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Lantibictic Biosvnthetic Gene Clusiers From A, garbadinensis and A. liguriae

Field Of The Inventon

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

Background Of The Invention

Lantibiotics are peptides having antibiotic and other activities, produced by Gram-positive
bacteria. They contain, among other modified residues, the thiosther amino acids lanthionine
and methylianthionine, which cross- fink the peptide chain into a polycyciic structure, They
have been classified into two classes, type-A and fype-B, though such classification is not
unproblematic. Type-A lantibiotics are generaily elongate amphiphiles that are capable of
farming pores in bacterial and other plasma membranes. Examples are nisin and subtilin,
Type—B lantibiotics, by contrast, are globular, canformationally defined peptides that inhibit
enzyme functions. Examples are cinnamycin and duramyein,

Activities ascribed to type-B lantibiofics such as cinnamycin inciude 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 AZ {praviding a potential application as anfi-inflammiztories), and
interference with prostaglandin and leucotriene bicsynthesis,

Type-B lantibiotics appear to exert their acfivity by interfering with enzyme activities by
blocking the respective substrates. For example, type B lantibiotics such as mersacidin and
actagardine have been found fo inhibit biosynthesis of peptidoglycan; iransglycosylation was
identified as the target reaction. The substrate for this reaction is the ipid-bound cel} wall
precursar fipid 1. While this is a target for the lantibictic vancomyein, the site of action is
different and is a new target binding site not used by any current antibacterial drug.

For the cinnamycin class of type B lantibiotics antibacterfal activity has been observed, in
particular with Bacillus strains, with effects described on membrane functions, ATP-depandant
proton transiocation and Ca®” -uptake, and on ATPases. Algo, the formation of defined pores
in phosphatidyiethanclamine-containing pianar membranes has been reparted. These effects
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can be atiributed to the spadific binding of these type-B lantibioiics to
phosphatidylethanolamine.

Lantibiotics have been shown to have efficacy and ufiiity as food additives and antibacterial
agents against Proplonibacterium acnes and problematic pathogens, &.9. methiciliin-resistant
Staphylococcus aureus (MRSA), which has or is developing resistance to many commonty
used anfibiotics, and Streptococcus pneumonias. For reviews, see Sahl and Bisrbaum (1998}
Annual Rev, Microbiol. 52:41-79; Jack and Sani (1985) TIBTECH 13:269 278, Gasson (1985)
Chapter 18, Léntibiotibs, in Vining and Stuttard {eds) Biotechnology Series: Genetics and
Blochemistry of Antibiofic Production, Biotechnological | 30 Series 28, pages 283-306.

Within the field of antibiotics, there is a continuing need for the provision of new antibiotic
compounds, to overcome issues such as resistance, big-compatibility, toxicity and the like,
Acsordingly, methods of producing lantibiotics, and the production of variant forms of
lantibiotics (which may have a different activity profile compared to.native forms}, are
desirable.

Actagardine is a known type B tetracyciic lantibiotic, 18 aminc acids In length (1890 Da). it has
potent activity against important Gram positive pathogans such as Staphylococeus aureus and
Streptococecus pyogenes both in vitre and in in vivo animal models, The structure of
actagardine is shown in Figure 4, The compound is produced from a pre-pro-peptide, the G-
terminal partion of which has the polypeptide sequence of SSEWVCTLTIECGTVICAC (SEQ
ID NO:4). The polypeptide of SEQ D NO:4 is modified by the foliowing crosslinks, creating
secondary-and tertiary structure: CROSSLINK 1-6, Lanthionine (Ser-Cys); CROSSLINK 7412,
Beta-methylianthionine {Thr-Cys); CROSSLINK 8-17, Beta-methyllanthionine (Thr-Cysj;
CROSSLINK 14-19, Beta-methylianthionine sulfoxide (Thr-Cys).

Actagardine fras been reported to be produced by two species of Actinoplanes; A.
garbadinensis and A. liguriae. Also co-preduced is an analogue in which the CROSSLINK 14-
19 is not oxidizad i.e. it is a beta-methyllanthionine not hetamethyilanthionine 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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Disclosure of the lnvention

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

We have also surprisingly found that in an isolate of A, ligurfae, designated herein as A.
liguriae NCIMB 41362, a nova! form of aciagardine is produced which we have termed
actagardine B or, in the non-oxidised form, deoxy-actagardine B. These forms have similar
anti-microbial activity o actagardine and are generated from the primary polypeptide
sequence of SEQ ) NO:1, which undergoes simitar cross-linking to aclagardine. The
varlants provide new and useful alternatives to actagardine. In addition, the identification of
residues in actagardine B which are different from actagardine leads to 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 proguction of actagardine and
actagardine B.

In one aspect, the present invention provides the novel actagardine B and varianis thereo!,
including variants based on the primary polypeptide seguences of SEQ 1D NO:2 and SEQ B
NOC:3, as well as variants thereof.

In & further aspect, the invention provides nucleic acids encoding actagardine B and its
vattants, sets of nugleic 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,

Descrintion Of The Drawings

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

from A. garbadinensis.

Figure 2 provides a map of the encoding and regulatory gene cluster isolated from A. figurize
which encodes a novel variant of actagardine, hergin referred o as actagardine B.
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Figure 3 provides a schematic showing a method disclosed herein for generation of
actapardine variants utilizing nucleic acid sequences isolated from A. garbadinensis or from A,

ifguriae.

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 lel16Val
variant with a non-oxidised methyllanthionine bridge between AbuS14 and AlaS18.

Description of the Sequences

For the convenience of the reader, the sequences 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 ssquance of Ala-Actagardine B variant Vv
ASSCGWVCTLTIECGTVVCAC.

SEQ ID NO:13 is the primary polypeptide sequence of Ala-Actagardine B varfant Ll
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:
MSAITVETTWKNTOLREDLTARPAGL GFGELSFEDLREDRTIYAASSGWYCTLTIECG

TI.VCAC. .

SEQ ID NO:22 is 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 L!
MSALAIEKSWKDVDLRDGATSHPAGLGFGELTFEDLREDRTIYAASSGWVGTLTIECG

TLICAC.
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SEQ ID NO:118 is the primary polypeptide sequence of pre-pro-Actagardine:
MSALAIEKSWKDVDLRDGATSHPAGLGFGELTFEDLREDRTIVAASSGWVCTLTIECS

TVICAC,

SEGQ ID NG:100 is the non-vector, A. garbadinensis-derived, nuciectide sequence of the

cosmid CosAG14,

SEQ ID NOs:701 — 132 are the polypeptide sequences of the open reading frames orff -

orf32 of SEQ 1D NO:100 respectively.

SEQ ID NO:200 is the non-vector, A. liguriae-derived, nucieotide sequencs of the cosmid

CosALD2,

SEQ ID NOs:207 — 231 are the polypeptide sequences of the open reading frames orff —

orf31 of SEQ 1D NO:200 respectively.

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

Detailed Description of the Invention

The present invention relates to the gene clusters of SEQ D NO*100 and SEQ 1D NQ:200 and
the polypeptides encoded by these clusters and variants thereof. The polypeptide of SEQ ID
NO:118 Is pre-pro-actagarding and the polypeptide of SEQ ID NO:212 is pre-pro-actagarding
B. The remaining polypeptides and their variants (as definad herein} are referred io herein
gensrically as "cluster polypsptides”. Clusier polypeptides derived from SEQ ID NO:100 ars
referred to as "4xx polypeptides” and those derived from SEQ ID NO:20G are referred to as
"2xx polypeplides”, Polypeptides which are 100% identical in both sequence and length fo a
cluster polypeptide are referred to as "wild-fype” polypepiides. A clusiar polypeptide derived
from SEQ ID NO:100 or SEQ ID NO:200 may be wild iype or variant,

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

purposes be isolated.

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. 95%, 58%
or 89% of the polypeptide in the preparation is a polypeptide of the invention.

Lantibiotic Polypeptide and LanfibioticA gene
In the present invention, reference o a lantibioticA or LanA pclypeptide, 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 thess includes reference fo cinnamycin, mersacidin, actagardine
and actagardine B and the genes encoding these products, Reference to a lantiblotic
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 aclivity. Anti-microbial activity may be
examined by detérmining the MIC value against a reference organism, e.g. Micrococcus
futeus. A LanA polypeptide is considered to exhibit anti-microbial activity I¥ it has a MIC value
of iess 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 gens is
referred to as actA and the A, liguriae LanA gene is referred fo as LigA,

Other Lan Polypeptides ‘

As used herein, reference to a "LanM" polypeptida is a polypeptide derived from a Lantibiotic
gene cluster which is a modification facior required for the conversion of a precursor
polypeptide fo a lantibiotic compound. LanM polypepiides inciude those of SEQ 1D NO;120
(ActM) or a variant thereof, SEQ 1D NO:213 (Ligh) or & variant thereof, a ¢inM palypeptide as
defined in WO02/088387, & mrsM polypeptide as disciosed in Altena ef 2/, 2000, or a
homologous polypeptide from another gene cluster of a bacteria which produces a type B
lantibiotic.

Reference to a "LanR" polypeptide is a polypaptide derived from a Laniibiotic gene cluster
which is a reguiatory factor required for the regulation of produciion of a precursor
polypepiide. LanR polypeptides include those of SEQ ID NO:122 (ActR} or a variant thereof,
SEQ D NO:216 (LigR) or a variant thereof, & 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 a2 bacteria which produces a type B lantibictic.

Reference to a "LanT" polypeptide is a polypeptide derived fram a Lantibiolic gens clusier
which is a transporter factor reguired for the production of a precursor polypepfide to a
iantibiotic compound. LanT poltypeplides 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
WO02/088387, a mrsT polypeptide as disclosed in Allena ef a/, 2000, or a homoiogous
polypeptide from another gene cluster of a bacteria which produces a type B lantibiciic.

Reference 1o a "LanC" polypeptide is a polypeptide derived from a Lantibiolic gene ciuster
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 actagarding or to compounds of the invention in which Y is -
S(O)-.

LanO polypeplides include those of SEQ D NO:122 (ActO) or a variant thergof, SEQ D _
NO:215 (LigO) or a variant thereof, or a homotogous polypepfide from another gene ciuster of

a bacteria which produces a type B lantibiotic.

Cluster Polypeptides

In one aspedt, the invention provides an Isolated cluster polypeptide selected from any one of
SEQ i NOs: 101, 102, 103, 104, 105, 108, 107, 108, 108, 110, 111, 112, 113, 114, 115, 116,
117, 118, 120, 121, 122, 123, 124, 125, 125, 127, 128, 129, 130, 131, 132, 201, 202, 203,
204, 205, 206, 207, 208, 208, 210, 211, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222,
223, 224, 225, 226, 227, 228, 229, 230 and 231. in ancther aspect, 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,

Lank, LanT or LanO polypeptides.

A “variant”, in relation to & cluster polypeptide, denctes: any polypeptide having an amina acid
sequence which is different from, but which shows significant amine acid sequence identity
with, the amino acid seguence of a reference polypeptide {in this case any wild type cluster
polypeptide), or & fragment of that polypeptide.

Unless otherwise specified, significant amino acid sequence identity is preferably at ieast
80%, more preferably 85%, 90% or 95%, stll more preferably 98% or 99%. A varantis
preferably of a iength which is the same as, or at least 70%, preferably at least 80%, more
preferably at ieast 90% and most preferably at least 95% of the Jength of the wild type cluster

polypeplide.

“Percent (%) amino 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 necessaty, 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. (1896); htip:/blast.
wust/edu/blastREADME. himl. WU-BLAST-2 uses several search parameters, most of which
are set 1o the default values. The adiustable parameters are set with the following values:
overlap span =1, overlap fraction = 0.125, word threshold {T) = 11. The HSPS and HSPSZ
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parameters are dynamic values and are established by the program itself depending upon the
composition of the particular sequence and composifion of the particular database against
which the sequence of interest is being searched; however, the vaiues may be adjusted 1o
increase sensitivity. A % amino acid sequence identity value is determined by the nurmber of
maizhing identical residues divided by the total number of residues of the “longar" sequence in
the aligned region, multipiied 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 alighment
scere are ighored).

Desirably, a variant will retain g biological function of the reference polypeptids. 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. Thig may be
determined, for example, by providing a host cell containing SEQ ID NO:100 in the case of a
1xx cluster polypeptide variant, or SEQ ID NO:200 in the case of & 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 polypeplids is stili
produced.

Precursor Polypeptides

In another aspect, the invention provides polypeplides, preferably in isolated form, which are
precursors of the compounds of the present invention or of actagardine. The precursor
polypeptides include the polypeptides of any one of SEQ iD NOs:1-4, SEQ ID NOs 111 4,
SEGID NOs:212, 22, 23 and 119, as weli as varianis or derivatives thersof which can be
converted to a lantibiotic polypeptide.

A variant of a precursor polypeptide of any one of SEQ ID NOs:1-4 is 2 pelypeptide in which
Gne or more, for example from 1 ic 5, such as 1, 2, 3 or 4 amino acids are substituted by
ancther 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 1D NOs;1-4,

A variant of a precursor polypeptide of any one of SEQ ID NOs:11-14 is a potypeptide in which
ong or more, Tor example from 1 to 5, such as 1, 2, 3 or 4 amino acids are substituted by
another amine acid, Preferably the amino acid is at a position selected from positions 3, 4, 5,
8,8, 11,12, 14 or 10 of any one of SEQ 1D NOs:11-14.

A variant of a precursor polypeptide of any one of SEQ ID NOs:212, 22 23 and 119 iz &
pafypeptide in which one or more, for example from 1 to 5,such as 1, 2, 3 or 4 amino acids of
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the C-terminal region (residues 46-84) corresponding to SEQ 1D NOs:1-4 respectively ars
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
NOst1-4. Such varlants may furiher inciude changes to the N-erminal region which retain at
least 70%, for exampls at least 80%, preferably at least 90%, for example at ieast 85% of the
N-terminal regions {residues 1-45). For exampie, a variant of the N-terminal region of SEQ ID
NO:212 or SEQ ID NO:119 may comprise ane or more substitutions {e.g. from 1 to 12, such
as from 1 tc 8, e.g. 1, 2 or 3 substitutions at positicns 4, 5, 6, 8, 8, 12, 13, 17, 18, 18, 21 and
32 which our data shows are varied between SEQ ID NO:212 and 410,

Substitutions may be of ane amino acid by another naturally oscurring amino acid and may be
conservative or non-gonservative substitutions. Conservative substtutions include those set
owt in the following table, where aminc 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 GA

‘ ILV
Polar - uncharged CS8TM
NQ
Polar - charged DE

KR
AROMATIC HFWY

For SEQ 1D NO:212, the substitutions may be of an amine acid which differs from the aminc
acid residue located in the corresponding location of SEQ D NO:1 18, or vice versa. In either
case, the substitution may be to introduce the SEQ ID NO:1498 amino acid into SEQID
NC:212, or vice versz (e.g. Hle at position 4 of SEQ ID NO:212 may be substituted by |_eu, and

S0 on).

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

Compounds
in one aspect, the present invention provides a compound of the formula {n:
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-X1-X2- represent -Leu-Val-; -Val-Val- or -Lewlle-;
Y is -5- or -8(Q)-; and
Z is either HaN- or Ala-,
or a pharmaceutically accepiable salt thersof, In a further aspect, the invention provides

variants and biclogically active derivatives of these compounds.

Where -X1-X2- reprasent -Leu-Val-, Y is -S(0)- 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{0)- and Z is Ala- the compound of the invention is
atso referred to as ala-actagardine B.

Where -X1-X2- represent -Leu-Val- Yis -8- and Z is NH; the compound of the invention is

aiso referred to as deoxy-actagardine B.

Where -X1-X2- represent -Leu-Vai-, Y is -5-and Z is Ala- the compound of the invention is
also referred o as ala-deoxy-actagardine B.

it will be understood by reference to Z being a group HoN-, that this moisty represents tha N-
terminus of the alanine residue at position 1 of the above compound. By reference to the
group Z being Ala-, it wil be undersfood that this molely represenis an alaning, conventionaily
referred fo in the art as Ala(0), linked to the alanine at position 1 via an amide bond.

10
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Variants
A variant of & compound of formula {1) is a cornpound which one of more, for example from 4
to 5, such a8 1, 2, 3 or 4 amino acids are substituted by another amino acid. Praferably the
amino acid s at & position selected from positions 2, 3, 4,5,8,10,1%, 13 or 18 of the
compound of formula (),

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

Where Z is Ala-, variants of compounds of the invention include thase in which Ala- is
replaced by another amino acid (particularly a naturally occurring amine 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 prodused by chemical addition of the residue to compounds where Z = HN ,
as described in US 6,022,851, It 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 those in which one or more
amino acid side chain of the compaund of the invention has been modified, for example by

esterification, amidation or oxidation.

Derivatives of compounds of the invention may bs monoamids derivatives at one of the
carboxy functions of actagardine, particularly at the C-terminal, More particutarly, a derivative
may be a compound in which the C-terminal of the compound of the Inverition is of the formula
-COR, in which R represents the group -NR'R?, wherein R' and R? Independently represent:
(I} hydrogen;
(ify 2 group of formula ~(CHy)-NR®RY, in which n represents an integer from 2 to 8 and
R® and R* independently represent hydrogen or (G -Cy) alkyi or R® and R* taken together
represent a group ~(CHzjs-, -(ChHgle, (CHzle-O-{CHa)z-, {CHy)o-8~{CHz)z- of -{CHyer:
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) (C1 -Caalkyl;
{b} {Cs -C7)-cycloaikyl,

11
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(c) pyridyt,

(d) «(CH2)o"NR®RE in which p represents an integer from 1to § and R® and R°
independently represent hydrogen or (CT-C;) alkyl;

(e} piperidinyl;

{f) substituted piparidinyl, wherein the substituted piperidiny! bears a N-
substifuent which is {Cy.q)atkyl;

{g) benzyl; and

{h) substituted benzyl, wherein the phenyl molety bears 1 or 2 substituents
selected from chlore, bromo, nitre, {Cy -Cyalkyl and (. -Cylalkoxy.

in one embodimant, in the formula <COR, R represents the group -NR'R?, wherein R! and R?
independently represent hydrogen, a group of formuia ~(CHg)- NRR?, in which n represents
an infeger from 2 to 8 and R® and R* independentiy represent hydrogen or {C; -C4) alkyl or R®
and R* taken together represent a group =(CHz)a, -{CHg)a, (CHzk-O-(CHa)o-, ~(CHz)-S-
(CHa)o- or {CHa)s-, or R and R taken together with the adjacent nitrogen atom represent a
piperazine moisty which may be substituted in position 4 with a substituent selected from (G -
Culalkyl, (Cs -Gy )-cycloalkyl, pyridyl, benzyi, and substituted benzyl wherein the phenyl moiaty
bears 1 or 2 substituents selected from chioro, bromo, nitre, (G4 ~Calalky! and {Cq -C4)alkoxy.

Further, a derivative may include & 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 -Ca)alky! or (C1 -Cqatkoxy (Co -Calatiyl.

N-erminal 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 "{C, ~C)alky!" represents straight or branched alkyl chains of from 1 1o 4 carbon
atorns, such as: methyl, ethyl, propyl, 1-methylethyl, butyl, 1-methylpropyl or 1,1-dimethylethyl
while the term "{(C; -Cs)alkyl" represents straight or branched alky! chains of from 2 to 4 carbon
atoms such as: ethyl, propyl, 1-methylethyl, butyl, 1-methylprapyt or 1,1-dimethylethyl, The
term "{Cs -Crioycloatkyl” represents a cycloalkyl group selected from cyclopentyl, cyclohaxyl

and cycicheptyl.

The tarm ™(C, -G4alkoxy” represents a straight or branched alkoxy chain of 1 to 4 carbon
gtoms such as methoxy, ethoxy, propoxy, 1-methyiathoxy, butoxy, 1-methyipropoxy and 1,1~
dimethylethoxy.

i2
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Derivatives according to the present invention may be made according to the methods
describad for the manufacture of derivatives of actagardine in EP-0185358, the disclosure of
which is incomporated 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
formula ~(CHa),-NR®R?, in which n represents an integer from 2 to 8 and R® and R*
independently represent hydrogen or (G -C,) alkyl or R® and R? taken together reprasent a
group ~(CHa)s, -(CHz)a, (CH2)e-0-(CHaja-, (CH2)2-S~+{CHa)e- or {CHale-. In these
embodiments, R® and R* preferably represent hydrogen or (C-C,) alkyl. More preferably R?
and R represent (C-Cy) alkyl, e.g. methyl. Integer n may be preferably from 2 to 5, and more

preferably 2 {0 4, .g. 3.

in other embodiments, R" and R* taken together with the adjacent nitrogen atom represent a
piperazing moisty. The N-substifuent in the 4 position may preferably be selected from:

(@) (C -Cylalicyl;

{b} (Cs -Cr)-cydloalkyl,

{d) -{CH2),-NRER® in which p represents an integer from 1 io 8 and R® and R®
independently represent hydrogen or {C+-C,) alikyl;

(e) piperidinyt; and

{f} substituted piperidinyl, wherein the substituted piperidiny! bears a N-substituent
whish is {Crqjalkyl.

The piperdiny} and substifuted piperidinyl groups preferably have their nitrogen atom &t the 4-
posifion.

The N-substituent may more preferably be selected from:

(d) ~(CHz),-NR®R® in which p represents an integer from 1 1o 8 and R® and R®
independently represent hydrogen or {C4-C4) alikyl; and

{f) substituted piperidinyl, wherein the substituted piperidinyl bears a N-substituent
which is {Cia)aliyl.

If the N substituent is -(CH2),-NR®RE, then R® and R® may be preferably (C-C)alkyl, more
preferably (C4-Cz) alkyl, e.g. methyl. Integer p is preferably 1to 4, e.g. 3.
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* Hthe N substituent is substituted piperidinyl, then the N-substituent is preferably (C+-C.) aliyl,

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

Nucleic Acid

A nuclele acid of the invention may be a DNA or RNA, though preferably 2 DNA. A nucleic
acid of the invention may be single- or doubie-stranded. In one aspect, the invention provides
an isolated nucleic acid encading a cluster polypeptide. In another aspect, the invention
provides an isolated nucleic acid encoding a precursor polypeptide or vardant or fragment
thereof.

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

Twenty-five nucleotides is recognised by these skilled in the art as a sufficient number of
nucleotides to be specific to the particular gene or gene cluster or sub-sequence therest as
disclosed herein. Thus fragments include fragments of SEQ 1D NC:100 or 3EQ ID NO:200, or
variants thereof having significant sequence identity, which are at ieast 25, e.g. at least 30,
e.g. at least 50, e.g. at least 100, e.g. at least 250 nucleotides in fength.

Promaoters that are variants of those Intergenic sequences are also included and the specific
intergenic sequences (or parts thareof} are preferred embediments. in all cases, where a
preferred embodimant 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 to include
embodiments having variants of that specific sequence.

The term “variant” as used herelts in relation o a particuiar nucleic acld {the reference nucleic
acid) denotes: any nucleic acid having a sequence which is differernt from that of the reference
nucleic asid, but which is its complement or which shows significant nucleic acid sequence
identity with, or hybridization under stringant conditions to, the reference nucleic acid or its
complement or a fragment of the reference nudleic acid or its complement; or any nucleic acid
which encodes an amino acid sequence having significant amino asid sequence identity with
the amino acid sequance encoded by the reference nuciesic acid, or a fragment of that nuciels
acid. The term “variant” also refers to nucleic acids which differ from each other due only to
the degeneracy of the genstic code, and which therefore encode identical deduced amine acid
sequences. Variant nucleic acids of the invention are further defined as follows. If a variant
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nucleic acld of the invention is introduced info the gene clusters identified herein, In place of
the sequence of which it is & variant, and the recombinant fragment is introduced into a
suitable host celi under suitable conditions for lantibiotic production (e.g. as shown in the
Examples), then production of & molecuie having one or more activities of a lantibiotic
{especiatly antibictic activity} will result. Preferably production wilt be regulated to occur at high
cell density.

Significant nucleic acid sequence identity is prefarably at least 50%, more preferably 80%,
70%, 80% or 80%, still more preferably 85%, 98% or 89%. Significant nucleic acid sequence
identity is preferably shown between the varfant 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, stifl more preferably a fragment of 180, 240 or 300 residues,
more preferably the entire reference nucieic acid.

"Percent {%) nucieic acid sequence identity" is defined as the percentage of nuclectide
residues in & candidaie sequence that are identical with the nuclectide residues in the
sequence under comparison. The identity velues used herein were gensrated by the BLASTN
moduie of WU BLAST-2 sst to the default pararneters, with overlap span and overlap fraction
setto 1 and 0.125, respectively.

i
In relation to variants of the promoters used in the present invention, nucleic acld sequence
identity is preferably assessed over a sequence of af least 30 residues, more preferabiy 40 or
50 residues, still more preferably 80 residues.

"Stringent conditions™ ar "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 chlofide/0. 0015 M sodium citrate! 0.1% sodium dodecy! sulfate at 50°C; (2) employ
during hybridization a denaturing agant, such as formamide, for example, 50% (v/v)
formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1% poiyvinylpyrrolidane/50 mM
sodium phosphate buffer at pH 6.5 with 75¢ mM sadium chloride, 75 mM =odium cltrate at
42°C; or (3} employ 50% formamide, 5 x $SC (0.75 M NaCt, 0.075 M scdium citrate), 50 mM
sodium phosphate (pH 8.8}, G.1% sodium pyrophosphate, 5 x Denhardl's solution, sonicaisd
salmon sperm DNA (50 gimi), 0.1% SB3, and 10% dextran sulfate at 42°C, with washes at
42°C in 0.2 x 8SC (sodium chioride/sodium citrate) and 50% formamide at 55°C, followed by
& high-stringency wash consisting of C.1 x S8C containing EDTA at 58°C.
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When a nucleic acid of interest is said to be in “operative asscciation” with a promoter or
regulatory sequence, this means that the promoter/regulatory sequence is able to direct
franscription of the nucleic acid of interest in an appropriate expression systern, with the
nucleic acid of interest in the correct reading frame for transiation, Preferably when a nucieic
acid of interest is in operative association with a pretnoter / regulatory sequence, the transeript
of the nucleic acid of interest contains an appropriately located ribosome binding site for
expression in an appropriaie expression system of the polypeptide encoded by the nucieic
acid of interest. See for example Sambrook et al, (1989) and Ausubel et al. 25 (1995).

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

Inlight of the foregoing disclosure, it will be appreciated that this invention provides nucleofide
sequences or a set of nucieotide sequences encoding the actagardine or actagardine B
blosynthetic 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 ic screen other
organisms for related molecules and the like; use to induce gene silencing and the like.

Expression Construct

In a further aspact of the invention, there is provided an expression construct comprising a
nucieic acid encoding a cluster palypepiide or a lantibictic polypeptide of the Invention
operably linked to a promoter.

In a further aspect, there is provided a sst of expression constructs. A set of expression
construcis comprises two ar more polypeptide coding sequences of the present invention and
at least one promoter suitable for the expression of said sequences. The promoter(s) may be
a promoter with which the polypeptide gene is naturally essociated 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 NC:100 or SEQ 1D NO:200 upsiream of any of the open reading frames listed in

Tables 1 and 2.
The promoter{s) will be operably linked to the nucleic acids of the set of expression construsts.
By "operably linked" it will be understood that the promoter will be abls to direct franscription

of the nucleic 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 & promoter / regulaiory sequence, the franscript of the nucleis
acid of interest contains an appropriately jocated ribosome binding site for axpression in an
apprepriate expression system of the polypeptide encoded by the nucleic acid of interest. See
for example Sambrook et al, (1988), Ausubel of al. (2002) and Kieser (2000},

Sets of expression constructs according to the invention indude numerous permutations of
genes encoding precursor angd 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" below, though thess sefs should be understood to be

merely Hiustrativa and not limiting.

Set1: A LanA gene encoding a precursor polypeptide, preferably a precursor polypeptide
capable of being converted to a compound of the inventian, plus a Lani gene encoding &
LanM palypeptide. The LanM polypeptide Is preferably a LanM of SEQ 1D NO:120 or a variant
thereof, or SEC 1D NO:213 or a variant thereof,

Set2: 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 polypepfide, The LanR polypeptide is preferably a LanR of SEQ ID NO:122 or & varant.
thereot, or SEQ ID NO:216 or & variant thereof.

Set3: A LanA gene encoding a precursor polypeptide, preferably a precursor polvpeptide
capable of being converted to a compound of the invention, pius a LanM gena encoding &
LanM polypeptide, pius a LanR gene endeoding a LanR polypeptide. The LanM polypeptide
is preferably a LanM of SEQ D NO:120 or a variant thereof, or SEQ 1D NO:213 or a variant
thersof. The LanR polypeptide is preferably & LanR of SEQ iD NO:122 or a variant thereof, or
SEQ D NO:216 or a vadant thereof,

Set4: The genes of Set 3 together with & LanO gene encoding a LanO polypeptide. The
LanO polypeptide is preferably SEQ ID NO:122 or a variant thereof, or SEQ 1D NO:215 or a

variant thereof.
Set 5: The genes of Set 3 or Sat 4 together with a LanT gene encoding a LanT polypeptide.

The LanT polypeptide is preferably SEQ 1D NO:123 or a variant thereof, or 8EQ ID NO:214 or
& variant theraof.
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Set 6 The genes of SEQ D NOs:116 {o 127 or variants thersof.
Set 7: The genes of SEQ ID NOs:208 to 220 or variants thersof.

in one aspect, a set will comprises sequences which all encode 1xx polypepifides 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 aspedt, there is provided a recombinant vector comprising one or more expression
constructs of tha invention. in an alternative aspect, there is provided a set of recombinant
vactors which comprise a saf of expression constructs of the invention, Suitable vectors
comprising nucieic acid for infroduction into bactsria can pe chosen ot constructed, containing
appropriate additional regulatory elements if necessary, including additional promoters,
terminator fragments, enhancer slements, marker genes and other elements as approptiate.
Vectors may be plasimids, viral e.g. phage, or phagemid, as appropriate. For further details
see, for example, Sambrook et al {1989} Molecular Cloning, A Laboratory Manuai, 2nd ad.,
Cold Spring Harbor Laboratory Press, Coid Spring Harbor, Many known techniques and
protacols for manipulation of nucieic acld, for example in preparation of nucleic acid
consiructs, muiagenesis, seguencing, introduction of DNA into cells and gene expression, and
analysis of proteins, are described in detall in Ausubel et al. (1935} Current Protocols in
Moiecular Blology, Wiley Interscience Publishers, (1885). Many aspects of the employment of
these technigues in the context of Streptomyces spp. are described in detail in Hopwood et al
(1985} Genetic manipuiation of Streptomyces a laboratory manual (Norwich; John innes
Foundation) and Practical Streptomyces Genetics (2000) Kieser T, ef 2., The John Innes
Foundation p.386. The disclosures of Sambrook et al, Ausubel et at, Hopwood et &l and
Kieser et al are all incorporated herein by reference for these and all other purposes.

Expression Cassettes
Iy another aspect, the inventors have developed a vector system useful for producing and
screening lantibiotic derivalives of actagardine B. This is achieved by infroducing one or more
restriction endonuciease recognition sites into the LanA gene which encodes SEQ 1D NO:1,
11 or 212 in order to produce an expression cassette system. Thus in ancther aspect, the
invention provides a recombinant DNA cassette which comprises a nucleotide sequence
encoding an actagardine B precursar polypeptide, whersin 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 resiriction site at or adjacent the C-terminal encoding region of the encoding
sequsncs,

whereln at least one of said restriction sites does not coour within the LanA coding
sequence shown as SEQ {D NO:200.

In a further agpact, there is provided a recombinant DNA cassetie which comprises a
nucieotide 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;

optionafly a second restriction site downstream of the first restriction site and within the
encoding sequeansce; and ‘

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

wherein at least one of said restriction sites dnes not accur within the LanA coding
sequence shown as 8EQ 1D NC:100,

Generally, all two or three sites wili be differant frorm each other. it is also desirable that when
the cassette is carried by a vector, the sites are unigque for that vector.

in a preferred aspect, the non-naturaily occurring restriction enzyme site is the sscond

rastriction site and is located between codons 5 and 18, such as batween 6 and 15, of the
encoding sequence of SEQ 1D NO:1 or SEQ ID NO:4,

The cassette will desirably also include a LanA leader sequence and 2 LanA promoter, and
may include in addition one or more cluster genes, pasticularly where such a cluster gene is
required to complement the loss of the equivalent host celi gene,

The casselte of the invention described above may be engineered in a variety of ways. For
exampie, 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 variant of the
cassette of the invention wherein said variant has from 7 fo 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 sfuffer
fragment.

in anather aspect, the cassette encoding & lantibiotic derivative may be used to transform
host cell 1o express the derivative, for example {0 assess its anti-bacterial propertizs,

In cne aspect, a multiplicity of expression cassaties may be made to provide a library of
different derivatives, which may then be scresnsd for activity,

An expression casseite of the invention may be based on any ciening and exprassion vector
used in the art for the expression of genes in host celis. Such vectors will include one Or more
origins of repiication, which may be temperature sensitive. The vestors may include a
selectable marker, such as the chioramphenicol acetyl transferase gene, the eryihromysin
resistance gene, the apramycin resistance gene or the tetracycline resistance gene. The
vector may also contain 5 targeting region, this region being homalogous to a genomic
séquence present in the host cali outside the LanA gene cluster, Such a vector may be used
to integrate the cassetts into the genomic sequencs homologous to the targeting region.

The expression cassette may also comprise one or more cluster genes in addition fo the LanA
gene or derivative thereof. Where the host cell Is a ALanA host cell in which the LanA gene
has been inactivated in a manner which aiso 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 regien” it is meant that the first
base of the restriction site is located at 5 position from six residues upstream of the ATG
codon of the LanA leader sequence to no more than six codons downstream 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 1o six residues downstream of the first codon of the

propeptide encoding seguance.
in one aspect, the first restriction site is a Balll site.

Similariy, by “at or adjacent the C-terminal encoding region” it is meant that the first base of
the restriction site either includes at loast one of the nucleotides of the tarmination codon of
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the propeptide or the 5" or 3’ nucieotide of the restriction site is no more than twelve,
preferably six, residues downstream or upstream respectively of the termination codon.

In one aspect, the third restriction she is a Avri] site.

The second restriction site, when present, will lie between the first and third restriction sites.
Preferably the restriction site includes af least one nuclectide present from codon 5 o codon
18, preferably codon 8 to 16 of the propeplide-encoding sequence. in the accompanying
examples, a BsrG1 site has been introdused by altering codons 6 and 7 of the ActA-encoding
sequence. Howsver, other changes are also contemplated by the present invention,

fis also possible to introduce more than one change such that the exprassion cassetie
includes two or more sites between the first and third restriction sites.

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

The expression cassetie simplifies the rapid praduction of lantibiotic darivatives, as discussed
further herein beiow.

in one aspect, 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 reglon between any pair of such sites may also be
replaced by 2 stuffer fragment. A stuifer fragment is 2 piece of DNA which is farger than the
sequence which i replaces. The stuffer fragment may be from 50 {o 3000 nuciaotides in size,
for example from about 500 to 2090 nucieotides in size. The value of introducing these stuffer
DNA fragments is that when the region is replaced by a jantibiofic-encoding oligenucleotide
there is a significant decrease in plasmid size, The resulting 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
g vector which can then be introduced inte a host celi for expression of & lantiblotic. To
achisve this, the sequence is desirably operably linked to the LanA (e.g. ActA or LigA) leader
sequence, which in turn is operably linked 1o the LanA promoter {e.9. Acth or LigA)
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In addition or as an alternative, the vector comprising the cassette may also inciude a LanR
gena. The LanR gene will be located downstream of, and in tandem with, tha lantibiotic A
coding sequance.

Expression Libraries

Expression cassefies of the invention may be used to provide libraries of lantibiotic-encoding
genes. Such libraries may be made by introducing inio the cassetie, between the first and
second restriction sites, the first and third restriction sites, or the second and fhird 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 exampie from 1 fo 10, preferably from 1 to g, for
example from 1 fo 3 nuclectide changes compared to the propeptide portion of SEQ ID
NOs:10C or 200. Preferably such changes result in a changs of the protein encoded by the
sequence. However non-coding changes are not excluded.

Libraries form a further aspect of the invention. Such fibraries may comprise from 10 to
100,000, such as from 16 to 10,000 for example from 10 to 1,000 different coding sequences
which are variants of the lanfibiofic A coding sequence of an expression cassette. '

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

in one embodiment, the library may be transformed into host cells, and colonies isolated
andfor screened for antibacterial activity. The sequences of the lantibiotic A expressed by
individual colonies showing such activity can be determined, Where the lanlibiotic 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
I3 & lantibiotic producing host cell.  Alternatively the host cell may be a non-producer sell, 1.e.
does not contain a LanA gene or its associated cluster genes required for producing a LanA

polypeplide.

in one embodiment, the invention provides a host cell transformed with a set of expression
cansiructs of the invention. The set of constructs may be any one of Ssts 1 to 7 as defined
above, or a set based upon any ofher combination of precurser and cluster polypeptide-
encoding nucleic acids. In another embediment, the host cell may be fransformed with a

exprassion cassette of the invention.
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In & further embodiment, there is provided a library of host celis, each one comprising a
different expression cassette of the invention,

A Lantibicfic-producing host cell,

In one embediment, the host cell may be a lantibiotic producing host cell. A lantibiotic
producing host call is one in which an expression construct comprising a LanA gene, if
introduced inio the cell in the absance 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 bacilius, an actinomycste, or a sireptomycete, (e.g. S. fividans or S. coelicolor)
which produces a lantibiotic. Exampies of such cells include a cinnamycin-producing hast cell
(Streptomyces cinnamoneus cinnamoneaus DSM 40005}, or an actagardine-producing
Actinoplanes garbadinensis or A. ligurize NCIMB 41362,

Where the invention relates {o the productions of compounds of the formula {1} in which -X1-
X2- represent -Leu-Val-, the host cell may be A. figuriae NCIMB 41362 without any further
modification.

In one aspact, a host call of this ¢class may comprise a mutation in its endogencus LantibiolicA
gens such that the gene is not expressed or the gene product is inactive. Such a host call
may be obtained by targeted homologous recombination io delete or mutate the LanA gene of
the host cell, Methoeds fo achieve this are known as such in the arf and are fllustrated in
Aliena et a/, {2000) and WQ2005/083060, 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 #gA4 gene
has been inactivated, for example by muiation or deletion, e.g. delation brought about by
hamoiogous recombination. In another embodiment, the host cell is a AActA A, garbadinensis
host cell in which the ActA gens has been inactivated, for example by mutation or deletion,
8.g. deietion brought about by homologous recombination.

The transformation of a host cell of this type with other cluster genes Is also contemnplated 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.

Non-producer cell
A non-producer cell may be any host cell in which expressicon of a Land gene encoding a
precursor polypeptide capabie 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 constiructs which are capable of converting a
precursor polypeptide io actagatdine or a variant thereof, or to a compound of the nvention,

A non-producer host cell may be a bacterial host ceil. Bacierial host cells include an

actinomycete, or a streptomycete, e.g. S. lividans ,S. coslicolor or 8. cinnamoneus.

Host ceils may be those in which the lan0O gene is inactivated by mutation or deletion {or in the
case of npon-producer cells, not present), or those in which the exprassion of the /an0 gene is
increased, e.g. by provision of two or more copies of the gene or by linking the gens to a
promoter which enhances expression in the host cell. Medulation of the /anQ gane in this
manner may be desirable o alter the relative levels of oxidized {Y = -5{0)) and reducsd (¥ = -
8-) forms of compounds of the invention preduced in the host call. -

Froduction of Compounds of the Invention

Compounds of the invention may be produced by expression of a nucleic acid, for exampie in
the form of an expression construct encoding a precursor polypeptids carried in a recombinant
expression vector, in a host cell which carries 2 LanA gene together with whers necessary,
associated cluster genes required for conversion of the precursor polypeptide to the product.
As noted above, whare the invention rel’a’tes {o the productions of compounds of the Tormula
(1 in which -X1-X2- represant -Leu-Val-, the host cell may be A. figuriee NCIMB 41362
without any further modification.

The introduction of the expression cassette, or vecior(s} into a host cell may (particulary for in
vitro infroduction) be generally referred fo without limitation as “transformation”. This may
amploy any available technigue. For bacterial cells, sultable techniqgues may include calcium
chioride ransformation, polyethyleneglycol assisted fransformation, electroparation,
conjugation and fransfection 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 call, 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 cell leads to the production of a product

of the invention.
Preferably the nudleic acid of interest is expressed substaniially only when the host cell culiure

reaches high cell density, more preferably at or close to tha stationary phase of host cell
culture. Ceil cultures at or close to stationary phase may have CDG50 vaiues in the range of 1-
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20. Known methods of culturing celis are well known in the art, for example from Sambrook &t
al {1989), Ausubel et al (2002), and {in particular for Streptomyces spp.) Kieser et al (2000).
The expression products of the expression systams may be collected and purified. isalation
maethods may comprise capture from the fermentation medium using solvent extraction
technigues, adsorption resin such as hydrephobic resins or precipitation methods such as
ammonium sulfate precipitation. Purification methods may include chromatography techniques
such as ion exchange, hydrophobic interaciion, reverse phase, normal phase, solid phase
exiraction and HPLC, e.g. as described in US 5,112,808 for the Isolation of mersacidin

Following culture of the celi, the compounds of the invenfion may be recoverad from the host
cell culture. The recoverad compounds may be formulated in the form of a pharmaceutica!
composition, optionally in the form of & pharmaceutically acceptable sals,

Where host cells produce a mixture of compounds of the invention, e.q. those in which Y is -8
or -3{0)- or those in which Z is NH; or Ala-, or mixtures of =l four types, the products may be
isolated using standard separation techniques such as hplc, e.g9. 23 described in US
8,022,851 for the production of Actagardine and Ala-Actagardine.

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

Pharmaceutically acceptahle salt

A "pharmaceutically acceptable salt", may be an acid addition salt in which the base retains
the biological effectivensss and properties of the compound and which is physiologically
accepiable. Such saits include those formed with inorganic acids such as bydrochi'oric acid,
hydrobromic acid, sulphuric acid, nitric agid, phosphoric acid and the like, and organic acids
such as acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, malic acid, malonic
acid, succinic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic
acid, mandelic acid, methanesuifonic acid, ethanesulionic acid, p-toluenasulfonic 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, calsium or magnesium sait.

Pharmaceutical Compositions
The lantibiotics of the present invention may be formulated together with one or maore other
pharmaceutically acceptable ingredients well known o those skilled in the art, including, but
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not imited to, pharmaceutically acceptable carriers, adjuvants, excipients, diluents, fillers,
buffars, preservatives, anti-oxidants, lubricants, stebilizers, solubilisers, surfactants (e.g.,
wetting aganis), masking agents, colouring agents, flavouring agents, and swestening agents.
The formulation may furiher comprise other aciive agents, for example, other therapetiic or
prophylactic agents. Thus, the present invention further provides pharmaceutical
compositions, as defined above, and methods of making a pharmaceutical composition
comprising admixing at least one active compound, ag defined above, together with ane or
more other pharmaceutically acceptable ingredients well known to those skilled in the ar, 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 io compounds, ingredients,
maferials, 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 (8.g., human)
without excessive toxicity, irritation, allergic response, or other problem or complication,
commensurate with a reasonable benefithisk ratio. Each carrier, adjuvant, exciplent, ete. must
also be "accepiable” in the sense of being compatible with the othar ingredients of the

formulation.

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

For solid compaositions, conventional non-ioxic solid carriers include, for example,
pharmaceutical grades of mannitol, lactose, celiulose, callulose derivatives, starch,
magnesium stearate, sodium saccharin, talcum, glucose, sucrose, magnesium carbonaie, and
the like may be used. The active compound as defined above may bs 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 adjuvanis in a carrier, such as, for example, waler, saline agusous dextroée,
glycerol, ethanol, and the like, io 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 wetling or emulsifying agents, pH buffering agents and the like,
for example, sodium acetate, sorbitan monolaurate, ifiethanoclamine sodium acetate, sorbitan
maonolaurate, triethanclamine oleate, efc, Actual methods of preparing such dosage forms are
known, or will be apparént, to those skilled in this art; for example, see "Remington: The
Science and Practice of Pharmacy”, 20t Edition, 2000, pub. Lippincott, Willams & Wilkins.
The camposition or formulation to be administered will, in any event, contain a quantity of the
active compound(s) in an amount sffective to alleviate the symptoms of the subject baing
traated.

Dosage forms or compaositions containing active ingredient in the range of 0.25 to 85% with
the balance made up from non-toxic carrier may be prepared.

For oral administration, a pharmaceutically acceptabls non-toxic composition Is formed by fhe
incarporation of any of the normally employed excipients, such as, for example,
pharmaceutical grades of mannitol, lactese, celiulose, celiviose derivatives, sodium
crosscarmeliose, starch, magnesium stearate, sodium saccharin, talcum, glucose, sucrose,
magnesium, carbonate, and the like. Such compositions take the form of solutions,
suspensions, tablets, pills, capsuies, powders, sustained release formuiations and the like.
Such compositions may contain 1%-85% active ingredient, more preferably 2-50%, most
preferably 5-8%.

Parenteral administration is generally characterized by injection, either subcutaneously,
intramuscularly or intravencusly. Injectables can be prepared in conventional forms, either as
liquid solutions or suspensions, salfid forms suitable for solution or suspension in liquid prior to
injection, or as emulsions. Sultable excipients are, for exampie, water, saline, dextrose,
glycerol, ethanof or the like. In addition, if desired, the pharmaceutical compostitions to be
administered may also contaln minor amounts of non-loxic awdliary substances such as
wedting or emulsifying agenis, pH buffering agents and the like, such as for example, sodium

acetate, sorbitan monolaurate, triethanolamine pleate, fristhanslamine sodium acetate, efe.

For topical applications, the pharmaceutically acceptable composiions may be formutated in a
suitable ointmeant or gel containing the active component suspended or dissolved in one or
more carriers. Carriers for topical adminisiration of the compounds of this invention include,
but are not limited to, mineral ofl, liquid petrolatum, white petrolatum, propylene glveod,
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polyoxyethyiene, polyoxypropylene compound, emulsifying wax and water. Alternatively, the
pharmacautically acoeptable compositions can be formulated in a suitable lotion or cream
containing the active components suspended or dissolved in one or more pharmaceufically
acceptabie carriers. Suitable carriars include, but are not limited 10, mineral ofl, sorbitan
monostearate, polysorbate B0, catyl esters wax, ceteary! alcohol, 2-octyldodecanol, benzyl

alcohol and water.

The percentage of active compourd contained in such parental or topical compositions is
highly dependent on the specific nature thereof, as weli as the activity of the compound and
the needs of the subject. However, percentages of active ingredient of 0.1% fo 10% wiw
employable, and will be higher if the compoesition is a sofid which will be subsequently diluted
to the above percentages. Preferably, the composition will 'comprise 0.2-2% whw of the active

agent in solution.

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

Administration of Compounds

Lantibiotic sompounds and compositions of the invention may be adrministered to a subjsct in
a method of medical fraziment or prophylaxis. The subject may be a human or animal
subject. The animal subject may be & mammal, or other vertebrate.

Thus there is provided a compound of the invention for uss in & method of treatment or
orophylaxis of a subjest. There is also provided use of & sompound of the invention for the
manufacture of a medicament for use in a method of freatment or prophylaxis of a subject.

The method of treatment may be of a bacterial infection, including a skin, mucosat, enteric or

systemic infection.

The variants and composition may be used for systemic freatment of bacterasmia (including
catheter related bacterasmia), pneumonia, skin and skin structure infections (including
surgical site infections), endocarditls and ostecmyelitis. These and other such freatments may
be diracted against causative agents such as staphyiccocd, streptococcel, enterococcl. The
compounds of the invention or compositions thereof may also be used for topical treatment of

skin infections including acne ie. Propicnibacterium acnes. The variants and compositions
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thereof may also be used in the treaiment of eye infections, such as conjunctivitis, and for oral
treatment for gut super-infection, such as that caused by Glostridium difficiie including
multiply-resistant C. difficile (pseudomembranous colifis), or gut infections associated with

Helicobacter pylori,

The variants may also be used in the treatment or prevention of infection of the skin in wounds
or burng. In addifion, the varfants and compositions thereof may be used in prophylaciic
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 heatth
professionals or other carers at risk of being carriers of such infections. Prophylactic
clearance of gut fiora ahead of abdominal surgery is also contemplated.

The compounds according to the invention can be administered enterally (crally), parenteraily
(intramuscularly or intravenously), rectally or locally {topically}. They can be administered in
the form of solutions, powders (iablets, sapsules inciuding microcapsules), ointments (creams
or gel), or suppesitories. Possible auxiliaries for formulations of this type are the
pharmaceutically customary liquid or solid fillers and extenders, solvents, emulsifiers,
lubricants, flavor corrigents, colorants and/or buffer substances. As an expedient dose, 0.1-
1000, preferably C.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
sompounds accarding fo the invention, e.g. 30-3000, preferably 501000, mg.

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

EXAMPLE 1 - Cloning of Gene Clusters

ldentifying and cloning the actagardine biosynthetic gens clusters from A. garbadinensis and

A. liguriae.

O/SBDIG-1 is a digoxigenin (DIG}abelied degenerate oligonuclectide composed of 48 bases.
It was designed by translating the known amino acid sequernce of actagardine and considering
codon usage for Actinoplanes. Southern hybridisation analysis of genomic DNA Isolated from
A. garbadinensis and digested using the restriction enzyme Neol, identified a ~3kb fragment
which hybridised to O/SBDIG-1. The Nool digest of the genomic DNA was repeated and DNA
fragments of ~3kb were isolated and cloned into Neol cut pLITMUS28 (NEB). The resuliing
piasrnids were infroduced into £, coli DH10B cells and then analysed by Southemn

28



15

20

25

hybridisation using the probe O/SBDIG-1, A hybridising cione was idensfied and submitted for
seguence analysis. Sequencing revealad that this plasmid designated pLITAGOT consists of
DNA encoding the janA structural gene for actagardine biosynthesis (act4) fogether with an
upsiream region believed {o encode a portion of an ABC Sugar transportar and a region
downstream partially encoding lan M (acthM).

The primers O/ACTG8F and O/ACTOOR were designed based upon segquence from
pLITAGO1. Using these primers In a PCR reaction together with DiG-labelled dNTPs {Roche;)
and pLITAGC1 as a template, a 2296bp DIG-labelied DNA fragment was generated and
designated SEDIG-2.

Two cosmid libraries were generated by cloning Sau3Al digested genomic DNA from A,
garbadinensis A’i“CC'S‘i 049 and A. liguriae NCIMB 41362, into the cosmid SuperCos”
(Stratagene) previously digested using BamH|. Each cosmid library was anaiysed by Southem
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/SEDIG-1 and SBDIG-2, Nine cosmids derived from genomic DNA from A, garbadinensis
and eleven cosmids derived from genomic DNA from A, figurise hybridised fo both probes,
DNA was isolated from each cosmid and sequenced using the primers T3 and T7. The
cosmids CosALOZ and CosAG14 were subsequently fully sequenced {Sequencing facility,

. Department of Biochemistry, University of Cambridge).

Materials and Mefthods

Strains

Bacterial strains used in ths present invention are summarisad in Tabla 5.

Vectors

The cosmid SuperCos1 was obtained from Stratagene,

The plasmid pLITMUS was obtainad from New Engiand Biolabs.
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Primer name SEQ. I Sequence 5°-3

O/SBBIG-1 300 TGGGTSTGCACSCTSACSATCGARTGCGGNACSG
TSATCTGCGCSTGC

"O/ACTO8F 301 TCCAGCACGCGCGGEGE

O/ACTOSR 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 Rache, according to their instructions.

Transfer of DNA fo nylon membrane

The DNA of interest was initiaily separated by agarose gel electrophoresis and transferred o a
nylon membrane (Hybond-N, Amersham Int., UK) using a vacuum biotier {Q BIO gene). The
time taken for depurination of the DNA using 0.5 M HCl was judged by the time taken for the
bromapheno! biue marker band fo turn completely yellow (typically 15-20 min for a 0.7%
agarcse gel). The DNA was then systematically denatured with 1.5 M NaCl, 1.5 M NaOW 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 8SC for & minimum of 80 min. After
removing the blotted membrane from the vacuum it was left to air dry at room temperature.
The DNA was cross-linked by placing the membrane (DNA face down) on a UV
fransiltuminator (UVP) and exposing it io UV at a wavelength of 365 nm for 5 min.

Colony lifts and hvbridisation

Colonies to be screenad by hybridisation were fransferred ontc a nyloh membrane (Roche
diagnostics). This was achieved by placing the positively charged nylon membrane over the
colonies and pressing firmly for 1 min o ensure effective transfer. Referance paints were
marked on the membrane to indicate its orlentation with respect to the colonies. Foliowing this,
the membrane was removed and prepared for hybridisation as directed in the Roche user's

manual (DIG Application manual for filter hybridisation).

Hyvbridisation and development of membranes
DNA was hybridised with the prepared probe overnight (~18hr) at 68°C in a HB-1000

hybridisation oven (UVP}. Following hybridisation the membrane was washed for 2 periods of
5 min at room temperaturs using 2 x salt sodium citrate {SSC) + 0.1% sodium dodecy!
suiphate (SD8). These washes were followed with a second series of 2 x 15 min washes at
88°C using 1 x 88C + 0.1% S0OS for the membrane hybridised in the presence of SBDIG-1
and 0,1 x S8C + 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
fitter hybridisation).

Software

The consensus seguences were analysed using FramePlot version 2.3.2, BioEdit sequence
alignment editor, ClustalWW (EMBL-EBI} and the Basic Locad Aligriment Search Too! (BLAST,
NCBH,

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
prepeplide, this gene has been assigned the name actd. Two alanine residues lle immediately
upstream of the actagardine prepeptide. These residues are believed o represent the
recognition site for proiease cleavags of the leader 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 chserved in fermentation broths of A. garbadinensis. Downstream of
the actA gene lies a 3162bp region of DNA with strong sequence simifarity to several lanM
proteins, for example, mrsiM (30% identity) from the mersacidin gene clusier, This putative
gene has been designated actM and is thought to be involved in the modification of the
actagardine prepeptide, catalysing dehydrafion and thioether formation, An open reading
frame designated actC, that is located 11bp downstream of actM encodes 3 341-amino-acid
protein with sequence similarity (~39% identity) to several luciferase-dype monooxygenasss.
Tha role of the monooxygenase, ActO, is believed to be o 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% idantity) io several two-component response regulators.
Positionad 789bp downstream and in the same orientation to actR lies a putative 812 amino-
acid prolein that shows sequence similarity (~25% identity) to ABC transporter permeases,
This putative protein designated actT is pofentially reponsibie for the export of the modified
jantibiotic from the cell, The amino acid sequences of the second and fourth orf downstream of
actT show similarity {(~30% identity} ic reponse regulator kinases and penciliin binding
proteins respectively. Recent work on the nisin biosynthetic gene cluster in Listeria
monocytogenes (Gravesen et al., 2004) has dernonstraied that a histidine kinase fogether with
a pencillin-binding protein and protsin of unknown function are invoived in conferring nisin
resistance. The presence of analogous genes within close proximity fo the act4 may indicate

that these genes are involved in an actagardine resistance mechanism.
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CosALQ2

The cosmid CosALO2 conlains a 40402bp fragment of genomic DNA isolated from
Actinoplanes liguriae. Seguence analysis has identified a fanA gene encoding 2 84-amino-acid
protein with streng sequence homology (50 identical residues) to the actA gene identified in
the cosmid CosAG14. We have termed this species of fard géne as JigA. The amino acid
sequence of the prepeptide of this lanA differs from that of actagardine by two residues
indicated in the afignment of the two genes shown below (SEQ., 1D 118 and SEQ. !D 212):

AG actA MEALAIEXSWRDVDLRDGATSHFAGLGFCELTFEDLREDRTIYAASSGWVCTLTIECGTVICAC
64
AL IanA MEATTVETTWENTDLREDLTAHPAGLGFGELSFEDLREDRTIYAASSGHVCTLYIECGTLVCACS
54

FEK e H -**:_***:' 7‘.-:**********:******************'ﬁr********::‘k"k*

The mutations V15L and 116V would geherate a protein with an identical mass fo actagardine
and would therefore not be distinguished by mass spectroscopy {ic-ms) analysis, The potential
product of the fanA gene identified i CosALOZ represents & novel lantbiotic. An open reading
frame that lies 321bp upstream of figA 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 invoived in the regulation of streptomycin
gene expression. The sequence similarity (31% identity) of the orf lying downstream of JligA
suggests that It encodes for a 1048-amino-acid lanM polypeptide {called “lighM” heiow)
potentially invoived in madification of the ligA prepeptide, The start codon of the following
downstream open reading frame, fanT (ligT), overlaps the siop codon of light. LigT is a 575
amino-acid protein with seguence similarity 1o several ABC-fransporters. LanT proieins are
respansible for the secretion of either the final mature product or the postiransiationalty
meodified product still attached fo its ieader sequence. As observed in the cosmid, CosAG14,
the next orf downstream of /igT encodes for 2 347 amino-acid protein with sequence similarity
(—38% identity) to luciferase-iype monooxygenases, This putative monooxygenase (igQ) is
believed fo be involved in the incorporation of oxygen and sulfoxide bond formation.
Positioned downstream of figO and in reverse orientation lies a putative 217 amino-acid
protein that shows sequence similarity {~37%) to several two-componant response regulators.
This putative regulator has been designated IigR.
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Table 1 — Annotation of CosAG14 (38168bp fragment isofated from A. garbadinensis,

The SuperCos1 vector backbone sequence is omitted)

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

orft Hypothetical protein 482 - 42 -1 148 (441} MPR - RCG

arf2 Hypothetical protein 2824 - 2375 -2 148 (450) VBV - ERA

orf3 ATPase AAA invoived in 4432 — 2878 -2 518 (1857) | VER - TNR
cell division

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

orf5 Endogiucanase 6484 — 5825 -2 218 (680) MRR -« TVR

offs | Cyiosine/adenine 8627 ~ 7112 +3 161 {486) MTi - PAQ
deaminase

ori7 Unknown 7756 - BO9T +1 413 (1242} {VTT-YDK

orf8 | Unknown 9586 — 8933 -2 217 (654) VGK - FRG

orf9 Pyruvate oxidase 11886 - 10108 | -3 582 {(1779) | V5L - DPS

orf1d | Mydrolase or 12086 — 12866 { +3 266 {801) VBR - 8GT
acyltransferase

orfl1 | Aldose epimerase 13116 — 14306 | +3 396 (1191) { MTE - TAD

orf12 | ABC sugar transport 14385 - 15621 | +3 378 (1137) | MPR - AHG
periplasmic component

orf13 | ABC sugar transport 15514 ~ 18572 | +1 352 (1058} | MDD - GRS
permease

orfl4 | ABC transport protein, ATP- | 16569 - 17330 | +3 253(762) | MTA-RGR
binding

orf1s | Hypothetical protein. 18402~ 17335 | -8 255 {768} MES - RKR
Methyltransferase .

orft6 | ABC fransport permease 18862 - 18120 {1 280 (843} MPP - RKG

arf17 | ABC transport permease 19896 — 18991 | -3 301 (906) MSA - ESE

orfi8 | ABC fransport substraie 21236 — 19888 | -1 445 {1338) | MF1—8GR
binding

orf1g | actA, structural gene 21572 - 21768 | +2 64 (185) WMSA - CAC

ori20 1 actM, maodification gene 21837 - 24888 | +3 1053 (3162) | MSP - PLT

orf2t | actQ,mohooxygenase 25000 - 26034 | +1 341 {1026) | MPE - PAA

orf22 | aciR, response regulator 26791 - 26086 | -2 231 (686) MRS - CLS

orf23 | aciT, ABC fransporter 28323 - 26885 1-2 812 MLA - LTR
associated pefmease {2438bp)
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Gene | Description Position Frame | Size AAs Start — end
(DNA} (bp} {3AA)
orf24 | Hypothstical protein 29462 - 30196 | +2 244 (735) MIV - RNR
orf25 | Reponse regulator Kinase 30235 - 31338 | +1 387 (1104} | VLR - ARA
orf26 | Response regulator sensor | 31335 ~ 31887 | 43 220 {863} MTR - AVG
orf27 | Penicillin binding protein 32138 - 34486 | +2 782 (2348) | MLl - PPR
orf28 | Methyltransferase 35200 - 34448 | -2 253 (782) MAP - DRR
orf28 | Hydrolase 36030 - 35245 | -3 261 (788) VPR - PPP
orf30 | Response regulator 36088 - 36820 | +2 244 {735) VSP - TGS
orf31 | Fruciose biphaosphaie 36844 - 378689 | -1 281 (B486) MKD - RAW
aidolase
orf32 { Hydrolase 37580 — 38168 | +3 192 (579) MGS - DPA

35




Table 2 ~ Annotation of CosALO2 (40402bp fragment isolated from A, figuriae, The
SuperCost vector backbone sequence js omitfed).

Gene | Description Position Frame | Size AAs Starf-end
{DNA) {bp} {(3AA)
o1 | Secretion system protein 1008 ~ 1 -2 335 (1008) | VRL ~ VDI
orf2 | Response regulator 2198 ~ 1122 -3 358.(1077) | MSE —~ LFP
orf3 | Hypothetical protein 3088 - 2288 -1 286 (801} MRR ~ VR
orid | Hypothatical protein 4410 -3112 12 432 (1299) | MRR—RTG
orfc | Response regulator ATP- 5205 - 4795 -2 136 (411) MWK — SAR
binding
orf6 | ABC sugar transporter 5516 — 6807 +2 363 (1082) | MFN - SAY
orf7 | ABC sugar transporter ATP- 6673 ~ 8178 +1 501 (1508) | MLL — DEH
binding
orfé 1 ABC transpori parmease 8168 - 9127 +2 318 (960) MST - RTR
orf8 | ABC transporter permease 9130 — 10082 | +1 320 (963) MSi-RRS
protein
orfi0 | Metallopeptidase 12046 — -1 486 (1461} | MRT - PGS
10588 .
orft1 | Putative SirR-iike regulator 12460 — +1 286 (861) MDS — DAA
13320
orf12 | ligA 13641 - 13835 | +3 64 (195) MSA - CAC
orf13 | ligh 13807 - 17047 | =2 1046 MBS ~ THV
(3141)
orft4 | ligT, ABC fransporter 170640 - 18767 | +3 575 (1728) | MSE - LLT
orf15 ;| ligO, Luciferase type 18785 ~ +2 347 (1044} | MLS ~RRW
monoxygenase 19828
orf16 | ligR, Response reguiator 20458 — -3 217 (654) MAD- ELA
19806
orf17 | ABC4ransporter associated 23068 —~ -3 814 (2445) | MIF - LVR
permease 20625
orf18 | ABC-transporier. ATP-binding 23788 - «1 240 (723} MVE - VT8
protein 230686
orf19 | Hislidine kinase 23980 - 25088 | +1 362 (1089) | VIA - AVP
orf2C | Response reguiator 25065 - +3 218 (657) MTE - GPS
25721
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Gene | Description Posiiion Frame | Size AAs Start-snd
‘ (DNA) (bp) (3A4)
orf21 | Putative membrane protein 26673 - -2 301{(908) | MP| - RFP
25768
| orf22 | afpha-beta hydolase 26887 — +3 2090 {873} MRN — ASR
27569
orf23 | Transcriptional regulator 27574 — +1 145 (438) VRL~-RLG
_ 28011
ari24 | Pyruvoyl-dependent arginine 28102 - +1 175 {528) MAD -~ GMN
decarboxylase 28829
orf2s | Pulative diaminopimeiate 30045 — -2 408 {1221) | MTL—LYA
decarboxylase 29626
orf28 | Kinase 31860 — -2 309 {830) VRS - POL
30931
orf27 Transcﬁptional regulator 33248 - -3 367 (1104) | VVF - ANS
' 32145
orf28 | Glycosyl transferase 33600 - +3 317 (854) MPS — NAG
34553
orf29 | Glycosy! transferase 34543 - +1 368 (1110) | MPA—- ARV
35652
orf30 | Dihydrofipoamide 36432 - +3 450 {1380} | MGE - INF
dehydrogenase 37811
orid31 | Putative membrane protein 37973 - 2 348 {1047) | MTT - TPG
39018

EXAMPLE 2 - Expression Cassette

Generation of an Expression Cassetfe

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

invention. This expression casseite, plasmid pAGvarX has been designed for the sfficient

genaration of variant /anA genss of the present invention which can then be introduced into a

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

{A. garbadinensis A actA), This plasmid, a derivative of the vector pSET152 (Biarman ef al.,

1892) will integrate inio the host’s chromosome via the affP aftachment site. Expression of the

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

actagardine bicsynthetic gene cluster should generate actagardine varianis,
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Construction of the plasmid pAGvarX

Unless stated otherwise all guoted positions reiate to SEQ 1D NO:100. The scheme for the
construction of plasmid pAGvarX is shown in Figure 3. The base adjacent to the off lying
upsiream of the actA at postion 21237 to the leucine residue within the act4 encoding region
at position 21672 was amplified by PCR using the primers O/AGvar01bF and O/AGvar02bR
(primer table) and pLITAGO1 as a template. The primers were designed to introduce a fianking
Xbal site at the 5" end and a Bglll site via a silent mutation at the 3" leugine region encoding
the actA, This fragment was Introduced into dephospharylated pUGC19 previously digested
using Smet to yield pAGvari,

The region of DNA spanning from the G-terminus of the aciA to the adjacent downstream orf
(21758-21838 inclusive) was amplified by PCR using the primers O/AGvar05F and
O/AGvard6R and pLITAGO1 as a template. The primers were designed o infroduce a flanking
Avrll site at the &' position and an £coRl site at the 3" end. The resulting PCR product was
cloned intc dephosphorylated pUC19 previously digested using Smal to visld pAGvar2. The
plasmids pAGvar{ and pAGvar2 were then digested using Xbal and the PCR fragment from
pAGvar1 recovered and cioned into dephosphoryiated Xbal digested pAGvar2, the correct
orlentation of the incoming fragment was determined by restriction analysis. The resuliing
plasmid pAGvard was subsequently digested using Bghl and Avrl and ligated to the annealed
oligonuclectides O/AGvar03F and O/AGvar04R generating pAGvard. The plasmid pAGvard
was subsequently digested using EcoRI and Xbal and the resulting ~620bp fragment including
the annealed oligonucleotides introduced into pSET152 previously digested using EcoR| and

Xbal yielding the vector pAGvarX,

The reglon of pAGvarX constructed by annealing the respective ofigonucleotides, introduce a
BarGl site via & silent mutation at the amino acids 6 and 7 (C and T respectively) with respect
to the astagardine peptide. This site can be used in conjunction with either the upstream Bgfll
site or downstream Awrll site to introduce DNA encoding tergeted mutations to any of the

amino acids encoded within the actA peptide.

EXAMPLE 3 - Host Celi

This example iusirates the production of a lantibiotic-producing host cell in which the JanA
gene has been inactivated. In this example, the host cell is A. garbadinensis in which the act4

gene has been deleted,
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Construction of the strain A. garbadinensis A actA

The strain 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 &/, 2002. Firstly, the region of DNA from
the cosmid CosAG14 encoding actd was replaced with the cassette SBdel-1. SBdel-1
consists of the apramycin resistance gene (aac(3)/V) and onT flanked by FLP recognition
target (FRT) sites and was amplified by PCR using the plasmid plJ773 as the template
together with the primers O/SBS0F and O/SB51R which bind at 21536 and 21802 of SEQID
NO:100 respectively. Foliowing 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 subsequantly removed from CosAG14AA by FLP-mediated excision following
step 7 of the Redirect protocol genarafing CosAG14AB. Removal of this region allows the
generation of non-polar, unmarked in—frame deletions as wall s repeated use of the same
resistance marker (Gust &f al., 2003).

The second stage of construction was o engineer the cosmid so that it could be introduced
into A, garbadinensis via conjugation. This began by first inserting CosAG14AR into the E. colf
strain BW25113/plJ790 by fransformation. The ampicilin gene of CosAG14AR was then
replaced with SBdel-2 foliowing the Redirect protocol (Gust et /., 2004} generating the
cosmid CosAG14AC, The cassetits SBdel-2, ke SBdek1, houses the apramycin resistancse
gene {aac(3}{V) and oriT flanked by FRT sites but was generated using the primers O/SBR2F
and O/SB53R together with the template le??&

CosAG14AC was used to tranform electrocompetent cells of £, colf ET12567/pUZB002 before
being conjugated with A. garbadinenss following the Redirect protocol (Gust ef al., 2004; see
also following paragraph). The resufiing strain in which the actA gene has been removed from
the chromesome of the wild-type producer is A. garbadinensis A actA,

In more detall, to obtain the A, garbadinensis /A actA strain above, CosAG14AC was used to
transform electrocompetent cells of £, coff ET12667/pUZ8002 before being conjugated with A.
garbadinensis, Apramycin resistant excenjugants were obtained and sub-cultured through six
successive rounds of growth in TSB without apramycin. Celis from culture 6 were plated onto
medium 65 and incubated at 30°C. After 5 days colonies were fransferred and paiched out
over an area of approximately 1 om? onfo medium 65. After 3 days incubation at 30°C the
paiched cells were fransferred to medium 65 containing apramycin at a final concentration of
50 pg/ml. Following 72 h incubation at 30°C, cells sensitive to apramycin were selected and
the respective patches used {o 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 oligonuciectides C/AGvarQ1bF and O/AGvarG6r, PCR products of a size
consistent with the deletion of the actA gene were generated. in paraliel, anal;lisis of
fermentation broths by hpic demonstrated that these same samples did not produce
actagardine.

EXAMBPLE 4 - Heterologous Expression

This example illustrates the expression of actagardine from the SEQ 1D NO:100 gene cluster
in a host cell which is a non-producer cell, S. fividans. Such host cells provide an alternative
means of gensraling active variants of these two peptides.

The cosmids CosAG14 and CosALO2 containing the biosynthetic gene clusters encoding the
production of actagardine and deoxy-actagardine B do not possess an origin of fransier (oriT)
necessary to facilitate conjugal transfer o a heterclogous host. Using Redirect fechnology
(Gust et al., 2002) an orfT together with a phage attachment site atiP and integrase {inf) can
be infroduced into the SuperCos1 backbone of CosAG14 and CosALOZ replacing the

neomycin resistance gene, neo.

Construction of vectors for heferologous expression.
The cosmid pMJCOS1 (supplied by the JIC, Norwich)} is a derivative of SuperCos1t

{Stratagene) in which the gene encoding for necmycin resistance has been replaced by a
casseite (HEapra} which includes DNA encoding an offT, aftP, integrase (inf) and apramyein
resistance gene {(gac(3)fV). The casseite HEapra was isolated by digesting pMJCOE1 with
Sspl and recovering the DNA from an agarose gel. This cassetie together with CosAG14 and
CosALD2 were used to generate the cosmids CosAG14HEapra and CosALO2HEzpra
respectively following the Redirect protocol as described by Gust ef al., 2004,

The cosmid CosAG14HEapra was subseguently Intreduced into S. fvidans via contugation.
Apramycin resistant excanjugants of S. fividans/CosAG14HEapra were isolated. Three
exconjugants were used to inoculate TSB seed media. S. fividans, A. garbadinensis and A.
figuriae were grown in parallel to provide controls. Following 48 h incubalion the seed cultures
were used to inoculate a range of four different production media namsly, AAS1, GM1, GM3
and TSB. These cultures were incubated for a total of nine days at 30°C with 1.5 mi aliquots
being remcvecf from aach flask after 5, 7 and 8 days incubation. The aliquots were cenirifuged
at 14000 rpm {IEC micromax henchiop centrifuge) for 10 minutes and the supematants 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
ohserved arcund all of the welis loaded with supernatants of S. fividans containing the cosmid
CosAG14HEapra (8. lividans!CosAG14HEapra) except for wells loaded with supernatant from
fermentations in TSB where no haloes were generated. No biological activity was observed

5  around weils loaded with supematant from fermentations of 8. lividans grown in any of the
four media. Haloas were evident around all walls ioaded with supernatants from cultures of A,
ligurias and A. garbadinensis.where growth was supported. All haloes were consistently
generated from the first day of sampling on day 5 through to day 9 although a general
reduction in the diameter of the haloes was evident.
10
HPLC-MS analysis of the supernatanis from the fermentations of S. lividans/CosAG14iiEapra
confirm the presence of peaks with retention times and masses corresponding to
asla(O)actagardine. These same peaks were absent from supernatants of 8. lividans only.
Table 3 summarises the HPLC-MS analyses of supematants from fermentation of S, lividans,
15 8. lividans/CosAG14HEapra, A. garbadinensis and A. liguriag following incubation for 5 days.
Table 3:
Sample Fermentation | Concentration | Retention | Molecular | identity
medium of product Time ion
{ua/mib) {min) {m/z)
S.lvidans/ GM1 83 8.75 981 Ala{0)Actageardine
CosAG14HEapra (M+2H)*?
991 Ala(0)Actagardine
(M+H+Na}™
S.lividans/ GM3 33 8.75 - 381 Ala(0)Actagardine
CosAG14HEapra {(M+2H)*
921 Ala{0)Actagardine
{M+H+Na)™
S.iividans GM1 Not Detected Not Not Not Detected
Detected pDetected  |°
S.Jividans GM3 Not Detected Not Not Not Detecied
Detected Detected
A, garbadinensis | GM1 58 6.9 945 Actagardine
(M+2H)*
A. garbadinensis | GM3 24 8.8 a81 Ala(C)Actagardine
M+ 2H)™?
991 Ala{0)Actagardine
(M+H+Na)™
A. liguriae Gt Not detected 7.08 937 Deaxy-
actagardineB
{M+2H) ™
A, liguriae GM3 Mot detected 7.06 437 Caoxy-
actagardined
(MA2H*
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EXAMPLE 5 - Antibacterial Activities

MIC Determination

A selection of the varlante produced as disclosed herein shove were tesied further for activity
against a range of bacteria. Minimum inhibitory concentrations (MICs) for all organisms with
the exception of Sirepfococcus pneumoniae were determined by two-fold serial antibiotic
dilutions in Muelier-Hinton broth (MHB) supplemented with calcium chloride dehydraie to a
final calcium concentration of 400pg/ml. Minimum inhiblfory concentrations {MICs) for S.
prisumoniae were determinad by fwo-fold serial antibiotic dilutions in Brain Heart Infusian
{BHI) breth supplemented with 400 ug/mt calclum chloride dihydrate.  Antimicrobial agent
stock solulions were prepared and stored according to NCCLS standard MT-AB,

Actively growing broth cultures were diluted to contain 105 fo 106 CFU/m! by adiusiing fo an
absorbance of 0.2 — 0.3 at 600nm, equivalent to the McFarland 0.5 standard. They were then
diluted a further 1:100 in broth. The assays were performed in duplicate In steriie 86-wel]
microtitre plates in a total volume of 200 Jl (180 pl broth, 20 W antibiotic, 20 W inoculum) in g
concentration range from 64 ug/mi to 0.06 pg/mi. The 12th wed of the microtitre plate
contained no antimicrobial agent. Vancomycin was used as a reference antibiotic for quality
conirol.  Plates were incubated aerobically, shaking, for 18 — 26 hours at 37°C with the MIC
defined as the lowest concentration of drug that produced no visible growth.

E.feeciumE fagcalls|S.aureys  (S.aureus {S.epidermidis|S.pneumoniac
B o 19578 128212 |R33 SH1000 (11047 RB
Actagardine 4,4 <4, <4 16, 8 8,8 8,8 <4, <4
Actagarding 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 |<d, <4
Ala(0Actagardine 132, 16 8,8 <4, <4 8.8 8 8 I<4, <4
Deoxvactardine B 16,16 4.4 16,18 16,18 16,18 8,8
Peoxyactardine B 16,18 <4, <4 16,18 18,16 18,18 <4, <4
i

EXAMPLE & - NMR Angalysis

NMR Studies on Acfagardine and Deaxy-actagardine

NMR spectroscopy (COSY, TOCSY, HSQC and NOESY) was successiully used to confirm
the sequencing results obtained from producers of actagardine (A, garbadinensis) and deoxy-
actagardine B (A. figuriae). 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 fo confirm that deoxy-actagardine B from A. figurize has at positions 15 and 16 the

residues Leu and Val respactively.
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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-

ierminal amide were as follows:

Compound Structures

Compound z G-erminal amide
N SN
! H
N N
I H N N
Ll |
o H l\/N\/\\/N\
v D-Ala H
\Y L-lle H
Vi L-Val H
Vi L-Phe H
VI L-Lys H
X L-Tryp H

The synthesis of the compounds | — X| was as foliows:

General procedure 1. Preparation of compounds [ - HI

To a'solution of deoxy-actagardine B (20mg, 11nmoi), the appropriate amine (11nmol) and
diisopropylethylamine (7.24l, 70nmol) in dry dimethylformamide (0.8mi) were added 2004l of
2 solution of benzotriazole-1-yi-oxy-tris-pyrrolidino-phospheonium hexafluorophosphate
{PyBop) (70mg, 134nmol) in dry dimethyfformamide {1.0mi). The mixture was analysed by
HPLG to foliow the progress of the reaction, adding further aliquots of the Pybop soiution until
all the starting material had been consumed. HPLC analysis at this stage also showed
variable amounts {5-20%) of the diamige, After compietion of the reaction, the mixture was
diluted with 30% acetonitrile in 20mM Kpi agueous phosphate buffer, pH7 {10m!) and the
manoamide was purified by preparative HPLG using the conditions desaribed in Table 4. The
appropriate fractions were concentrated fo 25% of their original volume and desalted by
ioading on to a precondifioned C18 Bond Elut column (500mg) which was subsequently
washed by seguential elution with two column volumes of 30, 40, 70 and 90% agueous
methano!. Evaporation of the appropriate fractions gave the dasired products as white solids.
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Compound | ; Deoxy-Actagardine B N-f3-dimethviamincpropyl] mongcarboxamide

-Was obtained from coupling of deoxyactagardine B and 3~{dimethylaminc)propylamine

according to General Procedura 1. Yieid 18mg, 85% vieid. [M+2H 2*] caiculaied 878.0, found
880.2

Compound Il : Deoxv-Actagardine B N-[1-{1-meihvi-4-piperidinyloiperazine]

monocarboxamide

Was obtalned from the coupling of deoxvactagardine B and 4-(piperidino)piperazine according
to General Procedure 1. Yield 8mg, 37% vyield. [M+2H 2*] calouiated 1018.5, found 1020.0;
IM+3H 37 calculated 680.0, found 680.0

Compound Hi: Deoxv-Actagardine B [1-{3-dimsthyiamingoropyvlipiperazine]

monocarboxamide

Was obtained from the coupling of Decxy-actagardine B and 1-{3-
dimethylaminopropylpiperazing according fo general procedure 1. Yield 10mg, 46% [M+2H
21 calculated 1013.5, found 1014.0

General procedure 2. Preparation of compounds IV-IX

A solution of the appropriate Fmoc proctecied amino acid (34nmol) in dry dimsthylformamide
{0.4ml) was treated with a soiution of benzotriazole-1-yl-oxy-tris-pyrrolidine-phosphanium
hexafluoraphosphate (PyBop) (11.4mg, 22nmol) and diisopropylethylamine (11pi,68 nmol) in
dry dimethylformamide {0.4ml). The mixture was then added e a solution of Decxy-
Actagardine B {2mg, 11nmol) in dry dimethyformamide (0.5ml) The mixiure was left at room
temperature for 1h, after which time analytical HPLC (30-85% acstonifrile in 20mM Kpij
agueous phosphate buffer, pH7) showed complete conversion of the starting material. The
reaction mixture was diluted with 40% agueous methanol (20ml) and the mixture was passed
through 2 C18 Bond Elute column {500mg) that had been préconditioned by washing with two
column volumes of 100% methanol followed by two columin volumes of water. The column
was eluted sequentially with two column volumes of 40, 50, 80, 70, 80, 90 and 100% agueous
methancl. The fractions were analysed by HPLC and the fractions coniaining the Fmoe-
protected coupling product were évaporated to dryness. The residue was taken up in
dimethylfermamide {1ml} and piperidine (504!} was added to remove the Fmoc protecting
group. Progress of the reaction was menifered by HPLC and after complete consumption of
the stariing material the solution was diluted into 30% agueous methanol (20ml). The mixture
was then eluted through a C18 Bond Elut cartridge (500mq) 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 wers
concentrated to 25% of their originat volume and desalted by loading on to a preconditionad
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C18 Bond Elut column (500mg) which was subsequently washed hy sequential elution with
two column volumes of 30, 40, 70 and 80% aqusous methanol. Evaporation of the
appropriate fractions gave the desired products as white solids.

Compound 1V : D-Ala (Qldsoxy-aclagardine B

Was prepared according fo general procadure 2 from Deoxy-actagarding B and Fmogc-D-
alanine in 74% vield. [M+2M 2] calculated 972.5, found 973.0
043/188

Compound V : L-llef0)deoxy-actagardine B

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

Compound VI : L-Vali0ldeoxyaciagardine B

Was preparet according fo general procedure 2 from Deoxy-actagardine B and Fmoc-L-valine
in 55% yield. [M+2H 2" calculated 986.5, found 985.9.

Cormpound VIl - L-Phe(O)deaxvaciacardine B

Was prepared according to general procedure 2 from Deoxy-actagardine B and Frmog-.-
phenyialanine in 22% vield. [M+2H 27 calouiated 1010.5, found 1010.9.

Compound VI : LwL vs{D)deoxvactagardine B

Was prepared according to general procedure 2 from Deoxy-actagardine B and Bis(Fmoc)-L-
lysine in 45% yield. [M+2H 2] calculated 1001.0, found 1001.8

Compound IX : L-Tryp{Dideoxvaciagardine B
Was prepared according fo general procedure 2 from Deoxy-actagardine B and Fmoc-L-
fryptophan in 55% vield. [M+2H 27 caloulated 1030.0, found 1020.9.

EXAMPLE 8 ~ FURTHER ANTIBACTERIAL DATA

MIC Determination

Staphviococeys, Streptococous, Enterococeus 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 antibictic
dilutions in Muelier-Hinton broth (MHB) or Brain Heart infusion (BMI) broth (8. pneumonias).
Actively growing broth cultures were adjusted in sterile broth or by direct colony suspension
(8. preumoniae) to a turbidity equivalent to the McFarland 0.5 standard (1 x 10® CFU/mI),
then further diluted in sterile broth for a final inoculum in steriie 96-well microtitre plates of
approximately 5 x 10° CFU/ml.  The assays were performed in duplicate with Enferococcus
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fascalis ATCC 29212 included as a reference control strain and Vancomycin as a referencs
antibiotic for quality cantrol.  Plafes were incubated aerobically, shaking, for 18 — 20 hours at
37°C with the MIC defined as the lowast concentration of drug that produced no visible
growth.

Clostridium difficile
Minimum inhibitory concentrations (MICs) for C. difficile were determined and antimicrobia!

agent stock soiutions were prepared and stored according to the NCCLS reference agar
dilution method for anaerobic bacteria (M11-A5, 2001 }. Two-fold sertal antibiofic dilutions
were prapared in Wilkens-Chalgren agar (WCA). Test organisms were selecied from 48 hour
growih on Braziers (C.C.E.Y.) agar, subcultured in Scheedler brothio a density equivalentio a
McFarland 0.5 standard (1 x 10® CFU/mi), with a final inoculum onto WGA plates of
approximately 10° CFU/spot.  Bacferoides fragilis ATCC 25285 was includad as a reference
controf strain and Mefronidazole wes used as a reference antbiotic for quaiity control, All
manipulations were performed In duplicate in amblent atmosphere in pre-reduced media with
only brief exposure to oxygen. Plates were Incubated anaerchically for 48 hours at 37°C with
the MIC defined as the concentration of drug where 2 marked redustion occurred in the
appearance of growth on the test plate compared fo growth on the anasrobic control plate,

Propionibacterium acnes
Test organisms were selected from 3-7 day growth on Wilkens-Chaigren agar (WCA)

supplemented with furazotidone (1-2 pg/mi). Fresh Witkens-Chaigren broth (WCB) was
inoculated by direct colony suspension with single colonies of P. acnes and adjusted tc a
density equivalent to the McFarland 0.5 standard (1 x 10° CFU/mi}, then further diluted in
sterile WCB for & final inoculum in sterile 85-well microtitre plates of approximately 10°
CRU/mi. Two-fold serial antibiofic dilufions were performed in sterile water with siock
soiutions prepared and stored according to NCCLS standards (M11-A5, 2001). The assays
were parformed in duplicate with Vancomycin and Clindamycin used as rsference antibiotics
for quality control. Plates were incubated anaerohically 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. Al manipulations
were performed in duplicate in ambiant atmosphere In pre-reduced medla with only brief

exposure {o oxygern.
Culture media were supplemented with calcium ions (as caicium chioride) at 50ug/mi except

where higher concentrations are indicated. MIC values in ug/mi are shown in the following
Tabies;
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Table 6 MIC values against Enterococel. Straptococe! and Staphviococci
Ala(Q}-
deoxyactagardine- Deoxyactagardine-

Organism B E
M. luteus 4888 +200 pg/mi Ca2+ 4 8
E. fascalis 29212 18 16
E. fagcalis 29212 +200 pg/ml Ca® 4 8
E. fascalis 28212 +400 pg/ml Ca* 4
E. faecium 7131121 (VRE) >B4 >64
E. fascium 7131121 (VRE) +200 pg/mi Ca** >G4 >G4
E. faecium 7131121 (VRE) +400 ug/m! Ca®" 32
E. fascium 18579 =54 =64
E. fascium 185789 +200 pg/ml CalZ+ >B4 »B4
E. faecium 19579 +400 pgimi Ca** 18
8, aureus R33 (MRSA) 32 32
8. aureus R33 (MRSA) +200 ug/ml Ca* 16 8
S. aureus R33 (MRSA) +400 pgimi Ca® 16
S. aureus SH1000 16 16
8. aureus SH1600 +200 pgiml Ca®* 8 8
8. aursus SH1000 +400 pg/ml Ca® 18
8. epidermidis 11047 16 32
. epidermidis 11047 +200 pgim! Ca™ 8 16
S. epidermidis 11047 +400 pg/mi Ca®* 16
S, pnuemoniae RS 16 18
S. pnuemoniae RE +200 pugiml Caz+ 32 6
S. pnuemoniae RS +400 pg/ml Ga™*

§. aureus 12232 MRSA 16
S. aureus R36 (MRSA) 16
S. aureus R34 (MRSA) 16
8. aureus R38 {(MRSA) =32
S, aureus R4G {(MRSA) »32
8. aureus W71 (MRSA) =32
S. aureus W74 {MRSA) >32
S. aureus WEG {MRSA) »32
5. aureus W87 (MRSA) >32
S. aureus W88 {MRSA) >32
S. aursus W99 (MRSA) »32
8. epidermidis 7755288 (MRSE) =32
5. epidermidis 7365688 (MRSE) =32
5. epidermidis 7753821 (MRSE) >32
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Ala(O)-
deoxyactagardine- Deoxyactagardine-
Organism B B

S. epidermidis GRLOS011 (MRSE) >32

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

Organism Deoxy-Actagardine B
Fusidic acid-res S. aureus 8325-4 8,8
Fusidic acid-res 3. aureus C31116 32,32
Fusidic acid-res S. aureus CS857 32,32
Fusidic acid-res S. aureus CS767 32,382
Fusidic acid-res 8. aursug CS858 32,32
Fusidic acid-res 8. aureus CS741 32,32
Fusidic acid-res 8. aureus CS51145 ‘ 16, 16
Fusidic acid-res 8. aureus CSB72 18, 16
rusidic acid-res S. aursus CS866 32,32
Fusidic acid-res S. aureus C8607 64, 64
Fusidic acid-res S. aureus CS22 16,16
Fusidic acid-res §. aureus 83254 +200 pyg/mi Ca2+ 4,4
Fusidic acid-res 8. aureus 51118 +200 pg/mi Ca2+ 16, 16
Fusidic acid-res 8. aureus CS857+200 pg/mi Cal2+ 18, 16
Fusidic acid-res S. aureus CS767 +200 pg/m!t Ca2+ 16,16
Fusidic acid-res 5. aureus C5858 +200 pg/mi Ca2+ 18, 18
Fusidic acid-res S. aureus CS741+200 ngimi Caz2+ 18, 16
Fusidic acid-res 8. aureus CS1145 +200 ug/mi Ca2+ 8,8
Fusidic acid-res S. aureus CS872 +200 ug/m} Ca2+ 88
Fusidic acid-res S. aureus C8866 200 pg/mi Caz+ 88
Fusidic acid-res 8. aureus CS607 +200 po/mi Cal+ 32, 32
Fusidic acid-res S. aureus ©S22 +200 pg/mi Ca2+ 4,4

Table 8: MIC values against mupirocin-resistant Staphyiococcus . aureus

Organism Deoxy-actagardine B
83254 8 8

GISA-2 8 8

1728 18, 16

LZ8 16, 18

L79 16, 16

LZ10 8,8

420 4,4
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1208 16, 16

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

Table 9: MIC values against Propionibacterium acnes

Organism Deoxy-Actagardine B
Propionibacterium acnes P37 (iab sirain) 4, 4
P. acnes AT1 4,4
P. acneshT26 2,2
P. acnes101897d 2,2
P. acnes PF284 (tet res) 2,2
#. acnes PFZ286 (erythro & dlin res) 2.2
P, acnes PF289 (clin and co-trimazole res) 4 8

Table 10: MIC values against C.difficila
AlafO)-
deoxyactagardine- Deoxyactagardine-

Organism B (=1
C. difficite 37779 4 4
C. difficile 19128 2 4
MICg 10

C.difficlie strains 2
MICgq 10 .
C.difficile strains 4

Table 11; MIC values against C.diffcile

Organism I i [H I VooV vl vl X

C. difficile 37779 =8 4 4 1 4 1

C. difficile 19126 >g 4 2 4 2
MiCsg C.difficie 2 2 2

MICy, C.difficiie 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, soluficns and media were made up using reverse osmosis (RO) water and
contained per litrg the following ingredients:

AAST ABB13
Soiuble starch 104 Soytone peplone 59
Glucose 109 Solubte starch 5g
Peplons 5¢ CalCCy 2g
Dry corn steep liquor g MOPS Z1ig
Yeast extract 2¢ Agar 204g
Adjust pH 0 8.0 Adjust pH te 7.0
GMT BHI
labtemso meat extract 4g Brain Heart infusion 37g
Peptons 44g
Nall 25g GM3
Yeast extract 1g Arkasoy soyflour 20g
Soy fiour 10g Mannitol 204g
Glucose 25¢ i Adiust pH 0 7.0
CaCOs &g
AdiustpHto 7.8 LA

Luria agar 409
Muslfler Hinton
Mueller Hinton broth 214g LB
For agar plates add; Lurta broth 254
Agar 10 g
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Soya Flour 204g Glucose 6g

D-mannitol 20g Gilycerol . 18 g

Agar 1949 Peptone 15g
NaCl 3g
CalCQy, 19

Adiust pH to 7.0

TAE buffer : TSB
Tris 48.44 g Tryptic soy broth 30g
EDTA 372¢g AdjustpHto 7.0

Adjust pH to 8.3

2Ty ‘65'

Tryptone 16g Glucose 4g

Yeast extract i0g Yeast extract 49

NaCi 5g Malt extract 10¢

Adjust pHi0 8.5-7.0 CaC0, 2g
Agar i2g

Adjust pH1t0 7.2

Bioassays
Micrococous luteus was inoculated from frozen stock inte 10ml Mueller-Hinton broth and

grown overnight at 30°C with shaking at 200 rpm. 1 ml of this culture was used io inoculate
300 m! of Muelier-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 ui of
the respective sample. The bioassay plate was placed into a laminar air flow unti! the ioaded
samples had diffused, at which point the plates were transferred to a 36°C incubator and left

overnight,

Endgnuclease 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 digesis 5 pg of DNA
was digested with 12 units of enzyms for 3  at the recommended temperature, For analylical
digests, 0.5 ug of DNA was digested with 2 units of enzyme for 2-3 h again at the
recommended temperature. The digested DNA was anafysed by agarose gel electrophoresis.
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Sub-culturing exconjucarnts

Agar plugs of patchad exconjugants were used o Inoculate 50 ml flasks coritatning 8 mi TSE
and 2 glass beads. The culiures were incubated at 30°C, 250 rpm for 10 days then 100 pi
were removed and added fo 10 mi TSB in a 50 ml flask containing 2 glass beads. The flasks
were incubated for 2 days then T mi was removad and used to inoculate a 50 mi flask
containing 10 ml TSB. Using 1 ml inoculum a total of six successive rounds of growth wers
carried out each incubated for 2 days at 30°C, 250 pm. Cells from the sixth round of sub-
culturing were pelisted by centrifuging at 2000 rom 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. Serla! dilutions (1070 10% in TSB) of the sonicated
cells were plated onto medium 85 and incubated at 30°C.

Fermentation for hefarologous expression

S0 ml conical flasks each containing 2 glass beads and either 8 m! TSR or AAS1 madia
supplemented with nalidixic acid and the appropriate selective antibiotic were inoculated using
agar plugs or 250 i of a -80°C glycerol stock. Following 2 - 4 days incubation at 30°C, 200
rem, 1.2 mi {3%) per seed culture was used 1o inoculate 40 mi of the respective production
media in 250 ml conical flasks containing 2 glass beads. These cultures were incubated ai
30°C, 200 rpm for 9 days. 1.5 ml whole broth alicuots were removed periodically from each
cuiture for anaiysis by bioassay and/or HPLC-MS analysis.

Fermentation of A, liquriae for the isolation of deoxyv-actacardine B

250 ml conical flasks each containing 2 glass beads and 50 mi SV2 media were inoculated
with 500 pl (1%) of A. Jiguriae cells from a glyeero! stock, Following 4 days incubation at 30°C,
250 rpm, 12 mi {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 culiure 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,

Fermaniation of A. garbadinensis for the isolation of actagardine and AlafOl-

aclagardine
250 mi conical flasks each containing 2 giass beads and 50 mi AAS media were inoculated

with 500 pt (1%) of A. garbadinensis cells from a glycerol stock. Foliowing @ days incubation at
30°C, 250 rpm, 12 ml (3%} per seed culture was used to inoculate 400 m! of AAS in 2L coniea!
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flasks. These cultures were incubaied at 30°C, 200 mpm for eight days. The culiure broth was
harvested by centrifugation at 4000 rpm (Heraeus Sepatech Megafuge) for 30 minutes after

which the supernatant was decanted from the peliet of celis.

Isolation of Deoxy-agtagardine B for MIC studies
Diaion HP-20 resin {50 g/L) was addsed and mixed with supematant isolaled from a

farmentafion of A. liguriae and left overnight at 4°C. The suspension was aligueted inte Bond
Eiut columns (60 ml) and the resin washed sequentially with four bed volumes of water
followed by three bed volumes of 25, 50, 75 and 100% methancl. HPLC analysis confirmed
the presence of Deoxy-actagardine B in the 50, 75 and 100% methanol fractions. These
fractions were combined then concentrated to 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
foliowad by two column volumes of water. The columns were eluted sequeniially with two
column volumes of 50, 80, 70, 80, 90% methano! followed by two colurmn volumes of 100%
methanol. HPLT analysis confirmed the presence of Deoxy-actagardine B in the 80, 20 and
100% methano! fractions, these fractions were posled and concentrated to a third of the
stariing volume. An equal volume of 40 mM potassium phosphate pH 2.5 in 50% methanol
was added and the concentrate then loaded eventy onto three pre-equilibrated SCX Bond Eut
columns {1g). The SCX columns were inittally washed with 40 mM potassium phosphate pH
2.5 in 50% methano! and then eluted using 1.5 column volumes of 250 mM potassium
phosphate pH 7.0 in 50% methanol. The sluent was desalted by loading onto a C18 Bond Elut
column {5 g) that had been pre-condiiicnad with two column volumes of methanol foliowed by
twa column volumes of water. The column was washed with two column volumes of 50% and
then 80% methanol, Deoxy-actagardine B was eiuted following the addition of two column
volumes each of 70, 80, 80 and 100% methanol. Fractions containing purified Deoxy-
actagardine B as confirmed by HPLC and LC-MS analyses were poocled and evaporated to

dryness.

Isciation of Ala(Gl-Degxyactagardine B from fermentation of A liguriae

Diajon HP-20 resin {50 g/L} was mixad with supernatant from a four liire fermentation of A.
liguriae and left overnight at 4°C. The suspension was coliected into & glass sinter funnel and
the resin was washed sequentially with four bed volumes of watar foliowed by four bed
volumes of 50% Methanol. Deaxy-actagardineB and Ala(0)-deoxyactagardine B were eluted
from the resin by washing with five bed volumes of 100% Methanol. The 100% Methanal
fraction was concanirated o a third of the original voiume and was then diluted by addition of
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water o a final concentration of 60% Methanal. The resulting solution was lsaded onto four
10g C18 Bond Elut columns prier o washing with two column volumes of 50% Methanol.
Decxy-actagardine B-relaied componenis were alited from the column using two colurmn
volumes of Methanol/0.5% Formic Acid. The resulting eluent wes concentrated by evaporation
to 40 ml and Ala(C)-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 t5cm x 20mm
Solvent A ' . 30% ACN in 20mM Potassium Phesphate pH 5.0
“Salvent B | '85% ACN in 20mM Potassium Phosphate pH 5.0
“Detection ' 210 nm

.‘F-'low Rate ' 16 mi/min

Time (%) = 0 min 100% A

T=Amn o © . - | 100%A

T =28 min 35% B

T= 30 min 100% B

T =233 min 100% B

T =34 min _ 100% A

T=35mn . 100% A

Collection Start 10 min; End 30 min: 2.5 or .25 minute fractions

Fracticns containing Ala(0)-deoxy-actagardine B (as confirmed by HPLG and LC-MS
analyses) were desalted using C18 Bond Elut cotumns as described above before being

evaporated {o dryness,

Ala(D)-deoxy-actagardine B was 2iuted from the column at Retenfion Time = 5.04 minutes.
MS analysls confirmed a species of 972.2 m/z (M+2H)*2,

Isolation of actagardine and AlafOl-actagardine for MIC studies

Actagardine and Ala(0}-actagardine were purified using the method described for the
purification of Decxy-actegardine B from A. liguriae with the exception that preparative HPLC
was required to resolve Ala{C)actagardine and Actagardine following the SCX Bond Elut step.
Eluent from the SCX Bond Elut column was concentrated by rotary evaporation from 70 io 18
mi and the resulting éoncentrate was purified by preparative HPLC using the conditions
described in Table 4 The respective fractions containing Actagardine and Als(0)actagardins
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{as confirmed by HPLC and LC-MS analyses) wers desalied using C18 Bond Eluf columns as
describad previously befors being evaporated to dryness.

Table 4: Preparative HPLC conditions for the separation of Actagardine and

Ala{Q)aectagardine,

Column Capitol HPLC Lid C18 — BDS — HLS — 26052 15 om x 20 mm
Solvent A 30% Acetonitrile in 20mb Potassium Phosphate pH 7.0
Solvent'B .+ | 65% Acetonitrile in 20mM Potassium Phosphate pH 7.0
I Detection 268 nm

Flow Rate 10 mi/min

Time (T} = 0min | 100% A
T=1min | 100% A

T=19mih . {25%B

T =20 min 100% B

T= 25 min 100% B

T=28min" 100% A

T=30 min 100% A

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

Agarose gel electrophoresis
Elecirophoresis of DNA was carried out as described by Sambrook et al.,, 1989. Agarose gels
{0.7-1%) were prepared in TAE buffer containing a final concentration of 8.1 pg/ml ethidium
bromide o allow visualisation of the DNA by UV light. 0.1 volumes of 10 x agarese gel loading
solufion was mixed with the samples. Samples were loaded onto the ge! alongside a 100bp, 1
kb, or lambda DNA-Hindlll digest ladders (INEB) and run at 1-5 Viem. 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 Qiaguick gel extraction kit

{Qlagen’ and eluted in either sterile reverse osmosis purified water, Tris-HCl (10 mM, pH 8.5}
or TE buffer.

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

using E. coli DNA polymerase Klenow fragment. In a typical reaction 1 unit of enzyme was

55



10

15

20

25

30

35

added per g DNA aiong with 250 uM each dNTP. The reaction was incubated at 25'Cfor 15-
30 min and sfopped by adding EDTA to & finat concentration of 10 mi,

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

method described by Sambrook ef ai., 1989, The snzyme was inactivated by incubating at
65°C for 20 min.

Daphosphorylation of linearised veciors

To aveid seli-ligation of linearised vectors, 5'-phosphate groups were removed using shrimp
alkaiine phosphatase (SAP) following the manufacturer's guideiines. in a typical reaction 1 unit
of SAP was added fo the restriction mixture for the last hour of the DNA restriction reaction. -
The enzyme was inactivated by incubating at 85°C for 20 min.

Ligationg .
DNA ligations were performad as described by Sambrook ef al,, (1888} using 1 unit (L) of T4

DNA ligase in a total volume of 15 ul and incubating for 12416 h at 16°C.

Maintenance of bactarial culfures

Viabie cells were stored as glyceral 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,
figuriae were obigined by streaking 50 ul from a fermantation broth or glyceroi stock onio
either medium 65 or ABB13 plaies.

Polvmerage chain reaction

Palymerase chain reactions (PCRs) were performed on a Stratagene Robocycler Gradient9s.
In & typical reaction 100-200 ng template DNA was mixed with 20 pmol of each
cligonucleotide primer and dNTP's at 250 uM sach. Thermophilic DNA polymerase bufier as
supplied by the manufacturer and DMSO made up 10% (v/v) each of a fina! volume of 50 or
100 ul reaction mixture. A typical reaction began with an tnitial cycie of 1 min denaturatian
{84°C}, 1 min, Y°C (annealing) and 30 ssconds - 3 min extension (T2°C), at which point 5
units of thermophiiic DNA polymerase was added. This was followed by 30 cycies of 84°C for
T 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 par kb of product when Tag polymerase was used and 2 min per
kb of product when Pfu palymerase was used. The annealing temperature Y was 55°0 and
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48°C in the generation of pAGvar! and pAGvar2 respectively. The conditions used for the
generation of SBdel-1 and SBdei-2 were as described in the Redirect proiocol {Gust et al,,
2004).

Primers
Primer name SEQID Sequence §5-3’
NO:

Q/AGvard1bF 303 TTCTAGACGTTGTTCTCCCATIITCAC

OfAGvarD2bR_ | 304 AAGATCTTCGAAGGTGAGCTCGCLGAA

-O/AGvarQ3F | 305 GATCTTCGLCGAGGACCGCACCATCTACGCGGLCAGCA
GCGECTEGETETGTACACTGACGATCGAGTGUGGCAC
CGTGATCTGCGCCTBCTGAC

OfAGvarQ4R 308 CTAGGTCAGCAGGCGCAGATCACGGTGCCGCACTCGA
TCGTCAGTGTACACACCCAGCCGCTGCTGGCEEOGETA
GATGGTGCGGTCCTCGCGAA

Q/AGvarbsr 307 GCCTGCTGAGCCTAGGTCGACGATCGT

O/AGvarbér 308 TGAATTCGGCTGCTOUCUGCGLEAAAT

O/SB50F 308 T ATTCGCCCGGGAAGTCCACCGAAAGGAAGACACACTAT
GATTCCGGGGATCCGTCGACC

O/5B51R 310 GGGCGATGCCCGCCCTGBGLCEEARACGATCGTCGAT
CATGTAGGCTGGAGCTGCTTC

0O/sBh2F 311 AAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATG
ATTCCGEGGATCCBTCGACC

O/SB53R atz GOTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCA
TGTAGBCTGBAGCTGLCTIC

Preparation of plasmid DNA

Plasmid DNA was prepared on a smalt scale (less than 20 ug preparation) by inoculating 3 mi
of sterile 2TY or LB containing the appropriate antibiotic with single colonies picked from 2TY
(or LA) agar plates. The culiures were Incubated overnight (12-16 h} at 37°C and 250 rpm.
The cells were coliecied by cantrifugation at 12,000 xg for 1 min and plasmid DNA obtained
using Wizard (Promega) Miniprep kits according to the manufacturer's guidelines. In the cass
of larger preparations of up to 100 ug of plasmid DNA, 30 mi of 2TY cuttures were grown and
plasmid DNA extiracted using a Qiagen Midi-prep kit, following the manufacturer's instructions.
All plasmid preparstions were checked by a combination of resiriction analysis and/or

sequence analysis.

Preparation of cosmid DNA

Cosmid DNA was prepared by inoculating 50 ml of sterile ZTY or LB containing the
appropriate antibiotic with single colonies picked from 2TY (or LAY agar plates. The cultiires
wers lncubated overnight [12-16 h) at 37°C and 250 rpm. The cells were coliecied 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 electrocompetent £, coli cells,

Blectrocompetent £, coll DH10B were prepared by the method of Dower ot al.. (1988).
Aliguots (60 1) of competent cells were thawed on ice and 1.8 Wi of ligation mixture or plasmid
ONA added, The mixture was placed into an electroporation cuvetie (Sigma 0.1cm) and
ransfarred o the slectroporator (Stratagene slectroparator-1000). A potential difference of 1.8
kKVimm (25 uF, 200 Q) was applied and 0.5 ml of 2TY or LB medium subseguently added, The
celis ware then incubated at 37°C for 45-60 min o allow expression of the aniibictic resistance

genes, prior to plating on the appropriate sslective medium,

Preparafion of genomic DNA

Genomic DNA templates were prepared using the procedure described by Kieser af al.
(2008),

Conjugation procedure for Actinoplanes sp.

intergeneric conjugation between E. colf and Actinoplanes sp. was performed following the
procedure described by Heinzelmann ef al. (2003), except, the strain E. colf
ET12567/pUBB002 (Kieser ef al., 2000) was used in place of the sirain E. colf
ET12667/pUB307 (Flett ef al, 1987}, Exconjuganis were transferred and patched out over an
area appreximately 1 em? onio medium 65 or ABB13 containing 50 pg/ml nalldixic acid and
the relevant selective antibiotic. These plates were incubated af 30°C for 4-7 days prior {o

being used as inocutum for broth cultures,

Canjugation progedyre for Strepfomyces sp.

Intergeneric conjugation between £, coli and Strepfomyces sp. was performed following the
procadurs described by Kieser ef a/,, 2000. Exconjugants were transferred and paiched out
over an area approximately 1 cm® onto SFM containing 50 pgiml nalidixic acid and the

relevant selective antibiotic. These piates were incubated at 30°C for 4-7 days prior fo being

used as inoculum for broth culiures,

Tabie 5- Bacterial Strains

Name Descripiion/Use _

Actinoplanes Isolation of the biosynthetic gene cluster
garbadinensis for the production of actagardine.
ATCC31048

Actinoplanes Actinopltanes garbadinensis ATCC31048
garbadinensis i in which the aciA gene has been removed.

58



16

15

Name

Description/Use

actA

Exprassion of variant aci4 genes

Acfinoplanes
figuriae NCIMB
41362

isoiation of the biosynthetic gene cluster
for the production of deexy-actagardine B.
Expression of variant ligA genes.

Eschetichia coli
XL1-Blua MR

Generation of a cosmid fibrary.

Escherichia coli
DH10B

Reutine cloning.

Escherichia coll
ET12567

Isolation of non-rethylated DNA.

Escherichia coli
ET12567/pUZ8002

Intergenic transfer of DNA via conjugation.

Escherichia colf
BW25115/plJ780

Strain containing the lambda red
recombination piasmid pld79G. Facilitates
the targetfed recombinalion of a cassetie
flanked by FLP recognition sites.

Escherichia coli

Strain containing the plasmid BT340

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

Micrococeus futeus | Bioassay test organism.

ATCT4698

Strepiomyces Host organism for the heterologous

lividans 1326 expression.

Streptomyces Host organism for the heiarologous

coelicolor B757 expression

Streptomyces Host organism for the heterologous

einnamoneus DSM
40005

expression

Anfibiotics

Antibiotic stock solutions were preparad in water (unless stated otherwise) and filter steriflised

by passing through a 0.22 pm Millipore filter, Solutions dissolved in ethano! were not sterilised

{Sambrook ef af,, 1989}, All antbiotics 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).

Ampiciliin (amp)
Apramycin (apra)
Carbenicillin (car)
Chioramphenical (cm}
Kanamyein {kan}
Naiidixic acid {na)

Stock solution Working concentration

100 mg/mi

160 mg/mi

100 mg/mi

25 mg/mi in ethanol
50 mg/mi

25 mg/mi
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Casseftes

Name Size Bource Description/Use
{bp}

SBdel-1 1482 PCR using the | Contains an origin of transfer {(onT) and
primers apramycin resistance gene flanked by FLP
O/SBBOF and | recognifion target sites. The 5" and 3' regions
O/SB51R and | are homologous to DNA fianking the actA
pid773 as a pens from A, garbadinensis.
template,

SBdel-2 1462 PCR using the | Contains an origin of transfer (or7T) and
primers apramycin resistance gene flanked by FLP
Q/8B52F and | recogniiion target sfies. The ' and 3’ regions
O/SBS3R and | are homologous fo DNA flanking the
pld773 as a ampiciliin resistance gene from SuperCos1.
template.

HEapra 5247 pMJCOS1 Sspl fragment isolaied from pMJCOS1.
Cassetlte consists of an apramycin resistance
gene, origin of transfer (oriT), attachment she
(2itP} and sC31 integrase.

Vectors

Name Size | Resistance | Source Description/Use

| (kb)Y | marker
pAGvari 3.4 amp This study.  449bp PCR fragment generatad
using the primers O/AGvar01bF
and O/AGvar(2bR and template
pLITAGO1 cloned into pUC19
previously digestad using Smal.

pAGvar2 2.8 amp This study. | 91bp PCR fragment generated
using the primers C/AGvar05F
and O/AGvarleR and template
pLITAGO cloned into pUCH19
previously digested using Srral.

pAGvar3 3.2 amp This study. | Xbal fragment {~450bp} cioned
into pAGvar2 previously digested
using Xbai.

pAGvard 3.3 amp This study. | Annsaled oligonucleotides

O/AGvar03F, QfAGvar04R ligated
i {0 pAGvard previousty digested
using Bgfli and Avril,

pAGvarX 8.3 apra This study. | Xbal ~ EcoR! fragment (~850bp)

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

CosALD2 47.2 | amp and This study. | 40402 bp Sau3Al DNA fragment

nea, from A figurlae cloned inio
SuperCGos1 previously digested
using Bamii,
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Name Size | Resistance | Source Description/Use
{kb} | marker
CasALOZ2HEapra | 48.1 | amp and This study. | CosALGZ in which the gene
apra. encoding necmycin has been
replaced with the HEapra
cassette,
CosAG14 45 amp and This study. | 38168 bp Sau3Al DNA fragment
nec. from A. garbadinensis cloned info
SuperCos1 praviously digestad
using. BarriHl. .
CosAG 1404 46.3 {amp, neo This study. | CosAG14 in which the act4 gens
and ampra. has been replaced by the cassetis
SBdel-1.
CosAG14AB 449 | amp and Trhis study. | CosAG14AA in which the cassetie
neo. SBdel-1 has been remaoved by
FL.P-recombinase leaving an 81bp
scar.
CosAG14AC 45.5 | neo and This study CosAGT4AR in which the
apra. ampiciilin resistance gene has
been replaced with the cassetie
SBdel-2.
CosAG14HEapra | 46.9 | amp and This study. | CosAG14 in which the gene
apra. encoding neomycin has been
replaced with the HEapra
cassefie,
pld773 43 amp and John Innes | Redirect template (Gust ef a/.,
apra. Centre 2003) used to generate the
{(HC), cassettes SBdel-1 and SBdel-2,
Norwich.
pLITAGO 6.1 amp. This study. | 3263bp Neol fragment isolated
from A. garbadinensis (19255
23217 CosAG14re) cloned into
plITMUS28 previously digested
using Neol,
pLITMUS28 2.8 amp. New Rouiine cloning
England
Bioiabs
(NEB).
pMJCOS1 2.8 amp and JIC, SuperCos1 in which the gene
apra, Norwich, encoding necmycin has been
replaced by an Sspi fragment
consisfing of an apramycin
resistance gene, offT, aitP and
BC31 integrase. Source of
HEapra cassette.
pSET152 8.7 apra, NRRL Conjugative plasmid which can
B14792 facilitate introduction of DNA into
the host's chromosome via the
attP site,
SuperCosi 7.9 amp and Stratagens. | T3 and 77 promoter regions
\NB0. flanking & unigue cloning site.
pUC1S 2.7 amp. NEB. Rouiine cloning
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High performance fiquid chromatoaraphy

HPLC analyses were performed using a Hewlett Packard 1050 series HPLC system with the
parameters as described below:

Column; Zorbax SB-C18, 4.8x150 mm, 5

Mobile Phase A: 30% Acetonifrife in 20 miM potassium phosphate buffer pH 7.0
Mobile Phass B: 85% Acetonitrile in 20 mM potassiurm phesphate bufer pH 7.0
Flow rate: Tmimin

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

Infection volume: 10 i

Detection; 210 nm

High performance liguid chromatography —mass spectrometry (HPLC-MS)
HPLC-MS analyses were performed on a Hewlelt Packard 1050 series HPLC system linked o

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

paramesiers:

Column: Agilent Zorbax $B-C18 150 x 4.6mm 54

Flow rate: imlimin

Mobile phase: A 10% acetonitrile, 0.1% formic acid 90% water.
B 90% 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: 10ut

Fost cotumn split: 1:10

Mass spectrometer: Micromass Platform LG

Mode: Electraspray posiiive

Nitrogen flow: 380 /hr

Capillary voltage: 40V

Skimmer lens offset: 5V
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Deposif

NCIMB 41362 was deposited under the Budapest Treaty on 7 December 2005 at NCIMB Ltd,
Aberdeen, AB21 8YA, Scotland, UK, by Novacta Biosystems Limited,
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Sequenge Listing

SEQ ID NQ:1 Actagardine B:
SSGHVCTLIIECGTLVCAC

SEQ ID HO:2 Actagardine B variant VV:
S5GWVCTLTIECGTVVCAC

SED ID NO:3 Actagardine B variant LT
SSGWVCTLTIECGTLICAC

SRQ ID NO:4 Actagardine:
S3GWVCTLTIECGTVICAC

SEQ ID NO:5 - SEQ ID NoO:10
{(Hull}

SEQ ID NO:1l Ala-Actagardine B;
ASSGWVCTLTIECGTLVCAC

SEQ ID NO:12 Ala-Actagardine B variant Vv:
ASSGWVCTLTIECGTVVCAC

SEQ ID NO: 13 Ala-Actagardine B variant LT
ASSGWVCTLYIECGTLICAC

SEQ ID NO:14 Ala-Actagardine:
ASSGWVCTLTIECGTVICAC

SEQ ID ND:15h-SEQ ID KO:Z1
(Bull)

SEQ ID NO:22 pre-pro-Actagardine B variant vv:
MSAITVETTWENT DLREDLTARFAGLGFGELSFEDLREDRT IYAASSGWVCTLTIECGTVVCAL

SEDQ ID NO:23 pre-pro~Actagardine B variant LI
M3ALAIEESWEKDVDLRDGAT SHPAGLGFCELTFEDLREDRTIYAASSGWVCTLTIECSTLICAC

SEQ ID NO:24-5EQ ID NO:389
(Wull}

SEQ ID NO:100 CosAGI4 (38168bp)
GRTCGGCCGCCGTCAGCTGGAGARGCGCTGGC?GGCGCGGCTCRCCCGCAACGGCCACCCGCATCCGACCCGGGCG
CTGECECTGLEEATGEECECEETEEAGTTCGCEGEECAGC TGGIGC TGCAGUTCGCCEACATGCGCARGUCLGECA
CGCCCTCAGCGACCTGACCCGCTACTCGACGCAGCTCGCTCELLGATCCCECACCGLECLEATCAACTCCGRCAGE
ACGGCGCGAGCTTCARATCAGCCGECCCEGLECACCCCCTACBCIORTGCGACGAGGCATSCLCGAGACCAGLECGS
CCGCRGAGGGCCGETCEGBCGCCEEACCEGTCAGCELGL CCGCAATCAGGCCGGCAGGCCCECCCEEAGCCEGACCS
GTCGECEUGLCCECARTCAGGLUGACAGGLOCGLCCEGEETCAGGUTEETCERLTECGLIGEELCEACAGECCERE
GAGCAGCGCETCGAGCGETCTCGGCATCCGCCCAGCCETTGACTEACAC TGCGCCTGCCEGCCETCACCGTEACCTCA
AGGCEGTCCGETETCACCELCACGTCEATCEGCELETCCTCRATECEGTCECTCAAGCEGATGARACTGUTEETTCS
TCERECCEACCCAGGECOGCTNETGETCCAGCAGRTCLTELLCRARGEEECCEECCRACCABCAGETCCGTGREEPC
GAGCAGTGLEGUGACGTCEGLCCEECCETCCGCGGUEAGAGIGLGCAGACSEEUGTACTCGTAGCCEETGAACETC
ATGACCGAGCGACCCGCUTGCCGUACCCCEELGECCACCGCEGUGAGACCEGCCGLCTGLICGRACGGL TCGCCEC
CGRGCAGGETGACACCCETGETGCCCETEECEAGCACTCGETCCACCAACTCGELGGETGCEGCCGECACCCCALC
GCGTACGCCGARCAAATGCGOATTEAAGCATCCGGCECACCAGATEGTGCAACCCTGCACCCAGATCGCERTCCGC
TCGCLCEETCCTTCGELGETEETCCEETCGAGGAALCEGELCACCUGCACGAGCGECGECTCAGACATCGACTATE
CGACCGRAAGCCGTCTEETTCGCITGCGECGECEECTCGCACGACAGCCGETCLCGGACCECGACGAACTCGTETG
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GTGCGAGCCCGGCCACGGCCGCGAACTCGCCGAGRCTGGCGAATCCGCCCCGCGCCTGCCGCGCCGCCACGACGTC
CGCCACCCGCTGCGGGGTGAGACCGGGCACGGCGGCCAACTGTTGCGCGTCCGCGGTGTTGACATCGAGCCGCTCG
GGCGCCGGCTCCAGCAGCGAGCCCGGCACACCCCCAGCCGGCGAGCCCAGCGCGGGCTCCAGCGGGCCGGGCGCGG
GCCCAGCGGGCCAGGCCGCTGTGGGCTCAGCCTGCCGGCCGGCTGCGGGCTCAGCCTGCCAGCCCGCTGCCGGCTC
AGCCTGCCAGCCCGCTGCCGGCTCAGCCTGCCAGCCCGCTGCCGGCTCAGCGGGCCGGCCCGCCGCCGGCTCAGCC
AGCGGGCCCCTCGCGGGCTCAGGCCCGGGAGTCCCTCCGTAGAACTCTTGCGGCGAAGGAACGACACCCTGTAGTT
GCGGCGGCAGCGGAGTCGCCRCGGGAGCGGGCGCGTTCGCCCACGGCGCCTGCTGGGGCTGCGCATACCACGGCAC
GTGAGCGGCACGCCAGCGCAGCCAGGAGGCGTTGATGACGAACGCGTGCGCGACGCTGATCGGCCACACCATGAAC
ATGATCGAGAACGCGAGGTTCTGCTGGAGCGAGTCCTCGGCGCCCTCACTGCCGAGAAAGAAGCAGRAGTTGGCCA
CGACGGTGTAGAGGATCCCGGCGATCCACCACACCGGCCGCCGGGCGCGGATGCCGACGTAGAGGAACCCGACCGC
GGAGAAACAGCTGAAGGGCACCATCGGCGCGATCACCCAGGCGCTGTGCGCGAGGCGCCACGACAGCCGCGCCGGC
CCGGTCCGCTTGCCCGGCTCGTGACCTGGATGCGGCGGATAGGACGGATACGGCTGCTGGTGAGCAGGCGGGAACG
GCGGCAGCGGCTGCTGACCGGAAGCAGGCGGGAACGGCGGCAGCGGCTGCTTGCCGAACGACGGCGGGTACGCCGG
CTGCGAGGCGGGATACGGGTCCTGGCCCGGGTTAGGCGGTGTCCACGTCACGGTTCACGATCCGTTCCCGCGCGGT
GTGCGCCTGACGCGTGTARTCCGCGGTGTACGCACTGTGCCGCACCTGCCCGCCGACGAGATCCTCCAGAACGGCC
ACGTAGTCCAGGCAGCGCTCGCCGAGAATGTCCACGGTCTCGGCACTGACCTGGCCGECGGGACCGACCGTGACGA
CGATCCGAGGATTCTCCGTCATGCCCGCTCCCTCTCCACCTCGAAGACCAGGCGCACACTGGCGTCCTGGCCGACC
GACTCCGACTCCAGCCGCAGCCCGGCCTCGGGCGCCTGCGCGCGCAGCCGCTCCAGGACGGCCTGC?GGACCCGCC
GCCCGTACGCGGTGTCGACGGTCGTCATCAACTCGACAGCCCCTGGCTGATCGACGCCGGTGACGTGCGCGGCCCA
GATGCCGTCCGCGCCGCGGGTGAACGTCGCGGCGCTCTGCGTCCAGGTCGCCGAGATCGTSTCGCCGGCGGCCGTC
ACGGTGGCTCCGGTGTCGCGCAGCGCCGCATCGAGCAGGGTGACATCGCGCATGCGGGTCTGCACCTGGCAGATCA
GCCGGCCGTCGTCCATCCGGCCCGCGGCGGCCTGAACCGCGGCCGCGCCGGCCATCGCCAACGGCACCAGCAGCAG
TGAAACGCTCACCATGCCCCCCGTTCTCGCTGTGGCCACACCCTATCGGCAGGGTGCGACAAATCATCGGTTGGTG
AGGTCCCAGTCGTCGGTGCCGGTGGCCGACACGGCGCGATTGCGGGCCCAGCCGCGCAGGGCGTCGACCCGCTCGG
CCTGCGTCACGCTGAGCGGCACGATGCTCATCACCGCGCGTACGAGATCGTCGCGCCGCAGTGSGCGGCG?TCGGA
GAACGCGTCGAACAGTCCCGCAATGACCGCCTGCTCTATCTCCGCGCCGGAGTAGCCCTCGGTCAGCCCGGCCAGC
TCGGTGAGCAGCTCGGCATCGACCCGCAGCTCGCCGGCGGCACGCCGGTGCCGCAGCGCCCGCCCGAGGTGCACCC
GCCACACCGCGACCCGCTCGGACCGGCTCGGCAGATCCACGAAGAACGTCTCGTCGAAGCGTCCCTTGCGCAACAG
CTCCGGCGGCAGCCCGTCGAAGTCGTTGGCCGTCGCGATCACGAAGACCGGAGTCCGC?TCTCCTGCATCCAGGTG
ASGAAGGTGCCGAAGACCCGGGCACCGGTGCCGGAATCACCCCCGGTGCCGCCGGCGAAGCCCTTCTCGATCTCGT
CGECCCACAGGACGCACGGGGCGACCGCCTCCGCCGTACGCQATGCGGTGCGCATGTTGTGCTCGCTGGAACCGAC'
CAGGCCGGAGAAGACACGGCCGATGTCGAAGCGCAGCAGAGGCAGGTTCCAGGCGGTCGCGRCCGGCTTGGCGGTC
AGCGACTTGCCGCAGCCCGGCACGCCGGTGATCAGTACGCCGCGCGGCGCGGGCAGGCCGTACCCGGCCGCCTCGT
CCAGCCAGGATCCGTTGCGTTTGACCAGCCAGGCCTTGAGGTTCTCCAGGCCGCCGACGTCGTCGAGCACGGTTCC
GGCGGCCATGAACTCCAGCACGCCCGATTTGCGTACGGTCTGGCGCTTCTCCTCGTGCACGATCTCCAGGTCGGCC
AGATCGAGCACGGCGTCGTTCACCATGGCCCGGGCGTACGCGTTCTCCGCCTCCTGCATGGTCAGGCCGGCCGCGG
CCGTGACGAACCGCTCCCGGCTCTGCTCGTCGA@CTCCACCCGCAGCCGCCCGGACGCGGTGTTCCCGCGCACCAT
GGCGTCGAGCAGAGCGCGCAACTCCAGCTGGCCGGGCAGCGGGAAGTCGACGRTCGTGACGTCCTTGCTCAGCTCG
ACCGGCAGGTCCAGTACCGGCGAGAGCAGCACGAGTGTCCGCGGGCTGCGGCCGGCCCGGAACGCCTGGGCGAEGT
CGCGCACCAGCCGGACGACCTCCGGGCTCTGCGCGAACAGCGGGTGCAGGTCGCGGAAGACGAAGACAGCCGGTTC
GTCGATGCGCTGCACCGCCCTGAGCGCGTCGGTGGCCCGCTGCGCGCCCGAGCGGGCCTCGCCGTTCGGCTGGACC
AGACCGGCGGTCAGCGACCAGGTCCAGACGGCACGTGGCACGCGGACGAGGTCGGCGTCGCCGGCGATGCCGGCGA
GGTGGTGCAGCGCCCGCTGCTCCTCGTACGTCTCGAGGTGGAGCACCGGGABCCGGGCCT?CABCAGCTGCGCGAA
CGTCTCCGCGAACGACCTCTCCACCGGCGCATCCTACGGCCGCGCCGGCCGGCGTGTCAGAGCCCGGACGGGGTGC
CGGTGGCGTCGCGTGCCGTCCGGTCCTTCCCGCGCTCGACGGGTTCGTTGGGTTGATCGGTCATGGCATCCTCCTG
CTCAGTCCGGGCGGTAGACGGCGGTGTCCCCGGACACGGCGCCGGGGTCGTACCCCGAGCGGCCGGTTTCCTCCGT
GGTGTCCTGCTCGTCAGCGCCGGCGCCTGTCGACTCGCCGGGTTTGCGCAGTGACGCCGCGTATGCCGGGGTTCCG
TCCGECTCGTCCGTGEEATGCCECIGRAGTTGTTCTCGE T CATCEE T CATEAACGGCGGACT T CCCTGCAAGAGDS
CGEACARACGTGETCETTTATCCOGCAGLCGGECGEECAGTOETCCACCATGRARACCCATCGOTEACCCTGACGAG
CAGACCGGCGACTTCGCCGAAGAGCACGAACTGACCGAGGTGACAGCCGAGGAGGACGACGACGGCGAGCCGGAGA
GCCCOGATCECTGRRCCGECGECATGEACTCCEACGETCCCCCE I GACC YGUEECTACGATOCOTCACAGETLCCE
GCCCCGCCEACBACCCEAGET TR TAGCCETTETCCTCCATCACCEAGC TEACCGAGTCCETECETGCCTTCRCEE
GCGAGCGCAACTGGEAGCAGT TCCACACGCCGRAGRACC TCGCGATGGCCCTGECCGGUCAGETCAETEAGOTTAT
GECCGAGTTCCAGTGGCTGACGULGEARCARTCAGCCGLEGTCATECGLEATCCCGATC TCGECCCEOGEETOrGS
GCCGAGATGGGAGACGTCACGATCTATCTCGTACGCCTGGCGGACGTGCTCGGCATCGACCTGGTCGAGGCGGCCA
CCGACARGTTGGCHGARGCCEECCECCECTACACCETCHAAGCCECCUHCGACTCGECCGCCARGATOGATCAGET
GTAGITCAGCGAGARGT TSI TEACCGTERAG T GGACTGACCGECEETECCECTEATCTOGRAGOCEARCTECROC
TCGCCGACCBETCACGTCACCCCACCAGLCG T TGETGL G AGCCAGT TCAGGA TCACCAGEAT GTCCACGETEOCEE
AGTTCGTGTTGGTACGGATGAACGAGAAGACCGCGTTGGCGCCGTTCGACCCGCGGTAGAEGTTCCAGGTGTGCCC
GCUGACGGACAGETTECEEACE T TCEGCACCECECCE T TGEECETCGTAC TG I TCGECEATCEGCLCEALCERGOCC
TGCTGETTIGETCCAGATCATGACCICETAGGCETGET TG T ICEOCUAGA TG TCGTAGE T CGTCEAGTACTCGBCCEE
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TGERCGGECACCGACACGTTGAAGGAGCTCETCAGAGAATIGAGCOACC TCAGCGTACGETTGAGGETC Y TTCOGET
GTTGGEEETAGGACTTGACCCCRC TGS TG GEGGETEATTCGCEACEACEOCCCAGTTCETECCECTECECECCCAC
ATGGTCTGGGTGCCGGCGCCCGAGCCCCAGBTGTTGTTGTGAGGATGTRTCCGTTGTTGGTCCAGTTCGCCCACTG
TCCCEAGTCEACCCAGALGECETCECTCGETACGCCET TR TEEGCEGUTGUGAGCTCERECTEETEGEECCAGES
GATCCGGTGCAGECGETCCCAT TRAGCETGAACGET ACCCaE THCCEERGETEECEECECOREAGCCETTGAATCOGR
ACGACACCGTCECETTGETGCCGACGRATCCE T TETAGCCGECET IECGEGCEETEACCTECGATOCGCTCTERAT
CAGGCTGEIGTTCCAGGLCTEEETGACGETC TECCLGECEEAGTARGACCAGACCAACETCCAGTICATGAGOGGA
TCRCCCAGETTEGTGATEETEACGT TEECEGCCEARGTCECCGEECTACTGECTECTCACGETETAGGCGACECEEE
ABCCEGCCECGECEEACELCEEEAGLECGETGACGACGCCEECACCGECEATGAGGECOGCEEAGELEECCAGEEA
GAGCBCGRGAGTACGICTGUGCATECCETYCCAATCTCGGAGEGEGARACACACGACGCTCETCGARGCGOTTCGAT
ARTGAAGGCTEEECATCTACGAGTE TCEATGCGGGATGAGECCEATG T TACGACCCBCCGECLGCEECEAGGCARCT
GCTACCTIGEECECATGACGATCACCGAGACEGATCTCGCCCACCTGCELCEAT SO TCAACCTRECCCECEAGRD
CCTCGRCERCEECEACGRECCETICEETTCCETCCTEE TCTCCGCCGACGECARGETGCTETTCGAGEACCECARD
CEGGETEAGGCACEECGACGCCACCCAGCACCCGEAGT TCECRATT T COCECTEGECEECCEAGCACCTGACCOLET
GGGAGCGCECCAGCECEACGETCTACACC TCGEECEAGCACTECCCEATET GO TCAGCGAGCCANGEC TEERTICS
CCTEGGCCGCATCETCTALGLEECETCEAGCGCCLAGCTGACCECCTEETACAAGCAGTEGEGAATCCOGECEEGT
CCGETCGCCCCECTACCEATCACCACAGTEETCCCUGGLEUCET UG T BEAGEECCCEETCCCALCCTICGAGRCOG
AGCTGCCEGAGITACATCECECCOGCT TCACCCCAGCGCAGTAGCLECUGGACGARACCCEACCCTTCTCSCCAAT
GAACCGEACCTGLGAGCEIGTCTEERTTGACCGCEGAGGCCCECARCGCCACAGECTLGATCTCEETCACCETCOR
ACCTCAGGEGCAGETCEAGGATCTGCGUCTTGACGACCGAGTECATCACCTCCCATCCOAGGAACTEAGCCAGCAR
ATCCTGACAGIGRTGCGARAGGCTCAGTACCAGCTUACCGAGTACGT CTCGECGUACATCCGTEACACCETEGECA
TGGATTCEEAGACCHE TCBCAATETGCTCGACGCETTCECACAGCEC T ICCOGCTGCOGGAGATCACCGATEAGCE
TIGAGCAGGTACAGUTGCCGATCRACG T AATCAACCEGCAACCACTACCAT CGCCECAACCECCRATECCGTACSE
GCAGGCCCGLECCECEGCAGGTCAGGCAGCCATGEACTCGLAAGCETACGECCAGTTGTRTCAGTTCCTGCCGACT
GCGTTCAGCGTCETCTTCGAGAGTGCCATCEICGECUAT GACCGGCAGCGCCGARGCET IGELGGAARCCACTTTCR
ACCTGCAEGATGCCEICACGACGTTCAGATACACCGACGAGTCGECCBCTCELACCATCRCCTCCGCAGETTCGCD
GCCETGRCCACACCACTICTCGCCCARGCCGGEEACTCCACCACGREAT I EACCEGTCTEEGECTCETGRAGGACS
CCCACCAGATCGUAGAAGCCATCCGCEGGAACAGT IGEETCGACBECG TCCPCGGECEEAGTCEEEGCCAGCCTCRA
CGETCTEECECTEECEATCEACCCECTCEECACCCTIGCCGCCT GEGEECETCGCOTGECTCATCRAGCALGTC AR
CCGCPACRAGACECCOTGEACT GECIEECCGGLGACETCEACGAGATAGCOGCOCALGCCECCACCTRGLACARGS
TCGCCGLCTTCACCGACAGCGCCCAGUAGGAT TACGLCEATCEECTCCGCACCCAGGTCECOREOTGETTCEECEE
CTCCEGCEACGCATACCGEGCCCATGCCAGCGAACACT PEECCECACTGARAGGCATCAGCACCRCAGCCGECGET
ATTTCGICCBCOETCEAAGGCGCCGGCCIBCTCGTCAGCOTEGTECGCEEAAT TG TECGCGACCTEATCGCCOAGT
TCCTCGCCACTCTIEGCOETTCGGCTGCCACRATGGCTCGCCELCHAAGGACTCACTCTGEECC TEGCOACTCLCOET
TGTCGCGAGCCAAGTTECCECCCTCETCGCCCELGEEETCAACARGATCCAGCACT TCATACEEGCGC TCGOTCARD
AGCCTTCEACGECTGATGCCCATEATCGACCEECTGGGTEARGT CCTEGAGCGECTCOETATGOTCACCRACCERE
TCGLAAGETCCAGCCCCTICCACCCEUCOGGAGCCGACACCLGECOCCECTACTCACGCCAGAACCEAGRACGUATC
GGGARACAAGCCCGAGGGCEGACCTCGAACCEAACGARCCGLGCOCGELCEAGGCTIGACGOCAGAGACAGTACGCCT
CAGGCGTICETGEACGAGCETCEICAGCARCCCCCGGICAGTCECGEEACACTCCECECAGTCCATCECGRACCAGT
TCAACGCCGUCEGATACICTGLEETCETCRAGCAGAGCACCAGGAGL GGEACCTCEGEEAACECCATCCAGRTACE
CATTCACGGCCACCCGGATATCACCAACATCCAGGTGCATCCEGEAGGAGEACGGCATACGCLGEAGGGETCCOCE
TATTGERARATTPCGACGALTACGETCGEERAGATCTGGATCATCCCCGARARATT TCCEEEGECECCEATEARCTGE
GIGECAATEIGGTGCECTAT GACAR AT AAGATCATCARACTGEATCGGEIGGEATCCECEEEECAAGC TEOCROGS
FCGTCGCCCTGRECETCEACATCETCGGEGTCEAT CTTCETCCTGATCCGCEATTCGTTGATGATOGCACEOTGGA
CECCGRACAGETTCECCACATCCECGARGCGCTGLCELACACGACGC TGECCETCACCATEGCACACCEGCACTGAR
CCLGRCCATGTCETCGAACTCECAAGGLEAATCEGCECEGATCY GG TCCAGTCGATCAALGETECTCATCCCELCGD
TCOCAGTACGCETCECCCTGCELAAGGUCGACATCOCEATTETC TATGCGGGCACAGAGATCTCCCALGACELCGA
TCCCGGECTEGETCT TCAGCEUGTACCRCGACACTCCGEACCTGAACGCCGCCCTET TTCARGTERAGETGCTTCCE
GAGTACCTCGATTCCTEGEAGTITCTGCETGACCGLTCCCCGERATATGCCGACGAGTTCOAGATCGRAGRTLTCS
ACGRCCTCEGACGCECTCGCCCCTTERTIGCCHGCCTEGARTCTCACGECTCAGAACCTCGACGAGATCAGGGCACE
GCTTCCCCACETCCEUBETICTERCGCTCACCCTCGOGLACGAGGCUGUBAGGAGUGACGLGCGGTTCT TCATGETY
CCCCACGTAGTGGACATCCTTTCGGGAGACTCETCUGEETEACCGECATCECGLEEGAGEREGLTEETGTCECAGR
GTCAGGCTEACGGCATTCCEGCEEGCCTGACGEEAGGARCCTCATGACCEGECTETTCACCATGLGCAAGCACGAG
GAGGECECCEEEEAGETTUGGATCETCETGAGCEGLEAGATCCACGGUGATGTCAGCECGECECTCACCCTETTCA
TCGECCRACGCCGCCGAGCAGEACGETETCCGATCGETGCTEETGEATCIGGAGCCEETGUTGCTRCIGECOCECAGT
COLGGATCCHETGCCTECTEAGCEGCCETEAGECEECTCTGCTECAGGSECTGC TCUTACGAGCTGETCARCATCOGS
CACGAGGTCGCBEATTCACTGCACGCCECCGELETGRECAGATCTGL TGECTCACCCTECCAGTCCECTEAGCOGEET
CAGCTCGEGTCRTCGRAGCCCTCETCEECECETTCECGECGLAGETGTECCTCGGCCCERECECERUTGGTCACCCT
TCPCCGLTGCCAGCCUGETETACATGECCTGCACCTTCTCETACGGC TEGCCEEEUGECAGCAGCEEEATCRCLGE
ATCGACCACCELOTCGATCAGCGTCGEECEETCCGCGGACAGCECCGLUTCCCACGLGLLEETCAGERTCGCACGGE
TCEGTGATCCGCACTCCECECAGGCCHEAGUAGCTCGGLGTABCECGCETACGEGACGTCAGGCAGTICOTGCGACE
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TGRCGAAGCECGRCTCGCCOTCEETCTCECGEU TG TCCUAGL T GACC TCGGCCAGETCCCEE TG T IO AGCALGOR
CRCCACGAAGCGLGGETUCGECCAGTCECECCAGCGEECEECCACCETEATCAGTTCCECCATROCCROCATCTRD
ATCGCECCETCGCCEGCCAGCACCACGACCEGEECGTTGCEECECCGCCAGETTGERGECEAGACCETACERCARCE
COCACCCCATCGACGCUABCETGCTGRACAGAT G GCCOGEACACCECEEEECAGCCECAGETEITGEGCETACCA
GTAGACGACCGAGCCGACETCGACCECEACCTGCECE I CCECEEGCACETEGRTOCEAGAGEGAGCGALTCACETED
TECGGETTEACCEETTCEGUGEGCHRLOGCEECCOEEECCECECTGATCAGGCGCOAGLBCTGCACCCATTCCTOCE
CECEEECELCCCAGGCEOCECTTECCCGGCTRGOCACCACTCCEAGCAGCTCACGCARSET TTICCACGECETCECE
CAGGAGCGEGACCTCAACCGEATACCETACGCCCAGACGGCGECCETCCACGTCEATC TETACGGULCECECETEE
CCCEGCCEEGEATAGLACTCGETCCACGGE TG TTCETGCCRATCAGCAGCAGCETGICACAGTGCCGCATCAGET
CEGECGCTCECCETERTGCCCAGGTGCCCCAT GACGCCGETGTGGARCEGCAGE PICTCGTCEAGGACCEECTTECD
GAGCAGCEAGGTEGETCACGCCEGCACCGAGCCECTECGUCAGLTCEACEATCTOBCGC TCCGCECCETACGETECS
TGCCCCACCATGATCGCCACCCGUTCBCCEERGCEEAGCACOTCEGLCBCO TCECECAGETC T TLCGGELaGEECR
CCACCLGGEGCEGEECECAGCCCCGCELTCETCECCAGCACACCETBCTCATGCGCCTGOGEETCGERECGCCGEGEN
CGTCTGTACGICETGCGECAGGACCACGCAGETCGEEC TECEEGTCECEAGOGLEETECECAACECELGETCGAGE
AGCATCGECACCTGCTCECTCGTETGUGCEECCTECACGAACTEGELEUACACETCOCCEAAGABLCECACCAGST
CORTCTCCTECTGETACGCGCTGCCGAGCACCBTCGAGACCTECTGECCGACGATCGCGACGALCEETTIGGAGTC
GAGTITCGCGTCSTABGAGGCCGTTGAGCAGETGLACCECGCCGGEACCCTEEETEECGAGGUAGRLTCCGGCACCA
COEEICTACTTGGCETGECCEACGECCAT GAACECCGCGCCCTCTCETGLoGEEOCTECACGALGETEGECOGRS
CEGLCCGECECAGCECTCCEATCACGCUGTCEATGCCETCCCCEGACTACCCGAAGACCCETTCCACETCCCACSS
GGETCRGRACGCTCOACGACCACGTCCGACACGETCCGCTCCGICACCECT BCCTOOTCACOTCACALCEGRGHOTAD
CCGCICRGUCGCGLEETACTCGUC TTGCGCGARAATECEACTCGCETGCACCTCACGEECCGERLGEACGLGGECALE
GATCTGAGCTIGGTICCCECCCEGTTCTGATCCCCTETGATCGEEETACACACGTECGETGAGCAGGGACAAGACET
ACCGGCCGETCCETCCCGALGEGATCLGRACCACCTTCCACGACGGTETAC TCGGECECATGCERATCCGETHOCT
GEECGAGCCECETCCEGOCEIACCEEAGATCOTGATGATCCAGGETATGACCOTGAGTGACTATC TGO TECCEGAT
CTGGGCGECECTCAGCECCTEGACCCGRETGCACCIGHTGEACCTGCCGEEAGGCAGCGGCAGCEGCCERICECOGE
ACGATCTCACGETCGABGAGTACGCELEGECCECEECCEACTGGLIGTGCGCCCAGTECCTEEECCERATCEIGET
GGCCGECCATTCGAGUGGCACEIAGE TGECEBCECAGACCECGL TETTETECCIGEACGAGETEECCEEAGTGETE
CTGELOGECCUGGCEATCEACCCGETGGCCOGLGELEECCTECEEETCTTCGTECEC IGETGEATCEASCEGIGDS
GCGACCCERAGAGCCTGGACGAGETGCACARACCCEAACGCEAGCAGGTCEGGTTCCRECEGCTETTCLAGETGOT
GCGCECCCACCTGCETCALGACUIGEAGAAGCCGETGETCEEGCTCTECETOCCGETGUTGRTCATCCGOGGCAGS
GAGGACCGGCTCEGCACCECELEETEEGCLCEECGEUTCHICEATCTEECTECCATEGRGCGGICGETACGTURAGS
TGCCOEECACCCACTCETTCIGC TGECG TTACCCGLAGGCCTGETCOGUGCCEATCCETCAATTCGCCGRATEGTC
GGTATCGGTCTCCGECACCTGARCEEACETTICEGTGECATCGCCECCACCECEEGECEECECATCCGOATCCACE
GTCCGGGETGAGGETCAGCGCCGTTCGGAGGLEEAGTETCEATGATCGGTCART TEACGTCUTTCCATRAGCCREC
CTACGCTCCEACAGAGARATCGTTATCCEGACCACCATCGACATCCGARTCBETGECCCCGGAGCCEATCATCGAC
CGACCCCGEGCCACCCCOGCTCT TECCAGRGGGGECCAGECACATGACEGAAGCTGATCATCRTCCGALCETTCTC
AGGAGAATCCTACGRCTETGCGCCETECTICTCATGRTGCICEGASTGGGCCTEETCEGCGCCCCGALETCGCACE
CCGECEECAAGCCBACCATCTCCAAGGAGECETTCOECAGCETLGECGGUARGGCCETCGACCGETACACCCTCALC
CRACGGGCECCTECAGETGOGGATCCTCACCTACGEAGGCATCCTGCAGACCATCACGTTCCOCEACTACCGLEEC
COCAGGEGCCAACGTGACGCTCEEATTCAGGACCCTCGACGASTACGTGACGACGRAGARCCCEGCETACTTCGRCS
CCATCATCGECCECTACGGUARCCGRAT TGCCEACGECCGETTCACCOPGEACGECALGACCTACCAGC TEECEAC
CRRCRACGACCCGRACCACCTGCACGRCGGEETCETCEGLTTCEACRAGCEGETETEEGACGLCACGLLGAT LR
GRCGGCEACAGCETICEEECTECGCCTEACCTACACCAGCCCGCACEGUGAGGAGRARCTACCCCGEARLCCTECELG
TGACGATGACCTACACCOTCACCCGOCAGATGRRTATCCGGRTGEACTACCBEGCGACGACCGACAGACEGACGAT
CETCRACCTGACCARCCACGCETACTGGARCCTCEECEGCEAGGECACCGEEACCATCGACGACCACCTGCTGAAG
CTCARCGCCRACCGUTACACGCCGETCGACGCCACGUTGATCCUGACGRGOGLGATCCACGCGETCGCCGGCACAC
CGATGGACTTCCGCLGECCCACGUCGATCGGCECGCECAACCGCRACCLETTOCAGC AR TGETETACGEECECGE
CTACGACCACAACTGGETECTGAACCGCGAGGALGGCCAGTTCCGGCETCTCCAGTTCGCGECCCEEECGETCRRAC
CCGEACAGCEEECEGCAGETCACCATCTACACCACCGRGCCEGECATCOAGTTCTACSGCEGCARCTTCCTCERACE
GCACCCTGTACGGCACCAGCOGCCEEGCCTACCETCAGGEAGACEETTTCGUCCTEGAGACACAGCACTTCCOREE
TTCTCCGAACCACGUGAACTTCCCETCGACCETCCTICGACCGGEACAGACCTACAACTCGACGACCATCTACCAG
TTCEGTACCECCGACTGATCGCCTCAGBCCEGCCGCCECGREACEECGCGLCECEECCHEACLECACGELAGTCAGE
GECEECGACTGEAGGCACRCATGCCACGCATCCATCCGARAGTCEAGGAGCCCETOTCTACECTCEACCTGRACCE
GACGACACGACGCCGECTETTETCCEEAACCGEETTETTCAGCECCTCACTCGCCEUEEGCELGCTECTEAGCECA
TGCAGCEACCAGRACGACGECCAGRACCAGACCGAGRECECCGETAACT TCCCEEACACCCCCEAGTEECEETTCA
CATTCGTCARCCACGTGACCACCRACCCGTICTTCACCCCGACGCAGTACGEGEAT GEAGGACGCCGCEACELTECT
CGGCATCGUCARGCCGCAGTGEACTGECICECAGARCTCCATCATGGCCGARE TEETEARCGCEACGAACACCECG
GTCAGCGCARAGGTGCACGERATCGCCATCGCCETGETCGACAAGGACGCGTTCCEGEGECCEETCEACCAGGCTC
TCARCGCGEEEATACCEETGETCTCETACARCGCUGACEGASCCCHEEEECECECCERECACEARCCEECTERCOTA
TATCGGACAGGGCCTCTACEAGTCCEGETACGCECTREECCAGCEEGCETTGUAGETGCTESACTCCEGCEAGGTE
GCCGECCTTCATCGCCACCCCGGECGCGC TEGAACATCCAGCCGCGCATCGACGECGCECARCAGGCGTTCRAAGGALT
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CCGECARGCCEATCACGTTICACCGUGETCGCCACGRACGEOUGACGTGACACGCEGTCTETCCATCATCOACSCGTE
CECCCAGGEECACGCCARCC TEGLCGGCATGCTGGCGETGEALGCCEBATCEANGTCETCGETGERTCAGADCGTE
ARGAAGTACAACATGCGLGGCARGGEACTCAACETERLCGECEEETTEGACCTEATCOCERAGACEC TGACCGEGA
PCCAGERABEGCAGCCTCEACTACACCATCGACCAGCAGCCTTATCTGCAGGGATICCTGOCCETGUTGRCEOTETE
CTTCIACRAGGTCTCCOECEGRCTEATCECGCCEACTGAGACGAACACCEGECT G T G TICETCACCAAGGACAAL
GTCGCCCCETACCAGAGTACGARGAGCCGETACGAGEGCTCUACEACCGACAAGE T FCTICETACCToGLAGORGEE
CGATCGCCCATERATGACCEGATCTCEC TGCECCOECECARGCGLCTTCCUTCEAGGTCGAGCAACGCCETEECC
GETGECAGCCEETCACEECGELCEECLEEAAGETCCICGACGLCTTCOT GCGE0EE G TGAGECCAGCETGOTGET
CGTCGLGATCGECCTGATGATCTAC T T TCEEECETCCAGCIUGETC T CCTGAGCCRCGACAACCTRGTCARCATE
GCCCAGGCGACCRCGCCCOTCELGAT AT GGG TCCECATCETGU TGO TECTGETCAGCEGCEAGRTCEACCTET
CCETCEETATCETGECCRCECTGECECCETTCCTETTCCACTTCGEEATCARC T I CTACTCGCIGCCEETEETANG
CELCTTCETGETGECGCIGECEATCELEGLCEERATCGECCTGATEAACGEGCTEATCETCACGCAGCTEGCACGTE
CCCTCETTCOTGACGACGCTEEGCACE T T CTTCECCGTGCAGGRCATCC TGO TEATCACGTCRCAOGCO TATOCSEE
PGCCEATCCCCGACGCEEUCARGGECACGTTUCARALC TGECTUGECECCEGELCETEGRECCAGTATCACCTEGEE
GCTGATCATCGTCECGATC TTCCACALGGTGC TEACCCTGACCCHETEEGECCTECACALCATC TCGGTCRERGEE
ARCCCEETCEECGICACCEAGGCCGELATCCHCGCCTCCCECATCARGATCGRCAACTTCETGATCACCAGTRCEE
TGGGTGGGCTGGTCGGCATCATGGAGGCGTTCCGGATCAACACCATCGACCCGAACATCGGCGGCGGCACGACGCT
GRCCTICTACGCCATCTCGECEECEETCATLGECEECACCEOGLICECCEECEECTCCERCACCATCATOGECGCC
TICCTEGECECCCTCETECTEECCEAGC TGCAGARCHGETTCARCCTCATCGOUTACAGCGCCAACACCATCTICD
TCATCCTEGECCTGECCATCCICETCTCCATGATCGUCAALCAGTACC TCTCOOGAC PGCGCCGGRCAGRLOGEATC
ATGRCCGCGGARACCGTETCCGACGCGCTGUECGTACASARCATCGCCARGACATTCGECECT CTCACC GLGOTES
AGGRCGTIGACCCTGCECETCECCEARGECGAGE A CTEEECCTEATCEECAACARCGECECCRECALGTCGACEOT
CATCARARTCATCTGCEGEGTACCACCEECCERACECCGEELECAT LT ICGTCGRCEECEAGEACETCACOOTGORS
AGCGTCGRCCACGCCCGUTCGRTCEECATCEACGO G TCTATCAGEACC TEGCCCTGRTCAACEAGC TG TOCETCT
ACCACBACATGTTCCTCAACCGGGAGCTCETACGETGGCCECTOCIEARCARACCGEECEATGCECCECCGTECORA
GGAGCACCTGCGCGACATGEGAGTGAACCTGCCGGACGTCEGCRTCGAGGTGECCARGCTCTCCEGCEECCAGRGE
CAGGLGATCECGETEECCOECTECETCTACTCCGACGCCCECATCCTGC TR TEGALGAGCCOCTAGCCGCGATRS
BCGCGARGEAGEGECACGATCATCCICGACCTEATCCGCEACC TOALSGCGUGCGECAACGTETOGATCATCATCAT
CELGCACAACTACGUGCAGETGCTCRACETETGCEACUGEE T GAACCTGC T GCAGTACGGCCSGATCACCTTCGAD
ARGAGETCGEGCEEACALGTICGCT GECCGAACTGACCGAGCTGETEETCECCEAGTACCHCACCGBCCGCAEGCERT
GACGCCTCAGCECTTGCGGCCGRC I CCGUTETAC TEECTCECGCCEETCETCICETCECOREEETCEEGATEOCAD
TGCEGECTCGGLACGACGCCCGECEEGACCAGETCCAGTCCCTCEALGAAGCCGGCGATCTCETCOSGCATATG A
TCAGETAGEGCACCACACCEHAGGEAGT TG TAGGCETCCTGGECCTEET TEAGCECCTCOTCCCOGECHALGUGCAL
ACCGTCCTTGATCCACAGGETAGC TRCCEEGCGGCAGCCCEGCCATCAGL TGCCGGACGATETCECGEACCTOCERE
GTGCTEEEEATGTGECCEAGIACGLORTT GAGGATCAGCECCACCGEECGECCCATE TCRAGE TCECEEHOGRCRE
CCGCCAGGRTGTCCECCEET M CIGCAGUTCACCCTCGAGGTAGACGTCGRACGACCCGGUCAGCAGCTCACGGRD
GTECTCCACCGLBTACGEGTCCTTGTCEACCTAGAGHACCCEGECETCAGGEEOGACCCACTECECEATCTEE TG
GIGITETCERACECTEEECAGECCCECECCERCGTCEAGGAACTEECGCACGCOGELOTCOUCGECEAGGTAGCGCA
CGRCACGCGRIAGGTACCELCEEEACTCGUEGEGATCTCETCEATGCCGREGARACACGELACGETACTCETC G

GGCAGCGCEETCEACCEGEAGETTETCGETGCLGLCEAGCCAGTAGT TCCAGATGLGEGCUGACTGEEECACOGAG
GCGCCEEACTCCATAGTCACGEATCEATAGCCTAGCCCT TGCGCECCIGGET BECEACECCCTCGACCAAGTAGRS
CTGGECACAGGARGAACGCGATGATCATCGECACCETEETGATCACCECGCCEECCAGRACGATCTCOCAGCRGERC
TCECCCGLCTEECCEAACTGETCEAGGRTCGUCTTCATECCGCECEGELATGETCAACAGCGCCGGATCCCECAGAT
AGATCAGCGECTTGAGCAGGICGGACCAGCTEGCCCECAGCTCGARCACGARCGCCACGATCAGTGOLEGEURETA
CAGCGGCACCGOGATGCECCAGAACAGCCECCAGTACCLEECECLETCEACGURGECOGCOTCGAALAGCTCACEE
GGCACGCCGAGGARGARCTECCGGATCAGGARGATGTAGAAGGCGU TGCCGEAACAGGTTGCCEECCCAGAGCEGRA
CCTGECETGECEECCAGGUCEAGCTCGTTCCAGATCAGETACGTBGEGATCATGGTGACCGLECCGBGCAGCATCAT
CETGLCGACGACCAGGECEAACAACACGT TGCGUCCGEEGAAGCGEARGTAGRCARAGCOGARCGCCACRACTEEE
CTGGAGATCCTGACCECGECCELEEUGGCEAGTECCACCACEACGLTIGTTCARACA T CAGETCAGCACGEGCGOGE
COTCCCAGATEECEETGTAGTTCCCCEGCEECCACTCEGCGEEGAGLAGLUCGETTETCGAAGACGICEEEECEEES
CTTGAGGGAGGCGCTGACCAGCCAGACGRACGGETACACGRAGATCACCGCGECEECEGCCAGEGCEETCCAGARE
ACCCAGGEATECGGECCGELGCGAGETGLELGETEECATGGTCCTETCCTCAGCCACAGCCALGECCTCACTCECTC
TCGTAGTAGARCGAATCGCCGGLTGAGCCGEACCTECACGACCETGATGATCACGATEATCAGGAACAGCAGCCAGS
CCAGCGCCGRGGUGTACCCCATETGCAGGRACTGGAAGGCUTGCTGEAACAGETAGACCACATAGAACAGEGCGGEE
GTCETTECCETACCTCTGCTGRTTGOCACTGCCATAGARGCCEETETAGACCTCETCCAAGGTC TECAGCGAGGCG
ATCGTGTTGATGATCAGCGTCAAGAAGAGCGCGCCGCTEATCATCGECACGGTRACCECGCGERACCECGLCALE
CCGACGCGCCETCCATCICHEELGECC TCETAGAGGTUGCGEEGCACG T TCTGCAGCECCECCAGGTAGATGRTGALC
CGTGECTGCCEAGGCTCCAGGCECCEATCAGCACCAGGCCEGECT TEATCCALAGECCGTCEACECETCCAGTTCHGE
CCGICGATGCCGACCETGCCCAGCGCCTLGTICACGATGCCEACCTSGCCETTGARCAGCAGCAGGRACAGCACGC
CCACGGCCACCTTGEGEEGTGATCETUOGLAGETAGAAGATCGTGCAGAAGARCCCGELGGAGCGECACICEACCCG
GGCCAGCAGCATCGCCAGGECCAGGGACACGATCATGETGACCGGCACG TGLAGUGCCETETAGATCAGCGTETTG
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GCGATGCTCGTACGCACCCECEEETCEECERBCATCTGCCEGTARTICTCACCGCCGACGARGTCGETECTGETEL
GCACGTCETAGTCOGTGARCGACAGGACGAGGEUTGECCACCATCGECCCCGECATEAAGACCETGARGCCEATGAG
CCRACGGCGACABGARACCGAAGGCGECCAGGETCTCCCECOBCLGCACGGCEGCACTCATCGTCAGCETCCECTET
TGGCCTTETCCAGCGCEGCCTGRGCCTGCTECTEGECCTCRBCCATGECCTGGEIEGEETTIC TGO TGO TTCCAR
GACCCEETTGACCECETICIGCCAGGCGECCI T ERAT TCCTCANCEGCOEOEAGLGCCGECTCCGAGRAGOCEGAL
TCCTEEEICTECAGEACGATCTGCACGTTGGCET GGG T TTCACGACETCTC TGARGA T CAL TICETCEGECCTTCT
TGTTGCCGETETAGACEUCGGCEAAGGET TTGTTCTCCTTC I IGCECAGCTCEECACEEGLCC TCGLEHCGGCGAT
CCAGGTCTCECTCGCGETCATCHE TCTTGATCCAC TTACAGGCOTGECCCAGEETGLECGCTETTCECCGREATGECR
CRGGCETTECCCGTGATCCAGTCEATCGGCTECCCETCALGCLGUGERACEGLECCACGETCACCTTCACCTTCS
GCGAGTIGTCEECGAGCACGTTGAGGTAGAAGTCC TCCATCGGRARGECECCEAGCTEETTECTGECGARACTGETT
CTTGGCGCCEAAGAAGTCCCACHAGTCGUGRAACGACTTEAAGT T CGACCAGCCECCCTGCGCET TEATCAGGRCE
ACGGCETATTCGAGEECCTCGACCACCTTCGEET TETTCAGCTEGECGETGLEACCE TG PCGCTGACCAGERCES
CECCETTCGCELECEUCUARACEEECASGAACTLEGECAGC T ICGEETCGAACCCGATCCEOTERAGE PTG CGHn
GCTCATCCTEETIGAGCCEEECCETGGIGTOGACAGCGLCTECCAGTCOCOCETETCEAACCCEECEEGATC ARG
TTGACCTCGGCEARCGCGECGTCETTGAGUATCAGGACGCGETIGT T GTAGAAGTCCEBCAGGCCETACAGCTGOC
CGITCAGGETICECCTCGETGACCGCEECCTCECGGRACT GG ICATG P CEATCTTC TCCCATTCEACGLAGTCGNT
GAGCGGAGTGAGCECCTICTIGGLCGLETAGGTGCUGAGCAGCCECLGTTCCATGTACACCAGETCCGECEEGETC
CTGEAGGCCACCECEEACAGGARCGCCT GEELETCERAGCTGCUCT CEEACECCTTCGCCACGUTGGAOGTITAT L
CGECETTEGCLECETCOARACCEEETCTTGECGATCICETCGUCGETGLCGARACCCATCATEETCAGUGTCACLRE
GGCGITGCTEICEGAGTCCGAATCEGATCCGLCCACGCCACCGLAGCCCCCELCAATGTCAGARCCAGBGCACCE
CCCACCACAAACCGRATCGATCGEATGRACAT CGTTGT TCTCCCATTTTCACT TG T TCCOGTEEGCGAAGCATAALS
TTCACTICGATGCCCGUGLACTCEEAGCEGUTCCTETCARACLBCCGACCGETTGECEEATCACCACGATCGRGT RG
TGCEECCECTECCEEELUELGCTCCTECTCCCECCEOCACELEEETEEECABATACCEATCEGCGTCECTCTAATE
GATGGCAGGGRTACCGACGETGACACCETTHCCICCCGCCECTTCATCCCERACETAATCGLGEGATEOCGOCETS
GCCGCETTTCGTCEAAATCGCCGEGCTATTCGCCOGEGAAGTCCACCEGARRGGAAGACACACCATETO TG TUTCG
CCATCGAGARGTCCTGEARGGACETUGACCTCLGT BACGEEECEACCAGLCACCLGGLCRGCCTCGECTTCGRERA
GCTCACCTITCEAGGACCTTCGCGAGEACCGCACCATCTACGLCECCAGCAGCERCTGRETEIGCACCCTEACSATC
GAGTGCGEGCACCETSATCTGCGCCTECTGATCGACGATCGT TTCCGECCCEEEECEEECATCECCLGCLOCGEHCE
ATCCATTTCGCECGEEEAGCAGCCATGTCACCGETTCCTICACTCART TCCALC T CEETACGOGACAGCRCETATC
TGCRACGAARCGAACGGETGACCGEAGRAGACCABCCEECACCGECCECGLAGGCGLGEATAGCETCOTGRCECEATTC
GGCETTCCTCGACGACCEEETTCTCGACATCCGGCTACGTCARTGEGEAATCEACCETGCCACCTTCGRLCGECTE
CTCACCGACGACGACTTCACCETTCCCGECLGELIGCTCGCLTEERIEEACGAGCTGRCCACEGTECTGEOCALCE
ACACGRCACCGGTCACCGEACTCGACT PG TCCACCARACTETGETCACAGGGAT TCGACCGECTECTCTITCGBCCGR
CCTECTTCACCCGTTICCTCGCCCACTACGAACAGCGECT GCACGAGCGCETGCCCCGECCEATCGCCGECAGCOTS
CECCGECCGCTGCTRGAGTCGC TGEUCAACCEECTECTCGCCGTCECGGCACGCACCUTECTECTERAGCTCLACSE
TGGCCCETETGCACGEGCEELTEACCGGCGACACCCCGCAGCAGCECTACGACGACTACCGACLGRCERLTGUTIAC
CGACCCCGLCTACCTGGCCEECCTCTTCGAGGRATACCCEETGLTCEGCLETTGCCTEGTCGAATCCEGCCGGOET
TGGLTEEACCACGCLGCCEAGCIGTICAACCGGCTCCACGACGACEAGCCLGARLTECGCECEECCEGTLTGLTGE
CGCCETCGGUGRBAGCGCTGCELAGCETACGELTGEACCTUGGEGACCCGCACAACGECGECCAETCEETEETE A
GCTGACCTTCOACGACGGCACCEACCTGETCTACBAGCCEOGECCEETCOEATCCGAAC GCOCCTACGICHREALG
ATGGCCECECTEECCCECCACGGECTECCEGTGCCEETGACCEUCCLGCEUBTECTGCACCETEGLEEGCACEEST
GGETGCGAGTTCETCCEGCCCECGCCCTGCELCGACECCGCCEAGCTGTCCCECITCTACCGECECECCEEATCGGT
GCTGECGECCATGUTGCIGCTCGETGECETCEACATGCACATGGAGAACGTCATCGCCECEEGETCETCGTTCACT
CCEATCGACCTGGAGACCETECTECAGTCLGEAGAGCTCGRCEACGECGCCACCEACGCOTACGGGELEGEECTTCG
ACCTGCTCAACCGCAGCETECTEECCATCGGCATCCTGCCCGCCCEGCETICGETGECIEGCAGCEARRERACTCT
CORCETCAGCELCCTCGELHEECEECEARCOECAGACCELELCCCGECCEETECCACGCATCETCEACGCETACACT
GACACGGCACEECTGGAAGCGETCGAGGCCACCATGECCGECGCCCAGAACCHGCCEAGCCTBLOCHROGCLRAGE
TCCECCCEIGEEAGCACACCGCTGALGTGETUGLUGEET TCACCEACGCCTACGACATCATECTGGCCCACCGLEE
CGACTTCGACCEECTECTECECEECTTCCACGACETEGCAGETGCELTACCTECCLCOGECCCACCCRTCETTACAGT
ATCTICCTGACCGAGAGCTACCACCCCEACTACCPGCGCGACGCCAGCGACCEGGACTEECTGC TCRACAAGE TG
GGACCECCGLGGACGCCCECCCCEAGCTEATTCCGATCATCGASTCCEAGRAGCGACAALPGCTCECCEETGACAT
COGTGCTTCCECAGCETCECEGEAAGCUGECAGATCCGCACLECLTCCERCCCECT GCACCOEGAGTTCTTCACC
GCECCHEGCOGTCACCGTACTGACCCGCCEGLTCEGLBAG TTCGEACCGGTECACCGCGCCECCCAGGTACECATCA
TCCGCEACTCEATBECCACGATGCCCEECCCCUGECCECCECCCAGUCETOCCCCCALLRGECGACHEGLCICCE
GCCCCGCETCACCEGLECCGACCUGELCACGCTRGLCGACCECATCGCCCECAGGCTCHCCEACGAGGLGATOCTC
GGCGACCGCOGACGETGTCCTGGATCGGCGETCAGCATCGRAGGCGTCGCCCAGGAGACCTACAGCTACARGCCGATGE
CGACCGECCTETACGACGECETEECLGECCTGECGUTCACCTTCECGTACGUGECCCGCACCOTCRGLGACHACCS
CTACCTGGACCTGGCACACCGAGCGGCCCGCCCCETCGCTEECTACCTECCGCTACCTUGCCGAGCACCGCATOGTE
GRAGRACCGTUGGCECCTACAGCGGECACCGELCGGGLTGCTCTACGCCCTGGACCACETGGCCCACGCCACCEGCGACE
ACTCCTACCTCGACGCEETCTCGEAGECEGIGCUGPGGCTECECEARTGCECCACCUGIGAGEAGTGCCCCEACTYT
GATCGCCGGECTGECCEECTGCECCCTGATCAGCCTEGACCTECACGEGLECCACCEGATCEACEEECTGCGCEAR
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GTGGCGGCCATCTGCGCCGAACGGCTCGCCGCCCTCGCCGTCGACGTCGACGGCGCCGCCGGATGGCCGGCCACTC
CGGACGGACCGCTGCTCGGCGGGTTCTCCCACGGCGCGGCCGGCATCGCCTGGCCGCTGCACCGGCTCGCCACCGA
ACTCGGCGACCCCTCGCTGCGCGAGCTCGCCCGCCGCGCGGTCCAGTTCGACCGCGACCTGTACGTGCCCGCCGCG
GGCGCCTGGCGTGACCTGCGCCCGGAGATGGCCGGCACCGACTCCTACCCCGCGCTGTGGTGCCACGGGGCCGCCG
GCATCGGCCTGTCCCGGCTGCTCATCGCGCAGCACGACCAGGACRCGCGACTGGCCGCGGAGGCCACCGCCGCCCT
CGACCTGG?CGGCGCGCACGGCTTCGGCCACAACCACAGCATCTGCCACGGCGACTTCGGCGCCCTCGCCCTGTTC
GACCTGGCGGCACGAACCGGCTTCGACCCCGGGCGCCACGACGCGGCCGCCGCGGCCGTGACCGCCGACATCGCCG
CCAACGGAGCCCGTTGTGGCCTGGTCGGCGACATCCACATGCCGGGACTCATGCTCGGCGCCGCCGGCATCTGCCT
GAGCCTGCTGCGCATCGCCCACCCCGCGCAGGTGCCCGCGGTGGCCTGGCTGCAGCCGCCGCTGACCTGAGGAGGA
GCCCATGCCGGAAGAGATCGTGCTCAGCGTGCTGGACCAGGTGCCGGTGTTCCGTGACGGCAGCCCGGCGGAGGCG
GTGCGCGACGCGGTCGCGCTGGCCCGCAGCGCCGAACAGTACGGCTACCACCGCTTCTGGATCGCCGAGCACCACG
GCAGCGCGGCCAACGCGTGCGCCGCCCCCGAGGTGGTGACGGCCGCGGTGGCCGCCGCCACGAGCCGGATCCGGGT
GGGCAGCGGCGGCGTGCTGCTGCCGCACTACAGCCCGCTGAAGGTGGCCGAGACGTTCCGGGTGCTGGCGGCGCTG
TATCCGGGCCGCATCGACCTCGGTTTCGGCCGGGCTCCTGGTGGGCCGCCGGCGATGGCCGAGCTGCTCAACCCGT
ACGCGGTCCGCACCGACGAGGCGTTCCTGGAGCAGATCGGCCGGCTGCTGGGGTTCCTCGGCGACACCCGTACGGT
CAGCCGCGTGTCGGTGﬂCGCCGCAGGTGGAAGAGCCCCCGGTGCCGTGGATGCTCGGCGCCGGGACCGGCAGCGCC
CGGATGGCCGGCATGCTGGGGTTGCCGTTCTGTTTCGCCCAGTTCATCGCGACCGAGGAGTGCCCGGAGGCGATCG
AGGCGTACCGGGATGCGTTCCGGCCGTCGCCCTGGCTGGAGCGACCCCAGCCGATGCTCGCCTTGCGGGTGCTGTG
CGCCGACTCGGACGCGGAGGCCGAGGAACTGGCCACGTGTTTCTGGATGTCGTGCACGACCGGCTGGCGTGCGCAG
GTGCAGCTCACCGACGACTACGGTGGGGGCGCGCCCAATCTCGACGACGCACGCCGGTACCGGCTGACCGCGGAGG
ACCTCGCGCTGCGGGAGAGCCGGCCGTTCCTGCAGATCTCCGGGACGCCGGCCGCGGTGGGCAAGGAGATCCGCAG
GTTGCAGGCGGTGTACGGGGTATCCGAGGTGGTGCTCACCACGAACTGCCCCGGCCTGCCGGCGCGGCGCCGCTCC
TACGAACTGCTCGCCGGCGAGTTCGCATCCCCGGCGGCCTGACGGCCTCAGGTCCGCGGTAGCTCCGCGTAGGTCC
CGCGCAAEGCCGCGGACCTGACGGCCGTCAGGACAGGCAGACGTCGTCGCTGGACAGACCCGACGCATACGCCAGG
ACGGCGGGCTGCACGCGGTTGGCCACGCCGAGCTTGCTCAGGATCACGCTGACGTGCTCCTTCACCGTGGCGGCGC
TGAGGAACAGCTGCCGGCTGATCTCCGCGTTCGTGAGGCCGGCGCCGAGCAGGCGCAGAATGCTCTGCTCCCGGTC
GGACAGCTGTTTGACCCGCTCGCAGGCCGGTGACCCGGCCCCCGCGGCAGATCCCCGTGAGCCCGCACGCACGACC
ACCGACGACGCCTCGGGCGCCAGCACGATGCTGCCCTCGGCCAGCGCCCGCACGGCGGCGACCAGCTGTTCGGGCT
GGCTGTCGCGCAACAGGAAGCCGCAGGCCCCACCCCGCAGCGAGTCGAGCACCAGCTCGGGTGGGGCGAGAGTGGT
CAGCATCGCGRTCGCCGGCGGGCTGCTCAGAGCCCGCAGCTGRTCGAGCACCTCCAGCCCGTCGCTCTGGGCACTG
TGGCCGTCGAGCAGCACCACGGCAGGCCGGTGCTGCTCGACGGCCGATCTCAGGTTCTCCCGGTCCGTCGTGGCGA
CCGCGAAGCCGCCGGTGCTCTCCAGGATCATCTTGATGCCGATGCTGACCAGTGCTTCGCCGTCCACGACCAGTAC
GTCCGTCACGATCGGTCCCCCGCGAGCCGCCGAACGCATGCAACTTGCRTCCGCATTCGTGACATTACTTCACTTA
TATGGTCGAATCAATCGATTTTTCGCGTATAGTCATTAACAACACACAGCGCGTCGTCAGCGGGTCAGACCCTCGG
CCGGGGCGACCCGCGCCGCCCGCCGCGCCGGCGCCAGACTGGCCACCACCCCGGTCAGCACCGCCACCACCAGCAC
GGCGGCCAGCTGGCCCCACGGCAGGCGGATCACCGGATCGGCGGTACGCCCCACGGCCGCCGCCACCGCGGCCAGC
CCCACCGGGACACCSACCACGAGGCCGGCCQCCGTGCCGAGCAGCGTGATCACGACCGCCTCGACCGCGAGCATCG
CCCGCAGCCGCGCCCGGCGTGTGCCCAGCGCCCGCRACAGCGCCATCTCGCGTACCCGCTCGACGACCGACAGGCC
CAGCAGATTCGCGATGCCGAGCAGTGCGATCACCACCGTGACCGCCAGCATCGCCAGCGACAGTCCCAACAGGATC
GACAGCACGTTCGCGATGTCACCGCCCTCGGTGACCCCGCCACCGRCCTGCACCAGCGCGTCGCGGGCGGCCACCG
CGCCGACGGCGGCCGACAGCGCCTCCCGGTCGAAGCCGGGGTCAGCGACGCCCCACACCGTTGTCGGCACCGCCTC
GATCCGGT?CGCCGCCAGGGTCCGCGCGCTCACCACGCCCRGCAGCTGCCCGGTGGTGTCCGCCAGCCGCGACGCC
CGGGCGATCAGGTTCACCCGGCGCTCGCCGACCTCGACGACGETCGGGGCGCTGTCCGGCAGGCCCAGCTCGGCCA
GATAGGTCGCCGGCACCAGCACCACCGGCTCCCCGGCGAGCTCCGGTGCCACCCGGGCCGCCAGTTCGTCGCCGGG
CGCGGCCAGCAGCCGCGGCGTCGCCTTGCCGCCGTCCGGGAAACGGGCCGCGACCGTGCCGACCGTGCCACTGGCC
GACAGCTGTGECACCECGGCGAAGECCCCEECEETEECACCGE TRATCEGCTCECCETCGETECGCAGGTCCGOCE
CCACCEEGTAGCGCECCTCCAGGTCAECETICACCETERCCCECCOGCTEETCE0CEUCACCACCAGECAGETEAT
CAGCGCCGCGCCGACCACCACCGCCATCGCCGCCGAAGCCGTCCGGCGCGCGTTCTGGCTCAGGCTGGTCCCGGCC
AGGCCGELEECCACGCUGAARCGLTCCAGCARCCEUGCCGLCEGLGLCAGECACALCGEGATCAGCNGCARCAACS
CCGUCAGCAACCCCGCLGLCAGCAGAAGCCCGCCCAGCAGCECCAGGEGEAGIEACGCECCGATCGRCGCCACCEE
CRECECGECEGCGCCCACCACGEICACCACGETGCCCACGACGAGCCEGCEACCELCECAGALCETRCOGRECOARE
GECTCETCEGCCECUTRCAACGCCLBCACCEGGLCEATCOTEGTEGCACGOCEEECCAECECCTAGGCEREOCACHA
GCGTEGCCAGCACCCUGEOCAGCACACAGCCEECCAGEACGARCEEAT I EACCCECAGCCOGCCGCLGOTEATETC
CAGCAGGTCEGCGCCEAGATARCCCAGCCOCACACCCRUCGLCALGCCGACCAGBCCGCCEECTETTCCEGORATE
GCCECCTCEECCAGUACEACCCEECTCACCTGEGCACEATGACCELCEACCAGCCGCAGTAGEGCRATOTECCLEA
TCCGUTGGACEATCACCACGTGGAAGETGTTCGCGATGACCAGCACCECCEOGAGCAGEECEACABCCGCGAACGE
CAGCATGATCACEACCAGCTEGCCGTTGCCGCCEELERACC TCECGGCGEGCCTEATCCECAGCCECCGAGECETCS
ETCECCEAGATECCEGEECCCATECTGCEUCELAALGCETCARCGETECCEETCAGIERGECETCEICEENaEACAS
TCAGCAGCECEECCEECEECACETCACCEECERARGAACGACGCGTCEGCETAGAACCECAAGT CCCAGCOGETOAG
CGECCGEARACCCAGETUGHLGECACCEGTCACGEIGACCEECTEUGGCGCOGCCTCACCETGEOGTACCSTCRAE
GTGGCCCCEACGTCEATGCCGAGGTCETCAGGGE TG G0 TGETCOGCRACGAGCTETCCEGGECUEETGEGRCALE
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CGCCCCGETCCARGETGAACCAGCGEACCTGCEGEETGRCLGCGATGCTCTGCACETTEGCCGAGCCECECLGOGR
TCCGCCEAACARCGCTGACCETGCECECETACTGCGLETCCRLCGAGCGRACCCCCGGCACCGLGGLCELEEICTCS
TACCAGGCCEGGTUGCEEACCETGTCETCEECETCBAGCACGATGTCGGCEET CETCAACGELGLAGLGHLGETAL
GCCECAGECCCTCACCCGAGET GGCCECGRAGETCECGGTCECEECIAGGARACCAEGTCECCAGCATCACCELLGT
GACGATCGCGRACAGCCGGGCCEEETAGGLGCGLAGCT GGGACCAGGCAAGCGCGRASATCATCETCACACCGCCA
CCGACGCLCATCELCGUEAGBATCTGATCGCEECCEEEAC TGCGLAGT TCCTCACGEATCCEECCETCHGECCATCAC
CAGGACCCGCETCGECGTACGTCELGECECLCEEATCETGGETGACCATGRATGATCGTCTGGCLGEAGCGGCETELC
GCGTCGCGECAGCCCGLCCAGCAGCGCECGECOGRTGECGATGTICCAGCECECCGETCBGUTCETCAGUGALGALCR
CCGACGGCTTGGUCAGUAGLACCUGUGCCACCGLCACCCECTEU TG T GGLCGLCEGACAGC TCEGACGEACGATE
CCCCRGCCEETCOETGATCTGCAGSTGRATCOGTEATCT TCCECAGCTCECLLGGATCCACCOGGELEGLCGGLGAGT
CETAGCGGCAGCACGATGTTCTGCTCCECLETCAGCETCGGCAGCAGGTTGARACGCCTGGARGRCGRAGCCGATCC
GETCECGGLECAGETCGETCAGEECCCEETCETCCAGACCEGOCEATGACCECCCEECLAGRLTGRECETGLCCEE
CGTCGETETETCCRATCCGECCAGTAGATGCATCAGLGTCETCTTCCCGEARCCEEACGGECCCATGATCECGETG
AACTGGCCOGCEEAGAAGCCCECEGEACACCCCETCEACGECTETCACGGCAGCUGRECCCTETTCCETACGTLTTGE
TGACGTCCCEGCARCTCACCATC TCEGCETETCTCEICTGCETITGTLACCECACCLACGCTAGRAATCCGLECERA
CCGGCACATCCCACCACGGGATCCCGETCEEECEETEGACCGATACCTTCETATGACCCGCCEETATCGACCTCGSE
GCGCCGTGTTCCCECAATCGATGATGICTGC T TAGGU T GEGACCETEETGCGAGGGRACCGGETGCTCAGGRTOGA
CGLCCTCRICELCECCGCERTGEPCATCEECTGTCTECTCCTCEEECTCGUCGEECTETCCEAGTGETACTGGTCG
GUCGCEETEECLGTACCGTIGCTPCTCORGLGCAGCECTCLBLGCTECTTCCTGECGCTGETCELLGECETCTILS
GCCTGCACCIGCTGECCTCGCACAGCTTCATGTTCCCCGGCGATCTEGTCECTCTEETCECEGTECALGCCGIUGT
GECGELACGCGCUGGGLUGTEUCCECCACGUCGEALTGCTGCICGGLGCCELCEGAGCTCTCATEETGGCUGCCCAG
GCCCTGECAGGACCAGCGCCTCGELTCEGLGCTGCCCECEETGCTGATCGTUGCGAGCACGATGECCECCTEETCGR
TCERGCTECATGCAGCGCCAGCAGCGCAGCGCCETGLICGALGCCGAGCACTECCGCCGGUTEGLCGRACAGGALAG
CECCATGUGCGUGCAGUTGECCETCCACCGAGGAGCECACCCGEATCAGCCAGGAGATGCACGACATCATCGCLCAC
TCECTGGCCTCEATCATCGLCCAGGCCEAAGECEEUCEEGTCGCCECCCECGLCEACGCECEEATCEGCCGERCCEE
TGTTCGACCGGATCGCGGGCCTCGECCETCAAGCCCICACCGACGTGAARCEGCTGCICACCETCETGGACCACTA
CGACGAATGOCACCGACGACGBACTGGAGCGECTECLEETGCTGCTCGCCGRACTCACCGAGGLLGGECTGGACETE
ACCGTGGACABCAGUGEEGCECCHCAGLCECTCGCCGUCGECATGGACCTCGCCE TG TACCGGETGATCCAGGAGT
CGCTGACCAACCETGCTCAAGCACGCECOGECGLECCGEGLCTGCCTGLEEATGUGETERACGTCCGCECTECT AL
GETCACGGTGAGCAGCCCBCTTCCCEETGECCECGELECCEECCTEETCGAGGGELELEELITGTUCGEGATCCGES
CAGCGUTGLTCACTGITCARCEGCEACTGLACCGTCACCGCCACCACGGARLTCACCCTCACCACCRCCTGGCCCC
TCACCCCGGAAGGAGCOCGCECATGACCCGECCACCCATCGCCETGCTGATCGCCCACGATCAGEAGC GG TACES
ACCGATTTCECGATEETCETCEACCCGECECCEGACATECEEETCETGELCATCEUCELGAGCGRCOCEGAGECGA
TCGRGCTGECCECOGAACACCEECCERACEICATCCTGATEGACATCCECATGCCGEGCACCCACGEGATCACCGT
GACCAGCGLGATCCTGECLGCOGGCEECEAGCEECCACCEARGATCATCGCGCTGACGACCTACGRACAGCAGLGRL
PACGCGARACGCHGEATCCTCACCELCEGEGCCAGCEHCTAT CTCCTGAAGGACCCEACCECCEAGLEECLTEAL GECEG
COGATCCGCAGUGLETACCACGELGEETCEETCATCEGCCCCGACGACGACCEEGAALCTEETCGCEGCCCEUGLLGA
GUCACCGECCOCCEGCTCGCGACCCGELELCECTEGACACETTCACCGCCCGREAACGUGACETET'ICGACC TGATC
GTGGECEGHECECCAACAACGCHEGAGATUGUGGCCCEECTGTACCTGECCCAGCTEACEETGARGACECACGTCEGET
GEETGCTEECCARGCTCEGGGTACGCEACCGECTCAACGTAGTCGTCTGEECETACCGCARCGECECTIGTCEECTE
ATCCGCACCCTCAGGCCCTTCGACRCCETGCCACGETGGCACGETETCATACACCCGEETCECTTTCGCCTCACACTS
CIGETGEICCEETCAGTTCCTGGETACGCUGGCGUGATCACAACGTC T TCGTCAACGCGITCAACATGCTCATATE
CGECCTCATCECCEECETCETLETGCLCECTGLCECETTCCCETTCGCCGCEATETCCEECCTEGCCGCCARGELL
GECCAGCAGARCGTTCGCGAGCCTGCCCAGCGAGCTGARAGGCOTTCCECTCACCGCAGATCAGCCEEATCTACGECCE
CCCACARCAGGACCCAGGTCECCCAGTTCTACGACEAGTTCCGCAGTGACGTCCCAUTCAAGGAGATETICECOGTT
CATGCGCBACGCCATGETCECAGLCGAGEACCGECAGT TCTACCAGCACCACGECGTGEACCTRARAGGCGLGELS
CETGCGLTEETCAACAACCGCARCGEUGGECACARACAGGECGCETCGACSRATCACCATCCAGTEEETACGEATCT
CGCTGEGCCTACTCGELGACCAABCCGCAGGACGTCATCBACGCCACCEAGGACGCCCCEARGCECRAGETCGUCGA
GATGARGTACGCOECTCEAGETGGAGARGCAGCTCAGCAAGGACCAGATCCIGGAGCEGETACUTEARCATCGTGCLG
TTCEGCALGCAGACCTACCECATOTACGCEGCCAGCCEGETCTACTTCARCRAGARGCCCAAGGACCTCACGATCG
GCGAGECCELECTEUTEGCCECCATCETGAAGGCECCETCCECE TACGACCCCACCEACCCEGACGETTACGAGLT
CATCCGECAGCGHECEGCAACGCLTATETCATCCOGEGUAT GETGEAGATGEGCECCATCACCCERECECAGGTCIGAC
GCGGCGCICARGEAGGICATCCCGUGCAAGGTACGCCCCATGAGCAACEECIGLETGTCGETGECCARGAACAALT
GEEECTTCTTCTIGCGACTACTTCTACCGL TG T GEATGEAGCGCRARAGEAGT TCGEGCLCACGCLGTACGALCGEEA
GUGCCEECTGARGAGUGGUGECTACCEEATCACCACGACACTCGACGTCAASGCGCAGAAGCAGGCCCEEGATCGE
APCGGCGACCTEATCICCEAGARGRACAAGEACGCECTGCTECTEGCAGCCGTCBAGCCLGRCACCEGUAAGGTIAC
GCATGCTCGCCEUCARCCGUCEETACARGCTGGACGATCCGGATGATCCGCAGRACGCGATCTCCTCCGACCCGAG
AAAGGCECGLARGEGCATCCOTEHCTCGTACCCRARCACGACGRAATCCCCTGCTGACCEECEGCGGCGACATCACT
GECTACCAGECCEEUTCGETGATCGAAGATGTTCACCATCGTCGCCECGUTGGAGCAGEGCTACCCGUTCGCCTACA
CGATCAGGACGCAGAGCCEGETACCECICCCGCTACATCATCGAGAGCAGCAACCACECEECCTEGLCCCGGRACGCA
CTICTIGETGTCCCAGCAACGCCEETGELEECEELEAGEGETETCT TCAACATETGERCCEECCTEEECAGETCGATLC
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ARCACGTACTICETGCCECIGEAGGARCGCETCGECELERACAAGGTGE TCAGCECCGCEARALBCT TCGECATCD
AGTTCCGEGACCCEEACGACGCACTGCTGECCEAACCCEGCAACGCACACCAGTGEGELECCTICACCOTEEGCEYT
CTCGECCACCACCCCGCTGEACATGGCCAACGUCTACGCCACCUTEGCCECCOACEEGATETACTEOCCGOCGACT
CCERTCGAGCGEATCECCACCCETGACEECGACCAGLTGRACGTLGRCCEETCCLCG TGUETACGEGCEACCECCR
AGGACGICGCCCECECCRLLCTCEACECGECCLGCTECCCEETEGECEACTCCGCECAGL TCRRLCEETECGEGES
ARGCACCGCCGGCATCACCCGETCGRT GETCEEECATCCOETG TTCGECAAGACCEECACCACCEACCBLEACTEE
BCCGLCTCECTEATCGCCEGCACCACCGLECTGETGETCGCCEGTIACTTEGTCAACCCCGAC TACCAGRACCALS
GCEACCELCTCEACCACGACCAGETCAACCCEECCGTCTACCGUACGCTCGLCHEACTACAT GEAGEGLAGECCACE
GGAGTCGTTCARGTGGCCETCGAGCGEGCEGATCGCETTCGETEACCAGCGCTCGAT CCCGEACGTCGAGTECGAL
CCGATGCCCOGCECCCECEACCATCTOGAGEATGCOGECTTUGALCGTCTGECEAGECCAGEAAGTGCALTCGGACT
GTCCCECEECLACCEUEGUCGGECACCERGCOEAGCEECCEEACCETCAAGRRCGELETRETGETGETCCAGETOAS
CRAGGGCCGCCEGEELEOGTCACCECUGATCTTCCCECCGATCEEGCCACTCLGUT GACCGGL TGACGECETAGAL
GTCECCEELETTCGUCTCE TGCGELAGCCCGECCABGTGCEIGAGCATC PCHTCGLEEECEECCCACCERCCGRAR
GTGCEEECCATIGETCTICGCCCAGGEAGRCGTCEGARGCCATCEARGCCCAGCTCGCCEEUACGETCEAGGUAGCECC
GGGCCACETCCOGEECEATCEICETGARC TCGAACGACRACGCCCGEACACCEIGEC TLAGACCEECEAGTACTED
GTCCICGTACCCTTCGACGTCEATC T TEATGAAGGCCEGCAGGCUGARTCGCTGRACGAGLETETCCAGGRTGRCD
GCAGGGACGEIGATCTGCTEETCCCAGRCCTCSTTCTCCCAGCLGCGLEABCIGETLGTCHECGETCAGRAAGCECA
CCGAETTCETGEAGACCETCGGETTCGCCEAGTTEATET AGAGCEGCACGCTCCOGCCEGCEEECOCECACGLEET
CTCGACGAGCGTCACCCEETCETCETGEGCETAGAGCECGUGCAGCECICGCATGCACAGUGECTGCEETTCGALE
GCGACCACGCGEGLECLGAGUCGUCEEAAGCAGGCEACLCEETCACCGACATHCGUGCCGATETCCAAGALGACET
CACCCGGCCEEACGARACGCCGETACATCECGICCATCGCGRCCTCCCEECCEECETCACCETASTAGTAACGCAG
CEACCGGLICABCHEGCGCCATOECCGGETCGACTCTCAGTITECGCAGE TCATCGETCACGGLGEEGECATTCCCS
CGATCAGGCGATCCATGCATCECCEGCGCETGCGCAGETAGGCRGCGATCGCLCGEGCHGRACGCACGCICGAGRT
GGTCATGACGTITCTCGCECEECEECCEGEACGETCACCHACACGCCGCCEETCATCGCCECCACCTLBECACEULAG
CGCAGCGECGLCACCGEATCAAGCGACCCGLLGAGCACCAGURGEGETACGGECAACCEGCECAGATCCTCCTCRA
TCECETTGCETACCEAGTGECCEACCETGGCCAGARCCUGCCACGEC TIGGCETCEGCGATETCGLEEACTAGCAC
CEECECCTECCACGECECCTCEATCCACABETCCACCEUCCACCEECCEATIAGCELCCGLCEEGACLGEELCECT
GGETCGGTEETCEEOECTEGCCAGCACGACGACGGCEACCAGRTICGECCGCAGCACCECGAGRCGEECCECCALTT
CGGLGCCGAACEAGTGUCCEECEATGCAGGCCCEEGEECACGCCEAGCACGTCCAGTCAGGCCGCGAGHTETTCGEC
GTGCCGECLCACHFTCETACGLEUGEIGLGEUTTETLGCTGRACCCERACCCGEGRAGGTCCGRAACGAGGACCEEA
TGECEECCCECCAGCGCETEEECEETCGGCATCAGGTAGCGEIGCEAGACGGCEASCCCGTETACCABCALCACCE
GAAGGCCHCCGGLETGECACGCETEGLCECTCETGCETACGCACTCCACCGACCUGTCACCAGGCGGCTGTCEAATIG
GGGCACCGCGEABATGTACCCCETCCT TCCECARTCTTIICCOGCEUGETTAGTTTCGAGTTGTSTCECOGCCCTTC
CGECICGACGAGECGETCECCEACGTCTACGGCGACCTGCGCCTEGCGLCET GO TGCEECERUTGCTECGGCALA
GCGGCCELCTGACCGECTLBETGECCGHEAGUETETIGUTGATC GACGCEEACCEUGGCTECTACGTCARGELCGS
CGAGTACGGCCLGARCTGCCAGCTCGGACGCTCTTTCCCGCTCGACGAGEECECCACCGELCRCECITTCSGCARS
CGCCEECCCETGETGATCCCGGACTACGETCAGCTECEGGCCEETCATCTCGUGGCEGCECATCCGETACGGAAGS
GCCCEECCETCGLTGIGCCEATCTGETGGCACEECEACETGATCGCGETEAALCTCGCCTTCGCGCCEECCTICTC
CCTGEETCGTGTCEACGBACTCGAGGCGCTGACCCAGTCCGLGGECOGCCGUGATCETCUGLAGCOGEEETETECER
GTCCECGLCEACCCECCETACGCERCTCCGECOGCACCETTCACCCOGUECEAGECCEAGEICCTCGRTCTEUTLC
GGCAGGETCTGACCEACCECEAGATEGICCECCEECTCEECCTETCCGUEARGACCETGGAGAACCACETCGGCGEC
GATCAGGCECAAGACCGGCGACCTCCARCCGTACGGUGECEETCETCACGECCCTGEACRACGACTGGETGHGGAAT
CITCCCCATACCGCBGAGCACACCACCGEETCTTGACTSECEECATGCCCETUSTICTCCATGRAGGRCATCCTCGA
CCGTGCECTEECCEAGCEETRCGETETEGCCECCITCAACATCETICARCGACCTGACCETCGAGGCCETELTCGECC
GCCGUGGCEEAGGRACGCECCCCGEGTTATCCTECAGACCTCGETCEACGACGETTCEGAT GTACGBCLGCICCCEET
TCETACGAGATCGTCCACGCCTECGCCCACGACGLECCCETCCCEGTGACCCTGCACCTGGACCACTGCCCCGAGLG
GTCGETCATCTICCGACTGCCTCGCCEECGGCTGEAACTCCETGCIC I TCGACGUGCACGAGCTCGACSTGGCCEAC
ABRCCTGCGCCAGACCACCEAGETGETGECCEAGGLCCETCECECCEGCECCCACGTICGAGEGLGAGATCGAGGECA
TCCAGGGTGTCGAGGACGACETCGGCARCGACTACGCCCCHATCETGCAGAGCCTGEAGETGECGETCEGACTTCAT
CAARCGCACCGGCCTCGACTETTTCECECCGECCATCEGCAACGUECACGGCOAGTACARGCAGGCEUCTETECTC
AACRCCLGCCEGGTUAGCEACCTCETTGCEECCACCEEGCATCCCCGATGELCCTGCACGGCEGCACCEGLCTICTLLG
ACGRGCAGTTCACCEACCTCATCGCCCETGECTGCGCERAGGTCAACATCTCCACEGCGCTCAAGGACTCETTCAT
GARRTCCGGCCTEGAGTICUTGCRCEAGGLCGATGAGIGCUGGCARATGEEATCCGLCGTCECTGTICCGGCATOAG
COGECHECGETCETAGAGRTGECCCEEUAGCACATOCGEL TCTTEEGCECAT CEGEGCELGCETEETEARLGCCLT
GETCTTCGACTECGACGGCETECTEGCCEACACCERACGELRCGECCACCTECCCECCTTCARCECCACGTTCGAG
CAGTTCGEECTGCCCETLGLGGETGERAGCCAGGAGEARTACGECGACAAGITECOCATCGGLGGLGGLAAGGAGTGGA
IGECETCECTGTTCECCEATCCCGCCT ICGLCGLEGEIGELINGELEACACCEALCETACGERACTGCTECEARCCTG
GCACCGCGCCAAGACCGOGGCTTICACGRAGCTGGTCGCCRRAGGECCEEATTCCEGCCATCCGEECACAGLICGSE
ATCATCAGCGAGGCACTCCGEECAGGATGEACGETCECEETCECTICCACETCOGCCGAGRATTCEETACGCGCAS
TECTCETCARCGCCGTGEEAGCGACGACTGCCGAGLGGATCCUGETETTCECCEEAGACSTOATGCOCGCBARGAR
ACCCGEACCCGHLGATC
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SEQ ID NO:I01 orfl Hypothetical protein Il46aa
MPRRSTRCSPACRPGAADQPDPGRACRPDCGRADRSGSGRACREDCGRAD
REGADRPSAAALVSGHPRRTGVGEAPGRLIEARAVLPEL T GAARDRRASC
VEQRVRSLUACRACACRRARAPARPRIPPRESAAPAPGEDAGGREG

SEQ ID NO:102 orf? Hypothetical protein I49aa
VEVSLLLVPLAMAGARAVOARAGRMDDGRLI COVQTRMRDVTLLDAR LRD
TGATVTARGDT LS ATWIQSAATF TRGADGIWARHVTGVDOPGAVELMTTYV
DTAYGRRVOOAVLERLRAQAPEAGLRLESESVGECDASVRIVFEVERERE

SEQ ID NO:103 orfl ATPase AAA invelved in cell division

518za
VERSFARETFAQLLEARFPVIALETYEBQORALHHLAGIAGDADLVRVERAV
WTWSLTAGLVQPNGEARSGAQRATDALRAVQRlDEPAVFVFRDLHPLFAQ
SPEVVRLVRDIRQAFRAGRIPRILVLLSPVLDLPVELSKOVTIVDERPLEG
QLELRALLDAMVRGNTASGRLRVELDEQSRERFVTAAAGLTMQEAENAEA
RAMVNDAVLDLADLEIVHEEKRQTVRKSGVLEFMAAGTVLDDVGGLENLK
AWLVERNGSWLDERAGYGLPAPREVL I TCVPECGKSLTARAVATANNLEY,
LRFDIGRVESGLVGSSEHNMRIALRTAEAVAPCVILWVDE TREGFAGETGGE
DEGTGARVEGTFLTWMOEKRT PVIV I ATANDFDGLPPELLREKGRFDETE Y
VDLPSREERVAVHRVHLGRALRHERAAGELRVDAELLTELAGLTEGY SGA
EIEQAVIACLFDAFSERRPLRRODLVRAVMS IVPLSVTQARRVDALRGWA
RNRAVSATGTDDWDLTNR

SEQ ID NO:104 orfd Sngar hydrolase 203aa
VGELDQORIHPENNIWGSGAGTOT IWARIGTNHGVYANRPRTSGVESY PN
TEHILNRTLSSINSLTSSFNVSVPSSGDY ST Y DIWANNHAYEVMIWTNG
QGAVGEPIARQYDANGAVPNVRNLSVECHTWIVYRGSNGANAVESFIRTNT
NEGEIVDLILAT LNWLRTNGWRGDVIVGEAQFGFEI SCTAGQSNFTVNNFSL
WYS

SEQ ID NO:r105 orfs Endoglucanase Z219aa
MRRRTLALSLAASAALIAGAGVVTALPASARAGCRVAY TVESOWPGETGA
NVIIINLGDPLTNWELVWS Y 3GGOTVIQAWN TS L TOSESOVTARNAGYNG
SVEINATVSPGERGSGAATPAPGTFTLNGTACTGSAGP TS PSS PTNGV
PEDAVWYV DS GOWANWINNGY ILT T TSGARLPAPRPSCRARAPTGASSRIT
RAPRESSPTPTEERPETVR

SEQ ID NO:106 orff Cytosine/adenine degminase Il6laz
MTITETDLANLRRCVDLAREALDDGDEPFGSVLVSADGKVLFEDRNRVRH
GDATQHPEFAI SRWAREBHLTPRERASATVY TSCRHCPMCSASHGWVRLGR
IVYAASSAQLTAWYRKEWGI FAGPVAPLP I T IVVPGAVVEGPVRAFEAELR
ELHRARFTERQ

88D ID NC:107 orf7 Unknown 413aa

VITPLVAQAGDSTTGLIGLELVEDARQIABAIRGNSWVDGVLGEVEASLD
GLALRIDPLGTLAAWGVAWLIERVRPLODALDWLAGDVDE IAROALTWRR
VAAFIDSAQODYADRLRTEVAGWFGASGDAYRANASENLARLEGISTAAG
GISSAVEGAGLLVSLVRGIVRDLIAQFVATLAVRLPOWLALRGLTLELAT
PVVASQOVAALVARGVNKIQEFIRALLNS LRRLMPMIDRLGEVLERLREML T
DRLARSSPSTRPEPTPGPATHASTENASGNKPEGDLE PNEPRFAEADARD
ST PGAFVDEVV SN PREVACGHSAGS TADOFNALGY SAVVEQSTREGT SGNA
IOVRIHGHPDITRIQVHPGGGRETPEGSPYWRISTNTVGKIWI IPENTRG
LDELRGHNVVREYDX

SEQ I NO:108 orfB8 Unknown 217aa
VGKPCPDLVEVLEREIQAGNQGASASEVVEIFDLELVG I FREAVTORKLEPG
IEVLEKHLHLEQGGVOVRSVVVRAEDFAGIVVVEDLCART DNRDVELAQS
DAYWERRDDTVORLDQIRADSPCEFDDMVRLGAGSVHGRGORRVRORFADY

74



ANLFGVQRAIINESRIRTKIDPDDVDAQGDERGSFPRGSHP FHFDDL ICH
SAPHSHAVHRRPGNFRG

SEQ ID NO:108 orfd Pyruvate oxidase 582aza
VEDVVVERLTAWDVERVEGYSGDGIDGVIGALRRAGRPTFYQARNEEGAR
FMAVGHAKY TGEAGVCLATOGPGAVELLNGLY DARLDSKEVVAIVGOQOVS
TVLESAYQQEIDLVRLFGDVCAQFVOALHTSEQVPMLLDRAFRTALATRS
BICVVLPHDVQTAPAPDPQAHEHGVLATSAGLRPARVVPRPEDLREAREV
LREGERVAIMVGOGAY GAEREIVELAQRLGAGVTTSLLGKPVLDENLEFE
TEVMGHLETTASARLMRHCDTLLLIGTNDPWTEFY PRPGQARAVOIDVDG
RRLGVRYPVEVPLLGDAVE TLRELLGLLPSRASGANGARVEENVORWRLT
SARRALAPARPVNPQHVIRSLSDHLPADAQVAVDVESVVYWYARHLRLER
GVPAHLSSTLASMGCGLPY CLARKLARPQRPVVVLAGDG AMOMAGMAELT
TVARRWRDWADPREVVCVLNNRDLAEVSWEQRETECEPRFVTSQELP DV
YARYAELLGLRGVRITDPSDLTGAWEAALSADRPTLIEAVVDPAIPLLEP
GOPYERVOAMYAGLAAEKGDQARRAEAHLRRERADEGFDDES

EEQ ID mNo:110 orfl0 Hydrolase or acyltransferase 268aa
VSRDETYRFVRPDGIRTTFHDGVLGRMRIRCLGE PRPGV PR IVMIOGMTV
SDYLLPGELGALSAWTRVHLVELPGGSGSGRPPHDLTVEE YARBAADWLCOA
QRLGRIVLAGHESSCGTOVAAETALLCPDEVAGVVLAGPAI DPVARGGLRVE
ARWWIDRRGDPESLOEVHEPEREQVGFRRLFOVLRARLRHDLERKPVVELE
VEVLVIRGSEDRLGTARWARRLADLAAVGERYVEVPGTHSFCHRY POAWS
APIREFAGWSVEVSGET

SEQ ID NO:111 orfll Aldose epimerase 386aa
MIEADHRPTVLRRILRLCAVLIMVLGVGLVGAPTSHAGCSRKPTISKRAFGS
VGEKAVDRY PLTNGRLOVRILTYGGEILOTITFFDERGRRANVTLGFRTLD
EYVITENPAYFGAL IGRYGHNRIADGRFTLDGTTY QLATNNDPNHLEGEYV
GFDERVWDATPIRDGDSVGLRLTY T SPHGEENY PGTLRVTMTY TVIROMG
IRMDYRATTDRPTIVNLINHAYWNLGGEGTGT I DDHLLK LNANRY TPVDA
ILIPTGRIDAVAGTPMDFRRPTPIGARNRDPFOOLVYGRGY DENWVLINRE
DEQFRRLEFAARAVDPDSGROLTIYITEPGIQFYGGHFLDGTLYGTSSRA
YROGDGFALETQHFPDS PNHANFPETVLREPGRTYNSTTIYOFGTAD

SEQ ID NO:112 orfl2 ABC sugar kransport periplasmic component
378axa

MPRIHPEKVEEAVETLDLNRTITRRRLLSGICLFSASLARGALLSACS DOND
GONQTEGAGNTFPDT PEWRT T FVNEVTITNPFFTPTQYGMEDRATLLGIAKP
OWTGEONS IVAEMVNATNTAVSAKVDGIAIAVVDRDAPRGPVDQATLNAGT
PVVSYNADGARGAPGTNRLAY IGOGLYESGYALGORALQVLDSGEVARRT
ATPGALNIQPRIDGAQQAFKDEGKPITFTAVATNADVIRGLSIIDAYAQG
HANLAGMLAVDAGS TS SVEOTVEKYNMRGKGLEVAGGFDLIPETLTGIOR
GELDY T IDOQPY LOGFLPVLALY FYRVSGGLIAPSETNTGLLEFVTKDNVA
PYQSTKSRYEGSTTDEVLVPRSGEIAHG

SEQ ID NO:113 orfl3 ABC sugar transport permease 352aa
MODRISPAPACAPSLEVEQRRGRWQPVTAAGREVLDAFLRRREASVLELVA
IGLMIYFRASSPVEFLERDNLVNIAQATAPVAITAVGIVLLILVSGEIDLSY
GIVAALAPFLPHFGINFYSLEPVVPAFVVALAIAAGIGLVNGLIVTQLEVP
SEVITLGTRRAVQGILLITSHAY PVPIPDRAKGTIOTHLEAGTWAS I TWA
LIIVAIFHIVLILIRWGLATISVGENPVEATEAGIRASRIKIGNFVITST
LGGLVGIMEAFRINTIDPNIGGGTTLIFYALISARVIGGTALAGESGTIVE
AFLGALVLAELONGFNLIGY SANTIFLILGLATLVSMIANDYLSRLRRAG
RS

SEQ ID NC:114 orfl4 ABC transport protein ATP-binding
253aa
MIRETVEDALRVONIAKRFGALTALODVTLRVARGEVLGLISDNGAGEST
LIKIICGYHRPDAGRIFVGGEEVTLRSVDHARSVGIDAVYQDLALVNELS
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VYHNMFLNRELVRWPLLNNRAMRRRAEEHLRDMGVNLPDVGVEVAKLSGG
CROATAVARCVYSDARILLLDEPLAAMGAKEGTMILDL IRDLEARGNVS T
IIXAANYAQVLDVCORVNLLOHGRITFDKRSADTSLAELTELVVAEYRTG
RGR

SEQ ID Ne:115 erfl5 Hypothetical protein.

255za
MESGASVPOSARIWNYWLGG T DNLPVDRAAGDEYRAVIPGIDEIARE SRR
YLSRAVRYLAGEAGVRQFLDVGAGLPTVDNTHQIAQRVAPDARVLYVDKD
PYAVEHGRELLAGSSDVYLEGDLQKPADILAVBARELDMGRPVALILNGV
LGHIPSTAEVRDIVRQLMAGLPPGSYLSINDGVRVAGEERLNQAQDAYNS
SGAVPYLMHTPDEIAGFFEGLDLVPPGVVPSPQWHPDPGDETTGASQYSG
VGERER

Methyltransferase

SEQ ID NO:3116 orflé ABC transport permease 280aa

MPPRTSRGPEPWVLWTALARBAVIFVY PEVWLVSASLKFRPDVEDNRLL P
AEWAPGNYTAIWDARPVLTWMFNSVVVALAARAAVTISSAVVAFGFAYFR
FPGRNVLFALVVGTMMLEPGAVIMI PTYLIWNELGLAATOVELWAGNLI'GS
AFYI¥FLIRQFFLGVPRELFERARVDGAGYNRLFHRLAVELCRPALIVARY
FELRASWSULLKPLIYLRDPALPIMPRGMEAILDOFGOAGEARWE IVLAG
AVITTVEMIIAFFLCQRYFVEGVATOARKG

SEQ ID NO:117 orfl7 ABC transport permeass 301aa

MSAAVRRRETLAAFGFLSPWLIGEIVEMAGPMVASLVLSPIDYDVLTSTD
EVGGENYROMLADPRVRTS IANTLIYTALEVPVIMIVSLALAMLLARVGER
RSAGFFRTIFYLPTITPKVAVEVLFLLLENGQVAIVNEALETVG I DEPNW
TVDGPRIKPGLVLIGAWS LGS TVIIYLAALONVPRDLYEAARMDGAS ANE
RFRAVIVPMISGALFFTLI INTIASLOTFDEVY TAFYGSANQOTY GNDAA
LEYVVYLFQOAPQFLEMGY ASALAWLLFLIIVI ZITVVOVRLSRRFVY YES
E

SEQ ID No:11g orfl8 ABC transpert substrate binding 445aa

MFIRSIRFYVGEALVLT LARGCGEVGESDSDSDSNARVT L TMMGFETGDE
IAKTRFDAANAVIAPSLAKASHGSFDAQAFLSAVASRIPPDLVYMERRLL
GTYARKKALTPLGDCVEREKI DMSOFREAAVTIEATLNGQLYGLE DFYRNR
VIMLNDAATAEVNLDPAGFDTGDWOALSTATARLTRMSGGKLORIGFDEK
LPEFLPVWARANGAALVSDDGR TAQLNNPEKVVEALEY AVGLINAQGGHNEN
FESFRDESWDFFGARKNQTASNQLGAFPMEDFYLNVLADNS PRVKVTVAPTR
GVDGOPIDWITCNAWAL PANSAHPGOACKNIKTMTASETWIARARARAEL
REKENKPTAGVY T GNEKADEVI FROVVKPDANVQ IVLOTORSEFSEPALA
AGEEFKAAWQNAVNRVLEGKOK PAQAMAEAOCOAQAALDKANSER

SEQ ID NOo:119 orflfactd land structural gene 64aa

MSALATEKSHEDVDLRDGAT SHPAGLGFGELTFEDLREDRTIYAASSGCWY
CTLTIECGTVICAC

SEQ ID NO:120 orf20 actM lanM modification gene 1053aa

MSPVPSLNSTSVRDSAY LHERTVIGEDQPAPAACARIASWHRDSAFLDDRYV
LDIRLROWGIDRATFGRLLIDDDETVPGRLLAWADELETVLATRTTEV TS
LELSTEIWSOGFDRLLFAGLLEPFLABYRQRLHEERVPRPIAGSLRRPLLE
SLANRLLAVARRTLLLELNVARVHGRLTEDTPQOQRYDDYDRRLLTDPAYL
AALFEEYPVLGRCLVECCGRRWVDHARELFNRLHDDEPELRAAGLLPPSAR
ALREVRLDLGDPHNGGREVVOLTFDDETDLVYKPREVESERAYAETMARTL
ARHGLPVPVIAPRVLDRGGHGWCEFVRPAPCADAAELSRFYRRAGSVLAA
MLLLGGVDMEMENV I AAGS SFTPIDLETVLOSGELGDEATDAYGRAL DL L
NRSVLAIGILPARAFGERORKSVDVSALGGGEPQTAPRPVPRIVDAY TDT
ARLEAVEATMAGRONRP SLPGAEVRPWEETADVVAGSFTDAYD IMLARRAD
FORLLRGFHIVEVRYLPRPTRRYSIFLTESYHPDYLRDASDRDRLLDK LW
TAADARPELIPIIESERRQLLAGDI PCFREVAGSROIRTASGPLEPEFFT
APRVIVLIRRLGEFGEVHRARQVRI IRDEMATMPGPRPAADPSPORAAGP
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RERVIGADPATLADRIARRLADEATLGDRDVEWIGVS IEGVAQETY S YRR
MATCLYDGVAGLALTFAYARRTLGDDRY LDLAHRARRPVAGY LRY LAEHR
IVETVGAYSGTAGLLYALDHVARATGDDS YLDAVSEAVPWLRECATRERC
PDLIAGLAGCALISLDLHGRERI DGLREVARICAERLAALAVDVDGAAGH
PATPDGPLLGGF SHGAACIAWPLYRLATELGDP SLRELARRAVOFDROLY
VRAAGAWRDLRPEMAGTDS Y PALNCHCAAGICLERLLIAQHDODTRLAAR
ATARLDLVGARGFGHNASICHGDFGALALEDLAARTGFDPGREDARAARY
TADIAANGARCGLVGDIHMPGLMLGAAGICLSLLRIARPAQVEAVANT.OP
PLT

SEQ ID NOo:121 orf2l actd moncoxyyenase 34lza
MPEEIVLSVLDQVPVEFRDGS PAEAVRDAVALARSAEDY GYHRFWIARHHG
SAANACRAPEVVIARVAAATSRIRVGSGEVLLPHY SPLKVAETFRVLAAL
YPGRIDLGFGRAPGGFPAMAE L LNPYAVRTDEAFLEQIGRLLGFLGDTRT
VERVEVIPQVEEPPVEWMLGAGT GSARMAGMLELPFCFAQP TATERCPER
IEAYRDAFRPSPRLERPOPMLALRVLCADSDARARRDATCPWMSCTTGWR
AQVOLTDDYRGGAPNLDDARRYRLTAEDLALRESRPFLOISGTPALVGHE
TRRLOAVYGVSEVVLTTNCPGLPARRRSYRELLAGEFAS BAA

SEQ ID NO:122 orf22 actR response regulator 231za
MRSRARGGP IVIDVLVVDGEALVSIGIKMI LESTGEFAVATTORENLRSA
VEQHRFAVVLLDGESAQSDGLEVLDOLRALS SPFPAIAMLTTLAPEELVLD
SLRGGACGFLLRDSQPEQLVAAVRELARGS IVLAFPEASSVVVRAGSREEA
RGAGSPACERVEQLSDREQS ILRLLGAGLTNARISROLFLSAATVEEHRVS
VILSKLGVANRVORAVLAYASGLSSDDVCLS

SEQ ID NO:123 orf23 actT ABC transporter associated permease

8iZaa
MIFALAWSQLRAY PARLFAIVAAVMLATGFLAATATFARAT SGEGLRRTAR
APLTTABIVLDADDTVRDPAWYEARRAVEGVRSVDARYARTVSVEGGSRR
GEANVQSTAATPOVRWETLDRGAWP TGPEOLVADQRTLDDLGI DVGATLT
VRHGERAPQPVTVIGAADLGFRPLTGSDERFYADASFFAGDVEPAALLTV
ADDASLTGIVDALRRSMGPGISATDASARADOARARFAGGNEQLVV IMLA
FABRVALLAAVLVIANTFEVVIVQRIRQIALLRLVGGHRAQVSRVVLAERA
IAGTAGGLVGAAAGVELEYLGADLLDI SGGELRVNPFALAGCVIAGVLAT
LVAAWAPARRATRIAPVRALQAADEPPAGTVRGERRLVVETVVTVVGERR
LAVARIGASLPLALLGGLLLAAGLLAALPRLIALSLAPAARLLERFGVAA
GLAGTSLSONARRTASARMAVVVGEARLI TCLAVARTSGRATVNADLEARY
PVAAGLRTDGEPISGATAGAFAAVEQLSASGTVETVABRFEDGGKATPRL
LARPGDELRARVAPELAGE PVVLVPATYLARLGLPDSAPIVVEVGERRVN
LIARASRLADTTGOLLGVVSARTLAANRIEAVPTTVHGVADPGIDREAL S
ARVEAVARRDALVOVEGEVIEGGDIANVLS ILLGLILAMLAVTVVIALLG
IANLLGLSVVERVREMALLRALGTRRARLRAMILAVEAVVITLLGTVAGLY
YGEVEVELAAVAARAVERTADPVIRLPNGOLAAVLVVAVLTGVVASLAFARR
BARVAPAEGLTR

SEQ ID NO:124 orf24 Hypothetical protein 244aa
MIVWPERRARSRSPPSSARPVAMSSAPVES S AR TTDGLASSARATATROD
WEPDSSDGRCPSREVICSESVIFRESSPGSTRRPASRSGS TMF(SAVSVES
RLNAWKTKPIRSRRREVRARSSRPANDRPARL TVEAVGVSNPASREISVY
FPEPDGPMIAVNWEAEKPADTPSTAVIAAGPVPYVLL TSRQLTISACVVE
VVITAPTLEIRADREIFPPRDPGRAVDRY LRMTRRYREPRAFPCSRNR

SEQ Ip NO:125 orf25 Response regulator kinase 367aa
VLRIDALVARARVVIGCLLLGLAGLSEWYWSAAVAVPLLLRRSAPRCFLAL
VAGVSGLHLLASHEFMFPEDLVALVAVHARALHAPGRARKAGLLLGAAGE
LYVARQALODORLESALPAVLIVASTMAAWS IGIMOROORSAVIDARHRR
RLAEQDSAMRAQLAVHEERTRISOEMADI IRAHSLASI IAQARGERVAARE
DARIAGPVEDRIAGLGROALTDVERLL TVVDEDDEWRDDGLERLPVLLAG
VIEAGLDVIVDSSGAPQPLAAGMDLAVYRVIQESLTNVLKEAYARRACTR

77



MRWTPALLTVIVESPLPGGRGAGLVEGRGLSGIRQROS LENGDCTVTATT
ELTVTTTWPLTPEGARA

SEQ ID NO:126 orfié Response regulator sensor 220aa
MIRPPIAVLIADDOELVRTGFAMVVDAAPDMRVVAIAASGARATELAARH
RPDVILMDIRMPGTRGITATSAILAAGGERPPRKIIALTTYDSSDYATRIL
TAGASGY LLKDATARGLTAA T RSAYHGESVIAP TTTRNLVAARREPPERA
ROPAPLDYFTARERDVEFDLIVAGANNAR I ARRLEL ARV TVETHVERVLAK
LGVRDRLNVVVWAYRNGAVG

SEQ ID NO:127 orf27 Penicillin binding protein 782aa
MLICGLIAGVVVAAAAFPFARMSGLAAKAGOQTFASLPSELKAFRSPOIS
RIYAADNRTQVAQFYDEFRSDVPLKEMSPFMRDAMVAAEDRQFYQHHGVD
LEGABRALVNNRNGGOROGAS TITMOWVRISLAY SATKPQDVIDATEDAP
KREVAEMKYALEVEKQLSKDOILERYLNIVPFGEQTYGIYAASRVYFNKK
PRDLTIGERALLAAIVEAPSAYDPTDPDGYEL IRQRRNAY VI PEGMVEMGA
ITRAGADARLEEAI PREVRPMSNGCVEVARNNWG FFCDY FYRWWMERKEF
GPTPYDRERRLKSGGYRITTTLDVKAQKQARDRIGDLI SEKNKNAL LT AR
VEPGTEKVRMLAANRRYKLDDPDDPQUAT SSDPREARKCGIRGS Y PNT TP
LLTGGEDITGY QAGSVMKMET IVAALEQGY PLAY T IRTQSRYRSRYIIES
SNDAACPGTHEWCP SHAGGGERECGVINMWTGLGRS INTYFVPLEERVEAEK
VVSAAKRFGIQFREPDDALLAEPCNAHOWGAFTLEVSATTPLDMANAYAT
LAADGMYCPPTFIERIATRDGDOLDVGRS PCVRATAKDVARAALDARRCT
VGEDSAQLGRCGES TAGITRSVVGHPVFGK TGTIDRORTARLIAGTTALVV
AGYLVNPDYONHRDRLDHDQVNEFAVYRTLADYMEGRPRESFRRPSSGRIA
FGERQREIPDVECDPMPRARDRLEDAGFDVWRGOEVESDCPAGTARGTERS
GRTIVENGVVVIQVSKGRRGASPEIFPPIGPFR

SEQ ID NO:128 orfZ8 Methyltransferase Z253aa
MAPL RS LRYYYGDAGREAAMDAMYRRFVRPGDVVFDIGAHVEDRVACER
RLGARVVAVEPQPLCMRALRALYAHDDRVALVEAACGPAGGSVPLYINSA
NETVSINSVRELTAATGSRGRENEVWDOO I ITVRAVTLDTLVORFGLEAFT
KIDVEGYEDAVIAGLSRGVRALSFEFPTT IARDVARRCLDRAGELGFDGED
VS LGETMARTFGRWAARDEMLAHLAGLPHEANAGDVYAVSRSAGHPDRRE
DRR

SEQ ID NO:128 orfZ8 Hydrolase 26lzaa
VPRPDSRLVIVGEVRTHDRHACHAGGLPVVLVHGLAVSERY LMPTARATA
GRHPVLVPDLPEFGF SDEPRRAYDVGREAEELAAWLDVLGVPRACIAGHES
FGAEVAARLAVLRPDLVAAVVLASPTTDPAARSRRALIGRWAVDLWIELP
WOAPVLVRDLADAKPWRVLATVGHSVRNAIEEDLRRLEVEPIVIGESLDP
VAPLRWRAEVAAMTGGVSVTVEARAHNVMTTSGVRSARATAAYLRTRRRC
MDRLIGGMEPP

SEQ ID No:130 orf30 Response regulator 244aa
VSPPERLDEAVADVYGDLRLAPVLRRLLRHSGRLIGEVAGEVSLIDADRG
CYVEAARYGANCOLGRSFPLDEGATGRAFGSRRPVVIPDYGOLRAGHLAR
AHPARKGPAVAVEIWWRGDVIAVNVAFRPAPSLGGVDELEALTOSRARAT
VRSREGVRVRADPPYARAPAAPFTPREAEVLDLLRQGLTDREMARRLELSAK
TVEKHVGAIRRKTGTSNRTAAVVIALDNDWVENLPHTAEETTGS

BEQ ID NO:131 orf3l Fructose bipheosphate aldolase 28laa
MEDILDRALARRYCVAAFNIVNDLIVEAVLARRARERAPVILOTSVETVR
MYGRPRLYEIVHATARDAPVEVITLHLDHCPERSVISDCLAGGWRSVLFDA
HELDVADNLRQTIEVVAEARRAGAHVEGEIEGIQGVEDDVGNDYARPMVOS
LEVAVOFIRRTGVOCFAPAIGNARGOYEQAPVLNTRRVSDLVALTGIPMA
LEGGTGLSDEQFTDLIARGCAKVNI STALKESFMESCLEFLREADERGKW
DPPSLFREQRAAVVEMARQHIRLYGGSGRAW
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SEQ ID NC:132 orf32 Hydrolase I182aa
ME5AVAVPAS AGGCRRDGPARHPALRRIGARVVNALVILCDGVLADTERY
GHLPAFNATFEQFGLPVRWSEEEYGEKLRIGGGKERMASLFAD?AFAAAA
GDIDRIELLRIWHRAKTARFTRIVAEGRIPARPGTARI I SEALRAGHTVA
VASTSAEDSVRA\?LWAVGATTAEREPVFAGDWPAKKPD?A

SEQ ID NO:133-SEQ ID ND:199
{Null)}

SEQ ID NO:200: CosAL0Z (40402bp)
GATCAGETCGACCECERAGCTGATCT GG TCACGGATCECGCOGRTCEGCAGETCCATECCEGCCATCAG
CACCATCGETCTCCAGUCGGRRACAGCGLETCCCELGECETET TCOCETECAGEETGETCAGCRAGCOGT
GIGECCGETGTTICAT COCCTGCAGCATG TCEAGCECEECEELETCACEGACCTCOCCEACCACGATOCG
ETCCGEECECATCCEUAGCECETTGUGEACCAGETCGLGRETGETEA P CETGOCCCEGOCCTCEGAGTT
CGECEGCCEEEACTCCAGRCGCACCACE M GETCCTGEACCAG T TGCAGC TCGRCGECETCOTCGATGET
CACGATGCGCTCETCGELCEEEACGRAGCTGEAGAGGACGT TCAGGATCRTGETCTTGCCEEAGCOGGET
GCCGLCGCIGACCAGGATEETECECCGGICGCGCACGUALGLETCCAGGRAC TCEGCAGLCTGCCERET
GAGCGTECCETACTGCAGCAGE TCACCGACGE TEAGCGGEACT GLCECGAACTTECGEATEETCAGCET
CEAGCCGTICCAGCGCEATCEGCEEGACCACGECE T TOACCCRGCTCCCGTCCEGCAGCOERECGTCGAD
GETCGEECTEECCTCETCCACGCEEOGGACGACCCGCGRAGCAGATCOGETOGATEATCCGGCACAGETS

TGCTCEICETOGARCTCGECEGCGACCTICTCEAGECGECOGARLEGC TCCACETAGACCEAGTACES
CCCETTCACCATCACCTCGETCACCEACGGETCGCECAGCAGL GACTCOATCAETCOGTEECCORAGCAD
CICETCEEYCACTTCELEEETEATCCRBEECCCEGTCCECECOGEAGABIGEEETCTCOTCCUEEBIGAR
CAGGTCOTGEERGCGCETCCCEEACCCGEEECGTCOAGETCOTCGCTCTEGCUGETERTGTAGAGCETORS
CCCEAGCTCETCEGUGAGCCECCECTEEATCCGCAGCCECACC TCRCCGACCIGETCCTECGROEEECG
GCCGGECEGCCCEETAGUGETCGCCECCELETEGLTCGETEEACEETEETEGEGECETEECERCECCaOT
CAGGCGGCTEGAGAGGCTCACGGGAACAACCTCCCGAGGAACCCGCGEOGLLEC TEEEGTE TEETECCE
ACGCCGGCGATCCGGTCACCGABCTCCCEGAT CECCCAGCTGACCEEETECAGC BRI CEETGACRRRS
ATCGECTCGLLGETGGTTHACCGAGACCETCACGTCCLGECTGECCEGCACC TRCACCECEARLGECATG
CLGECCECEACCTCCACCTCGGACGEECTCAGGCCRACCTGEECECUEECCCGETTGARGACCAGCAGT
CECTTGTCCI TGEGGTAGTCGAGCAGE TCGAACAT O TCOGCGE T GAGCOGGACCEGACTTEAGLGCLGER
AGATCCGGGETGACGATCGEGATGRACCAGTCEEACATETCIAGCGCGECCAGCACCTGGTCGETEALE
ACGEACGGBETGTCCACCACGATGRAAGT CETAGRAGCGEECEGECCACGTCCAGCAGCTCGACGACGAAC
TCCCGGCGGACCTGCTCGCCCTCGGCCGGGCTGGCCGGCGCCAGGAGGGCGTCGAGACTTTGCCGGTAC
GTCGTEACGATCGACCGLAGCCCEGGCTCETCCAGCCGACCEECCATCTECAGGCCCCCEGLEATETTG
CETICCGGEGACAGCTTCATCATGATCECCACETCGCCEARC T GCAGGTCCAGGTCCATCAGCAGCACS
CGGCGTCCRECACCEECCAGCECGACEGUCAGG TTCACCECCACCACGCTGCECCCGCAGCLECLLTTG
CCGGUGAAGACCET GACCACACTGECETACGEEECETTICTCGCCEETCCCECGCATEETEETGCTCAGT
GCCTTGEACAGGTCGACCEACCGGACCETCOLECTECEGATGC OO TCCTCGTCOTCOTCEGCGACCAGG
TCCCGGATECLGEACTGCAGGCAGCGCAGCACCACGCCGGCCT CEATCGCGTERTGEATCASCACCACE
CCGATCACCGGGCEUTGCRAACCGCTEETACGCCETGAACATCAGCELOTCETCCAGETCCACGACCGES
CCGATCACCACEAGCAGCETCTCCEGETAGCGGEGGAGATACGACTCCAGCTCEGCTCATGCTCTTGAGC
ATCGTGCCGCCEATCGCCOGGAAGTCET TECCCCAGTGCGTRCGGIGCTCETCETCGRECTCGASETAL
ACATAGAGGCTCATCGCACGACCCAGCTCGTGTCGATCGCCEGECCRETECTCACEATEGCETTCGERED
CGAGCAGCGUCAGETAGAGCGATCCGCTCTGGGLGECETRCACGARTCGCAGBELE TCGETETCECOGA
CGGCCAGGETCACGACGTACCGCTGGATCTCCTTGACCGCGGCAGTECTETCOCCGELCGAGGCRGATS
GACCGEGEETERGCBAGGECEACGECETCACGEGGECCTGACCCEETTCCRCCTCCCOGATGETEATIA
CCCEGTGCCTTCRGCAGCAGGASCTCEETCATCGGEATEETCICEIGETCCTCCGCCATCAGGACCTTCG
CCTGGETACGTGTAATACGACCGCGACCTEETCECCEEECATGATC T TGLCEECTACC TGCEGEGLGACET
TGAGCGCCACCEAGACCGCEAGCGACCTACGGEGCACTEEEAT CLGCCCEGTETECGACGRLGECEETE
ACGCCGERACGAACAGCGTCCGCATGAGGAGCTGCLGEEGCTEOAGETCCCLEOCEAGCCEGAGCGGRT
CEAGCGCGLTGICCCAGGTGETCAGLGCCCCOGCEEGALGETGACGETEEGRACCAGEAGCCGOTCES
TCAGGCCCCEGECECGEATCTCGECGLCGCTEETCCCGEACGEGATS TGO TENCCGRECEACCAGEATCC
RGGTGECCCTCCCEECCECTGAGCGCECECCGGETCRECCEACCEEECETAGGACAGRACGGCCECOCCET
TEATCCCGGCCAGCACCAGCGCGGLLAGCAGGATCAGGATGCGRCGECGCAT GACTTCACCTTC TCACG
CRCCGGETCATCCCGTACGECCGATCACCATCECEOCETAATACCOCEAGETGGLGEACCGLETCERTAL
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GTGEETCCOTGACCAGCGLTCTIGETCGAAGTAGCCETAGAGGCAGGACTGCGLCECECACAGCECTCTCTG
CGCCCCOGECACCAGCEAGEEEACCECEGATCCGEGTGACACCGEEGCCGCTGACCGEGCTCTCATAGCT
GGTGAGGACGAGCGEECGCEAAGCCEECGATCCEETAGTACGACGECAGCCTGCCGATCACCGCCACCTE
CCPGTCGAAGATCGECACCAGCACCEGCTGCCCLGAGETEATCAGGACGTTCAGCCGGTCGAGGECAGET
CGIGGCELECGGAGELETTIGCCEEEECCEATGETHARTCCECCEACCCAGTUTETCCGLCEECCCATCGET
CGCCGEGATGCCGETCAGCTCOCAGEAGECETCCGETECECTGACCEGCAGCAGECCCEGCAGLGLLEE
CGGGEECETCCEECTECCCGAGCCACGTGTAACCEELEALGETC TCGLCEECETCEECCEGEECAGGACET
GGCGAGGATGCCETCECTCGATCEEEATETAGCCOECCETCEGETCEEAGAGECCGAGCAGLGGETEEAC
GCCGETCTRCGEE T TCEEEUCEETEEECEGCEECEEGECEAAGAALCCTCETGTAGTCECCEETCAGTCE
CAGGRAGTCGCACCGEGAGACGUCGAGLGCLAGGACGTCCETGACCGCCEEAGCTCCCCAGECGALCCCS
GCCGLAGGCGECCATCITCHELCCCETEETACGCCEACCTGGCCAGACCGLECCUGAACAGLGGCEGLAC
CACCGAGGTGITETCECTGTTGCGEETGGACGTCCGGACCTCOACEGTACCGETACGECCCEGERAGECGCT
CGGCGECECGEEGCACGTGACCGGGETETTCCAGGAGCTCGGGCAGLCGECETCGECGETGETGACGCC
GGCGGECEGAGACCCTGETGATCCAGAACTGEACCTCLGAGACGAGGTCCTTGGCEGTTCCGETCGGLGTA
- CCGCTECGCGTITGTCCCECTGUGLGGUGACGETECAGG TGGCGGACGTCAGGTCCCGELUGGECLGTGLC
GGCGCAGGCCTECECGACCTTCCACGACGECCELGTCGGCCCCECTCTGCAACTGCTCCCECTCGECETA
GAGCGCGCCGATETCGATCACCAGCGCCECCATCCCEAGCAGGACGCCEECECCERLCAGGALEECEAL
CAGCGCGGTCATCACGCCETECTCCGCLELEEEGCEEGAACAGEGCETGEATCAGCCGACECATGACRTIC
ACGCCGETCELECTCATCAETGATCETGCCCATEETCIGUCCACCEACCAGCCTGACCAGCGCCACTATC
GGLGTGATCHLCTGETACCGECEGETCAGCACGACCTCGECETCEGCECCEECGAGCEAGETEGCLGAA
CAGGTCOTGACEETCTGEETCACCEACGELGCCCCERT CECECCEACGATELCETTGACCTTGECGETEC
ACUGCCGLEECCGETECLETTCAGGECECCEAGCLGEECECCCTCCCERECCELCTCGETGAGCTGEEATS
TACTGCTGGAGCAGCCHECCCATGTCEATGATCCCGARCAGBAT CAGCAGCAGCACCEGCATCACGATG
GCGETCTCCAGCECCGCEELGCCCCEETCCCEETTATCETGCEGAGCTCICCGUICCCTGGEECEAGAAT
COTACGCAACATCCCGGLCAGCCEGETCLCECCOTATACGECTTCECCACGARTGGCEACCCGGCACGGAT
CAGCCCTTTCTTGATGECGATCICCTCCEEEACCCCGEAGALGTAGACGATCTTCATGCCCGELCEGAC
CTCGGAGGCCGAGCEEECCAGCTCCCCGUCEGAGACTUCCGGUAGGCCCAGGTCEETGAGCAGCACGETC
GATCGCTCCGCTGTGCACCCGECACGTCATGATGGCBCTCACCGEETCTTTCGCCACGAGGACGACGRA
CCCECGCATCTCCAGCATCTGIGCEGLHAGCTCACGCAGSTCCTCGTCETCCTCCACCAGGAGAALGAL
CGGLCCCTGCOGCTCEGTTECTTECCACATCATTCCTOTCCCGG TGCACCGAGGARTCCGGUGACGACTC
TTCCCETCGLTGCCTCTGUTCACGUTATCCACCGGCLTGCCTCGCCCEETEECATTCECEGEAAATCTIG
ATGCCCTCRARTCAGCATTTGTCCEGCGECACTETCCGTIGT TAACGCTCACTACSTIGCGCTCGACETCA
CGTTTCETCLCGETAACAGTTCGEECPCTITGACRGATCACCAGCETCGATGGETGAATGTGTTCAATCC
TGATCGGACCAGTCCAGCATAAACAACETTTECOTETEARGCCGTTTIGECTTTGAGGGGGCTCCATGTT
CAATTRACGTCAGTTTCGETECECCCTARAAAMCCTTTGCCGCCACCTTCGCGGCAGCCERCCTGLTGCTCGEG
CTCEEECECCTEUGCERAGAGCEAGEACTCOGGEGACACCETEGECEECEEETCCLGLCCCETCEECERT
GCAGGTGETCCAGTCCGCCTCEGUCGECTCCGLEACCTETGCC T TGGATCAGTACGGCGCETCCAAGLT
CEACCTGRAGACCGCCTCCGTCEGCTTCTCCCAGTCGCAGRAGGAGGCGAACCCETTCCGERTCGCCEA
GACGAAGTCCATCAAGGACGAGGCCGCGRAGCTGGGCATCACCAACCTCAAGACCTCGAALGCGAACTC
ACAATTCRACRAGCAGATCGCCGACGTCGAGCAGATGATCGATCCOEECETGCAGCTGCTGETGATCGC
GCCGCTCARCTCGGACGGCTGGGACTCGGETGTTCECCARAGECGACEGUGAAGUACATCCCGATCATCAC
GATCGACCGGARGATCAACGCGACCGCCTGCAAGGACTACCTGACCTTCATCEGCTCCGACTTCGLCGA
GCAGGGCARGCGEGCCECCGACGCGCTGGCCAAGTCECTERECAACAAGGGCEAGETGECGATCCTGCT
GGGCGCTCCCGECARCARCGTCACCACECTGCOGBACCAGLGGCTTCAAGGACGAGATCGCCAALGTOGC
GCCGGACATCARGATCACGTICGAGCAGRACCEECAACTTCTCCCGGLAGGACGGECAGARGETCGCCEA
GCAGCTGCTGCAGTCCAAGCCEARCATCAACGECATCTACGECGAGRACGACGAGATGGCGCTOGGCGC
GATCACCECGCTCAAGGRECELCEECAAGAAGGCCGECGACGTCARGRATCGTICTCGATCGACGGCACCAR
GGGCGCEGTGCAGGGCATCETRGACGECIGEETCTCCGCEETCATCGAGTCCAACCCGEGCTTCEGELC
GCTGGCCTTCGACACCGLGACGAAGTTCTTUGGLGGUGAGCCEGTCEECCAGGACATCETCATCCAGGA
CCGTGCCTACGACGAGTCGARCGCCAAGACCGACATCGECAGCECETACTAGAGAGTGUTCCCAATIGE
GTETCCGGEEGATGARCCGEECACCCGCCGGLACGGAGGAGEECEECTCATGCTECTGGERAGTCICCGGEC
GTCTCCAAGACCTTCCCCEGCETACGCECCCTEEACGEGETGTCCTRCACCCIGAACCCGEGGEEAGETE
CACGCGLTEGTEGGEEAGAACGELGCCEECALCTCEACCTTGATCARAGTGCTCACCGEGEETCTACCAG
CCGGACAGTEGCGAGCTGCECTACCECGECEAGCCEECCLEETTCECUACCCLGLTEGACGLCCAGLEE
GCCGGTATCTCGACCATCTATCAGGAGGTCARCCTCGTCCOGCTGATCAGCETGGCGCACRAACCTETTC
CPCEECCEEBAGCCECECARCCGRTITCELGLTGUTEGACEAGECCCEGATEETCGCCGAGGCCACCGAG
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ATCCTGGCCGGTTACGECETACGCACCEATETCCECCECCEOCTCRGCACCCTEECCCTEEGCEEGTAG
CRGRTGGTCOLGCTCGCCCERECCETCATGETCEACGOCCGEETCETGETEATGGACGAGCCCACCTES
TCGCTGGAGCCECECEAGETGEAGRCCCTETTCEGGETGATCCGLEAGCTGCACACCELGGECATORGE
ATCGTCTACGTCTCGCACCEECT CEACGAGCTCTACCGRETGTGCGACGCGETCACGATCCTGCGCBAC
GGCRAGCTCETGCACACCEGUCGERATGGUCEATCTCEACCEECECACGCTGETC TCGCTEATSCTCGGE
CGCERAGTTCEEGGCERACTTCACCAGCTTCTCCEAGTCACCECAGAGCACCCCGGAGEGEIGAGCCGETC
CTGCEGETGTCCGEUCTGACCAGCLGCCUUCERECTUGACGACATCAGCTTCRACETGLGLLCOGECGAR
GTGETCEECCTGEGLRGCCTECTCRGLEUCEECCECAGCEAGACGATCAAGECGATCGGCEGEGELETAC
CCGATCBACTCCGGCETGATCGAGRTCGRCEELETCCEECTLEECAGGCCCABCACGETACGGRCGGETC
CGCGECEEECETGEUCACCCAGUCGGASGACCEUAAGGCCEAGEEEATCEGTCCCCGECCTETCOGRT OGS
GACAACATCECGCTCEGCGATCUTGCCECGGATGGCCCETTTCGGACTGETCAGCGACARGCGGATCGALC
AGCATCGICGCCACGTACATGAGCCGGCTGUGGATCAAGGCGTCCEETCCGGACCAGGCGETCRGCGAT
CTCTCCGETGECAACCAGCAGAAGETGC TECTCCLELGEUTEUTCECCACCEEUCCEAAGGTGCTECTE
CTCGACGAGCCGACCCEEGELATCGATETCEGUGCUARGGLCEAGETGUAGGLGCTGATCEGACGAGCTS
GCGRAGGAGGGGCTCEGTETCGTECTEETCTCCTCGRACGLCGAGGAALTGETCGAGGGCECEEACTES
GTGETGEETGCTGCECEACGECGLGETCETCGECACCUTCACCGGCGACCEEGTCACCACCGAGGECCCTS
ATGGCCACGATCGLGEAGGCOGCGGATEAGCACTGAGACCCTGACCCECCCECGEATGACG T TCAACCS
GGCETEGECEECACGCTACGGCGTCTACGCGECGATCGTTCTGCTGATCETCETCARCATCELCTTCAL
GCCGTACTTCCTGACCCTCAGCARTCTGLECATCCAGCTGATCCAGGLEGUGLLGETEETGATCETCGE
GCTCGGCATGGECCCTGETCATCGECACCEAGEGEATCGACCTCTCEGETGGETTCGGTCATGGECGLTCGE
CGCGGCCTTCATACCCCTCTATCTGGGETACGECETEGACAGCCGCEATCCTCGTCTCGCTCLTCELCGGE
TGTGGCGETCGEECTGATCARCGETETCCTEETICECERAAGECCGECCTGCAGCCGATCETGECGACGETT
GGCCCTGTTCETCGGCEETCECEEECTEECCETEETEATCTCCGETGEACAGCTCARGGACGTGCGCAA
CGCCGACCTECTCTACCTEGECTCCEGIEACCTICCTCRECETECCGGTCCTGGICTGGATCGCGECGLT
GCTGETGECTCGTEETGGLETTCSTEETCCEECETACCHTCTTCGGEECGGCGCCTGCTGELCCGTCEGLGESE
CAACCEGCCCGCCGCCEAGCTCGCCEECCTICCCGETCARGCEEETECTGATCEGCETCTACSTCTTCTS
CGCGETGCTCECCTCEATCECCEECLTGCTCTCEETCECGCECATCCAGTCCAGCEACGLETCCEGCEGT
CGECCIGCTEATCGAGCTCTCCGCEATCACCEUGETGETCETCGECGGCACCCCECTCALCEEUGELLG
GGETCCEEETECTCGGLACCETGECCGREECCCTGUTCATGCAACTGGTGETCGCCACCATGATCARACA
CGATCTCCCGCCETCCACCACCGAGATGETGCAGGCCETGATCATCCTGETCGCGETCTACGTGELCCG
GGAGAGGAGGACCCGETGACCATGTCGATCCCCETGCCCGCTTTCCGGARCEGCGGCTTCGTGCAGLGL
CAGGBCGCGCTCECEETGCIGETCACCGTGGTEGCGATCAGLCTGGCCGCETTCCCLGGOTTCCECAGT
GCGGACAACGCCGGCACGATCCTGETCECCECEECGCCACCEATGCTGATCECGCTCGECRTGACCTTC
GTGATCATCACCGGCEEEATCEACCTCTICEETLAGECTCECTCTACGTGLICGGLEEEETEETCECOGET
TGEGECETCGCAGTGEECACTCETCECEECGCTEECCECECLETTECICCTETGCEEEGLCATCEECETA
CTGARCGGRATCCTGATC TCGAGAACCEEEATEECELCCTITIATCETCACCCTCGLLCECECTEUTCEEE
GCCCGETGELCTCATGCGCAGCATCAGCGATEAGEECTCCGACCACETACCTCETCAGEAGCGACGTICTTC
CACGAGCTGEGCACGGEATCCCTGCTCGECETLORTCEGCCEETCTGECTGECCGUEETICTGETCEGC
GCCGGGATCCTGETELTGAACCGEACCLGETTCGEGCACGCLGTGCACGCCATCEGCGGEAGCGAGGAL
GCCGCCGCEUTGATEEGECTECCCETACGGLUCAAT ABAGGTCTGGEETICTATCTCCTCTCCGEECTGLLC
GCGGEACTCGCCEGTGUGATCARCGCEECCARGCTCGELTCLGEEETCACCETGCTCGGCAGTEGCATG
GAGCTCGACGCCATCGCCGCCETCETGATCEETGECACGUTGCTCACCGGCEECTCUGEETCGATCGCT
GGCACGETCGCEEEGETECTECTGCICEECETGATCCAGAACCTGATCAACCAGGTCGGCRACETCARC
AGCRACTGCECAGCAGCTGATCAGCGGTGEETTCCTCGCCGCTCTGUTCETBECECAGACRARCTCTCGTA
CGCGCAAGRAGATCTTGACCTGGAGGCCCGLCCGEGHRACCITECCECEEGECEGECAGGCETAGGTTGCC
CGCATGACGGAGCATCGEETCTCCCGECCGEECEEECECTCECETEECTGATEUTGCICTICCGGETTC
GCCGCGETCETCOEETCHTTCCTGUCETGEECCTEGETCEACT TCCCGGAGCABGGCAGCAGCCAGGTS
TCCEEEAGCCTCCTECTCCGACCTETTCACCLEUGTTCTITCGGGETCETECTCECCGEETACECGETECCC
GCCGTGUGCEGCEAGCGCCTGCCCEECCTUGAGRLCTTCTICTCGGTCEGECECCEGGLTGETGCTETI TS
ACGCTCGGGECCTEGEACAGCCEECACCTGACCTCGATGACCGECCECCCTGETCECGGCCEACACCGGET
ACGACCATCGGGCCCGETCTCTGECTETGCATGATCEGCGECCTECTIGEGCECECTCECEECEECEGET
CTCECCETCCEGEGACGCOGEUCEGTCETCAGCTUCCEEETGCTGACCACCCAGTCCEGETEGTTCGECA
TCGGAGGEEETCETGACGCCEAGGAGCCAGGAGRICAGCAALGECCGLAGATCCTGGLGEECEACCCELG
AGGCEAGCCTCATCAAGTCACCERTCGAGGCGGAGCEBCCEUGETACGTCGTCAGCCAGGLGCGTTLGA
CCCGCTGGAACCTCGCOGCECCEATCTTCTGCCEEAGCGCETAGAGGACCAGCGCECCGCCEGRCETAGR
CETTCEEGTTEAAGACGTCCCACETGETCECCELG TCEAGLEGGECEECEACCEEACCETACCTGELEC

&1



GGAAGATGETCECCOECEELETAGACGGECCT TGAAGAACGCCTCGLGETLGGCCAGRUCEETETACTGLS
GGARCCCGCTEGTCTCCTCCGACCAGAGCATCTCGTACCAGGTGGCGTEGCCCTCETTGAGCCAGACET
CGCPCCACGAGAACGGLGAGACGLTGTCGCCEAACCACTEETGGECCAGCTCATGGETCATCGACEEEC
CECGGEETGETCTCHGGELCGETGAACAGEGCGGCECCETACAGCEAARGEETCTEGETCTCCAGGGECGT
AGCCCAGGTCGTCGTCGATCACCAGERAGCCETAGTCCTCEARCGGATAGGGCUCGRLCTGCTTCTCCA
TCCAGGCEAGCTGCTCGCETTCCCCEGECOATCELEGECAGCAGCETGCCGECGAGGCETCGCGGCALCE
CETCECEEATCGGEETGCCECCEECCECCEBECEECECTCGACCACGRAGTCGCCGACGGLCGTCTGCA
CCAGCTCGGTGGCCATCGEGGCEGACTCECGETAGACCGAGCTGACGTGGCCETCETECTCGETCGTEE
TCACCAGCETGCCETTGECCETCCCGETCCAGLCEGCCGGCACGETGAGCETGATCGTGAAGETCGCCT
TGTCCCETGEATEETCETTECCEEEGAACACGCAGETGCHECCEAGCCGEGCTGEGECAGCGAGCACCETCC
CGTCCEELETCELCACGACAGCGECCGHEECEGCEETGAACGTTCGCEGACCGTGACCCGGRAACAGCLGLC
CCOGGGEARGEEGECECCELBEEATEACCETCAGCTCGT CECLETCCCEGECEGCCCECELEGECTECT
COTCGACCOAGACGLGCCCEATCEASGCGLCEUCERAAGTCEACGTCEARGCEEEACAGGCTCTEUCCES
CGALCGGCOETGATCETCACATCGUCEEATACGACCTSUTTCEEGTCCT TCTCCGGEETAGCECAGGCEGEA
GGETCETACTCGAGCACSICOTAGCCECCET TGCCEAGCAGCECEE TAGAGGLBETCEUCHAGGLLGELEE
ACCCEEETEACGECEAGCECCCEECLTGLGLCGETGLGHECEECTCGUGEUCAGGGUGAGGACGACELETGE
CECCGACGETGAGGACGUGEETGUCLGUEEACETICGCATGGUTTCCGACGCTAGGCGACACCACCGGA
AGCCATCCACCCATGEGCATETATGAARYCCCACRRTCTCCGATGTGEACGGACGGATGETGCGCAGT

TGECARCTTGCAGATTTCGGEACATTCCCTAGCCCGGCEETTGCCGTETGCACCCRTTCGACCACTETCC
GGAACCGCGTGETGAGCAGEGTGRAACET TCATECEGCCLGEGECCGCCEEAGGTCCCETGACCGTTCGCA
TTGCCGTGCGCCHETGRATCACTCCGUTTTACGACT TCGCGACLAGCTGGTTAATETCEGCGAAGCGATA
TATCGTCCAGTTATTCGGGECACTGCGGTGCATGAGCAARAAATCACTCCGGCGATTGCCAGCGGATCA
CCGCARATTGRATTGCTGCCCGTCAATTCCCPTGCEAGTGATGEATTCEGCCGCGACTCARCGETGAGGAL
CCGCGGCACACCGAGETGCTCGCLGECTTCEGEGCGEAGUTCCCECCGATCRTCETGCACCEEGCGACT
ATGCGGGTCATCGACGGCGCGCACTGGCTGAGCECHGGCCCGELTGCECEGCEACGACCGEATCAGGECG
GIGCTGTTCGACGGCACCGAGCAGGAGGCCTACGIGCTGAGCGTCARGGCCAACGTGACGCACGEGCTS
CCGCTGETCCGCCGECCGAGUGCACCCGTECGGLEGAGCGLATCATCACGRTGCATCCTCGACTEGTCGGAL
CGEATGATCGCGGECETCCAGCGGGUTGEGCECELEEACCETCEECEECLTCOGCCGECEECECECEECT
TCCGECGRGAGCCCGECGEGCLTCCGUTCEUGCGCCEGCCEEEACAGLCECETCCGGECCEGECCEGCALGL
ACCGCGEGCCEGCTGARAGCGETCCGACTACCTCCAGGACCGECCEEACGCCTCALTGCGEEAGATCECE
CGECACGCCEGECETCTETCCETCGACCGLCCETGACETCCEEEACCEGCTGCACCGLGELGAGGACTCE
ATCCCLGCCACGCARCELELEELEECACCLCCCEEARAARLGATICCCCECCGCTGCEETCECTGETCCAG
GGCTTGGCEAGCEACCCETCETTGCGATTCAGCGAGTCCGEGCECEATCTGLTGCECTGETTGATTGCC
CACGCCGTTCAGGACEECERATGGARAGGGCTEET CEACACTATTCCEECGCAT TCCECGCAGGLEUTE
GCGRARATCGCGECGCLATIGTTCGCGGERATGGCETCGAGTTCOCGGACATCCTGGAGARGGALGCLELG
TAGGCCACCGGCATTTCTTCCGGCACCCEETCCECCCTCCETCACSCACAGETCAGAGTACTGATGGCE
GCTGTCARCCCGLCGATCTGCGGGTAGETCCCCACETCCTICCGLCGACCETCTGLCGRALGCATCCGE
TCEETGCCCGATGTGCGGETAGGCATTCACCGATCAGGEITGCTCCAATETCICTCGTCEATACCGUGE
CTEATACCTCCGCGETACTCGECACARCACTCCGTGECTATGECGCCETGEGTCCCGEAGCCTTTCCTGA
BGTACTTCGGACGTACCTETCCGERAGTCCCCCACAGARGGAGACRTCATGTCGGCCATCACCETGGARA
CCACCTGGAAGAACACCGACCTCCEGEAGGACCEIACCGCTCACCOGELCEGLLTCEECTICGETUGAGT
TEAGCTTCGAGGACCTECETGAGGACCGCACCATC TACGCEECCAGCAGCEECTEEETCTGCACCCTIGA
CCATCGAGTGCEECACGCTICGTCTECGCCTGUTGACCAACGETCATCGCACTGCLCGGGACCGGEGUTGR
CCCCGETCCCEECACCCTCTCCCCEGTAGGAGCCTGCATETCATCCTTTSCEATCGCCGLTTCGLUCGEGEL
CAGCGUGETACCTECACGAGCGCTCCGUCEGLCCUGGTEECGACCCCETEECEEAGCACGAGCGGETCGR
GPCETEECGLEAGTCUGCETTCCTEGACGACCCOETCCTGGACATCCECCTGCGLGAGCTCGGACTCAG
CCGEGCCEAGTTOGECCEGCTGC TEACCEACGECGUETACGRCGCCEEGAGCACGECCCTCGACTGEGC
CGECEAGCTGEECCELCGTECTEGCEACCEEEACCEGCELEETCACCEEACTCGCCCGETCEACCARGCT
GTEGGECECAGGECTTCGACCGECTECCETTCGCCGEECTEATCGAGAGETTCCTCECETACTACGAGCC
GCGGEETECOGCECACCELCEGEACCETCCGEGTETCCCTECTGGAGAGCCTCECGAACCGLCTGCTCAC
GETCGCGACCCEGACCCTECTGCTEGAACTGAACETGGLCUGEETGCACEGCCEGTCTIGACCGEIGCCAL
CCCCGGEEAACGCTACGACCACTACGACCGGETCCTGCTGACCGACCCGEGACTACCTGCGUTCECTCTT
CGGCGAGTACCCGETGUTCGECCEEECCATGET CGAGTGCEGCOGCLEGCTEGECETCECUGATGGCIGR
GUPGTTCCAGCECCTGEACGCCGACCETCCCGCCOTECACGCCGLCEEECTECTECCEELOGGCECEEE
COAGGTCACCGCGCTCCEGCCCGACCTCGEAGACCCGCACAACAGCEGECCECECEETCECEATCCTGAL
CTTCCGETCCEETGCCCAGCTEETSTACAAGCCCCEGCCGETLBEECCEEAGCECECETACGCCGAGAC
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CGCCECEECCCTEAACCGGCALGECCTCAGCCTGCCECTGALCECCETCEALGTECTCCACCGLEGLEL
CTRCGGUTGETECEAGC GG TCCGECACGAGCUBIBCGCCGACCECGCLGACCTGRACCGCTTCTACCE
GCETACCGGCGCEETCOTGECCACCACTCTECTIGCT CEECECCETCGACETGCACAT GGRAGAACGTCAT
CGLGGCCGECTCETCCTBCATECCCATCEACCTGEAGACGLC TGCTECAGCCCGEGGETCCCETCOEGETRA
CGLGACGGACGCCTACACCCGOGUGCTCEACCTGUTCARCCAGAGCETECTGGCEATCGGGATLCTGLC
CGCOCGGGCETTCGECEELCERGAGCECAAGAGCEICEACETCAGCECEATCEECCECGECEAGGCACA
GACCGUGCCCCGECOGETGCUGRATGETCOTEEAGCCETICACCEACETGCCCCEEATCEAGGCEETEGA
AGCGACCATGCTGGEGLGCGLABRACCGECCGETEOTGETCEECEUCEAGETGCEECCCEAGGAGTACAC
COAGECEETGETGECOGGLTTCACCGAGGCETACGACCTGATC BTCCGGCACCELEAGGACTICGCCGR
CCTCCTGECCEECTTCGETEACGTCGAGETGUGCTACCTGCCCCOUCLCACCUGICGETACAGCATETT
CCTGACCGAGAGCTACCACCCGGACTACCTGCGCGACGCGLETGRCCGCGACCEECTGCICGACARGLT
GTGEEACCEGCUGCEGECECCCETCCCGACCTGATCCCCATCATCGAGTCGGAGRAGCGCCAGCTELTGET
CGECGACATCCCGTGUTTCCGLGCECTIGECCEELEATCGEELGATCCGCACCGLETCCGLCCCGETEEE
GCCGEACTTCTTCGACGCCCUCGECATCGAGGTGLTEGCUGGUCGLCTGCGGECAGRTTCGGGCLGETGCA
CCGGGCTGCCCAGCTOCGEATCATCCGCGAGTCGATGGGAACCATGCCCGLECOCEGLCCGATCGULGE
GACACCCGCGECCATCCTCCEAGCEECETEECEECCTCGACCCOCETGAGGCCGCCACGLTCGGGGACIG
GCTCGTGCEGEAGCTCGCOEACCAGGUEATCCICOEEGCCEACGACGUCEECTGEATCGGAGTCAGCAT
CEAGGGCCTCGACCAGGAGACGT TCAGCTACAAGCCCGATGECEACCEEECTGTACGRACGGCATCGCEGE
ARTGGCGCTGACGTACGCGTACGLCGLCCELACGCTCEECEACGAGCECTACCTCEACCTGRCCCGLCG
TACCGTCAAGCTGETCTCCEGUTATCTBLGETACCTCECCGAGCACCEGATCCTEEAGACGE TCEEGEES
GTACAGCOGGATGECCEECCTECTCTACACGCTGEATCACGTCGCCCATGCCACCEGLGACGCETCECT
GCIGGGECEAGATCGAGELLELCGLTECCCTGECT GCEEEAGTECECTACCCECEAGGAGTGCCCEEACCT
GATCECLGRLCTGGCCEETTECGLLGTCOTUGLGCTGTCGLTGTACCOECEELACCGCATCGCCGETTA
CCGCCAGETCOCEEAGATCTGLGECUGLUEACTEECCEECACCGCEETCGACETCEAGEECECTECEEE
CIGGGCCGCEACCCEEACCGELETGATCCTCOBCEETITCTCGCACGECTEGECCEEGATCGCTTIGEEC
CCTGCACGAGCTCGCLGCLGAGTTCGETGACCGEGACCTGUGCGAGCTGECCEGALCEGGLGETCGAGTT
CGBCCGGLEGCTGTACGTTCCGBCCGLCEECGCC TGECGCGACCTGCGECOCEAGATGGCCEGCACCGA
COGTTACCCEGCGCTCTEETETCACGGUGCLGCCEECATCGECCTGTCCCGGLTGCTGATCCACCGGAT
CCEECCERACGAGCEELTCGCLGAGGAGGLCCECECCECGETGEECECTEETCCEELEGLACGEITTCGS
CCACAATCACAGCCTCTGCCACGGCGACTTCGGUECECTGECCCIGCTCEGEUCTGECCERCCEGEGCETG
GCCCGEETCGEECEECCACEGACGAGCETECLEGECEUGETCOTGCEEEACATUGGCCAGACCEGTCTECGE
CEGUGGECTEEECAACBECATCCEGATECCEEETCTOATECTCGECELCECEEECECCEEACTRAGCCT
GCTCCGGCTGRCCGCELCCELCEACETECCCELEETCACCTGGCTGGAACCGCCECEEEECACELATET
CIGAGRCGECOGEECTGCTELGECGEAGCCTECTCEATCACCGEEELAAGLTCGCCELLETEGLCEETC
TCECCETCGCLGEEETCEECTGCCAGLTECECCAGCCETTCCTCATCCGECGCETGCTCACGECGETEE
AGPCCGECACAGCCETACCGLCAATTGGLTCTCGCCEITCTGGCGETCATEETCETCGECELEGCGCTGE
GOCGCCETCCAGCAGTTCCTEGCTGCAGCGCACCHGEGAGGCGATGETLTTCACGETIGLECUGCACGLTCG
TCGCGCACCTGCTGCGGLTGCOGETCGCEGTCTACGACGAGUGGCAGTCCGGCGATCTGETETCCCGEE
TCGGCECCEACACCGUCCAGGTGUGCTCEETGATCACGTCCGEEETEETCCACCTGGCCEEGEEGLGTCC
TGCTCGTCHGCGECTCGATCECCRGCATGATCATCATTGATCCGETCCIGCTCGECETCAGCCTGGCGT
CEETGCTETECEECEGCCGCCEEEATCCGECTBETUGECCETCEGCTECECCLGUTCAGCTCGGCEETCT
AGGAGTCGATCOEGCGCECTCACCECCTCEGACCACCCGEECCCTCGECECEATCCGCACGATCCGGETCE
CCEBGCGCCACCEAGCELEAGACCELCCTGATCETCGCCEAGGCCGACCACECCCEEELEGCEEELGTCC
GGCTCGLCCTGETCECGECCCAGGCCEGCCLGATCETCCEECTCGCCUTECAGGHCECETTCGTCELGE
TEATCGGCTTCLGCEGCTACCEEETCECEAACGGECECEETETCGETCGGCEACCTGETCECETTCACGT
PECTGCTETICACGOTGGCECTGCCCCTGGCCCAGLTCGUCEAGGELUGECCACCCGRATCCAGACCELEC
TGGGCECGCTEACCCGGATCGAGGAGATCCIGGCCCTECCEGACGAGGACAGCGUGCTCGECETCCGETG
CGAGGACGCCCGUCACGGTCCGECACGATCCEETGCTIGUTGGAGTTCGATCACGTETCGTICCGCTATC
CCACCGGCGEEGEAGATCCTGCGCEACGTCAGCTICCEGEETGCCEGCCEGCAGCACCACCGUGCTCRETLS
GGUCHETCOGGEECCEGCAAGTCCACGATCCIGECACTGATCGCCCEGCTCTACGAGGTCCACGGTEECT
GGATCCTGECTGCACGGCCGCGACATCCGCGACTACCCGC TCGCCGAGCIGCGBECCCCCLTCEEETACS
TCCAGCAGGAGGCCCCEETECTEECCGECACCGTCCEGEACAACCTGACRCTGGCCECGLCGGALETCE
CEGAACACGCGATCCECCACCGTCACCECATCEETCAACCTCGACCGACCTGCTCGCCCETRACCCGELCG
GCCTGGEACGCECCEETCEEECRCEECEGCETEUTGTTCTCCGECEETGRALGECAACGGCTCHCLGTCG
CCCGGACCCTECTOGCCCCGEELGRACTGCTECTCTTCCACGAGCCCGACCGCCCACCTGEACGLCCGTA
ACGAGCAGGCGCYGCAGCACGGECCTGACCGCECACGCCGCCEGLCEEACGUTEETEETGETCGCGCALT
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GCCTGGCGACCGTCGCGCACGCCGACCAGATCCTGGTGATCGACGACGGTCGTTCGGTCGCCGCCGGGC
GGCACGAGGAGCTGCTCGTCCGCGACCCGRCCTACCGCGAGTTCGCCACCCGTCAACTGCTGACCTGAA
TCCCEAGEIGTACGCCAT GCTCAG TG TCLTGGACCAGGTECCCGTGTT oG TEECEACCACECOGECEh
GGCHETCCGCERGECCGTCGEGCTCECCCEEECCGCCCARTCGLTCEECTATCACCERTTCTEGATCGE
CCAGCATCACGECAGCGCCGCCARCBCGTECGLEECGCOBGAGATCETGECEGEEGCCETCGCCERAGS
CACCGRARCGGRATCCGEGTGEGCACCGEGEREAGTGC TECTGCCGTACTACAGL CCGOTCARGETEECGEA
GGCCTTCCBEETGCTEECHGCGC TETATCCGGEGCEGATCEACCTUEEG T I EGACGEGECAGRRREAG
GCCEECGETGATGEECCEAGCT G TCARCCCATACGCEATCGCGACCEAGEAGECETACGCCEAGCAGGT
CGGCCEGCTTICTCGLETTCCIGEGCEACGCGCHEACCE TCAGCCGEET R TOGETOACECOEECRETEOR
GEACCCOCCETTGCCETEELTELICGECTCCEGCETOAGRAGCGLCCELCTCECCEGEATECTCGRCET
GCCBTTCTGCTTCGCECAGTTCATCECGACCEAGEAGTGUCCERAGECEATCACGRCATACCAGEARTC
GITCCEERGCTCGLCETCGELTERACGAGCLACAGECEATGC TGECGI T RCEEATGCTCECRECCEGCAL
CGCOGAGEACGCCERAGEAGC TERCCACTGGLITCTGEATETCETECACCACCGGATORCGEGCCCAGET
CCGECCEEACGACGAC T ACCGGRETGECGTECCEAACCTRECGGACGCCCAGTEGTACACCC TEACOGR
GGAGGACCTEGCGAT GLECECEAGCCBECCATACCTECAGATC TCCGECACGECGEAGRCEETCARECER
GGAGATCCEGECEACTGUGCAAGETGTACGACETEECCEAGE TCATGU TUACCANGAACTGTUCGEEGE
GECCGCCCCEECELCGETCOTACGAGCTGCIGGCCGCCBAGCTCGERCTGANCECECCEGCETEACCOGR
GETCAGGCCAGCTCGTCERT GETEAGGCOGECGECETACECCAGCACGECEECTECACTCRET TEECS
ACRCCGAGCTTIGCGCAGGATGACGCIGACETACTCCT TEACCETGEAG OGO TEATCALCAGECECOCE
GCGATCTCCECETTGETCAGCCCCTBCCCGATCAACCCCAGARCGRC O TE T e ACGETCEEAGAGCTET
TTGACCTCEICGACCECETTCTCGBCGECGRAGT BCCCCEECAGGCCACGCCCASCATGATCCACGAR
GECTCCGECELCAGCALGETCACCCCGGACEICAGCGCECEGACCECCECGACCAGTTIGOTCCRECT G
CTETCCTTGAGCAGGARGCCGCAGECGCUACCRUGCAGCEACTCCAGTACEE TG TGLACGOCACTALS
GTEECCAGCACCGCCAGCGCCEELCUGRACTUCAGGTCGCECAGCCEEETCAGCAGCEGCACECTCTCr
GGCAGGGTCECGTGCECETCCAGCAGEACGACCECGGELCGAT CCTCGCTEACCECGECEAGCECROTS
TCGCEGTCAGCGGCEACGACGGAGRAGLCACCCATCETCICCAGGATCATC T TEATGCCEATCERAGACT
AGGGCCTCCICGECCACCACCAGTACGICCECCATGCCTCOCOCEEGCAATGTAGCCETACGAGATTTG
ATAGTGCACARARACCATCGARTTACTGUTCTITCGRAATCATACATETATT TATGCARATTIC TGGTCR
GEARACGGGGACGATCCEAGACGCLCGGECCEECETCTCEGATCETCCTTCACCGOGLACAGCTATCGE
ACEAGCCCTTCCGCGEEEECEATCOGCETGGCTCECCEAGCCGGLGCCABEC TEECCAGCACACCORTE
ACCECEECEGECCACCAGCACGAGACCCAGE TECGECCACCCCAGCATGATCACCEETTCGECCTGCCRE
CCCACGECCELGATCACECCGACCAGOCCEACCEGCACCLCEATGACGATECCEECCACCETGCCRACT
BGCGTEATCEIGACCECCTCCACGECGRCCATCGCGCGLAGCCAECT COGaLEaETGoOEAGCETOCaC
AGCAGGGCCATICTCCCGGGTTCCITCGATCACCEAGAGGUCGAGCLGETEGRECCATECCGACCAGLGES
ATCACCACGETGACCECCAGCATGCCCAGCGACAGTCCGAGCAGEAT GGACAGGACGTTCATGATGTCS
CCGCCCTCEETGACACCGCCHUCGACCTCCACACCERELGTCEUGTGCLGCCACCGLETIGALETCEERE
GCCAGCGTCICCCEETCEAAGCCECCCEECECEETGCCCCAGACLE TG CEECACGETCCEEALCCOS
GCGGLGETCAGBACGTCACCEGETEGTGACGCCEAGCARC TELCCGR TG TETCEGLCAGCCGLGAGCAD
CEGEECGETGRACCECAGETCCCGCCCGLCEBLCETGACCET GAGCEGAGCACTETCCRTCAGOOCGORD
GCLGTCAGGTAGGAGGCCGGCACCAGCAGCACCEEGTCCCOGETGGACGCACTCAGLTCCGGCECGAGS
CGCCCGECCACGTCEETEEEEAGCECLGCGATCCREECCEECETEEETTTGCCCGCEECCEEEAALGTC
GCCGCECTCETCGCCACGETEGCCRTGETCAGCCLGETEATCCCREACAGLGUCCGEACCETEOGETOR
TCEATCECCGCECCEICEETETGCACGCTGACCGCCACCEBATAGCECGCCTCCAGETCGECCTCOALC
GTGEGECCCGCCCECTCECLGAGGCOACGECCAGGCLGETIEATCAGLECEGLCCCEACGACCACGGCCATS
GTCGCCGACGCCGTCCGGCGCGCGTTCTGCCGGAGGTTGCTGCCGGCCAGGCTCGCCGCCACCCCGAAC
CETTCCAGGLCGCGCGCCEICEEUGECAACAGCAGGECEATGCCCAGCGECAGCECGETCAGCAGCCCS
GCGGCEAGCAGCACCCCGCCERCCAGCECEAGLEECAGEEAGETGCLEATCGCEGCEAGACCCAGCACE
CCCACGGCCAGGUCEATICAGGATCAGCCCGECEACCAGRLGHCGCCCGCCBCEEACCTETEOAGEAAGA
GUGTCCEGLACCTCCTECAGCECHECGCACCAGEGERACCLEEETCECACGECGEECCEECECCCAGEET
GCGACGACCGETGGCGCCCACCCCGETGAGCACACACAGCGCCAGCACCGATCGGETTGACCECCAGGOCS
CCGCUGTTGATGTCGRAGCAGGCCEELCCCEAGATAGCCGAGCCCGACACCGGCGACCOCGOCGATCACT
GCGCCGATGCTCCCGGCGATCECCGCCTCCGCCAGCACCALCCGGCTCACCTGEUGECGEET GUCCGECOG
ACCAGCCGCAGCAACGCGACCTGGCEERCCCRCTRGGAGACGATCACCTEGAAGGTETTCGCCATGACT
AGEATCGACGCGAGCAGCGCCACCGCEGCGRACGCTAGCATCAGCACGALCAGCTRGGETETTGCCACCS
GCGARCCGGCCGEECEECOGCETCEGUEECCECCEACECETCEETCECEETCGCCCCCGELERCAGEGLT
CGGCCGRCLGCEICEACGETCTCRGCCAGCCEETCCOGETUCETGRCEETEAGCAGTECEECCEGEGEE
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) GTGTCCCCGGCGAAGAACGACGCGGCGGCGTAGAACCGGTAGTCCGAGCCGGTCAGCGGGCGGAAGCCG
AGATCGGCCGAGCCGACCACGGTCACCGGGACCGGGGCGGCCGTGCCCTGCCGGAAGTCGAGGTGGGCG
CCGACCGCGACGCCGAGGTCGGTGAGGGTCCGCCGGTCGGCGACGACCTGCCCGGCCGCGCTCGGCCAG
GTGCCCTCGTCGACGGTGAACCAGCGCACCGACGCGGTCGCCGGGATGCTCTGCACGTTGGCCGAGCCG
CGCCGGTCGCCGCCGAAGACGCTGACCGTCCGTGCGTACTGCGGGTCGACGCTCCGCACGCCCCGCACC
CCGGCGGCCGCCTGGTACCACTGCGGGTCGTGCACCGTGTCGECGGCGTCGAGCACGATGTCCGCCGTG
GTCAACGGGGCCGCGGCGGTGAGCCGCAGACCCTCGTCCGAGGTGCTCGCGAACGTGGCCGTGGCGGCC
AGGAAGCCGGETGGCCAGCACGACCGLGS GCGACGATCGCGAGCAGCCAGCLEGEETGCGACCGGALCTEE
GRCCAGGT COAGCETGARGATCA TGACGICACCEGTCACCEACGCCATGACCGACATGATCRACTCCACTS
TGGGCGCTCGGAFCTCFTCCCAGAbCCGCCCGTCGGCCATGATCAAGA“C”GATCGGCGTACGTCGCGG
CGGCAGCG;CATGCUTCACCA”GATGAT”GTCTGGCTGDCCTuCCGGGCGG“CTTCTGCAGCCCGGCL

GCAGCGCCCGGCCGGTGGCGATGTCCAGCGCGCCGGTCGGCTCGTCGGCGAACACCACCGACGGCTCGG
TGAGCAGCGCGCGTGCCACCGCGACCCGCTGCTGCTGGCCACCGGACAGCTCGGCGGGCCGATGGCCGA
GCCGGTCGCCGATCTGCAGCGAGGCGGCGATGCGCTGCAGCCGGTCGCGGTCCACCGGACGGCCGGCCA
SCCGCAGCEECAGCACGA TG T TCTGC T CGGLGATCAGCETGEGECAGCAGG T TEAACGCO TGEAAGATEA
AGCCGACCCGGTCCCGGCGCAGGTCGGTGAGCGCGCGGTCGTCCAGCCCGGCGAGCGCGGTGCCGGCCA
GGCTGACCTCGCCCTCGGTCGGTGTGTCCAGCCCGGCGAGCAGGTGCATCAGCGTGGTCTTGCCGGAGC
CEGAGGGELLCATGATCGCAGTGAACTCGCCGGLOBCRRAGRAGETCGACACOCORTOGACEENGACCR
CCGCBECETCLCCEETTCCGTACCE T TTACGCAGET TGCOETAACTEACCAT GEAGCTGOTC T CETOT
GCRTCATCACGETTECGACGT T AGGERAGTGECEGECCGCCATATCCETCOGGEGCATCGCCECEACT
GATACCAAGGTATCGACCTGGCGTGCGGATGGTGCCGCGAGCGCTCGCGGTCCCTACTCTGAGAGCGTG
GGARGCTGEGACAGGAGAACGC T GACEETCEATACGETGCATCGCCGOCECOGCEETCATGETGIECOTE
CTGCICEEETTEGCCEETCT GEACGAGTGE TACTGETOGECCECGLTUTGLGTCOOCCTGETEATOOGS
CECTCEECTCCEETEETCTTCCTCECGLTIGETCECGETECTCTCOGECATCCACAT CATCTACTCCESEE
AGCTTCGCGTTCCCCGETGACC TG TCGATCTEETCECLETECACGOCETCECCEETTACGGROCOGEEE
COBETCCEECACCTGRGLCTGCTECTCEGCGTEECCGECARCO TG TRETRALCGCOLEGECEOTECAC
GACGGGCTGCCETCETCCGLGACGCTECCCGCCGCEIGA TG TCELCECEACCOTEGCCECOTGRTCS
ACCGGCCTGATGCAACGECCEECAGCEGECCEACETGATCEAGECCEATCACCECIGOIGGCTCGCOGAG
CAGGRCAGCGCEATGCGTGLCCGRUTCGCGECEATCEAGGAGCECACCCEGATCAGTCAGGAGATECAL
'GACATCATCGCCCRCTCGCTGGCCTCGGTGATCGCCCAGGCCGAGGGCGGCCGGGTCGCCGCGCGCGCC
GACGCGEICGTCECCGECCCECTETTCGACCECAT CECECAGATCGECCGEEAGGCCOTCARCOACETS
AAGCGGCTECTGALCTCEATCOACGGCGACACGLCEGACGACT TCECECAGSEOCTECCCGACCTECOG
GGECCTECTIGGECCEGEETCTCCECCECCEECTCEACETOACGT I CRAGE TEROCEECCCEEAGBIALCS
CTCGCETCCEGCATGEACCTBECEETGTACCGECTEATCCAGEAGTCAC TEACCARCGTGCTCARACAL
GLCACGCAGCEECAGECUCGECTCAGCCTERTGTGGACCLCEARCETEGC TCEAGGTCAGCETGACCAGC
CCGLTGACCTICGCCREUGCENTCCGCGAGGETCECGRGU TGTCOGGCATCCEECAGCGETECTCGTTG
TTCAACGGCGACTGCEAGATCGTGECCGEGCAGACC TTCAGCE TEATCACCOG O TGRCCECTCECCCaT
CCGEAGGTTGCCETCCCATGACC GAGCOBCAGATCGACG TG P GATCECCGACRATCAGRACCTCGTEC
GEACGGECTTOGCCCTGETCGTCOACTCEGCCCTGGEACATECEGEETGETCECEACCGCEGOGEACEECE
CCGAGETGETGCEGCTEGCCECGGAGTTCCGCCCCGACGTGETECTGATEGACATCCGGATGCCCOGES
TCGACGGCATCACCGUEGCCCEGGCGATCCTGEAGGECALCGC TCAGCCGUCGARGATC BTCGORCTGA
CCACCTACGACARCGATGAGTACGCCAGCCEGATCCTEGCCECCOGUGCCAGTGEETACCTETTGARGE
ACACCACCGCCGAGGGCCTEACCEUGELGATCCEEACCETGCACCEUEELEGCTCEETELTEGELCoOaT
CCACCACCCRACCGCCTGETGACCGCGCACCETCAGCATCCGECACGLOCETCCGCECTEOTGGATTCT
TCACCACCCGGGEAGCECEAGETCTTCEACC PGATCCTEECCEGCGCCAGCAACGCEGAGATCGCCCACT
CCCTGAACCTGGLGEAGETCACGATCAAGACCCACGTCGGCCEEETGUTGECCARGATCGGOAETCORCS
ACCGEGTGRACGTCGTGATCTGEECCTACCGGARCGECEICGEECCEAGCTEAGCAGGRECCAGGCOGT
GCTCGCACTCEGCCGRATCCCGAARAGCGECTAGEGGRAGCGGATCTOGGCGECCABCEBCAGETGETC
ACTGCCGGTCCGEGEEAGGECCETCAGCCGCGTCACCETLATCGATCGCECCAGCACCTGET COATCCG
GGCGACCGECEICCELGLCGEUCAGETGARCGCEAAGTCOGL GRELGAATCEATCATCACTTACCGGAT
CEGECCGCAGCCCGCEGTCETCCACCGACGT BT TCAGETCCCCGATC ACGACCAGUCECEGARCCEGETE
GGECBGCGAGCAGCGCGCCEAGC TTCCEEECECTCTCATCCCGL CETGCCGAGETEAGTCCOGRCECRGT
GACCCGCACCGACGECAGATGCBCGACCTACACCGCBETGTCCCCECCCEECETCCEGECCACCGOCOG
CAGCCCCCGETTCCAGTCCTCGCCCAGGTCATECEGCCGGATETCGATCECCTCCGUECCERTCAGLGE
ATAGCGCGACCACAGCECCACGETCCCCTECACGETGTCCARCGGRAGCTCCGUGTCEAGCACACCOCG
GTAGGCGGCCACCECCTCCEGCAGCACCTCCTCCAGUCCRATCAGGTCCGBATETGCOGCEAGCAGLGE

B5



CCGGGCGGTCCCCGCCGGGTCCGGGTTCTCGTCGCTCACGTTGTGCTGCACGACGATCAGATCCGGCGT
GCCGGTGTCCCGGTCGACCACGTAGCCGCCGAAATGGATCAGCCACGCGCCCAGCGGCAGCAGCACCGC
GGCGAGGCCGGTCAGCGATCGCCGCATCAGCGCCAGCAGGAGCAGGACCGGCACGGCCAGCCCGAACCA
CGGCAAAAACGCCTCGATCAGGCTGCCCGCGTTGCCGACCGCGTTGGGGACCAGACGGTGACCGAGAAT
GACCGCCCCGGCCAGAACAGCGGTCCACAAGATCGGCATCGGGAGATGTTATCTTATTTCGCATGCGAA
ATAATGAGACGGTACGGATCCCGGTAGCGACCGGCGGCGCCGTCACGGCCACGCTGTTCGCGCCCGAGT
CCGCGCGTGCCGTGCTGGTCGTGCACCCGGCGACCGCGACTCCGCAGGGCTTCTACGCGTCGTTCGCCA
CCTACCTGGCGGAGAACGGGATCGCCACGGTCACCTACGACTACCGTGGCACCGGCCGTTCCGGCTCCC
.CGCGCGACCACCGTGACCTGGGCATGCGCGACTGGATCGGCGCCGACGCCCCGGCCGTCGCGGCGTGGG
CCGCCGACCGCTTCCCGGGCCTGCCCCGGCTCGCCGCCGGTCACAGCCTCGGCGSGCACGTGATCGCGC
TCGGCGCGGCCGGCCCGGATCTGGCCGCCTCGGTGATCGTCGCCTCGCACATCGCCGCGCTGCGCACCA
TCCCGAGCCGGCTGGAGCGGTTCCGCGTGCGAATCATGCTTCACATCCTGG@TCCGGCCCTCGGGCGGC
TGCTGGGCTACGTGCCGGCCAGAAGTCTGGGCCTCGGCGAGGACCTGCCGGCCGCCGCGATGTTGGAGT
GGGGCGGCTGGGCGCGCAGGGACAACTACTTCTTCGACGACCCGTCGATGCGCGCCGCCGAGCGCGCCG
CCACCCTGACCGGCCCGGTCCTGGCCGTCGGCACCACGGACGACCCGTGGTCCACGCCGCGCCAGATGG
ACGCCCTCACCGTGCACCTGACCAGCGCATCCGTGGAGCGGCGAACCTACTCACCGGCCGCCGCCGGGG
TCCCGGTGATCGGGCACCACGGCCTGTTCCGGCGCGCCGTGCGCGACACCGTCTGGCCGGAACTGCTGG
CCTGGTTGCACGCCCACTCGGAGAAGGCGTCAAGATGACCGCGTGCGCCTGCCTCGCCTGATCTTCCTG
CTCTTCAACGCCGACCGCGCGGTCCGGCGCTGGATCGACGCCCGTTCCGGTGACACCGGGATCGGCGCG
TCCGGCGCCGGCGTGCTGTTCTACCTCGCCGGTCACGAGAACGCCCTCATCGGCGACGTGACCGCGGCC
CTGGGTGCGTCACCATCCGGCRTGAGCGGCCTGGTGAACCGCCTGGAGCGTGGCGGTTGCCTGACCCGC
TCGCAGGACCCGGCCGACGCCCGCGCGGTGCGGCTCGCCCTGACCCCGCGCGGACACCAGGTGGTGATC
CACGCCCGCGGGCTGGTCGACGACCTGAACGAGCAGCTCACGGCCGGTTTCGACGACGGCGAGATAGCG
GTCGTCCAACGCTGGCTGGAGCACGTGACCCGGGTGTCCGTGCAACGTGAGGAGCGACTCGGTTRGCGT
CCGGTGATCAGCTAAACCTCCGGGACGGGCCGCCGAAGTGAGGTGTCGCAAGGCACCACCGCTTCCGAT
CCGCCCTTGAGGAGACCCATGGCTGACTCCGTCGTCTTCGACCAGATCCCCGTCGTCCGCGCCATCGGC
CGAGGCACCACCTCGCTGAGCGCCTTCCACGACGCGCTGGTGACCATGGAGTGCGGTTTCTACAACCTT
GTCCGGCTCTCCAGCGTCATCCCGCCGGGCACCGCCGTCGACCCCAGCGGCAAGGCTCCGGTCCCGGTC
GGGGCGTGGGGCGACAAGCTGTACTGCGTCTACGCCGAGCAGCACGCCAGCCAGCCGGGCGAGGAGGCG
TGGGCCGGCATCGGCTGGGTGCAGCGCCGCGACGGCCAGGGCGGCCTGTTCGTCGAGCACGAGGGCACC
AGCGAGTCGTTCGTCCGCGAGGCGATCAAGGCCAGCCTCCGCGACCTGGTCAAGGGCCACGAGGACGAC
TTCGACGGCCCGGACTTCGTCGTCCACGGCGTGG?CTCCGACGGCGAGCCGGTCTGCGCGATGGTGCTC
GCCCCCTACGAGACCGCCCCGTGGCGCGGCGTCCGTGCCACCGACCCGCCCGGCATGAACTGACCTGTC
ACCACGAGAGCCTCGCCTCGCACGTCGGGGCGAGGCTTTCGGCATTCGCTTTTCACTTCGACAACCCCC
TCCGTACCGAAGAAATCGAAGATCAAATTCTTCATTGCCTATCTCCGCTGTGGTCCAGATCGTCGCTCC
CGCGGGGACCCTTCCGGTCTGAGCAGGGCCGTAACCGGCCCAGAACGCTCAGCCCGAAAGGGCGACCTC
CGTGGCGGGGCACGGTCAGGGCAAAATTCCGTCGCCGGTCGCCAGGGATTCGCCGCCGGTTGCTGCGGG
TGGGGTGCGGCGGTCCGCCGGAGGTATGGGTTGCCGCTACGCTCGGCTAGCTTTCGACCACCGGTAACG
TGTAATTCCCCTTCGGTCCACCTACGCCCGT?GTGATCTCCTTATGGTGGGCTCGCTTATCCTCGTCCT
GTGCATCTGGGCCGCATCGGCCGCGATGTTCTTCCGGCTGTCCTCTCCGGCCCGGACGCCGGGCACCCG
TGCCTGGCGTTTCGCCCCGATCCTGACCGCCGGTTTCGCGATTCCGCTCGCCGCCGCCTACGGTCGGCA
GGACTGGTCCACCTTCGGGTCGCTGCTGGTCGCCGGCCTGGCCGCCTTCGCGGTCCTGCTCTACCTGCT
CCGTCCCGTCCGCC?CTGATCCATACTCGGTCGTTGTGACGACCCGGATGCCCCGCCTCGAGATCGAAT
ACTGCACACAGTGCCGCTGGCTGCTCCGCGCCGCGTGGCTGGCGCAGGAGCTGCTCACCACATTCCCCC
GCGATCTCGGCGAGGTTGCCCTGGTCCCCGGGATCGGCGGCGTCTTCGAGGTCCGCCTCGACGGCGAGA
TCCTCTGGAACCGCAAGCCGGACGGCTTCCCCGACCTCGCCCAGCTCAAGCGCCTGGTCCGCGACCGGG
TCGCCCCGGGCCGCGACCTCGGCCACTCCGACCGCGCCGCCACCGACTCCTAGCCCACACGTCCTCCTC
CACCGCTCCGGCCGCGGGACGCGTCTACGCGTACAGGATCCGGTCGATCGTCTCGCGGGGGAGCAGCGT
GCGGGCCCGCCCACCGCAGACGGCGACCACCGCCGGCCGCCCGACATAGACATCGCGCCGCTGGTGGTA
CGCCCCGGTACQGGACAGCGCCACCAGATCACCGGCCGCCATGTCACCCGGCAGCTCCGCCACCGCCAC
CGTCGCGTCCCCGCAGCGAACCGTGATCGACCGGCCCGGCGCCGGCGACGCCCGGCCGATCAGCGCTGC
CGTGTGCAGGCCGGCGCAGTCCGCCCCGGGCAGGCAGTCCGGGACGTCCCCGTCCAGCTCGATCACGCC
GTCCCCGGCGGCCACCACTCGGTGCACCGTGATCCCGGCACGACCCAGCAGCGCACGCCCGGGCGACAC
GTGCACCTCGGGCGGCTCAATGCCGTACCCCTCGGAAGTGACCTGCGCGACCGCCCGCAACCTGGCAGC
GAAAATGCCCACCGGGAGATCGGCGGCATGGCCGCCGCCGAGGTTGAGCACGGGCACCGTCGTCCGCAG
TCGCGCGACGAACCCGATCGCCTCACGCAGGCAACTCTCGTAGGTGCCGAAGCGGTTCAGCCGGTGCCC
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GAGCCGAGCAGTCCAGCCCGGLCAGCACCAGCLTCCECGACCERGTCACCETGECEACGECGECEAGLEL
GGCCGAGCTGTTCAGLCGCACCCUGTAGCCGCECTETECGCTGCCLGEUUGLACCLTCAGCAGGACEEG
CTGCCCCGGCCGGGACCECGCCGCEACCACTTCCGLCTCGGAGLCCEAGCCEATCACGACGGLGECECT
GCAGGACAGTGCCGCCTCCAGATCCECCACGGACTTCCCECTCCCGRACAGCEUCAGCGACTCLGGEEG
GATCCCCGCGTCGAGCGCOGTCOGCAGTTCEELGECCEABCGECAGTAGCAGCCCAGCCCETLLLEEGC
GATCCACCGCGCGGCACCCCTEAGCAGGCCECLLTTGECEGLTGCAGCACACCECECCCGRLCLGAALET
CHCEACGTACTCCGUGCAGCGACTGTGCACATCEGT CTCETCGATCACGTGCACCGEAGTGCCETEEGEC
COCGEECEATCCGGEETCACCGECACCCCGCCEACGETEAGETCACCGGGCTCGETCCAGCETGCGETIGAS
CGGCCAGTTCGCEEGETCEAGGCECGEECECAGCEALGCECCCAGTGAGGGCAGARTCTCEGACARCGT
CATACCGCEAGCCTGCTCECCEECCOGTECCCGAGARGATCCGGATACGCCACGTTGACGATCGACGTG
CCETTGTTGACGTETCECCTACAGETCEEEECTETCGGCEEEAGCCATGATCOGCAGCGELETTCGEETC
GATCGUGATCCGCATCGGLETCETGCCCCGAGECTCECCETICEACCTCGACGECCACCGECCEATCLGT
CTECCAGCCAGRETTCCCGGACCECEATGARRGGGCETTCATGCAGEETACGECEATGCCCEETGECCEC
GTTCCGGECCGTCTCETGCAGCAGT TCCLGLCEELTCGLCCCECCCACCEEATACGCGACCAGUAGCCE
GTCETCEGCETGCECETCUGCGETERTCGGCCERECCGECETIGEARRCCECCETTCECGACGTRCACCTE
ATEGGTETGEAACCELAGCTCCCGCCCCTEEECCCGEATUACCGLGUEGACCGGCUGETGCCEEECEAG
CAGCCCGAGTUGCGETCATCGGATACGLCAGCCGCCCLACGECCCETTTCAACCECEGLGGCECGLTEAT
CATCACCTCECCGGAGAGCCCEATCCCGACETGETTGETGAACGGLACGTCCCCGECEACGLCCAGGTC
CACETCGATGACTTTGCCGTCCACCAGGGTCGCGATEGCEECTTCGAGETCCEGCTCGRTICCECACGET
CCBERCGAAGTTETITGGTGETECCEAGCGECAGCACCCLGAGLGLCACETCCCGETGTGCCRGECATCCE
CCCCGCEETECTGATCGTCCCRTCLCCECCCCOGGLEATCAGCAGETCEGECTCTTTCCTCGAGCGLTIC
GGLGATCAGCCCETCCAGCCCGCCREACTECTCCAGCECATACGTCCCGAGTUAGCTCGARCCCGECCTIC
GACBAGCCECCEOCGLECCTCTTCGTAGAGGAGCCGLCCLCECCGGGACCGLETGTTGACAACARGARS
COLOCGCCECCCTCGCOGGATETCAGCACTGTELTCCCGLTTACTACGCACCCGCCGACCCTATCCGECC
CCAACCCACCCAACGCCCACGCCTCGTTICCCECCCECCCEETCCCEABCCETGATCACCRGCCGCARGE
CCTCAGCTGRCEGTTGACGECTGATTTCGECCCGETTTTELGLCGTAGEBCGCCAGUCEIGAGETGTCGEEL
TGECETTCAGGECTEEAT TCEECTCOETTTTGAGLCGTGGGTGCCAGCTGEEGECTECEECCEEARAGEE
GETGEATGTGGGEATECCCCGEEGGECLETAGBCCTCGGEGCACCEGARRRAGCEARCCAGCTCAGCTGTTSG
GCGATGARCECCGGLTGCGACAGCACSAACGTETCGATCTGGTCCTTCTTGATCEACTTCAGLAGGTCC
LTGECTGTCETCRCTCAGGAGCTCGACGCTGCCGGAGCCCEGCACGITCTCCEAGTTCAGCTTGCLGEESE
TTGEETCTTGATGETCAGGAGCTTGTCCGECT TEAGGCTELGCAT CGCGAGCHECCCAGTCGECCAGETCE
ATGCCACCGTCETCGACCGTCATCECCTTGCCEAACGCECTGAGCAGCTTCGGCAGCTIGETCEGEGAG
TCEAGGCCETCOTTCAGCGCCTGETTGATGATCOCCTTGAAGRACTGCTGC TGETECCECTGEUGALCE
TAGTCGAGCGAGTTE TCGECGAGCAGETCACGCTIGECEGACGAAGTCGAGLELCTGGCCEGEEETGRAG
CAGTGETCGCCCTTEETETACGTETTCEECETCACGCCCGAGATCTTGCTCTITCAGCETGCCGTCUGEE
TTEATCACEALCGECTTGECERTCTTGCCGTTCIGETCCITEGCCCAGETGEATCGACTIGETCGTGETE
TCCACGTACATGCAGACCTTGCCGAGCACGTTCACCACGTCECGGAAGCCCTEGAAGTCGATGATCGEC
COGGCETCCEECETEATGCCOETCAGTTCCTTGACGGTCATGETGAGCARCTCEARGLCETGCTGCAGE
GCCTCETIGCCCTTEAGCCCGCOEETRCCGARCGCGARCGCGGCETTGATCTTCETCTTECCECCEELC
CACTTCTGCTTCCCETTETCGTACGCUGEGATOTAGRL GTAGCTGTCCCGEGEGAGCEAGRTICATETAR
CCOCTECTETGETCCTTGTIGATGTGLAGCAGEATGATCGAGTCCEACCGEAGEGECTCGCCETTEETC
TECGTGEECCECTCETCGATGCCERCGRGCAGGAGATTCTTCECCCCEICEAGGTTCECETTCTTCTTC
TCOTCERCEEETTTCGCCEAGCCGAGCAGCGACTCCTGCOCEACCGAGGAGETGRCCECEGCCACEGTT
GCETTCAGCCCGATCGUBCCACCECCACCGCCEGACCAGCAGCAGTGAGCCGARGACCACGRTICCAGARA
GCCCAGCGEGETGETECGEECETCGECECTTECTGETCCTACGCARGGGGTCTCOTCTAATCEGEECGETC
GTTCCEOCCCAGGACAATCTAGEGACGGTCGTTCCACCCATGARGACGGECGCCECGAGCGRARAGATTC
COTGCGEAACATTGARTTTTCCYGAGCET CAGETAGCT ACARGC TEGARCGTCGCECTCGTGCCCCETEE
COTCGCEERACGTTECTTCCCTGTTACTCCCCARCECERCGTCTGETETTARCCATCGCACCACCARGE
CGACCTAGGTTCTGCACGGECCCGRGCCUCCEAGGT TCCGACARAGTTGCCCARRGCGAGTCGCCATGEC
COTCAGAGCCGGATGTCAGTGTCETCATTCCGACETGTAACCGECUGGAGTTGGCCETCCGCECERTEC
GCAGCECCCTCGEECAGACGECACCGGARCCTCOAGGTGATCETCETCETCGALGGTCCCEACEAGEEGA
CCGTGACGECECTEEGCEAGETCGETGACCCBRGACTCAGCETGATUGTGCTECCEGAGCETGGCAAGE
CCCCERACGCGLGGRAACACTGECGCCCEGGLCEECOGLGGECCECTGEACEECEATECTCGACGACGALG
ACGAGTGGECTGECCCACCARGATCEARCGGCAGCTGEAGACGECCGECGECEGCGRCLETEGEAGTGCCCEE
TEGTEECCTECCGEATGATCAGCCEGACECCEIGEECCEACACEATCATECCGLGCCEGCTGCCCEAGC
CGGETCAGCCGATCAGTEARTACCTGCTEETCCECCECEETCTGTICTACGGCEACEGUTICGTGCAGA
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CGTCCTECATCATGGCGCCGACCEAGCTETGECEGARGETECCETTCACCETCGGCCTGLERCGCELET
AGGRECTGEACTGGACCUTELEEECGATGCELEAGCCEGELACCECELTGATCTACGCLCGAGGAGCLGC
TGETCCTCTGECACCAGGACGAGAACCETGACCGEATCAGUCTGCAGRACLCGTGECGCRAGCAACTEG
AGTEGCTECECEECAACCEEGAGCTEITCACGCCGCETGCCTACGLCGCETTCACGCTGAGTETGCTGA
GCPCEATGEECCECELCEACCUGEEACACCGGGUTCTTCCETGAGCTGCTCGCCGAGGCCCECACGLALG
GCEACCCEEHECACCETCGACTACCTTACGCACATGCAGATCTGEGECCCTCCCGCCGAGCETCCGGCALCT
GCCTGCETGACGTCETEGTGEGCUGCGECARCACGAGCAGCAATGCCEEUTGAGCGECCGEGETCECEATTC
TGECGCAGTTCGATGCTECCCGGCTCCEAGACGTTCGTCCECAATCAGGCCEACGCECTGACCCELTIEE
ACCCCGGLCTATGTCGGUGCEGTCUGGCACGAGTCEETGLTETCCCECCCCGACGACGTGATCGCCTITC
CCEGGCEECAAGEGETTCCTGCGACTGCGECTEACC BEGECETUTCCOCAGCTGCAGRAGACGATTTCC
GOCGTACGECCGAATCTGETTCATGCCCATTTCGETEBGTEACGERATGECTEGTGAGCCACTCCGECCCAL
CAGCTGGLGETECCGLTGECCGTCACCETGCACCEGCACGACGTGACCCETCAGCCGTCCABCCCEGET
GUGRAGGGCGTGCGECTACCGCCGUAACCTGCAGRCCETTTTCACGCEGECETCGCTEETCATCGCGETC
TCGGRGGTGATCCECGGCCAGGCGRTCAGETGEEECECCEACCLCEECHAAGCTGARAGETGCACTACALL
GGCATCGLGGTTCCCLCGGAGCAGCCEGAGGAGETGCCEAAGCEETGGEACETGETGTTCATCGECCET
TTCGTCGCCARGARGGEGCGETCGACGACCTGCTCACCELECTCGCCELGETCRAGTCELGCLLGLELELE
CTGCTCATCGECGACGGCGAGCTEATCACGGCGATGCETGCCCGTECCGAGCAGCTGGGCGTGGACGTC
ACGTTCGCCEECAGCCEEACCCCCEAGCAGGIGLGECECCACCTGCTGGAGTCGLGGCTGLTBELCTEC
CCGTCGARGACCECECCEEACGGEEACACCEAGEGCCTGCCGACCACGATCCTGEAGGCEELLGCECTC
GECCTGCCEETEETCGCARCCCEECACRGUGGCATCCCGGAGECCETGATCGACGETGABACCGECCTG
CTCAGCCCEGAGECGCACCLEELGELECTGECEETGTCGCTEGACLCGEUTGCTCECTGACGAGGRTCTC
CAGCGCCEELTCEETECECEGECGUEECGECALCTCACGGCACACTTCGATCTCGTGGAGCAGACCAGS
CEGCTEEASGACCTGTATGACGAGETCETGECGEECGLTAGEETCTAGGCCIGCCTETCCEGEITTCCTG
GGGEARATCATGATCTGCACGCACTGCGECTCACCGGCGGCECCGRCCETCEELCCETGCCCHGGETEL
GGUCETCCEETCTCCGCLCCGGLCEEEGTGTTCCCGGACCCECTEGECLECGLCEECCEAGCEETCECTC
CCCACGTCGECETACAGCETGCCGETCGATCCETACACCEGLCCGACCACCEETGACCCETTCGLCGEC
GACTCGTTCCACACCCCOCCGCOGGCGTUCCLEATGCCECCECCEETGACCGAGCCEATCACGCCGALG
CCGBOCCCCECOGGCOTACBCCCCECCCCOGCAGTACAGCCCALCELCETATGCERGEGCECCCEGTCAG
CCCTATCCERETCAGCCT TACCCAGETCAGCCCTACCCEEGACAGCCCTACCCCGEELAGCAGCCETAT
CCCEECCAGCAGCCCTACCCCEGATACGECCACTCGAACAGCCAGGCCCTGACCATCETCGCCTALGTC
CTCEGCEECTTCGGTCTCCTGACCATGACCCCEGCTCATCERLETCETCEELCTGGETCCTEECGARCTTC
GCEAAGCGCCGTCACGAGLGCARTGCCTCEATCGUGETCARGATCETCECCEECUTGETGRTCGCCELT
TTGEGTECTGAGCATCETGEACCGCATCETTTARGECCTGLCCTGCCEATCACTCAGGECEGCEACTTCT
GEELGECEEEEETECTCCCCTCECCERARAGGATGTCCEETTCCCEGEATGE TCAGTACTETCGGCTCA
TGGGCEAACATTTCGATCTIGTCOTGUTEEECGCCEETCLGEE TECATATGTCECEECEATCCGLGECE
CTCAACTOGGCCTGACCACCGUGATCETCGAGGACRAGTACTGGEGCGECETCTGCCTICARCGTCGGCT
GCATCCCGTCGARAGCGCIGCTGCGCAACGCGGAGCTGGUECACATCTICCACCACCAGGCGTAGACCT
TCEGCATCGAGGEEARAGETCACCTTCGACTTCGCCETCECCCACCAGLGTAGCLECAGCETCGCCGRCG
GCCECETCARGEGCETGCACTTCCTGAT GAAGAAGARCGGGAT CACCGAGATCCAGLEGGCETGECEAGT
TCACCEACBCECACACGCTGCGGGTCGGUGACCGGACGETCACGTTCCACARCTGCATCCTGGCGALCG
GCGUGAGCACCCEGATGATTOCCGGCACGAGCGTCTCGRAGCGGETCETGACGTACGRAGGAGCAGATCC
TCEACCCCGRACCTGCCGRACAGCATCGTGATCETCAEGCGUCEGCECGATCEGCETCGAGTTCECETATG
TECTGCGLAACTACGGCETCGACGTCACCATCATGEAGTTCCTCGACCGGATGCTGCCECTGGAGTGALE
AGGAGETCTCCAAGGAGCTGCTCCGGCAGTACCECAAGCTUEGCETCEACETEIGEETCGECACCCGEE
TEGAGEECATCGAGGAGEGCGCCRACTCEGTICCGCETUACCGTCTCCAAGRACGGGARGACCGAGGETCC
TCGAGGCCGACARGETGATGCAGGLGATCGECTTCAAGCCCAACETGGAGEGUTACGGGCTGGAGACTCA
CCGOECETCACGETETCCBACLGLGGCECGETCCAGATCGACGACTTCTIGCCGTACGRACGIGCCCGGCA
TCTACGCCATCGGCEACGTCACCGUGARGCTGATEC TGECECACGLLGCCEAGGUGATGGECATCETEE
COOCOGAGACGATCGCCGGCECCEAGACGATGGCCCTCEACTACCGERTGATCCCGLGCECGACTITCT
GCCAGCCGECAGETCGCCAGCTTCGECTEGACCEAGGLOCABECCCECEAGCAGGECTTCEACGTCARGG
TEECCAAGTTCCCGTTCACCECEARCGGCAAGGCECACGGOCTCGECEACGCGACCEGETTCETEAAGA
TCCPCAGTGACGCGAAGTACGGEEAGCTGCICGECGCELACCTGATCGEECCGEACETGACCEAGCTGE
TRCCCGAGCTGACCCTEGCCCAGCAGTGGEACCTGACCETCCACGAGRT CGEECGCAACETGCALGCEC
ATCCHACGCTCGCCGAGGCGGT CARGGAGGLGATCCACGGLCTGECCGELCACATGRATCAACTICTGRG
TCCECCECTCRECCEACEEETCCECCGCTCEECCEACGEETICCELCECTLGECCEACGEETCCGLTGIC
COGECGACGAGTCCECEGCCOGELTEACGCCCEREGEAGTAGCCEEAGCCGCOCGTACCECGLCTGLRE
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TAGCCCGAATACCTACGCEEGEATGACGACTCCGLCECGBCCEETCGEEAACGCTGAGCOT TG TGACCOT
GACCGTCGAGCUTCCEATLECCCCEECEOCECCCECCEOTTCEEEECEATCCCEROGECGCAGRDTERE
CTATCTGGCGETICETGCTGECTCECGETGETGECGET GG TGACGC TEUECREACCERCTBCCGEATOCGES
CEAGTTCCTCGACGCECTGCEAGCGGLCGRCTEGCGETEEECEGCECTCGUGETEEERGCCEEEGTRCT
CTCCCAGATCGCETACGCCERGCAGCAGLGCOGEC I CTCECOGCETTCGHALTECECETECCEECCra
GCGEGCERTCECEATGACETACETCCEETCRGLGC TGAGBCATEGCGCTECCEGCUGERTCEECEEOCTC
CELGECETACGCCTTCCAGGTCTATCGTCECCACGGCGCEACCBCEGCEATCTOGC BACGECGACTOT
GATCTCGACGGTCETGACCGTGATETCGCTGGGCCTGUTC T ACGCCEOGACCTGETCGC TEACCECCAL
CETCETEECCEECCTEECCETTCTCOTGUTGTCEATC TACLGGACC GTGOGEEELCCEETCCOrCEGRs
TGCCBECETIECCGCECCETCTGAGEETEGCCCCGATCGCCCBCCIGCTCCAGCRRCCCECCGTEECOCA
GGCGCTCCGEEETECACGETCCETCCOGECCUGGACGT GGCTCACGETGACCOTGRCCAGCETEAT AR
CTGECTGCTEEACATGGCCTECCIGCTCCTCRCGECCGACECEC TECACELOGERC TCERCTEGARCIG
GCTCGCECIGATCTACCTGECCATCCAGETGRTCCGRCAGATCCOGOT CACCCCCGRCEGCATCEROCT
GATCGAGACCAGCATGCTCGCCEECCTEAT CECLGCEGEUGCCCLECAGETCACCECCGCLEGEEATCAT
CCTGATCTACCEECIGATCICETICTGECTEATCCT GLCCAGCBRECTEECCECCCACOTGACCOTEES
CCGEGEGACCETGCCECCEETGACTCCGEECTGACCECCGEEECTCAGGCECEETCEAACTECTEGARS
ACGGCECCGAGGCCGAGCETCAGGRCUEGECGEECAGTCETGACTCCAGCCCGTACCECCEGLCGERS
TTCTCCCGATCGACCAGETCCTGCCAGAGLCCEETCACCGEATCGCCCABCCCCEGECAGGTCETGCCCR
GCCGCCLGGAGCAGCTCGECCAGETCETTC T GUTEGCGCAGCCECTECT CUTCEAAGRTCTGGCTCCAC
TGCATCAGCGAGATCGACECCTCCAG TG TG TCOGGCACCETCTCRTCCAGCATCBECAGCEETCGLGCT
GCGGCCCACGLCGCEAGCTGCGCCCCAGTCACCRT GCCEEEATCETCGTCBCGGOTECECGCOARDGD

TACGACAGCAGCGLCGETGETCTCCACCAGCAGEIGC TECACCEGGACGCECEUCEECEGETCCAGCTAD
CAGIGGTCCGCCTCEAGCAGGECCELGEIGTECLEBETCGCCECCOGCCALCAGCOATCETCGCCGECOG
GCCAGGGCGICEGETETAGGACCACAGGARGETCACCCTTCCETGCCTACCAGCGGCACTTGACACGAGT
CAATCACGUGAACGCETGGCGACGACCGLGATCGCT TCEACEEAGATCAGCAGC CCGTBCEGEAGARCT
ACGCCGGCGEECECEEACCEEECCEEIGECEEGTCGEECATETECCGCECCAGCACLTEETTGAT CACT
GGGAAGTCCTCGACCTGCOTGTAGRAGACEETCAGCTTCACCAGCCCETCCAGCOCBTOCAGCCCGEAG
CCBELCECCECCAGCACCECCCCEAGETTIGCACAGCGCCTECTCEETCTGUGCCTCGATECOGTCCACT
GECTTCCCGETCEUGEEETCEATCCUGGECATCCCGGAGCAGAACACGAACCCECCGECEACGATCEOC
TGECTGTAGGGCTCCAGLECCETEEEGECCCECTCACTCETCACCGCGATGCGATCCATCEEGOGAGTC
TCCCGCACCEGEECATCCGATGETCTITCOECTTITAT GACACGEETEGEAGC TTGACAGCCGTACETCSTT
TATCGATTATCAATATATCGARALRACGATAAGGGEETACGTCETGAAGACCCACTERT TCACGGAGTTS
CACCAGGIGCTGCTGETCECCECHCTGEGCECLGEGGCCECCGUCETCOTUREGEACCETCEEEUTLETS
GTGCAGGACEAGGTCETCETCCCEEEURGCACGTCGECTCCEGUEAGLETGETCAGCEACCUGAGOETS
ACCCAGCTCCTECTCGCCETGECEGCCEUCETGCCGACGTACCTGCTGECGACCECCATECTEETECTE
CTCTACCGRTTGLTCEECECCECEGCETCECGREEGATC

SEQ ID NO: 201 orfl Secretion system protein 334aa
VRLRIQRRLADELGPILYTTGQSEDLDARVRDALEDLLAREETELSGADR
ARITREVIDEVLGHGPIESLLRDPSVIEVMVNGPYSVYVERFGRLEKVEA :
EFDDEQHLRRIIDRICSRVGRRVDEAS PTVDARLPDGSRVNAVVIPPIALD
GSTLTIRKFAAVPLTVGDLLOYGTLTRQAARFLDACVRGRRTILVSGGTS
SGRTTILNVLSSFVPADERIVIIEDARELQLVODHVVRLESRPPNEEGRG
TITTRDLVRNALRMRPDRIVVGEVRDAARLDMLOAMNTGHDGS LT T LHAN
TPRDALSRLETMVIMAGMDLELIRAIRDOISSAVD

SEQ ID NO: 202 orfZ Response regulator 358aa
MEELESYLERYPETLLVVIGAVVDLDEALMPTAYORLORPVIGVVLIRER
IEAGVVLRCLQSGIRDLVAREDERGIRSATVRSVDLSKALSTTMRGTSDN
APYASVVIVFAGKSOCGREVVAVNLAVALAGAGRRVLLMDLDLOFGDVAL
MMELSPERNIAGCLOMAGRLDEPGLRS IVTTYROSLDALLAPAS PARGED
VRREFVVELLDVARPLYDFIVVDTPSVVIDOVIAALDMSIWFIPIVTPDL
PRLKSVRLITAEMFDLLDY PKDERLLVEFNRAGAQVGLSPSEVEVAAGMPTFA
VOVPASRDVTVEVNHGEPTAVIDPLEPVSREIRELEDRIAGVGTTPQRER
GFLGRLFP
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SEQ ID NO:203 orf3 Hypothetical protein 266aa
MRRRILILEARLVLACISGAAVILSYARSADRRALSGREGTHWILVAGDHIP
SGTSEARIRARGLTIERLLVETVIVPAGALTTHDSALDPLRLGEDLOPROL
IMRTLEVPASPAPSHTGRIPVPRRESLEVSVALNVAPOVAGNITRPGDOVAY
YYTYQARKVIMARDHETI PMIELLLPRARVIT IGRAEPGQRPVTPSPEPTP
GPSASAGDSTAAVEEIQRYVVILAVGDIDALRLVHARAQSGS LY LALLGEN
ATASTGRPAIDTSWVVR

SEQ D NO:204 orrd Hypothetical protein 432aa
MRELIHALFPPRGERGVITALVAVLAGAGVLLEMARLVIDIGALYRERED
LOSGADAASWRKVAQACAGTAGRDLT SATCTVARQRDNAQRYADRNAKDLY
SDVOFCITTVSAAGVITADAGCPSSWNTPVICPAPPSASGEYRYVEVRTS
TRENSDNTSVVEPLFGRGLAGSAYRGARKMGACGRVARGAPAVTDVLALGYS
RCDFLRLTIGDYTRFFAPRPPPTGPNPOTCVHPLLGLEDPTAGYIPISDEIL
ATSCRADAGETVAGYTWLGOPDGPPALPGLLPVSAPDASCELTGIPATDS
PADSWVGGFTIGPGNASAATACLDRLNVLITSGOPVLVEIFDROVAVIGY
LPSYYRIAGFAPLVLIGYESPVSGPVSPGSAVPSLVPGAQRALCAALSCE
YGYFTRALVIDHVPTRFATSRYYGAMVIGRTG

SEQ ID NO:205 orfs Response regulator ATP-binding 136az
MWKATERQGPVVLLVEDDEDLRELAROMLEMRGEVVLVAKDEPVEAIMICR
VHEGAIDVLLTDLGLPGVSGGELARSASEVRPGMKIVYVSGVPEEIALIRK
GLIRAGSPFVAKPYTADRLAGMLRIVLAQGAESSAR

SEQ ID No: 206 orfe ABC sugar transporter 363aa
MFNYVSFVRPKTFAATFAAAALLLGSGACAKSEDSEDTVAAGPAPSAAQV
VOSASAGSATCALDOYGASKLDLKTASVEFSQSEKEANPFRIAETRKSIKD
EAAKLGITNLKT SHNANSQFNKGIADVEQMI DAGVOLLVIAPLNSDEWDEY
FRRKATAKHIPITITIDRKINATACKDYLTFIGSDFARQGKRAADALAKSLE
NEGEVAILLGARPGNNVTILRT BGFKDEIARVAPDIK ITFEQTGNESREDG
QRVARQLLOSKPNINGIYCENDEMALGAI TALKGAGKRAGDVKIVSIDGT
RGAVQGIVDGWVSAVIESNPRYFGPLAFDTATKFFGGERPVGODIVIGDRAY
DESNAKTDIGSAY

BEQ ID ND:207 orf7 ABC sugar transporter ATP-binding

501a=
MLLEVSGVSKIFPGVRALDGVSFILNPGEVEALVGENGAGKS TLIKVLTG
VYQPDSGELRYRGEPARFATPLDAQRAGISTIYOEVNLVPLMEVAINLEL
GREPRNRFELLDEARMVATATEILAGYGVRIODVRRRLGTLALGAQOMVAL
ARAVMVDARVVVMDEPTSELEPREVETLIGVIRELHTAGIGIVYVEERLD
ELYRVCDAVT ILRDGELVATGRMADLDRRTLVSLMLGREFGADEFTSFSES
POSTPEGEPVLRVSGLTSRPRLDDISFDVRPGEVVGELGELLEAGREETIR
AIGGAYPIDSGVIEVGGVRLGRPSTVRAVRAGVATQPEDREAEGIVRPGLS
IRDNIALRAILPRMARFGLVSDRRIDSIVATYMSRIRIKASGPDOAVGDLS
GENQOKVLLARLLATGPEVLLLDEPTRGI DVEAKAEVQALIDELAKEGLG
VVLVSSDARELVEGADRVVVLRDGAVVETLTGDRVTIEALMAT TAEARDE
H

SEQ ID N©:208 orf8 ABC transport permeass 318%aa
MSTETLERPRMIFNPAWARRYGVYAAIVLLIVVNIAFTPYFLTLSNLRIO
LIQARPVVIVALCGMALVIGTEGIDLSVGEVMALAARFIPLYLGYGVTAAL
LVSLLAGVAVGLINGVLVAKAGLOPIVATLALFVEGRGLAVVI SGEQLKD
VRNADLLYLGSGDLLGVPVLVWIAALLVLVVAFVVRRTIVFGRRLLAVEGN
RPARRLAGLPVERVLIGVYVFCAVLABIAGLLSVARIQSSDASAVGLLIE
LBATITAVVVGEGETPLIGGRVRVLGTVAGALLMQLVVATMIKEDLPPSTTEM
VOAVITLVAVYIVARERRTR '
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SEQ ID NQ:208 orff ABC transporter permease protein 320aa
MSIPVPAFRNGGFVQROGALAVLVTIVVAISLAAFPGFRSADNAGTILVAL
APPMLIALGMIFVIITGGEIDLEVGSLYVLEGYVABWASOWGVVRATAAPL
LLCGAIGVLNGILISRTGMAPFIVTLAALLGARGLMRE ISDECSTTYLVR
SDVFHELGTGSLLGVELPVWLAAVLVGAGILVINRTRFGHAVHAIGESED
AARLMGLPVRRIRVWVYLLSGLLAGLAGAINARKLGSGVIVLGSGMELDA
IAAVVIGETLLTGESGSIAGTVAGVLLLGVIONLINOVENVN SNHWOOVI S
GEFLAAVVVAQTTLVRARRS

SEQ ID No:210 orfl0metallopeptidase 488aa
MRTSAGTRVLIVGATVVLALAARAAPAQAGPSPSPESAGLGDRLYPLLEN
CEYDVLEYDLRLRY PEEDPRKQVVSGDVT LTAVAGQSLSRFDLDFGGASIG
RVSVDGQPARRARDGDELTVIPRRPLPRGRLERVTVANFTAAPAALVATP
DETVLARQPGSAHLLF PCNDEPRDEATFTITLTVPAGH TGTANGTLVS TT
EHDGHVE SVYRESAPMATELVOTAVGDFVVERRPAAGETPIRDVVPRRLA
CTLLPAIAGEREQLAWMEKCAGPY PFEDYGSLVIDDDLGYALETQTLSLY
GAALFTGPETTRGRPSMIHELARQWFGDSVSPFSWSDVWLNEGHATWY BML
WSEETGCEPOY TG LADREAFFEAVYRAAGDIFRARY GPVARPLDARTTWDV
FNPNVYAGGALVLYALROKIGAATFORVERAWLTTYRGRSASTCGDFITLA
SRVARQDLREPFLTSWLLGVT T PPMPNEPDWVVT PGS

SEQ ID KO:Z11 orfll putative StrR-like regulator Z2Bbaz
MBSPRLNGEDPRETEVLAGFGAELFPPIVVHRATMRVIDGAERLSAARLRG
DDRIRAVLFDGIEQEAYVLSVEANVTHGLPLSAAERTRAARR I I TMEEDW
SDRMIAASSGLGARTVGGLRRRRAASGESPAGIRSRAGRDSRVRPAGSTA
GRLEAVDYLODRPDASLREIARBAGVSPSTARDVRDRLHARGEDFIPATOR
AARRPGNDSPPLRSLVQGLASDPSLRFSESGROLLRWL IAHAVODGCEWKG
LVDTIPAESAQALAKIARHCSREWREFADILEKDAA

SEQ ID NO: 212 orfl2 lanh 64aa
MSAITVETTWRENTDLREDLTAHPAGLGFGELSFEDLREDRTIYAASSGWV
CTLTIBECGTLVCAC

SEQ ID NQ:213 orfl3 lan¥ 1046aa
MEBFAIARSPASAYLHERSAGPGGDPVARHERVESWRESAFPLODPVLDIR
LRELGLSRARFGRLLTDGAYDAGSTALDWAGELAAVLATGTGAVTELARS
TELWAQGFDRLPFAGLIERFLAYYRPRVPRTAGTVRVSLLESLANRLLTYV
ATRTLLLELNVARVAGRLTGATPGERYDEYDRVLL TDPDYLRSLFGEY RV
LGRAMVECGRRWASAMAELFQRLDADRPALEAAGLLPAGAGEVTALRPDL
GDPENSGRAVAILTFRSGAQLVYKPRPVGPERAYARTAR AL NRHGLSLEPL
TAVDVLDRCGAYGWCELVREEPCADRADLDRFYRRTGAVLATTLLLGAVDY
HMENVIAAGSSCMPIDLETLLOPGVPSGDATDAY TRALDLLNGSVLAIGT
LPARAFGGRERKSVDVSAIGGEEAQTAPRPVPMVVEPFTIDVARIEAVEAT
MLGAQNRPVLVGAEVRPEBHTEAVVAGFIEAY DLIVRHREDFADLLAGFG
DVEVRY LPRPTRRY SMFLTESYHPDYLRDARDRDRLLDKLWTARGARPDL
IPIIESERRQLLAGDI PCFRALAGDRAIRTASAPVAPDEFDAPGIEVLAG
RLROFGEVHERAAQLRI IRESMGTMPAPGPIAGTPARPSSERRGELDPRERA
TLEDRLVRELADEAILGADDAGHIGVSIEGLDQETFSYKPMATGLYDEIA
GMALTYAYARARTLGDERYLDLYRRTVKLVSGYLRYLAEHRIVETVEAYSG
MAGLLYTLDEVAHATGDASLLGEIEAALPWLRECATREECPDLIAGLAGC
AVVALSLYRRHGIAGYREVAEICGRRLAGTAVDVEGALCHARTRIGVILG
GFSHGSAGIAWALHELAAEFGDROLRELADRAVEFDRRLYVPAAGAWRDL
RPEMAGTDCY PALWCHGAAGIGLSRLLIBRIRPDERLAREARRAVALVRR
HEFGHENHSLCHGDFGALALLGLADRAWPGSGREDERAGAVVRDIGETGLR
CGLGNGIRMPGCLMLGAAGAGLSLLRLAAPADVPAVIWLEPPRGTHEV
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SEQ ID NC: 214 orfldlanT 575aa
MSETAGLLRRSLLDERGKLAAVAGLAVAGVGECOLGOPFLIRRVL TAVOSA
QPYROLALAVLAVMVVGAALGAVOOFLLORTGEAMVFTVRRTLVAHLLRL
PVAAYDERQSGDLVSRVGADTROVRSVITSGVVDLAGEVLLVGGSIAGMT
IIDPVLLGVSLAPVLCGAAGVRLVGRRLRPLESAVOESIGALTASTTRAL
GAIRTIRVAGATERETALIVREADRARAAGVRLALVAAQAGPIVRLALOG
AFVAVIGFGGYRVANGAVSVGEDLVAFTLLLFTLALPLAQLAERAATRIQTSE
LGALTRIEEILALPDEDSALGVRARTPATVRHDPVLLEFDHVS FRYPTEG
EILRDVSFRVPAGSTTALVGESGACKSTILALIARLYEVAGGRILLAGRD
IRDYFPLAELEAALGYVEQRAPVIAGTVRDNLTLAAPDVARHATREVTASV
NLODLLARDPAGLDAPVGEDGGVLFSGEERCRLAVARTLLAPGELLLFDER
TAHLDARNEQALQHGLTAHAAGRTLVVVARRLATVARADQILVIDDGRSY
ARGREEELLVRDPTYREFATRQLLT

SEQ ID NO:215 orfl5 lan0 (Lucifrase Lype moncoxygenase)
347az
LSVLDOVEVERGODPAEAVREAVGLARAAESLGYHRFWIARHEGSARNA

CAAPEIVAARVAGATERIRVGTGGVLLPYYSPIKVARAFRVLAATYPGRI
DLGFGRGRGEPAVMAELLNPYATIATERAYAEQVGRLLAFLGDARTVSRVS
VIPAVODPPLPWLLGSGVGSARLAGMLGVEFCFAQFIATERCPREATIRAY(
ESFRSSPWLDEPQAMLALRVLAAGTAEDAEELATGFWMSCTTGWRAQVRP
DDDYRGGVENLADAORY TLTERDLAMRASRPYLOI SCTARTVEEEIRRLR
EVYDVAEVMLTTNCPGAAAPAPVLRAAGRRARADRAGVTRVR PARRW

SEQ XD NO:216 crflé lanR (Response regulator) 217aa
MADVLVVAEEALVSIGIEMILETMGGRSVVARDRDSALEAVSEHRPAVVL
LDARATLPESVPLLIRLRDLESGPALAVLATLAAS STVLES LRGGACGEL
LEDSQPEQLVAAVRALASGVIVLAPEASS IMLGARACRGTPARAENAVDEVE
OLSDREQAVLGLIGQGLINAR IAGRLFISDSTVEEYVSVILRKLGVANRY
QBRAVLAYAAGLTTDELA

SEQ ID NG:217 orfl7 ARC-transperter associated permease
8l4aa '
MIFTLARSQVRSHPCRLLAIVAAVVLATGFLAATATFASTSDEGLRLTAL
APLTTADIVLDADDEVHDPOWYQARAGVREVREVDEQYARTVSEVEGGDRR
GEANVOSIPATASVRRFTVDESTWPSAAGOVVADRRTLTDLGVEVGAELD
FROGTAAPVPVIVVGSADLGFRPLTGSDYRFYAAASFFAGDTPPARLLTV
TORDRLAETVDAVGRALPPCATATDASARADAARCGRFAGGNTQLVVLMLA
FAAVALLASILVIANTFQVIVIEQRVRGVALLRLVEGHRRQVSRVVLALAA
IAGSIGAVIGAVAGVGELGYLGAGLLD INGGGLAVN P IVLALCVLTCVGAT
VVAAWARPARRATRVPPVRALOEVPDALPAQVRGGRRLVAGLILIGLAVGY
LGLAAIGTELPLALVGGVLLAAGLLTALPLEIALLLPPAARGLERFPEVAA
SLAGSNLRONARRTASATMAVVVGAALITGLAVASASGRATVEADLEARY
PVAVSVETDRGAAIDDETVRALSGITGLTTATVATSAATFPAAGKEPTPART
AALPTDVAGRLAPELSASTGDEVLLVPASYLTARGLTDGAPLIVTIAGGRD
LRFTARGSRLADTTGOLLGVITGDVLTRAGVRIVPTTVWGTAPGGFDRET
LAADVNAVEARDAGVEVGGEVTEGGDIMNVLS ILLGLSLEMLAVTIVVIAL
LGIANLLGLSVIERTREMALLRALGTRRSRLRAMVAVEAVT I TLVEIVAG
IVIGVEVGLVGVIAAVGEROAEBPVIMLAWPQLELVLVARAVTIGVLASLAPA

REATRIAPARGLVR

SEQ ID NO:218 orflf ABC-transporter ATP-binding protein
240aa
MVSCRNLRKRYGTGDAAVVAVDGVSTSFAAGEFTATMGPSGSGKT TLMEL
LAGLDTIPTEGEVSLAGTALAGLDDRALTDLRRDRVGFIFQAFNLLPTLTA
EONIVLPLRLAGRPYDRDRLORIAASLOIGDRLGHRPAELSGGRQQRVAY
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ARALLTEPSVVFADEPTGALDIATERALLAGLONAARQASQTIIMVTHDA
AAATYRDRVLIMADGRLWDELRAPTLESIMSVMASVTVTS

SEQ ID NG 219 orfl19 Histidine kinase 362za
VIAGAAVMVCLLLGLAGLDEWYWSAALCVPLVIRRSAPVVILALVAVLIG
IHMTYSGRFARrPEDLVDLVAVHAVAGYGPARVRELGLLLGVAGSLVVTAR
ALHDGLPSSATLPAALIVAATLAAWS TGLMORRORADVIEADHRRRLAKQ
DEAMRARLAAIRERTRISOEMHDIIAHSLASVIAQAEGGRVAARADAVVA
GPLFDRIAQIGREALNDVRRLLNSIDGDTPDRDFAQGLEFDLPGLLAGVSAR
GLIDVIFEVAGPEQPLASGMDLAVYRVIQESLINVLEKHATOROARLSLVWT
PAWLEVSVTSPLTFAGALREGRGLIGIRURCSLENGDCEIVAGQTEFSVIT
RWPLARPEVAVP

BEG ID NO:220 orf20 Response regulator 2l8az
MTEPQIDVVIADDQDLVRTGFALVVDSAPDMRVVATAADGAEVVRLAARF
RPDVVLMDIRMPRVDGITAARAILEGNAQPPRKIVALTTYDNDEYASRILA
AGASGYLLEDTTARGLTAAIRTVERGGSVLAPSTTRRLVTARROHFARPS
ALLDSFITREREVFDLIVAGASNAEIADRINLAEVT IKTHVEGRVLAKIGY
RDRVNVVIWAYRNGRGPE

SEQ ID NO:221 orfzl Putative membrane protein 30laa
MPILWTAVLAGEVILGHRLVPNAVGNAGS LIEAFLPHFGLAVEVLLLLAL
MRRELTGLAAVLLPLGARLIHFPGGYVVDRDTGTPRLIVVOHNVES DENEPDE
AGTARALLARHPDILVGLEEVLPEAVARYRGVLDAELRPFHTVQCTVALWSR
YPLTGAEAIDIRPHEDLGEDWNRGLRAVARTPGEDTAVYVAHLPSVRVTAA
GLTSARRDESARKLGALLAADPVERLVVIGDLNTSVDDRGLRPIROVIMID
SPADFAYTWPARTPVARIDOVLARSMTIVIRLTALPRTGSDELPLAAETRE
P

SEQ ID NO:222 or£Z2 alpha-beta hydrolase 290za
MENNETVRIPVATGGAVIATLFAPESARRVLVVHPATATPQGEYASFATY
LARNGIATVTYDYRGTGRSGS PROHRDLEGMRDWIGADAPAVAAWARDRYTE
GLPRLAAGHESLGGHVIALGAAGPDLAASVIVASHRIARLRTIPSRLERTRY
RIMLHILGPALGRLLGYVPARSLGLGEDLPARAMI EWECGWARRDNYFEDD
PSMRADERAATLTGEVLAVGTTDDPHWSTPROMDALTVELTSASVERRTYS
PARRGVEVIGHHGLFRRAVRDIVWPELLAWLHAHSEKASR

SEQ ID NO:Z223 orf23 Transcriptional regulater 145aa
VRLPRLIFLLFNADRAVRRWIDARSGDTGIGASGAGVLFYLAGHENALIG
DVTAALGASPSEMSGLVNRLERGGCLTRSCDPADARAVRLALT PRGEQVV
IHARGLVDDLNEQLTAGFDEAEIAVVQRWLERVIRVSVOREERLG

SEQ ID NC:224 oxrE24 Pyruvoyl-dependent arginine decarboxylase
175aa
MARSVVFDQIPVVRAIGRGT TS LEAFHPALVIMECCFYNLVRLESVIERG
TAVDPSGKAPVEVEARGDELYCVYARQEASQECEREAWAGIGWVQRRDGQG
GLFVEHEGTSESFVREAIKASLRDLVKGHEDDFDGPDEVVEGVVSDGERV
CAMVIAPYETAPWRGVRATDEPPGMN

SEQ ID NO:225 ortfl5 Putative diaminopimelate decarboxylase
406aa
MTLSETLPSLGASLRERLDPANWPLTARWTEPGDLTVGEVEVTRIARANHG
TOVHVIDETDVESRCAEYVARFGPGAVCCSAKGGLLRGAARWIARDCGLGC
YORSAAELRTALDAGIRPESLALFCSGREVADLEAALSCGARVVIGSASE
AEVVAARSRPGQRVLLRVRPGSAQRGYGVRLNSSAALAAVATVTRSRREV
LAGLDOSLGHRLNRFGTYESCLREAIGEFVARLRTTVPVLNLGGGHARDLE
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VEIFARRLRAVAQVISEGYGIEPPEVAVSPGRALLGRAGITVHRVVAAGD
GVIELDGDVEDCLPGADCAGLATARLIGRASPAPGRSITVRCGDATVAVA
ELPGDMAAGDLVALSGTGAYHRORRDVYVERPAVVAVCGERARTLLPRETT
DRILYA

SEQ ID NC:226 orfZ6 Kinase 30%aa
VRSKREHSADTRRGRRAVLVVNTRERRGRLLYEEARRRLVEAGFELLGTY
ALEQSGGLDGLISEALRKEPDLLIAGGGDETISTAGRMLARRDVALGVLE
LETINNEARTVRIEPDLEAATATLVDGRKVIDVDLEVAGDVRPFTNEVGIGH
SEEVMISAPPRLRRAVERLAYPMTALELLARHARPVRAVIRAEGRELRFET
HOVYVANGGFHAGRPTITADAHADDRLIVAY PVGGASRRELLRETARNAAT
GRRRTLEERPFIAVRELWLETDREPVAVEVDGEPRCTTPMRIATDPNALRT
MAPADSPDL

SEQ ID NO:227 orf27 I'ranscriptional regulator 367aa
VVFGSLLLVGGGGGAIGLNATVAAATSSVGQESLLGSAKPAEEKKNANLD
GRENLLLVGIDQRPTOTNGEPLREDSIILLEINKDRSSGYMISLPRDSYV
YIPAYDNGROEKWAGCGRTRINAAFARGTRGLEKGNEALQHGFELLTMTIVKEL
TEITPDAGAIIDFQGFRDVVNVLEKVCMY VDT TTES THLGKDONGKTAK P
FPVINPDGTLRSRISGVTPNTYTREDHECFTPEOALDFVRORDLLADNSLDY
GRORBEQOQFFKAT INQALKDGLDSPTHLPRLLEAFCKAMTVDDGGIDLAD
WALAMRSLKPDRLLT IKTNAGKLNSENVPGSCSVELLSDDSMDLLKSTKK
DQIDTFLLSHPAFIANS

SEQ ID NO:228 orf28 Glycosyl transferase 317aa
MPSEPDVSVVIPTCNRPELAVRAVRSALGOTHERNLEVIVVVDGPDEATVT
ALGEVGDPRLSVIVLPERGKAPNARNTGARBARGRWIAMLDDDDEWLPTE
IERQLETAAAATVERPVVACRMISRTPRADT IMPRRLPEPCGEPISEYLLV
RRGLFYGDGFVQTSCIMAPTELWRKVPFIVGLRRAQELDWTLRAMREPGT
ALIYAEEPLVLWHODENRDRISLOWPWREQLEWLRGNRELF I PRAYRAFT
LEVILSSMAAPTRDIGLFRELLAEARTHCDPGTVDYLTHMOTWALPPSVRE
RLRDVVVGRGKTSSNAG

SEQ ID NO:;Z28 orf28 Glycosyl transferase 36S%az
MPAERRVAIWRSSMLPESETEVRNQADALTRWIPAYVGAVRHESVLERPD
DVIAFPGGRGTLRLRLTGASPQLOKTISAVRPNLVHARFGCDGWLVSHSA
QOLGVPLAVIVHGHDVIRQPSSPGAKGVRYRRNLOTVFTRASLVIAVSEV
IRGOAIRWGADPARVREVEY TGIAVPPEQPEEVPERWDVVEIGREFVAKEGY
DDLLTALAAVESRPRALLIGDGELMTAMRARAEQLGVDVTFAGSRTIPEQV
RRHLLESRLLACPSKTAPDGDTEGLPTTILEAAALCGLPVVATRESGIPEAR
VIDGETGLLSPEADPAALAVSLYRLLGDEDLORRLGARARREVTIARFDLY
EQTRRLEDLYDEVVAGARV

SEQ ID NO:Z30 orf30 Pikydrolipoamide debydrogernase 458aa
MGEHTDLVVLGAGPGGYVAAIRGARLGLTTAIVEDKYWGGVCLNVGCIPS
FALLRNAELAHIFHRCAQOTFGIEGKVTFDFAVARORSREVADGRVEGVHE
LMEKENGITEIQGRGEFTDAETLRVGDRTVIFDRCILATGASTRMIPGTSV
SKRVVIYREQILDPDLEDSIVIVCAGRIGVEFAYVLENYGVDVTIVEYLD
RMLPLEDEEVSKELLRQYRKLGVDVRVGTRVEGIEREGADSVRVITVEKNGK
TEVLEADKVMQAIGFEPNVEGYCGLETTGVTVEDREAVEIDDFCRTNVPGE
YAIGDVIAKLMLAHAAEAMGIVAAETIAGARTMALDYRMIPRATFCQRPOV
ASFGHIRAQAREQGFDVEVARFPFIANGKARGLGDATGHEVEILSDARKYGE
LLGARLIGPDVIRLLPELTLAQQWDLTVHEVGREVHARPTLAEAVKEATH
GLAGHMINEY
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SEQ ID NO:231 orf3l Putative membrane proteim 348za
MPTPPRRSGTLSLVILIVEPPIAPAPPAAPCRSRRERLGYLAFVLVAVVA
YVILRDRLPDPGEFLDALRAADWRWAALAVGAGVLSQIAYARDORRLLAR
FGVRVPARRAIAMTYVRSALSMALPAGSAASARYAFQVYRREGATARATISA
TATLISTVVIVMSLOLLYAATWS LTATVVAGLAVLLLWIYRTVRGEFVEAR
AGVPRRLRVAFIARLLORPAVAQALRGARSVPARTWLTVTLAGVINWLLD
MACLLLAADALHAGLGWSRLALIYLAVOVVROIPLTPGGIGLIETSMLAG
LIAAGAPQVTAAGIVLIYRLISFWLILPSGLARHLTLRRGIVEPVTES

SEQ ID KO:232-SEQ ID NO:289
{Null}

SEQ ID NO:300 C/8BDIG-1
TGGETSTCCACSCTSACSATCGARTGCGENACEGTSATCTGCGCSTGC

SEQ ID No:301 O/ACTO8F
TCCAGCACGCGCGRGEE

SEQ ID NQ:;30Z O/ACTOOR
GTTCEACCAGCCECCC

SEQ ID WNC:303 C/AGvars by
TICTAGACGTTGTTCTCCCATTTTCAL

SEQ ID NO:304 O/AGvarlZbR
AAGATCTTCGRAGGTEAGCTCECCGAR

SEQ ID NO:305 0/ACvar03F
GATCTTCGCGAGGACCECACCATCTACGCCGLCAGCAGCEECTGEETETGTACACTGACGATCGAGTGS
GGCACCETGATCTGCECCTGCTGALD

SEQ ID KO:306 0/AGvarl4R
CTAGCTCAGCAGECGCAGATCACGETGCCELATTCGATYCETCAGTGTACACACCCAGCLCGLTGUTGEECG
GCGTAGATGGTGCEETCCTICGCEAR

SEQ ID NO:307 O/ AGvarU5F
GCCTECTGACCTAGETCGACBATCET

SEQ ID NO:308 O/ AGvarGr
TGAATTCGECTGCTCCCCGUGCGRRARAT

SEQ ID NO:30% O/ EB50F
ATTCGCCCGGGAAGTCCACCGARAGGAAGACACACCATGATICCGGEGEATCCEICGACT

SEQ ID NO:310 O/8B51R
GEGCGATGCCCGUCCCEEGCCEEAAACGRTCETCCGATCATGTAGCUTGECAGCTGCTTC

SEQ ID NO:31% 0/SB52F
EAGTATATATGAGTARACTTGETCTGACRGTTACCAATGATTCCGEGEEATCCGTCGACC

SEQ ID NO:312 0/SBE3R
GCTTCAATAATATIGARRARGEAAGAGTATGAGTATTCATGTAGGCTEGAGCTGCTTC
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Claims

1. A compound of the formula:

wherain:
-X1-¥2- represent -Leu-Val-; -Val-Val- or -Leu-lie-;
Y is -S- or -S{0)~ and
Z s either NH, or Ala-,
or a pharmaceutically acceptable salt thereof,

2. A compound of the formula:

wharein:

-X1-X2- represent -Leu-Val-; Val-Val- or -Leu-lle~
Y ig -8- or -5{0)-; and
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Z is either NH, or Ala-,
or a biologically active variant thereof, or a derivative of said compound or variant,
or a pharmaceutically acceptable salt of said compound, variant or derivative.

3. A compound according to claim 2 wherein the variant is a compound in which Z is an
amine 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 |~ configuration,

5, A compound according io claim 3 wherein the variant is a compound in which Z is an
amino acid selected from the group lle-, Lys-, Phe-, Vai-, Glu-, Asp~, His-, Leu-, Arg- and Ser-.

6. A compound according to any one of claims 2 to 5 wherein said derivaiive is a
compound which comprises a C-terminal of the formula ~COR, in which R represents the
group -NR'R?, wherein R' and R? independently represent:
(i) hydrogen;
(it & group of formula -(CHz),-NR*R?, in which n represents an integer from 2 to 8 and
R® and R* independently represent hydrogen ar {Cy -C4) alky! or R® and R taken together
represent a group ~(CHy)s-, -(CHzls~, (CH)-O«{CHa)z-, ~(CHz)2~S-(CHz)e- ar -(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) (C1 -Coalkyl:
(b} (Cs -Cy)-cycloalkyt,
{c) pyridyl,
(d) ~(CH,),-NRR® in which p represents an integer from 1 to 8 and R® and R®
independently represent hydrogen or (G4-Cy) alkyl;
{e) piperidinyl;
{f) substituted piperidinyl, wherein the substituted piperidinyl bears a N-
substituent which is {Cys)alkyl;
(g) benzyl; and
{h} substituted benzyl, wherein the pheny! moiety bears 1 or 2 substiiuents
selected from chioro, bromo, nitro, (G -Calalkyl and (C4 -Cyjalikoxy.

7. A compound according to any one of claims 2 to 6 whereln said derlvative isa
compound which comprises a C-terminal of the formula -COR, in which R represents the
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group -NR'R?, wherein R and R? independently represent hydrogen, a group of formula -
(CHa)- NR®R?, in which n represents an integer from 2 to 8 and R® and R* independently
represent hydrogen or {Cq -Cq) alkyl or R® and R* taken together represent a group ~{CHa)s-, -
(CHR)em, (CHY-0~{CHa)pr, -{CHa)o-S~(CHz)a- o -(CHz)s-, Or R' and R? taken together with the
adjacent nitrogen atom represent a piperazine molety which may be substituted in position 4
with a substituent selected from (G, -Caatkyt, (Cs -Cr)-cycloalkyl, pyridyl, benzyi, and
substituted benzyl whersin the phenyl moiety bears 1 or 2 substituents sefected from chioro,
bromo, nitro, {C -Cq)atkyl and (G4 -Cglalkoxy.

8. A compound according to any one of claims 2 to 7 in which the compound comprises a
modification 1o a carboxy function of a side chain of an internal residue such that sald function
is modified from ~COOH to a group ~COOR® in which R® represents hydrogen, (C4 -Cyalky! or
(C1 -C,laikoxy (Cq -Cy)alkyl,

8. A compound according fo any one of claims 2 to 8 in which the compound comprises a
modification to the N-terrinal amine group such that this group -NH; is instead a group -NHR?
wherein R® represents Cqualky!,

10.  Anisolated nucleic acid encoding a polypeptide selected from any one of the group of
SEQ ID NOs:1-4, SEQ 1D NOs:11-14, SEQ ID NOs:212, 22, 23 and 119,

11, Anisolated nucleic acid encoding a polypeptide selected from any one of the group
consisfing of SEQ 1D NOs:1-4, SEQ ID NOs:11-14, SEQ ID NQOs: 212, 22,23 and 118 ora
biologically active variant thereof.

12. An isolated polypeptide comprising a sequence selected from any one of SEQID
NOs:101-132, or a variant having at least 90% sequence identity thereto.

13.  Anisolated polypeptide comprising a sequence selecied from any one of SEQ D
NQs:201-231, or a variant having at least 90% sequence identity thereto.

14, An expression construct comprising the nucieic acid of claim 10 or 11.

15, A set of expression constructs comprising a first nucieic acid according to claim 10 or
11 and a second nucleic acid enceding a LanM polypeptide comprising SEQ ID NO:120 or
SEQ ID NO:213 or a variant having at least 90% identity to SEQ ID NO:120 0r SEQ ID
NQ:213.
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16, A sef of expression constructs comprising a first nucieic acid according to ciaim 10 or
11, or a first and second nucleic acid according to claim 7, and a third nucleic acid encoding a
LanR polypeptide comprising SEQ 1D NO:122 or SEQ 1D NO:216 or & variant having at Jeast
90% identity to SEQ ID NO:122 or SEQ ID NO:216,

17. A set of expression constructs according fo claim 15 or 16 and further comprising a
nucleic acid encoding a LanT polypeptide of SEQ ID NO:123 or a variant thereof, or SEQ ID
NO:214 or a variant thereof,

18. A set of expression constructs according fo claim 18, 16 or 17 further comprising a
nucleic acid encoding a fanO polypeptide of SEQ ID NO:122 or a variant thereof, or SEQ ID

NO:215 or a variant thereof.

18. Arecombinant vector or vectors comprising the expression constructs of any one of
claims 14 to 17.

20. A host cell transformed with the vector or vectors of claim 19.
21. The host cell of claim 26 which is an actinomycets.
22. The actinomycete of claim 21 which is a non-producer of a lantibiotic polypeptids,

23.  The actinomycete of claim 21 or 22 which is selected from the group consisting of
Streptomyces lividans, 8. coeficolor and S. cinnamoneus.

24, A method of making a compound according to any one of claims 1 to @ comprising
expressing a nucleic acid encoding a polypeptide comprising a seguence selected from the
group of SEQ D NOs:1, 2, 3, 11, 12, 13, 212, 22 and 23, or a variant of any of said

sequences in a lantibiotic-producing host cell,

25.  The method of claim 24 wherein sald host cell has a mutation in its endogenous LanA
gene such that the gene is not expressed or the gane product is inactive.

26.  The method of claim 24 or 25 wherein the host cell is A. garbadinensis or A. figuriae,
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27.  The method of any one of claims 24 to 26 wherein the host cell is A. liguriae NCIMB
413862,

28.  The method of claim 24 wherein the host cell is an actinomycete which does not
produce 2 lantibiotic and wherein the host cell is transformed with SEQ 1D NG:100 or SEQID
NO:200, or a fragment or variant of said sequences, wherein ihe fragment or variant confers
on the cell the ability to produce a lantibiotic.

29,  The method of claim 28 wherein the host cell is transformed with nucleic acid encoding
SEQ ID NOs:116-127, or a variant thereof wherein said nucleic acid encodes polypeptides
having at least 90% identity to each of SEQ D NOs:116-127.

30.  The method of claim 28 wherein the host cell is transformed with nucleic acid encoding
SEQ ID NOs:206-220, or a variant thereof wherein said nucleic acid encodes polypeptides
having at least 90% identity to each of SEQ 1D NOs:206-220.

31. A liguriae NGIMB 41362,

32. A derivative of A. Jiguriae NCIMB 41362 comprising a mutation in its LigA gene such
that the gene is not expressed or the gene product is inactive.

33. A recombinant DNA cassette which comprises a nucleotide sequence encoding the
lantibiotic LigA pre-pro-peptide of SEQ ID NO:212, 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 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 ocour within the ligA coding
sequence of SEQ D NO:200.

34.  Arecombinant DNA cassette which comprises a nucleotide sequence encoding the
lantibiotic LanA pre-pro-peptide of SEQ 1D NO:119, 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 resiriction site at or adiacent the C-terminal encoding region of the encoding
sequence,

wherein at least one of said restriction sites does not oceur within the lanA coding
sequence of SEQ 1D NO;100.

35, A method of making a library of [antibiotic-encoding gene sequences which comprises:
. providing an expression cassette according to claim 33 or 34
introducing into the cassetie, beiween the first and second resfriction sites, the first
and third restriction sites, or the second and third restriction sites, a multiplicity of sequences
each of which correspends to the corresponding lantibiotic-encoding sequence apart from
having from 1 to 15 nucleotide changes; and
recovering an expression ibrary encoding a multiplicity of lantibiotic-variant

seguences.

36. A method which comprises:

providing an expression library produced according to claim 35;

introducing one or more members of said library into host cells capable of expression
of a lantibiotic; and

screening said host cells for fantibiotic activity.
37.  The method of elaim 38 which furiher comprises recovering the lantibiotic.

38.  The method of claim 36 or 37 which further comprises isolating a host ceil comprising

a member of the library.

39.  Anisolated nucleic acid comprising SEQ 1D NO:100 or SEQ 1D NO:200, or a fragment
or variant of said sequences, wherein the fragment or variant confers on an actinomycete host
celf the ability to produce a lantibiotic,

40. The isolated nucieic acid of claim 39 whersin the nudieic acid encodes SECQ ID

NOs:116-127, or a variant thereof wherein said nucisic acid encodes polypeptides having at
least 00% identity to each of SE2G 1D NOs:116-127.
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41,  The isolated nucleic acid of claim 39 wherein the host cell is transformed with nucleic
acid encoding SEQ 1D NOs:206-220, or a variant thereof wherein said nucleic acid encodes
polypeptidas having at least 80% identity to-each of SEQ 1D NOs:208-220.

42. A pharmaceutical composition comprising a compound according to any one of claims
1 to 9 together with a pharmaceutically acceptable carrier or diluent.

43. A method treatment or prophylaxis of a bacterial infection in a subject, which method

cormprises administering to said subject a compound according fo any one of claims 110 9, or
a composition according to claim 42.
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