTCACCGTCACCACCACCTGGCCCC
TCACCCCGGARAGGAGCGCGCGCATGACGCEGCCACCCATCGCCETECTGATCGCCGACGATCAGGAGCTGGTACGC
ACCGGTTTCGCGATGGTCCTCGACGCGECGCCGGACATGCGGETCETGGCCATCGLCGCGAGCGGCECGGAGGLGA
TCGAGCTGGCCGCCGAACACCGGCCEGACGTCATCCTGATGCACATCCGCATGCCGGGCACCGACGEGATCACCGC
GACCAGCGECCATCCTGGCCGCCGGCEGCEAGCGGCCACCGAAGATCATCGCGCTCACGACGTACGACAGCAGCGAC
TACGCGACGCGGATCCTCACCGCCEGEECCAGCGECTATCTGCTGARGGACGLGACCGCCGAGGGCCTGACGGLEE
CGATCCCCAGCEGCETACCACGGCGGETCGGTGATCCCCCCEACGACGACCCGGAACCTGGTCGCGECCCGCGCLGA
GCCACCGCCGRCCGEGECTCGECGACCCGGCECCECTGGACACGTTCACCGCCCEGGARCGCCACGTGTTCGACCTGATC
GTGGCGGGCGCCARCAACGCGEGAGATCGCEGCCCGGECTGCACCTGGCCGAGGTGACGGTGAAGACGCACGTCGGLC
GGGTGCTGGCCAAGCTCEGEETACGCGACCGGCTCARCGTAGTCGTCTIGGECGTACCGCAACGGCGCTGTCEGLTE
ATCCGCACCCTCAGGCCCTTGACACGETGCCACGETGGCACGETEGTCGATAGACCCGGETCCTTTCGCCTCACALCTG
GIGGTGGTGCCCTGAGTTCCTGGETACGCCGGCGCCATCACRRCEGTCTTCETCAACGCGTTCAACATGCTCATATE
CGGECCTCATCGCCEGCETCETCETGECCGCTGLCECETTCCCETTCGCCGCGATETCCGRCCTGECCGLCAAGGLCT
GGCCAGCAGACGTTCGCGAGCCTGCCCAGCCAGCTGAAGGCGTTCCGGTCACCGCAGATCAGCCGGATCTACGCCG
CCGACAACAGGACCCAGGTCGCCCAGTTCTACGACGAGTTCCGCAGTGACGTCCCGCTCAAGGAGATGTCGCCGTT
CATGCGCGACGCCATGETCGCGGCCGAGGACCGGCAGTTCTACCAGCACCACGGCETGGACCTGARAGGCGCGGCE
CGTGCGCTEGTCAACAACCGCAACGGCGEGCAGAAACAGGGCGCGTCGACGATCACCATGCAGTGGETACGGATCT
CGCTGGCCTACTCGGCGACCAAGCCGCAGGACCTCATCGACGCCACCGAGGACGCCCCGAAGCGCAAGGTCGLCGA
GATGARGTACGCGCTCGAGETGGAGARGCAGCTCAGCRAGGACCAGATCCTGGAGCGGTACCTGARCATCGTSCCG
TTCEGGCAAGCAGACGTACGGCATCTACGCGGCCAGCCGGETCTACTTCAACAAGAAGCCCAAGGACCTCACGATCG
GCGAGGCCGCGCTGCTGECCECCATCGTGAAGGCGLCGTCCGCGTACGACCCCACCGACCCGGACGGETTACGAGLT
CATCCGGCAGCGGCGCAACGCCTATGTCATCCCGEGCATGETGCAGATEGGECCECCATCACCCGGGCECAGGCCGAL
GCGGCECTCAAGGAGGCCATCCCGCGCAAGGTACGCCCEATGAGCAACGGCTGCETGTCEGTGGCCAAGAACRACT
GGGGCTTCTTCTGCGACTACTTICTACCGCTGGTGGATGEGAGCGCAAGGAGTTCGEGCCCACGCCGTACGACCGGGA
GCGCCGGCTGAAGAGCGGCGECTACCGGATCACCACGACACTCGACGTCAAGGCCGCAGAAGCAGGCCLEGGATLCG

ATCGGCGACCTGATCTCCCGAGAAGAACAAGAACGCGCTGCTECTGGCAGCCETCGAGCCCGECACCGECARGETAC
GCATGCTCGCCGCCAACCGCCGGETACRAAGCTGGACGATCCGGATGATCCGCAGRACGCGATCTCCTCCGACCCGAG
AAAGGCGCCCAAGGGCATCCGTGGCTCGTACCCGARACACGACGAATCCCCTGCTGACCGGLGGCGGCGACATCACC
GGCTACCAGGCCGGCTCGETGATCAAGATGTTCACCATCGTCGCCGCECTGCAGCAGGGCTACCCECTCGCCTACA
CGATCAGGACGCAGAGCCGGTACCGCTCCCGCTACATCATCCGAGRAGCAGCAACGACGCGGCCTGCCCCGGAACECA
CTTCTGGTGTCCCAGCAACGCCGETGGLGECGGCEAGGGTGTC T TCARCATGTGGACCGGCCTGEGCAGGTCGATC
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ARCACGTACTPCETGCCGCTGGAGCAACGCGTCGGCGCGGAGAAGGTGETCAGCGCCGCGABACGCTTCGGCATCC
AGTTCCGGGAGCCGGACGACGCACTGCTGGCCGAACCGGGCAACGCACACCAGTGGGGCGCCTTCACCCTEGGCET
CTCGGCCACCACCCCGCTGEACATCGCCAACGCCTACGCCACCCTGGCCECCCACGGGATGTACTGCCCGCCGRLC
CCGATCGAGCGGATCGCCACCCCGTGACGECGACCAGCTGGACGTCEGCCGETCCCCGTGCETACGGGCGACCGCCE
AGGACGTCGCCCGCECCECCCTCCACGCGECCLGCTECCCGRTGGECGACTCCECECAGCTCGECCEETECERGEE
AAGCACCGCCGGCATCACCCGGTCGETEETCEGGCATCCGETETTCGGCAAGACCGGCACCACCGACCGCGACCEE
ACCGCCTCGCTGATCGCCGGCACCACCGCGLTGGTGETCGCCEGETTACCTGGTCARCCCCGACTACCAGAACCACT
GCGACCGGCTCGACCACGACCAGGTCAACCCGECCETCTACCGCACGCTCGCCGACTACATGGAGGGCAGGCCACE
GEAGTCCITCARGCGGCCGTCGAGCGEGECEGATCGCETICGGTGACCAGCGLTCCATCCCEGACGTCEAGTGCGAL
CCGATGCCCCGLGCCCGLCGACCETCTGGAGCATGCCGGCTICGACETCTGGCGAGGCCAGGAAGTGGAGTCGGACT
GTCCCGCGEGCACCGCGGCCEGCACCGAGCCEAGCGGCCEGACCGTCAAGAACGGCETGETGETGATCCAGGTGAG
CAAGGGCCGCCGEGEGCGCETCACCGCLGATCTTCCCECCGATCGGGECCACCCCECTGACCEGCTGACGGCETAGAC
GTCGCCGGCETITCECCTCETGCGGCAGCCCEELCAGETGCEGCERGCATCTCETCGCGGGCGELCCACCEGCCGAAG
GIGCGGGCCATGETCTCGCCCAGGGAGACGTCGAAGCCGTCGAAGCCCAGCTCGCCGGCACGRTCGAGGCAGCECE
GGGCCACGTCCCGGECEATCGTCETGAACTCGAACGACAACGCCCGGACACCGLEGCTCAGACCGGECGAGCACTGE
GTCCICGTACCCTTCGACGTCEGATCTIGATGAAGGCCGGCAGGCCGAATCGCTGGACGAGCGTGTCCAGGGETGALC
GCAGGGACGCTGATCTGCTGGTCCCAGACCTCGTTCTCCCAGCCGCGCGAGCCEGTCGCCGCGETCAGGAAGCECA
CCGAGTTCGTGGAGACCGTCGGETTCGCCGAGTTGATGTAGAGCGGCACGCTCCCGCCEGCEEGCCCGCACGLERE
CTCGACGAGCGCCACCCOGETCETCETGGGCETAGAGCGCECECAGCGCCCGCATECACAGCGGCTGCGGTTCGACE
GCGACCACGCGGGCGCCEAGCCGCCEGAAGCAGGCGACCCEGTCACCGACETGCGCGCCCGATETCGAAGACGACGT
CACCCGGCCGGACGAAACGCCGETACATCGCETCCATCGCGGCCTCCCGGLCGGCGTCACCGTAGTAGTARCGCAG
CGACCGGETCACCEGCECCATGGCCGEETCGACTCTCAGTTTCCGCAGETCATCGGTCACGGCGEEGECATTCCCC
CGATCAGGCGATCCATGCATCECCGGCGCETGCGCAGGTAGGCGGCGATCGCCCEGGCEGGAACGCACGCLCGAGRT
GGTCATGACGTTGTGCECGGECEECCEGGACGETCACCGACACGCCGCCGGTCATCGCCGCCACCTCGEGCACGCCAG
CGCAGCGGCGCCACCGGATCAAGCGACCLCGLCBAGCACCAGCGGGEETACGGGCAACCGGCGCAGATCCTCCTCGA
TCGCGTTGCGTACCGAGTGGCCCACCGTGGCCAGAACCCGCCACGGCTTGGLGTCCGCEGATGTCGCEEACCAGCAC
CGGCGCCTGCCACGGELECCTCGATCCACAGGTCCACCGCCCACCGGCCGATCAGCECCCGLCEEGACCGEGCCGCT
GGETCGGTEETCEGGCTGCCCAGCACGACEGCGGCGACCAGGTCCGGLCCGCAGCACCECGAGACGGGCCECCACLT
CGGCGCCGAACGAGTGCCCEECHEATGCAGGCCCGEGECACGCCGAGCACCTCCAGCCAGGCCGCGAGGTGTTCGGEC
GTGCCGGCCCACGTCETACGCGLGECGCEGCTTGTCGCTGAACCCGAACCCGGGARGGTCCGGAACGAGGACCGGA
TEECEGCCCGECCAGCECETEEECEETCCGCATCAGCTAGCEGTGCEGAGACGEECCAGCCCETGTACCAGCACCACCS
GAAGGCCGCCGGCETGGCACGCETGCCEETCETGCGTACGCACTCCACCGACCETCACCAGGCGGCTETCGAATCG
GGGCACCGCGGAGATGTACCCCETCCTTCCGCAATCTTTCCCGCGLGETTAGTTTCGAGTTGTGTCGCCGCCCTTC
CGGCTCGACGAGGCGETCGCCCGACGTCTACGGLGACCTGCGCCTGECGCCCETGCTGCGGCGGCTGCTGCGGCACA
GCGGCCGCCTGACCOGCTCEETGGCCEGCAGTETETCGCTGATCGACGCGEACCGCGGCTECTACGTCARGGCCGL
CGAGTACGGCGCGAACTGCCAGCTCEGACGCTCTTTCCCGCTCGACGAGGGCEGCCACCEGCLGLGCLTTCGGCAGT
CBCCGGCCCETERTGATCCCGGACTACGETCAGCTGECGGGCCEETCATCTCECGECGGCECATCCGECACGGAAGG
GCCCGGCCETCECTETECCEATCTGETGGCGECEGCEACGTGATCGCGETGRAACGTCGCCTTCECGCCGELCTTCTC
CCTCCETGETETCGACCAACTGGAGGLGCTGACCCAGTCCGCGECCECCECCATCETCCGCAGCCEGEETETGLRE
GTCCGCGCCGACCCGLCGTACGCGGCTCCGGCCCCACCGTTCACCCCGCGCEAGGCCCGAGGTCCTCGATCTGCTCC
GGCAGGGCTCTGACCGACCGCCAGATGEGCCCGCLEELTCEECCTGTCCECGAAGACCGTGGAGAAGCACETCGGCGC
GATCAGGCGCARGACCGGGACCTCCAACCCTACGCCECCGETCGTCACGGCCCTGGACAACCGACTGGCTCGCGAAT
CITCCCCATACCGCGGAGCACACCACCGGETCTTGACTGGCGGUATGCCCGTCEGTCTCCATGAAGGACATCCTCGA
CCETGCGCTCECCGAGCEETACGETGTGECCGCCTTCAACATCGTCARCGACCTGACCETCGAGGCCGTGCTCGCC
GCCGCGGCGEAGGARCGLCGCCCCEGETCATCCTGCAGACCTCEGTCAAGACGGTCCGGATGTACGGCCGCCCCCEEC
TGTACGAGATCGTCCACGCCTTCBCCCACGACGCGCCCGTCCCGGTGACCCTGCACCTGGACCACTGCCCCGAGLG
GTCGETCATCTCCGACTGCCTCGCCGGCEGCTGEAACTCCGTGCTCTTCGACGCCCACGAGCTCGACCTGGCCEAL
AACCTGCGBCCAGACCACCGAGGTGETGGCLGAGGCCCGTCECGCCEGCGCCCACGTCGAGEGTGAGATCGAGGECA
TCCAGGGTGTCGAGGACGACGTCGGCAACGACTACGCCCCEGATGGTGCAGAGCCTGGAGCTGGCEGTCGACTTCAT
CRBACGCACCGGCGTCGACTGTTTCGCECCGGCCATCGECARCCGCBCACGGCCAGTACARGCAGGLECCCETECTC
AACACCCGCCGGGTCAGCGACCTCGTTGCGGCCACCGGCATCCCGATGGCCCTGCACGGCGGCACCEGCCTICTCLG
ACGAGCAGTTCACCGACCTCATCGCCCETGECTGCGCGAAGGTCAACATCTCCACGEGCECTCAAGGAGTCGTITCAT
GARATCCGGCCTGGAGTTCCTGCGCGAGGCCGATCGAGCGCCGCARATGGEGATCCGCCETCECTETTCCGGCATCAG
CGGECEGCERTCETAGAGATGGCCCGGCAGCACATCCGGCTCTTCEGCEEATCGEEGCGLGCGTGETGAACGECCCT
GGTCTTCGACTGCGACGGCGTGCTGGCCEACACCCARCEECACEGCCACCTECCCECCTTCAACGCCACGTTCGAG
CAGTTCGGGCTGCCCCTGCGGTGGAGCCAGCGAGGRATACCGCGAGAAGCTGCEGCATCGCCGGCGGCAAGGAGCGGA
TGGCETCCCTETTCGCCEGATCCCECCTTCECCELGECEECCGGCGACACCEACCGTACGGAACTGCTGCGAACLTG
GCACCGCGCCAACACCGCEGCTTTCACGAAGCTGGTCGCCGAGGECCGCGATTCCGGCCCGTCCGEGCACRAGLCLGE
ATCATCAGCGAGGCACTCCCGGCAGGATGGACGETCGCGETCGCTTCCACGTCGGCCGAGGATTCGGTACGCGCAG
TECTCGTCAACGCCGTGGEAGCGACGACTGCCGAGCGGATCCCGGTGTTCGCCGGAGACGTCGTGCCCGCGAAGAR
ACCCGACCCGGCGATC
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SEQ ID NO:101 orfl Hypothetical protein I146aa
MPRRSTRCSPACRPGAADRPDPGCRACRPDCGRADRSGSGRACRPDCGRAD
RSGADRPSARALVSGMPRRTGVGGAPGRLIEARAVLPELIGAARDRRASC
VEQRVRSLTACRACACRRAAAPAAPRTPPRPSARPAPGSDAGGRCG

SEQ ID NO:102 orf2 Hypothetical protein I48%aa
VSVSLLLVPLAMAGAAAVQAAAGRMDDGRL ICQVQTRMRDVTLLDAALRD
TGATVTAAGDTISATWTQSAATFTRGADGIWAAHVIGVDOPGAVELMTTV
DTAYGRRVQQOAVLERLRAQAPEAGLRLESESVGQDASVRLVFEVERERA

SEQ ID N0:103 orf3 ATPase AZA involved in cell division

518aa
VERSFAETFAQLLKARFPVLHLETYEEQRALEHLAGIAGDADLVRVPRAV
WIWSLTAGLVOPNGEARSGAQRATDALRAVORIDEPAVEVFRDLEPLFAQ
SPEVVRLVRDIAQAFRAGRSPRTLVLLSPVLDLPVELSKDVTIVDFPLPG
QLELRALLDAMVRGNTASGRLRVELDEQSRERFVTAAAGLTMOEAENAYA
RAMVNDAVLDLADLEIVREEKRQTVRKIGVLEFMAAGTVLDDVGGLENLK
AWLVKRNGSWLDEAAGYGLPAPRGVLITGVPGCCKSLTAKAVATAWNLPL,
LRFDIGRVFSGLVGSSEENMRTALRTAEAVAPCVILWVDEIEKGFAGCTGG
DSGTGARVFGTFLTWMOEKRTPVEFVIATANDFDGLPPELLRKGRFDETFF
VDLPSRSERVAVWRVHLGRALRHRRAAGELRVDAELLTELAGLTEGYSGA
EIBQAVIAGLFDAFSERRPLRRDDLVRAVMSIVPLSVIQAERVDALRGWA
RNRAVSATGTDDWDLTNR

SEQ ID NO:104 orf4d Sugar hydrolase 203aa
VCELDQORIHPHNNIWGSGAGTQTIWARSGTNWGVVANHPRTSGVKSYEN
TCKTLNRTLSSLNSLTSSFNVSVEPSSGDYSTTYDIWANNEAYEVMIWTING
QGAVGPIAEQYDANGAVPNVRNLSVGGHTWNVYRGSNGANAVESFIRTNT
NSGTVDILAILNWLRTINGWWGDVTIVGEAQFGEFEI SGTAGQSNFTVNNEFSL
NYS

SEQ ID NO:;105 orf5 Endoglucanase 218aa
MRRRTLALSLAASAALIAGAGVVIALPASABAGCRVAYTVSSQWPGGFGA
NVTITNDLGDPLTNWTLVWSYSGGQTVIQAWNT SLTQSGSQVIARNAGYNG
SVGTNATVSFGENGSGAATPAPGTF TLNGTACTGSAGPTSPSSQPPTNGV
PSDAVWVDSGOWANWTNNGY ILTTTSGARAPAPRPSGRAAARPTGASSRIT
RAPAGSSPTPTPERPSTVR

SEQ ID NO:106 orf6 Cytosine/adenine deaminase 16laa
MTITETDLAHLRRCVDLAREALDDGDEPFGSVLVSADGKVLFEDRNRVRH
GDATQHPEFAISRWAAEHLTPRERASATVYTSGEHCPMCSASHEWVRLGR
IVYARSSAQLTAWYKEWGIPAGPVAPLPITTVVRGAVVEGPVPAFEARLR
ELHRARFTPAQ

SEQ ID NO:107 orf7 Unknown 413aa
VITPLVAQAGDSTTGLTGLGLVEDAHQIAEAIRGNSWVDGVLGGVEASLD
GLALAIDPLGTLAAWGVAWLIEHVOPLODALDWLAGDVDEIARQARTWRN
VAAFTDSAQODYADRLRTEVAGWFGASGDAYRAHASERLAALKGISTAAG
GISSAVEGAGLLVSLVRGIVRDLIAQFVATLAVRLPOWLAARGLTLGLAT
PVVASQVAALVARGVNKIQNFIRALLNSLRRLMPMIDRLGEVLERLRMLT
DRLARSSPSTRPEPTPGPATHAGTENASGNKPEGDLEPNEPRPAEADARD
STPQAFVDEVVSNPRSVAGHSAQSIADQFNAAGY SAVVEQSTRSGTSGNA
IOVRIBGEPRITNIQVEPGGGRHTPEGSPYWKISTRTVGKIWIIPENFRG
ADELRGNVVRYDK

SEQ ID NO:108 orf8 Unknown 217aa
VGKPCPDLVEVLSREIQAGNQGASASEVVEIFDLELVGIFRGAVTQKLPG
IEVLRKHLELKQGGVQVRSVVVRAEDPAGIVVVEDLCARIDNRDVGLAQG
DAYWERRDDTVDRLDQIRADSPCEFDDMVRLGAGVHGDGORRVRQRFADY

74



ANLFGVQORAIINESRIRTKIDPDDVDAQGDERGSFPRGSHPIHFDDLICH
SAPHSHAVHRRPGNFRG

SEQ ID NO:109 orf8 Pyruvate oxidase 5%2aa
VSDVVVERLTAWDVERVEGYSGDGIDGVIGALRRAGRPTFVOARHEEGAA
FMAVGHARYTGGAGVCLATQGPGAVHLLNGLYDAKLDSKPVVAIVGQOQOVS
TVLGSAYQQEIDLVRLEFGDVCAQFVOARHTSEQVPMLLDRAFRTALATRS
PTCVVLPHDVOTAPAPDPOAHEHGVLATSAGLRPARVVPRPEDLREARRV
LRESGERVAIMVGOGAYGAEREIVELAQRLGAGVITSLLGKPVLDENLPFH
TGVMGHLGTTASAELMREHCDTLLLIGINDEPWTEFY PRPGQARAVQIDVDG
RRLGVRYPVEVPLLGDAVETLRELLEGLLPSRASGAWGARVEEWVQRWRL I
SAARAAAPARPUYNPOHVIRSLSDELPADAQVAVDVGSVVYWYARHLRLPR
GVPAHLSSTLASMGCGLPYGLAAKLAAPQRPVVVLAGDGAMOMAGMARL T
TVAARRWRDWADPREVVCVLNNRDLAEVSWEQRETEGEPRFVTSQELPDVE
YARYAELLGLRGVRITDPSDLTGAWEAALSADRPTLIEAVVDPAIPLLPP
GQPYEKVQAMYAGLAABKGDQARRAEAHLRRERADEGFDDPS

SEQ ID NO:110 orfl0 Hydrolase or acyltransferase 266aa
VERDKTYRPVRPDGIRTTFHDGVLGRMRIRCLGEPRPGVPEIVMIQGMTV
SDYLLPGLGALSAWTRVHLVELPGGSGESGRPPHDLTVEEYARAAADWLCA
QRLGRIVLAGHSSCGTQOVAAETALLCPDEVAGVVLAGPAIDPVARGGLRVE
ARWWIDRRGDPKSLDEVHKPEREQVGFRRLFQVLRAHLREDLEKPVVGLC
VPVLVIRGSEDRLGTARWARRLADLAAVGGRYVEVPGTHSFCWRYPQAWS
APIREFAGWSVEVSGT

SEQ ID NO:11l orfll Aldose epimerase 3%6aa
MTEADHRPTVLRRILRLCAVLIMVLGVGLVGAPTSHAGGKPTISKEAFGS
VGCGKAVDRYTLTRGRLOVRILTYGGILQT ITFPDHRGRRANVTLGFRTLD
EYVITKNPAYFGAI IGRYGNRIADGRETLDGTTYQLATNNDPNHLHEGEVV
GFDKRVWDATPIRDGDSVGLRLTYTSPHGEENY PGTLRVIMTY TVIROMG
IRMDYRATTDRPTIVNLTNHAYWNLGGEGTGTIDDHLLKLNANRY TPVDA
TLIPTGAIDAVAGTPMDFRRPTPIGARNRDPFQOLVYGRGY DHNWVLNRE
DGQFRRLEFAARAVDPDSGROLTIVITEPGIQEYGGNFLDGTLYGTSGRA
YRQGDGFALETQHFPDS PNEANFPSTVLRPGOTYNSTTIYQFGTAD

SEQ ID NO:112 orfl2 ABC sugar transport periplasmic component
378aa

MPRIHPKVEEAVSTLDLNRTTRRRLLSGTGLFSASLAAGALLSACSDOND
GONQTEGAGNEPDTPEWRFIFVNEVITNPEFETPTQYGMEDAATLL.GTAKP
OWTGSONSIVAEMVNATNTAVEAKVDGIATAVVDKDAFPRGPVDQALNAGT
PVVSYNADGARGAPGTNRLAY IGQGLYESGYALGORALQVLDSGEVAAFT
ATPGALNIQPRIDGAQQAFKDSGKPITFTAVATNADVIRGLSIIDAYAQG
HANLAGMLAVDAGSTSSVGOTVKKYNMRGKGLEKVAGGEFDLIPETLTGIQR
GSLDYTIDOOPYLQGFLPVLALYFYRVSGGLIAPSETNTGLLEVTKDNVA
PYQSTKSRYEGSTTDKVLVPRSGPIAHG

SEQ ID NO:113 orfl3 ABC sugar transport permease 352aa
MDDRISPAPAQAPSLEVEQRRGRWOPVIAAGRKVLDAFLRRREASVLLVA
IGLMIYFRASSPVFLSRONLVNIAQATAPVAIIAVGIVLLLVSGEIDLSY
GIVAALAPFLFHFGINFYSLPVVPAFVVALAIAAGIGLVNGLIVTQLHVP
SFVTTLGTFFAVQGILLITSHAYPVPIPDAAKGTFQTWLGAGPWASITWA
LIIVAIFHTVLTLTRWGLETISVGGNPVGATEAGIRASRIKIGNEVITST
LGGLVGIMEAFRINTIDPNIGGGTTLTFYAISAAVIGGTALAGGSGTIVG
AFLGALVIARLONGFNLIGYSANTIFLILGLAILVSMIANQYLSRLRRAG
R5

SEQ ID NO:114 orfl4 ABC transport protein ATP-binding

253aa ,
MTAETVSDALRVONIAKRFGALTALODVTILRVAEGEVLGLIGDNGAGKST
LIKIICGYHRPDACGRIFVGGEEVILRSVDHARSVGIDAVYQDLALVNELS
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VYHNMFLNRELVRWPLLNNRAMRRRAREHLRDMGVNL PDVGVEVAKLSGG
QRQATAVARCVYSDARILLLDEPLAAMGAKEGTMILDLIRDLKARGNVST
IIIAHNYAQVLDVCDRVNLLOHGRITFDKRSADTSLAELTELVVAEYRTG
RGR

SEQ ID NO:115 orfl5 Hypothetical protein. Methyltransferase
255aa
MESGASVPQSARIWNYWLGGTDNLPVDRAAGDEYRAVFPGIDEIARESRR
YLSRAVRYLDAGEAGVRQFLDVGAGLPTVDNTHOIAQRVAPDARVLYVDKD
PYAVEHGRELLAGSSDVYLEGDLOQKPADILAVAARELDMGRPVALILNGV
LGHIPSTAEVRDIVRQLMAGLPPCSYLSINDGVRVAGEEALNQAQDAYNS
SGAVPYLMETPDEIAGEFFEGLDLVPPGVVESPOWHPDPCDETTGASQYSG
VGRKR

SEQ ID NO:116 orfl6 ABC transport permease 280aa
MPPRTSRGPHPWVLWTALAAAAVIFVYPFVWLVSASLKPRPDVFDNRLLP
AEWAPGNYTAIWDAAPVLTWMFNSVVVALAAAAAVTISSAVVAFGFAYFR
FPGRNVLFALVVGTMMLEGAVTMIPTYLIWNELGLAATQVPLWAGNLEGS
AFYIFLIRQFFLGVPRELFEAARVDGAGYWRLFWRIAVRPLCRPALIVAFRY
FELRASWSDLLKPLIYLRDPALEFTMPRCMKAILDQFGQAGEARWE IVLAG
AVITTVPMIIAFFLCQRYFVEGVATQOARKG

SEQ ID NO:117 orfl7 ABC transport permease 301laa
MSAAVRRRETLAAFGFLSPWLIGFIVFMAGPMVASLVLEFTDYDVLTSTD
FVGGENYROMLADPRVRTSIANTLIYTALHVPVIMIVSLALAMLLARVGR
RSAGFFRTIFYLPTITPKVAVGVLFLLLENGQVGIVNEALGTVGIDGPNW
TVDGPWIKPGLVLIGARSLGSTVIIYLAALONVPRDLYEAAEMDGASAWA
RFRAVIVPMISGALFFTLIINTIASLQTFDEVYTAFYGCSANQOTYGNDAA
LEYVVYLFQQAFQFLHMGYASALAWLLFLIIVIITVVOVRLSRRFVYYES
B

SEQ ID NO:118 orfl8 ABC transport substrate binding 445aa
MFIRSIRFVVGGALVLTLAAGCCGVGEGSDSDEDSNARVTILTMMGFGTGDE
IAKTRFDAANAVIAPSLAKASEGSFDAQAFLSAVASRIPPDLVYMERRLL
GTYAAKKALTPLGDCVEREKIDMSQFREAAVIEATLNGQLYGLPDEYNNR
VLMLNDAAFAEVNLDPAGFDTGDWQALSTATARLTRMSGGKLORIGEFDPK
LPEFLPVWARANGAALVSDDGRTAQLNNPKVVEALEYAVGLINAQGGHWSN
FKSFRDSWDFFGAKNQFASNQLGAFPMEDFYLNVLADNSPRVKVTVAPEFR
GVDCGQPIDWITGNAWATIPANSAHPGOACKWIKIMTASETWIAAARARAEL
RRKENKPFAGVYTGNKKADEVIFRDVVKEDANVQIVLOTQESGPSEPALA
AGEEFKAAWONAVNRVLEGKQKPAQAMAEAQQOOAQAALDKANSGR

SEQ ID NO:119 orfl8actA lanA structural gene 64aa
MSALAIEKSWKDVDLRDGATSHPAGLGFGELTFEDLREDRTIYAASSGHV
CTLTIBECGTVICAC

SEQ ID NO:120 orf20 actd lanM modification gene 1053aa
MSPVPSLNSTSVRDSAYLHERTVIGEDQPAPAAQARIASWRDSAFLDDRV
LDIRLROWGIDRATFGRLLTDDDFTVPGRLLAWADELATVLATDT TPVTG
LELSTKLWSQGCFDRLLFAGLLEPFLAHYBQRLHERVPRPIAGSLRRPLLE
SLANRLLAVAARTLLLELNVARVHGRLTGDTPQORYDDYDRRLLTDPAYL
AALFEEYPVLGRCLVECGRRWVDHAAELEFNRLHDDEPELRAAGLLPPSAE
ALRSVRLDLGDPHNGGRSVVQLTFDDGTDLVYKPRPVGSERAYAETMAAL
ARHGLPVPVIAPRVLDRGGHGWCEFVRPAPCADAAELSREFYRRAGSVLAA
MLLLGGVDMHMENVIAAGSSFTPIDLETVLQSGELGDGATDAYGRALDLL
NRSVLAIGILPARAFGGRORRSVDVSALGGCEPQTAPRPVERIVDAYTDT
ARLEAVEATMAGAQNRPSLPGAEVRPWEHTADVVAGFTDAYDIMLAHRAD
FDRLLRGFHDVEVRYLPRPTRRYSIFLTESYHPDYLRDASDRDRLLDKLW
TARDARPELIPIIESERKRQLLAGDIPCFRSVAGSRQIRTASGPLHPERFT
APAVIVLTRRLGEFGPVHRAAQVRIIRDSMATMPGPRPAAQPSPDRAAGP
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RPRVIGADPATLADRIARRLADEAILGDRDVSWIGVSIEGVAQETYSYKP
MATGLYDGVAGLALTFAYAARTLGDDRYLDLAHRAARPVAGYLRYLAEHR
IVETVGAYSGTAGLLYALDHVAHATGDDSYLDAVSEAVPWLRECATREEC
PDLIAGLAGCALISLDLHGRERIDGLREVAAICAERTLAALAVDVDGAAGH
PATPDGPLLGGFSHGAAGIAWPLHRLATELGDPSTRELARRAVOEFDRDLY
VPAAGAWRDLRPEMAGTDSYPALWCHGAAGIGLSRLLIAQEDODTRLAAE
ATAALDLVGAHGFGHNHSICHGDFGALALFDLAARTGFDPGREDARAAAY
TADIAANGARCGLVGDIHMPGLMLGAAGICLSLLRIAHPAQVPAVAWLQP
PLT

SEQ ID NO:121 orf2l actC monocoxygenase 34laa
MPEEIVLSVLDQVPVFRDGSPAEAVRDAVALARSAEQYGYHRFWIARBHHG
SAARNACAAPEVVIAAVARATSRIRVGSGGVLLPHYSPLKVAETFRVLARL
YPGRIDLGPGRAPGGPPAMAELLNPYAVRTDEAFLEQIGRLLGYF LGDTRT
VERVEVIPQVEEPPVPUMLGAGTGSARMAGMLGLPFCFAQPIATERCPEA
IEAYRDAFRFSPWLERPOPMLALRVLCADSDAEAEELATCFWMSCTIGIWR
AQVOLTDDYRGGAPNLDDARRYRLTAEDLALRESRPFLQISGTPAAVGKE
TRRLOAVYGVSEVVLTTNCPGLPARRRSYELLAGEFASPAA

SEQ ID NO:122 orf22 actR response regulator 231laa
MRSAARGGPIVIDVLVVDGEALVSIGIKMILESTGGFAVATTDRENLRSA
VEQHRPAVVLLDGRSAQSDGLEVLDQLRALE SPPAIAMLTTLAPPELVLD
SLRGGACGFLLRDSQPEQLVAAVRALAEGSIVLAPEASSVVVRAGSRGSA
AGAGSPACERVEQLSDREQS ILRLLGAGLTNAEISRQLFLSAATVKEHVS
VILSKLGVANRVOAAVLAYASGLSSDDVCLS

SEQ ID NO:123 orf23 act? ABC transporter associated permease

81l2aa
MIFALAWSQLRAYPARLFAIVAAVMLATGEFLAATATFAATSGEGLRRTAR
APLITADIVLDADDTVRDPARYEAARAVPGVRSVDAQYARTVEVEGGSRR
GSANVQSIAATPQVRWEFTLORGAWPTGPGQLVADQRTLDDLGIDVGEATLT
VREGEAAPQPVIVIGAADLGFRPLTGSDFRFYADASFFAGDVPPARLLTV
ADDASLTGTVDALRRSMGPGIEATDASAARADQARARFAGCNGRLVVIMLA
FAAVALLAAVLVIANTFREVVIVQRIRQIALLRLVGGHRAQVSRVVLAEAA
IAGTAGGLVGAAAGVGLGYLGADLLDISGGGLRVNPFALAGCVLAGVLAT
LVAAWAPARRATRIAPVRALQAADEPPAGTVRGGRRLVVGTVVTVVGARA
LAVAAIGASLPLALLGGLLLAAGLLAALPRLIALSLAPAARLLERFGVAA
GLAGTSLSQONARRTASAAMAVVVGAALITCLAVAATSGRATVNADLEARY
PVAAGLRTDGEPISGATAGAFAAVPOLSASGIVETVAARFPDGGKATPRL
LAAPGDELAARVAPELAGEPVVLVPATYLABELGLPDSAPIVVEVGERRVN
LIARASRLADTTGQLLGVVSARTLAANRIEAVPTTVWGVADPGEFDREALS
AAVGAVAARDALVQVGGGVTEGGDIANVLSILLGLSLAMLAVTIVVIALLG
IANLLGLSVVERVREMALLRALGTRRARLRAMLAVEAVVITLLGTVAGLV
VGVPVGLAAVAARVGRTADPVIRLPWGOLAAVLVVAVLTGVVASLAPARR
AARVAPREGLTR

SEQ ID NO:124 orf24 Hypothetical protein 244aa
MIVWPERRAASRSPPSSARPVAMSSAPVESSAKTTDGLASSARATATRCC
WPPDSSDGRCPSRSVICSESVIFRSSPGSTRRPASRSGSTMFCSAVSVGS
RLNAWKTKPIRSRRRSVRARSSRPANDRPARLTVPAVGEVSNPASRCISVV
FPEPDGPMIAVNWPAEKPADTPSTAVTAAGPVEYVLLTSRQLTISACVVC
VVIAPTLEIRADRHIPERDPGRAVDRYLRMTRRYRFRAPCSRNR

SEQ ID NO:125 orf25 Response regulator kipase 367aa
VLRIDALVAAAVVIGCLLLGLAGLSEWYWSAAVAVPLLLRRSAPRCFLAL
VAGVSCLALLASHSFMFPGLDLVALVAVEAAARHAPCRARHAGLLLGAAGA
LVVAAQALQODORLGSALPAVLIVASTMAANSIGLMOROORSAVELDAEHRR
RLAEQDSAMRAQLAVHEERTRISQEMHDITAHSLASIIAQAEGGRVAARA
DARIAGPVFDRIAGLGRQALTDVKRLLTVVDHDDEWHDDGLERLEPVLLAG
VTEAGLDVIVDSSGAPQPLAAGMDLAVYRVIQESLTNVLKHAPARRACLR
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MRWIPALLTVIVSSPLPGGRGAGLVEGRGLSGIRQRESLENGDCTVTATT
ELTVITTWPLTPEGARA

SEQ ID NO:126 orf26 Response regulator sensor 220aa
MIRPPIAVLIADDOELVRTGFAMVVDAAPDMRVVAIAASGAEAIELAARR
RPDVILMDIRMPGTDGITATSAILAAGGERPPKITALTTYDSSDYATRIL
TAGASGYLLKDATAEGLTAAIRSAYHGGSVIAPTTTRNLVAARARPPPPA
RDPAPLDTFTARERDVFDLIVAGANNAEIAARLHLABVTVKTHVGRVLAK
LGVRDRLNVVVWAYRNGAVG

SEQ ID NO:127 orf27 Penicillin binding protein 782aa
MLICGLIAGVVVAARAFPFAAMSGLAAKAGQQTFASLPSELKAFRSPQIS
RIYAADNRTQVAQFYDEFRSDVPLKEMS PFMRDAMVAAEDRQEYQHHEGVD
LKGARRALVNNRNGGQKQGASTITMOWVRISLAYSATKPQODVIDATEDAP
KRKVAEMKYALEVEKQLSKDQILERYLNIVPFGKQTYGIYAASRVYFNKK
PRDLTIGEAALLAAIVKAPSAYDPTDPDCYELIRQRRNAYVIPGMVEMGA
ITRAQADAALKEAIPRKVRPMSNGCVSVAKNNWGFFCDYFYRWAMERKEF
GPTPYDRERRLKSGGYRITTTLDVKAQKQARDRIGDLISEKNKNALLLAA
VEPGTGKVRMLAANRRYKLDDPDDPQONAISSDPRKARKGIRGSYPNTTNP
LLTGGGDITGYQAGSVMRMFTIVAALEQGYPLAYTIRTQSRYRSRYIIES
SNDAACPGTHFWCPSNAGGGGRGVENMWTGLGRS INTYFVPLEERVGAEK
VVSAAKRFGIQFREPDDALLAEPGNAHQWCAFTLGVSATTPLDMANAYAT
LAADGMYCPPTPIERIATRDGDQLDVGRSPCVRATAKDVARAALDAARCE
VGDSAQLGRCGGSTAGITRSVVGHPVEGKTGTTDRDRTASLIAGTTALVY
AGYLVNPDYQNHRDRLDHDQVNPAVYRTLADYMEGRPRESFKRPSSGRIA
FGDORSIPDVECDPMPRARDRLEDAGEFDVWRGOEVESDCPAGTARGTEPRS
GRTVKNGVVVIQVSKGRRGASPPIFPPIGPPR

SEQ ID NO:128 orf28 Methyltransferase 253aa
MAPLTRSLRYYYGDAGREAAMDAMYRRFVRPGDVVFDIGARVGLRVACFR
RLEGARVVAVEPQPLCMRALRALYAHDDRVALVEAACGPAGGSVPLYINSA
NPTVSTNSVRFLTAATCSRGWENEVWDQOITVPAVILDTLVORFGLPAFT
KIDVEGYEDAVLAGLSRGVRALSFEFTTIARDVARRCLDRAGELGFDGED
VSLGETMARTFGRWARRDEMLARLAGLPHEANAGDVYAVSRSAGWPDRRE
DRR

SEQ ID RNO:128 orf29 Hydrolase 26laa
VPRFDSRLVTVGGVRTHDRHACHAGGLPVVLVEGLAVSERYLMPTAEALA
GREPVLVPDLRPGEPGFSDKPRRAYDVGRHAEHLAAWLDVLGVPRACIAGHS
FGAEVAARLAVLRPDLVAAVVLASPTTDPAARSRRALIGRWAVDLWIEAP
WOAPVLVRDIADAKPWRVLATVGHSVRNATEEDLRRLPVPPLVLGGSLDP
VAPLRWRAEVAAMTGGVSVTVEAAAHNVMTTSGVRSARAIAAYLRTRRRC
MDRLIGGMPPP

SEQ ID NO:130 orf30 Response regulator Z244aa
VSPPFRLDEAVADVYGDLRLAPVLRRLLRHSGRLTGSVAGSVSLIDADRG
CYVKAABEYGANCQLGRSFPLDEGATGRAFGSRRPVVIPDYGQLRAGHLAA
AHPARKGPAVAVP IWWRGDVIAVNVAFAPAFSLGGVDELEALTQSARRAT
VRSRGVRVRADPPYARPAAPFTPREAEVLDLLRQGLTDREMARRLGLSAK
TVEKHVGAIRRKTGTSNRTAAVVTALDNDWVGNLPHTAEHTTGS

SEQ ID NO:131 orf£31 Fructose biphosphate aldolasge 281laa
MKDILDRALAERYGVAAFNIVNDLTVEAVLARAAEERAPVILOTSVKTVR
MYGRPRLYBEIVHAFAHDAPVPVTLELDHCPERSVISDCLAGGWNSVLFDA
HELDVADNLRQTTEVVARARRAGAHVEGEIEGIQGVEDDVGENDYAPMVQS
LEVAVDFPIKRTGVDCFAPAIGNAHGOYKQAPVLNTRRVSDLVAATGIPMA
LHGGTGLSDEQFTDLIARGCAKVNISTALKES FMKSGLEFLREADERGKW
DPPSLEFRHQRAAVVEMARQHIRLEFGGSGRAW
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SEQ ID NO:132 orf32 Hydrolase 182aa
MGSAVAVPASAGGGRRDGPARHPALRRIGARVVNALVFDCUDGVLADTERH
GHLPAFNATFEQFGLPVRWSEEEYGEKLRIGGGKERMASLFADPAFAAAA
GDTDRTELLRTWHRAKTAAFTKLVAEGRIPARPSTARIISEALRAGWTVA
VASTSAEDSVRAVLVNAVGATTAERIPVFAGDVVPAKKPDRA

SEQ ID NO:133-SEQ ID NO:152
(Null)

SEQ ID NO:200: CosAL02 (40402bp)

GATCAGGTCGACCGCGGAGCTGATCTGGTCACGEATCGCECGGATCEECAGGTCCATGCCGGCCATCAG
CACCATCGTCTCCAGCCGGGACAGCECETCCCGCGECETRTTCGCGTGCAGEETGETCAGCGAGCCGTC
BTGGCCGETETTCATCECCTGCAGCATGTCGAGCGCEGCEGCETCACGEACCTCGCCGACGACGATCCG
GTCCGGGCGCATCCGCAGCECETTGCEGACCAGGTCGCGGETEGTGATCGTGCCCCGECCCTCGGAGTT
CGGCGGCCGGEACTCCAGGCGCACCACGTGETCCTGEACCAGTTGCAGC TCGGCGGCGTCCTCGATGGT
CACGATGCGCTCGTCGECCEEGACGAAGCTGGAGAGGACGT TCAGEATCETGETCT TGCCGEAGCCEGT
GCCGCCGCTGACCAGGATGETGCECCEECCECECACGCACGCGTCCAGGAACTCGECGGCCTGCCEGET
GAGCGTGCCGTACTGCAGCAGGTCACCGACGGTGAGCGGGACCGCEECGRACTTGCGGATGGTCAGCET
CGAGCCGTCCAGCGCGATCGECGEGACCACGECETTGACCCEGCTCCCETCCGGCAGCCEEECETCGAC
GGTCGGECTGECCTCGTCCACECEGCEGCCEACCCGCEAGCAGATCCEETCGATGATCCGGCGCAGGTG
CTGCTCGTCGTCGAACTCGECEGCGACCTTCTCGAGGCGECCGARCCECTCGACGTAGACCGAGTACGGE
CCCGTTCACCATCACCTCGGTCACCGACGGGTCGCGCAGCAGCGACTCGATCGGETCCGTGGCCEAGCAC
CTCETCGGTCACCTCGCGEETGATCCGGECCCEETCCGCGCCGEAGAGCGGGETCTCCTCCCGGECGAG
CAGGTCGTGEAGCGCETCCCGEACCCGGGCETCCAGGTCCTCECTCTGECCGETGGTGTAGAGCGTCGR
CCCBAGCTCGTCGGCGAGCCGCCECTEGATCCECAGCCGCACCTCGCCGACCTGGTCCTGCGGCGEGCE
GCCGGCGGCCCBETAGCEETCGCCGCCECETEECTCEETGEECEETEETGGEGGCETGCCGECGCCGET
CAGGCGGCTGGAGAGGCTCACGGGARCAACCTCCCGAGGRAACCCGLGECGCCGCTGEGETGTGETGCCS
ACGCCGGCGATCCGGTCACCGAGCTCCCEGATCGCCCEGCTEACCEGETGCAGCGGGTCCETGACGGCE
ATCGGCTCGCCETGGTTGACCGAGACCGTCACGTCCCEGCTGGCCGGCACCTGCACCGCGAACGGCATG
CCGGCCGCGACCTCCACCTCGGACGEGCTCAGGCCGACCTGEGCGCCEGCCCGGTTGRRGACCAGCAGE
CGCTTGTCCTTGGGETAGTCGAGCAGGTCGAACATCTCCGCEGTGAGCCGGACCGACTTGAGCGCCGGA
AGATCCGGGGTGACGAT CGGGATGAACCAGTCGGACATETCCAGCGCGGCCAGCACCTGGTCGGTGACC
ACGGACGGGGTGTCCACCACGATGARGTCGTAGAGCGEECGEGCCACGTCCAGCAGCTCGACGACGAAC
TCCCBGCGGACCTECTCECCCTCGGCCEEGECTEGCCEECECCAGGAGGGCGTCGAGACTTTGCCGGTAC
GTCGTGACGATCGACCGCAGCCCGEECTCGTCCAGCCGACCEGCCATCTGCAGECCCCCGGCGATGTTG
CGTTCCGGEGACAGCTTCATCATGATCGCCACETCGCCGAACTGCAGGTCCAGETCCATCAGCAGCACE
CGBCGTCCOGCACCEGCCAGCGCGACGECCAGGTTCACCGCCACCACGCTGCGCCCGCAGCCGCCCTTE
CCGGCGRAGACCGTGACCACACTGGECETACGGGGCETTGTCGCCGETCCCECECATGETGETGCTCAGE
GCCTTGGACAGGTCGACCEACCGGACCGTCGLGCTGCGEATGCCCTCCTCGTCCTCCTCGGCGACCAGE
TCCCGGATGCCGEACTGCAGGCAGCGCAGCACCACGCCEGCCTCGATCGCGTGECGEATCAGCACCACT
CCGATCACCGGGCGCTGCAACCGCTEGTACGCCEGTCAACLATCAGCGCCTCGTCCAGGTCCACGACLCEEG
CCGATCACCACGAGCAGCGTCTCCCEETAGCEEGEGAGATACGACTCCAGCTCGCTCATGCTCTTGAGS
ATCGTGCCGCCGATCECCCRGAAGTCGTTGCCCCAGTGCGTGCEECECTCETCETCGEGCTCGACGTAC
ACATAGAGGCTCATCGCACGACCCAGCTCGTGTCGATCGCCEGECCEETGCTCGOGETGGCETTCGGGE
CGAGCAGCGCCAGGTAGAGCGATCCGCTCTGGGCGGCETGCACGAGTCGCAGGGCGTCEETETCGCCRA
CGGCCAGGGTCACGACETACCACTGGATCTCCTTGACCGCGGCGGTGCTGTCGCCGGCCGAGECGGACE
GACCGGGGGTGGEGCEAGEGCGACGECGTCACGGGGGCCTGACCCGETTCCGCCTCCCCGATGETGATCA
CCCGTGCCTTCGGCAGCAGGAGCTCGETCATCEGEATGETCTCETGETCCTCCGCCATCAGGACCTTCG
CCTGGTACGTGTAATAGACCGCGACCTGETCGCCGEECETGATGTTGCCEECTACCTGCGGGGCGACGT
TGAGCGCCACCGAGACCGCGAGCGACCTACGGGGCACCGGGATCCGCCCEETGTGCGACGGCGCCGGTE
ACGCCGGGACGAACAGCGTCCGCATGAGGAGCTGCCGEEECTGCAGETCCCCGCCEAGCCGGAGCGGAT
CGAGCGCGCTETCCCAGETGETCAGCGCCCCGGLGEECACGGTGACGETGGGGACCAGGAGCCGCTCGE
TCAGGCCCCGEECGCEGATCTCGECGCCGCTEETCCCEGACGGGATGTGCTGCCCGGCGACCAGGATCC
AGETGCCCTCCCGECCGCTGAGCECECECCEETCEECCEACCGEECGTAGGACAGGACGGCCGCCCCEE
TGATCCCGGCCAGCACCAGCGCGGCCAGCAGGATCAGGATGCEGCGECGCATGACTTCACCTTCTCAGE
CACCGGTCATCCCGTACGGCCGATCACCATCGCGCCETAATACCGCGAGGTGGCGAACCGCGTCGGTAC
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GTGGTCCETGACCAGCGCTCTGGTGAAGTAGCCGTAGAGGCAGGACTGCGCLGLGCACAGCGCTCTCTG
CGCCCCCGGCACGAGCGAGGEGACCGCGGATCCEGETGACACCEEGCCECTGACCEGECTCTCETAGCC
GGTGAGGACGAGCGGCGECGAAGCCGECGATCCGGTAGTACGACGGCAGCGTGCCGATCACCGCCACCTG
CCTGTCGAAGATCGGCACCAGCACCGGLTGCCCCCAGETGATCAGGACGTTCAGCCGETCGAGGCAGET
CGTGGCEGCEGAGGCETTGCCGGEECLGATGGTGAATCCGCCEACCCAGCTGTCCGCCEGCCCETCGET
CGCCGGGATGCCGGTCAGCTCGCAGGAGGCETCCEGTCCECTGACCGGCAGCAGGCCCGGCAGCGCCGE
CGGGCCGTCCGGCTGCCCGAGCCACGTGTAACCGGCGACGGTCTCGCCGGCEGTCEGCCGEGCAGGALCGT
GGCGAGGATGCCGTCGCTGATCGGGATGTAGCCGEBGCCETCGGETCEGAGAGECCGAGCAGCGGGTGGAL
GCCGGTCIGCGEETTCEGECLERETGEGCEECEELEGEECEAAGAACCTCETETAGTCGCLGETCAGCLS
CAGGAAGTCGCACCGGGAGACGCLCGAGCGCGAGGACETCGETCACCGLCCEGAGCTCCLCAGGLGALCCG
GCCGCAGGCGCCCATCTTCGLCCCGTGETACGCCGACCCGGCCAGACCGCGCCCGARCAGCGGCGGCAL
CACCGAGGTGTTGICGCTGTIGCGGGTGGACGTCCGGACCTCGACGTACCGETACGGCCUGRAGGCGLT
CGGCGGECECEGEGCACGTEGACCGGGEGTGTTCCAGCAGCTCGGGCAGCCEGCGTCGGLGETGERTGACGCT
GGCGGCGGACACGGETGGTGATGCAGRACTGCACGTCCGAGACGAGGTCCTTGECGTTCCGGTCGGLGTA
- CCGCTGCGCGTITGTCCCGCTGCGCEGCEACGETGCAGCTGGCGGACCTCAGGTCCCGGCCGGCLETGLC
GGCECAGGCCTGCGCGACCTTCCACGACGCCGCETCGGCCCCGLTCTGCARCTGCTCCCGCTCGGCGTA
GAGCGCGCCGATGTCGATCACCAGCGCCGCCATCCCGAGCAGGACGCCGEGCGECCGGCCAGGACGGTGAL
CAGCGCGGTGATCACGCCGETGCTCGCCGCEGEGECEEGRACAGGGECETGGATCAGCCGACGCATGACATC
ACGCCGGTCGCGCTCATCGTGATCGTGCCCATGGTCIGCCCGECCGACCAGCCTGACCAGCGCCACCATC
GGCGTGATCGGECTGGCTACCGECGGETCAGCACGACCTCGGCETCGGCECCEECGAGCGAGGTGGCCGAA
CAGGTCGTGACGGTCTGEGTCACCGACGGLGCCLLGETEGCGCCGACGATGCCGTTGACCTTEGECETIGE
ACCGCCGCGGCCGTGCCETTCAGGGCGCCEAGCCGEEECGCCCTCCCGEGLCGCCTCGETGAGCTGEATG
TACTGCTGGAGCAGCCGGCCCATGTCGATCATCCCGAACAGGATCAGCAGCAGCACCGGCATCACGATIG
GCGGTCTCCAGCEGCCGECEGCGCCCCGGTCCCGGTTATCETGCGECGAGCTCTICCGCTCCCTGEGCGAGAAC
CGTACGCAACATCCCGGCCAGCCGGTCCGCCETATACGGCTTCGCCACGRAATGGCGACCCGGCACGGAT
CAGCCCTTTCTTGATGGCGATCTCCTCCGGGACCCCGGAGACETAGACCATCTTCATGCCCGECEGGAC
CTCGGAGGCCGAGCGGEGCCAGCTCCCCGCCGGAGACTCCCGECAGGCCCAGGTCGETEGAGCAGCACGTC
GATCGCTCCGCTGTGCACCCGGCACGTCATGATGGCGCTGACCGGETCTTTCGCCACGAGGACGACGAA
CCCGCGCATCTCCAGCATCTGTGCEGCCAGCTCACGCAGGTCCTCEGTCETCCTCCACCAGGAGAACGAL
CGGCCCCTGCCECTCGETTGCTTTCCACATCATTCCTCTCCCGGTGCACGAGGARTCCGGCGACGACTC
TTCCCGTCGCIGCCTCTGCTCACGCTATCCACCGGCCTGCCTGGCCCGETGGCATTCECGGAARATGTCG
ATGCCCTCARATCAGCATTIGTCCGGCEGCACTGTCCGTGTTAACGCTCACTACGTTGCEGCTGACGTCA
CGTTTCGTCCCGGETAACAGTTCGGGGTCTTIGACAGATCACGAGCGTCGATGEETGAATGTGTTCAATCC
TGATCGGACGAGTGCAGGATAAACAACGTTITGCCTGTGARGCCGTTTIGECTTITGAGGGGGCTCCATGTT
CAATTACGTCAGITTCGTGCGCCCTARRACCTTTGCCGCCACCTTCGCGGECAGCCECCCTGCTGCTCGE
CTCGGGCGCCTECGCGAAGAGCGAGGACTCCGGEGACACTETGGCEECEGEETCCCECCUCETCEELGRE
GCAGGTGGTCCAGTCCGCCTCGGCCGGCTCCGCGACCTGTGCCTTGGATCAGTACGGCGCGTCCAAGCT
CGACCTGARGACCGCCTICCGTCGGECTTCTCCCAGTCGEAGAAGGAGGCGAACCCGTTCCGGATCGCCGA
GACGAAGTCCATCAAGGACGAGGCCGCGAAGCTGGGCATCACCAACCTCAAGACCTCGAACGCGAACTC
ACAATTCAACAAGCAGATCGCCGACGTCGAGCAGATGATCCGATGCGEGGECGTGCAGCTGCTGGTGATCGC
GCCGCTCAACTCGGACGGCTGGGACTCEGTGTTCGCCAAGGCCGACGGCGAAGCACATCCCGATCATCAC
GATCGACCGGAAGATCAACGCGACCGCCTGCAAGGACTACCTGACCTTCATCGGCTCCCGACTTCGECCGA
GCAGGGCRAAGCGGGCCGCCEACGCGCTGGCCRAGTCGCTGGGCARCAAGGGLGAGGETGECGATCCTLLT
GGGCGCTCCCGGCAACAACGTCACCACGCTGCGGACCAGCGGCTTCAAGGACGAGATCGCCAAGGTCGC
GCCGGACATCAAGATCACGTTCGAGCAGACCGGCAACTTCTCCCGCGAGGACGGGCCAGAAGGTCGCCGA
GCAGCTGCTGCAGTCCAAGCCGAACATCAACGGCATCTACGGCGAGAACGACGAGATGGCGCTCGGCGC
GATCACCGCGCTCAAGGGCGCCGGCAACAAGGCCGGCGACGTCAAGATCGTCTCCATCGACGGCACCAA
GGGCGCGGTGCAGGGCATCETGGACGGCTGGGTCTCCGCEGGTGATCGAGTCCARACCCEGLCGCTTCGGECC
GCTGGCCTTCGACACCGCGACGAAGTTCTTCGGCGGCGAGCCGGTCGGCCAGGACATCGTCATCCAGGA
CCGTGCCTACGACGACTCGAACGCCAAGACCEGACATCGGCAGCGCETACTAGAGAGCGCTCCCAATCEE
GTGTCCGGGGATGAACCGGGCACCCGCCGGCACGGAGCGAGGGCGECTCATGCTGCTGGAAGTCTCCGGE
GTCTCCARGACCTTCCCCGGCGTACGCGCCCTGGACGGEGTGTCCTTCACCCTGAACCCGGGCGAGETEG
CACGCGCTGGTGGEGGAGAACGGCGCCGGCAAGTCGACGTTGATCARAGTGCTCACCGGGETCTACCAG
CCGGACAGTGGCGAGCTGCGCTACCGCGGCGAGCCGGCCCEETTCGCCACCCCGCTGGACGCCCAGLEG
GCCGGTATCTCGACCATCTATCAGGAGGTCAACCTCGTCCCGCTGATGAGCGTGGCGCACAACCTGTTC
CTCGGCCGGGAGCCGCGCAACCGETTCEGGCTGCTGGACGAGGCCCGGATGGTCGCCGAGGCCACCGAG
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ATCCIGGCCGETTACGGCGTACGCACCCATETCCGCCGCCECCTCEGCACCCTGGCCCTGGGCGCGCAG
CAGATGGTCGCCCTCGCCCEGGECCEGTCATCETCGACGCCLGEGETCGTGGTGATGGACGAGCCCACCTCG
TCGCTGGAGCCGCGCGAGGTGGAGACCCTGTTCGGGETGATCCGCGAGCTGCACACCGCGGGCATCGGC
ATCGTCTACGTCICGCACCGGCTGGACGAGCTCTACCGGETGTGCGACGCGGTCACGATCCTGCGCGAC
GGCAAGCTCGTGCACACCGGCCGGATGGCCGATCTCGACCGGCGCACGCTGGTCTCECTGATGCTCGGL
CGCCAGTTCGGGGCEGACTTCACCAGCTTCTCCGAGTCACCGCAGAGCACCCLGGAGGECGAGCCGETC
CTGCGGGETGTCCEGCCTGACCAGCCGLCLCCEGCTCEGACGACATCAGCTTCGACGTGCGCCCCGGCGAG
GTGGTCGGCCIGGGCGGCCTEGCTCGELCECCCECCECAGCGAGACGATCAAGGCGATCGGCGGGGCGTAL
CCGATICGACTCCEGCETCGATCGAGGTCEGCEGCETCCGGCTCGECAGGCCCAGCACGGTACGGECGEETC
CGCGCGGEGCETGECCACCCAGCCEGAGGACCGCAAGCCCEAGGGGATCGETCCCCGGCCTGTCEGATCCGE
GACAACATCGCGCTCGCGATCCTGCCGCGGATGECCCETTTCEGGACTCGTCAGCGACAAGCGGATCGAC
AGCATCGTCGCCACGTACATGAGCCGECTGCGGATCAAGGCGTCCEGTCCGEACCAGECEGETCGGCGAT
CTCTCCGGTGGCAACCAGCAGARGETGCTGCTCGCGCGGCTECTCGCCACCGGCCCGAAGGTGCTGCTE
CTCGACGAGCCGACCCGGGGCATCGATGTCGGCECCAAGGCCGAGGTGCAGGCGCTGATCGACGAGCTG
GCGAAGGAGGGGCTCGGIGTCCGTGCTGEGTCTCCTCGGACGCCCGAGGAACTGGTCGAGGGCGCGGALCCES
GTGETGGTGCTGCGCEACGGCECEETCETCGECACCCTCACCGGCEGACCGGGTGACCACCGAGGLLCTG
ATGGCCACGATCGCGGAGGCCGCGGATGAGCACTGAGACCCTGABCCCGCCCGCGEATGACGTTCAACCC
GGCGTGGGCGGCACGCTACGGCEGTCTACGCEGCGATCGTTCTGCTGATCGTCETCAACATCGCCTTCAL
GCCGTACTTCCTGACCCTGAGCAATCTGCGGATCCAGCTGATCCAGECGGCGCCEGETGETGATCETCGE
GCTCGGCATGGCCCTGETCATCGGCACCGAGGGEATCCACCTCTCGETGGGETTCGETCATGGCGCTCGL
CGCGGCCTTCATACCCCTCTATCTIGGGETACGGCETGACAGCCGCGATCCTCGTCTCGCTCCTCGLGEE
TGTGGCGGTCGGGCTGATCAACGGETGTCCTGETCGCGAAGGCCGECCTGCAGCCEGATCGETGGCGACGELT
GGCCCTGTTCGTCGGCECTCGCEGEGCTCECCETGETGATCTCCGGTGGACAGCTCAAGGACGTGCGCAR
CGCCGACCTGCTCTACCTGGGCTCCGETGACCTGCTCEGCGTGCCGETCCTGETCTGGATCGCGECGLT
GCTGGETGECTCGTGETGECEITCETGCGTCCGECGETACCETCTTCGECCGGCECCTGCTGGCCETCGECGEE
CARCCGGCCCGCCECCEAGCTCGCCGGECCTCCCGETCAAGCGGETGCTGATCEGCGTCTACGTCTTCTG
CGCGGETGCTCECCTCEATCECCGECCTGCTCTCGETCGCGCECATCCAGTCCAGCGACECETCCECEGET
CGGCCTGCTGATCGAGCTCTCCGCGATCACCGCGETGETICGTCGGCGGCACCCCECTCACCGGLEELLE
GGTCCGGGTGCTCGECACCETGECCEGGEEECCCTECTCATGCAACTGEGTGCGTCGCCACCATGATCAAACA
CGATCTCCCGCCGTCCACCACCGAGATGGTCCAGGCCGTGATCATCCTGGTCGCGGTCTACGTGGCCCG
GGAGAGGAGGACCCGGTGACCATGTCGATCCCCETGCCCGCTTTCCGEGAACGGCGGCTTCGTGCAGCEC
CAGGGCGCGCTCGLGETGCTGGTCACCETGGTGGCGATCAGCCTGGCCGCETTCCCCGECTTCCGLAGT
GCGGACRACGCCGGCACGATCCTGGTCGCCGLGGCGCCACCGATGCTGATCECGLCTCGGCATGACCTTC
GTGATCATCACGGGCGGGATCGACCTCTICGEGETCEGCTCGCTCTACGTECTCGGCEGEETGETCGCCELC
TGGGCETCCCAGTGGGGAGTCETCGCEGCGCTEGCCECEGCCETTGCTCCTGCTGCEGGGCCATCGECETA
CTGARACGGGATCCTGATCTCGAGAACCEGGATGECCGCCCTTCATCGTCACCCTCGCCECEGCTGLTCEEE
GCCCGTGGCCTCATGCGCAGCATCAGCGATGAGGGCTCCGACGACGTACCTGCTCAGGAGCGACGTCTTC
CACGAGCTGGGCACGGGATCCCTGCTCEGCETCEETCTGCCEETCTGECTGGCCEGCEETTCTGETCGGC
GCCGGGATCCIGGTGCTGAACCGGACCCGETTCCEGCACGCCGTGCACGCCATCEGCEEGAGCGAGGAL
GCCGCCGCECTGATGGGGCTGCCCETACGGCEAATAAAGGTCTGGETCTATCTCCTCTCCGEECTGCTC
GCGGGACTCGCCGGTGCGATCAACGCGGCCAAGCTCGGCTCLCGEGETCACCGTGCTCGGCAGTGGCATG
GAGCTCGACGCCATCGECCGCCETCGTGATCGGTGGCACGCTGCTCACCGGCGGCTCCGEETCGATCGCT
GGCACGGTCGCGGEGETGCTGCTGCTCGGCETCGATCCAGAACCTGATCAACCAGGTCGGCAACETCAAL
AGCAACTGGCAGCAGGTGATCAGCGGTGGETTCCTICGCCGCTGTGETCETGGCCGCAGACAACTCTCGTA
CGCGCAAGAAGATCTTGACGTGGAGGCCCGLCCGEGGACCCTGCCECEEECGGGECAGGCETAGETTGCC
CGCATGACGGAGCATCGGGTCTCCCCEGCCEGGCEEECGCTCGCETGECTEGATGCTGGTCTCCEGETTIC
GCCGCEGTCGTCEGETCETTCCTGCCETGECCCTCGETCGACTTCCCGEAGCAGGGCAGCAGCCAGGETE
TCCGGGAGCCTCGTGTCCGACCTGTTCACCGCGTICTTCGGGGTCGTGCTCGCCEGETACGCGGTGCCC
GCCGTGCGCGGCGAGCECCTGCCCGECCTCGAGACGTTCTTCTCEETCGGCGCCGEECTGETGCTGTTC
ACGCTCGGRGCCTGGGACAGCCGGCACCTGACCTCGATGACCGCCGCCCTGGTCGCEGCCBACACCGGL
ACGACCATCGGGCCCGGTCTCTGECTGTGCATGATCGGCGGCCTGCTGGEGCGCECTCECEGCEELGECC
CTCGCCGTCCGGEEACGCCGGCCGETCETCAGCTCCCGEETGTGACCACCCAGTCCEGGTCETTCGGCA
TCGGAGGGGTCGTGACGCCGAGGAGCCAGGAGGTCAGGAACGGECCGCAGATCCTGGCGGGCGACCCELG
AGGCGAGCGTGATGAAGTCACCGETCGAGGCGEAGCEGCCECGETACGTCGTCAGCCAGGCGCGTTCGA
CCCGCTGGAACGTCGCCGCGCCEATCTTCTGCCGGAGCECETAGAGGACCAGCGCGCCECCGGCGTAGA
CGTTCGEETTGAAGACGTCCCACGTGETCGCCGCGTCGAGCEGGGCEECCACCEGACCGTACCTGGCGL
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GGAAGATGTCGCCGGCEECETAGACGECCTTGARGAACGCCTCGCGETCGGCCAGGCCEGTETACTGCG
GGAACCCGCCGEGTCTCCTCCGACCAGAGCATCTCGTACCAGGTGGCGTGGCCCTCETITGAGCCAGACGT
CGCTCCACGAGAACGGCGAGACGCTGTCGCCEAACCACTGETGGGCCAGCTCETGEETCATCGACGGGEE
CGCGGGTEGTCTCCGEGCCEETGAACAGGGCEECECCGTACAGCGAARGGETCTGGGTCTCCAGGGCET
AGCCCAGGTCGTCGTCGATCACCAGGGAGCCCTAGTCCTCGAACGGATAGGGCCCGGCCTGCTTICTC A
TCCAGGCGAGCTGCTCGCETTCCCCGGCGATCECEGGCAGCAGCETGCCEGCEGAGGCETCGCGGCACCA
CETCGCGGATCGGEGTGCCGCCEECCECCEGECEECGLTCGACCACGAAGTCGCCGACGGCCGTCTGCA
CCAGCTCGGTGGCCATCGGEGCEGACTCGCEETAGACCCAGCTGACGTGGCCGTCETGCTCGGTCGTGE
TCACCAGCGTGCCETTEECCETCCLGETCCAGCCEGCCGGCACGGTEAGCGTGATCGTGAAGGTCGCCT
TGTCCCGTGGATGCTCGTTGCCGGGEAACAGCAGGETCCGCCGAGCLCGEGLTCEGCAGCEAGCACCGTCC
CGTCCGGCGTCGCCACGAGAGCGGCCGGEECEGCGETGAAGTTCGCGACCETGACCCGGAACAGCCGLC
CCCEECGAAGGGGECGCCGCGEGATGACGGETCAGCTCGTCGCCETCCLEGEGCEGECCCGCELEEGELTGELC
CGTCGACCGAGACGCGCCCGATCGAGGCGCCGCCGAAGTCGAGGTCGAAGCGGGACAGGCTCTGCCCES
CGACGGCGGTGATCGTCACATCECCGGATACGACCTGCTTCGEGETICCTTCTCCEGETAGCGCAGECGGA
GGTCGTAGTCGAGCACGTCCTAGCCGCCGTTGCCGAGCAGCEGGTAGAGCCGGTCGCCGAGGCCEGLEE
ACCCGGGETGACGGCGAGGGCCCEGCCTGCGCCEETGCGECEGCTGCGECCAGGGCGAGGACGACGRTGE
CGCCGEACGETGAGGACGLGGETGCCCGELEGACGTTCECATGGCTTCCGACGCTAGGCGACACCACCGER
AGCCATCGACCCATGGGCATGTATGARAATCCCACARTCTCCGATGTGGACGGACGGATGGTGCGCAGTA
TGCAACTTGCAGATTTCGGGACATTCCCTAGCCCGGCGGTTGCCGTGTGCACCCGITCCGACCACTGTCC
GGAACCGCGTGGTCAGCAGGGTGAACCTTCATGCGGCCCEGGCCGCCGGAGGTCCCETGACCGTTCGECA
TTGCCGTGCGCCGETGAATCACTCCGCTTTACGACTICGCGACAACGTCGITARTGTCGGCGAAGCGATA
TATCGTCCAGTTATTCGGCGCOACTGCGGTGCATGAGCAARRARATCACTCCGGCGATTGCCAGCGGATCA
CCGCARATTGAATTGCTGCCCGTCARTTCCCTGCGAGTGATCEATTCGCCGCGACTGAACGGTGAGGAL
CCGCGGCACACCGAGGTGCICGCCEECTTCGEGOGCEEAGCTCCCECCGATCETCECTGCACCGGGCEACC
ATGCGGGTCATCCACGGCECGCACCGGECTGAGLGCEGCCCEGCTGCGCEECGACGACCGGATCAGGECG
GTGCTGTTCGACGGCACCGAGCAGGAGGCCTACGTGCTGAGCGTCAAGGCCAACGTGACGCACGGGLTG
CCGCTGTCCGCCGCCGAGCGCACCCETGCGGCGGAGCGCATCATCACGATGCATCCTGACTGGTCGGAC
CGGATGATCGCGGCGTCCAGCGGGCTGEECECECEGACCETCGECEECCTICCGCCERCEECELGLEELC
TCCGGCGAGAGCCCGEGECEGEGCCTCCGCTCGCGCGCCEECCEGGACAGCCGCETCCEGCCEGCCEGLAGT
ACCGCGGGCCEGCTCARAAGCGETCCGACTACCTCCAGGACCGGCCGGACGCCTCACTGUGGGAGATCGELC
CGGCACGCCGGCETCTCTCCETCGACCGCCCETGACGTCCGGCGACCGECTGCACCGLGGCGAGGACCTCE
ATCCCCGCCACGCAACGCGCGGCGGCACGCCCCGGARRCGATTCCCCGCCGCTGCGETCECTEGTCCAG
GGCTTGBCGAGCGACCCETICETTGCGATTCAGCGAGTCCGGECGECCATCTGCTGCGCTGEGTTGATTGEEC
CACGCCGTTCAGGACGGCGAATGGARAGGGCTGETCGACACTATTCCGGECGCATTCCECGCAGGCGCTG
GCGAAARATCGCGCGCCATTETTCGCEGGAATGGCETGAGTTCGCGGACATCCTGGAGAAGGACGLLGCE
TAGGCCACCGGCATTTCTTCCGGCACCCGGTCCECCCTCCGTCACGCACAGGTCAGAGTACTGATGECG
GCTGTCAACCCGCCGATCTGCGGGTAGGTGCCGACGTCCTTCCGCCGACCGTCTGCCEAACGCATCCGE
TCGGTGCCCGATGTGCGGGTAGGCATTCACCGATCAGGGTTGCTCCARATGTCTCTCGTCGATACCGLGE
CTGATACCTCCGCGGTACTCGGCAGAACACTCCGTGGCTATGGCGCCGTGGTCCCEGAGCCTTTCCTGA
AGTACTTCGGACGTACCTCTCCGGAGTCCCCCACAGAAGGAGACATCATGTCGGCCATCACCGTGGAAA
CCACCTGGAAGAACACCGACCTCCGGGAGGACCTCACCGCTCACCCGGLCEGELLTCGECTTCGGCGAGC
TGAGCTTCGAGGACCTGCGTGAGGACCGCACCATCTACGCGGCCAGCAGCGECTGGGTCTGCACCCTGA
CCATCGAGTGCGGCACGCTCGTCTGCGCCTGCTGACCAACGETCATCGCACTGCCGGGACCGGEGCTGA
CCCCGETCCCGECACCCTCTCCCCEGGCAGGAGCCTGCATGTCATCCTTTGCGATCGCCECTTCGCCGET
CAGCGCGTACCTGCACGAGCGLCTCCGCCGGCCCCEGCGGCGACCCCETGECGGAGCACGAGCGGGTCGA
GTCGTGGCECGAGTCCGCGTTCCTGGACGACCCGETCCTGGACATCCGCCTGCGCGAGCTCGGACTCAG
CCGGECCGAGTTCGGCCEGGCTGCTGACCGACGECGCETACGACGCCGGGAGCACGGCCCTCEACTGGGC
CGGCGAGCTGGLCGCCETECTGGCEACCGGGACCGGCECEETCACCEGACTCGCCCGGTCGACCAAGLT
GTGGECGCAGGGCTTCCACCGGCTGCCGTTCGCCGGGCTGATCGAGAGGTTCCTCGCCTACTACGAGCC
GCEGETGCCECGCACCGCCEGEACCETCCEGETEGTCCCTGCTGGAGAGCCTCGCGAACCGCCTGCTCAC
GGTCGCGACCCGGACCCTGCTGCTGGAACTGAACCTGGCCCEGETGCACGGCCGCCTGACCEGCGCCAL
CCCCGGGGAACGCTACGACCACTACGACCGGETCCTGCTGACCGACCCGEGACTACCTGCGCTCGCTCTT
CGGCGAGTACCCGETGCTCGGCCGGECCATGETCGAGTGCEGCCGCCGCTEGGCETCCGCGATGGCCEA
GCTGTTCCAGCGCCTGGACGCCGACCETCCCGCCCTGCACGCCGCCGGECTECTGCCEGCCEELGLGGE
CGAGGTCACCGCGCTCCEGCCCGACCTCGGAGACCCECACARCAGCEGCCGCGCGETCGCGATCCTGAC
CTTCCGGETCCEGTGCCCAGCTGGTGTACRAAGCCCCGRCCEETCGEEGCCERGAGCECECETACGCCGAGAL
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CGCCGCGGECCCTGRACCGGCACGGCCTGAGCCTGCCGCTCACCGCCGTGGACGTGCTCGACCECEGLEL
CTACGGCTGGTGCGAGCTGGETCCEGCACCGAGCCETGCGCCGACCECGLCEGACCTGGACCGCTTCTALCCG
GCGTACCGGLCGLGGTCCTGGCCACCACTCTGCTGCTCGGCGCCCTCGACGTGCACATGGAGAACGTCAT
CGCGGCCGGCTCGTCCTGCATGCCCATCCACCTGGAGACGCTGCTGCAGCCCGEGGTCCCETCCGGTGA
CGCGACGGACGCCTACACCCGEGCGCTCGACCTGCTCAACCAGAGCETGCTGGCGATCGGGATCCTGELC
CGCCCGGGCETTCGGCGGCCEGEGAGCGCAAGAGCGTCGACGTCAGCGCGATCGGCGGCGGCGAGGCACA
GACCGCGCCCCGGCCEGTGCCGATGGTCETGCAGCCCTTCACCGACGTGGCCCGGATCGAGGCGGTGGA
AGCGACCATGCTGGGECGCCCAGAACCGGCCEGTGCTGGTCEGCEGCLCEAGGTGCEGCCCCGAGGAGCACAC
CGAGGCGGTGETGECCGGCTTCACCGAGGCGTIACGACCTGATCGTCCGECACCGLGAGGACTTCECCGA
CCTGCTGGCCGECTTCGETGACGTCCAGGTGCGCTACCTGCCCCGCCLGACCCECCGETACAGCATGYT
CCTGACCGAGAGCTACCACCCGGACTACCTGCGCGACGCGCETGACCGCGACCGGCTGCTCGACAAGCT
GCTGGACCGCCGLCEGGCGLCCCETCCCCACCTGATCCCCATCATCEAGTCGGAGAAGCGCCAGCTGCTGEC
CGGCGACATCCCGTGCTTCCGCGCECTGECCEECCACCGEGCEATCCECACCELETCCGCCCCEETEGEC
GCCGGACTTCTTCGACGCCCLCGGCATCGAGGTGCTEECCEECCGECCTIGCEECAGTTCEEECCEETGECA
CCGBGCTGCCCAGCTCECGGATCATCCGCCAGTCGATGGGAACCATGECLCCECGCCCGGLCCGATCGLCEE
GACACCCGCGCCATCCTCCGAGCEGLGTGGCGGECCTCGACCCCCETGAGGCCGCCACGCTCGGGGACCE
GCTCGTGCGGGAGCTCGLCGCGACCAGGCGATCCTCEGEECCGACGACGCCEECTGGATCGGAGTCAGCAT
CGAGGGCCTCGACCAGGAGACGTTCAGCTACAAGCCEATGGCGACCGGGCTGTACGACGGCATCGCGEG
AATGGCGCTGACGTACGCGTACGCCGCCCGCACGCTCGGCGACGAGCGCTACCTCGACCTGACCLGLCG
TACCGTCAAGCTGGTCTCCGGCTATCTGCGCTACCTCGCCGAGCACCGGATCOETGGAGACGGTCGGGEE
GTACAGCGGGATGGCCGGCCTECTCTACACGCTCGATCACGTCGCCCATGCCACCEGGCGACGCETCELT
GCTGGGCCAGATCGAGGCLGCGLCTGCCCTGECTGCGGGAGTGCGCTACCCGCGAGGAGTGCCCGGACCT
GATCGCCGGCCTGGCCEETTGCGCLGTCETCECECTEGTCGCTGTACCEGCEGCACGGCATCGCCGGTTA
CCGCGAGGTCGECGGAGATCTGCGECCGECEACTGECCEEGCACCGCGETCGACGTCGAGGGCECCGLEGEE
CTGGGCCGCGACCCGCACCGECGTGATCCTCGGCGETTTCTCCCACGGCTCGECCGGEATCGCCTGGEEC
CCIGCACGAGCTCGCCGCCGAGTTCGGETCACCGGEACCTGCGCGAGCTGGCCGACCGGECGEETCGAGTT
CGACCGGCGECTGTACGTTCCGGCCECCGGCGCCTGECECEACCTGCGGCCCEAGATGGCCGGCACCGA
CGGTTACCCGGCGCTICTGGTCTCACGGCGCLGCLCGGCATCEECCTETCCCGGCTGCTGATCCACCGGAT
CCGEGCCGGACGAGCGGCTCGCCGAGGAGGCCCGLECCECGETGGCELCTECTCCGECGGCACGGCTTCGE
CCACAATCACAGCCTCTGCCACGGCGACTTCGGCECECTGGCCCTGCICGECCTGECCGACCGCGLETE
GCCCGGGTCGGGCGECCACGACGAGCGTGCCOEGLGCEETCETGCERGACATCGGCEAGACCGETCTELE
CTGCGGGCTGGGECAACGGCATCCGGATGCCGGGTCTGATGCTCGGCGCCECEEECECCEGACTGAGCCT
GCTCCGGCTGEGECCECGLCCCGCLCGACGTGCCCECGETCACCTGGCTGGAACCGCCGCEGGEGCACGCATET
CTGAGACGGLCGGEGCTGUTGCGECGGAGCCTGCTCGATCACTGGGEGCAAGCTCGCCGCCETEGCCGETC
TCGCCETCGCCGERETCEGCTGCCAGCTGGGCCAGCCGTTCCTCATCCGGCGCGTGCTCACGGLCGGETGE
AGTCCGCACAGCCGTACCGCCAATTGGLTCTCGCCGTTCTGGCGETCATGETCGTCGGCGCGGCECTGE
GCGCCGTCCAGCAGTTCCTGCTGCAGCGCACCGGGGAGGCGATGGTCTTCACGGTGCGCCECACGCTCG
TCGCGCACCTGCTGCGGCTGCCGETCGCGGCCTACGACCAGCGGCAGTCCGGCGATCTGGEIGTCCCGGE
TCGGCGCCGACACCGCCCAGGTGCGCTCGGTGATCACGTCCECGEGETGETCGACCTGGCLGEGEECETCC
TGCTCCTCGGCEGCTCGATCGCCGGCATGATCATCATTGATCCGGETCCTGCTCGEGCETCAGCCTGGLGE
CGETGCTGTGCGGCGCCGECCEGEGETCCEECTGETCGGCCETCEGCTGLGCCCECTCAGCTCGGLGGTCC
AGGAGTCGATCGGCGCGECTCACCECCTCGACCACCCGGGCCCTCOGCECEGATCCGCACGATCLCGGGTICE
CCGGCGCCACCGAGCGCGAGACCECCCTGATCGTCGCCGAGGCCGACCGLELCCEGELELLGEELETCC
GGECTCGCCCTGETCGCGGCCCAGBCCGGCCCGATCETCCGGCTCGCCCTGCAGGGCGCETTCETCGLEE
TGATCGGCTTCGGCGGCTACCGGEETCGCGRACGGECEGCEGGTETCGETCGEGCGACCTGGETCGCGTTCACGC
TGCTGCTGTTCACGCTGGCGCTGCCCCTGGCCCAGCTCGCCEAGGCGGECCACCCGGATCCAGALCCGGEE
TEGGCGCECTGACCCGGATCGAGCAGATCCTEGCCCTGCCEGACGAGGACAGCGCGCTCGGCEGTCCETG
CGAGGACGCCCECCACGGTCCGGCACGATCCGETGCTGCTGGAGTTCGATCACGTGTCGTTICCGCTATC
CCACCGGCGGBGAGATCCTGCGCGACGTCAGCTICCGGGTGCCEGCCEGCAGCACCACCECECTCETCG
GGBCCGTCCGGEGCCGGCAAGTCEACGATCCTCGCACTGATCGCCCGECTCTACGAGGTCCACGGTGECC
GGATCCTGCTGCACGGCCGCGACATCCGCGACTACCCGCTCGCCGAGCTECGEGCCECCCTCGGCTACG
TCGAGCAGGAGGCCCCGGETGCTGECCGECACCETCCEGEACAACCTGACACTGECCGCECCGGACETCG
CGGAACACGCGATCCGCCACGTCACCGCATCGGTCARCCTCGACGACCTGCTCGCCCETGACCCGECCE
GCCTGGACECGCCEGTCGGEGACGGCGGCETGCTGTTCTCCGGLEETGAACGGCAACGGCTCGCCGTCE
CCCGGACCCTGCTCGCCCCGEGGCGAACTGCTGCTCTTCGACGAGCCGACCGCCCACCTGEACGCCCGCA
ACGAGCAGGCGCTGCAGCACGGCCTGACCGCECACECCGCCGELCGEACGLTGETGETGETCGCGCACC
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GCCTGGCGACCGTCGCGCACGCCGACCAGATCCTGETGATCGACGACGETCGTTCGETCECCGCCGGET
GGCACGAGGAGCTGCTCGTCCGCGACCCGACCTACCGCGAGTTCGCCACCCEGTCAACTGCTGACCTGAR
TCCCGAGGTGTACGCCATGCTCAGTGTCCTGGACCAGGTGCCCETGTTCCGTEGCGACGACCCCGCCGA
GGCGGTCCGCGAGGCCETCGEBCTCELCCLCEEECCGCCGAGTCGCTCEECTATCACCGGTTCTGGATCGL
CGAGCATCACGGCAGCGCCGCCAACGCGTGCELGGLECLGGAGATCGTGGCGGCEECCGTCGCCGRAGT
CACCGAACGGATCCGGGETGGGCACCGGGEGEAGTGCTGCTGCCGTACTACAGCCCGCTCARGGTGGCGGA
‘GGCCTTCCGEETGCTGGCEGCECTGETATCCGGGECEEATCGACCTCEEETTCGGGCEEGGCAGGGGLEE
GCCGGCGGTGATGGECCGAGCTGCTCAACCCETACGCGATCGCGACCGAGGAGGCGTACGCCGAGCAGGT
CGGCCGECTTCTCGCETTCCTGGGCGEACGCGCGGACCGETCAGCCGGGTGTCGGTCACGCLGGCGETGECA
GGACCCGCCGTTGCCEGTGGCTGCTCGEECTCCEGGCETCGECAGCGLCCECCTCGCCEGGATGCTCGGCGET
GCCGTTCTGCTTCGCGCAGTTCATCGCGACCGAGGAGTGCCCGGRAGECGATCGCGEGLGTACCAGGAGTC
GTTCCGGAGCTCGCCGTEGCTGGACGAGCCECAGGLEATGCTGGCETTECGEETGCTCGCEGCCEGECAC
CGCCGAGGACGCCCAGGAGCTGGCCACCGECTTCTGGATGTCGTGCACCACCGGATGGCGGEGCCCAGGT
CCGGCCGGACGACGACTACCGGGGTGGCETEGCCCGAACCTGGCGGACGCCCAGCGGTACACGCTGACCGA
GGAGGACCTGGCGATGCGCGCGAGCCGGCCGTACCTGCAGATCTCCGGCACGGCGGAGACGGTCGGLGA
GGAGATCCGECGACTGCGCAAGGTGTACGACGTGECCGAGGTCATGCTCACCACGAACTGTCCCGGGGC
GGCCGCCCCEGCGCCEETCCTACGAGCTGECTGGCCECCEAGCTCGEGCTEGACCGCGCCGGCGTGACCCG
GGTCAGGCCAGCTCGTCGETGETGAGGCCEECEECEGTACGCCAGCALGGLCGGCCTGCACCCGETTGGLC
ACACCGAGCTTGCGCAGGATGACGCTGACGTACTCCTTGACCETGGAGTCGCTGATGAACAGGLGCCCE
GCGATCTCCGCGTTGGTCAGCCCCTGCCCGATCAACCCCAGAACGGCCTGTTCCCEGTCGGAGAGCTGT
TTGACCTCGTCGACCGCGTTICTCGGCEGUCEGAGTECCCCGGCAGGCCGCGLCCAGCATGATCGACGAG
GCCTCCBGCGCCAGCACGGTCACCCCGGACGCCAGCGCGCGGACCGCCGCGACCAGTTGCTCCGGCTGA
CTGTCCTTGRGCAGGAAGCCGCAGGCGCCACCGCECAGCEACTCCAGCACLEGTGCTGGACELCECCRGC
GTGGCCAGCACCGCCAGCGCCGGCCCEGACTCCAGBTCGCGCAGCCGGETCAGCAGCGGCACGLCTCTCC
GGCAGGGTCGCETGCGCGTCCAGCAGGACGACCECGGGLCGETGCTCGCTGACCGCGGCEAGCGLGCTG
TCGCGGTCAGCGGCGACGACGGAGAAGCCACCCATCGTCTCCAGGATCATCTTGATGCCGATCGAGACC
AGGGCCTCCTCGGCCACCACCAGTACGTICCGCCATGCCTCCCCCGRGCAATETAGCCGTACGAGATTTG
ATAGTGCACAARRACCATCGAATTACTGCTCTITTCGAATCATACATGTATTTATGCAAATTTCTGGTCA
GGAAACGGGGACGATCCGAGACGCCLGGGCCGECETCTCGGATCGTCCTTCACCGCGCACGGCIATCGL
ACGAGCCCTTCCGCEGGGEGECGATCCGECETCECTCELCGAGCCERLCECCAGGCTGGLCAGCACACCGETE
ACCGCGGCGGCCACCAGCACGAGACCCAGCTGCGGCCACGCCAGCATGATCACCGGTTCGGCCTGCCGE
CCCACGGCCGCGATCACGCCGACCAGCCCGACCGGCACCCCGATGACGATGCCEGCCACCGTGCLGALC
AGCGTGATCGTGACCGECCTCGACGGCGACCATCGCGCGCAGCCGGCTCCGGCEGETGCCEAGCGCCCGL
AGCAGGGCCATCTCCCGGETTCCTTCGATCACCGAGAGGCCCAGCAGETTGGLGATGCCGAGCAGLGLE
ATCACCACGGTGACCGCCAGCATGCCCAGCGACAGTCCGAGCAGGATGGACAGGACGETTCATGATGICE
CCGCCCTCGETCACACCGECCGCCGACCTCCACACCGGLETCGCGTGCCECCACCGCETTGACGTCGGEG
GCCAGCGTCTCCCGGTCCAAGCCECCCEGCECEETGCCCCAGACCEGTGGTCGGCACGETCCGGACCLCG
GCGGCGGTCAGGACCTCACCEETEGTGACGCCEAGCAGCTGCCCGETCETGTCGECCAGCCGCGAGCCC
CGGGCEGETGAACCGCAGGETCCCGCCCECCEECCGTCGACCGTGAGCGGAGCACCGETCCGTCAGLCCELGEL
GCCGTCAGGTAGGAGGCCGGCACCAGCAGCACCGEGTCCCCGGTGGACGCGCTCAGCTCCGGELGLGRGE
CGCCCGGCCACGTCGGTGGEGAGCGECCGCGATCCEGECCEGCETGGEETITGCCCECEGCCEGGAACETC
GCCGCECTCGTCGCCACGETGGCLGTGGETCAGCCCGETGATCCCGGACAGCGCCCGRACCETGCGETCE
TCCATCGCCGCGCCETCGGETGTGCACGCTGACCGCCACCGGATAGCGCGCCTCCAGGTCGGCCTCCACT
GTGGCCCGCCCGCTCGCCGAGGCCACGECCAGGCCEGGTGATCAGCECGGCCCCGACGACCACGGCCATC
GTCGCCGACGCCETCCEGCECGECETTCTGCCGEAGGTTGCTGCCGGCCAGGCTCECCGCCACCCCGARL
CGTTCCAGGCCGCGCGLLCECLGGLEECAACAGCAGGGCGATGCCCAGCGGCAGCGCEGTCAGCAGTCCG
GCGGCGAGCAGCACCCCGCCGACCAGCGCCAGCGECAGEGAGGTGCCEGATCGCGGCGAGACCCAGCALS
CCCACGGCCAGGCCGATCAGGATCAGCCCGGCGACCAGGCGGECECCCECCGCEEACCTGTGCGGGAAGR
GCGTCCGGCACCTCCTGCAGCGCGCGCACCEGEEGRACCCGEGETCECACGECEEGCCEGECECCCAGGCC
GUGACCACCGTGECECCCACCCCAETGAGCACACACACCECCAGCACGATCGEGETTEACCGCCAGGCLG
CCGCCGTTGATGTCGAGCAGGCCGGCCCCEGACATAGCCGAGCCCGACACCGGCEACCECGCCGATCACC
GCGCCGATGCTCCCGGCGATCGCLGCCTCCGCCAGCACCACCCGGCTCACCTGELEELGGTGECCLGLCE
ACCAGCCGCAGCAACGCGACCTGGCGGACCLGCTGGEAGACGATCACCTGGAAGGTGTTCGCGATGACC
AGGATCGACGCGAGCAGCGCCACCGCGECEAACGCCAGCATCAGCACGACCAGCTGGETGTTGCCACCG
GCGARCCGGCCGGCGGCCECETCEECEECCECCGACGCETCGETCECEETCGCCCCCEGCEGECAGGGLT
CGGCCGACCGCGETCGACGETCTCEEGCCAGLLEETCCCEGTCCEGTCGACGGTCAGCAGCGCEECCEGECGGL
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GTGTCCCCGGCGARGAACGACGCGGCEECETAGARCCGETAGTCCCAGCCGETCAGCGGGCGGAAGCES
AGATCGGCCGAGCCGACCACGGTCACCGGCACCGGGGCEECCETGCCCTGCCGGAAGTCGAGGTGGGEEE
CCGACCCCGACGCCGAGGTCGGTGAGGGTCCECCGETCEGCEACGACCTGCCCERCLGLGCTCEGCCAL
GTGCCCTCGTCGACGGTGARCCAGCGCACCGACGCGETCGCCGGGATGCTCTGCACGTTGGCCGAGCCE
CGCCGETCGCCGCCCAAGACGCTGACCGTCCGTGCGTACTGCGGGTCGACGCTCCGCACGCCCCGCALT
CCGGCGGCCGCCTGETACCACTGCEGGTCGTGCACCGTGTCETCEGCETCGAGCACGATETCCGCCGTE
GTCAACGGGGCCGCEGCGETCAGCCECAGACCCTCGTCCGAGGTGCTCGCGAACGTEGCCGTGECGGLC
AGGAAGCCGGTGGCCAGCACGACCGCEGCEACGATCGCGAGCAGCCEGCCGEGETGCGACCGGALCCTARE
GACCAGGCCAGCGTGAAGATCATGACGTCACCETCACCGACGCCATGACCGACATGATCGACTCCAGTG
TGGGCGCTCGGAGCTCETCCCAGAGCCGCCCETCEECCATGATCAAGACCCGATCGGCGTACGTCGCEE
CGGCAGCGTCATGCGTCACCATGATGATCGTCTGGCTGGCCTGCCEEGCGECETTCTGCAGCCUGGELEA
GCAGCGCCCGGCCEGTGECGATGTCCAGCGELGLCEETCEGC TCGTCEGGCGARCACCACCGACGGCTCGE
TGAGCAGCGCGCETGCCCACCGCCACCCGCTGCTECTGGCCACCGEACAGCTCGGCGGGECCGATGGCCGA
GCCGGTCGCCEATCTGCAGCGACGCGGCEATGCGLCTGCAGCCGETCGCGETCCACCGGACGECCGGCCA
GCCGCAGCGGCAGCACGATETTCTGCTCGGCEATCAGCGTGEGCAGCAGGTTGAACGCLCTGGAAGATGA
AGCCGACCCGGTCCCEECGCAGGTCEGTGAGCGCGCGETCGTCCAGCCCGGCGAGCGLGETGCCGGLCA
GGCTGACCTCGCCCTCGGTCGGTGTGTCCAGCCCGELEAGCAGGTGCATCAGCGTGETCTTGCCGGAGT
CCGAGGGGCCCATGATCGCECTGARCTCGCLGECCECGRAGGAGGTCGACACCCCGTCGACGGETGACCA
CCGCGGCETCCCCBGGTTCCETACCGTTTACGCAGGTTGCGGCAACTGACCATGGAGCTGCTCTTCGTCT
GCATCATCACGGTTGCGACGTTAGGGAAGTGGCGGGCCGCCCACATCCGTCCGGGGCATCGCCGLGACT
GATACCARGGTATCGACCTGECGETGECGCATECTGCCECEGAGCELCTICGCEETCCCTACTCTGAGAGLETG
GGAAGCTGGGACAGGAGAACGCTGACGGETCGATACGGTGATCGCCGECECCGCGETCATGGTGTGCCTE
CTGCTCGGETTGCCCEETCTCGEGACCGAGTGGTACTGGTCGGCCGCGCTCTGCGTCCCCCTIGGTGATLCGE
CGCTCGECTCCGETGETCTTCCTCGCGCTGGTCEGCGETGCTCTCCGGCATCCACATGATCTACTCCGGC
AGCTTCGCGTTCCCCGGETGACCTGGETCGATCIGETCGCCGTGCACGLCETCGLCGETTACGGCCCGGELE
CGGGTCCGGCACCTGEECCTGCTGCTCGGCETEGCCGECAGCCTGETGETGACCGCCCEGGLELTECAL
GACGGGECTGCCGTCGTCCGCEGACGCTGCCCGCCGCGCTGATCGTCGLCGLGACCLCTGGCCECCTEGETCE
ACCGGCCTGATGCAACGCCCEGCAGCGGECCCACGTGATCGAGBCCGATCALCGCCGCCGGCTCELCGAG
CAGGACAGCGCGATGCGTGCCCGGCTCGCGGCGATCGAGGAGCGCACCCGGATCAGTCAGGAGATGCAC
" GACATCATCGCCCACTCGCTGGCCTCGETGATCGCCCAGGCCEGAGGGCEGCUGEETCECCGLGCGLELT
GACGCGGTCETCECCEGCLCGLCTETTCGACCGCATCGCGCAGATCGGCCGGGAGGCCCTCAACGACGTG
AAGCGGCTGCTGAACTCGATCGACGGCCACACGCCGGACGACTTCGLGCAGGGCCTGCCCEACCTECLG
GGCCTGCTGGCCEGEETCTCCGCCGCCEGCCTCGACGTGACGTTCGAGGTGGCCGGCCCGGAGCAGCCE
CTCGCGTCCGGCATGGACCTGGCGEGTGTACCGGGTGATCCAGGAGTCACTGACCAACGTGCTCARACAC
GCCACGCAGCGGCAGGCCCGECTCAGCCTGETIGTGGACGCCGGCETGECTCGAGGTCAGCCGTGACCAGC
CCGCTGACCTTCGCCGGCGLECTCCGLGAGGGTCECEEECTGTCCGGCATCCGECAGCGGTGCTCGTTG
TTCAACGGCGACTGCCAGATCGTGGCCGGGCAGACCTTCAGCEGTGATCACCCGCTGGCCGCTCGCCCET
CCEGAGETTGCCETCCCATGACCGAGCCGCAGATCGACGTGETGATCECCGACGATCAGGACCTCGTCC
GGACGGGCTTCGCCCTGGTCGTCGACTCGGCCCCGGACATECEGETGETCGCEACCGCGGCGGACGELE
CCGAGCTGGETGCGECTGECCGCEGAGTTCCGCCCCGACGTGGETGCTGATGGACATCCGGATGCCCLEEG
TCGACGGCATCACCECGGCCCGEECGATCCTEGGRGGGCARCGCTCAGCCGCCGARGATCGCTCGCGCTGA
CCACCTACGACRACGATGAGTACGCCAGCCGGEATCCTCGCCOCCGECGCCAGTGGGETACCTGTTGAAGG
ACACCACCGECCGAGGGCCTGACCGCGGECGATCCGEACGETGCACCGCGGCGELTCEGETGLCTGELCCCGET
CCACCACCCACCGCCTGGTGACCGCGCACCGETCAGCATCCGGCACGCCCETCCECECTGCIGEATTCCT
TCACCACCCGGGAGCGCGAGCTCTTCCACCTGATCGTGECCGGCGCCAGCARCGCGGAGATCGCCGACT
GCCTGAACCTGGCGGAGGETCACGATCARGACCCACGTLGECLGGGTGCTGGCCARGATCGGCGTCCELG
ACCGGGTGAACGTCETGATCTGGGECCTACCGGAACGGCGCCGGGCCEAGCTGAGCAGGGECCAGGLCGE
GCTCGCACTCGGCCGAATCCCGAABRAGCGGCTAGGGGARGCGGATCTCGGCGECCAGCGGCAGGTGETC
ACTGCCGGTCCGGGGGAGGEGCCETCAGCCGCGTGACCETCATCGATCGCGCCAGCACCTGGTCGATCCG
GGCGACCGGCETCCECECCEGCCAGGTGAACGCGAAGTCCGCGEGECGAATCGATCATCACTTGCCGGAT
CGGCCGCABCCCGCGGTCGTCCACCGACGTGTTCAGGTCCCCGATCACGACCAGCCBCGGAACCGGETC
GGCGGCGAGCAGCGCGCCGAGCTTCCEGGCECTCTCGTCCCECCEGTGCCEGAGEBTGAGTCCCGCCGCEGT
GACCCGCACCGACGGCAGATGCGCGACGTACACCECGETETCCCCGCCCEGCETCCEGGLCACCGLCCE
CAGCCCCCGGTTCCAGTCCTCGCCCAGGTCATGCGGCCEGATGTCGATCGLCICCECGCCGETCAGCEGR
ATAGCGCGACCACAGCGCCACGGTCCCCTGCACGGTGTGGAACGGAAGCTCCGCGTCEAGCACACCCCG
GTAGGCGGCCACCECCTCCGGCAGCACCTCCTCCAGCCCGACCAGGTCCGGATETGCCGCGAGCAGCGL
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CCGEGECEGETCCCCELCEEETCCGEEETTCTCGTCGCTCACGTIGTGCTECACGACGATCAGATCCEGCET
GCCGGETGTCCCEEGTCGACCACGTAGCCECCGAAATGGATCAGCCACGCGCCCAGCGGCAGCAGCACCEL
GGCGAGGCCGGTICAGCGATCCCCGCATCAGCGCCAGCAGGAGCAGGACCEGCACGGUCAGCCCGARCCA
CGGCAAAAACGCCTCGATCAGGCTGECCCGCETTGCCGACCEGCETTGEGGACCAGACGGTCACCGAGAAT
GACCGCCCCGECCAGARACAGCRETCCACAAGATCCGCATCEGEAGATCTTATCTIATTTCEGCATGCGAR
ATAATGAGACGGTACGGATCCCGGTAGCGACCGGCGGCGCCGTCACGBCCACGLTGTTCGCECCCGAGT
CCGCGCGTGCCGTGCTGETCGTGCACCCEGLGACCGCGACTCCGCAGEGCTTCTACECETCGTTCECCA
CCTACCIGGCGGAGAACGGGATCGECCACGGTCACCTACGACTACCETGGCACCGGCCGTTCCGBLCTCCC
. CGCGCGACCACCGETGACCTGGECATGCGCGACTGGATCGGCGCCGACGCCCCGGCCGTCGLGGCGTRGE
CCGCCGACCGCTTCCCGGGCCTGCCCCGECTCGCCGCCGGTCACAGCCTCEGCGGGCACGTGATCECGC
TCGGCGCEECCEGCCCEEATCTGGCCGCCTCGETGATCGTCGCCTCGCACATCGCCGCGCTGCGCALCCA
TCCCCAGCCGGCTGGAGCGETTCCGCETGCGRAATCATGCTTCACATCCTGGETCCGGCCCTCEGGCGGEL
TECTGGEECTACGTGCCGGLCCAGRAAGTCTEGGCCTCGGCEAGGACCTGCCGEGCCGLCGCGATGT TGGAGT
GGGGCGGECTEGGCELGCAGGGACAACTACTTCTTCGACBACCCGTCGATGCGCGCCGCLGAGCGLGLCE
CCACCCTGACCGGCCCGGTCCTGGCCEGTCGGCACCACGGACGACCCGTGGTCCALGCCGCGCCAGATEG
ACGCCCTCACCGTGCACCTGACCAGCGCATCCGTGGAGC GGCGAACCTACTCACCGGCCECCGCCEGEEE
TCCCGGTGATCGGGCACCACGGCCTETTCCEBCGCGCCETECGCEACACCETCTGGLCGERACTGCTGG
CCTGGTTGCACGCCCACTCGGAGAAGGCGTCAAGATGACCGCGTGCGCCTGCCTCGCCTIGATCTTCCTG
CTCTTCAACGCCGACCGCGLGETCCGECECTGEGATCGACGCCCGTTCCGGTGACACCEGGATCEGLGCE
TCCGGCGCCEGLCETGCTGTTCTACCTCGCCGETCACGAGAACGCCCTCATCGGCGACGTGACCGCGGLE
CTGGGTGCGTCACCATCCGGCATGAGCGGCCTGETGAACCGCCTGGAGCGTGGCGGTTGCCTGACCCGL
TCGCAGGACCCEGCCBACGCCCGCECEETGCEECTCGCCCTGACCCCEGCGCGEACACCAGETGETGATC
CACGCCCGCGGGCTGGTCGACGACCTGAACGAGCAGCTCACGGCCGETTTCGACGACGCCGAGATAGLG
GTCGTCCAACGCTGGCTGGAGCACGTGACCCEGETGTCCGTGCARCGTGAGGAGCGACTCGGTTAGCET
CCGETGATCAGCTAAACCTCCGGGACGGGCCGLCEAAGTGAGGTGTCGCAAGGCACCACCGCTTCCGAT
CCGCCCTTGAGGAGACCCATGGCTGACTCCETCGTCTTCGACCAGATCCCCGTCETCCGCGCCATCGGL
CGAGGCACCACCTCGCTGAGCGECCTTCCACGACGCGCTGGTCGACCATGGAGTGCGGTTTCTACAACCTT
GTCCGGCTCTCCAGCGTCATCCCGCCGEGCACCGCCGETCGACCCCAGCGGCAAGGCTCLEETCCCGETC
GGGGECETGGGGCGACAAGCTGTACTGCGTCTACGCCGAGCAGCACGCCAGCCAGCCGGELGAGGAGELE
TGGGCCGGCATCGGCTGEETGCAGCCCCECEACGGCCAGGGLEECCTCTTCEGTCGAGCACGAGGGCACT
AGCGAGTCGTTCGTCCGCGAGGCGATCAAGGCCAGCCTCCGCGACCTGGTCAAGGGCCACGAGGACGAC
TTCGACGGCCCGGACTTCGTCCTCCACGGCGETGETCTCCGACGEGCGAGCCEETCTGCGCEATGETGCTC
GCCCCCTACGAGACCGCCCCETGGCGCEGCETCCGTGCCACCGACCCGCLCCGGCATGAACTGACCTGETC
ACCACGAGAGCCTCGCCTCGCACGTCGEGECGAGECTTTCGCCATTCGCTTITTCACTTCGACAACCCCC
TCCGTACCGAAGAAATCGRAGATCAAATTCTTCATTGCCTATCTCCGCTGTGGTCCAGATCETCGCTCC
CGCGGGGACCCTTCCGETCTGAGCAGGGCCGTAACCGGCCCAGRAACGCTCAGCCCGARAAGGGCGACCTC
CGTGGCGGGEGCACGGETCAGEGCAARRTTCCETCGCCEGTCECCAGGGATTCGCCEGCCGETTGCTGTGEEE
TGGGEGTGCCGCGGTCCGCCEGAGETATGGGTTGCCGCTACGCTCGGCTAGCTTTCGACCACCGETAACG
TETAATTCCCCTITCGETICCACCTACGCCCGTTGIGATCTCCTTATGGETGGGCTCGCTTATCCTCGTCCT
GTGCATCTGGGCCGCATCGGCCGCGATGTTCTTCCGGCTGETCCTCTCCGGCCCEGGACGCCGGGCACCCR
TGCCIGGCETTTCGCCCCCATCCTEGACCGCLGGTTTCECGATTCCGCTCGCCGCCGCCTACGGETCGGCA
GGACTGGTCCACCTTCGGETCGCTGCTGETCGCLCGECCTGGCCECCTTICGCGGTCCTGCTCTACCTGLT
CCGTCCCETCCECCTCTGATCCATACTCGETCETTGTGACGACCCGGATGCCCCECCTCGAGATCGAAT
ACTGCACACAGTGCCGCTGECTGCTCCGCGCCECETGECTGGCGCAGGAGCTGCTCACCACATTCCCCC
GCGATCTCGGCCGAGGTTGCCCTGETCCCCGEGATCGGCGECGTCTTICCGAGETCCGCCTCGACGGCGAGA
TCCTCTGGAACCGCAAGCCGGACGGCTTCCCCGACCTCGCCCAGCTCAAGCGCCTGGTCCECGACCEGE
TCGCCCCGGEGCCGCGACCTCGGCCACTCCGACCGCGCCGCCACCGACTCCTAGCCCACACGTCCTCCTIC
CACCGCTCCGGCCGCGGEACGCGTCTACGCETACAGGATCCGETCGATCGTCTCGCGGGEGGAGCAGCET
GCGGGECCCGCCCACCGCAGACGGCGACCACCGCCGGECCGCCCGACATAGACATCGCECCGLTGETGETA
CGCCCCGGTACCGGACAGCGCCACCAGATCACCGECCGCCATGTCACCLGGCAGCTCCECCACCGCCAL
CGTCGCGTCCCCGCAGCGAACCGIGATCGACCGGCCCGGCGLCEGCEACGCCCEGLCCGATCAGCGCTGEC
CGTGTGCAGGCCGGCGCAGTCCGCCCCGGGECAGGCAGTCCGGGACGTCCCCGTCCAGCTCGATCACGCC
GTCCCCGECGGECCACCACTCGETGCACCGTGATCCCEECACGACCCAGCAGCGCACGCCCEGGCGACAC
GTGCACCTCGGGCGGCTCARATGCCGTACCCCTCGGAAGTGACCTGCGCGACCGCCCGCARCCTGGCAGT
GAAAMATGCCCACCGGGAGATCGGCGGCATEECCGCCGCCGAGGTTGAGCACGGGCACCETCGTCCGCAG
TCGCGCGACGRACCCGATCGCCTCACGCAGGCARCTCTCGTAGGTGCCGARAGCEGTTCAGCCGETGCCC
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GAGCGAGCAGTCCAGCCCGEGCCAGCACCAGCCTCCGCGACCGGETCACCGTGGCGACGGCGEGCGAGCGL
GGCCGAGCTGTTCAGCCGCACCCCGTAGCCGCGCTETGCGCTEGCCCGGCCGEGACCCTCAGCAGGACGLS
CTGCCCCGEGECCGGEACCGCGCCGCGACCACTTCCGCCTCGGAGGCCGAGCCEGATCACGACGGLGGCGLC
GCAGGACAGTGCCGCCTCCAGATCCGCCACGGACTTCCCGCTCCCGAACAGCGCCAGCGACTCCGGGECE
GATCCCCGCGTCGAGCGCCETCLGCAGTTCGGCGETCGEAGCGGCAGTAGCAGCCCAGCCCETCCCGLGC
GATCCACCGCGCGGCACCCCTGAGCAGGCCGCCCTTGGCGCTGCAGCACACCGECGCCCGGCCCEAALCGT
CGCGACGTACTCCGCGCAGCGACTGTGCACATCGETCTCEGTCCATCACGTGCACCGEAGTGCCETGGGC
CGCGGCCGATCCGGGETCACCGGCACCLCGCCGACGGTGAGGTCACCGEGCTCGGTCCAGCGTGCGGTGAG
CGGCCAGTTCECGEEGETCGAGECGECEGGECEEAGLGACGCECCCAGTGAGGGCAGAATCTCGGACAACGET
CATACCGCGAGCCTGCTCGCCEGCCCETGCCCGAGAAGATCCGGATACGCCACGTTGACGATCGACGTG
CCGTTGTTGACGTGTCGCCTACAGGTCGEEECTGTCGGCEGGAGCCATGATCCGCAGCELEGTTCGGGTC
GATCGCGATCCGCATCGGCETCETGCCCCGAGBCTCGCCETCGACCTCGACGGCCACCGECCEATCCGT
CTCCAGCCRAGAGTTCCCGGACCGCGATGARAGGGCGTTCATGCAGGGTACGGCGATGCCCGETGGECCGEL
GTTCCGGGCCGTCTCECGCAGCAGCTCCCGCCGGECTCGCCCCECCCACCGGATAGGCGACCAGCAGLCE
GTCETCGECGTGCGCETCCGCEGTGATCGGCCGGCCEECETEEARAACCGCCETTCGCGACGTACACCTG
ATGEGTGTGEGAACCGCAGCTCCCGCCCCTCGGCCCGGATCACCECGCGGACCGGCCEGTGCCEGECEAG
CAGCCCGAGCGCGETCATCGGATACGCCAGCCGCCCCACGECCCEGTTTCAACCGCGGCGGCGCGCTGAT
CATCACCTCGCCGGAGAGCCCGATCCCGACGTEGTTGCTGAACGGCACGTCCCCGGECGACGCCCAGRTC
CACGTCGATGACTTTGCCGTCCACCAGGGTCGCGATGECEGCTTCGAGGTCCGGCTCGATCCGCALCGGT
CCGGGCGRAGTTGTTGGTGETGCCGAGCGGCAGCACCCCGAGCGCCACGTCCCGETETEGCCAGCATCCG
CCCCGCGETGCTGATCGTCCCGTCCCCGCCCCLGGCGATCAGCAGGETCGGGCTCTTITCCTEAGCGCTTC
GGAGATCAGCCCGETCCAGCCCECCGGACTGCTCCAGCGCATACGTCCCGAGCAGCTCGAACCCGGELLTC
GACAAGCCGCCGCCGLGCCTCTTCETAGAGGEAGCCGCCCCCELCGEEALCCEGCETETIGACARCAAGAAC
CGCCCECCGCCCTCGCCGGATGTCAGCACTCTGCTCCCGCTTACTACGCACCCECCGACCCTATCLGCC
CCAACCCACCCAACGCCCACGCCTCGTTCCCGCCCECCCEGTCCCGAGCCGTGATCACCAGCCGCAAGS
CCTCAGCTGGCGTTGACGGCTGATTTICGGCCCEGTTTTGCGCCETAGGCEGCCAGCCGCGAGGTGTCGGL
TGGCETTCAGGGCTGEATTCGEGCTCGETTTTGAGCCGTGGCTGCCAGCTGGEEGCTCCEECLGGAAGGE
GGTGGATGTGGGEATGCCLCCGGGGCCETAGGCCTCGGGECACCCAAAAAGCGAACCAGCTCAGCTGTTS
GCGATGRACGCCGGATGCGACAGCAGGAACCTGTICGATCTGGTCCTTCTTGATCGACTTCAGCAGGTCC
ATGCTCTCGTCGCTCAGGAGCTCGACGCTGCCGGAGCCCEGCACGTTCTCCGAGTTCAGCTTIGCCGGLE
TTGCTCTTGATGGTGAGGAGCTTGTCCGGCTTGAGGCTGCGCATCGCGAGCGCCCAGTCGGCCAGETCS
ATGCCACCGTCGTCGACCGTCATCGCCTTGCCGARACGCGCTGAGCAGCTTCGGCAGCTTGGTCGGCGAG
TCGAGGCCETCCTTCAGCGCCTGETTGATGATCGCCTTGAAGRACTGCTGCTGGETGCCGCTGGCGACCE
TAGTCGAGCGAGTTIGTCGGECBAGCAGGTCACGCTGECGEACGRAAGTCGAGCGCCTGGCCEEEGETGAAG
CAGTGGTCGCCCTIGRTGTACGTGTTCGGCGTCACGCCCGAGATCTTGCTCTTCAGCGTGCCGTCCGEE
TTGATCACGAARCGGCTTGGCEETCTTGCCCTTCTIGETCCTTGCCCAGCTGGATCCACTTGGTCGTGRTG
TCCACGTACATGCAGACCTTGCCGAGCACGTTCACCACGTCGCGGAAGCCCTGGAAGTCGATGATCGLC
CCEGCETCCEECETGATGCCGGTCAGTTCCTITGACGETCATGETGAGCAACTCGAAGCCGTGCTGCAGC
GCCTCGTTGCCCTTGAGCCCGCGGETGCCCAACGCGRACGCGECETTGATCITCGTCTTGCCGCCGELC
CACTTCTGCTTCCCETTGTCGTACGCCEGGATGTAGACGTAGCTGTCCCGEGGGAGCGAGATCATGTAA
CCECTGECTGTGETCCTTETTGATGTGCAGCAGGATGATCGAGTCCGACCGGAGGGGCTCGCCETTGEGETC
TGCGTGGGCCGCTGGTCGATGCCGACGAGCAGGAGATTCTTCGCCCCGTCGAGEGTTCGCGTTCTTCTTC
TCCTCGGCGGETTTCGCCGAGCCGAGCAGCGACTCCTGCCCGACCGAGGAGGTGGCCGLCEGCCACCGTC
GCGTTCAGCCCGATCGCGCCACCGCCACCGCCGACCAGCAGCACTGAGCCGAAGACCACGGTCCAGARA
GCCCAGCGGGGTGTGCEGECETCGGCECTTGCTGETCCTACGCAAGGGGTCTCCTCTAATCGEGECEETC
GTTCCGCCCCAGGACAATCTAGGACGGTCGTTICCACCCATGRAGACGEGCGCCGCGAGCGARARGATTG
CCTGCGGAACATTGAATTTTCCTGAGCGTCAGGTAGCTACAAGCTCGAACGTCGCGCTCETGCCCCGTRG
CGTCGCGGRACGTTGCTTCCCTGTTACTCCCCAACGCGACGTCTGGTGTTAACCATCGCACCACCAAGG
CGACCTAGGTTCTGCACGGCCCCGGGCCCCCEAGGTTCCGACARAAGTTGCCCAARGCGAGTCGCCATGC
CCTCAGAGCCGGATGTCAGTGTCETCATTCCCACGTGTAACCGGCCGGAGTTGGCCETCCGCGCGETEL
GCAGCGCCCTCGEGCAGACGCACCGGARCCTCGAGGTGATCETCETCGTCGACGGTCCLGACGAGGCGA
CCGTGACGGCGCTGEGCEAGETCGGTGACCCGCGACTCAGCGTGATCGTGCTGCCEGAGCETGGCAAGS
CCCCGAACGCGCGGRACACTGGCECCCGEGLCGCCCECGGCCECTGGACGGCGATGCTCGACGACGALG
ACGAGTGGCTGCCCACCAAGATCGAACGGCAGCTGGAGACGGCCGCEECECCEACCETGEAGCELLCEE
TGGTGGCCTECCEGATGATCAGCCGGACGLCGCEGECCGACACGATCATGCCEGLGCCGGECTGCCCEAGC
CGEGTGAGCCGATCAGTGAATACCTGCTGETCCGCCGCGGTCTGTTCTACGGCGACGGCTTCGTGCAGA
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CGTCCTGCATCATGGCGECCGACCEBAGCTGTGGCEGAAGGTGCCETTCACCETCGGCCTGLECCGCGCEE
AGGAGCTGGACTGGACGCTGCGEGCGATGCGLGAGCCGEGCACCGLGLTGATCTACGCCGAGGAGLLGL
TGGTCCTCTGGCACCAGGACGAGAACCGTGACCGGATCAGCCTGCAGAACCCETGGCECCAGCAALTGE
AGTGGCTGCGCGGCAACCGGGAGCTETTCACGCCGCGTGCCTACGCCGCETITCACGCTGAGTGTGCTGA
GCTCGATGGCCGCCCCGACCLCGGGACACCGGGCTCTTCCCTGAGCTGCTCGCCGAGGCCCGCACGCALG
GCGACCCGGGCACCETCGACTACCTTACGCACATGCAGATCTGGGCCCTCCCGCCGAGCGTCCGGCACT
GCCTGCETGACGTCCTGETGEGCCGCEGLCAAGACGAGCAGCAATGCCGECTGAGCGC GGG TCGCGATL
TGECGCAGTTCGATGCTGCCCGGCTCCGAGACGTTCGETCCGCAATCAGGCCGACGCGCTGACCCGLTEE
ACCCCGGCCTATGICGGECGCEETCCGGCACGAGTCGGETGCTGTCCCGCCCCEGACGACGTGATCGCCTTC
CCGGGECGEGCAAGGGETTCCTGCGACTGCGGCTGACCEGEGGCETCTCCCCAGCTGCAGAAGACGATTTCC
GCCGTACGGCCGAATCTGGTTCATGCCCATTTICGGTGETGACGGATEGCTGETCGAGCCACTCCGCCCAG
CAGCTGGGEGETIGCCCELTGGCCETCACCCTGCACGEGCACGACGTGACCCGTCAGCCEPCCAGCCCEGGL
GCGAAGGGCGTGCGCTACCGCCGCAACCTGCAGACCGTTTTCACGCGGGCETCGCTGGTCATCGCGETC
TCGGAGGTGATCCGCEGCCAGCGCGATCAGGTGEGGCGCCEACCCEGCGAAGGTGAAGGTGCACTACALCC
GGCATCGCGGETTCCCCCGEAGCAGCCGCAGGAGGTGCCCAAGCGGEGTGGGACGTGETIGTTCATCGGCCGET
TTCCTCGCCAAGAAGGGCGTCGACGACCTGCTCACCGLECTCGCCGCGETCCAGTCGCECLCGCECELE
CTGCICATCGGCGACGGCGAGCTGATGACGGCGATGCECTGCCCETEGCCGAGCAGCTEGGGCETGGACGTC
ACGTTCGCCGGCAGCLCGGACCCCCGAGCAGGTGCGGCECCACCTGCTGCAGTCGCEGLTGCTGGCCTGC
CCGETCGAAGARCCGCGCCGGACGGGGACACCGAGGECCTGCCCACCACGATCCTGCAGGCGGCCGLGLTC
GGCCTGCCGGETGGTCGCAACCCGGCACAGCGGCATCCCGGAGECCETCATCGACGGTGAGACCGGCCTG
CTCAGCCCGGAGGCGGACCCGEECEGLECTEGCEGETEGTCCCTGACCCGGCTGCTCGCTGACGAGGATCTIC
CAGCGCCGGCTCEGTGCECEGECECEECEECACGTCACGGCACACTTCGATCTCGTGGAGCAGACCAGS
CGGCTGGAGGACCTGTATGACCAGGTCCTGGCGGGECECTAGGETCTAGGLCTGCCTGTCCGECTTCCTG
GGGGARATCATGATCTGCACGCACTGCEGCTCACCEELCEECECCGACCETEGECCCETGCCCEGGELTRL
GGCCGTCCGGTCTCCGCLCCEELLGEGETGTTCCCEEACCCGCTGGCCGCEGCCGECCEAGCGGETCGLTC
CCCACGTCGGCGTACAGCGTGCCGGTCGATCCETACACCEGCCCGACCACTGEGTGACCCETTCGLCCEGL
GACTCGTTCCACACCCCGCCGCLCEGECGTCCCCEATGCCGCCGUCGETGACCGAGCCGATCACGCCGACE
CCGCCCCCECCEGCCTACGCCCCECCCCCECAGTACAGCCCGCCGECCETATGCGGEGGCGCCCEETCAR
CCCTATCCGGGTCAGCCTTACCCAGETCAGCCCTACCCCEGCACAGCCCTACCCCGGGLCAGCAGCCGTAT
CCCGGCCAGCAGCCCTACCCCGGATACGGCCAGTCGAACAGCCAGGCCCTGACCATCGTCGCCTACGTC
CTCGGCGGCTTCEETCTCCTGACCATGACCCCGCTCATCGGCETCETCEGGCCTGGETCCTGGCGAACTTIC
GCGAAGCGCCGTCACGAGCGCAATGCCTCCATCGCGETCAAGATCEGTCGCCGGCCTGETGATCGCCGLT
TTGGTGCTGAGCATCGTGGACCGCATCGTTTAAGGCCTGCCCTGCCGATCACTCAGGGCGGCGACTTCT
GGGCGGCGGGEGTGCTCCCCTCECCGGRAAAGGATGTCCGETTCCCEGEGATGGTCAGTACTGTCGGCTCA
TGGCCGARCATTTCGATCTTGTCGTGCTGGGCECCGGTCCGEGETGEATATGCTCGCGGCGATCCECGGLE
CTCAACTGGGCCTGACCACCGCGATCGTCGAGGACRACTACTGGGGCGGCETCTGCCTCAACGTCGGLT
GCATCCCGTCGAAAGCGCTGCTGCGCARCGCEGAGCTEECGCACATCTTCCACCACCAGGCGCAGACCT
TCGGCATCGAGGEGGAAGGTCACCTICGACTTCGCCGTCGCCCACCAGCGCAGCCGCAGCGTCGCCGACE
GCCGCETCAAGGGCGTGCACTTCCTGATGRAGAAGAACGGCATCACCGAGATCCAGGGGCETGGCGAGT
TCACCGACGCGCACACGCTGCGGGTCGGCGACCGGACCETCACGTTCCGACAACTGCATCCTIGGCGEACCE
GCGCGAGBCACCCGGATGATTCCCGECACGAGCETCTCCAAGCGGGTCETGACGTACGAGGAGCAGATCC
TCGACCCCGACCTGCCGGACAGCATCGTGATCGTCGECECCGGCGLCGATCEGCETCEGAGTTCGCGTATG
TGCTGCGCAACTACGGCGTCGACGTGACCATCGTGCAGTTCCTCGACCGGATGLCTGCCGCTGGAGGACS
AGGAGGTCTCCAAGGAGCTECTCCEGCAGTACCGCAAGCTCEGCGTCEACGETGCEGETCEECACCCEGE
TGGAGGGCATCGAGGAGGGCGCCGACTCGGTCCGCGTCACCGTCTCCARGAACGGGAAGACCGARGGTCC
TCGAGGCCGACAAGGTGATGCAGGCGATCGGCTTCARGCCCAACGTGGAGGGCTACGGGCTGGAGACCA
CCGGCGTCACGGTGTCCGACCECEECECEETCGACATCGACGACTTCTGCCGTACGAACGTGCCCGGLA
TCTACGCCATCGGCGACGTCACCGCGARAGCTGATGCTGGCECACGCCCCCCAGECGATGGGCATCGTEE
CGGCCGABACGATCGCCGGCGCCGAGACGRTGGCCCTCGACTACCGGATGATCCCECGCECGACTTTCT
GCCAGCCGCAGGTCGCCAGCTTCGEGETGGACCGAGGCGCAGGCCCECCAGCAGGECTTCGACGTCAAGS
TGECCARGTTCCCGTTCACCGCGARCGGCAAGGCGCACGGCCTCGECCGACGCGACCGGETTCGTGAAGA
TCCTCAGTGACGCGAAGTACGGGGAGCTECTCGGCGCGCACCTGATCGGECCGEGACETGACCGAGCTGC
TACCCGAGCTGACCCTGGCCCAGCAGTGGGACCTGACCGTCCACGAGGTCGGGCGCAACGTGCACGLGC
ATCCGACGCTCGCCGAGGCGGETCAAGGAGGCGATCCACGGCCTGGCCGGCCACATGATCAACTTICTIGAG
TCCGCCGCTCGGCCGRCGEGETCCGCCGCTCGECCEACGGETCCECCELTCGEGCCGACGEETCCGCTETC
CGGCCGACGAGTCCGCLCGCCLGGCTGACGCCCGEGGGAGTAGCCGGAGCCGCCCETACCGLCGCCTGECGE
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TAGCCCGAATACCTACGCGGGGATGACGACTCCGCCCCGCCEGTCGGEEAACGCTGAGCCTTGTGACCCT
GACCGTCGAGCCTCCGATCGCCCCGGCGECCGECCCGECCGCCCCGRGEECEATCCCGECGECGCAGGCTEEE
CTATCTGGCGTICGIGCTGETCGCGETIGETGECEGTGGTGACGCTGCGCEACCEECTGCCGEGATCCGEE
GGAGTTCCTCGACGCGCTGCGAGCGGCCGACTGGCEGTGEGCGECECTCGCGETEEGEGCCEGEETECT
GTCCCAGATCGCGTACGCLGAGCAGCAGCGCCGGCTTCTCGCCGCETTCGBAGTECGCETECCERCCCE
GCGGGCEATCGCGATGACGTACGTCCGETCGGCGCTGAGCATGGECGCTECCEGCLEGGTCGGCERCCTC
CGCGGCGTACGCCTTCCAGGTCTATCGICGCCACGGCGCCACCGCGGCGATCTCCGCGACGGCGACCCT
GATCTCGACGGTCGTGACCGTGATGTCGCTEGECCTGCTCTACGCCGCGACCTGGTCGCTGACCGCCAC
CGTCGTEGCCGECCTGGLCETTCTCCYECTGTGGATCTACCGRACCGTGCGEGHECCCEGTCCCCBCEls
TGCCGGCETGCCGCGCCGTCTGAGGGTCGCCCCEATCGCCCGCCTECTCCAGCEBRCCCECCETEGCCCA
GGCGCTCCGEGGTGCACGGETCCGTCCCGGECCCEEACGTGGCTCACEETEGACCCTGECCGECETGATCAA
CTGGCTGCTGGACATGGCCTGCCTGCTCCTCGCGECCGACGCGCTGCACGCCGGEGCTCGGCTGGAGLCE
GCTCGCECTGATCTACCTGGCCGTCCAGGTGETCCGGCAGATCCCGCTCACCCCCGGCGGCATCGGCCT
GATCGAGACCAGCATGCTCGCCEGLCTEGATCGCLGCEGGCGELCCCECAGGTCACCGCCGCCGGGATCRT
CCTGATCTACCGGCTGATCICGTTCTGGCTGATCCTGCCCAGCGGECTGGCCGCCCACCTGACCCTGLG
CCGEGGGACCGTGECCECCEETGACTCCEGECTGACCGCCEGGEGCTCAGGCGLGETCEGARCTECTGGAGGE
ACGGCGCCGAGGCCGAGCETCAGGGCCGEGECCEEECAGTCGTGAGTCCAGCLCGTACCGCCGGCIGGEERE
TTCTCCCGATCGACCAGGTCCTGCCAGAGCCCEGTCACLCGGATCGCCCAGCCCCGGCAGGTCETECCLE
GCCBCCCGGAGCAGCTCGGCCAGGTCGTTCTGCTGGCGCAGCCGCTGCTCCTCGAAGATCTGGCTCCAC
TGCATCAGCGAGATCGACGCCTCCAGTGTIGTCCGGCACCGTCTCGTCCAGCATCGGCAGCGGTCGCELLC
GCGGCCCACGCCGCCAGCTGCGCCCCEGTCACCETGCCEGEGATCETCGTCGCEGCTGCGCGCCAGCGLSE
TACGACAGCAGCGCCGTGEICTCCACCAGCAGGTGCTGCACCGGGACGCGCGCCEGCEGETCCAGCCAL
CAGIGGTCCGCCTCGAGCAGGGCCGCEGCGTGCCEGETCGCLGCCCECCACCAGCCGTCETCGLCELEE
GCCAGGGCGTCGGTGTAGGACCACAGGAAGGTCACCCTTICCGTGCCTACCAGCGGCACTTGACACGAGT
CAATCACGCGAACGCGTGGCGACGACCGCGATCGCTTCGACGGAGATCAGCAGCCCGTGCGGGAGAACC
ACGCCGGCGGGECELEGACCEGECCEELEECEEETCGEGCATETGCCGCGECCAGCACCTGGTTGATCACC
GGGAAGTCCTCGACGTGCGTGTAGRAAGACGGTCAGCTTCACCAGCCCGETCCAGCCCETCCAGCCCGGAG
CCGGCCGCCGCCAGCACCGLCCCEAGGTTGCACAGCGCCTGCTCEGTCTGCGCCTCEATGCCETCCALT
GGCTTCCCGETCELEEGETCGATCCCEEGCATCCCEGAGCAGAACACGAACCCGCCGGLGACGATLGLC
TGGCTGTAGGGCCCCAGCGECCETGGGEECCCGCTCACTCGTCACCGCGATGCGATCCATCEGGCGAGTC
TCCCGCACCGGGCATCCGATGETCTTTCGGCTTTATGACACGEETGGGAGCTTGACAGCCGTACATCGTIT
TATCGATTATCAATATATCGAAAARACGATAAGGGGGTACGTCGTGAAGACCGACTGGTTGACGGAGTTC
CACCAGGTGCTGCTGETCGECCECGCTGEGECECCEEEGCCEGCCGCCGTCCTCEGEGACCETCEGGCTCGTE
GTGCAGGACGAGGTCGTCGETCCCGGGCGECACGTCGGCTCCEGCGAGCCTGGTCAGCGACCCGAGCGTC
ACCCAGCTCCTGCTCGCCETGGCEGCCECCETGCCGACGTACCTGCTGGCGATCGCCATGCTGGTGCTG
CTGTACCGETTGETCGECGCCGCGCETCGCGEGGATT )

SEQ ID NO: 201 orfl Secretion system protein 334aa
VRLRIQRRLADELGPTLYTTGOSEDLDARVRDALHDLLAREETPLSGADR
ARITREVIDEVLGHGPIESLLRDPSVITEVMVNGPYSVYVERFGRLEKVAA ‘
EFDDEQHLRRIIDRICSRVGRRVDEASPTVDARLPDGSRVNAVVPPIALD
GSTLTIRKFAAVELTVEDLLOYGTLTROAAERFLDACVRCGRRTILVSGGTG
SCKTTILNVLSSPVPADERIVIIEDAAELQLVODEVVRLESREPPNSEGRG
TITTRDLVRNALRMRPDRIVVGEVRDAARALDMLOAMNTGHDGSLTTLHAN
TPRDALSRLETMVLMAGMDLPIRAIRDQISSAVD

SEQ ID NO: 202 oxf2 Respcuse regulator 358aa
MSELESYLPRYPETLLVVIGAVVDLDEALMFTAYQRLORPVIGVVLIRHA
IEAGVVLRCLOSGIRDLVAREDERGIRSATVRSVDLSKALSTTMRGTGDN
APYASVVTVFAGKGGCGRSVVAVNLAVALAGAGRRVLIMDLDLOFGDVAL
MMKLSPERNIAGGLOMAGRLDEPGLRSIVTTYROSLDALLAPASPARGEQR
VRREFVVELLDVARPLYDFIVVDTPSVVIDQVLAALDMSDWFIPIVTPDL
PALKSVRLTAEMFDLLDYPKDKRLLVFNRAGAQVGLSPSEVEVAAGMPFA
VQVPASRDVTVSVNHGEPIAVIDPLHPVSRAIRELGDRIAGVGTTRPQRRR
GFLGRLE?P
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SEQ ID NO:203 orf3 Hypothetical protein 266aa
MRRRILILLAALVLAGISGRAAVLSYARSADRRALSGREGTWILVAGQHIP
SGTSGAEIRARGLTIERLLVPTIVIVPAGALTTWDSALDPLRLGGDLOPROL
LMRTLFVPASPAPSHTGRIPVPRRSLAVSVALNVAPQVAGNITPGDQVAV
YYTYQAKVLMAEDHETIPMTELLLPKARVITIGEAERPGQAPVTPSPSPTP
GPSASAGDSTAAVKEIQRYVVILAVGDTDALRLVHAAQSGSLYLALLGPN
ATASTGPAIDTSWVVR

SEQ ID NO:204 orf4 Hypothetical protein 432aa
MRRLIHALFPPRGEHGVITALVAVLAGAGVLLGMAALVIDIGALYARREQ
LOSGADAASWKVAQACAGTAGRDLTSATCTVAAQRDNAQRYADRNAKDLV
SDVQFCITTVSAAGVITADAGCPSSWNTPVTCPAPPSASGPYRYVEVRTS
TRNSDNTSVVPPLEFGRGLAGSAYHGAKMGACCRVAWRGAPAVTDVLALGVS
RCDFLRLTGDYTRFFAPPPPTGPNPQTGVHPLLGLSDPTAGYIPISDGIL
ATSCPADAGETVAGYTWLGOPDGPPALPGLLPVSAPDASCELTGIPATDG
PADSWVGGFTIGPGNASAATACLDRLNVLITSGQPVLVPIFDRQVAVIGT
LPSYYRIAGFAPLVLTGYESPVSGPVSPGSAVPSLVPGAQRALCAAQSCL
YGYFTRALVITDHVPTRFATSRYYGAMVIGRTG

SEQ ID NO:205 orf5 Response regulator ATP-binding 136aa
MWKATERQGPVVLLVEDDEDLRELAAQMLEMRGEFVVLVAKDPVSAIMTCR
VHSGAIDVLLTDLGLPGVSGGELARSASEVRPGMKIVYVSGVPEEIATIRK
GLIRAGSPFVARPYTADRLAGMLRTVLAQGAESSAR

SEQ ID NO: 206 orfé ABC sugar transporter 363aa
MFNYVSFVRPKTFAATFAAAALLLGSGACAKSEDSGDTVAAGPAPSARQV
VQSASAGSATCALDQYGASKLDLKTASVGFSQSEKEANPFRIAETKSIKD
EAAKLGITNLKTSNANSQFNKQIADVEQMIDAGVQLLVIAPLNSDGWDSV
FAKATAKHIPIITIDRKINATACKDYLTFIGSDFAEQGKRAADALAKSLG
NKGEVAILLGAPGNNVTTLRTSGFKDEIAKVAPDIKITFEQTGNFSREDG
QKVAEQLLQSKPNINGIYGENDEMALGAITALKGAGKKAGDVKIVSIDGT
KGAVQGIVDGWVSAVIESNPRFGPLAFDTATKFFGGEPVGODIVIQDRAY
DESNAKTDIGSAY

SEQ ID NO:207 orf7 ABC sugar transporter AIP-binding

501aa
MLLEVSGVSKTFPGVRALDGVSFTLNPGEVHALVGENGAGKSTLIKVLTG
VYQPDSGELRYRGEPARFATPLDAQRAGISTIYOEVNLVPLMSVAHNLEL
GREPRNRFGLLDEARMVARATEILAGYGVRTDVRRRLGTLALGAQOMVAL
ARAVMVDARVVVMDEPTSSLEPREVETLFGVIRELHTAGIGLVYVSHRLD
ELYRVCDAVTILRDGKLVHETGRMADLDRRTLVSLMLGREFGADFTSESES
PQSTPEGEPVLRVSGLTSRPRLDDISFDVRPGEVVGLGGLLGAGRSETIK
AIGGAYPIDSGVIEVGGVRLGRPSTVRAVRAGVATQPEDRKAEGIVPELS
IRDNIALAILPRMARFGLVSDKRIDSIVATYMSRLRIKASGPDQAVGDLS
GGNQQKVLLARLLATGPKVLLLDEPTRGIDVGAKAEVQALIDELAKEGLG
VVLVSSDAEELVEGADRVVVLRDGAVVGTLTGDRVTTEALMATIAEAADE
H

SEQ ID NO:208 orf8 ABC transport permease 31%as
MSTETLTRPRMTFNPAWAARYGVYAAIVLLIVVNIAFTPYFLTLSNLRIQ
LIQAAPVVIVALGMALVIGTEGIDLSVGSVMALAAAFIPLYLGYGVTAATL
LVSLLAGVAVGLINGVLVARAGLQPIVATLALFVGGRGLAVVISGGQLKD
VRNADLLYLGSGDLLGVPVLVWIAALLVLVVAFVVRRTVFGRRLLAVGGN
RPAAELAGLPVKRVLIGVYVFCAVLASIAGLLSVARIQSSDASAVGLLIE
LSAITAVVVGGTPLTGGRVRVLGTVAGALLMOLVVATMIKHDLPPSTTEM
VQAVIILVAVYVARERRTR '
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SEQ ID NO:208  orf9 ABC transporter permease protein 320aa
MSIPVPAFRNGGFVQRQGALAVLVTVVAISLAAFPGFRSADNAGT ILVAA
APPMLIALGMIFVIITGGIDLSVGSLYVLGGVVAAWASQRWGVVAALAAPL
LLCGAIGVLNGILISRTGMAPFIVTLAALLGARGLMRSISDEGSTTYLVR
SDVFHELGTGSLLGVGLPVWLAAVLVGAGILVLNRTRFGHAVHAIGGSED
AAATMGLPVRRIRKVWVYLLSGLLAGLAGAINAAKLGSGVIVLGSGMELDA
IARVVIGGTLLTGGESGSIAGTVAGVLLLGVIQNLINQVGNVNSNWQQVIS
GGFLAAVVVAQTTLVRARRS

SEQ ID NO:210 orflOmetallopeptidase 486aa
MRTSAGTRVLIVGATVVLALAAAAAPAQAGPSPSPGSAGLGDRLY PLLGN
GEYDVLDYDLRLRYPEKDPRQVVSGDVTITAVAGQSLSRFDLDFGGASIG
RVSVDGQPARAARDGDELTVIPRRPLPRGRLFRVTIVANFTAAPAALVATP
DGIVLAARQPGSAHLLFPGNDHPRDKATFTITLTVPAGWTGTANGTLVSTT
EHDGHVSSVYRESAPMATELVQTAVGDEVVERRPAAGGTPIRDVVPRRLA
GTLLPATAGEREQLAWMEKQAGPYPFEDYGSLVIDDDLGYALETQTLSLY
GAALFTGPETTRGPSMTHELAHOQWFGDSVSPFSWSDVWLNEGHATWYEML
WSERTGGFPOYTGLADREAFFKAVYAAGDIFRARYGPVAAPLDAATTWDV
FNPNVYAGGALVLYALRQKIGAATFQRVERAWLTTYRGRSASTGDFITLA
SRVARQDLRPFLTSWLLGVITPPMPNHPDWVVTPGS

SEQ ID NO:211 orfll putative StrR-like regulator 286aa
MDSPRLNGEDPRETEVLAGFGAELPPIVVHRATMRVIDGAHRLSAARLRG
DDRIRAVLEDGTEQEAYVLSVKANVIHGLPLSAAERTRAAERIITMHEPDW
SDRMIAASSGLGARTVGCLRRRRAASGESPAGLRSRAGRDSRVRPAGSTA
GRLKAVDYLODRPDASLREIARHAGVSPSTARDVRDRLHRGEDPIPATQOR
BAARPGNDSPPLRSLVQGLASDPSLRFSESGRDLLRWLIAHAVODGEWKG
LYDTIPARSAQALAKIARHCSREWREFADILEKDAR

SEQ ID NO: 212 oxrfl2land 64aa
MSAITVETTWENTDLREDLTAHPAGLGFGELSFEDLREDRTIYAASSGHV
CTLTIECGTLVCAC

SEQ ID NO:213 orfl3 lan¥ 1046aa
MSSFATAASPASAYLHERSAGPGGDPVAEHERVESWRESAFLDDPVLDIR
IRELGLSRAEFGRLLTDGAYDAGSTALDWAGELAAVLATGTGAVTGLARS
TKLWAQGFDRLPFAGLIERFLAYYEPRVPRTAGTIVRVSLLESLANRLLTV
ATRTLLLELNVARVAGRLTGATPGERYDHYDRVLLTDPDYLRSLFGEYRPV
LGRAMVECGRRWASAMAELFQRLDADRPALHAAGLLPAGAGEVTALRPDL
GDPHNSGRAVAILIFRSGAQLVYKPRPVGPERAYARTARAALNRHAGLSLPL )
TAVDVLDRGAYGWCELVRHEPCADRADLDRFYRRTGAVLATTLLLGAVDV
EMENVIAAGSSCMPIDLETLLOPGVPSGDATDAYTRALDLLNQSVILAIGI
LPARAFGGRERKSVDVSAIGGGEAQTAPRPVPMVVEPFTIDVARIEAVEAT
MLGAQNRPVLVGAEVRPEEHTEAVVAGFTEAYDLIVRHREDFADLLAGFG
DVEVRYLPRPTRRY SMFLTESYHPDYLRDARDRDRLLDKLWTAAGARPDL
IPIIESERRQLLAGDIPCFRALAGDRAIRTASAPVAPDEFFDAPGIEVLAG
RLROFGPVERAAQLRIIRESMGTMPAPGPIAGTPARPSSERRGGLDPREAA
TLGDRLVRELADEAILGADDAGWIGVSIRGLDQETFSYKPMATGLYDGIA
GMALTYAYAARTLGDERYLDLTRRTVKLVSGYLRYLAEHRIVETVGAYSG
MAGLLYTLDHEVAHATGDASLLGEIEAALPWLRECATREECPDLIAGLAGC
AVVALSLYRRHGIAGYREVAEICGRRLAGTAVDVEGAAGWAATRTGVILG
GFSHGESAGIAWALHELAARFGDRDLRELADRAVEFDRRLYVPAAGAWRDL
RPEMAGTDGYPALWCHGAAGIGLSRLLIKRIRPDERLAEEARAAVALVRR
HEFGHNHSLCHGDFGALALLGLADRAWPGSGGHDERAGAVVRDIGETGLR
CGLGNGIRMPGLMLGAAGAGLSLLRLAAPADVPAVTWLEPPRGTHV
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SEQ ID NO: 214 orfl4lanT 575aa
MSETAGLLRRSLLDERGKLAAVAGLAVAGVGCQLGQPFLIRRVLTAVOSA
QPYRQLALAVLAVMVVGAALGAVOQF LLORTGEAMVETVRRTLVAHLLRL
PVAAYDERQSGDLVSRVGADTAQVRSVITSGVVDLAGGVLLVGEGSIAGMI
IIDPVILGVSLAPVLCGAAGVRLVGRRLRPLSSAVQESIGALTASTTRAL
GAIRTIRVAGATERETALIVAEADRARAAGVRLALVAAQAGPIVRLALQG
AFVAVIGFGGYRVANGAVSVGDLVAFTLLLFTLALPLAQLAEAATRIQTG
LGALTRIEEILALPDEDSALGVRARTPATVRHEDPVLLEFDHVSFRYPTGE
EILRDVSFRVPAGSTTALVGPSGAGKSTILALIARLYEVAGGRILLEGRD
IRDYPLAELRAALGYVEQEAPVLAGTVRDNLTLAAPDVARHAIRHVTASV
NLDDLLARDPAGLDAPVGEDGGEVLFSGGERQRLAVARTLLAPGELLLFDEP
TAHLDARNEQALQRGLTAHAAGRTLVVVAHRLATVAHADQILVIDDGRSY
AAGRHEELLVRDPTYREFATRQLLT

SEQ ID NO:215 orfl5 lan0 (lLucifrase type moncoxygenase)

347aa
MLSVLDQVPVFRGDDPAEAVREAVGLARRAESLGYHRFWIAEHHGSAANA
CAAPEIVAAAVAGATERIRVGTGGVLLPYYSPLKVAEAFRVLAALYPGRI
DLGFGRGRGGPAVMAELLNPYAIATEEAYAEQVGRLLAFLGDARTVSRVS
VIPAVQODPPLPWLLGSGVGSARLAGMLGVPFCFAQFIATERECPEAIAAYQ
ESFRSSPWLDEPQAMLALRVLAAGTAEDAEELATGEFWMSCTTGWRAQVRYE
DDDYRGGVPNLADAQRYTLTEEDLAMRASRPYLQISGTAETVGEEIRRLR
KVYDVAEVMLTTNCPGAAAPAPVLRAAGRRARADRAGVTRVRPARRW

SEQ ID NO:216 orflé lanR (Response regulator) 2l7aa
MADVLVVAEEALVSIGIKMILETMGGEFSVVARDRDSALAAVSEHRPAVVL
LDAHATLPESVPLLTRLRDLESGPALAVLATLAASSTVLESLRGGACGFL
LEKDSQPEQLVAAVRALASGYVTVLAPEASSIMLGAACRGTPARENAVDEVE
QLSDREQAVLGLIGOGLINAEIAGRLFISDSTVKEYVSVILRKLGVANRV
QAAVLAYAAGLTTDELA

SEQ ID NO:217 orfl7 ABC~transporter associated permease
8l4aa '
MIFTLAWSQVRSHPGRLLAIVAAVVLATGFLAATATFASTSDEGLRLTAA
APLTTADIVLDADDTVHDPOWYQARAGVRGVRSVDPQYARTVSVEGGDRR
GSANVQSIPATASVRWEFTVDEGTWESAAGOVVADRRTLTDLGVGVGARLD
FROQGTAAPVPVIVVGSADLGFRPLTGSDYRFYAARASFFAGDTPPARLLTV
TDRDRLAETVDAVGRALPPCATATDASARADAAAGRFAGGNTQLVVLMLA
FAAVALLASIDVIANTEQVIVSQRVRQVALLRLVGGHRRQVSRVVLAEAA
IAGSIGAVIGAVAGVGLGYLGAGLLDINGGGLAVNPIVLALCVLTGVGAT
VVAAWAPARRATRVPPVRALQEVPDALPAQVRGGRRLVAGLILIGLAVGV
LGLAAIGTSLPLALVGGVLLAAGLLTALPLGIALLLPPAARGLERFGVAA
SLAGSNLRONARRTASATMAVVVGAARLITGLAVASASGRATVEADLEARY
PVAVSVHTDGAAIDDRTVRALSGITGLTTATVATSAATFPAAGKPTPART
AALPTDVAGRLAPELSASTGDPVLLVPASYLTARGLTDGAPLTVTAGGRD
LRFTARGSRLADITGQLLGVTTGDVLTAAGVRTVPTTVWGTAPGGFDRET
LAADVNAVAARDAGVEVGGGVIEGEDIMNVLS ILLGLSLGMLAVIVVIAL
LEIANLLGLSVIERTREMALLRALGTRRSRLRAMVAVEAVTITLVGETVAG
IVIGVRVGLVGVIARVGROARRPVIMLAWPQLGLVLVAAAVTIGVLASLAPA

RRATRIAPAEGLVR

SEQ ID NC:218 orflf ABC-transporter ATP-binding protein
240aa
MVSCRNLRKRYGTGDAAVVAVDGVSTSFAAGEFTAIMGPSGSGKTTLMAL
LAGLDTPTEGEVSLAGTALAGLDDRALTDLRRDRVGFIFQAFNLLPTLTA
BONIVLPLRLAGRPVDRDRLORTAASTQIGDRLGHRPARLSGGQQQRVAV
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ARALLTERPSVVFADEPTGALDIATGRALLAGLONARRQASQTIIMVTHDA
ARATYADRVLIMADGRLWDELRAPTLESIMSVMASVTIVTS

SEQ ID K0:2189 orfl8 Histidine kinase 362az
VIAGAAVMVCLLLGLAGLDEWYWSAALCVPLVIRRSAPVVELALVAVLSG
THMIYSGSFAFPGDLVDLVAVHAVAGYGPARVRELGLLLGVAGSLVVTAR
ALHDGLPSSATLPAALIVAATLAAWS TGLMORRORADVIEADHRRRLAKQ
DSAMRARLAATEERTRISQEMHDITAHSLASVIAQAEGGRVAARADAVVA
GPLFDRIAQIGREALNDVKRLILNSIDGDTPDDFAQGLPDLPGLLAGVSAL
GLDVIFEVAGPEQPLASGMDLAVYRVIQESLTNVLKHATQROARLSLVWT
PAWLEVSVISPLTFAGALREGRGLSGIRCRCSLENGDCEIVAGQTESVIT
RWPLARPEVAVP

SEQ ID NO:220 oxrf20 Response regulator 218aa
MTEPQIDVVIADDQDLVRTGFALVVDSAPDMRVVATAADGAEVVRLAAEF
RPDVVLMDIRMPRVDGITAARAILEGNAQPPRKIVALTTYDNDEYASRILA
AGASGYLLEDITAEGLTAAIRTVHRGGSVLAPSTTHRLVTAHRQHPARPS
ALLDSFTTREREVFDLIVAGASNAR IADRLNLAEVTIKTHVGRVLAKIGY
RDRVNVVIWAYRNGAGPES

SEQ ID NO:221 orf21 Putative membrane protein 30lza
MPILWTAVLAGAVILGHRLYVPNAVGENAGS LIEAFLPWFGLAVPVLLLLAL
MRRSLTGLAAVLLPLGAWLIHFGGYVVDRDTGTPDLIVVOHNVSDENPDP
AGTARALLAAHPDLVGLEEVLPEAVAAYRGVLDAELEFHTIVQGTVALWSR
YPLTGAEAIDIRPHDLGEDWNRGLRAVARTPGGDTAVYVAHLPSVRVIAA
GLTSARRDESARKLGALLAADPVPRLVVIGDLNTSVDDRGLRPIRQVMID
SPADFAFTWPARTPVARIDQVLARSMTVTRLTALPRTGSDHLPLAAEIRY
P

SEQ ID RO:222 orf22 alpha~beta hydrolase 290aa
MRNNETVRIPVATGGAVTATLFAPESARAVLVVHPATATPQGEYASFATY
LAENGIATVTYDYRGTGRSGSPRDERDLGMRDWIGADAPAVAAWAADREPR
GLPRLAAGHSLGGHVIALGAAGPDLAASVIVASHIAALRTIPSRLERFRV
RIMLHTILGPALGRLLGYVPARSLGLGEDLPAAAMLEWGGWARRDNYFEDD
PSMRAAERAATLTGPVLAVCETTDDPUSTPROMDALTVHLTSASVERRTYS
PAAAGVEVIGHHGLFRRAVRDTVWPELLAWLHAHSEKASR

SEQ ID NO:223 orf23 Transcriptional regulator 145aa
VRLPRLIFLLFNADRAVRRWIDARSGDTGIGASGAGVLFYLAGHENALIG
DVTAALGASPSGMSGLVNRLERGGCLTRSQDPADARAVRLALTPRGEQVV
IHARGLVDDLNEQLTAGFDDAEIAVVQRWLEHVIRVSVOREERLG

SEQ ID NO:224 orf24 Pyruvoyl-dependent arginine decarboxylase
175aa
MADSVVFDQRIPVVRAIGRGTTSLSAFHDALVIMECCFYNLVRLSSVIPPRG
TAVDPSGKAPVPVGAWGDKLYCVYAEQHASQPGEEANAGIGWVQRRDGQG
GLFVEHEGTSESFVREAIKASLRDLVKGHEDDFDGPDFVVEGVVSDGERV
CAMVLARYETAPWRGVRATDPPGMN

SEQ ID NO:225 orf25 Putative diaminopimelate decarboxylase
406aa
MTLSEILPSLGASLRPRLDPANWPLTARWIEPGDLTVGGVPVTRIARAHG
TPVHVIDETDVHSRCAEYVAAFGPGAVCCSAKGGLLRGARRWIARDGLGC
YCRSAARLRTALDAGIRPESLALFGSGKSVADLEAALSCGAAVVIGSASE
AEVVARRSRPGORVLLRVRPGSAQRGYGVRLNSSAALAAVATVTRSRRLV
LAGLDCSLGHRLNRFGTYESCLREAIGEFVARLRTTVPVLNLGGGHARDLP
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VGIFAARLRAVAQVTSEGYGIEPPEVHVSPGRALLGRAGITVHRVVAAGD
GVIELDGDVPDCLPGADCAGLHTAALIGRASPAPGRSITVRCGDATVAVA
ELPGDMAAGDLVALSGTGAYHQRRDVYVGRPAVVAVCGGRARTLLPRET I
DRILYA

SEQ ID NO:226 orf26 Kinase 30%aa
VRSKREHSADIRRGRRAVLVVNTRSRRGRLLYEEARRRLVEAGFELLGTY
ALRQSGGLDGLISEALRKEPDLLIAGGGDGTISTAGRMLAKRDVALGVLE
LGTTNNFARTVRIEPDLEAATIATLVDGKVIDVDLGVAGDVPFTNEVGIGL
SGEVMISAPPRLEKRAVGRLAYPMTALGLLARHRPVRAVIRAERGRELRFHET
HOVYVANGGFHAGRPITADAHADDRLLVAYPVGGASRRELLRETARNAAT
GHRRTLHERPFIAVRELWLETDRPVAVEVDGEPRGTTPMRIATIDPNALRI
MAPADSPDL

SEQ ID NO:227 orf27 Transcriptional regulator 367aa
VVEFGSLLLVGGGGGAIGLNATVARATSSVGQESLLGSARKPAEEKKENANLD
GARKNLLLVGIDQRPTOINGEPLRSDSITLLHINKDHSSGYMISLPRDSYV
YIPAYDNGKQEKWAGGKTKINAAFAFGTRGLKGNEALQHGFELLTMTVKEL
TGITPDAGAIIDFQGFRDVVNVLERKVCMYVDTTTKS IHLGKDONGKTAKP
FVINPDGTLKSKISGVTPNTYTKGDHCEFTPGQALDFVRORDLLADNSLDY
GRORHQQQOFFKATI INQALKDGLDSPTKLPKLLSAFGKAMTVDDGGIDLAD
WALAMRSLXPDKLLTIKTNAGKLNSENVPGSGSVELLSDDSMDLLKSIKK
DQIDTFLLSHPAFIANS

SBQ ID NO:228 orf28 Glycosyl transferase 3l17aa
MPSEPDVSVVIPTCNRPELAVRAVRSALGQTHRNLEVIVVVDGPDEATVT
ALGEVGDPRLSVIVLPERGKAPNARNTGARAARGRWIAMLDDDDEWLPTK
IERQLETAAAATVERPVVACRMISRTPRADTIMPRRLPEPGEPISEYLLY
RRGLFYGDGEVQTSCIMAPTELWRKVPFTVGLRRAQELDWTLRAMREPGT
ALIYAEEPLVLWHQODENRDRISLONPWREQLEWLRGNRELFTPRAYARFT
LSVLSSMAAPTRDTGLFRELLAEARTHGDPGTVDYLTHMOIWALPPSVRE
RLRDVVVGRGKTSSNAG

SEQ ID RO:228 orf28 Glycosyl transferase 36%5aa
MPAERRVATWRS SMLPGSETFVRNQADALTRWIPAYVGAVRHESVLSRPD
DVIAFPGGKGFLRLRLTGASPQLOKTISAVRPNLVEAHFGGDGWLVSHSA
QOLGVPLAVTIVHGHDVTRQPSSPCGAKGVRYRRNLQTVFTRASLVIAVSEEV
IRGQAIRWGADPAKVKVHYTGIAVPPEQPEEVPKRWDVVEIGRFVAKKGY
DDLLTALAAVESRPRALLIGDGELMTAMRARAEQLGVDVTFAGSRTPEQV
RRHLLESRLLACPSKTAPDGDTEGLPTTILEAAALGLPVVATRESGIPEA
VIDGETGLLSPEADPAALAVSLTRLLGDEDLQRRLGARARREVTAHFDLV
EQTRRLEDLYDEVVAGARV

SEQ ID NO:230 ozf30 Dihydrolipoamide dehydrogenase 459%aa
MGEEFDLVVLGAGPGGYVAAIRGAQLGLTTAIVEDKYWGGVCILNVGCIPS
KALLRNAELAHIFHHQAQTFGIEGKVTFDFAVAHORSRSVADGRVKGVHE
LMKENGITEIQGRGEFTDAHTLRVGDRTVIFDNCILATGASTRMIPGTSY
SKRVVTYEREQILDPDLPDSIVIVGAGAIGVEFAYVLRNYGVDVTIVEFLD
RMLPLEDEEVSKELLRQYRKLGVDVRVGTRVEGIEEGADSVRVIVSKNGK
TEVLEADKVMQAIGFKPNVEGYGLETTGVIVSDRGAVEIDDFCRTINVPGT
YATGDVTAKLMLABAARAMGIVAAETIAGAETMALDYRMIPRATECQPQV
ASFGUTEAQAREQGFDVKVAKFPFTANGKAHGLGDATGFVKILSDAKYGE
LLGAHLIGPDVTELLPELTLAQQWDLTVHEVGRNVEAHPTLAEAVKEALH
GLAGHMINF
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SEQ ID NO:231 oxf3l Putative membrane protein 348aa
MTTPPRRSGTLSLVTLTVEPPIAPAPPAAPGRSRRRRLGYLAFVLVAVVA
VVILRDRLPDPGEFLDALRAADWRWAALAVGAGVLSQIAYAEQQORRLLAA
FGVRVPARRAIAMTYVRSALSMALPAGSAASAAYAFQVYRRHGATAAISA
TATLISTVVIVMSLGLLYAATWSLTATVVAGLAVLLLWIYRTVRGPVPAR
AGVPRRLRVAPIARLLORPAVAQALRGARSVPARTWLTVILAGVINWLLD
MACLLLAADALHAGLGWSRLALIYLAVOVVROIPLTPGCIGLIETSMLAG
LIAAGAPQVIAAGIVLIYRLISFWLILPSGLAAELTLRRGTVPPVTPG

SEQ ID NO:232-8EQ ID NO:288
{Null)

SEQ ID NO:300 0/SBDIG-1
TGGGTSTGCACSCTSACSATCGARTGCGGNACSGTSATCTGCGECSTGC

SEQ ID NO:301 O/ACTO8F
TCCAGCACGCGCGEGG

SEQ ID NO:302 O/ACTOSR
GTTCGACCAGCCGCCC

SEQ ID NO:303 O/AGvar(lbF
TTCTAGACGTTGTTCTCCCATITTCAC

SEQ ID NO:304 O/AGvar02bR
AAGATCTTCGAAGGETGAGCTCGCCGAA

SEQ ID NO:305 O/AGvar(i3F
GATCTTCGCGAGGACCGCACCATCTACGCCGCCAGCAGCEGCTGGETGTCTACACTGACGATCGAGTGC
GGCACCGTGATCTGCGCCTGCTGAC

SEQ ID NO:306 O/AGvar04R
CTAGGTCAGCAGGCGCAGATCACGGTGCCGCACTCGATCETCAGTETACACACCCAGCCGCTGCTEGCG
GCGTAGATGGTGCGETCCTCGCGAR

SEQ ID NO:307 O/AGvar05F
GCCTGCTGACCTAGGTCGACGATCGT

SEQ ID NO:308 O/AGvarfér
TGAATTCGGCTGCTCCCCGCGCGARAT

SEQ ID NO:308 O/SB50F
ATTCGCCCGGGAAGTCCACCGARAGCGAAGACACACCATGATTCCGGGGEATCCETCGALC

SEQ ID NO:310 0/SBR51R
GGGCEATGCCCGCCCCGEECCEEARACGATCG TCCATCATGTAGGCTGGABCTGCTTC

SEQ ID NO:311 0/8B52F
AAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGATTCCGGGGATCCETCGALC

SEQ ID NO:3iz O/SB53R
GCTTCAATAATATTGARAARAGGARAGAGTATGAGTATTCATGTAGGCTGGAGCTGCTTC
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Claims

1. A compound of the formula:

Ser | . e
— \-eu fa
Ai}ﬁf . %&

@ \ Glu .
e
, | :
Tl

wherein:

-X1-X2- represents -Leu-Val- or -Leu-ile-;

-Y-is -S- or -S(0O)-;

Z is either an amino or -NH, wherein the latter represents the N-terminus of the

Ala at position 1;

R represents the group —OH or —NR' R?, wherein R' and R? independently
represent:

(i) hydrogen;

(iiy a group of formula -(CH,),,-NR®R*, in which n represents an integer from 2 to 8
and R® and R* independently represent hydrogen or Cqalkyl, or R® and R* taken together
represents a group ~(CHa)s-, ~(CHz)e-, (CH2)2-0~(CHz)z, -(CH2)2-S-(CHy), or -(CHy)s-;
or R" and R? taken together with the adjacent nitrogen atom represent a piperazine moiety
which may be substituted at position 4 with a substituent selected from:

(a) Craalkyl;

(b) Cs_reycloalkyl;

(c) pyridyl,

(d) -(CH,),-NR°R® in which p represents an integer from 1 to 8 and Rs and R®
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independently represent hydrogen or Cy_4alkyl;

(e) piperidinyl;

(f) substitute piperidinyl, wherein the substituted piperindinyl bears a

N-substituent which is Cy_salkyl;

(g) benzyl; and

(h) substituted benzyl, wherein the phenyl moiety bears 1 or 2 substituents

selected from chioro, bromo, nitro, C s.4alkyl and C,_4alkoxy,
or a biologically active variant thereof, or a pharmaceutically acceptable salt of said
compound or variant,
wherein the biologically active variant comprises 1, 2, 3 or 4 amino acids substituted at
positions selected from positions 2, 3, 4, 5, 8, 10, 11, 13, 15, 18 and 18 of the compound,
with the proviso that -X1-X2- is -Leu-Val- or -Leu-ile-.

2. A compound of the formula
Z
1
. _
Ala ) 3 o
s ™\
5
) A ) 2
N \ ' &3&4
e o \ i K’l ]
Ala, -

Gy

wherein:

-X1-X2- represents -L.eu-Val- or -Leu-lle-;

-Y-is -8~ or -S(0)-;

Z is either an amino or -NH, wherein the latier represents the N-ferminus of the

Ala at position 1;

R represents the group —OH or —NR'R?, wherein R' and R? independently
represent:

(i) hydrogen;
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(i} a group of formula -(CH ,),-NR°R*, in which n represents an integer from 2 to 8
and R® and R* independently represent hydrogen or Calkyl, or R® and R* taken together
represents a group ~(CHg)a-, -(CHz)4-, (CH2)2-O~(CHy)z, -(CH2)2-S-(CHy)z or <(CHa)s-;
or R" and R? taken together with the adjacent nitrogen atom represent a piperazine moiety
which may be substituted at position 4 with a substituent selected from:

(1) Cyqalkyt;

{j) Cs.,cycloalkyl;

(k) pyridyf,

(1} «(CH2),-NR°R® in which p represents an integer from 1 to 8 and R® and R®

independently represent hydrogen or Cy_salkyl;

{m) piperidinyl;

(n) substitute piperidinyl, wherein the substituted piperindinyl bears a

N-substituent which is C..salky};

(0} benzyl; and

(p) substituted benzyl, wherein the phenyl moiety bears 1 or 2 substituents
selected from chloro, bromo, nitro, Cy_4alkyl and C,.4alkoxy,
or a pharmaceutically acceptable salt of said compound, with the proviso that -X1-X2- is
-Leu-Val- or -Leu-lle-.

3. A compound according fo claim 1 or claim 2, wherein Z is an amino acid.
4. A compound according to claim 3, wherein the amino acid is selected from the
group Ala, lle-, Lys-, Phe-, Val-, Glu-, Asp-, His-, Leu-, Arg-, Ser- and Trp and said amino

acids are in the D~ or L- configuration.

5. A compound according to claim 3, wherein Z is an amino acid selected from the
group He-, Lys-, Phe-, Val-, Glu-, Asp-, His-, Leu~, Arg- and Ser-.

6. A compound according to claim 3, wherein the amino acid is Ala.

7. A compound according to any one of claims 1 to 6, wherein R represents the
group -NR'R?

8. A compound according to any one of claims 1 to 7, wherein R represents the
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group -NR" R? , wherein R" and R? independently represent hydrogen, a group of formula
-(CH,)-NR®R* | in which n represents an integer from 2 to 8 and R® and R*
independently represent hydrogen or (C-C,) alkyl or R® and R* taken together represent
a group -(CHa)a-, ~(CHa)a-, «(CHz-O-(CHa)s-, (CH2)s-S-(CH,)a- or -(CHa)s-, or R and R?
taken together with the adjacent nitrogen atom represent a piperazine moiety which may
be substituted in position 4 with a substituent selected from (C,-C,) alkyl, (Cs-C-)-
cycloalkyl, pyridyl, benzyl, and substituted benzyl wherein the phenyl moiety bears 1 or 2

substituents selected from chloro, bromao, nitro, (C,-C,)alkyl and (C4-C,)alkoxy.

9. A compound according to claim 8, wherein R" and R? independently represent:
(i} hydrogen;
(i} a group of formula -(CH,),-NR®R?, in which n represents an integer from 2 to 8
and R® and R* independently represent hydrogen or Cy_alkyl.

10. A compound of claim 1, wherein the compound is selected from the group
consisting of:
deoxyactagardine B N-[3-dimethylaminopropylimonocarboxamide;
deoxyactagardine B N41-(1-methyl-4-piperidinyl)piperazinelmonocarboxamide;
deoxyactagardine B [1-(3-dimethylaminopropyl)piperazinelmonocarboxamide;
deoxyactagardine B;
D-Ala(0)deoxyactagardine B;
L-11e{0)deoxyactagardine B;
L-Val(O)deoxyactagardine B;
L-Phe(0)deoxyactagardine B;
L-Lys(0)deoxyactagardine B; and
L-Trp(0)deoxyactagardine B.

11, A compound according to any one of claims 1 to 8 in which the compound
comprises a modification to a carboxy function of a side chain of an internal residue such
that said function is modified from -COOH to a group ~COOR? in which R® represents
hydrogen, (C4-Cyalkyl or {C4-C,)alkoxy(C,-C4)alkyl.

12, A compound according to any one of claims 1 1o 9 in which the compound

comprises a modification to the N-terminal amino group such that this group -NH; is
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instead a group -NHR® wherein R® represents C,.qalkyl.

13. A pharmaceutical composition comprising a compound according to any one of
claims 1 to 12 together with a pharmaceutically acceptable carrier or diluent.

14. The use of a compound according {o any one of claims 1 to 12, or a composition
according o claim 13 in the manufacture of a medicament for the treatment of a bacterial

infection.

15. The use according to claim 14, wherein said infection is a gut super-infection
caused by Clostridium difficile.

16. A method for producing a host cell suitable for expressing a type B lantibiotic
peptide deoxyactagardine, actagardine or a variant thereof, the method comprising the
step of transforming a cell by introducing:

a lanA gene, said gene encoding a LanA polypeptide comprising a precursor of
actagardine, actagardine B, ala(0)-actagardine, ala(0)-actagardine B or an amino acid
variant of any one of the same wherein:

1 to 5 amino acids in the sequence is/are substituted by another amino
acid, or
the amino acid sequence is at least 90% identical thereto,

optionally together with one or more associated cluster genes suitable for
conversion of a precursor peptide into said peptide,
thereby generating a host cell comprising a polynucleotide sequence encoding said
peptide and suitable for expressing same, wherein the type B lantibiotic peptide has
antimicrobial activity.

17. A method according to claim 16, where the cell is transformed with a /anA gene
and one or more cluster genes.

18. A method of according to claim 17, wherein the associated gene cluster comprises

a gene encoding a LanR polypeptide or a variant thereof 90% identical thereto, wherein
said polypeptide is a factor regulating the production of the LanA polypeptide.
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19. A method according to claim 17 or claim 18, wherein the gene cluster further
comprises a gene encoding a LanM polypeptide or a variant thereof at least 90% identical
thereto, wherein said polypeptide is derived from the lantibiotic gene cluster and is a
modification factor required for conversion of the precursor polypeptide to a lantibiotic

compound.

20. A method according fo claim 19, wherein a LanM polypeptide has the amino acid
sequence shown in SEQ ID 120 or 213.

21. A method according to any one of claims 17 to 20, wherein the gene cluster further
comprises a gene encoding a LanO polypeptide or variant at least 90% identical thereto,
wherein said polypeptide is derived from the lantibiotic gene cluster and is a factor

involved in the oxidation of deoxy-forms to -S{O)- analogue thereof.

22. A method according to claim 21, wherein the LanO polypeptide has the amino acid
sequence of SEQ D No 122 or 215.

23. A method according to any one of claims 19 to 22, wherein the associated gene
cluster further comprises a gene encoding a LanT polypeptide or a variant thereof at least
90% identical thereto, wherein said polypeptide is derived from the lantibiotic gene cluster

and is a transport factor.

24, A method according to claim 23, wherein the LanT polypeptide has the amino acid
sequence shown in SEQ 1D No 123 or 214.

25. A method according to any one of claims 16 to 24, wherein the host cellis a

lantibiotic producing host cell.

26. A method according to claim 25, wherein the host cell comprises a gene encoding
a LanO polypeptide and said gene is inactivated.

27. A method according to claim 26, wherein the gene encoding a LanO polypeptide is
inactivated by mutation or deletion.
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28. A method according to any one of claims 16 to 27, which further comprises the
step of culturing the host cell and expressing a lantibiotic peptide encoded therein.

29. A method according to claim 28, which further comprises the step of recovering
the lantibiotic.

30. A method according to claim 28 or 29, which further comprises the step of
derivatising the carboxy function of the C-terminal to provide a monoamide derivative.

31. A cell obtainable from the method of any one of claims 16 to 27, wherein said cell
is selected from a lantibiotic producing host cell with a mutated endogenous /anA gene
and a non-producer capable of expressing a /anA gene, wherein the cell comprises a /anA
gene encoding a LanA polypeptide comprising a precursor of actagardine, actagardine B,
ala(0)-actagardine, ala(0)-actagardine B or an amino acid variant of any one of the same,
wherein 1 to 5 amino acids in the LanA polypeptide sequence is/are substituted by
another amino acid, or the amino acid sequence is at least 90% identical thereto.

32. A vector suitable for transforming a host cell in the method defined in any one of
claims 16 to 30, said vector comprising an expression construct comprising a gene
encoding a LanA peptide selected from actagardine, actagardine B, ala(0)-actagardine,
ala(0)-actagardine B or a variant of any one of same wherein:

1 to 5 amino acids in the peptide are substituted by anotﬁer amino acid, or

the amino acid sequence is at least 90% identical thereto,

optionally together with one or more associated cluster genes required for
conversion of a precursor peptide into a product peptide, and wherein the LanA peptide
has antimicrobial activity.

33. A vector according to claim 32, wherein the expression construct further comprises
a lanA promoter sequence.

34. A lantibiotic producing host cell suitabie for expressing a type B lantibiotic peptide,
the host cell comprising a mutation in its endogenous /anA gene, said gene encoding a
LanA polypeptide comprising a precursor of actagardine, actagardine B, ala(0)-
actagardine, ala(0)-actagardine B or an amino acid variant of any one of the same,
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wherein 1 to 5 amino acids in the LanA polypeptide sequence is/are substituted by
another amino acid, or the amino acid sequence is at least 90% identical thereto, such

that the gene is not expressed or the gene product is inactive.

35. Use of a host cell for the expression of actagardine, a variant thereof,
deoxyactagardine or a variant thereof, wherein the cell is a lantibiotic producing cell with a
gene encoding a LanQO polypeptide and said polypeptide is derived from the lantibiotic
gene cluster and is a factor involved in the oxidation of deoxy-forms to -S(O})- analogue
thereof and:

said gene is inactivated, or

the expression of said gene is increased.

36. Use of a host cell according to claim 35, wherein the gene encoding a LanO
polypeptide is inactivated by mutation or deletion.

37. Use of a host cell comprising a gene encoding a LanA peptide, a precursor of a
fantibiotic peptide for the production of actagardine, a variant thereof, deoxyactagardine or
a variant thereof, with the proviso that wherein the host is a lantibiotic producing cell
comprising an endogenous gene encoding a LanA peptide, the latter is mutated such that
the endogenous gene is not expressed or the endogenous gene product is inactive or the
endogenous gene is deleted.
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10

Lantibiotic Biosynthetic Gene Clusters From A. garbadinensis and A. liquriae

Abstract

This invention relates to characterisation of the biosynthetic gene cluster for the
lantibiotic actagardine, identification of a novel variant of actagardine and its

biosynthetic cluster, ‘and methods of production and use of actagardine, a novel

-actagardine variant, herein referred to as actagardine B, and variants of both of these

produced according to this invention, utilizing genes from the characterised
biosynthetic gene clusters.

(No suitable figure)
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