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IMMUNOGENIC COMPOSITIONS OF
STAPHYLOCOCCUS AUREUS ANTIGENS

{0861} This application claims the priority benefit of U.S. Provisional Patent
{ PR P 3

i

Application No. 61/219,134, filed June 22, 2009, the entirety of which is hereby

incorporated by reference herein,

FIELD OF THE INVENTION

{0802} The present invention relates to immunogenic compositions, comprising
polypeptides and capsular polysaccharides isolated from Staphyvivcoccus cureus.
10 In addition, the invention relates to methods of inducing an immune response in
subjects against Stapliviococens aureus using Immunogenic compositions of the
Staphylacoceus aureus polypeptides, and capsular polysaccharides. The resulting
antibodics can also be used to treat or prevent Staphylococcus aureus infection via

passive immunotherapy.

15 BACKGROUND OF THE INVENTION

{6003] Humans are the natural reservoirs for Staphylococcus aureus (8. cureus).

Healthy individuals can be colonized by S. aureus on the skin, in the nares and the

throat cither persistently (10-35%), intermittently (20-75%) or be in a non-carriage

state (5-70%) with no associated discase. Sce Vandenbergh et al., J. Clin. Micro
20 37:3133-3140 (1999}, Discase subsequently occurs when individuals become

inununocompromised due to breaches in imumune barriers, such as during surgery,
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placement of indwelling catheters ov other devices, trmuna, or wounds, The
resulting S. aurens infeetion can cause a wide range of different diseases that range
from mild skin infections to endocarditis, osteomyelitis, bacteremia, sepsis, and
other forms of disease with accompanying high mortality rates. The large lman
5 reservoir enhances opportunity for evolution and spread of adapted pathogenic
clonal types.
{6004]  Tuvasive staphviococcal infeetions from the Gram positive cocel S wireus
and 8. epiderniidis are of particnlar concern becaunse they sre an increasing public

health problem worldwide. Specifically, 8 aurens is responsible for the majority

16 of bospital-acguired {nosscomialy infoctions and its provalence in community-
onsct infections is increasing. For example, the incidence of invasive methicillin-
resistant S, gurens (MRS A) was estimated at 31.8 per 100,000 persons, inclading
18.650 deaths in the United States in 2005, See Klevens RAM. ot al,, J4MA4,
298:1763-71 (2007,

15 {6083} Strapbvlococen) discases have seen a drnmatie ncrease i the last 20

vears. this increasc parallels the use of intravascular dovices and mmvasive
procedures, This rise in discase incidence i made more troubling because of the
parallel rise of antibiotic resistance, therefore, there is an vrgent need for
imunogenic compositions for use in vaccines or to clict polyclonal or

2¢ wovoclonal antihodies (o confor passive nmunity as a mweans (o prevent or treat

staphvlococeal infection and associated discases.

SUMMARY OF THE INVENTION

{6066]  The present invention is directed towards a nnilti-antigen or

mlticomponent immunogenie composition coprising at least three antigens

[
n

1solated from a stupbylococeal bactertnn, The antigens. wiuch are polypeptides

and poiysaccharide& vy be obtained, infer alia, dircctly from the bacteriuin asing
solation procedures known to those skilled in the art, or they may be prodoced

ssing synthetic protocols, or they may be recombinantly produced using genetic

coginegring procedures also known to those skilled in the art, or through a

i)
[en]

combination of any of the foregoing. In certain embodiments, an immunogenic
composition of the invention comprises three or more antiyens sclected frowm an

solated S. aureus clumping actor A (CIfA) polypepride. anisolated S, aurens

|
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clumping factor B (CHB) polypeptida, an isolated S auress capsular
polysaccharide tvpe 5 (CP35) conjugated to a carrier protein, an isolated S, aurens
capsuiar polysaccharide type & (CP&) conjugated 10 a carrier protein and an
isolated 8. rezerenss MntC protan, In addition, the present invention provides
methods for inducing an inunune response against a staphylococcal bacterinm,
methods for preventing, reducing the severity, or delaving onset of a disease
caused by a staphyvlococeal bacteriom, and methods for preventing, yeducing the

severity, or delaying onset of at least one symprom of a disease cansed by infection

with a staphylococcal bacteriun.
100071 Accordingly, in one anbodiment. the invwation provides i ningunogeniv

composition comprising: an iselated S aioreus clumping factor A {CIEA)
polypeptide. an isolated S. gurens copsular polysaccharide type 5 {CPS) conjugated
to a carricr protein, and an isolated S. aqurens capsalar polysaccharide type 8 (CP8)
gonjugated 10 4 Carrier protela.

{6808]  [rione embodiment. the invention provides an immunogenic compasition
comprising: an iselated S, aurens clumping factor A (CIfA) polypeptide, an
iselated S arrens clumping factor B (CHB), an ssolated S arens capsular
polysaccharide type § (CP5) conjugated to a carrier protein, and au isolated

S avreus capsular polysaccharide type R (CP&) conjugated to 2 carvier protein.
[0809] Inone ewbodiment. the invention provides an mnunogenic composition
comprising: an wsolated S, anrens clomping factor A (CIfA) polypepuide, an
isolated S arrews chimping factor B (Cif13) polypeptide, an isolated S, curens
MutC protein, anisolated §. aurreus capsudar polysaccharide type 3 {CPS)
comjugated to a carrier protein, and anwolated S anrens capsular polysaccharide
type & (CPE) coniugated 1o a carrier protein,

{8018] inone embediment, the invention provides an inmunogenic composition
comprising: an solated S wiorens clumping factor A (CIfA) polypepuide, an
wolated 8. worens MatC protein, ansolated S arrens capsular polysaccharide type
3 {CP3) coryugated to a carrier protein, and an isolated 8. aureus capsular
polysaccharide type 8 (CP8) conjugated to a carricr protein.

{0011 inone embodiment, the invention provides an immunogenic vomposition

comprising: an isolated S aurens cluniping factor B (CHBY polvpeptide, an
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isolated S aipcus capselar polysaccharide type 5 {CPS) conjugated to a earrier
protein, and an isolated 8. awrens capsular polysaccharide type 8 (CP8) conjugated
tir 4 carrier protein.
{0012] Inonc embodiment, the invention provides an immunogenic composition
5 comprising: an isolated S, aurens clhumping factor B (CHB} polvpeptide, an
isolated S. aurvus MntC protein, an isolated §. aurans capsular polysaccharide type
3 {CPS) conjugated to a carrier protein, and an isolated S. aurens capsular
polysaccharide type & (CPE) conjngated to a carrier protein.

[0613] Inone embodiment, the invention provides ag IMRIUNOEERIc composition

AR 5 5 1 : Leygat PRTE 170 YO SUSRGRPALY: SN
10 comprising: en isolated § qurens clumping factor A {CHA) pobypeptide, an

isolated S, carens clumping factor B {CH3) polypeptide, and an isolated S. aurens
MmC prowin.

{0014] Inone cmbodiment, the invention provides an IMMUNEECRIc COMPOSEION
comprising: an isolated S wurens MntC protwin, an isolated S0 anrens capsular

15 nolysucchartde type 5 (CP3) conjugated to a carrier protein, and an isolated

S, aireus capsular polysaccharide type 8 (TPS) conjugaicd 10 & carrier protem.
[035] Toone embodiment, the mununogeuic COMPOSILIon cormprises an solated
CHA polypeptide fragment, wherein the CHA polypeptide fragment coraprises the

{ibrinogen binding domam of CUA. In one eibodiment, the CifA polypeptide

d
<3

fraguent comprises a fibrinogen binding domain comprising the NI, N2 and N3
domains of CIFAL T one embodiment, the CIfA polypeptide fragment comprises a
fibrinogen binding domain comprising the N2 and N3 domains of CIfA. In ove
embodiment. the compesitions coptajning the CIfA fibrinogen binding domain
display reduced binding to fibrinogen. Tnone cmbodiment, the fibrinogen binding
25 domain of CITA binds to fibrinogen at a reduced Jevel compared to the binding
observed to tibrinogen with the native fibrinogen binding domain of CHA. Inone
entbodiment. the compositions containing the CIfA fibrinogen binding domain
display reduced binding to fibrisogen and have an amine acid substitution at one ur

more of Tyr 338, Tyr 256, Pro 336, Lys 389, Ala 254 und fie 387 of the full length

L
<>

protein containing the signal sequence. I once cmbodiment, the campositions
comtaining the CHA fibrinogen binding donnin display an amine acid substitution

"~ oo ~

at one or more of Tyr 338, Tyr 256, Pro 336, Lys 389, Aln 254 and e 387,
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wherein the amino acid at any one or more of these positions is changed to an Ala
or Ser. In onc emboditnent, the composition comprises a CIfA fibrinoygen binding
domain wherein the Tyr at position 338 s changed to an Ala.

{B016]  1none embodiment, the inurunogenic composition comprises an solated
CifB polypeptide fragment, wherein the CHB polvpeptide fragment comprises the
fibrinogen binding domain of CHB. In ene embodiment, the CIB pelypeptide
fraginent comprises a fibrinogen binding domain comprising the N1, N2 and N3
domains of CHB. [n one embodiment, the CIfB polypeptide fragment comprises a

fibrinogen binding domain comprising the N2 and N3 domains of CHB. [none

display reduced binding to fibrinogen. 1n onc embodiment, the fibrinogen binding
domain of CHB binds to fibrinogen at a reduced jovel compared fo the hinding
observed fo fibrinogen with the native fibrinogen binding domaimn of CHEB,

{6017] inonc embodiment, the mmunogenic composition comprises S. aurens
sapsular polvsaceharide type S (CPS) which is a tugh molecular weight
polysaccharide of between 28 and 1000 kida. In one embodiment, the type 5 high
molecular weight polysaccharide has a molecular weight of between S0 and 300
kDa. To one embodiment, the tvpe § high molecular weight polysaccharide bas a
molecniar weight of between 70 and {30 kDa.

10018]  In one embodunent, the Immunogenic coruposifion comprises an

5. awrens capsular pelysaccharide type 5, which is between 10% and 100%
O-acetylated. o one embodiment, the inummogenme composition compriscs an
S. aurens capsular polysaccharide type 5, which is between S0% and 100%
O-acetylated. To one embodiment, the inumunogenic con'tpc,asi':ion COIPTISSS An

S aurews capsulay polysaccharide type 5, which is between 73% and 100%
(-acerylated.

{6019]  in one embodiment, the inumunogenic composition comprises S aurens
capsular polysaccharide type 8 which is a high moiceular weight polysaccharide of
between 20 and 1606 kDa. 1o one embodiment. the type 8 high molecular weight
polysaccharide has a molecular weight of between 50 and 300 kDa. Inone
embodiment, the type 8 high molecular weight polysaccharide has a mwolecular

weight of hetween 76 and 150 kDa.
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0028] {pone embodiment, the inmunogenic composition comprises an

8. awrens capsular polvsaccharide type 8, which is between 10% and 100%
O-aceiylated. In one embodiment, the immunogenic composition comprises an
S, aureus capsular polysaccharide type &, which is between S0% and 100%
O-acetylated. In one embodiment, the immunogenic composition comprises an
S, aurens capsular polysaccharide type &, which is between 75% and 100%
O-acetylated.

{6621} inonc embodiment. the capsular polysaccharide 5 andéor & present in an
HHnunogenic composition is conjugated to a carticr protein. in one cmibodiment,

.
s 10 Fhoe ) e
a5 il L EMNAeE

CRN, 97

{0022} Inonc embediment, the immunogenic composition comprises the

S, aureus MutC, which is a lipidated protein. In enc cmbodiment, the
immunegec composttion comprises the S awnrens MntC, which is not a lipidated
proiein.

{0023} inonc cmbodiment. the nvention provides sn immunogenic composition

as descoibed herein, futher con nprisimI at least one protein from the scrine-
aspartate repeat {Sdr) protein family selected from the group consisting of SdrC,
SdrD) and SdrE,

18624]  Inone cmbodunent, the invention provides an iunupogenic composition
as described berein, further comprising the irov serface deternvoant 13 (IsdB)
protein,

1

[0025] 1 cach of the embodiments described herein in which an inmunogenic
composition comprises three or ywore recited antigens, that composition may
further comprise other immaenogenic and/or nen~-hmnounogenic substances. In
ceriatn cmboediuents, cach immunogenic composition may, alternatively, "consist
essentially of or "consist of” the three or more recited antigens and forther
COTBPIISC OUC OF MO nou-irununegcenic subsiances, as deseribed in more detal
herein.

18026] I onc cmbodiment, the invention provides an immunogenic composition
as described herein, further comprising any one of the following antigens: Opp3a,

DI, HisAL LtaS, IsdA, IsdC.SdeF, SdrG, Sdrld, SrtA, SpA. Sbi FmtB. alpha-
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hemolysin (hla}, beta-hemoiysin, fibronectin-bindinyg protcin A (fnbA),
fihroncctin-binding protein B (fnbi3), coagulase. Fiu. wnap, Panton-Valentine
fcukocidin (pvly, alpha-toxin and its variants, gamma-toxin (hig) and variams, ica,
upmunodominant ABC travsporter, Mg2+ transporter, Nt ABC transporter, RAP,
A/PisA, isaBB/PisB | SPOIIE, SsaA, EbpS, Sas A,
Sask, SasH, EFB (¥FIB), SBL Npase, EBP, bone sialo binding protein I, aurcolysin

sutolysin. laminin receptors, [sa

precursor (AUR)Y/Scppl. Coa, and fragments thercof such as M35, TSST-1. mecA.
poly-N-acetvlahicosamine {PNAG/APNAG) exopolysaccharide, GehD, EbhA,
tbhi, SSP-1, SSP-2, LIRP, vitronectin binding protein, FlarA, BsxA, EsxB,
Enterotoxin A, Enterotoxin B3, £
erbodiments of the imvention, when the immunogenic composition compris

cortam forms of CP3 andfor CPY, it may not further comprise PNAG.

{0027} Tnone embodiment, the immunogenic compaosition further comprises an
adjvant, In one embodinent, the inmunogenic vomposition futher comprises a
pharmaceuticatly acceptable carriet,

{0628] inonc embodiment, the BFNMUBOSRIC COMPOSIION 1§ used to formulaic a
accine. Inone embodiment, the vaceine is used to induce an immane tesponse in
a sobject against S guwrews. In one embodiment, the mmunogenic compaosition is
usced to generate an antibody formuiaiion {0 counfer passive imm Lmi?y on a subject.
{0629} In one embodunent, the invention provides a method of inducing an
HIRVNC TCSponSe against S, @arely Conprising adiomisiering 1o a subject an
mursinogenic amonnt of zny ot the inmunogenic compoesiions described herein
and a pharmaceutically aceeptable carrier.

{80306] In one embodiment, the mvention provides a victhod of preventing or
reducing infection with S, arirews, or a method of preventing or reducing the
severity of at least one svinptom assoeiated with an infection caused by S, aireins,
the methods comprising adininistering o a sabject an imnmusogenic amonnt of any
of the immuanogenic compositions described herein sod a pharmaceutically
aceeptable carrier.

{0031} Inonc embodiment, the methods for inducing an immunc response
against S aurens comprise delivery of the inmunogenic compositions with an

adjuvant, Inonce embodiment, 1he mcthods for indocing an immune response
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against 8. gurens provide for delivery of the immunogenic compositions with a
pharmaceutically acceptable carrier.

{8632}  in onc crbodiment, the immune response induced by the immuonogenic
compositions deseribed herein, prevents or reduces a disease or condition
associated with a staphylococea! organism in a subject, or prevents of reduces one
or more symptoms associated with a staphylocoveal organism in 2 subject. {none
cinbodiment, the discase is sclecred from the group consisting of invagive

S, aurens discasc. sepsis and carrlage.

{8033}  inonc cmbodiment, the immune response induced comprises the

S aniress. Inone embodiment. the immmune response induced comprises the
generation of higher titers of opsonophagoeceytic antibodies specitic tor S aurens
compared to that observed in non-tmmunized subjeets. In one cmbodiment, the
opsonophagocviic titer is at least 1:20.

{0034} v one embodimend, the S arrens against which the imnune response s
induced is MRSA. inone cmbodiment, the S, arresy against which the immuone
response is mduced is MSSA, In one embodument, the S, aureus against which the
fmrune response is mndaced s VRSAL To one embodiment, the S anrens against
which the wunune response is induced js VISA.

10035]  In one cinbodiment, the tnvention provides a method of preventing a
staphylococeal rofection in a subject undergeing a surgical procedure, the method
comprising adpunistering an inuramologically ctfective amount of any ofthe
Hmnunogenic conpositions as deseribed herein 1o the subject prior (o the sargical
procedure. The surgical procedure can be an clectve surgical procedure or a non-
elective surgical procedure. In one embodiment, the surgical procedure is a cardio-
thoracic surgical procedure. tn one embodiment. the subject is a homan, velerivary
animal, or a hvestock animal.

[8036] 1o one embodiment, the invention provides 2 method of conferring
passive immunity 1o a subject comprising the steps of (1} generating an antibody
preparation using an immunogenic compositions of the invention; and {2)

.

adniinistering the antibody preparation to the subjeet to confer passive immunity.
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BRIEF DESCRIPTICGN OF THE DRAWINGS

10037]  Figure § depicts the various forms of recombinant CHA and discloses
SEQ M NOs: 125 and 127-129, respectively, in order of appearance.

10038] Figure 2 depicts the cloning steps used for construction of pLP 1179 for
expressing CIFAL

i003%]  Figure 3 depicts the T7CHA Y 338A oxpression Yector, pLP1179.
{00483]  Figure 4 depicts the repeating stracture of the CP3 and CPS
polysaccharides.

[0041]  Figures 5A and 5B depict molecular weight profiles of CP3 (A) and CPS
{8 produced at different broth phs,

{942} Figures 6A and 6B depict molecular weight profifes of CP3 (A) and CPS
(B} produced at different teniperatuores.

{0043} Figure 7 domonsuates the cotrelation of the molecular weight of purificed
CP3 and CP8 with the trentment tme for mild acid hvdrolysis.

[6044] Ficure 8A-8E depict the alignment of CIfA betwoeen various straing of

S awrzas (SEQ ID NOs: 63, 64, 68, 84, 70, 104, 66, 78, 80, 88, 90, 72, 74, 76. SO.
94, 82, 92, 96, 98, 100, 102, 106, and 108, respectively. m order of appearance),
|8045} Figure 9 depicts the CHA phyiogenetic tree.

[6046] Figure 10A-10F depict the alignment of CItH between various straing of
Soawrens (SEQID NOs; 20, 28, 32, 18, 34, 34, 36, 30, 10, 20, 22, 24, 38,40, 42.
44, 46, 4R, 50, 52, 56, 58, and 60, respectively, in order of appearance).

{0047] Tigare 11 depicts the CliB phylogenetic tree.

{0048] Figure 12 depicts the alignment of MatC between various strains of
Soaurens (SEQ IDINGs: 2,8, 10,4, 6, 14 and 12, respectively, in order of
appearance).

{0049)  Figare 13 demonstiates that polyclonal rabbit anti-CHA antibodies
reduce 8. aurens 659-018 colony connts in a murine sepsis model.

{0638} Figare 14 demonstrates thit active inmuenization with CHA reduces
colonization of the heart by S arreus PEESAG003 jn the rabbit infective

endocarditis model.
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[0051]  Figures 15A and 15B demonstrate that inmunization with MmC reduces
S aureus in the biood, Ar S awrens PFESAD237 strain; B: 8§ anrens PFESAD266
strain,

{0052] Figure 16 demonstrates that S aarens CPS- CRMugr conjugate

ot

immunogenic fornmiation consistently exhibits protection in a nuwrine
pyeloncphritis model.

{0083} Kigure 37 demonstrates that vaccination with CP8- CRM, 7 conjugate
immunogenic formulation reduces death in a sepsis model

18054] Figure 18 shows colony forming units (CFU) recovered in kidneys after
10 challenge with S gurens PFESAD2AG in nuce vacenated w

I
:, z MR OYasn v

weight (HMW) CPS-CRM, Tow molecular weight (LMW) CPS-CRM or PPS-CRM
control,
{6055} figure 19 shows a comparison of OPA titees (geomean) from serom

obtained from mice vaccinated with different formulations of polvsaccharide

L
N

onjugate (high moeleculnr waight (FIMW) CPE-CRM. low molecular weight
{LMWY CPS-CRM). Groups consisted of 5 to 9 mice.

[6036] Figure 28 demonstrates OPA titer for non-human primate senun before
{(wk0, open symbols) and 2 weeks after (wk2, closed symbols) vaceination with
different combinations of 5. aureus antigens. The 3-antigen (3Ag) vaceine was
20 composed of three antigens and the 4-antigent (44g) vaceine was composad of

four antigens.  Each formulation bas two CP conjugates and eitber 1 ot 2 pepuides.

DETAILER DESCRIPTION OF THE INVENTION

[0057] Before the present methods and treatment methodology are deseribed. it is

o be understood that this invention is not limited to particular methods, and

25 experimenial conditions described, as such methods and conditions may vary, 1tis
also to be understood that the revminology used hercwn is for purposes of deseribing
particular cmbeodiments only, and is not intended 1o be limiting.

[B0S8]  Althovgh any methods and materials similar or equivalent w0 these
described herein can be used in the practice or testing of the jnvention, the

38 preferred methods and materials are now deseribed. Al publications mentioned

herein are incorporated by reference in their entirety.

10
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{0059] The terms used herein have the meanings recognized and known to those
of skill in the art, however, for convenience and commpleteness, particular terms and
their meanings are set forth below.

[B668]  Asused in this specification and the appended claims, the singuiar forms
"a”, "an", and "the" includle plural references unless the context clearly dictates
otherwise. Thus. for example, references to "the method” ineludes one or more
methods, and/or sieps of the type deseribed herein and/or which will become

apparent to those persons skilled in the art upon reading this disclosure and so

N
o b
forth.
N e 16,5 # e e - TiAm g it - #1430 PR I
(O8] The rerm "abow" or "approvimately” means within & statisticallv

meaningful range of a value. Such a range can be within an order of magnitude,
vpically within 20%, more typicaliy stiil within 10%. and cven more typically
within 3% of a ¢iven valuc or range. The allowable variation encompassed by the
erm Tabowt” or "approxunately™ dopends on the paruenlar system under stady, and
can be readity appreciated by one of ordimary skill in the art, Whenever 2 range is
recited within this application, every whotle number integer within the range is also
contempliated as an ewbodiment of the jovention,
{0062]  An “antibody” is an mnmunoglobulin molecule capable of specific
binding o a target, such as a carbohydrate, polyoucleotide, lipid, polypeptide, cte.,
through at least one antigen recognition site, located i the variable region of the
sumunoglobolin molecule. As used herein, unless otherwise mdicated by context,
the term is intended o encompass not only mtact pelycloual or monoclonal
antibodies, bat also engincered antibodies (e.g., chimneric, wnanized alior
derivatized to alter effector functions, stability and other biological activitics) and
fragruents thereof (such as Fab, Fab', Flab™ )2, Fv), single chain (ScFv) and domain
antihodics, inchiding shark and camclid antibodies), and fuston proteins
comiprising an antivody portion, multivalent antibodics, multizpecific antibodies
{c.g., bispecifie antibodies so long as they exhibit the desired tologieal activity)
and antibody fragments as described herein, and any other modified configaration
of the imanunoegiobulin moleecule that compriscs an antigen recognition site. An
aniibody includes an antibody of any class, such as 1gGl fgA, or [gM (or sub-class

thercof). and ihe antibody nead not be of any particular class, Dopending on the

11
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antibody amino acid scgquence of the constant domain of its heavy chains,
mmmunoglobuling can be assigned to different classes. There are five maior classes
of immunouiobuling: TgA, gD, IoE. TaG, and {gM, and several of these may be
further divided mto subclasses (sotypes), ¢.o., 1gG1, G2, 1gG3, 18G4, IgAl and
12A2 in huwmans. The heavy-chain constant domains that correspond to the
different classes of immunoglobuling are called alpha, delta, epsilon, gamma, and
mu, respectively. The subunit structures and three-dimensional configurations of
different classes of immunoglobuling are well known.

j0063] "Antibody fragments” comprise only a portion of an intact antibody.,

preferably retaing at leas
unctions normially associated with that portion when present inan mtact antibody.
10064]  The torm "antigen” gencrally refers to a biological molecule, usually o
protein. pepiide. polvsaccharide, lipid or conjugate which containg af least onc
epitepe 1o which a cograte antibody can seiceuvely bmd: or in sonxe instances (o
an mnunegenic substance that can stimutate the production of antibodies or T-cell
responses, of both, in an animeal, including compositions that are injected or
ahsorbed inlo an animal. The immuone response may be generated to the whele
molecule, or to one or more various portions of the molecule {e.g, an epiiope or
hapten). The tetm may be used to refer to an individual molecnle erto a
homogeneous or heterogeneous population of antigenic molecules. An antigen is
recognized by antibodics, T-cel] receptors or other elements of specific husnoral
andfor cellutar immumity. The tenm "antigen™ inchudes all related antigenic
cpitopes. Epitopes of a given aptizen can be identified asing any number of
epitope mapping techniques, well known in the art, See, ez, Epttope Mapping
Protoeels 1o Methods in Molecular Biology, Vol. 66 ((Hctm E. Morns, Ed., 1996)
Humana Press, Totowa, N. I For example, Iincar epitopes may be derenmined by
, concwrrently syuthesizing large numbers of peptides on solid supports, the
peptides corresponding to portions of the protein molecule, and reacting the
peptides with antibodiey while the peptides are still attached to the supports. Such
technigues arc known in the art and described in, e.g., U.S. Pat. No. 4,708,871
Geysen et al. (1984) Proc. Narl, Acad. Sei USA 81:3998-4002; Geysen et al

(1986) Mol Lmmmnad. 23:709-713, all incorporatcd herein by reforence in their

12
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entireties. Similarly. conformational epitopes may be jdentified by determining
spatial conformation of amino acids such as by, e.g., x-ray erystallography and 2-
dimensional nucicar magnetic resonance. See. e.g., Epitope Mapping Protocols,
supra. Farthermore, {or purposes of the present invention, an "antigen” may also
be used to refer to a protein that includes modifications, such as deletions.
additions and substitations (gencrally conservative in nature, but they may be non-
comservative), to the nutive sequence, se long as the protein mamtams the ability w
clicit an immunologicat response. These modifications may be deliberate, as
through site-directed muiagenesis, or through purticular synthetic procedures, or

.
U7 TN v o
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mutations of hosts, which pmduce the antigens. [urthennore, the antigen can be
derived, obtamed, or 1solated from a microbe. e.g. a baciorium, or can be a whole
organismt. Similarly, an oligonucleotide or polvnucicotide. which expresses an
antigen. such as in nuckeic acid immunization applications. 1§ also included in the
definition. Synthetic antigens are also included, for example, polyepitopes,
flanking cpitopes, and other recombinant or synthetically derived antiger
(Bergmaou et al. (1993) Lur. J Tpomunod. 23:2777 2781, Bergimann et al. (19963 J.
Tprunol, 157:3242 3249, Subrbier, A. (1997 Imanaiol. and Cell Biol 75:402 408,
Garduer et al. (1598) [2th World AIDS Conference, Geneva, Switzeriand, Jun, 28
- A, 3, 1998).

(0065]  The term "adjovant” refers to a compound or mixture that enhances the
Wwunune response to an antigen as further described and exemplificd herein,

[0066]  "Bacteremia” is a transient presence of bacteria in the blood,

bacterenia can progress to septicemia, or sepsis, which wouald be considered an
infection and is the persistont presence of bacteria in the blood with associated
clinical signs/symiptoms. Not all bacteria are capable of surviving in the blood.
Those that do have special genetic traits that provide for that ability. Also, the host
factors play an wnportant role as well,

[6067] “"Capsolar petysaccharide™ or "capsitie polysaccharide"” vefers to the
polysaccharide capsule that is external to the cell wall of imest isolates of
Staphylococel. For example, S, aurrens includes a cell wall component composed

of 2 peptidoglycan complex, which enables the organism to survive under
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unifavorable osmotic conditions and also includes & umgue teichoic acid linked to
the peptidoglycan. External to the cell wall a thin polysaccharide capsuic coats
most isolates of & amrens, This scrologically distinet capsule can be used to
serotype various isolates of S wrens. Many of the clinteally significant isolates
have been shown to include two capsular types: serotype 3 (CP3Y and serotype 8
(CPB)Y. The structures of CPS and CP8 are shown schematically in Figure 4.
{0068} As used herein, "conjugates” comprise a capsule pelvsaccharide usually
of a desired range of molecular weight and a carrier protein, wherein the capsule
polysaccharide is conjugaied to the carrier protein. Conjugates may or may not
e As used hercm, "ee capsule
polysaecharide” refers to capsule polysaccharide that is non-covalently associated
with {i.c.. non-covaiently bound 1o, adsorbed to or entrapped m or with) the
conjugated capsular polysaccharide-carrier protemn. The torms "free capsule
polysaccharide,” "free polysaccharide™ and "free saccharide” may bhe nscec

mtere }“"ugcabiy and arve intended 1o convey the same meaning. Regardiess of the
nature of the carrier molecule. it can be cogjugaicd o the capsular polysaccharide
either directly or through a linker, As used herein. "o conjugate”, "conjugated”
and "conpugating” refers to a process whereby a bucterial capsular polysaccharide
is covalently attached to the carvier modecule. Conjugation enhances the

o genicity of the bacteriad capsular polysaccharide, The conjugation can be
performed according to the roethods described below or by processes knowuo in the
ari.

{0669 As described above, the present inveution relutes to conjugaic
comprising 5. cureus sevotype S capsular polvsaceharides (CPS) conjugated to
carrier proteiny and conjugates comprising S, arreny scrotype 8 capsulur
polysacchurides (CP8) conjugated to carrier proteins. One embodbuent of the
invention provides conjugaics comprising a S aurcus scrotype S capsular
polvsaccharide conjugated to a carrier protein and a S. aurens serotype & capsular
pelysaccharide conjugated (o a carrier protein wherein: the type 5 capsular
polvsaccharide has a molecular weight of botween SO kDa and 800 kDa; the type &
capsular polysaccharide has a molecular welghi of between 50 and 700 kDu; the

immunogenic conjugates have mwlecnlar weights of between about 1000 kDa and
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about 5000 kDa: and the conjugates comprise less than abour 30% free
polysaccharide relative 1o total polysaccharide. In one embodiment. the conjugates
comprisc fess than about 258, about 20%, about 15%. about 10%. or about 3%
free polysaccharide relative to total polysaccharide. o one emmbodiment, the
type 5 or § polysaccharide has a molecular weight between 20 ka and 1000 kDa.
{3078} Inonc embodiment, the conjugate has a molecular weight of between
about 50 kDa and sbout 5000 kDa. in onc cmbodiment, the conjugate has a
molecular weight of between about 200 kDa and about 5000 kDa. In one
embodiment, the inmmunogenic conjugate has a molecular weight of between about

400 D3 and about 2500 kDa

vy 2d S22,

I one embodiment, the mmunoegenic conjugat
has a melccular weight of botween about 300 kDa and about 2580 kDa. tn one
emboduuent, the immunogenic conjugate has a molecular weight of between about
600 kDa and about 2800 kDa. In onc embodiment, the immunogenic conjugate
has a molecular weight of between about 760 kiDa and about 2700 kDa. Inone
embodiment. the munumogenic coniugate bas 8 molecular weight ot hetween about
1000 kbDa and abour 2000 KkDa; between about 1800 kDa and about 2500 kDa;
between about 11100 kDa and about 2200 kDa; between about 1900 kiDa and about
2700 kDa; between about 1200 kDa and about 2400 kDa; between about 1700 kDa
and about 2600 kDa; between abont 300 kDa and about 2600 kDa; between about
1600 kba and abouwt 2000 KDa.

{0671]  Accordingly, in one embodiment, the carrier protein within the
imrwnogenic conjugate of the invention 18 CRMipy, and the CRMuor 15 covalently
linked to the capsular polysaccharide via a carbamate linikage, an amide hnkage. or
both. The namber of hysine residucs in the carrier protein that become conjugated
{0 a capsular polysaccharide can be characterized as a range of comjugated lysines.
For example, in a given immunogenie composition, the CRMy, may comprise 3 to
15 lysines out of 39 vovalently linked to the capsular polysacceharide. Another way
o express this parameter is that 12% to 40% of CRMioer lysines are covalently
limked to the capsular polysaccharide. In some embodiments, the CRM,¢7 portion
of the polysaccharide covalently bound to the CRM g7 comprises 3 to 22 lysines
covalenily linked to the polysaccharide. In some embodiments, the CRM;q7

portion of the poelysaccharide covaieatly bound to the CRM g comprises 5 to 23

H
th
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ivsines covalently linked to the polysaccharide. In some embodiments, the
CRM;q7 portion of the polysaccharide covalently bound to carrier protein of
comprises § to 13 lysines covalently linked 1o the polysaccharide. fn some

embodiments, the CRMjg7 portion of the polysaccharide covalently bound to

(O3

carrier protein of comprises 8 o 12 lysines covalently linked to the polysaccharide.
For example., in a given innnunogenic composition, the CRMier muy comprise 18
1o 22 tvsines out of 39 covalently linked 1o the capsular polysaccharide. Another
way to express this parameter is that 40% to 60% of CRM e lysines are covalently
linked to the capsular polysaccharide. In some cinbudiments, the CRMigr

1( co m'm*\ 510 13 lysines out of 39 covy

11 i_‘h'i inked to CPS, Ang
express this parameter 1s that 2% fo 40% of CRM sy lysines are covalently inked
to CPS, Insomce embodiments. the CRM gy comprises 18 1o 22 lysines out of 38
covalently hnked to CP5, Another way to cxpress this paramcter is that 40% to

60% of CRM oy lysines are covalently linked to CPS.

52

180721 As discussed above, the nomber of Tysine residues in the carrier protein
conjugated fo the capsular polysacchande can be characterized as a range of
somjugated Tysines, which may be expressed as o molar ratio. For exaple, the
molar vatio of conjugated lysines to CRM;yy in the CP& immunogenic conjugate
an be between about 1811 to abotit 221, Tn one embodiment. the wange of molar
20 ratio of conjugated iysines (¢ CRM e in the CPS immunogenic conjugate can be
between about 15:1 o about 25:7, In some embodiments, the range of molar ratio
of conjugated lysines to CRMio» it the CP& munumogenic conjugate can be
between about 14:1 {0 aboul 20:1; about 12:1 tv abowt 18:1; about 10:1 to about
16: 1 about 8§ to about J4: 1 abont 61 to about 12:1: about 4:1 1o about 101,
25 about 20:1 10 about 26:1; about 22:1 to about 28:1; about 24:1 to about 30:1; about

-

26:1 1o about 32:1; about 28:1 to about 34:1; about 30:1 10 aboui 36:1: about 5:1 to
ghout 10:1; about 5:1 to about 20:1; about 1G:1 to about 20:1; or about 111 fo
about 30:1. Also. the molar ratio of conjugated lvsines to CRMI197 in the CPS

imrnunogenic conjugate ean be between abont 31 and 25:1. In one embodiment,

o
)

the range of molar ratio of conjugated lysines to CRM197 in the CP3 immunogenic
conjugate can be between about 5:1 to about 20:1. 1n one embodiment. the range

of molar ratio of conjugated fysines to CRMI197 1n the CP3 fmmunoganic
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conjhgate can be between about 4:1 to abeut 20015 about 6:1 to about 20:1; abowt
721 10 about 20:1; about ¥:7 to about 20:1; about 10:1 to about 20:1; about 11:1 w0
about 20:1; about 12:1 1o about 20:1; about 13:1 to about 20:1; about 14:1 to about
20:1; about 15:1 to about 20:1; about 16:1 to aboui 20:1; about 17:1 to about 20:1;
about 1¥:1 to about 20:1; about 3:1 to about 18:1; about 7:1 to about 16:1; or about
9:1 to about 14:1

{0073)  Another way to expross the number of lysine residues in the carricr
protein conjugated o the capsnlar polysaceharide can be as a range of conjugated
lysines. For example, in a given CP8 immunogenic conjugate, the CRMjy; may

mes out of 39 coval

VA L3

1t

o 7
L2854
o

i
Hnked to the capsular polysaccharide,

Alternatively, this paramcter can be expressed as a percentage. For example, i a
given CP8 immunoegenic conjugate, the pereentage of conjugated lvsines can be
between 10% to 50%. in some embodiments, 20% to 50% of lvsines can be
covalently linked to CP8. Alrernatively still, 30% to 50% of CRMg Ivsines can
be covalently inked to the CPR; 10% o 40% of CRMe: fvsines; 10% to 30%% of
CRMor lysines; 2090 10 40% of CRMy7 lysines; 25% to 40% of CRM;q; lysines;
30% to 40% of CRM g7 Iysines: 10% to 30% of CRM oy lysines; 15% to 30% of
CRMig7 lysines; 20% to 30% of CRMyo; lysines; 25% to 20% of CRM g7 lysines;
10% to 15% of CRM g7 lysines; or 10% 10 12% of CRM o lysings are covalently
linked to CPE. Also. na given CPS imnwunogenic conjugate, the CRMygy may
coniprise 18 1o 22 lysines out o 39 covalently hoked 1o the capsular
polysacchanide. Alternatively, this parameter can be cxpressed as a percentage.
For example, in a given CPS bumunogenic conjigate, the percentage of conjugaied
lvsines can be between 40% to 60%. In sore embodiments, 40% to 60% of
lysines can be covalently hnked to CPS5. Alternatively stili, 30% to 50% of
CRM;yy lysines can be covalentiy linked to CP5; 20% to 409 of CRM¢7 lysines;
105 t0 30% of CRMugy ysines; 50% to 70% of CRMuos lvsines: 35% 10 65% of
CRM ;g7 tysines:; 3096 to 60% of CRM g7 lysines: 23% to 33% of CRM o7 lysines;
20%% 1o 50% of CRMe; hysines; 15% 10 45% of CRMyyy ysines; 10% to 40% of
CRM,9 lysines; 40% to 70% of CRM g7 lysines; or 45% to 75% of CRM g7 lysines

are covalently linked to CP5.
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18074]  The frequency of attachment of the capsular polysaccharide chain (o a
lysine on the carrier molecule is another parameter for characterizing conjugates of
capsule poiysaccharides. For example, in one embodiment, at least onc covalent
linkage beteveen CR Mg and polysaccharide occurs for at ke vy 5 to 10

5 saccharide repeat units of the capsular polysaccharide, In another embodiment,
there is at least one covalent linkage between CRMig; and capsular polysaccharide
for every $ to 10 saccharide repeat units; every 2 to 7 saccharide repeat units, every
3 to 8 saccharide repeat units; every 4 to 9 saccharide repeat vnits; everv 6 to 11

saccharide repeat units; every 7 to 12 saccharide repeat units; cvery § 1o 13

-
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saccharide repeat units] every 9 to 14 saccharide repea PGt
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saccharide repeat units: every 2 to 6 saccharide repeat uniis, every 3 to 7
saccharide repeat units: every 4 to 8 saccharide ropeat units; every 6 to [0
saccharide repeat uniis: every 7 to 11 saccharide repeat units: overy 8 1o 12
saccharide repeat units; every 9 to 13 saccharide repeat units; every [0 1o 14

15 saccharide repeat units: every 10 o 20 saceharide repeat units; cvery 5 1o 10
saccharide repeat units of the capsular polvsaccharide, In another embodiment, at
least one linkage between CRMg; and capsular polysaccharide occurs for every 2,
3,4,5,6,7,89,10, L 2,13, 14, 15, 16, 17, 18,19, or 20 saccharide repeat

units of the capsular polysaccharide.

139
o

{8075] The chemical activation of the polysaccharides and subsequent
conjugation o the carricr protein way be achieved by conventional means, See,
for example, U.S. Pat. Nos, 4,673,574 and 4,902,306, Other activation and
conjugation methods way alternatively be used.
[8676] "Carrier protein” or "protein carrier” as used bereio, refers to any protein
25 molecule that way be conjugated tu an antigen (such as the capsular
polysaccharides) against which an invvune response is desived. Conjugation of an
antigen such as a polysaccharide to a carrier protein can render the antigen
mgmogenic. Carvier proteins are preferably proteins that are non-toxic and non-
reactogenic and obtainable in sufficient amount and purity, Examples of carrier
30 proteins arc toxins, toxoids or any mutant cross-rcactive material (CRMo7) of the
toxin from tetunus, diphtheria, pertussis, Pseudomonas species, £, coli,

Staphyviseaccus species, and Shreprococeus species. Carrier protems should e
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arnenable to standard conjugation procedures. In a particular embodiment of the
present invention, CRM o7 is used as the carrier protein.

{00777  CRM;or (Wyeth/Pfizer, Sanford, NC) is a non-toxic variant (i.e., toxoid)
of diphtheria toxin isolated from cultures of Coryrebacterium diphtheria strain C7
{(Brg7) grown in casamino acids and yeast extraci-based medinm. CRM, g7 is
purified through ultra-filtration, ammonium sulfate precipitation, and ion-exchange
chromatography. A cuiturc of Corynebacterium diphiheriae strain C7 {;v7), which
produces CRM,7 protein, has been deposited with the American Type Culture

Collection, Rockviile, Maryland and has been assigned accession number ATCC

{8878} Other suitable carrier proteins inchude inactivated bacterial toxins such as
tetanus toxoid, pertussis toxoid. cholera toxoid (e.g., as described in International
Patent Application WO2004/083251), E. cofi LT, E. coli ST, and exotoxin A from
Pseudomonas aeruginosa. Bacterial outer memabrane proteins such as outer
membrane protein copler ¢ (OMPC}, porins, transferrin binding proteins,
prcumolysin, preumococeal surface protein A (FspA), pacumococcal adhesin
protein (Psad), C. difficile enterotoxin (toxin A) and cytotoxin (toxin B) or
Haemophilus influenzae protein D, can also be used. Other proteins, such as
ovalbumin, keyhole himpet hernocyanin (KLH), bovine serum alburoin (BSA) or
purified protein derivative of tuberculin (PPDY) can also be used as carrier proteins.
{00791 After conjugation of the capsular polysaccharide to the carrier protein, the
polysaccharide-protein conjugates are purified {(enriched with respect to the
amowunt of polysaccharide-protein comjugate) by a variety of technigues. These
techniques inclide, e.g., concentration/diafiltration operations,
precipitation/elution, column chromatography, and depth filtration. See examples
below.
[G08B]  After the individual conjugates are purified, they may be combined to
formulate an immunogenic composition of the present invention, which may be
used, for example, in a vaceine. Formulation of the inmpunogenic composition of
the present invention can be accomplished using art-recognized methods.
{8681} it is noted that in this disclosure, terms such as "comprises”, "comprised”,

"%

"comprising”, "contains”, “containing” and the likc can have the meaning
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attributed to them in ULS. patent law; e.g., they can mean "includes”, "included”,
“inchnding” and the ke, Such terms refer to the inclusion of a particular
ingredients or set of ingredients without excluding any other ingredients. Terms
such as "consisting essentially of” and "consists essentially of have the meaning
attributed to them in ULS. patent law, e.g., they allow for the inclusion of additional
ingredients or steps that do not detract from the novel or hasic characteristics of the
invention, 7.c., they exclude additional unrecited ingredionts or steps that detract
from novel or basic characteristics of the invention. and they exclude ingredients or
steps of the prior art, such as docwnients in the art that are ciied herein or are

: .
incorporated by reference herein, ¢
3

i ozt F dhar
AR AL [ I e 3 roLi

speciallyasttisa gosl e
define embodiments that arc patentable, e g., novel, non-cbvicus, mventive, over
the prior art, e.g., over docunients cited herein or incorporated by reference herein.
And. the terms "consists of" and "consisting of" have the meaning ascribed to them
in U.S. patent law, namely. thar these rerms are closc-ended. Accordingly, these
werrng refer w the melugion of a purnenlar ingredient or set of ngredients and the
exchusion of all other ingredicents.

{0082] A "conservalive amnine acid substitution” refers 1o the substituiion of one
or mre of the amino acid residucs of a protein with other amino acid residues
having stouiar physical and/or chemical properties, Substitutes for an amino acid
within the sequence may be selected from other members of the class to which the
amine acid belongs. For example. the sonpolar Chydrophobic) amine acids include
ataning, leucine, soleocine, valing, proline, pheovialanine, tryptophan and
nethionine. Aming acids contalning aromatic ring sivuctures are phenylalanine,
tryptophan, and tyrosine. The polar neatral aming acids mclude glycine, serine,
threonine, cysteine, tyrosine, asparagine, and ghitamine. The positively charged
(basic) amino acids inchulde arginine, lysine and histidine. The negatively charged
{acidic) amino actds melade aspartic acid and ghiamic scid. Such alierations will
1ot be expected o affect apparent molecular weight as determined by
polyacrylamide gel eleetrophoresis, or isoelectric point. Particudarly preferred
substitutions are: Lys for Arg and vice versa such that a positive charge mayv be

i <

maintained; Glu for Asp and vice versa such that a negative charge may be

(=4
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maintained; Ser for Thr such that a free --OH can be maintained; and Gln for Asn
such that a free NH, can be maintained.

{0083} "Fragment" refers to proteins where only specific domains of a larger
protein are included. For example, CIfA and CHEB proteins contain as many as 8
domains each if the signal sequences are included. A polypeptide corresponding to
the NIN2N3, N2N3, NINZ, N1, N2, or N3 domains are each considered to be
fragments of CHfA or CIB. "Fragment" also refers to cither a protein or
polypeptide comprising an amino acid sequence of at least 4 aminoe acid residues
20 amino acid residues
residues, at least 50 amino acid residues, at least 60 amino residues, at least 70
amino acid residues, at least 80 amino acid residues, at least 90 antino acid
residues, at least 100 anmino acid residucs, at least 125 amine acid residues, or at
ieast 150 amino acid residues) of the amino acid scquence of a parent protein or
polypeptide or a nucleic acid cowprising a nucleotide sequence of at least 10 base
pairs {preferably at least 20 basc pairs, at least 30 base pairs, at lcast 40 base pairs,
at least 5O base paws, at least 50 base pairs, at Jeast 100 base pairs, at least 200 base
pars) of the nucleotide sequence of the parent vucleic acid.

{6084} "Functional activity" of an antibody or "functional antibody" as used
herein refers to an antibody that, at a minimum, can bind specifically to an antigen.
Additional fimctions ate known in the art and may mclude additional components
of the vnumone syster that effect clearance or killing of the patbogen such as
through opsonization, ADCC or complement-mediated cviotogicity. After antigen
binding, any subsequent antibody fnctions can be mediated through the Fe region
of the antibody. The antibody opsonophagocytic assay (OPA) is an in vitro assay
designed to measure iz virro Ig complement-assisted killing of bacteria with
effector cells {white blood cells), thus mimicking a biclogical process. Antibody
binding may also directly inhibit the biclogical function of the antigen it binds,
e.g., antibodies that bind CHA can neutralize its enzymatic function. In some
embodiments, a “functional antibody™ refers to an antibody that is functional as

N

measured by the killing of bacteria in an animal efficacy model or an

21



WO 2010/151544 PCT/US2010/039510

opsoncphagoeytic kithing assay that demonstrates that the antibodies kill the
bacteria.
{B085)  The molecular weight of the 8 gureus capsule polysaccharides is a

consideration for use in mmunogenic compositions. For example, bigh molecuiar

1

weight capsule pelvsaccharides may be able to induce certain antibody immune
responses due to a higher valency of the epitopes present on the antigenic surfacc.
The isolation of "high molecular weight capsular polysaccharides™ 15 contemplated
tor use in the compositions and methods of the present invention. For example, n
one enthodiment of the mvention, the isolation of type 5 high molcenlar weighit

10 polysaccharides ranging in size from about 5G40 about 800 kDa in molecular
weight is conterplated. In one embodiment of the mvention. the isolation of type
2 high molecular weighs polvsaccharides ranging in size from about 20 1o about
{000 kDa in molecular weight is contemplated. [n one embodiment of the

ivention, the isolation and purification of type 5 high molecular weight capsular

e
Ui

polysaccharides ranging i size from about 30 to about 300 kDo in molecular
welght s contemplated. i one cmboediment, the isolation and purification of type
3 high molecular weight capsular polysaccharnide ranging froni 70 kDa 10 300 kDa
m molecular weight is contemplated. Inove embodiment, the isolation and
purification of type § high molecular weight eapsoiar polysaccharide ranging from
20 90 kDa to 250 kDa wolecular weight 1s contemplated. To one embodiment, the
woelation and purification of type 5 high molecutar weight capsular polysaccharide
ranging from 90 kDa to 150 kDa in molecular weight is contemplated, Inone
embodiment, the 1solation and purification ol type § high molecular weight
capsular polysacchanide ranging from 90 kDa 1o 140 kDa in woleaular weight is
25 contemplated. In one embodiment, the isolauon and purification of type S high
molecular weighy capsudar polysaccharide ranging from 80 kDa to 120 kDa in
molecular weight is conemplated. Other ranges of bigh molecular weight serotvpe
$ capsular polysaccharide that can be isolated and purified by the methods of this
invention inchde size ranges ot about 70 ka to ubout 100 kDa iu molecular
30 weight;

e

70 kDa to 110 kia in molecular weight: 76 ka to 120 kDa in molecular

-

ey

welghts 70 KDa to 130 ka ia melecular weight; 70 kDa to 140 kDa in molecular

-

welght; 70 kDa ro 150 kDa in molecular weight: 70 kDa 0 160 kDa in molecular
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weight: 80 kDa o 110 kDa in molecular weights 86 kDa o {20 kDa in molecudar
weight: 80 kDa to 130 kDa in molecunlar weight; 80 kDa to 140 kDa in moleenlar
weight; 80 kDa to 150 kDa in moleeunlar weight; §0 kDa to 160 kDa in molecular
weight; 90 kDa to 10 kDa iy molecular weight; 90 kDa to 120 ka in melecular
weight; 90 kDa to 130 kDa in molecular weight; 90 kDa to 140 kDa in molecular
weight; 90 kDa fo 1530 kDa in molecular weight; 90 kDa to 160 kDa in molecular
weight; 100 kDa to 120 kDa in molecular weight; 160 kDa to 130 kDain

molecular weight: 100 kDa to 140 kDa in melecuiar weight; 100 kDa to 130 kDa

in molecular weight: 100 kDa to 160 kDa in molecular weight; and similar desired

10086]  As discussed above, the molecular weight of the S wareus capsule
polysaccharides is & considerarion for use in immunogenic compositions, For
example, high molcenfar weight capsule polysaccharides may be able to induce
certain antibody mmmune responses due 1o a higher veleney of the opitopes present
on the avtigemic surface, In one embodiment of the invention, the isolation and
purification of tvpe 8 high molecular weight capsular polysacchorides ranging
trom about 20 kDa to about 1000 kDa n molecular weight s contemplated. To one
embodiment of the invention, the isolation and purification of type & fugh
molecular weight capsular polysaccharides ranging trou about 50 kDa to about
700 kDa in molecular weight is coniemplated. In one emboedinent of the
invention, the iselation and purification of type § high nwlecular weight capsilar
polysaccharides ranging fom 50 KDa to 300 kDa tnmolecntar welght s
contemplated. In one embodinent, the isolavon and purification of type 8 high
molecular weight capsulir polysaccharide ranging from 70 kDa to 200 kDa m
moiecnlar weight is conteniplated. In one embodiment, the isolation and
purification of type & ligh moleenlar weight capsular polvsaccharides ranging
from 90 kDa te 250 kDa in molecular weight is contemplated. In one embodiment,
the isolation and purification of type 8 high molecular weight capsular
polysaccharides ranging from 90 kDa to 150 kDa in molecudar weight is
contemplated. In onc cmbodiment, the isolation and purification of type 8 bigh
molecular weight capsolar polysaccharides ranging from 90 kDa to 120 kDz in

molccular weight is contemplated. [n onc embediment. the isolation and
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purification of type & high molecnlar weight capsular polysaccharides ranging
from 80 kDa to 120 kDa in molecular weight is contemplated. Other ranges of
high molecular weight serotype § capsular polysaccherides that can be iselated und
purified by the methods of this invention imclude size ranges of abont 70 kDa to

K about 100 kDa in molecular weight; 70 kDa to 110 kDa in molecular weight;
70 kDa to 120 k22 in molecular weight; 70 kDa to 130 kDa in molceular weight;
70 kDa to 140 kDa in molecular weight; 70 kDa to 1530 kDa i molecular weight:
70 kDa to 160 kDa in molecular weight: 80 kDa to 110 kDa in mokecular weighr

80 kDa to 120 kDa in molecular weight; 80 kDa to 130 kDa in molccular weigi‘xt;

10 20 kDa to {40 kDa in molecntar woight: 80 kDa to 130 kDa in molocular weight;

80 kDa to 160 kDa in molecular weight; 90 kDa to 110 kDa m motecular weight;
O kIa to 120 kDa in molecolar weight: 20 kDa to 130 kDa in moiccular weight:
90 kDa to 140 kDa in molccular weight; 90 kDa to 150 kDa m molecular weight!
90 kDa to 160 kDa in molecnfar weight: 100 kDa to 120 kDa in molecular weight;
{00 kDa o 130 kDa in molecniar weight; 100 kDato 140 kDa in wolecutar

53]

weight; (00 kDa o 150 kDa in molecular weight; 100 kDaw 160 &kDain
molecular weight; and similar desved molecular weight ranges.
[0687]  An "innoune response” L0 an InURIMOgenic composition is the
development ina subject of a humoral andior a celt-mediated immunce response 1o
20 molecuics present in the composition of interest (for examnple, an antigen, such as a
protein or polysaccharide). For purposes of the present invention, a "lanoral
jmumume response™ s an antibodyv-mediated irmune response and involves the
generation of antibodies with affinity for the antigens present o the imununogenic

compositions of the invention, while a "cell-medinted immune response™ 18 one

N
in

mediated by T-tymphocytes and/or other white bloud cells. A "celtmediated
immune response” 18 elicited by the prescntation of antigenic epitopes in
association with Class 1 or Clasa H molecnles of the major histocompatibility
complex (MEIC). This activates antigenespecific CD44 T helper cells or CB&4
cyvtotoxic T tymphooyte cells ("CTLs™). CTLs have speeificity for peptide or dipid
39 antigens that arc presented in assuciation with proteins cncoded by the major
istocompatibiity complex {MIICY or CD1 and expressed on the surfaces of cells.

CTLs help indoce and promote the intraceihilar destruction of ingracellular

24
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wicrobes, or the lysis of vells infected with such microbes. Another aspect of
celiular nrunity involves an antigen-specific response by helper Tecells. Helper
T-cells act to help siimulate the function, and focus the activity of, nonspecific
effecior cells against cells displaying peptide antigens in association with classical
5 or nonelassical MIIC mwoiceules on their surfaee. A "cell-imediated immume

response” also refers to the production of evtokines. chemokines and other such
moiccuies produced by activared T-cells andfor other whire blood cells. including
those derived from CD4+ and CD8+ Tecelis. The ability of a particular antigen or

composition to stimulaie a cell-mediated inwnunoiogical response may be

14 determimed by a number of assavs, such as by lymphoproliferstion {lymphocyte
activation) assays, CTL cytetoxic cell assays, by assaying for T-lvmphocyies
speeific for the antigen in a sensitized subject. or by measurement of cytokine
production by T cells n response to restimulation with antigen, Such assays arc
well known in the art, Seo. e g Erickson et al,, J Immemol, (1993 151:4189-

15 1199: Doe et al,, £ J fnonunsd, (19945 24:2269-2376
{8088} The term "immumogenic” refers to the ability of an antigen or a vaccine 1o
elieit an framuone response. cuher homoral or cell-mediared, or both.

10889 An "mmumogenic amount”, or an "unmunelogically effective amount” ot
*dose”, each of which is used interchangeably bereiu, generally refers to the
290 amount of antigen ot immunogenic coroposition sufficient 1o eficit an immune

response, either a cellular (T cell) or humoral (B cell ot mtibody) response. or
both, as measured by standard assays known to one skilled in the art.
{BOSBE  The amount of a particular conjugate in a composition is generally
caleulated based on total polysaccharide, conjugated and non-conjugated for that
25 conjugate. For example, a (P35 conjugate with 20% firee polysaccharide will have
about 80 meg of conjugated CPS polysaccharide and about 20 meg of non-
conjugated CPS polysaccharide ina 100 meg CPS polvsaccharide dose. The
protein contribution to the coningate is usuatly not conzidered when caleulating the
dose of a congngate. The wmount of conjugate can vary depending upon the
30 staphyviococcal serotype. Generally, each dose will comprise 0.01 to 100 meg of

polysaccharide, particularly 0.1 to 10 meg, and more particularly 1 to 10 meg. The

‘3
T

“imnmnogenic amowt” of the different polysaccharide components in the
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immunogenic composition, may diverge and each may comprise 0.01 meyg,
0.1 meg. 0.25 meg, 0.5 meg, | meg, 2 meg, 3 meg, 4 meg, 5 meg, 6 wmeg, 7 meg, 8
neg, 9 meg, 10 meg, 15 meg, 20 meg, 30 meg, <40 meg, 50 meg, €0 meg, 70 meg,

%0 g, 90 eg, or about 100 meg of any particelar polysaccharide antigen.

1831

[89%91] 1b another embodiment, the "immunoegenic amount”™ of the protein
components in the immunegenic composition, may range from about 10 meg to
about 300 meg of cach protein antigen. In a particular embodiment, the
“immunogenic amount™ of the protein components in the immunogenic

compesition, may range from about 20 moeg to about 200 meg of cach protein

1~
oy

antigen, 1
tigen

immunogenic composition may diverge, and cach comprise 10 meg, 20 meg, 30
mog, 40 moeg. 30 meg, 60 meg. 70 meg, 80 meg, 90 meg, 100 mey, 125 meg,
130 meg, 175 meg or about 200 meg of any particular protein antigen.

{0092} The effectiveness of an antigen as an bnmunogen can be measured by

measuring the fovels of B cell activity by measuring the levels of circulating

~.
s

antibodies specific for the antigen i serum USINg IIMMUROGAsSays,
immunoprecipitation assays, functional antibody assays, such as in vitre opsonic
assay and many other assays known i the art. Another measure of cffectiveness

of an antigen as an T-cell inmunogen can be measured by either by proliferation

1]
5
>

i assays, by eyviolytic assays, such as chronuinn release assays 0 weasere the ability
of a T cell to lyse its specific target cell. Furthermore, in the present invention, an
“tromunogenic amount” may also be defined by micasuring the seruim levels of
antigen specific antibody induced following administration of the antigen, or, by
measering the ability of the antibodics so mdnced 1o enhance the

25 opsonophagocyviic ability of particular whiic blood cells, as desoribed horein, The

level of protection of the inwpune response may be measured by chalienging the
immunized host with the antigen that has been injected. For exanple, if the
antigen to which an nmune response s desired 1s a bacterium, the level of
profeciion induced by the "humunogenic amoewnt™ of the antigen can be measurced

36 by detecting the pereent survival or the poreent mortality after challenge of the

animals with the bacterial celfs. in one embodiment, the amount of protection may

be measured by measuring at least one svimptom asseciated with the bavcterial
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infection, for example, a fover associated with the infection. The amount of ecach
of the antigens in the nmudti-antigen or multi-component vaccine or immumogenic
compositions will vary with respeet to each of the other components and can be
determimed by methods known to the skilied artisan. Such metheds would include.
for example. procedures for measuring imnmmogenicity andéor in vivo cfficacy.
{6093]  The term "immunogenic composition” relates to any pharmucceatical
composition containing an antigen, .g. 4 Microorganism, or a component thereof,
which composition can be used to clicit an mmune response in 2 subject. The
imunogenic compositions of the present imvention can be used to reat 4 unan
“U\L"’I)Y”)l a0 S qureus mfection. 'ny means oF adimins &1;‘11'.';( the mumy mnog: NN
COmpOSIfOnS via a systemic transdermal or mucosal route. These administrations
can inchude injection via the intramuscular (Lm. ), intraperitoneal {4.p. ), intradermal
{(i.d.) or subcutancous routes: application by a patceh or other transdermal delivery
device: or via nwcosal administration to the oralfaiumentary, respiratory or
genjtouringry iracts. 1o one ciwbodiment, miranasel administraton s used ot the
freatment or provention of nasopharyageal carriage of S0 aureus, thus aticnnating
infection at its earliest stage. o one embodiment, the Immunogenic composition
may be used i the manafacture of a vaceine or in the elicitation of a polyclonal or
nonoclonal aniibodies that could be used to passively proteet ot frcat an wmnal.
{0094] Optimal amousts of components for a particular inununogenic
composition can be ascertained by standard studies involving observation of
appropriate immune responses i subjects, Following an initial vaccination,
subjects can receive one or several boosier inonunizations adequately spaced.
{8095] in one embodiment of the present invention, the S awrens iInununogenic
conipusiiion comprises a yecondinant S. auwrens clumping factor A (CIHA)
fragment (NIN2N3, or combinations thercof), an isolated capsalar polysaccharides
type 5 conjugated to CRMig; and an isolated capselar polysaccharides type &
conjugated 0 CRMier. o anotber embodiment, the S, arrenss mmunogentic
compoesition s a sterile formulation (liquid, tyophilized. DNA vaccing, intradermal

preparation) of recombinant S awrens clumping factor (CIfA) fragment (NINZN3,

o

,

or comnbinations thereof), recombinan S, awrens champing factor B (ClIB)

NIN3, or combinations thereof), an isolated capsular polysaccharides

fragmeni {3
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type § conjugated t0 CRM;y7 and an isolated capsuiar polysaccharides type 8
conjugated to CRMg7. In one embodiment of the present invention, the S curens
iinmunogenic composition comprises a recombinant S, gureus clamping factor A
{CHA) fragment (INTNZNG, or combinations thereof), § aurens von binding
protein MatC, an isolated capsular polysaccharides tvpe 3 conjugated to CRMys
and an isolated capsular polysaceharides tvpe 8 conjugated 10 CRMjpy. Inone
embodiment, the §. curens immunoegenic composiion 18 a sterile formulation
{liyuid, Ivophilized. DNA vaccine, intradermal preparation) of recombinant

S, aares clumping factor (CifA) fragment (N IN2N3, or combinations thereof),

recombinant 8. cireas chumping fictor B (CIB) fragment (NIN2N3 or

combmanors thereof), S giprens iron binding prowein MmC, an isolated capsular

polysaccharides type 5 conjugated to CRMug; and an isolated capsular

v

polysaccharides type 8 conjugated to CRMgr. In one cmbodiment of the present
invention, the S, aurens IMTMUNGECHIC COMPOSItion coMprises a recombinani

S aurans caoping factor B (CUB) fagment (NININAL or corbinations thereof),
an isoiated capsular polysaccharides type 5 conjugaied o CRMyr and an isolated
apsujar polysaccharides type § corgugated to CRM e, To one embodiment of the
present jnvention, the S, aurens IMDUNOZEnic COmMpoOSIion CONMPrISEs
recorabinant S gurens chumping factor B (CH3) fragment (NITNING, or
combinations thereof), S, cirers ron binding protein ¥itC, an isolated capsular
polysacebarides type 5 conjugaied to CRMis; and av isolated capsolar
polysaccharides type & conjugated to CRMuwr. In one erabodiment of the present
invention, the S aurens inuounoygenic composition comprises a 8. aeus ron
binding protein MntC, an isolated capsular polysaccharides type 5 conjugated o
CRMyor and an isolated capsalar polysaccharides tvpe 8 conjugated to CRM g,
{6896}  The immanegenic comnpositions of the present invention can firther
comprise one ot more additional "immuenomodulators”, which are agents that
perturh or alter the e systeny, such that either vp-reguiation or down-
regadation of hunoral andéor celi-mediated inmnumty is observed. {n one particuiar
embodimuent, up-regulation of the humoral and’or celi-mediated arms of the
imnune systom is preforred. Exampics of certain immunomodulators inchude, for

example, an adjuvant or cviokine, or ISCOMATRIX (CS1. Limited, Parkville,
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Aunstralia}, desceribed in ULS. Patent No. 5,254,339 among otbers. Non-limiting

cxamples of adjuvants that cap be used in the vaccine of the present invention

melude the RIBI adjuvant system {Ribi Inc., Hamilton, Mont.), alum, mineral gels
such as ahuminum hydroxide pel, oil-in-water emmisions. water-in-0il emulsions
such as, e.g., Freund's complete and incomplete adjuvants, Block copolymer
{CyviRx, Atlanta Ga}, Q8-21 (Cambridge Biotech Ine., Cambridge Mass.), SAF-M
(Chiron, Emaryville Calif). AMPHIGEN® adjuvant, saponin, Quil A or other
saponin fraction, monephoesphoryl lipid A, and Avridine lpid-amine adjuvant.
Nosn-limiting examples of oii-in-water eanilsions useful in the vaccine of the
mvention inclinde modified SEAMAGT and SEAM 172 formulations, Modified
SEAMO2 is an oil-in-water cmulsion containing 5% {(v/v) squalene (Sigma), 1%
(viv) SPANT 83 detergent (ICT Surfactanis), 0.7% (v/v) polysorbate & 8¢
detergent (1C1 Surfactants), 2.5% (v/v) cthanol, 200 pg/m! Quil A, 100 ug/ml
cholesterol, and (.5% (v/V) lecithin, Modified SEAM 172 is an oil-in~water
cnudsion comwprising 5% (v/v) squalene, 194 (V) SPANE 85 detergent, 0.7%
v} polysorbaie SU detergent, 2.5%6 (v/v) ethanol, 100 ug/ml Quil AL and 30
ng/ml cholesterol, Other "imnnmonwdulators” that can be incladed i the vaceme
mclude, e.g., oue or more mterkeuking, interferons, or other knowo cvtokines or
chemokines, fn one embodirent, the adjuvant may be a evelodextrin derivative or
a polyanionic polyiner, such as those described in ULS. patent numbers 6,165,995
and 6,610,310, respectively, Jt i {0 be onderstoud that the immuonomodulator
and/or adjuvant to be used will depend on the subject to which the vaceine or
mnnunogenic composition will be administered, the route of injection and the
susber of njections to be given.
{06971 S, aurens "invasive discase” is the isolation of bacieria from a normally
steriie site, where there is associated elinieal signs/symptoms of discase. Normally
sterile body sites nelude blood. CSE, plearal flaid, pericardial {hid, peritoneal
flnd, joint/syoovial fhuid, bone, internal body site {lymph node, brain, heart, liver,
spicen, vitreous fluid, kidney, pancreas, ovary), or other normally sterile sites.
Ciinical conditions characterizing invasive discascs include bacteremia,

poewy 10111&. cotlulitia » Qsteomyed it 1S, ¢ JQO\.de‘US. hU?iiL shovk and more,
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{0098] The term "Isolated” means that the waterial is removed from its original
environment (e.g., the natural environment if it is naturally ocourring or from it's
host organism if it is a recombinant entiy, or taken from one enviremaent to a
different environment). For example, an "isolated” capsule polysaceharide, protein
or peptide 1s substantiafly free of cellular material or other contaminating proteing
from the celi or tissue source from which the protein is derived, or substantially
free of chemical precursors or other chemicals when chemically synthesized, or
otherwise present in a mixtore as part of a chemieal reaction. {n the present
invention, the proteins or polysaccharides may be isolated from the bacterial cell or

from cetlular debris, so that they ave provided in a form useful i

of an iramunegenic composition. The term "isolated” or "isolating” may include
purifving. or purification, incloding for example, the methods of purification of the
proteins or capsular polysacchandes, as described herein. The language

i~

"substantially free of celhslar matenal” meludes preparations of o

polypeptide/prorein in which the pn!‘rpx,mic*c prowin is separated fomeelinlar
components of the eells from which it is iselated or recombinantly produced. Thus,
a capsule polysaccharide, protein or peptide that s substantially free of cellular
material includes preparations of the capsule polvsaccharide, protein or peptide
having less than about 30%, 20%%, 10%, 5%, 2.3%, or 1%, (by dvy weight) of
contmninating proten or polysacceharide ov other celhilar material. When the
polypeptide/protein is recombinantly produced, # 15 also preferably subsiantially
free of cultore medivm, e, culture medium represents less than about 20%, 0%,
or 5% of the volume of the proiein preparation. When polypeptide/protein or
polvsaccharide is produced by chemical synthesis, it is preferably substantially free
of chemical preowrsors o other chemieals, Le., it iy separated from chemical
precursors or other chemicaly which are involved i the synthesis of the protein or
polysaccharide. Accordingly, such preparations of the polypeptide/protein or
polysaccharide have fess than about 30%, 20%., 10%, 5% (by dry weight) of
chemical precursors or compeunds other than polvpeptide/protein or
nolysaccharide fragmont of inferest.

{0099] A "non-conservative amine acid substinution” refers to the substitution of

one of more of thie amino acid residucs of a protein with other amine acid residues

30
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having dissimilar physical and/or chemical properties, using the characteristics
defined above.

J0I00}  The term "pharpraceutically acceptable carric” means a carrier approved
by a regulatory agency of a Federal, a state government, or other regulatory
agency, or listed in the U8, Pharnmcopeia or other generally recognized
pharmacopeis for use in animals, including humans as well as non-human
mammals. The term "carrier” refors to a diluent, adjuvans, excipient, or vehiele
with which the pharmaceutical composition is administered. Such pharmaccutical
carriers can be sterile Hyuids, such ay water and oils, including those of petroleum,

animal, vegetable or synihetic origin. Water, saline solntions and agueous dexirose

and glveerol solutions cun be emploved as Liquid carricrs, particalarly for
injectable solutions, Suitable phanmuacentical excipients nclude siarch. glucose,
lactosce, sucrosc. gelatin, malt, rice, flour, chalk, silica gel, sodium stearate,
glyeerol monestearare, tale, sodium chioride. dried skim mutk. glveerol. propylenc.

glycol, water, cthanol and the like. The composition, f desired, cou also contain

minor amounts of wetting, bulking. enmulsifying agenis. or pli bufiering agenis,
These compositions can take the forne of solutions, suspensions, enuision,
sastained release formulations and the ke, Examples of suitable pharmaceutical
carriers are deseribed in "Remington’s Pharmacentical Seiences” by E. W, Mustin,
The formulation should suit the mode of adnvuistration.

{1G1]  The terms "proten”, "polypeptide” and "peptide” refer (o a polymer of
amnino acid residues and arve not hmited to a nininum length of the product. Thus,
peptides, oligopeptides, dimers, multimers, and the like. are inciuded within the
definition. Both full-lengmi proteins and fragments thereof are encorapassed by the
definiiion. The terms also inchude modifications, sach as deletions, additions and
subsrirutions (generaily conservative in vatwre, but which may be nons
conservative), 1o a uative sequence, preferably such that the protein maintains the
ability to elicit an mmuanological response within an animal to which the protein is
administered. Also ncluded are poust-expression modifications, ¢ g. glveosylation,
acctylation, lipidation, phosphorylation and the like.

{6402] A "protective” immune response refers o the ability of un immvnogenie

conposition to clicit an immung response, cither humoral or cell mediated. which
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serves to protect the subject from an infection. The protection provided need not
be absolute, i.e., the infection need not be totally prevenied or eradicated, if there is
a statistically significant improvement compared with a control population of
subjects, e.g. infected animals not administered the vaceine or munogenic
composition. Protection may be Emited to mitiguting the scverity or rapidity of
onset of symptoms of the infection. n general, a "protective immune response”
would include the induction of an merease in antibody levels specific fo
particular antigen in at least 30% of subjects, including some level of measurabie
functional antibody responses to cach antigen., In purticufar situations. a
“protective immune response” could include the induction of a two fold increase in
antibody levels or a four fold mercase in antibody levels specitic for a particular
antigen in at least 50% of subiccrs, including some fevel of micasurable functional
antibody responscs to cach antigen. In certain embodiments, opsonising antibodics
sorrclate with a protective immune yesponse,  Thus. protective immune response
may be assayed by measuring the percent decrease in the bacterial count in an

opsonophagocytosis assay. for instance those deseribed below, Preferably, there &

o

a decrease in bacterial count of at least 10%, 25%, 30%. 639, 75%. 80%, 85%,
90%, 95% or more.

10103}  The tern "recombimant” as used herein shinply refers to any protein,
polypeptide, ot celi expressing a gene of interest that is produced by genetic
engineering metbods, The temn "recombinant” as used with respect W a protein ot
polypeptide, means a polypeptide prodaced by expression of a recombinant
polynucleotide. The proteins used i the immumogenic compositions of the
mvention may be isolated from a natural seuree or produced by genetic
engineering methods, such as, for example recombinant CHA, recombinant CHB or
recombinant MntC. "Recombinant,” as used herein, further deseribes a nucleie
acid molecule, which, by virtue of its origin or manipulation, is not agsociated with
all or a portion of the polynucieotide with which it is associated in nature. The
wermn "recombinant” as used with respect 10 2 host cell meurs a host cell into which
a rcecombinant polymieleotide has been introduced,

{0104] Recombinant CIfA {rCHA) and recombinam CIfB (rCifB) as used herein

refers to forms of CHA or CHB for use in the immunogenic compositions of the
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invention. [n one embodiment, vCHA s a fragment of CIfA comprising oue or
more of the N domains, for example, NINZN3, N2ZN3, N2 or N3 and is referred to
herein as "recombinant CIA" or "rCIEA". In one embodiment, rCIfB is o fragment
of CHB comprising onc or more of the N domains of CHE, for exanple, NINZN3,
N2N3, N2 or N3 and is referred to herein as "recombinant CHB" or "rCIHB™.
{03105}  The teem "subject” refers to 2 mamual, bird, fish, reptile, or any othe
animal. The term “subject” also includes humans. The term "subject” also
mcludes houschold pets. Non-limiting examples of household pets inclode: dogs.
cats, pigs, rabbits, rats, mice, gerbils, hamsters, guinea pigs. ferrets, birds, snakes,

5. The term "subicet” aleo inclog

lizards, fish, nutles, and frog
Non-luniting examples of livestock animals inclode: alpaca, bison, camel. cattle,
devr. pigs. horses, iamas, mules, donkevs, sheep. goats, rabbits, reindeer, vk,
chickens, geese, and turkeys.
{0106}  As used herein, "treatmoent”™ Goeludimg variations thereofl for example,
“treat” or "treated") refers 16 any one or more of the following: (1) the prevention of
infection or reinfection, a8 in a traditional vaceine, (i) the reduciion in the severity
of, or. in the elimination of syraptonss, and (1) the substantial or complete
chirnination of the pathogen or disorder in question. fience, treatment may be
effecied prophylactically ({pror to infection) or therapeutically (following
infection). Tn the present invention, prophylactic or therapeatic treatroents can be
ased. According to a particular enbodiment of the present jnvention, compaositions
and methods are provided which treat, including prophylactically and/or
therapeuatically immunize, a host aninal against aymicrobial infection (e a
bacterinm such as Stapiviococcns species), The methods of the present invention
are usetul for conferring prophylaciic and/or therapeutic tmumity 1 1 subject.
The methods of the present invention can also be practiced on subjeets for
bioynedical rescarch applications.
{6307}  The terms "vaccine” or "vaceine composition”, which are used
interchangeably, refer to pharmucentical vompositions comprising af least one

imim HNoge onie 0111]3051'{ ion that induces an immune response i6 an animal.
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{0168] The present mveniion relates to immunogenic compositions comprising at
least three antigens frow a staphvlococcal organisoy, for example S wvreis. The
aptigens may ve isolated from the organism using biochemical isolation
procedures, or they may be produced synthetically or by recombinant wcans. The
antigens may be polypeptides. or polysaccharides, or a combination thereof. These
inmnunogenic compositions may be used in the manufactire of a vaccine to
nmunize subjects against infections caused by a staphylococeal organism. The

components suitable for use in these compositions are deseribed in greater detail

below.

{1RY] S aureus s the causative agent of 2 wide vaviety of hauman discases

ranging from superticial skin infections to iife threatening conditions such as

532(??:&.«8). in cases of nvasive disease, 5. gurzay can be isolated from nornmally
steriic body sites including biood, cerebral spinal finid CSE, pleural fluid,
pericardial fhid, peritoneal fiuid. joint/svnovial fluid, bone, internal hody site
{tymph node, brain, heart, iver, spicen, vitreous fluid, Kidney, pancreas, ovarys, or
other normally sterife sites. This can lead o lfe threatening clinical conditions
such as bacteremia, pnenmonia, cellulitis, osteomyelitis, endocarditis, and septic
shock. Adults, elderly and pediatric patients are most at tisk for S, cureus
infections,

{0110} Embodiments of the present invention describe selected antigens in
mmmunegenic compaositions mcluding an isolated 8. airens clumping factor A
(CHA) polypeptide, an isolated S, aurens capsular polysaccharide type 5
conjugated to a carrier protein, an isolated S, aurens capsular polysaccharide type 8
conjugaied to a carrier protein, an isolated 8. gurens ciumping factor B {CIB), and
recombinant S gureus MtC protein. Nexd, the antige ere characterized in
Humunogenic compositions as a series of combinations. to demonstrate that
specific combinations provide mmmune responses that may be superior 1o that

produced using individoa) components for immunogenic compositions,
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Accordingly, one combisation provides an iipmunogenic composition comyprising:
an isolated 8. carreus clumping factor A (CIfA) polypeptide, an isolated S. aureus
capsular polysaccharide type 5 conjugated 1o a carrier protein, and an isolated

S, aureus capsular polysaccharide tvpe & conjugated to a carrier protein, A second
combination provides an inrnunegenic composition comprising: an isolated

S. aureus clomping factor A (CIEA) polypeptide, an isolated S, cureus clumping
factor B (C1B3, isolated 8. aureiis capsular polysaccharide type § conjugated to o
carrier protein, and an isolated 8. airerss capsular polysaccharide tvpe 8 conjugaed
e a carrier protein. A third combination provides an inmunogenic composition
comprising: an solated 8 aurens clumping factor A (CHA) poelypeptide, an
wolated S, ceorens clumping factor B (CHR) polvpeptide, an isolsted S, qureus
MtC protein. an iselated S awrews capsular polysaccharide type 5 conjugated to a
arricr protein, and an isolated S, anrens capsular polysaccharide type 8 conjugated
to a carrier profein. A fourth combination provides an Immunogenic composition
comprising: an isolied S gureas clumping factor A (CIA) polypeptide, an
wolated S aurers MntC protein, mn solated S, aurens capsular pelysaccharide type
5 corgogated to o carrier protein, and an isolated S, aurens capsular polysaccharide
type 8 conjugaled to a carrier protein. A fifth combination provides an
nomunogenic composition comprising: an isolated S, agens clumping factor B
{CHRY polypeptide, an isolated S. gureus capsubar polysaccharide type 3
conjugated o a carrier proicin, and av isolated 5. aireus capsular polysaccharide
type § conjugaied to a carrier pratein, A sixth combination provides an
inrnunogenic composition comprising: an isolated S awrens clumping factor B
{(CHB) polypeptide, av isolated S aurens MniC protein, an isolated S aireus
capsular polysaceharide type S conjugated to a carnier protein, and an isolatec

S, aarens capsular polysaccharide tvpe 8 conjugated o a carrier proicin. A seventh
combination provides an immunogenic commposition comprising: an isolated
S.arens Mnt(C protein, an isolated S0 aureus capsular polysaccharide type 3
conjugated to a carrier protein, and an isolated 8. anreus capsular polysaccharide
type 8 conugated to a carrier protein. An eighth combination provides an
HIHMUNOZChIC COMPOsition comprising: an isokted S awreis clnping factor A

CIFA)Y polypeptide, an iselated S argens clumping factor B (CIB) polypeptide,
poiypep pmg poiypey
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and an isolated S. aurens MntC protein. In some embodiments, the above
combinations further comprise at least one of the tfollowing antigens: EkeS, DsgA.
ResK, KrkN, KrkN2, RkaS, RrkN, KakA. SdrC, SdiD. SdrE, Opp3a, DED, fitcA.
L1aS, IsdA, IsdB, IsdC, SdiF. Sdr(G, Sdril, SrtA. SpA, Shi alpha-bemolysin (hla),
peta-hemolysin, fibronectin-dinding protein A {fnhA), fibronectin-binding protein
B (fnbi3), coagulase, Fig, map, Panton-Valentine leukocidin {pvl), alpha-toxin and
its variants, gamma-toxin (hig) and variants, ica, immunodominan ABC
transporter, Mg2+ transporter, Ni ABC transporter, RAP, antoivsin, faminin
receptors, [sa AVPisA,L [salBPisB . SPOIIE. SsaA, EbpS. Sas A, SasF, Sasil, EFB
(185, SBI, Npase, EBP, bone sialo binding protein 1L avreolysin precursor

(AUR) Seppl, Cna, and fragments thereof such as M35, TSST-1, mecA, poly-N-
acetylpiucosamine (PNAG/APNAG) exop(,s'iysacchz'nridc, GehD, Ebha, EbhB, SSP-
1. S8P-20 HRBP, vitroncetin binding protein, HarA, EsxA, EsxB, Entcrotoxin A,
Enterotoxin B, Enterotoxin C1, and sovel autolvsin

{0111} Epidewiologionl studies of S aarens outbreaks mdicate that evolition of
S, aurcus s clonal in natore, where a single clone thist acquired a successiud
genotype has spread 'rapi(ily and cansed many of the ifections. Therefore,
evolution is considered to be clonall The bacterial gepoine 18 comprised of a larger
more stable species core genome and a more diversified set of accessory geues.
See Feif et al,, Nature Reviews: Microbiology 2:483-49S (2004). The core genes
are nbiquitously present in all clenes of the species, and the accessory genes are
uot necessarily present in auy given clove. Considering 5. aureus, one stody using
a DNA microarray representing more than 90% of the S, cureus genome found that
T8% ot the genes in the geneme was cormmon to all.S. arrens thus representing the
“species cove”, and the reroaiting 22% ave the "accessory genes”. The aceessory
genes comprise dispensable genctie material swch of which codes for virndence
factors, proteins mediating antibiotic resistance and genes coding for proteins
specific for interacting with a particular host environment. See Fitzgerald et al.,

PNAS 98:8821-8826 (2061); Feil ot al, Natore Reviews: Microbiology 2:483-495

v

(2004). in gcneral, the core sones are more slowly evolving and the accessory
\ 7z o = R t=] -

genes are polyinorphic. See Kobn et al, I Bact. [3R:169-178 (2006}, Therefore,
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appropriately selected core genes provide better target antigens for use in
immunogenic compositions to prevent infection,

j0112] Surface expressed antigens from diseasc-cansing isolates or clonal types
of S aurens offer a source for antigens able to induce immunity and functional
antibodics. At the mecromoleeniar level (either amine acid or polysaccharide
sequence), conserved forms of the antigen expressed by the different disease
isolates may be chosen to permit broad cross reactivity of antibodies to those
strains that may possess antigenic variations of the vaccine target.

{8113] One unportant consideration for including an antigen in the multi-amigen
MUTINOECHIC compesitions deseribed heremn is whethor the antigen has
demonstrated ctfficacy when admmnistered as an immunogenic composition by
providing protection in one or more amimal models of bacterial infeetion. There
are nunierous animal models for various S. aureus discascs. Each of these models
tas strengils and wesknesses.

{0134} Huwwan clearance of hacterial miections con proceed via opsonic Killing

yne
i

that 15 mediated after pbagocevie uptake. There are many convineing examples for
this from studies using Grame-positive polysaccharide antigens, such ay
Streptococcus puenmoniac capsolar polysaccharide and S, gureus capsula
pelysaccharide. See Lee of al., Crit, Rev, Micro, 29:333-349 {2003). There is {ess
evidence for opsonie activity mdoced by Grane-positive protein antigens.  Uptake
by phagocyles has been observed, b divect kiting has been harder to
demonstrate. Movoclonal antibodies 1o proteins have been shown to condor
protection against S arens chailenge inanimal models of infection; and
mechamisms other than opsorophagocyvtic kitling may account for the protection
observed.

{0115} The induction of antibodics having 2 yeasurable fanctional activity, such
as opsonophagoeytic activity {(PA) is oue indicator of whether a particular
antigen is wsefirl for inclusion i the immunogenic compositions of the present
invention. Other indicators include but are not limited o antigen expression on the
cell surtace during in vivo expression as measured using antigen specific

antibodics or the ability of antibodics to inhib#t/peutrulize antigen function.
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Species/ straing

{8116} Thetype of any particular hospital or discase strain is usefid for
determining the origin, clonal relatedoess and monitoring the epidemiology of
putbreaks. Numerous methods ave available for typing S, aureis strains. The

classical practical definition for a bacterial species is a group of strains that are
characterized by over 70% genomic hybridization (DNA-DNA genomic
hybridization of DDH) and over 97% of 168 ribosomal RNA gene sequence
identity. Sec Vandamme ¢f al, Micrebiol. Rev. 60:407-438 {1996).
Bacteriophage typing (BT) is » method of typing S, anreus strains bascd on their
susceptivility to lvsis by certam phage . Sce Blair ot al,, Buli, W.11L.0O.
24:771-784 (1961). This older method ~uff'cr; from 4 luck of reproducibitity

between laboratories and a failure to type 15-20% ol isolates.

Simgle- Antigen v Multi-Antigen Immunogcnic Compositions

IS ER AL RS

{6117} The guestion arises as to whethier the optimal lmmunogeise composition
o proiect against infection of the predominant S, wioews strains shonld be
corf‘prt«.x,d of a single component or multiple components. Numerous studies have
shown that inununogenic compositions based on a single protein or carbohydrate
component ¢can offer some protection from chailenge with a strain of §. ¢ireny
xpressing that component in certain animal models. Tmportantly, it has also been
demonstrated that profection from a single antigen can be dependent on the strain
selected.
{0118] Surface proteins such as adhesing have been investigated as single
component vaceines. For example, mice immunized with S anrreuns CHA
developed less severe arthritis than did mice with & controf protein. Sce Josefsson
et al, I Infect, Dis. 1840i872-1580 (2001). Fragments of the collagen binding
adhesin {ena) offered protection it a mouse sepsis model. See Nilsson, ot al, L
Clin, Invest., [01:2640-2649 (1998}, Immunization of mice with the A domain of
CifB could reduce nasal colonization in a mouse model. See Schaffer of al, Infect,
Towmam, 74:2145-2153 {2006).
{0119] One of the fourteen S aurens iron sequestering proteins known as isdB is

being wmvestigated in a moenovaicnt immunogenic fonmulation for protection from
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S, aurens mnfection. This protein has shown a good protective effect i mice and
good nmmunogenicity in non-human primates. Sce Kuklin et al., Infeet. himmun.
74:2215-2223 (2006).

{B128] Duc to the vast potential of 8 ey to evolve or substitute different

o3

proteins to perform the same or similar functions, the optimal immunogenic
formulation for protecting the most people from the most S, ausrens discascs is a
mufti-antigen formulation comprising 2 or more {e.g.. 3, 4, 5, etc.) antigens
properly selected and presenied in an immunogenic fornmilation. In certain
embodiments, an imnmnogenic composition of the invention comprises three or
G more antigens selected from av isolated 8 curers chumping tactor A {CIFA)
polypeptide, an isolated S, wurens chumping tactor B (CHB) polypeptide. an
isolated S, aurens capsular polysaccharide type 5 (CP35) conjugated to a carrier
protein. an isolated 3. aurens capsuiar polysaccharide rype 8 (CPR) conjugated to a
carrier protein and an isolated S wwreis MniC prowin, in certain embodinments,
15 ACITBIUBOESDIC compesition of the mvention comprises four or more aniigens
selected fromoan isolated S, arirens clumping facror A (CIfA) polypeptide. an
isolated S aurens clumping factor B (CHB) polypeptide, an isolated 5, auwreus
capsulby polysaccharide type 3 (CP5) conjugated to a carrier protein, an isolted

S aurens capsulat poiysaccharide rype 8 (CPR) conjugated o a carrier protein and

)
<

an isolated S arrens MmC protein {n certain robodiments, an tumusnogenic
amposition of the invention comprises au isolated S qureus clmping factor A

(CHA) polypeptide, an isolated S, aurews clumping factor B (CIfB) polypeptide, an

isolated S. awrens capsudar polysaccharide type 5 (CP3) conjugated (o a carricr

protein, an tsolated S, aurens capsular polysacchatide type 8 {CP8) conjugated o a

253 carrier protein and an isolated S anrens Mot( protein as antigens,

Adinvants
{01217 Immuonogenic compositions as described herein also comprise, in certain
embodinmeits, one ot roore adjovants. An adjuvant is a substance that cohanees the

wunune response when administered together with an inununogen or aniigen. A

s}
<

number of cytokines or lymphokines have been shown to have immune modulating
activity, ard thus are usefn] as adjovants, inclading. but not fimited o, the

mterleukios f-o. 1-8, 2, 4, 5.6, 7. 8, 10, 12 {sce, e, LS. Patent Neo. 5.723.127),
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, 14, 15,16, 17 and (R {and ks mutant forms); the interferons-o. § and v,
granulocyte-m wcrophage colony stimulating factor (GM-CSF) (see, e.g.. US.
Patent No. 8,078,996 and ATCC Accession Number 39900); macrophage colony
stinmating tactor (M-CSF): granaiocyvie colony stimulating tfactor {G-C8F); and
the tumor necrosis factors o and f. Still other adjuvants that are useful with the
immunogenic compositions described herein inchude chemokines, mcluding
without limitation, MCP-1, MIP-ta, MIP-1, and RANTES: adhesion moiccules,
such as a selectin, e.¢., L-sclectin, P-selectin and E-selectin: mucin-like molecules,

N

e.g.. CD34, GivCAM-[ and MadCAM-1; a member of the tntegrin funily such as
LEA-T, VLA-L, Mac-1 and pi50.95; a member of the mumunogiobulin superfamily
such as PECAM, ICAMg, e g ICAM-1, ICAM-2 and 1CAM-3, CD2 and LFA-3;

co-stimulatory molecules such as B7-1, B7-2,.CD40 and CD40L.: growth fsctors
including vascular growth factor, nerve growth factor, fibroblast growth factor,
epidermal growth tictor, PDGE, BL-1, and vascular endothehial ;;mwth ﬁzctor;
receptor wolecoles meiuding Fas, TNF recepior, Fit, Apo-1. p33, WSL-1, DR3,
TRAMP, Apo-3, AIR, LARD, NGRF, DR4, DRSS, KILLER, TRAWL-R2, TRICKZ,
and DRS; and Caspase (HCE).

[0122] Sutable adivvants osed to enhance an imumune respounse further include,
withouot Hmitation, MPL™ (3-O-deacylated monophosphoryl lipid A, Corixa,
Hamiiton, MT), which is described in ULS, Patent No. £.912,094. Also suntable for
use as adiuvants are synthetic lipid A analogs or aminoalkyvl glacosamine
phosphate compounds (AGP), or derivatives ot analogs thereot, which are
available from Corixa (Hamlton, MT), and which are described in United States
Patent No. 6,113,918, One such AGP is 2-[(R)-3-Telradecanoyloxytetradecanoyl-
amine] ethyl 2-Deoxy-4-O-phosphono-3-0O-[{R)-3-tetradecurvyoxytetradecano yl]-
2-I(R)-3-tetradecanoyvioxytetradecanoyl-amino J-b-D-glucopyranoside, which is
also known as 529 (formerly known as RC529). This 529 adjuvant is formulated
as an agueous form {AT7) or as a stable emuision (SE).

{0123} Still other adjuvants inchade muramyi peptides, such as N-acetvh

nratnyl-Lethreonyl-D-isoglutamine (thr-MDP), N-acctvl-normuramyl-L-alanine-

2{ 12" dipalmitoyl-sn-glvecro-3-hvdroxyphosphorvioxy)-cthyvhunine (MTP-PE);

s

oil-in-watcr ciulsions, such as MFS9 (118, Patent No. 6.299,&84) (containing 3%
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Squalene, 3.5% polysorbate 80, and 0.5% Span 835 (optionaily containing various
amounts of MIP-PE) formulated into submicron particles using a microflnidizer
stch as Meode! 110Y microfividizer (Microfluidics, Newton, MAJ). and SAF
{containing 10% Squalene, 0.4% polysorbate 80, 5% phwonic-blocked polymer
L1231, and thr-MBDP, cither microfhuidized into a submicton cmuision or voriexed
to generate a larger particle size emulsion); incomplete Freund's adivvant (IFA);
alumimum salts (slmn), such as alominum hydroxide, aluminum phosphate,
akininum sulfate: Amphigen: Avridine; L121/squalene; D-lactide
polylactide/glyveoside: pluronic polvols: killed Bosderella; saponins. such as
Stimulon'™ GS-21 { Aniigenics, Framingham, MAL), deseribed in LS, Patent No.
5,037,540, ISCOMATRIX (CSL Lamited, Parkville, Australia), described in ULS,
Patent Ne. 5,254,339 and immunostimulating complexes USCOMATRIX);
Mycobacterivnm tubercuiosis; bacterial ipopolysaccharides; svnthetic
polynucleotides such as oligonucleotides containing o CpG motit (e.g.. 1).S. Patent

No. 6,207,046 1C-31 Ontercell AG, Vienna, Austria), deseribed i Euwropean

Patent Nos. 1,296,713 and 1,326,634; a pertussis toxin (P71 or mutant thereof, a
cholera toxin or nntant thereof {e.g., U.S. Patent Nos, 7,285,281, 7.332,174,

7,361,355 and 7,384.040); or an £. coli heat-labile toxin (LT} or mutunt thereof,
particularly LT-K63, LT-R72 {e.z., U.S. Patent Nos. 6,146,919, 7.115.730 and
7.291,588%),

Candidate Antisens:

Clifd: Domain organization

o~
v

{0124]  Clumping factor A {CIfA) is a 8. curens surface protein assoeiated with
binding to host matrix proteins via a fibrinogen binding site, CIEA is a member of
a family of proteins contamning the carboxyi terminal LPXTG (SEQ 1D NO: 125
motif that enables the protein to become covalently linked to the cell surface, CIFA
also belongs to another family of proteins (Microbial Surface Components
Recognizing Adhestve Matrix Molecule, or MSCRAMMS) that ave asseciated with
binding host protems such as {ibrinogen (bound by CHAY the fibrenectin binding
proteins {(FnbA and Fnb8), the collagen binding pretein (Coa) and others, These

proteins all share the wmino termival signal sequence that medintes trunsport o the
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cell surface. The MSCRAMMS also mclude an A-domain that is the functional
region containing the active site for Hgand binding {e.g . fibrinogen, fibronectin,
elastin, keratin). The A-domain is followed by a region composed of serine
aspartate repeats (ST repeat), which is thoaght (o span the peptidoglvean taver,
The SD repeat is followed by a membrane-spanning reaion that includes the
LPXTG (SEQ D NO: 125) motif for covalent linkage of the protein to
peptidoglycan, CUA is deseribed i U8, Pat. No, 6,008,341,
[0125] The Lipand binding region of CIfA comprising N1N2N3 of the A domain
(Fipure 1) spans amino acids 40-539. The N domains of CifA have been assigned
as foliows: NI encoimpasses residues 45-220; N2 encompasses 1 5 229-369;
and N3 encompasses reswdues 370-559, See Deivanayagain et al, EMBO .
21:6660-6672 (20021, For case of reference the NINZIN3 domains may be reforred
to as NI23, likewise N2N3 may be reforred to as N23, bn preparations of
recombinant NIN2N3, the Nt domain has been found to be protease sensitive and
is eastly cleaved or hyvdrolyzed 1o leave the N2N3 ag a siabke ligand binding
recombinant fragment. Sce Detvanayagam et all EMBO ). 21:6660-6672 (2002).
The crystal structure of the fibrinogen binding N2N3 fraginieot of CIfA A domain,
revealed that both N2 and N3 are dominated by anti-patailel beta strands. In
addition to the anti-paratici beta strands, the N2 dowain contains a single tarmn
alpha helix and two 3;p helices and the N3 domain contains three 3y helices, See
Detvarayagar et al. EMIBO J. 21:6660-6672 (2002). Scquence alignment ¢f N2
and N3 reveals only 13% sequence wentity and 36% sequence similarity over their
lengths. See Deivanayagam ct al. EMBO J. 21:6660-6672 {2002). The topology
of the N2 and N3 domains are similar to the classic 1gG fold and have been
proposed to be novel variants of the [gG fold. See Deivanayagam et al. EMBO L

21:6660-6672 (2002).

Cif Segquence

{01261 The gene for clumping factor proteim A, destgnated CHA, has been
cloned, sequenced and analyzed in detail ar the moleenlar level (MceDeviit et al,,
Mol. Micrebiol. 11: 237-248 (1994); MeDevitt et al., Mol Microbiol. 16:895-907

(1995}, The seguence identifiers for the amino acid sequences of CIfA from 111

S, aurens discase-cansing isolates are shown in Table 10, The amino acid
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sequence of the fall length (incinding the signal sequence) wild type CUEA fom

5. aurens strain PFESAQ237, is shown in SEQ ID NO: 1306 This sequence shows
& tyrosine at position 338, which is changed 1o an alanine in the mutared form of
CHA. The full length gene encoding the wild type CUfA from S, arrens strain
PFESAQ237, comprising the N123 region, the repeat region and the ancher region
is shown in SEQ [D NG: 131, The amino acid sequence of the Y338A mutated
forms of CHA is shown in SEQ 1D NO: 123, However. it should be noted that the
change from a tyrosine to an alanine, which oceurs in the wild type ClfA at
position 338 of SEQ {D NO: 130, and which is designated as Y338A, is shown
the mutated form of CiFa, in SEQ 1D NO: 123 atposition 310, Furthermore, th
mutated form of CIfA shown in the amino acid sequence of SEQ D NO: 123 s the
mature form of CHA without the signal sequence, thus accounting for the

difference in position of this mutation berween SEQ D NOu 30 and SEQ 1D NO:

123.

ClfB: Dowain Orvanication
101277 CUB is a 5. curens protein having fibrinogen binding activity and triggers
S, aureus o form clumps in the presence of plasma, CIfB is an MSCRAMM
protein and displays the characteristic MSCRAMM domain organization including
an A-domain that is the functional region containing the active site for ligand
binding {e.g.. fibvipogen. fibronectin, elasting keratiny, The A-domain is followed
by a region composed of serine aspartate repeats (SD repeat). which is thought 1o
span the peptidoglycan layer. The SD repeat is followed by a membrane-spanning
region that mneludes the LPXTG (SEQ 1D NO: 125) motif tor covalent linkage of
the protein to peptidoglycan. CIB s described in WO 99/27 (09 and m US patent
6,680,195.
10128]  The microal organization of CIB N-tervinal A domaiu is very similar
organization as found in CIfA. The A domain is composed of three subdomains
N1 N2, and N3, The ligand binding region of CIHE comprising NIN2N2 of the A
domain (Frgure 1) spans amino acids 44-585, For case of reference the NIN2N3
domains may be referred o as N123. likewise N2N3 may be referred to as N23.
The N domains of CUB have been assigned as follows: N1 encompasses residues

44-197; N2 encompasses residues 198-375: and N2 cocompasses residues 375-5835.
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In CIfA, the crystal structore of the A domain was found 1o have a unique version
of the immunoglobulin fold and by analogy the same may be speculated to be the
case tor CHB. See Deivanayagam ot al., BMBGO L 21:6660-6672 (2002). Even
though organization of the A domaing of CIB and CIFA are similar, sequence

identity Is only 26%. See Ni Eidhin ot al,, Mol. Microbiol 3(:245-257 (2002).

CHRB Sequence

{6G129] The gene encoding CIHB is classified as a core adhesion gene. CHB
sequences from 92 strains of' S, aurens associated with multiple disease states are

Additional sequences wore obtained from GenBank.

Other MSCRAMMS

8136} Other MSCRAMMS uy be cousidered for ose in an immonogenic
commposition of the present mvention, For example. the serine-aspavtate repeat
(8dn) proteiny, S&C, SdeD. and SArE are related in privaary sequence and structiral
organization 1o the CHA and CIfB proteins and are localized on the cell surface,
The Sdr(, SdrD and SdeE proteins are cell wall-associated proteins, having a
signal sequence at the N-termiinas and an LPXTG (SEQ 1D NO:125) motif]
hydrophobic domain and positively charged residuey at the Coterminus. Each also
has an SO repeat containing region R of sufficient length to allow, along with the
B motifs, efficient expression of the ligand binding domain region A on the cell
surface. With the A region of the SdrC, Sdrb) and SdrE proteins located on the cell
surface, the proteins can interact with proteins in plasma. the extracellnlar matrix
or with molecules on the surface of host cells. The Sdr proteins shave some Hinited
amino acid sequence similarity with CIfA and CItB. Like CHA and CUHB, SdrC,
SdrD und SdrE also exhibit cation-dependent ligand binding of extraceiinlar matrix
proteins,

{0131] The sdr gencs are closely linked and tandeinly arrayved. The Sdr proicing
(of SdrC. SdrD. SdrE, CIfA, and CliB) characteristically comprise an A region
where there 18 highly conserved amino acid sequence thar can be used to derive a
consensus TYTEFIDY VD (SEQ I NO: 126) motif. The motif exhibits shight
variation between the different proteins. This variation, along with the consensus

sequence of the motif is deseribed i US patent number 6,680,195, In the CH-Sdr
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proteins, this motif is highly conscrved. The motif can be used 1 immunogenic
compositions to impart oroad speetrum immunity 1o bacterial infections, and alse
can be psed as an antigen i the production of monceclonal or polycional
antibodies. Such ap antibody can be used 1o impart broad spectrum passive
iy,

[0132] The Sdr proteins differ from CHA and CIFB by having two to five
additional 110-113 residue repeated sequences {B-motifs) located berween region
A and the R-region. Each B-motif contains a consensus Ca™ -binding EF-hand
loop normally found in enkaryotic proteins. The structural integrity of 2
recombinent protein comprising the five Berepeats of SdrDd was shown by bisANS
flucrescence analysis to be iy -dependent, sugesting that the EF-hands are
functional Wheo Ca™ was removed the structure sollapsed to an wofolded
conformation. The original structure was restored by addition of Ca®'. The
C-terminal R-domains of the Sdr proteins contain 132-170 SD residucs, These are
oliowed by conserved wall-anchoring regions chaiacteristic of many surface
proteins of Gram positive bacteria.

[0133] 1o the Sdr and Clf proteins this B motif is highly conserved while
degencrate vorsion occurs in fibronectin binding MSCRAMMS, as well as the
collagen binding protein Cna. The B motifs. i comunchion with the R regions, are
necessary for Gisplaying the lgand-binding domain at some distance front the cell
surface, The repeated B motifs ave one comron denonunator of the sub-group of
SD repeat proteins deseribed herein, These motifs are found in different nombers
in the three Sdr proteins from strain PFESA0237. There are clear distinctions
betwveen the individual B motifs. The most conserved uniis are those located
adjacent 1o the R vegions {(SdrC B2, 8drD BS and S&rE B3Y. They differ from the
rest at severad sites, especially in the C-termainal half. A noteworthy structural
detatl iy that adjacent B repeats arc always sepatated by a proline residue present in
the C-termunal region, but a preline never occurs between the last B repeats and the
R region. instcad this linker is characterized by a short acidic stretch. These
differences are evidence that the end units have a different structural or functional
role compared to the other B motifs. The N-terminal B motifs of SdrD and SdrE

have drifted apart from the others, and there are numerous aming acid alterations,
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inchuding small insertions and deletions whereas the remaining interpal B motifs
are more highly conserved. Note that cach of the three Sdr proteins has at least one
B motif ot cach kind.

{0134} The C-terminal R-dowains of the Sdr proteins contain [32-170 SD

[#13

residucs. These are followed by conserved wall-unchoring regions characteristic of
many surface proteins of Gram positive bacteria.

{0135} Other candidate SdrD) molecules may be derived from various species of
organisms for use in an inmunogenic composition of the invention, some of which
include the following S&rD from 8 curens: strain USA300 FPR3737 (protoin

T merrN eTa sy N A

yostrain NCTCUR3ZS (protein accession nuwmber

"]

oy
Fi
+/

acvession number SAUSA3GH 034

bt

SAQUIISC G0345); strain M W2 (protein accession number MWOS17); strain
MSEA4T6 (protein accession number SAS0520; and strain MuS0 (protein
accussion minber SAV0O362).

{0136} Forther MSCRAMDMS wlich may be considered for use in an

Y
U1

Bumunogenic composition of the prosent invention imchude EkeS, DigA. KesK,
KrkN. KikN2, RkaS, RekN, and Knka. These MSCRAMMS are desenibed in
WO 027102829, which is hereby incorporated by reterence,  Additional
MSCRAMMS, identificd by GenBaunk Accession No., inchade NP 3732614,
NP 3733711, NP 3742461, NP 3742481, NP 374841.{, NP_374%66.1.
JAUNP 3756150, NP 3757071, NP 375765.1, and
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Gapsule Polysaccharides Type S and Tvpe 8

{0137} Swphviococeal microorganisms capable of causing invasive discase

gencrally also are capable of producing a capsule polvsaccharide (CP) that

ta
(€2}

cocapsulates the bacicrium and eohances its resistanee to cieatance by host mnate
imuoune system. The CP serves to cloak the bacterial cell in a protective capsale
that renders the bacteria resistant to phagocyvtosis and intracclular killing. Bacteria
lacking a capsule are wmore susceptible to phagocytosis. Capsular polysacchandes

are frequently an vmportant virglence factor for many hacterial pathogens,

[}

1.3

including Faemophilus infleenzae, Strepococcus preimaniae and Group B

\lf\:’pll‘L ocel.
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{0138] The capsule polysaccharide can be used to serotype a particular species of
bacteria. Typing is usually accomplished by reaction with a specific antiserum or
monocional antibody generated to a specific structure or unigue epitope
charactenistic of the capsule polysaccharide. Encapsulated bacteria tend to grow in
siooth colenies whereas colonies of bacteria that have lost their capsules appear
rough. Colonies producing a mucoid appearance are known as Heavily
Encapsulated. Types | and 2 of S qureus are heavily encapsulated and ave rarely
associated with discase,

{0139] Most clinical isolaics of S, awrens are cncapsulated with cither serotvpes

s SO

{CP5) and type 8 {CPR) capsulur polysaccharides hove simila

E e SV e
> oo TYpe

hn

trisaccharide repeating units comprised of N-geetyl mamosaminuronic acid, N-
acetyl L-fucosamine. and N-acetyl D-fucosamine. See Fournier, S.M. ctal, Infect
Immun, 45:97-93 (1984) and Morcau, M.. ¢t al., Carbohydrate Res. 201:285-297
{1990). The two CPs, which have the same sugars, but diffor in the sugar linkages
and n sites of O acetviation to prodece serologiondiy distinet patterns of
IMTMUROTCACLivily.

{6148} v sowe embodiments, the serotype 5 and/or 8 capsular polysaccharides
of the nvention are O-acetylated. In some embadinents, the degree of
O-acetylation of type 3 capsulyr polysaccharide or oligosaccharide is 10-100%,
20-100%, 30-100%,, 40-100%, SO-100%. 60-100%, 70- {009, 80-100%, 20-100%,
30~ 9%, 60-90%, 70-90% or 80-90%. To some embodiments, the degree of
O-acerylation of type 8 capsular polysaccharide or oligosaccharide is 10-100%,
20-100%, 30-100%, 46-100%, 50-100%. 60-100%. 70-100%, 80-100%, 90-100%,
50-80%, 60-90%, 70-90% or 80-90%. Tn some cmobodiments, the degree of
O-acetylation of type 3 and type & capsudar polysaccharides or oligosaccharides s
13-100%, 20-100%, 30-100%. 40-100%, 50-100%,. 60-100%%, 70-100%. 80-100%,
G0-100%%, 30-90%, 60-90%, 70-90% or 80-90%.

{8141] The degree of O-aceiviation of the polysaccharide or oligosaccharide can
be determined by any method known in the art, for example, by proton NMR
(Lemercinicr and Jones 1996, Carbohydrate Rescarch 296; 83-98, Jones and

Lemercimer 2002, J Phanmaceutical and Biomedical Analysis 30; 1233-1247, WO

+7
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OSA033148 or WO 00/56357). Another commonly used method 8 deseribed by
Hestrin (19493 §. Biol Chem. 180; 249.261
{0142} In sonc cmbodiments, the serotype 5 andfor 8 capsular polysaccharides of

the invention are used to generate antibodies that are functional as measured by the

5 killing of bacteria in an animal cfficacy model or an opsonophagoceytic killing
assay that demonstrates that the antibodies kili the bacteria. Such functionality
nay not be ohserved using an assay that monitors the generation of antibodies
alone, which is not indicative of the importance of O-acetviation in efficacy.

Capsule Epidemiology
10 j0143] The association of particular capsule scrotypes with discase is possibic
through monttoring of clinical isoluies. Of the vight different serotypes of
S aureus identified {Karakawa and Vaon (1982) only serotypes 1 and 2 are heavily
encapsulated, and these are rarcly isolated. See Capsular Polysaccharides of
Srapiivioceccus aureus, p. 285-293, in LB, Robbins, L.C. Hill und LC. Sadoff(vd.),
15 Seminars in infoctious discase, vol 4, Bacteria! Vaceines. Thieme Stratton, Ince.
New York). Surveys have shown that approximately 85-90% of S. aurens clinical
isolates express CPS5 or CP8 (Arbeit RD, et al., Diagn. Microbiol. Infect. Dis.
(1984) Apr:2{21:85-91; Karakawa WW, et al., 1. Clin, Microbiol. {1985)
Sep22(3):443-7; Essawi T, et wl., Trop. Med. Int. Health, (1998) Jal3(7):576-83;
20 Na'was T, et al,, J. Clin, Microbiol (1998) 36(2):414-20. Most of CP3 and CPR
non-typeable straing are genetically type 5 or type ¥ containing mutations in cap3/8
locus (Coechiaro. Gomez et al., {2006), Mol Microbiol. Feb. 50(3):948-9060),
Capsulation for some strains is lost vapidly within few passages i vitro which is
due to a repressive effect of high phosphate concentration in media used in clinical
25 diagnosis on capsule production. [t was also reported that non-capsalated isolates
recover capsule expression after passing through cows. See Opdebeck, LP. of al.,
J. Med. Microbiol 19:275-278 (1985). Some non-typeable strains become capsule
positive under appropriate growth conditions.
CP3 and CP8 Strughue
30 {0144}  The repcat unit of both CPS and CPR s comprised of 2-acctamido-2-

deoxy-D-mannuronic acid, 2-acctamido-2-deoxy-L-fucose and 2-acctamido-2-

48
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duoxy-D-facose. See C. Jones et al., Carbohvdr. Res. 340:1097-1106 (20035).
Although CP3 and CP& have the same sugar composition, they have been
demonstrated to be immunoiogically distinct. They ditfer n glycosidie linkages

and site of O-acetylation of sronic acid. Strain dependent incomplete N-

0t

acetvlation of one of the FueNAC residues was observed., Sce Tzianabos ot al..
PNAS VI8: 9365(2001).

S. aureus Capsiid U]l waccharide in an I’I’HIHHU‘.{LI.’ c LLHH,)U.) ition

gl}MS] The molecular weight of the 8. awrews capsele polysaccharides is an

i¢ wcigm capsuie polysaccharides are able to induee cortaim antibody immuone
respouses due to a higher vildency of the epitopes present on the antigenic surlace.
The methods described herein provide for isolation and purification of much higher
uolecular weight capsule polvsaccharide type 5§ and type 8 than was provioushy

avatlable.

15 Mt C/SIC /Saliva Binding Protein

{6146]  MntC/SRC /Saliva Binding Protein is an ABC transporter protcin and has
winologues in S epideraddis and S, aurens. 1t is veferred to fn the prese

invention as MntC. This protein is a 32 XDa lipoprotein and is located in the
bacterial cell wall, See Sellman of al, and Cockayne ot al,, Infect. Invam 66:

20 3767C1998). In S epidermidiz, 1t is a component of an fren-reguiated operon. It
shows considerable homology to both adhesins inclnding FimA of S parasamiguis,
and with hpoproteins of a {armly of ABC transporters with proven or putative
metal iron transport functions. {(Sce Table 12 for straing of §. curens and

sUquUences. )

D
(913

S. aureus MueC protein

{8147} The S anrews honwlogue of MntC is known as saliva binding protein and
was disclosed in ULS, Pat. No. 3,801,234 and can be inchided in an wamunogenic
comnposition of the mvention. The protern sequence for the S, qurens homologue of
Mut€/SiCrSaliva Binding Protein is found in GenBank accession number

30 NP 371155 for strain Mu30. (Also known as SAV0631.) The sequence identifier
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s SEQ D NO: 119, The accession mpmber for the nucleotide segquence for the

compiete genome of strain MusQ is NC 002738.2 (coordinates 704988-705917)

S. epidenmidis SirC protein

{0148] The S epidermidis homologue of MntC/SitC/Sabiva Binding Protein is
5 known as SuC and was disclosed in Sellman ot b, (Seliman et al,, Infect, Iimman,

2008 October; 73(10): 6391 6600}, The protein sequence for the S epidermidis

homologue of MmC/Si(/Saliva Binding Protein is found in GenBank aceession

aumber YP 187886.1. (Also known as SERPO290.). The sequence identifier is

The accession number for the nucleotide sequence for the complete

[ =
@
=
ot
B
22

genome of strain RPE2A, 1w NC (12976 {coordinates 293030-293959). Other

candidate SitC molecules may be derived from various species of organisms for

use in an inununogenic composition of the invention, some of which are iisted in

Table { helow.

15 Table |
Protein Species Exanmle strain | Protein Accession
SHC S. heemwolyticus JCSC1435 BAE(3450.1
SitC S. epidermidis ATCC 12228 AAODH002. 1
Sl S. saprophvticus ATCC 15305 BAE19223 .|
SiC S. xylosus DSM20267 ABRS7I62. I
SuC 5. carnosus TM330 CAL27186.1

S, awreus Iron Binding Proteins

10158}  Another potential candidate antigen to be considered for use in the

immunogenic compositions of the invention inchude the S aurens surface protein

20 iron surface determinant B {IsdB). This MSCRAMM was described by Mazmanian
et al. {Maznmnian, SK et al. Proe, Nath Acad. Sci.. USA 99:2293-2298 (2002))
and it has subscquently been iosted and shows to be effective as a vaceine
candidate i & murine model of mfection and a rhesus macaque invnunogenicity
study by Kukhn, et al, (Kuklin. NA, et al, Infection and Immunity, Vol. 74, No. 4,

25 22158-2223,(2006)). This IsdB mwlecuie is prosent in vanowns strains of S aurens,

incloding stram MRSA2S52 {protem accession number CAG40104.1); strain
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Newman {(protein accession munber BAF67312.1); strain MSSA476 (protein
accession number CAG42837.1): strain Mu3 (protein accession numbes

BAF?8003.1); strain RF122 (protein accession number CAISOGRIL).

Candidate Antigens:

(61511 The immmogenic compositions of the present invention may also inchude
one or wore of the oiowing antigens: Opp3a, DRD, HisA, LiaS, IsdA, sdC, SAtF,
Sdr(y, Sdri, SttA, SpA, Shi alpha-hemolysin (hia}, beta-hemolysin, fibronectin-
binding protein A (fubAj, fibroncctin-binding protein B (fabB). coagulase, Fig,

an. Pantom-Valentine

(hig) and variants. ica, inmunodominant ABC transporter, M2+ frapsportcr. Ni
ABC vansporier. RAP, astolysin, janunin receptors, IsaAPisA, 3aB/PisB |
SPOIUE, SsaA, EbpS, Sas A, Sast, SasH. EFB (FIB}. SBI, Npase, EBP, bone sialo
binding protein i, aurcolysin precursor (AURY Seppl. Cna, and fragments thercof
such as M55, TSST-1. mecA, polv-N-acetylglacosamine (PNAG/APNAG)
exapolysaccharide, Gehl). EbhA, EbhB, SSP-1, SSP-Z. HBP, vitronectin binding
protein. HarA, EsxA, EsxB, Enterotoxin A, Enterotoxin B, Enterotoxin €1, and
novel autolysin. In certain embodiments of the invention, when the inununogenic
COnposition comprises cortain forms of CP5 and/or CPR, 1t may not further

comprise PNA{.

Ipmunegenic Composition Formulations

oo

i152]  in one embodiment, the mmunogenic compositions of the invention
farther comprise at least one of an adjuvant, a buffer, a eryoprotectant, a salt, a
valent cation, a non-ionic defergent, an inhibitor of free radical oxidation, a
diluent or a carricr.
[8044] The mumunogenic compositions of the invention may further comprise
one or more preservatives in addition to a plurality of staphylococeal protein
antigens and capsular polysaccharide-protein conjugates. The FDA requires that
biological products in multiple-dose (nulti-dose) vials contain a preservative, with
only a foew exceptions. Vaccine products containing prescrvatives include vaceines
containing henvethonium chloride (anthrax). 2-phenoxyethanol (DTaP, HepA,

Lvme, Polio (parventeral)y, phenol (Pncunio, Typhoid (parenteral), Vaccinia) and
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thimerosa] (DTaP, D7, Td, HepB, Hib, Influenza, JE, Mening, Pnewrpo, Rabics),
Preservatives approved for use in injectable drugs include, e.g., chlorobutanol.
m-eresel, methylparaben, propylparaben, Z-phenoxyethanol. benzethonium
chloride, benzalkoniwm chloride. benzoie acid, benzyvl aicohol, phenol, thimerosal
5 and phenylmercuric nitrate.
[0133] Formulations of the mvention may further comprise one or more ofa
butfer, a salt, a divatent cation, a non-ionic detergent, a cryoprotectant such as a
sugar, and an anti-oxidant such as a free radical scavenger or chelating agent, or

any nuiltiple combination thercof. The choice of any one component, ¢.g.. a

10 chelstor, may determine whether or net ancther component (8.6
desirable. The final composition formulated for administration should be sterile
andsor pyrogen free. The skilfed artisan may cmpirically determine which
combinations of these and other components will be optial for inclusion i the
preservative containing immunogenic compositions of the invention depending on
15 2 variety of factors such as the particular storsge and administration conditions

required.

[6154}  Tn certain crobodiments, a formulation of the invention which is

compatible with parenteral adnunistration comprises one or more physiologically

seceplable butfers selected from, but not Hinuted Lo, Tris (rimethamine),

20 phosphate, acetate, borate, citrate, glveine, histidine and succinate. In certain
enbodiments, the forpudation is buffered to within a pH range of about 6.0 to
about 9.0, preferably frontabout 6.4 o about 7.4,
[#155}  ln certain crabodiments, it may be desivable to adjusi the pH of e
immunogenic composition or formulation of the mvention. The pH of a

25 foemniation of the invention may be adjusted using standard technigues in the art.
The pli of the forpmiation may be adjusted 1o be between 3.0 and 8.0, 1n contain
embodiments, the pit of the formulation may be, or nay adjusted to be, betwoen
3.0 and 6.6, 4.0 and 6.0, or 5.0 and 8.0. In other embodiments, the pi] of the
formuiation may be, or may adjnsted to be, about 3.0, about 3.5, about 4.0, aboui

30 4.5, about 5.0, about 5.5, about 5.8, about 6.0, about 6.3, about 7.0, about 7.5
about 8.0, In certain embediments, the pt may be, or may adjusted to be, ina

vange fFfom 4.5 10 7.5, or from 4.5 10 6.5, from 3.0 w0 3.4, from 5.4 10 5.5, from 5.3

h
N
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to 3.6, from 5.6 10 3.7, from 5.7 1o S.&, from 5.8 10 5.9, from 5.9 10 6.0, Fom 6.0 1o
a1, from 6.1 10 6.2, from 6.2 to 6.3, from 6.3 to 6.5, from 6.3 10 7.0, from 7.0 to

7.5 orfrom 7.5 to 0. [n a specific embodiment. the pH of the formulation is
about 5.8,

5 {0156] In certain embodiments, 2 fornmmlation of the invention which is
compatible with parenteral administration comprises one or more divalent cations,
including but not limited to MgCls. CaCl and MnClh, at a concentration ranging
from about 0.1 mM to about 10 mM, with up 1o about 5 ;M being preferred,
j0i157] In certain embodiments, a fornmmulation of the invention which is

FRNS DA P RS PR S T LR
1101 COMPrISEs O OF 10Ty daits, InCuing

[
<
o
[

hut not limited to sodium chloride, potassium chloride, sodiom sulfate, and
potassium sulfate, present [t an ionic strength which is physiclogically acceptable
to the subject upoen parenieral administration and included at a final concentration
to produce a scleeted 1onie strength or osmolarity i the final formulation, The

15 final 1ouie strength or osolality ot the formulation will Ix determined by muliiple
components (c.g.. ons ffom butfuoring compound(s) and other non-buffering sals,
A preferced salt, NaCl, is present fom a range of up to about 250 mM, with salt
coneenirations being selected to complement other components (e.g., sugars) so
that the fnal total osmolarity of the formudation is compatible with parenteral

20 administration {e.g., ntranwscular or subeutaneons injection) and will promote
long term stability of the immunogerdc components of the immnnogenic
composiiion formulation over various temperafure ranges. Salt-free formulations
will tolerate increased ranges of the one or more selecicd ervoprotectants to

maintain desired final osmolarity levels.

25 {@158]  in certain embodiments, a forowlation of the inveniion which is
comnpatible with parenteral adnunistration compriscs one or M0OTC cryoprotectants
selecied from but not limited to disaccharides (c.g., lactose, maitose, sucrose or

trehalose) and poivhvdrony hydrocarbons (e.g.. dulcitol, glyeerol, mannitol and
sorbitol).

320 10139 In cortain cmbodiments, the osmolarity of the formulation is in a range of

from about 200 mOs/L to ubeut 800 mOs/L, with 2 preferred range of from abouwt

230 mOs/L. to about 300 mOw/1., or about 300 mOsL - abour 400 mOs/L. A
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sali-free forpmlation muy contain, for exampie, from about 5% to about 25%
sucrose, and preferably from about 7% to about 15%, or about 10% to about 12%
sucrose. Alternatively, o sali-free fornmlation may contain, for example, from
abont 3% to abont 12% sorbitol, and preferably from abour 4% to 7%, or about 5%
to about 6% sorbitol, 1 salt sueh us sodium chioride is added, then the effective
range of sucrose or sorbitol s refatively decreased. These and other such
osmolality and osmolarity considerations are well within the skill of the ast.

[0168]  In certain embodiments, a formuiation of the invention which is

el .

compatible with parenteral adminisiration comprises one or more free radical

PRI JING SRS S5 IR 1 JORUR, SIS O i g S P o N i RPN
OXKIETOn MiCHerS and: o7 COCiaiig agenis. A varriy 01 ICC raQeal sCavengers

and chelators are known in the art and apply to the Hrmulations and methods of
use deseribed heremn, Examples inelade bur are not brated to cthanol, EDTAL 2
EDTA/cthanol combination, tricthanolamine, mannitol, histidine, glycerel, sodium
citrate, inositol hexaphosphate, tripolyphosphate, ascorbie acidiascorbate. succinic
aeid/suecinate, wwalic acid/maleate, desferal, EODHA and DTPA, and various
combinations of two or more of the above. In certain embodunents, at least one
non-reducing free radical scavenger may be added at a concentration that
effectively enhances long term stability of the formulation. One or mmove free
radical oxidation inhibitors/chelators may also be added 1 varnous combinations,
such as # scavenger and & divalent cation. The choice of chelator will deterimine
whether ot not the addition of a scavenger is needed.

{8161] In cerain embodiments, a forroulation of the invention which is
compatible with parenteral adipinistration comprises one 0f mOre HOU-10Nic
surfactants, mclading but not limifed to pelyoxyethylene sorbitan {fatty acid esters,
Polysurbate-R80 (Tween 80, Polysorbate-60 {Tween 60}, Polysorbate-40 (Tween
403 and Pelysorbate-20 (Tween 20), polyoxyethylenc alkyl ethers, including but
not timited to Brij 58, Brij 35, as well ag others such as Triton X-100;

Triton X-114, NP40, Span 85 and the Pluronic series of non-ionic surfactants fe.g.,
Pluronic 121), with preforred components Polvsorbate-80 ai a concentration from
about 0.001% to about 2% (with up to aboui 0.23% being preferred) or
Polysorbate-40 at a concentration from about 0.001% to 1% (with up to abont

N s 1 . ™ gyt
0.3% being preferred).
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i162)  In certain embodiments, 2 formulation of the irvention comwprises one or
more additional stabilizing agents suitable for parenteral administration, c.g., a
reducing agent comprising at least one thiol (-SH) eroup (e.g., cvsteine, N-acetyl
eysteine, reduced ghitathione, sodum thioglycolate, thiosulfate, monothiogiyeerel,
or mixtures thereof). Ahernatively or optionally, preservative-containing
immunegenic composition formulations of the invention may be further stubilized
by removing oxygen from storage containers, protecting the formulation from light
{e.c.. by using amber glass containers).

{0163] Preservative-containing immunogenic compasition formulations of the
iﬁ\"t’,ﬁf iOﬂ' ":1{3\' ‘[‘Jl'ﬂnﬂ%" O 97 37

ore phannacentically accept:
exgipicnts, which inclodes any excipient that does not wself tnduee an immune
response. Suitable excipients include but are not hmited to macremelecuics such
as proteins, saccharides. polylactic acids, polyglycolic acids, polymeric amnino
acids. amino acid copolymers, sucrose {Pacletts ot al, 2001, Foceine, 19:2118),
rehalose, lactose and lipid aggregates (such as oil droplets or hiposores). Such
carricts are well known to the skilicd artisan. Pharmaceutically acceptable
excipients are discussed. ¢.g., i Gemmaro, 2000, Remington: The Scicoee and
Practice of Phatmacy, 20° edition, ISBN:0GR3306472.
{164} Compositions of the invention way be lyophilized or i agueous form, L.e.
solutions or suspensions. Liguid formulations may advantageously be
sdmunistered divectly frov their packaged forin and are thus jdeal tor mjection
without the need for reconstitution in agoeous medivm as otherwise required for
tyophilized compositions of the invention.
{6165} Direct delivery of immumnogenic compositions of the present invention to
subject may be accomplished by parenteral administration (intramuscuiarly,
intraperitoneally, intradenmally, subcutancously, ntravenousiy, or o the interstitial
space of a tissue); or by rectal, oral, vaginal, topical, transdermal, intranasal,
ocuthar, aural, palmonary or other mncosal administration. In a preferred
embodiment, parcnteral adoinistration is by intramuscular injection, ¢.g., to the
thigh or upper arm of the subject. Injection may be via a needle (e.g., a
wpodermic necdie), but needle free infection may aliernatively be used. A typical

inframuscuiar dose is 0.5l Compositions of the invention may be prepared in

o
o
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various forms, ¢y, for injection either as Hguid solutions or suspensions. in
certain embodiments, the composition may be prepared as a powder or spray for
pulmonary administration, ¢.g.. in an inhaler. [n other embodiments, the
conposition may be prepared as a suppository or pessary, or for nasal, auat or
ocufar administration, €.g., as a spray, drops, gel or powder.

[0166] Optimal amounts of components for a particular immunogenic
composition may be ascertained by standard studics involving observation of
appropriate innmune responses in subjects. Following an initial vaccination,

<ubjeets can receive one or several booster imiunizations adequately spaced.

Packaging end Dosage Forms

(8167} homunogerde cowpositions of the invention inay be packaged n umit
dose or multi-dose form (e.g. 2 doses, 4 doses, or more). For muiti-dose forms,
vials are typically but not necessarily preferred over pre~filled syringes. Suitable
wulti-dose formas include but are not limited 1o: 2 10 10 doses per container at 0.1
ro 2 mL perdose. in certain embodiments, the dose s a 0.5 ml. dose. Sce, ¢.y.,
International Patent Application WO2007/127668, which is incorporated by
reference herein.
Compositions mny be presented in viais or other suitable storage containers, or
may be presented in pre~filled delivery deviees, ¢.g., single or muitiple componont
syringes, which 1nay be supplicd with or without needles. A syringe typicaily but
need not necessarily contains a single dose of the preservative-containing
unmunogenic composition of the invention, although nulti-dose, pre-fifled
syringes are alse cnvisioned. Takewise, a vial may inchide a single dose but may
alternatively include multiple doses.
{0168] Effective dosage velumes can be routinely established, hut a typical dosc
of the composition for injection has 2 volome ot 0.5 ml.. In certain embodiments.
the dose is formuiated for administration to a human subject. In certain
cmbodiments, the dose s ormulated for adminisivation o an adull, teen,
adolescent, toddler or infant {L¢., 10 more than ouc year old) hiwman sobject and
may in preforred embodiments be admindstered by kijection.
jH68]  Liguid impmimogenic compositions of the invention are also suitable for

reconstiinting other nomuonogenic conpositions which are presented in lyophiltzed
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fursn. Where an iinmunogenic composition is to be used for such extemporancons
reconstitution, the invention provides a kit with two or more vials, two or more
ready-filled syringes. or one or more of gach, with the contents of the syringe being
used 1o reconstituie the contents of the vial prior o injection, or vice versa.

{01701  Alernatively, imununogenic compositions of the present invention nay be
lyophilized and reconstituted. e.g., using one of a muititude of methods for freeze
drying well known in the art to form dry, regular shaped (e.g.. spherical) particles.
such as micropellets or microspheres, having particle characteristics such as mean
diameter sizes that may be seiccted and controlled by varving the exact methods
used to prepare them, The immunogenic compogitions may firther comprise an
adpsvant which may optionaily be prepared with or contained in scparate dry,
regular shaped (e.g., spherical) particles such as micropelicts or microspheres. In
such cmbodiments, the present invention further provides an immunogenic
composition Kit comprising 2 tirst component that inchudes a stabilized, dry
mnunogenic commpesition, optionally furiher comprising one or more
preservatives of the inveniion, and a sceond component comprising a sterile,
agqueous solution for reconstitution of the first component. In certain
embodiuments, the agueons solution comprises one or more preservatives, and may
eptionally comprise at feast one adjuovant {see. ¢.g., WO2009/109550 (incorporated
heretn by referencel,

{03171} In yet another embodument, a contamer of the nuhi-dose format is
sclected from one ot more of the group consisting ot but not limited to, gencral
laburatory glassware, flasks, beakers, graduated cylinders, fermentors, bioreavtors,
tubings. pipes, bags, jars. vials, vial closures (c.g., a rebber stopper, a serew on
cap), awppouies, syringes, dual or matti-chamber syringes, syringe stoppers, syringe
plungers, rubber closures, plastic closures, glass closures, cartridges and disporable
pens and the like. The container of the present invention is not imited by naterial
of manufacture, and inclodes materials such as glass, metals (e.g., steel, stainjess
steel, aluminam, ete.) and polymers (e.g., thermoplastics, clagtomers,
thermoplastic-clastomers). In a particular embodinent, the container of the format
is a5 ml Schott Tvpe 1 glass vial with a butyl stopper. The skilled artisan will

sppreciate that the format sct forth above is by no means an exhaustive sy, but
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merely serve as guidance 1o the artisan with respeet to the variety of formats
available for the present invention. Additional formats contemplated for use in the
present invention may be found in published eatalogues from laboratory equipment

vendors and mamifacturers such as United States Plastic Corp, (Lina, OI1), VWR.

Evaluation of [mmunosenie Compositions

[0172]  In one embodiment, the present invention provides bomunogenic
campositions comprising at least three antigens from a S. awrvis organism.
{0373F  Various i vitro tests are used 1o assess the invnunogenicity of the
immunogenic compositions of the mvention. For example an in vifro opsonic
assay is conducicd by incubating together a mixture of staphylococeal cells, hea
inactivaled serum contabing specific antibodies to the antigens in question, and an
exogenous complement source. Opsonophagocytosis proceeds during incubation
of freshly isolated polymorphonuclear cells (PMN's) or differentiated effector cells
such as HLOOs and the antibody/compicmenidstaphylococcal celt mixtare,
Bacterial eclls that are conted with antibody and complement are killed upon
vpsonephagoeytosis. Colony forming units {cfu) of surviving bacteria that are
recovered from opsonophagocytosis are determined by plating the assay mixture.
Tilers are reported as the reeprocal of the highest dilution thas gives 50% bacterial
killing, as determincd by comparisen to assay controls.

16174} A whole cell ELISA assay is also used 10 assess (1 vifre immunogenicity
and surface exposore of the antigen, wherein the bactenial strain of interest

(S, aureus) is coated onto a plate, such as a 96 well plate, and test sera from an
mnunized animal is reacted with the bacterial cells. 1 any antibody, specific for
the test antigen, is reactive with a surface exposed epitope of the antigen, it can be
detected by standard metheds known to oue skilled in the ast.

7S] Any antigen demeostratng the desired /7 vigro activity is then tested in an
in vivo animal challonge model. In certain cmbodiments, immunogenic
composinons are nsed in the inmunization of av amowl (2.2, 2 mouse) by
miethods and rovies of imanization Roown to those of skill i the art {e.g.,
intranasal, parenteral, oral, rectal, vaginal, transdermal, intraperitoneal,
mravenous, subentancous. cte.). Foliowing ivmunization of the animal with a

particular Stapfviococcns sp. wununogenic composition. the anunal is challenged
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with a Staphvlococens sp. and assayed for resistance 1o the staphylococcal
infection.
19176)  In une embodiment, pathogen-free mice are mmunized and chailcnged

with . aurens. For example, mice are imnunized with one or inore doses of the

|92

desired ..1111.1‘.:&,1" inan imm URO”LHIC (.OID;’JOSIUUH Su 'J\CL‘LILHTIEV the mice are

challenged with 8. gurens and survival is monitored over time post challenge.

Merhods of Impumizing

[8177] Provided also are methods for immumzing a host to prevent
staphvlococcal infection. In a preferred embodiment. the host s haman. Thus, a
10 host or subject is administered an immumogenic amonnt of an immunogenic
compusition as deseribed herein, An hmmanogenic amount ofan immunogenic
composition can be determined by doing a dose response study in which subjects
are immunized with gradually increasing amounts of the snmunogenic
composition and the immumne response analyzed to desermine the optimai dosag
15 Starting points for the study can be inferred from immunization data in animal
models. The dosage amount can vary depending npon specific conditions of the
individual. The amount can be determined in routine trials by means known to
those skilled in the art. In some anbodiments, the method of tnmunizing a host (o

prevent staphylococcal infection, discase or condition compriscs human,

B
L]

velerinary, animal, or agricultural treatment, Another embodiment provides a
method of immunizing a host to prevent stapbylococcal infection, disease or
condition associaied with a Staphviococcus sp. m a subject, the method comprising
generating a polyclonal or mwonoclonal antibody preparation from the immunogenic

composition deseribed herein, and using said antibody preparation to conier

&)

Ut

passive wpmonity to the snbject
[0178]  An tnommologically effective amount of the mmrounogenic composition
in an appropriate number of doses is administered to the subject to clicit an
immune response. The treated ndividual should not exbibit the more serious

clinies] manifestations of the staphylococeal infection. The dosage amount can

isd
<3

vary depending upon speeific conditions of the mdividual, such as age and weight.
This amount can be deternined in routiue trizls by means known to those skilled in

the art,

h
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18178}  In onc embodiment, patients being administered immunogenic

compositions of the invention show a reduction in 8 gureus carrizge rates. Such
eduction in carriage or a prolonged interval of time spent as a non-carrier

following adnunistration of an mmunogenic composition is significant from a

5 medical need perspective. For example, reduction in overall §. aw-ews carriage in
carriers may be assessed following one dose of S aurens multi-antigen vaceine.
For example, 1 day prior to administration of an mnmunogenic composition, a
group of adulis aged 18-30 years may be sereenced for carriage by nasal and throat
swabs followed by cultivation to determine their carriage state. Next, the group

T an HUmunogenic composiion of ihe mvention with a group

r-
o)

receiving g conmol. Nasal and throat swabs performed weekly overa {2 week
period. and monthiy up to ¢ mounths post administration of the immunogenic
composition are performed and compared to placcho, One primary endpoint is to

compare carriage rates in patients after administration of an immunogenic

in

composition versus placeno af 3 rwouth imtervals post immunization.

Animad Models of Staphylococeal Infection

{0188} Scveral animal modcls are described below for use in assessing the

efficacy of any one of the immwunegenic compaositions described herein,

Murine Sepsis Mode! (Passive or Active)

N
s
b

Passive immunization Model

{0181]  Mice are passively nmmunized intraperttoneally (i.p.) with immune 1¢G or
monoclonal antibody. The mice are subseguenily challenged 24 hours later with a
lethal dose of S, auresns. The bacterial chailenge is administere

infravenousty {Lv.) or L.p. enswring that any survival could be atrributed to the

specific ér vivo interaction of the antibody with the bacteria. The bacterial

N

challenge dose is determined to be the dose reguired to achieve iethud sepsis of
approximately 20% of the unimmunized controf mice. Statistical cvaluation of

survival stodics can be carried out by Kaplan-Meicr analysis,
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Active mmurizativig Model

J0182}  In this model, mice {o.g. Swiss Webster nuee) are actively mmonized
intraperitoncally (Lp.} or subentancously (s.¢.) with a target antigen at 0, 3 and 6
weeks (or other similar appropriately spaced vaccination schedude) and
5 subscquently chalienged with 8 aurens at week & by the intravenous route. The
pacterial challenge dose is calibrated to achicve approximately 20% survival in th
ntro] group over a 10-14 day period. Statistical cvalnation of survival studies

can be carricd out by Kaplan-Mcier analysis.

hifections Endocardinis Modo! (Passive or Active)

10 {0183] A passive impwumnization modet for mfections endocarditis (1E}) cansed by
S ensirenss has previously been used 1o show that CHA can induce profective
imanuoity. Sce Vernachio et al., Antmicro. Agents & Chemo, 50:511-318 (2006},

in this model of IE, rabbits or rats are used to simuiate chinical infections that
imciude a cenural venous catheter, bacteremia, and hamatogenous seeding o distal
is organs. Catheterized rabbits or rats with sterile aorue valve vegetatons are
administered a single or multiple intravenous injeciion of a monoclonal or
polyclonal antibody specific for the target antigen. Subsequently, the animals are
challenged iv. with a S airens or S. epidermidis strain. Then afier challenge.,
heart, cardiae vegetations, und additional tissues, including kidneyvs, and blood are

28 harvested and cultured. The frequency of staphylocoecal infection in cardiac

tissue, kidneys, and blood is then measured. In one siudy, when animals were
chalienged with either MRSE ATCC 35984 or MRSA 67-0, significant reduciions
in infection rate were shown using either the polyclonal antibody preparation or the
monoclonal antibody to CIfA. Sce Vernachio ot al., Antmicro. Agents & Chemo.

$0:511-518 (2006,

N
i

{

{6184] The infectious endocarditis model has also been adapted for active
immunization studies in both rabbits and rats, Rabhits or rats are immunized
mtramuscularly or subcutancouosly with target antigen and challenged with

1

S enirens (w0 weeks ater vie the intravenous route.
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Pyeloneplinis Model

16185]  1n the pyelonephritis model, miee are immunized on wks 0, 3 und 6 (or
other appropriately spaced immunization schedule) with the target antigens.
Sabseguently, the anioals are challenged 1.p. or v, with §. mreus PFESAQ266.

After 48 hrs, the kidneys arc harvested and bacterial CFU are coumerated.

U1

Aniibodics and Antibody Compositions

{8186] The invention further provides witibodies und untibody composiiions
which bind specitically and selectively to one or more antigens of an imnrnogenic

o

composition of the present invention. {n some embodnnients, antibodies are

10 generated upon adminisiration to a subject of an lnununogenic compostion of the
present jnvention. (o souxe enmbodiments. the fnvention provides purified or
iselated antibodics directed against one or more of the antigens of an mpmmogenic
composition of the present invention. In some embodiments, the annibodics of the
present invention are functional as weasured by killing bacteria in either an anumal

15 cificacy model or via an opsonophagocyiiv killing assay. b some embodiments,
the antibodics of the invention confer passive inmunity to a subiect. The pregent
invention further provides polvnucleotide molecules encoding an antibody or
antibedy fragment of the vention, and a celt or cell fine {such as hvbridoma cells
or other engineered eell lines for recombinant production of antibodics) and a

20 iransgenic animal that produces an antibody or antibody composition of the
invention, using technigues weli-known to those of skill in the art.
(0187} Antibodies or antibody compositions of the invention may be used in a
method of treating or preventing a Staphylococeal infection, disease or condition
associated with a Staphviococcus sp. i a subject, the method comprising

25 generating a polyclonal or monoclonal antibody prepuration, and ssing said
aniibody or antibody composition to confer passive ismmmié‘}f to the su‘njcct.
Antibodies of the invention may also be useiul for diagnostic methods, ¢.g.,
detecting the presence of or quaniifving the levels of one or more antigens of the

tmmunogenic compositions of the present invention.
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EXAMPLES
[0188] The following cxamples demonstrate some embodiments of the present
invention, However, it is to be anderstood that these examples are for iHustration

only and do not purport to be wholly definitive as to conditions and scope of this

wn

invention. It should be appreciated that when typical reaction conditions (e.z..
temperature., reaction times. cte.) have been given, the conditions both above and
below the specified ranges can also be used, though gencrally less conveniently.
Al parts and percents reforred to herein are on o weight basis and all fonmperatures
are cxpressed in degrees contigrade unless otherwise specified.

10 {0189] Fuwrthermore, the following examples were earried out using standard
techniques, which are well known and routine to those of skill in the art, except
where otherwise deseribed m detail. As noted above, the following examples are
presenfed for illustrative purpose, and should not he construed in any way limiting

the scope of this invention.

15 Faammple 1t Production of Antigens CHA and CHB

10198}  Clumping factor A {CHA) and B (CHB) arc S. aureus surface proteing
responsible for binding to host proteins including fibrinogen (CHA. CIB) and
cytekeratin 10 (CHB). CIfA and CIf13 are members of a family of proteing
contairing the carvoxyl terimnal LPXTG (SEQ [D NO: 125) motif that enables the
20 protein to become covalently linked to the cell surface. Both ClfA and CHB
belong w family of proteins { Microbial Surface Conponents Recognizing
Adhesive Matrix Molecule, or MSCRAMMS) that recognize and bind host
extraceliular matrix proteins such as fibrinogen (CifA and CHB), fibronectin

{FnbA and FubB), collagen (Cna), and others. These proteing all share the amino

[\
5

wrininal signal sequence that mediates transport to the cell surface. The
MSCRAMMs also inchude an A-domain that is the fanctional region containing
ligand-binding site for fibrinogen, fibronectin, elastin, and keratin, The A-domain
can be followed by a region composed of serine-aspartate repeats (SD repeat),

which is thought 1o span the peptidoglycan layer. The SD repeat is followed by a

Ll
D

membrane-spanning region that includes the LPXTG (SEQ 1D NO: [25) motif for

covalent Hokage of the proiein to peptidoglyean.
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[0191] The higand binding regions of CIfA and CHB comprising NIN2N3 of the
A domain spans amino acids 40-339. The N domaing of CIfA 7 CHB have been
assigned as follows: N1 encompasses residues 45-220: N2 encompasses residues
229-369; and N3 encompasses residues 370-559. See Deivanayagam et al. EMBO
. 21:6660-6072 (2002). in preparations of recombinant CIfA NINZN3. the NI
domain has been found to be protease sensitive and is casily cleaved or hydrolvzed
o leave the N23 as a stable ligand binding recombinant fragment. See
Deivanayagam et all EMBO J. 21:6660-6672 (20025, Similarly, it was
demonstrated that N1 donain of CHB 18 also proteasc-sensitive and could be casily
cleaved hy S mrens wetalloprotease {MeAleese, FOM. ot ol 1 Biol Cheny, 2001,
276, pp. 29969-29978). The crystal structure of the fibrinogen binding N23

ﬁ'agmcnﬁ of CHA A domain. revealed that both N2 and N3 are dominated by anti-

parallel beta strands. In addition 1o the anti-paraile] beta sirands. the N2 domain
contains a single turn alpha helix and two 3¢ helices and the N3 domain contains

three 3;5 belices. See Deivanayagam et ok EMBO §. 21:6660-6672 (20023,
{0192} Scysence aligninen: of N2 and N3 reveals enly 13%6 seguence identity
and 36% sequence stmilarity over ther lengths. Sce Deivanayagam et al. EMBO
3 21:6660-6672 (2002}, The Wpology of the N2 and N3 domains are similar to the
classic TgG fold and bave been proposed w be novel vanants of the IgG fold. Sce
Deivanayagam et al. EMBO 1L 21:6660-6672 (2002).
Recombinanr forms of CHA used in the rmmunogenic compositions deseribed
herein are fragments of CHA comprising one or more of the N dowains, for
exatnple, NIN2ZN3, N2N3 and are referred to herein as “recombinant CHAY or
“rCHUAY, To addition, any #CIA should be one that woaintains the native structure
of the mdividual N domains and critical epitopes butl does not interfere with normul
processes of the tmmuonized individual after administration (i.e.. docs not bind
fibrinogen). Mutational studics have shown that mutaring Y338A (N2) completely
ciiminated binding of the N23 fragment to fibrinogen. {This Y338A position refers
a change from a tyrosine to an alanine at position 338 in the immature form of
the polypeptide sequence with the leader sequence still attached. This change can
be scen at position 310 in the mature form of the muated CHA polypeptide of SEQ

(D NO: 123 that demonstrates a lack of binding to fibvinogen). See Deivanavagam
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et al. EMBO 1. 21:6660-6672 (2002). Therefore, the Y33&8A mutation has been
adopted for all fragments of CHA in the Dollowing studies.
{0183}  Similarly, recombinant forms of CIf used in the immunogenic

compositions described herem are fragments of CHI3 comprising one or more of
4 g

921

the N domaias, for example, NIN2ZN3, N2ZN3 and are referred to herein as
"recombinant CIfB” or "rCIfB". [n addition. any rC1fB should he one that
maintaing the native structure of the individual N domains and eritical epitapes but
does not interfere with normal proecsses of the inununized individual after
administration (i.e., docs not bind fibrinogen). {Sce, for example, Walsh, B.J. et al.

7

LY B N N
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CiA and CIB: Overview of Cloning Strategy

{8194] The different forms of rCIfA protein used to generate prechinical efficacy
data include HHsCHA N2y TTCHA 23 TTC A Y338A,; CHAg3) and
CifAne Y338A, See Figure 1 The CHA genc contains the A region coding

15 sequence from S aurens PFESADZ3T corresponding to rosidues 40-339. The
reading frame cloned from § wreus was fused to the N-terminal HisTag and
linker sequences of the vector (MRGSHHEUTHHGS SEQ ID NO: 127) along with
three additional coding scquences (KLN) introduced ar the C-terminus, (See

below for detailed procedure.) Protein expressed from this vector was nsed for all

N
2

¢ experiments where it s referred 1o as HisClfA 235

[0195]  The different forms of vCIfA were derived from the A region (residues
40-359 of CHA expressed by S, aurens PFESAQ237 (lop row). The HisClfAq 2
i expressed using the TS promoter contained in pQE230 and alf other forms are

expressed using the T7 based piET expression system,

25 {0196]  Two forms of CHB (T7CHB NIN2N3 and CHB N23) were utilized for
preclimical animal studies,
CHA Cloning Provedure
{6197} The CIA coding sequence corresponding to amine acid residues 40-559
from S, curens strain PFESA0237 was cloned and the muation, Y338A, was
30 introdoced o ¢liminate fibrinogen binding, The mutaied CHA gene was introduced

mto a 17 RNA polymerase cxpression vector, pEi9a (Novagen) to provide
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plasmid, pLP1179. The DNA sequence of the region comprising the T7 promoter
and coding region in pl.PLL79 is SEQ [D:124, The expression vector was
transformed into £. cofi BLR(DES3)} {Novagen) for prodaction of recombinant
CUEAL

18198]  The construction of T7TCHA N2 Y338A Involved soveral steps. A
sumumary of the cloning steps used to construct the final expression plasmid,
pLPL179 is shown in Figore 2.

[6199] The /4 DNA scquence present in pQECH40 correspond to amino acid
residues 40-559 of CHA that was originally cloned into the Bamtil/Tind{l! cloning

R o -

020 T FiaY PR U S
QE30, Th L1 fisTag fusion at the N-tori

. 13
PULsy, 118 Srlails

a
addition of three residucs at the C-terminus., The CHA coding region present in
{AmpR) pQECHY0 was sub-cloned into the KanR pET 27h veetor (Novagen) o
create pLPEL3T, In addition the ¢ff4 DNA sequence corresponding 1o amino acid
residues 221-559 was cloned mnto the Ndel-Hindlf cloning sitc of pET127b to
create pLPHE 34, The N-ionuing] HisTag of CHA was replaced with the N-termmal

ol g
I
i

I'7 by subcloning the Bamlil-Blpl DNA fragment from pQUECHE0 mto pET9a
{Novagen} to create pL.P1133. The coding sequence of T7CHA g present in
pLPL1IS3 contains 1] N-terininal amino acid residoes from the T7 tag of pET9a
followed by three amivo acid residues from tinker sequences plus the three C-
terminal linker derived residies originally present in pQE30CIf40. The Y338A
mutation was first intreduced into the CifAzs coding sequence of pL.P1134 to
create pLPTIOR, Later a Patl-SnaB! DNA fragment containing the Y3384
mutation from ClfAppz, of pLP 1168 was replaced bto Psil-SnaBI of T7CHA 23
coding sequence of pLPT153 to create pLPIL71. An internal ribosome binding site
present in the coding scquence of TTCHARanY338A of pLP1IT71 was aliered by
sifent wutations at DNA positions 339 and 342 of the T7 vCHA Y338A ORF,

changing from G o T and G to A, respectively. The resuliing plasmid, pL.P1176,

was then used to remove the three extraneons resichues, originally derived from

,\

YQEIOCHED, between the T7 tag and the start of the CIFA coding region, The
three finker derived C-terming residucs were also removed at this time.
{6208} The rCHA expressed by the resulting plasmid, pl.P1179 {(Figures 2 and 3},

contains only the 11 Neterminal amine acids fased to residuc 40-359 of
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CHAmi23 Y I38A. The DNA sequence of the region comprising the T7 promoter
3 H

and the coding sequence of T7 fClfAnizn Y338A of pLP1179 s SEQ IDNO 124

Bacicrial Strains and Plasmids

102617  The plasmid backboene pET% {obtained from Novagen) was used for
5 construction of pL.P1179, which expresses T7CHA iz Y338A froma T7
promoter. The plasmid contains the Kanamycein resistance gene (KanR) for
positive selection. The BL2ZIDE3) £. coli host strawn [F~ omap 7 hsdSs (g god
dere (DE3)] {Novagen) was onginally used to obtain expression of
TTCHA 0 Y338A, The DEZ designation denctes the lambda lysugen containing
10 the T7 RNA pelymerase gene under control of the e UVE (IPTG inducible)
promoeter it 18 used for indeeced expression of T7 RNA polyrerase and
subsequent franscription from the T7 promoter proximal to the CHAni3 Y3384
coding sequence present in pL.PPH79. Upon receiving mformation that the
BLZI(DER} lvsogenic host struin is capable of inducing tytic phage upon large

15 seale fermentations, the host straim was changed to the reed BLRIDER) host strain

[E- omp? BsdSy (vermw") gal dem Msri-recA)306: Tl 0(TeR) (DE3] (Novagen).

Producrion and Purification of CHA

(62062} For the production of CItA, £, coli BLR{DEIYpLP11I79 was arown in
detfined medium in ghicose fed-bateh wode in bioreactors. When the eulture

20 reached an optical density (Ofq) between 30-50, the expression of CIFA was
induced by the addition of IPTG. The culture was harvested between 3-16 hours
post induction.

1

[0283] the cells were disrupted and the clarificd soluble fraction was collected.

After the addition of ammoninm sulfate. the material was applied to a column

25 containing Pheoyl-Sepharose resin and eluted. Frictions containing CifA were
identificd. dialyzed and loaded onto an anion exchange column ((Q-Sepharose).
After clution with a salt gradicm, fractions coniaining CHA were identificd,
concentrated by ultrafiftration and loaded on to a size-exclusion column
{(Superdex-75). Fractions containing CIfA were identified and pooled, The purity
30 of the CIfA at this point was about 9854 as measured by SDS-PAGE
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Cloning and Purification of CHB NUN2N3

{0204} The ClfB coding sequence corresponding to aming acid residucs 44-342
was cloned mnto a T7 RNA polymerase expression vector, pET28a (Novagen) to

¥

provide plasmid pPX1189. The expression vectur was transformed imto £, col

W

BLR{DE3) (Novagen) for the produaction of recombinant CHB. (See Walsh, et al,,

Microbiology 154 550-358 (200},

[0265]  For the production of CIB, £, cofi BLR{DE3YpLP1179 was grown in

defined medium in glacose fod-bateh mode in biorcactors, When the culture

reached an optical density (GDsq0} between 30-30, the expression of CHB was

10 induced by the addition of IPTG. The culture was harvested between 3-16 hours
post inchuction.
{0286]  Yhe cells were disrepted and the clarificd soluble fraction was collected.

The pll of the soluble fraction was adjusted to about pi 3.2 and the precipitated
impurities were removed. The phl of the seluble fraction containing CHI3 was

15 readjusted to about pH 8.0 and dialvzed to remove salts. After the addition of
ammoenium sulfaie, the material was applied to a columm containing Phenyl-
Sepharose resin and eluted, Fractions contaiming CHB were identified, dialyzed
and Ioaded onto an anton exchange column (Q-Sepharose). After clution with a sal
gradiont, fractions contaming CHB were identificd. concentrated by uhrafiltration

20 and loaded on to a size-exclusion columm (Superdex-73). Fractions coniaining

CIHB were wdentified and pooled. The purity of the C18 at this point was about

94% as measured by SDS-PAGE.

fxample 2:  Productions of Antigens: Staph Aureus MntC

Clonmg S qureus Lipidatcd Mn:C

25 {0207} Recombinant MntC was originally cloned from S. aureus strain MuS0.
The rMntC coding sequence was amplified by PCR from S, @irens MudQ genomic
DNA. Two pairs of nested privers were used for the amphification (Table 2). The
first pair of primers, 5'SA926-MmC ups and 3'SAL26-MntC down, align to the
sequence upstream and downstream of the open reading frame of iiMntC. The

30 second sct of primers align to the coding scquence of tMniC allowing o amplify

the sequence corresponding to amine acid residuces 19-309, Restriction cozyme
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sites were incorporated at the 5' onds of these primers to facilitate dircctional
cloning. PCR was carried out in a Peltier Thermal Cyeler (MJ Research Ine,
Walthan, MA) with TaKaRa PrimeSTAR HS DNA Polvimerase Premix (Takara
Bio USA. Madison, WI). PCR product was purificd by QIAEX 11 (Qlagen,
Valencia, CA), cleaved with the appropriate restriction endonucleases (New
England Biclabs, Ipswich, MA} and sub-cloncd into the araBAD promoter-driven
expression vector pBADISCm. This vector also contains the signal peptide of the
lipoprotein P4 from H. influenza. The M PCR product was sub-cloned in frame

downstream from the P4 signal peptide to create pLP1194, The DNA sequence of

expressed from plP 1194 i g lipoprotein. The recombinant plasmid DNA was
Y~ ey A -

sequenced by ABI PRISM Bzgl)ycl Terminator V.31 (Applicd Biosystems,

Foster City. (UA) and the recombinant protein was expressed in 2. coli BLR

{(NOVAGEN) for the production of lipidated rMuni(.

Production and Puriicaion of Linidated MauC

[6208] For the production of lipidated MntC, £ cofi BLR/pLP1194 was grown in
defined medinm in glucose fed-batch mode in biorcactors. When the culiure
reached an optical density (ODgan) of about 60, the expression of iMotC was
induced by switching the feed to a mixture of ghicose and arabinose. The culiure
was harvested about 24 hours post induction.

{0209} The cells were disropied and the insoluble fraction was collected.
Lipidated MntC was found associated with the coll membranes due w the lipid
maodification. MntC was extracted from the membranc fraction with o detergent
(Zwittergent ZW-312), After removal of the insoluble debris, the lipidated MntC
was found n the sohuble fraction. The solable fraction was applied to a cohump
containing a miked-wode resio and eluted with a lincar salt and pH gradient.
Fractions containing MntC were identificd and pooled. Ammornium solfate was
added to the pool and the material was applied to 2 coluon containiog Butyl-
Sepharose and eluted. Fractions containing MotC were identified, desalted and

ivaded onto a cation exchange colunn (SP-Sepharose). After clation with a salt
>

sradient. fractions containing rMntC were identified and pooled.

o
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Cloning S, anrens Non-Lipidated MnC

[6210) The DNA scquence employed to express non-lipidated rMntC was
isolated by PCR amplification from plasmid pLP1194. The resuiting sequence
corresponds 1o aming acid residues 19-309 and doces not contain the signal
scquence that directs seerction and lipidation. The DNA sequence of the rMnC
coding region of pLP12135 ix found in DNA SEQ 5 NO: 120.

{0211} To create pLP1215, Mnt( was amplified by PCR from pL.P1194, The
MptC DNA sequence prosent in pLP1213 corresponds to amino acid residucs 19-
309 and the first codon for this constroet was introduced in the forward primer
used in the amplitication of the gene. The primers used for PCR also contain
gesiriction enzymes sites at the 3' ends to facilitate dircctional cloning (Table 2).
ICR and purification of the amplified gene was carricd out as described above.
Purified PCR product was cleaved with the appropriate restriction endonucleases

.
K

(New England BioLabs. Ipswich, MA) and sub-cloned mto the T7 prometer-driven
expression vector pET 2¥a {(Novagen, Madison, W1), The recombinant plasmid
DNA pLP1215 was seguenced by ABI PRISM BigDye™ Terminator V.31
{Applied Biosystems, Foster City, CA) and the recombmnt proten was expressed
in £. coli BLR{DE3). Plasnuid DNA for pLP1215 was purified and vsed to

transform E. coli HMST74(DE3) to evaluate protein expresgion.

P

Fablc 2: MutC primers.

Expression constructs iPrimer name Sequence {5-37)

Liptdated MotC SSAG2G-MutCups CAC AAA ATT TAC GAA TAG

169)

3SA26-MntCdown AAA ATATTG GAG ATA CCA
ATATTT TAGGTT G{(SEQ D
NO: 1)

SBamllSAS26 MatC [TTTCTT GG
GGT GGT AA
(SEQID NO: 11D

TCC GGT ACT

T TCCGTG TAC AGT TTIC
(SEQ MM NO: 112)

(pLP1194) AAA GAA ACG AG (SEQ IDNO:

ACAA AGC AGT G

I'SphISAY26 MniC TTTCTT GCA TGC TTA TET CAT
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H.xpréssi(m constructs Primiet naiwic ' Sequence {8'-37)

Non {ipidated MutC  iS"NeoMntC TTTCTT CCA TGG GTACTG
(pLP1215) STG GTA AAC AAA GCA G (BEQ
1D NO: 113)

I'BlpiMmC TTTCTTY GCT CAG CAT TAT TTC
ATG CTT CCG TGT ACA G (SEQ
11 NO: 114)

[6212] Synthetic oligonucleotides used to generate rMntC constructs. Restriction
cndonucicase sites are underlined. The nucleotides in boldface indicate the firs

cadon for the nonlipidated rMntC construci.

Production and Purification of Non-Lipidated rivingC

{0213} For the production of non-lipidated tMitC. £ cofi

wr

HMST74(DE3)YpLP 1215 was grown in defined medivm in glucose fed-bateh mode
in blorcuctors. When the culture reached an optical density (O} 0f about 60 to
80, the expression of iMntC was induced by addition of IPTG. The culivre was
harvested about 24 hours post induction. The ccils were disrupted and the clarified
1.0 soluble frnction was coliected. The lysate was applicd to a column containing

a
o

cation exchange resin {SP-Sepharose) and cluted with a lnear salt gradient.
Fractions containing MitC were wdentified. After the addition of anymonium
suifate, the matecial was applied to a colummn containing Phenyvi-Sepharose resin
and eluted. Afier elution, fractions containing rMmtC were identificd. pooled, and

15 desatted. The purity of the rMmi(C at this point was >95% as measurcd by SDS-
PAGE.

Example 3: Production of Capsule Polysaccharides CPS and CP8

{6214] inthis cxample, production of varions sizes of S, aureus capsule
polvsaccharides type 5 and 8 is described, The structures of the CP5 and CPR

20 polysaccharides are shown in Figure 4. The methods described herein arce effective
in producing CPS and CPS with molecular weights ranging from about 50 kDa 1o
%00 kDa. Based on growth characteristics and the quantity of capsule produccd,
strain PFESAQ206 was chosen for CPS production while sirins PFESAQJ0S or
PFESAQ286 were used for the production of CP8. The capsules isolated from

strains PFESAG00S and PFESAQZRG were shown 1o be wlentical,

RS}
N

71




WO 2010/151544 PCT/US2010/039510

=
(o)

for}
o

20

0215} For preduction of capsular polysaccharides, the strains were grown in a
compiex medimm consisting primarily of a carbon source {either lactose or
suerose), hydrolyzed sovflour as the nitrogen souree, and truce metals. The strains
were grown in bioreactors for 2 to S days.

9216} Purification of CP3 and CP8 used for the preparation of conjugates wus
parformed by two different methods that rely on elevated temperature and low pH
1o effect the release of capsule from the ceil and reduce the molecular weight of the
polysaccharide. The resulting meiccular weight is dependent on the time,
temperaiure and pH of the hydrolysis step.

L. coripnti
02171 Characterizatio

3 v ¥ e ran s PR\ SRR T
on of CPS and CP8 was performied using the tecluigues

U
specified in Table 3. Capsule polysaccharides produced by this procedure result in
pure polyvsaccharides with low levels of protein, NA. peptidoglyecan and TA

contaminants. Sce Tables 4 and 5.

e
]

Tabie 3: Characierization Assavs for Punficd S, gureis CPS and CP8

Specificity Assay
Residual Protein Lowry colorimetric assay
Residual Nucleie acids 260nm scan
Residual Teichoie Acid Phosphate colorimetric assay
Residual Peptidoglycan HPAEC-PAD
Size SEC-MALLS
Composition HPAEC-PAD
Identity FTE-NMR or reaction with specific mAb
O-acetylation HH-NMR
Concentration MALLS-RI or HPAEC-PAD

10218]  in the first method, follewing release of the capsule from the cell and
reduction of molecular weight, the uapsulc preparation is treated with a cocktat! of
enzyines (ribonucicase, deoxyribonuciease. lysozyme, and protease) wo digest
impuritics. After incabation, residual impurities are precipitated by the addition of
cthenol (final concentration about 25%6). After removal of the residual cthanol,
solution containing capsule was loaded onto an anion exchange column (Q-

sepharose) and eluted with a linear salt gradient. Fractions containing capsule
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were pooled and treated with sodium meta-peviodate. This treatment resulted in
the oxidative hvdrolvsis of residual weichoic acid contaminant, but did not affect
the CP3 or CP8. The reaction was quenched by the addition of ethvlcne glyeol
The material was concentrated and diafiliered against dif26 to remove apy residual
8 reagents and by-products.

[0219] The second method was used to produce capsules did not involve the use
of enzymes to digest the various eell-derived mmpuritics. In this method., following
release of the capsule from the cell and reduction ot melecular weight the

hydrolyzed fermentation broth was elarified by microfiltration followed by

remove imporitics. After carbon treatment, the matenal was treated wilh sodinm
meta-pertodate o oxidize residual teichoie acid HHllowed by guenching with
propylenc glycol. The material was coneentrated and diafiltered against dif0 to
remove any tesidual reagents and by-products.

15 [0228]  Capsules produced vsing either methed result in pore polvsaccharides
with low levels of protemn, nucicie acid and teichoic acid contaminants. The
methods deseribed can be vsed to produce specific ranges of the desired high
molecular weight polysaccharides shuply by varyving the conditions of hyvdrolysis,
A particularly advantageous range of high molccular weight polysaccharides,

20 ranging from 70 to 150 XDa, is useful i making iununogenic compositions by
conjugating polysaccharide 1o a cartier protein,

[0221] lsawmples of High Molcenlar Weight Capsule Polysaccharide obltamable
by the methods described herein are shown in Table 4 below. Batuehies of purified

higher MW CPS alse had high purity as jodicated by no TA, peptidegivesn and

’

193]

low restdual protein. See Table 4. The range of molecalar weights in these

examples spanned 132.7 kDa fo 300 kDa and the purified polysaceharides were
highly O-acetylated, ranging from 90-100%, and 100% for N-Acetylation. Sce
Table 4.

{0222}  Examples of lower Molecular Weijght Capsule Polysaccharide obtainable

[9%3
[

by the methods deseribed herein are shown in Table § below. Batches of purified
fower MW CP8 had high purity as indicated by no {cichoic acid (TA),

peptidoglycan and low residual protein. See Table 5. The range of lower
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molecular weights spanned 20.4 kDa to 65.1 kDa and the puriticd polysaccharides
were highly Q-acetylated, ranging from 75-96%. The levels of nucleie acid

“‘{1

contamination was low, ranging from 0.5-%-2.45%. Sce Table 3.

Table 4: Characterization of CP3 Preparations

SACP-3 MW Cy O-aceiyl Identity N-agetvi
{kDa) (mg/mb) (%) NMR (%)
NMR NMR
| g001 3,164 104 Pass 100
2 122.7 1172 99) Pass 100
3 3354 0.975 90 Pass 142
4 366.8 0363 30 Pass NI
5 Table 5: Characierization of UPS Preparations
SACP-8 Total CP MW Protcin NA Q-Acervl
Purified myg {kDa) (Lowry)  [{260mm scan) NMR
{p/mol) Yo (wiw) % (wiw} Yo
S 310 27. {2 0.94 100
6 438 29.0 34 2 100
7 179 20.4 (.37 G.12 P08
8 10 46.9 Below .5 O
Detection
9 91 63,1 1.13 2.45 96
10 37 33.5 247 .65 75

Molecular Weieht Selection of Capsuiar Polyvsaccharides

0223] This kinetic analvsis demonsirates that a broad range of wolecular
weights of capsule polysaceharides can be generated by the methods described
herein, Totially, larger polysaccharides were prodeced by the bacrerial cells, and

10 subseguently, a4 desired molecniar weight range may be selected and then purified
by manipulation of the pH and heat conditions of the heat and hydrolysis steps.

{6224} Heal treatment of § awreny fermentation broth was a process step
between fermentation and CP recovery. This process step uses beat to treat pil-
adjusted broth for a spx’:cified peiiod. The goals of the heat treatnent at fow pH

15 were to kill cells, inaetivaie enterotoxins, refease cell bound polysnecharide, and
reduce molecular weight to the desired size. Among these goals, the reduction of
molecutar weight was the slowest in terms of processing time required in this step.

Therefore, the other goals were inevitably achieved within the rreatment time

considered.,
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j0225]  Temperature and pH conditions for selecting varions molecular weight
ranges of capsule polysaccharides were determined. The broth pH was adjusted
with concentrated solfiric acid. Then, the broth temperature was raised 1o the set
value. The heat treatment time started as soon as the temperature reached the set
point. When the desed rreatment time was reached, the broth was cooled to room
temperature. In-process samples were taken to deternine polysaccharide
cencenration and melecular weight by HPLC and SEC-MALLS systems.
respectively, The MW data was used in the kinetic analysis. The MW profiles
were determned over tune of CPS at pH 4.0. 4.5 and 5.0 and CPY at pil 3.5, 4.0,
and 5.0. See Figures 3A and 5B.

10226} The kinctics of mild acid hvdrolysis of polysaccharides was conducre
using purificd CP-5 and CP-8 obtamed from the process. The purified
nolvsaccharide solution was adiusted to the desired pii for the experiment with
sulfuric acid. The samples were placed in an oil bath equipped with a precision
temperature control system. Each saraple was taken our at a predetermined time
mterval and was quenched i an tec bucket. At the end of the experiment, an
aligquot of 1M Tris buffer (pfl 7.5) was added to the sample to adinst the pH back
to about 7. The samples were analyzed by a SEC-MALLS system. The MW data

g

was used In the Kinetic analysis, The effect of temperatore on MW profiles of CPS
at pil 4.5 and CPE at pil 3.5 was determined over time. See Figures 6A and 613,
This acid hydrotysis procedure may be implernenied using the fermenter culture or
at an infermediate stage of purification or, as shown here, using the purnificd
polysaccharide. Other melecular weight redection steps, such as sonication or

sheer, way be stimtlarly be hnplemented.

Results

{02271 The effect of pH on the reduction of MW in heat treatment is shown in
Figures SA and 5B for CP-5 and CP-8, respectively. [t can be scen that a lower
pH was more effective jn reducing the size of polysaccharide. The data also
suggest that CP-3 was more difficult to hydrolyze than CP-8 at the sanwe pH.

Considering the CPE profiles, ranges of mwolecudar weights between 300 kDa and
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34

10

30

600 kDa can be generated using a pH of 5 at 95 °C for between 15 minotes and
120 minutes. Likewise. choosing a pil of 4 at 95 °C for vetween 13 munutes and
120 minutes can vield CP¥ polysaccharide melecular weight ranges between 250
kDa and 450 kDa. I addition, choosing a pIl of 3.5 at 95 °C for between 13
minutes and 120 minutes can yield CPE polysaccharide molecular weight ranges
between {20 kDa and 450 kDa.

{0228} The effect of temperature on MW reduction was conducted vusing the
purificd polysaccharides recovered from the recovery process. The resnits are
shown in Figures 6A and 6B. As shown, the hipher the temperature, the faster the

rate of hvdrobysis and bros

polysaccharide produced with time.  Use of a lower temperature, 55°C versos 95°C
at the same pH, produces s narrower range of pebvsaccharide molecular weights,
{0229) TFurthermore, Figure 7 demonstrates the correlation between the molecuar
weight of purificd CP5 and CPR with the treatnient time for nuld acid hydrolysis.
The punified polysaccharide is the final prodect obiained from the recovery process
detailed previously, As shown in Figure 7, the increase i time o f heat treatment of
the S. qurens PFESAQ266 strain at pH 4.5 resolts i the generation of smaller
molecutar weight CP3 polvsaccharides, whereas shorter heat treatioent tohnes at pil
4.5 resuit n: the generation of higher molecular weight CPS polysaccharides. The
size of the CP5 polysaccharides ranged frovn about 90 kDa wo abowmt 220 kDa
depending on the length of time of heat treatment at low pH (4.5}, Likewise, the
merease in thme of heat treatroent of the S, curens PFESAQCQS strain at pH 3.5
results in the generation of smaller molkecular weight CP8 polysaccharides.
whereas shorter beat reatinent tumes at pH 2.5 result in the gencration of higher
molecular weight CP8 polysaccharides. The size of the CPY polysauchzwid%
ranged from about 80 kDa to about 220 ka depending on the length of time of
heat treatment at low pIl (3.5). The correlation hetween the time of beut treatiment
at Tow pti and the size of the purified CPS and CP8 polysaccharides, as shown in
this study, allows for an estimation of the freatiment time reguired to produce
purificd polysaccharide with a specificd range of molecnlar weight.

{0238) 1t s important to note that as demonstrated above the full range of

molceular weighis of capsule polysaccharides for both CP5 and CPR from 20 kDa
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to more than 800 kDa can be produced, released and puritied. The wethods
described may be used to produce specific ranges of desired high meleenlar weight
capsule pulysaccharides. A particularly advantageous range of high molecular

]

weight capsule polysaccharide type § and type 8 can be generated from these

nethods having moiccular weights ranging from 70 10 150 kDa. Sce Table 6. This
range of molecular weights of capsule polysaccharide is useful in making
immuonogenic compositions by conjugating the pelysaccharide to a carrier protein.
Alternatively, this advantageous range of high molecular weight capsule

polysaccharide ranges from 80 to 140 kDa of CP3 and CP8. See Table 6. Another

is from 90 to 130 kD&, or from S0 o 120 kD of CPS and CPR, Sce Table 6. The
conditions used to generate the CPS capsule polysaccharide having a molecular
weight range of from about 100 to 140 kDa are as follows: 95°C, pil 4.5 for 135
minutes. The conditions used to generate the CPR capsuic polysaccharide having o

molecntar weight range of from about 80 to 120 kDa are as follows: 95°C, pH 3.3

for 300 minuie

Table 6: Production of Specific Ranee of Hish Molecular Weight CP5 and CP8

Run CPS MW (kD7) CP3 MW (kDas
i 08 142
3 &9 108
3 (08 142
i 108 10%
3 ) ND ]
3 100 ND
7 59 63
8 (13 72
B 103 74
10 100 &3
i1 87 ND

NI»= not done

Example 4:  Ceonjugation of Capsule Polysaccharides CPS and CP8 1o

CRM 197
{0231]  This example describes processes and characterization assays used in the
production of 8. arens CPS- CRM ey and CPR- CRMyy7 conjugates. Several

conpugation chenmsirics were evaluated for conjugating S eureys capsule
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polysaccharides CP3 and CPS to a carrier protein. Conjugation using PDPH
{3-2-pyridyidithio}-propionyt hydrazide) results in covalent thiocther bond and
CBI/CDT (1, 1-carboyldiimidazole’l 1 -carboyl-th- 1,2 A-triazole) results in & one-

carbon or zero-carbon Hnker between CP and carrier protein.

L&)

Coningation of CP to CRMy7 by PDPH Conjugation Chemistry

{0232} The PDPH conjugation chemistry is a muelti-step process that imvolves
activation of the polysaccharide. removal of the thiod protecting group, purification
of the activated polysaccharide intormediate, activation and purification of the
CRM1a7 protein, and conjugation of the activated components followed by

10 purification. After intreduction of a thiel group containing Hnker to the
polysaccharide and a haloaveryd group 1o the URM oz protein cairier. S, cirens
CP35 and CPS polysaccharides were linked to the protein carrier through a thioether
bond. Bromoacetyl groups were introduced innto the CRMiy protein by reaction of
amine groups with the N-hydroxysuccimide ester of bromoacetic acid. To

15 generate thislated CPL the varbodiimide activated carboxylate groups of N-
acetylmarmosaminouronic acid m CP were coupled to the hydrazide group of the
sulfhydryvl-reaetive hydrazide heterobifunctional linker 3-(2-pvridyidithio)-
propionyl hvdrazide (PDPIL). Thiols of PDP1-thiolated CP, generated by
reduction with DTT and purified by SEC on a Scphadex G23 colunm, reacted with

20 bromoacety! groups of activated protein resulting fn covalent thioether link:
formed hy bromine displacement between CP and the protein. Non-reacted
bromoacety! groups were "cappod” with cysteamine hydrochioride (2-
aminocthancthiol hvdrochloride). The reaction mixture was then concentrated and

diafiltered. The remaining unconjugated bromeacety! groups were capped with

25 eysteamune hydrochloride 1o ensure no reactive bromoacety! groups were left after
conjugation. This formed a covalent bond between the thiol end of cysteamine anc
the acetyl group on the lysine residue after displacement of bromine,

Thiolation of §. aurens Capsular Polvsaccharide with PDPH
16233] The polysaccharide was first activated by thiclation with PDPIL The
30 polysaccharide was mixed with a freshly preparcd PDPH stock solution (250

mg/mb i DMSO). an EDAC stock solution {90 mg/mL in dil;O), and MES
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buffer stoek solution (0.5M, pil 4.85) to make the final solution 0.1 M MES, and 2
and 4 mg CP/mL while maintaining a CP:PDPILEDAC vatio by weight of 1:
for CP 5 and 1:0.6:1.25 for CP 8. This mixture was incubated for 1 hour at room

temperatiwe and then dialyzed against a 1000X volume of distilled 110 foar fimes

i

(h

using a 35300 MWCO dialysis device at between 4° and 8°C to romove unreacted
PDPH. The PDPH-linked polysaccharide was made 0.2 M DTT and incubated at
room temperature for 3 hours or overnight at between 4 and §°C, Excess DT as
well as the by-products of the reaction were separated trom the activated

saccharide by SEC using Sephadex (525 resin and distitied water us the mobile

=
-

positive fractions that ciuted near the void volume of the column were pooled. The
pool of fractions was assayed by the PAHBAH and the O-acetyl assays to
determine the degree of activation which is expressed as a molar pereent of the
repeit nits containing a thiol group (molar concentrution of thiols/ molar

15 concentration of repeat mniis). The activated polysacchatde was lyophilized and

stored at -23°C unnil needed for conjugation.

Carricr protein activation

10234} Scparately, the carrier protein was activated by bromoacoiylation.
CRM;o7 was diluted to 5 mg/mL with 10 mM phosphate buffered 0.9% NaClpH 7
290 (PBS) and then made 0.1 M NaflCO- pH 7.0 using | M stock solution. The N-
hydroxysuceinimide ester of bromoeacetic acid {BAANS) was added at a CRM ¢y
BAANS ratio 1:0.25 {wiw) using a BAANS stock solution of 20 mg/ral. DMSO.
This reaction mixture was incubated at berween 4 and R°C for | howr then purified

using SEC on Sephadey G-25. The purified activated CRMigr wis assayed by the

23 Lowry assay to determine the protein concentration and then diluted with PB3S to 5
mg/ml. Sucrose was added 10 $% wt/vel as a cryoprotectant and the activaied
protein was frozen and stored at -23°C until needed for conjugation.

Coupling Reaction
10233]  Onee the activated capsule polysaccharide and activated carrier prowin
30 were prepared. the two were combined in a conjugation reaction. The lyvophilized

and thiolated polysaccharide was dissolved in (.16 M borate pll .95, mixed with
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thawed bromoacetylated CRM g7 and distilled water o make the final selution
0.1 M borate, 111 wt/wt ratio of CRM1p:CP, and | mg/ml, polysaccharide for (P8
and 2 mg/mi. polysaceharide for CP5. This nuxture was incubated at room

femperature for between 16 and 24 howrs. Usnreacted bromoacety] groups on the

5 protein were capped by adding cysteamine hydroehloride at a ratio of
CRMorcysteamine of 12 (wt/wr) vsing a 135 mg/mL stock solution of
cystecamine dissolved in 0.1 M borate pH 8.95 and incubated for 4 hours at room

temperature. The capsuie polysaccharide-CRMs; conjugate {conjugaic) was

purificd by diafiltering S0-fold against 0.9% NaCl using a 10CK polyethersutfone
1¢

{8236} The resulis from the reproducibility of CPS and CPR thiclation studies

with PDPH demonstrated that the degree of activation of CPS was in the range

0 19 % which corrcsponds to approximately onc imker molecule attached per ten

CP repeat units to one linker molecule per five repeat units. The CPR activation
15 was in the range of 12 to 16%, which was very siimilar to activation of CPS.

{0237} Bromoscetylation of lysine residucs of CRMuygr was vory consistent,
resulting in the activation of 19 to 23 Jysines from 39 lysines available, The

reaction prodoced high vields ot activated protern.

Coningation of COP to CRMer by CDIACDRT Conjagntion Chemisiry

20 [0238] CDI and CDT afford a one-step conjupation process where the
polysaccharide is activated in an anhydrous environment (DMSO) to form
imidazole or wriszole carbamate moteties with available hydroyyls and
acyiimidazole or acyitriazole moieties with carboxylic acids, Addition of a protein

carrier (in DMSO) leads to the nuclcophilic displacersent of the imidazole or

i

triczole by bysine and tormation of a carburmate tinkage (for activated hydroxyls)
and the amude Tinkage (for activated carboxylic acids). The reaction solution is
dituted 10-fold into an aqueous solution 1o remove unreacted activation groups and
then purified by diafiltration,

{0239]) Both conjugation chemistries produced CP covalently linked to the carrier
20 protein, which was indicated by the presence of the saccharide and protein o the
fractions from size exclusion chromatography, and by amine acid analysis of

glveolaldehyde capped or cysicanune hydrochlornide capped conpugate.
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results from the preparation of several lots of conjugates

prepared by both PP and CDU/CDT chemistries for both capsular serotypes with

polysaccharide size in the range 0f 20 to 40 kDa a

re shown in Table 7 below.

There were no significant differences in the free capsule polysaccharide, ratio of

CP:Protein and vields of conjug

eates gencrated by these two conju

10 '?

nal

ion methods.

The antigenicity of conjugated CP was not altered by conjugation as portraved by

identity precipitin line between conjugat

able 7:

¢s and native CP.

Characterization of SA CP3-CRM 07 and CPE-CRM a7 Prepared by Two

Srmidiatad

T,
Conmeation Chemistrics

CP { Protein Output Free Free | Lysines |{(Mw or Kd
Conjugate { Chemistry| Yield! Yield R;go' saccharide | Protein [Modified| (% less
ORI o (%%) (%) than 0.3).
sace/prot))
SA CP3- S - - < : ERHARG!
) W-271 33 S3-0.81 10-4¢ < §-22 i
CRM 93 D1 ; 3 0.3-0.8 0 ] 18-22 16,74
. - = " . " . - 78 107 K
POPH  [26-52] 40-99 10410, 2350 ND | wp PR F
SA CP8- - ) _ . ; 34/87 1o
. : 46-627 54-55 {0.8-0.9] 22-23 <} 7- )
CRMyy | ODL [46-62) 54-55 10809 51 eosr
PDPIT |34-701 61-83 10.6-0.9] 13-41 ND 11-16 | 74 92%
{0241]  As shown above, the methods deseribed heretn may be used to produce

spectfic ranges of desired high molecular wel

of this study w

weights that

compositions. In ihis example, cight batches where the CP5 capsule

as to prepare conjuyal

could be §

ghit capsule

e polysaccharides,

[+

filkered and purified CP for use in inmwnogenic

The

¢s from a pre-selected range of high molecular

aium

polysaccharide ranged in molecular weight from abour 90 kDa to about 120 kDa

were sclected and conjugation was perform

See Table 8

froma high of22

high of 18% to & low of

cd \iSiI]“ activation with triaz

The molecular weights of the resulting conjugates ranged from

£5333 kDa to 2656 kDa.

The number of conjngated lysines per CRM;e; ranged

to a low of

l'/

N
&

15, The fr

ot

20

81
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Table 8 Conjugates With Presclected MW Range of CPS

PCT/US2010/039510

Run Poly MW | Sace Yield Free MW by Lysines N
{kDa} (%) saccharide StC- Meodified
{%%} MALLS

_______ (ki) i

| 121 63 ]! 2130 19

2 92 7 3 1533 22

3 119 7 I 2034 15

4 (1S 53 s {9} 15
{6242} Table 9 surmmnarizes the analysis of CP8 conjngates where the UP8

capsule polysaccharide ranged in meleaular weight from about 87 kDawo 113 kDa

and the ynidazole conjugation chemistry was utilized, The molecolar weights of

1]

the resulting conjugates ranged from 595 kDa to 943 k0. The number of

conpigated ysines per CRMior ranged from a high of 9 (o a Jow of 3. The tiee

capsule polyssccharide ranged from a high of 6% to a low of 2%. See Tabk 9.

Table 9 Conmeates With Presclected MW Range of CP¥

Run Poly MW Sace Free MW by SEC- | Lysines
{kDa} Yield saccharide MALLS | Modified
{%) {%) (kDa)
1 99 88 G 943 4
2 113 73 3 t\d»l 3
3 105 79 3 719 7
4 100 &b 630 9
S 87 9 3 598 6
{6243} Both conjugation chemistries produce CP covalently Huked to carrier

10 protein. There were no significant differences in free capsule polysaccharide, ratio

of CP:Protein and yields of conjugates generated by these two methods.

Example 8:  Sequence Diversity of Polvpeptide Fragments NI, N

CHA

i2 and N3 of

10244]  In this example the protein sequence heterogeneity of CIfA polvpeptide

-~
1

15 fragments N1, N2 and N3 from discase causing isolates obtained from various

‘

sources was evaluated. CIlfA genes were scquenced from strains of S. aurens
associated with multiple disease states. Sequence information from additional
strains was obtained from GenBank to gencerate sequences from relevant strains,

Table 10 lists different CHA sequences,
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10245])  The sequence aligmenent of CIfA pmtcins from different discase~-causing
strains of 8. cuorenss is shown in Figure 8A-8E. The protein sequences were aligned
using MUSCLE. See Edgar, R.C. Nucleic Acids Research 32 (5):1792-1797

(2004). The ahgnments were dispiayed vsing SHOWALIGN, Sce Rice, P, ot al,,

ut

"EMBOSS: The European Molecular Biology Open Software Swite” Trends in
Genetics, 16 (6): 276-277 (2000). Many of the scquences recurred muitiple times
without variation. For clarity cach unigue sequence was placed inthe alignment
onty once. Sce Figure 8A-8E. Only unique sequenees were included in the

seguence fisting, For example, the protein seguence of CHA 001 was obtained

=
[ee)
o
=
roa

straing without any variat
sequence listing number for any seauence can alse be obtaimed from Table 10
CHA strains and Scpuence Listings. Table 10 hsts one example strain that
contained this same CIfA 001 protein scguence. This sequence is shown in the
first row of the alignment in Figure 8A-8E. This alignment of unigue sequences of

15 the CUEA antigen indicates that polvimorphisms were distribuicd throughout the
emiire A region INI-NZ-N3Y of CHAL In sone cases, for any given unigue protein
sequence of CHA, more than one nuclectde sequence, encoding the same protem,
was discovered. Only the most frequently occurnng DNA sequence was included

in the sequence fisting and in Table 10, For CIA, the following sequences ate

N
(4o

disclosed herein and are not found jn GenBank: ClIfA 003, CHEA 005, CIA 008,
CUA_009, CHA 013, CIfA_014, CHA_ 015, CHA_ 0to, CHA 17, CHA_QIS,

CHA 019, ClifA 020, CIfA 021, CHA 022, CIFA 023, and CIfA 024,

Table 10 CHA suaing and Segucnee Listngs

Example NT SEQ AA SEQ | % Identity

Strain DNA-CHA | ID N{: iProtein-CIfA| IDNO: | to Antigen
PFESA0131 | clfA 00]-] 61 clfA 001 62 a9
PFESAGO74 | cIfA 002-1 63 cHA 002 64 92
PFESAGD7Z | cIfA 003-1 63 oA 003 66 99
PFESAD1S9 | clfA 004-1 67 clfA 604 68 04
PFESAN1S4 | clfA 005-1 69 clfA 005 70 91
PFESAQ096 | cIfA 006-1 7 A 006 72 91
PFESA0269 | clfA 007-1 73 cIfA 007 74 9]
PFESAQ0S! | clfA 008-1 73 cifA 008 76 97
PFESA000S | olfA 009-1 77 CHEA 009 7% as
PFESA0139 | oIfA 010-1 79 clfA 010 80 99
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541

10

AN

)

Example | INTSEQ T AA SEQ | % Identity
Strain DNA-CIfA | IDNO: Protein-CHAG ID NO: | o Antigen

—

PFESAQG237 | clfA O11-1 clfA 011 82 {00

PFESAOIST | clfA 012-1 83 cifA 012 84 96
PEESAVO6S | olfA 013-1 &3 clfA 013 &6 92
PFESA0002 | clfA 014-1 57 clEA 014 88 98
PFESA0147 | olfA 015-1 | 39 cliA 015 90 91
PFESA(094 | cifA 0161 g1 IfA 016 G2 98

PFESAQI43 | elfA 017-1 53 cliA @17 94 Q7

PYESADI29 | clfA 018 93 cA 018 06 99

PFESAQIZ28 | clfA 019-1 a7 clfA 019 98 92

PFESAQI48 | clta 020-1 a9 cHA 020 160 ot

PRESAQUAC | clfa 0Z21-1 101 oA (21 142 Ox

PFESA0TSY | oliA 022-1 | 103 | CliA 022 iod a1

PFESAGLI41 | clfA 023-1 105 clfA 023 106 94
PFESAQBI60 | cltn 024-1 107 clfa 024 108 94

10246} The phylogeny of the CIFA protein sequences was cxamined and a
phylogenetic tree was constructed. Sequences were aligned using ChustaiW, Sce
Chenna R, Sugawara H. Koike T. of al. Nucleie Acids Rescarch. 31(131:3497-3500
{2003y, Neighbor-jeining trees were beotstrapped 1000 times and were displaved
with MEGA 4.0, Sce Tamura K, et al, Molecular Biology & Evolation.
24(8):1596-1599 (2007). Bootstrap valucs, indicated on the branches, arc the
nuniber of times that branch was reproduced in 1,000 trials. Values less than 500
{50% reproducibility) are considered to be poorly suppoeried.

{0247} The CIfA scquences form a tree with 2 major branches. See Figure 9.
The separation of these two groups i very well supported in the phylogeny, One
branch {top) meludes 9 sequences that are fairly closely refated to one another (96-
99% identity) but more distantly related o the candidate sequence c¢ifA_ 011, to
which they are 91-92% identical. The second group, which includes ¢ffA 011, is
more diverse and the phylogeny in this group s not as well supporied. These

ottt sequences range from 93-99% identical (o one another,
1 2}

Example 6 Sequence Diversity of Polypeptide Fragments N1, N2 und N3 of
cuB

{6248( In this example, the protein sequence heterogencity of CHB N1, N2 and

N3 polvpeptide fragments from 92 discase-causing isolates obtained from various

sourees was evaluated. CUB genes were sequenced from strains of S gureus
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associated with muoltiple discase states. Sce Table H. Information from additional
straing was obtained from GenBank to generate additional sequences.

02481  The sequence alignment of CIfB proteins from different disease-causing
straing of S, curews 1s shown in Figure 10A-10E. The protein sequences were

adiyned using MUSCLE, See Edgar. R.C. Nucleic Acids Rescarch 32 (311792-

o

921

1797 (2004}, The alignments were displayed using SHOWALIGN. See Rice, P,
et al, "EMBOSS: The European Molecular Bioiogy Open Software Suite” Trends
in Genetics, 16 {6): 276-277 (2000). See Figure 10A-10E CifB align. As with
CHAL many of the sequences recurred nniltiple times without variation. For

1¢ clarity, each unique sequence was placed in the ahagnment only once. See Figure
10A-LGE. Only unique CHB scquences were included in the sequence listing, For
oxample, the sequence of CIE 006 was obtained from mulhtiple different strains
without any variation. This seguence is shown in the first row of the alignment in
Figure 10A-10E. The sequence listing number for any sequence can also be

13 obtained frow Table T, This ahgnment of representative unigue sequences of the
CHB antigen indicates that polvinorphisiig were distributed throughour the entire
A region (NF-N2-N3) of CHB. Swvwilar to CIfA, jor any given unique protein
sequence of CHB, more than one nucleotide sequence encoding the same protein

was discovered. Only the woost requently occring DNA sequence was included

RFID2

cliB 003-]

clB 003

29

20 0 the sequenice listing and 1o Table 11, For CHB, the following seguences are
disclosed berein and are not found in GenBank: CHB_001, CliB_ 004, CIB_005.
CHB 010, C1B 011, CIfB 013, CIB 014, CItB H15, CHB 016, CHB 017,
B 018, CUB G119, CIB_020, CIIB_G21, CUB_022, CUB 023, and CIB_024.
The phylogenctic tree is shown m Figure T

25 Fable 11:; CIB Strains and Segucncee Listings
Example SEQID Protein- SEQID Y ldentity to
Strain DNA-CITB NO: 1B NO: Antigen
PFESAQ286 | ¢l 001-1 ) clifBB 001 16 a5
PFESA0159 | cliB 002~ 17 clfB (02 18 95

94

PFESAQ271

CIFR 0041

-0

clifl3 004

22

95

PFESAO081T

cHB $(5-1

[ES RIS
GFi—

cli3 003

24

85

PFESAQ080 | ¢If8 G0G-1 35 cliB 006 26 106
PFESAQ270 | cliBs 007-] 27 IR 007 28 99
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Example " [ SEQID | Protein- | SEQID | % Identity to
Strain DNA-CHB NO: CifB NO: Anfigen

PFESAG269 | clfB 008-1 39 CIFB 008 30 95

PFESAQL4S | cliB 009-1 clfB 00Y Az 4t

[URE ES

3
PFESAQD6Y | ¢liBB (10-1 cB 010 34 35

PFESAQ002 | cHB 011-1 clfB 011 36 36

b

PFESA0128 | clfB 013-1 o8 012 | 38 96

PFISA0I29 | clfB 014-] cHB 014 | 40 95

D

PFESAOL36 | ¢lfB 0151 clfBB 015 2 QG

Y i

¢
P2

PFESASI3S | ¢lfB 016-1 clifB 016 44 99

NEQ L N ES SA VS ERUSR R PR L LVS )

N
o

PFESAGI40 | clfB 017-1 B 017 | 46 96

PEESAQI4] | cUB 018 47 B 018 g 4
PEESAQT44 | cliB 019.1 49 IS <0 07
PFESANISG | ol 0201 31 cIfz 020 3 o6
PFESAO152Z | clfB 021-) 53 cIfB 023 34 96
PFESAQI56 | oUB 0221 55 Gl 022 36 96
PFESAQL63 | ciB 023- 57 B 023 3§ 04

AN
NG

PEESAOQ2LL | cHB 024-1 clf3 024 60 a9

-
Te

Example 70 Sequence Diversity OFf Mot In Discase-Cansing Clones of
8. anreas

{02530]  in this example, the protein seguence heterogeneity of MntC genes from

104 discase-cansing isolates obtained from various sources was evaluated, MntC

913

genes were sequenced from strains of S, aureus assoviated with nuiliiple discase

states. See Tabie 12, Informuation from additional strains was obtained from

GenBank o generate strain sequences,

{0251} The sequence alignment of MntC proteins from different disease-causing

strains of 8. gurens 1 shown in Figure 12A-128. The protein sequences were

10 aligned using MUSCLE. Sce Edgar, R.C. Nucleic Acids Research 32 (5):1792-
1797 (2004}, The alignments were displayed using SHOWALIGN. Sce Rice, P,
et al., "EMBOSS: The Ewopean Molecular Biology Open Software Suite” Trends
m Geneties, 16 {(6): 276-277 (2000), See Figure 12, As wih CIEAL many of the
sequenees recurred multiple fimes without variation. For clarity, cach unique

15 sequence was placed In the alignment only ence. See Figure 12, Only uoique

Mt sequences were incloded in the sequence listing. For example, the sequence

of MntC 001 was obtained from different strains without any variation, Sce

Figure 12, This sequence 1§ showe in the first row of the alignment in Figure 12,

The seguence listing nomber {or any seguence can also be obtained from Tabic 12
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Only the most frequent corresponding DNA sequence was included in the
sequence listing. For MntC. the following sequences are disclosed herein and are
not found in GenBank: MntC 002, MitC_006, MatC 007, MatC 008, and
Mt 009

5 Table 12: MniC strains and Scquence Listings
Swrain DNA-MntC SEG D Protetn- SEQID Y% ldentily to
NO: MutC NO: Antigen
PIESADI2G MuC 003-1 ! MalC 60! 2 99
PYESAO L2 MutC 602-1 3 Ml 002 4 2G
PFESADI3S 1C 0031 oY Mot 003 ) 99
PIESAO286 5061 | 7 MulC_006 8 IEE
PFESAO136 L G07-1 9 Mnt(; 007 10 99
PRESAQIZ0 . (08-1 11 MatC 008 12 99
PTESA01SS > B09-1 I3 Mnl(C 0109 id4 99

Example 8 Surface Expression of CHfA, CP3, CP8 And MntC I vivo
Praring Infection

1

10252 S carrensy 18 responsible for causing a diverse array of human infections.
Cousequently the bacteriz st adapt to different environmental niches by

10 ditferential expression of virulence factors required for infection. The expression
of target antigens was studied in three v vivo rodent assays to assess thei
expression during infection: a wound model to measwre expression of the antigen
at the privary site of infection, a bacteremia wode! that monitors antigen
expression in the blood, and un indwelling chamber model that monitors antigen

15 cxpression during nutricnt/oxyzen himited conditions. For all these models the
rodents were challenged with bacteria at the site of study. Following infection,
bacteria were barvested at various time-points and antizen expression {CIfA, CP3,
CP8, MntC) was assessed using immunoflucrescent micrascopy (wound and

bacteremial or flow cviometry (chamber),

MATERIALS AND METHODS

]
ab]

Expression in the Wound Mode]

19253} Wound infection experiments consist of 3 animals/group andup te 5
groups for a maxinuun of 25 anhnals/experiment. Six to cight week {(wk) old

CSTRL6 wale mice underwent surgery to embed a loop of sunire jute a thigh
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muscie incision. This provides a {oreign-body substrate for bacterial attachment
and significantly reduces the minimum infectious dose needed to produce a
staphylococcal wound infection. Five gL of either S careus or sterile saline were

infroduced nto the incision aader the deep tissue suture of 4-0 silk. The skin was

5 closed with 4-0 Prolene sutures or surgical adhesive (e g, cvanoacrylate). The
animals were euthanized at time points between 30 min and 10 days following
infection and the thigh muscle excised, bomogenized and the bacteria enumerated.
Bacteria at the sight of infection were analyzed for antigen expression by
mmunoiluorescent {1F) confocal microscopy.

10 Expression in the Bacroremia Model
{02347 Groups of 10 four-wk old CD-1 or Balb/C mice were ivumpzed with
1 ug of protein or CP conjugate by subeutaneous injection on wks 0, 3 and 6. The
animals were bled on wks O and ¥ followed by an intraperitoneal challenge with
S awrens grown o late log phase in TSB. Three hours following challenge the
15 animals were cuthanized and blood collected for IF confocal microscopy.

.

Expression wn the lndwellimg Dialysis Tubing Model

{02551 5. carrens isclates were grown overnight on T'SA plates at 37°C. Bacteria
were scraped from the plates and resuspended in sterile PBS and the ODege
adjusted to 1, approximately 10 colony forming units (efi) /mL. Bacteria were
20 dilited to a concentration of 10° ¢fiymL and incculaied into dialysis tubing. An
aliquot of the suspension was plated to determine the actual number of cfin.
Dialysis tubing with 3.5 kDa MWCO was prepared for implant by sterilizing in
TO% cthunol for 20 minunteys foliowed by extensive rinsing in sterile water and then

sterile saline. A 2 mL aliguot of the bacterial suspension was transferred 1o the

25 dialysis tubing, the bag closed with a knot, and then rinsed extensively with sterile
saline. Male Sprague Dawley rats (6 weeks old) were anaesthetized and a2 2-3 em
incision made along the dorsal inidline. Pockets were created at the site of incision
by gently separating the skin from the underlving tissue, Tubing wag implanted in
the pockets anxd skin was closed using surgical staples. Afier 24 h, rats were

30 euthanized, the tubing removed. and the bacteria recovered for flow eytometric

analysis,
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Imnuno fluorescent Microscopy ((F)

10286]  The blood from § mice was pooled into jce-cold sodium citrate, pH 7.0
{finad concentration, 0.4%). The cukaryotic cells were lysed with 1% NP-40
{Pierce Biotechnology}). The bacteria were washed with PBS and incubated

5 overnight at 4°C with rabbit immune or preimmune seram (1:100) and detected
with ALEXA488 conjugaied goat-g-rabbit antibody (1:250, Invitrogen). The
lubeled bacteria were dried ou a microscope shide and a covership was mounted
with Vectashield HardSet medivim {Vector Laboratories. Tne.). lmages were

obtained with a Leica TCS SL spectral confocal microscope (feica Microsystems).

10 Flow Cviemetric Analvsis

18257] S arrens tsolates were grown as described in the rat dialysis tubing
model procedure. Approximately 107 bacterial celis were blocked in staining
buffer (Hank’s balanced salt solution with 10% goat sera) for § hour on ice.
Bacterial cells were centrifuged for 5 nunutes ar 10,000 rpmy sapernatant removed,
15 and cells incabated with mouose aintibody or sotype contro! antibody for 30
minutes on ice. Cells were then washed and stained with FITC conjugated goat
anti-meuse 1gG (Jackson InununoRescarch) on ice for 30 minutes, Bacteria weic
washed with staining buffer, fixed with 2% paraformaldehvde and data acquired
and anulyzed using FACS Caliber flow eytomeier and Cell quosi software (Becton,

20 Dickinson and Co.j. A total of 30,000 events were collected for each sample.

Table 13a: Antigen Expression Profiles in 8. gurews CP Tvpe 5 Isolates,

Antigen P CHA MatC

i Tire | Teitia|oaf2aimeimgl t]afeiainzis, 1146 l24im2

bacteremi® ~ t ~ = | S P+ - )b SANTINTINTINT INTINT
FEVSADISH

wound R S - ERR R 2 N B - R I R )

bacterexai® < 1 f - |t b7 o -0 - o R RN S R B N
PFES.ADL72

woupd F v i - - | - b o b Vg .o | H M I

bactevemicg « i - |1 | i F Ffg o« it i DI B R A
P IS ALO94;

wound § - | - | bl b i EE S - o4 : [ TR U RV R T I

basteveeisg {1 - | L0 /B | b oo )/ G/ FNTINT INT NTINTINT
PEESANSRS

wound § i - | - P b o FE b L ! EA B B A
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bactevemic® © | - | - | |/ (/8] -] ela]y f -1 -1t 747
PFESA828
wound g4 i~} - ~p-t-%8+f - -ix i % * -l -l~tEjxt-
q!bacteremiz S EIRATEFE TR EEEE N fF§-1--1+1717
PFESADO2S
wonned I ~ P23 LR E] -] « ] - £ § - - | - 2 14

/= bacteremia experiments were conducted for 6 hours = animat died during

experiment  NT= not tested

Table 13b: Antigen Expression Profiles mn S, aureus CP Type 8 Isolates.

Astigen CP CHA MntC

Time (B} TO{ 1 |41 6i24|{728TC{ 1 [ 4| 6{24i728§ 70 i 1 4 | 6 124172
PFESAD Bacreremia §+ | 4] ¢ |+ i /7| 7§ ~-Ja|l+i /71 /INTINTINTINIINTINT
03 Wounsd et i el il |2+t PENTINTINTINTINTINT
PFESAD Bacteremta § +{ - | - | ~ & / i~ -+t /A ENTINTINT I NTINTNT
236 W oumnd S BT NP S LE+d - e[ v b PENTINT{NT|NTINT|NT
PFESAO Bacicremia § + | « { & | =i/ | /7 E+3~[+]+1/ 1/ ENTINTINTINTINTINT
A5 Wournd NTINT U U ENTINTINTINTINTINTE NT § NT § MT I NT § NT{NT
PFESAO Bacieresia § {{ - - | - i /] /78+ie]|-]-1s} /78 - A 1 / /
02 Wourd S I P E+f - «] -1+ NTE - - & E i
PFESAO Bacieremia § +§ - § -~ | - i /17 f+8-|-§-1/}/7§ - - + + / /
269 Waound 4 faf-ladlel+feri-]-1x]+|INTE - b R . i 4
PFESAO Bacteremia § +~ { + [+ | ~{ /1 /7 F+§-+]-3-12717+ §: - i !
068 Wound 8 I Il i +E+t o] -1-12|NTF - a o ) i .
PFESAQ Bacteremyia § +4 - | - | -1 /¢ Fl b - |/ FENIINGINTINPIND|NT
025 Wod i || et el Eg el -]~ ] |NITF - « - -
PEESAD Bucteremnia § 4+ - | ~ | -1/ /B -17FF & F 4+ | &} 4 ] !
183 Wound |l bl tE+)d=f*]1|NTE « B sg B e B B |l
PYESAQ Bacterenyia § + 1 - | « & /] 7 F+f -1t/ /7 ENTINLINTINTINI[NY
027 Wound RN EEEEERES B I S N e _ N R + %
PFESAD Bacteremia § + | - | - | -1/ |/ ~d =~ | =1/ P ENTINYINTINTINT|NT
i W ournd =30 B I O 3 A 7 AT -1 -] -1x2[INT} - & s % & &
PFESAD Bacteremia § +{ - | - b i/ FF -] -]+1/]/7ENTINYINT|NIINTINT
(195 et ol +E ] -f-]|-12INTE - . & = 5
PFESAD Bacteremma §4 1 - | - |~ 17 17§+ = | -1/ ]/ ENTINT|{NT|INIINT|NT
17 Wourd Fle | s p o tE]AE] o -] NTR - ~ [ Joke | ] ok
PERESAO Bacteremta 4 - |4 f+ 3/ [ 78+ -2 ]2{/t/7ENTINT{NT|NT{NT{NT
271 Wound oo g -] FNTE - - - | - | 2] E

{= bacteremia experiments were conducted for 6 howrs. != animal died during

5 experiment  NT= not tested
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Table 3¢, Pxpression of S aocns anticens in the Indwelling Dialvsis Tabine.

Frequency of positive cells (% of total)

Time (hrs) | 81 31 6.0 9.0] 13.61 18.0]36.0
8. qurens PRFESAS266 CUA 16981127 851 80| 251 881164
CP5 12860 19! 181 61| 74t 521 9.6

.
I3
:

MatC 9l 43 561 2.9

]
=
s

37.0133.2

S. aurens PFESAS805 | Time (hrs) g 3! 601 5.0 13,06 18.0 | 24,8
CIA {1 98.6 | 63.9 16971243361 {98.6199.0
CPE 7731430 180 7.5]11.8,904{94.0
MatC i 591 7712351 26| 29 93} 99

Resuliy
[0258) A combination of nincteen S aurens isolates were tested for expression of

5 CHA, CP5, CP8, or MintC ou the S anreus cell surface during mfection (Table 34,
13b, and 13¢). These izolates mcluded recent clivtcally relevant strains and were
diverse as monitored by MLST. Antigen expression was dependent on the serain,
ume point. and the fection model, The vamation i anligen expression berween
solates n different in vivo environments {(bloodstream v, wound) supports the use

16 ofa multi-autigen immunogenic composition to induce broad coverage of
staphivlococeal isolates in a variety of different infections. The antigens were
surface expressed within the first 24 hours of infection and are thus vahid
components for an anti-staphylococcal immunogenic composition. Protein
antigens CHA and MntC were aceessible to staining in the presence of capsule

15 expression indicating that the presence of capsule docs not mask the proteing from
antibodies directed against them.

182581  Most of the tested tvpe € isolates did not cxpress CP in the bleod until
later time points post-challenge (> 4 hour) (See Table 13a-¢). These results
demonstrate that in S, azrens CP s differentially reanlated depending on the in

20 vivo microcnvitomment, Le,, site of infection. These results may explain the
inconsistent eificacy results reperrted for CP8 conjupates in animal models.
[0260] /i vivo cxpression results suggest that no single antigen anmunogenic
fornulation will provide broad coverage against the majority of S. cureas

infections. There is too much diversity of expression phenotypes by individual

K%
(93]

straing within /72 vivo microcnvirenments. Therefore. an i ununwcmc
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N
(@]

composition consisting of more than one antigen is reqguired to prevent S wureus

discase.

fxample 9 Immunogenicity of Multi-Antigen Formulotions Countaining
CHA, CP3- and CP8-CRM,¢; Conjugates

j0261] inthis example, we evaluared the immanogenicity of combinations of

CUA, CPS-CRMigr and CP8-CRMyu7.

A, Bi-antigen {CPS-CRM07/CP8-CRM o7) INmunogenic composition
formulation - dose effect on the anti- apsular antibody responses in rabbit

102621 In this example, the dose effect on the immunogenicity o

ge
CPS-CRM 9y and CPE-CRM,yy inumnmogenic formulation in rabbits was evainated.
Rabbits were tnmunized onoweck G, 2 and 6 with bivalent conjugate pius 135 yy
AP0y admimistered by subettancous injectjion.  The doses evainated in this study
were 001 ug, 1 pg, ot 10 pg each of CPS-CRMyur and CPE-CRM;ey {final combined
CP- CRMyer doses of 3.2 ug, 2 wg, und 20 pgj. The dose of the conjugate reflects
the total polysaccharide component of the protein polysaccharide conjugate.
Rabhbits were bled on week 0, 3, 6 and 8. ELISA was performed on pooled an
individual sera. Endpoint antibody titers were determined as the re cciprocal
dilution ai 9.1 ODygs. Stanstical analysis was performed on iudivideal week 8
titers. The results demonstrated that the highest CP3S and CP8 specific astibody
titers 0f 5 X 10° for CPS and 1 X 10° for C'P8 were induced by vaccination of
rabbits with bivalent inmanogenie formwlation at 1 ug CP dose of each component

{Duia not shown.).

B. Tri-antigen formulation (CP3-CRMy7 + CPE-CRM;
rCIFA dose ranee stndy with fixed dose (1 ie) of each conjueate in rabhits

[0263] The cffect of a combination of vCIFA and CP3 and CPR conjugates on
imunune response to each component was tested. Three groups were immunized
with bivalent 8. cenreuy CPS-CRM o7 + CPE-CRMios {1ig dose of cach conjugaics
combined with T7-CHA (WIN2ZN2) at three different doses 1, 10 and 100 ug. The
control group was immunized with unconjugated CPS and CPR (50 pg cach)
combined with 100 pg of T7-CHA (NINZN3). Each immunogenic composition

was formulated with 300 pg of aduivant APQOL. Immunogenic compositions were
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administered by subcutancous injection in the neck. Rabbits were bled on week 0,
0 and 8. ELISA was performed on pooled and individual seea and endpoint
anmiibody titers were determined as the reciprocal difution at 0.1 0Dy

0264} Resuits showed that inereased amount of tUHEA when combined with

(st

bivalent conjugate did not affect capsular antibody responses. The antibody fevels
to both capsular serotypes were in the same range as in rabbits inmunized with
bivalent conjugate only (Data not shown). The antibody levels to CP5 and (PR
were 2.3 fold lower at 10 (163 K and 100 ng (106 K) dose comparad 10 1 ug dose
of TCHA (273 K. There was a booster ct afiur the second and third injection.
Le Uneonjugated bivalen polysaccharide immunogenic formulation {CPS + CPR,

S0 ug each) combined with 100 pg of rCHA did not mduce CP specific antibodics.

The rCIEA specific antibody response was also not greatly affected by the dosc,

where titers were botween | X 107 and 1 X 10% after three doses for 1, 10 and

100 pg doses (Data not shown. ). Also the levels of anti-CIFA response achieved
15 when admindstered with conjugaied or unconjugated CPS and CPE polysacchandes

WEre SnTiar

fxample 10: Tri-Antigen Formulation - Immunogenicity {n Rabbits With
High Pre-Emmunization CP3, CP8 and CHA Ab Titers.

j{0265] The staphylococcal imnmmogenic composition is targeted for adult

S
[onl

populations that have pre-existing antibodics o 8. wurzus surface components. To
study the cffeet of pre-existing amtibodies to immunegzenic fornulation
components on the response to the immunogenic formulation, we selected rabbits
with high titers of naturally acquired anti-CP35, anti-CPR, and anti-CIfA antibody

titers, Two groups of rabbits (n=6/7) were immunized on week 0, 3 and 6 with tri-

3

25 artigen inununogenie formotation (CP3-CRMo; {1 ug) and CPE-CRM ¢ (1 py)
and T7-CHA (NINZN3YY33RA (10ug)). One group was immunized with the
nnmunogenic coraposition fonnulated with 300 pg AIPO4 as adjuvant and the
second grovp was immunized  with inununogenic composition fornudation
containing 0o adjuvant. lmmuwogenic compoesitions were administered by

30 subentancouns igjection. Rabbits were bied on wk. 0, 3. 0 and 8, Antibody titers to

CPS5. CPE and 7CIfA were deternuued by ELISA as cadpoint antibody titers on

pooled and individual sera (determined as the reciprocal dilution at 0.1 ODge).




WO 2010/151544 PCT/US2010/039510

{0266] Results showed that rabbits with pro-existing antibody titers induced by
natiral infection responded to trivalent immunogenic formulation with an mercase
in levels of antibodies te &l immunogenic formulation components CP5. CP8 and

rCHAL An increase of Ab levels to cach antigen of between S fold to 10 fold was

5 shown cven in animals with antibody titers of 1x10”. Presence of the adjuvant in
the inmnunogenic formmulation resulted in higher antibody titers compared to the
group immunized without adjuvant (Data not shown).

Example 130 Effcet Of The Adjuvant On Responses To Capsale
Polysaccharide Components
1§ Al ect of Two Diffesent Du%c»‘ of AP, on Response to Bivalent
CPS-C RM.o-/(. P3-CRMy; Conjugaic hmmunogenic Composition in
Rabbits

[6267] The dosc offect of the adjuvant AIPOy on the anti CP3 and CP8 responses

in rabbiis was stedied. Rabbits were imnminized on week 0, 3 and 6 with bivalent
15 S arreus CPS-CRMygr + CP8-CRM g7 {1 py dose of cach corpugate). Owe group

(n=3/gronp) was inmumized with immunogenic composition ormualated with

125 ug and a 2nd group with 500 ug of AIPO; as adjuvant. fmmunogenic

compositions were administered by subcutancons injection in neck. Rabbits were

bled on week 0, 6 and § and anti-capsular antibodics were determined by ELISA as

b
<D

endpoint antibody titers determined as the reciprocal dilution at 8.1 ODues. Results
indicated that there was no difference in CP8 specific antibody responscs in rabbits
immunized with either 125 ug or 500 pg of AlPOs. The formulation with 125 pg

of adjuvant gave higher CP3S antibody responses. Also, all rabbits in the 125 pg

group responded with higher CPS antibody responses, while in the 500 ug adjuvant

2
wy

group, there were two rabbits with low response to the formulation.

B, Effect of AIPQy on The Immugpogenicity of Tri-Antigen
Formulation

{0268] Rabbits (NZW. n=6/7 rubbits per group) were mumnunpized on week 0, 3

and 6 with Tri-antigen formuiation eompriscd of CPS-CRMigs (1 pg) and CP8-
30 CRMyy; (Tpg) and T7-CHA (NINZN3YY338A {10 uy). One group of rabbits was

imnmunized with immunogenic formulation with 500 ng APO., a second group

was formulated with no adiuvant, the third group was immunized at weck 0 with
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25

immnogenic formulation with 500 ug AIPO, and weeks 3 and 6 with
immunogenic formulation with ne adjuvant. Immunogenic formulations were
administered by subcutancous injection, rabbits were bled on week €, 3, 6 and 8
and sera evaluated by antigen specific ELTSA, Resulis showed that the presence of
sdjevant in the immunegenic formulation did not have an effect on anti-CP3 or
anti-{P8 responses in rabbits (Data not shown.). The GMT titers of Abs to both
capsules were comparable. However, there was an adjuvant effect on CIFA specific
antibody response shown in groups imnmuimized with adjuvant present in all three

vuecinations, The second and third boost with immunogenic formulation not

; ip1e . P Rt PN F R ST SOu i (A
containmg AlPOy 0 the vubbits primed with the mnunogenic formulation

-ontantng adjuvant gave higher CIfA responses compared to group with no

adjuvant,

Examples 12-29: Preclinical Evaluation of 8. Aarcus CHA, MatC,
CPA3-CRM gy and CPS-CRM o2

{0269}  Deoseribed below o Examples 12 through 29 are the results of the
preclinical evaluation of the CP3 and CP8 conjugaios. CHA and MntC. The
examples demonstrate the cfficacy of these antigens in prechinical animal models.
The examples also demenstrate that antibodies gencrated by the CP conjugates,
CIFA and MntC have functional activity in /n vitro assays.

10270]  Two different chomistrics were used to conjugate CP to CRMygy, but no
difference was observed in efficacy for the conjugates prepared by the different
methods, O-acetylation of the capsular polysaccharides was shown to tmpact
ehiciting functional antibodics. Evalvation of a combined immunogenic
composition comprising CP5-CRMyyy, CPE-CRMier and CIFA showed no
interference on specific antibody (Ab) kevels 1o erch inmunogenic fornudation

component,

Materials and Methods

0271}  Maxisorp microtiter ELISA plates (Nalge Nunc International, Rochester.

NY?Y were coated 18 bours at 4°C or for 90 min at 37°C with 1 ug/mL of CHA

oy
[
i

aitigen in PBS pH 7.5, The plates were washed five nmes in PBST (1X PBS,
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0.1% polysorbate 20} and blocked with 1% (w/v) non-tat milk in PBS, with
0.05% potysorbate 20 for 1 h at room temperature. Plates were washed with
PRST, and seriallv diluted (3-fold) and individual week 0 3, 6 and 8 rabbit unti-

sera were added to the plates and meubaied cither overpight at 4°C or 2 b at 37°C.

%33

The plates were washed. and bound primary antibodies were detected with

.

horseradish peroxidase-conjugated goat anti-rabbit [¢G (11000 dilution) in PRST.
The plates were incubated for 1 hat 37°C then washed and developed with ABTS-
peroxidase substrate solution. (KPL, inc., Gaithersburg, MD), at room temperature
for approximaicly 20 minutes. The reaction was stopped by the addition of a 1%

3 ..‘ v er wmrmvg . ”
L3

3 ran o raam S rmge AL 3
G ADSOThance was c*\wu B A

33 w0 10 an suioinared plate
reader {Molecular Devices Corporation, Sunnyvale, CA). Antibody titers were
expressed as the reciprocal of the highest serum dilution with an absorbance value
of 0.1, Student's t-tost using IMP Softwarc (SAS Institute, Cary, NC) was used to
determine differences in antibody titers beiween the different groups. A

15 probability of less than (.05 was considered to indicate a statistically significant

diffcrence,

Muring Sepsis Models

10272} The murine sepsis model mimics blood borne disease, For passive
immunization, groups of 15 Swiss-Webster mice were treated intraperitoncally

20 (i.p.) with 1eG, Twenty four hours later mice were chullenged with S, aareny 6539-
018 via by a single intfravenous (i.v.) injection (0.1 mi) via the tail vein. All
animals were followed for 14 to 15 days, at which point all remaining mice were
sacrificed.

{8273] For active mununization. mice were immunized with antipen at 6, 2 and 4

18]
[y ]

weeks and challenged at week 6 by the intravenous route with S arens.,

Active Immunization

j6274]  Adult New Zealand White rabbits were immunized intramusculariy
4 times with 23 pg antigen. One day post-surgery, animals are challenged Lv. with
a bolus of 5. qurens and the number of colony forming units (cfu} i the heart

3¢ tissue arc detcrmined 24 hours post-challenge.

9




WO 2010/151544 PCT/US2010/039510

Murine bacteremia
{0275] A 3 b bacteremia nmodel was used to deterimine the effect of vaceination
on bacierial nombers early dunng an infection. Mice were inmurized at weeks G,

3, and 6 with antigen followed by ip. challenge with S gurens om week 8.

Ut

Animals were exsanguinated 3 hours later and seral dilutions of blood plated to

ermerate the bacteria,

Murine pyelonephritis model

102761  The wurine pyelonephritis model mimics the dissemination of S. aureus

from bactereima. Groups of 10 towr week-old fomale CD-1 mice were immunized
10 At 0, 3 and ¢ weeks with antigen. The muce were chalionged by i, injection of

S, aurens. Forty-cight hours follonwing challenge the miee were sacrificed and the

bacieria were enmmerated in the kidney and blood.

Rat endoucarditis mode]

102771 The rat endocarditis mode! windes buman endocardiis in which

15 colonization oceurs aftor a blood borne infection feads to colonization of damaged
hcart fissue, Five § week-old male Sprague-Dawley rats {Charles River, Kingston,
NYY were immunized on wks 6, 2 and 4 with | ug of CPS- CRMq, conjugate
formulated with 100 ug of ATPO4. The armals were bled prior 1o vacecmstion on
wk @ and at the end of wk 5. Scventy-two hours later, a catheter (PE-10 tubing)

20 was swrgically placed through the carofid artery into the left vestricle of the heart,
Placement of the catheter results in the formation of a sterile vegetation o which
the staphylococet can attach npon infection. Te prevent infection resulting frow
the surgical procedure, the anitnals were treated with the antibiotic Bayiril
(Smg/kg) at the time of surgery and 8 hr following surgery. Fortv-cight hours after

25 surgery, the rats were chalicoged with PFESAG266 (approximately 4 x 10% efu) or
SA31S (approximately 1 x 1Y o) by intraperitoneal injection. Forty-eight hours
following challenge the rats were cuthanized and the hearts and kidneys removed
and placed into 3mk of phosphate buffered saline (PBS). The organs were then

homogenized with a tissue hamogenizer {Kinematica AG, Luzerncrstrasse,
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Germany) and brought to 10ml with PBS. The homogenates were then serially

diluted and plated for bacterial enumeration.

Monttoring functional antiy

epsonophagoecytic killing a:

(0278] Differentiated cilvctor cells from a cell line (e.g. HL60s) or
polymorphonuclear cells (PMNs) isolated from donor tnman bleod asing
LYMPHOLY TE®-poly solution (Cedarlane lrborsiories lanited, Ontario, Canada)
as per mamdfacturer's protocol can be used for this assay. Effector cells were

resuspended in assay buffer (Modified Eagle’s media contaiming 1% bovine seriim

incubator until ready to use. S awrens strain PFESAG266 was grown overnight on
tryptic soy agar plates. Bacteral cells were scraped, washed twice and
uwﬁpcndmi in assay buffer containing 5% gclveerol to an ODgge = 1. which cquals
o approxiniztely 5 X 10° efiind concentration. One mi aliguots of the bacterial
susponsion were frozen and storved at ~48°C until ready to use. Frozen hacterial
saspension were thawed and adjusted to a concentration of 10° cfu/ml in assav
buffer and placed on ice. The assay was performed using a sterile 96 deep well 1
wi polypropylene plates. Two fold scrial dilutions of antibedy sampics (50 nd)
were prepared and followed by addition of 300 pl of assay buffer to the antibody
mnix. Bacteria were added (50 wl) to the plates and placed on & rotary shaker at 4
“C tor 30 minutes. The opsomzation step was followed by addition of 50 1l of
homan conplement (1% fina] concentration). Finally, 50 ul of effector cells

(16 cells/ml concentration) were added to the plate and the suspension naixed well
by repeated pipetting, A SOl aliquot of the suspension was 10 fold senally dilated
in sterile 1% saponin solution, vortexed to mimmize bactenial clumping and plated
on uyptic soy agar in duplicate. The assay plate was incubated at 37°C for | howr
with continuous mixing vsing rotisserie stvle shaker. At the end of the incubation
a 58ul aliquot of suspension was 10 fold sevially diloted in stertle 1% sapomin
solution, mized by vortexing to minimize bacterial cluniping and plated on tryptic
soy agar in duplicate. The percentage killing was calculated by detenivining ihe
ratio of the number of cfivsurviving at 60 nnutes jn wells with bacteriy,

antibodies, complement and cffector cells to the nwuber of cfu serviving in tubes
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facking antibodies but containing bacteria, comploment and effector cells.
Controls containing bacteria, complement. and sera were included to adjust for any

reduction in ¢fu due to clumping.

Cenaplement adsorption

{60279] Senun from heman donors adsorbed against 8 aurens strains

PFESA0Q266, PFESAQ286 and PFESAQ27( can be used as a source of complement

[93]

in the assay. S. aureus strains were grown overnight on TSA plates 51 37°C. Cells
were scraped from the plate and resuspended in sterile PBS, Bacterial cells were
centrifaged at 14) 006 rpm for 10 minutes at 4°C" and ccll pellet was
16 faman serum for adsorption. Seriim was incubated with bacteria on & nutator at
4°C for 30 minutes, Cells were ceutrifuged. serwn transferred 1o another tube
containing bacteria and the adsorption step repeated again for 30 minutes. Finally,
the cells were centrifuged and the sevum passed throtigh a 0.2 wicron {ilier before

0.5 mi aliquots were frozen down in liguid nitrogen.

15 Method I - OPA usine HL-60 cclls

[6288] 1IL-60 celis were differentiated according to S. Romero-Steiner, et al,,
Clin Diagn Lab [myoumol 4 (4) (1997), pp. 415422, Harvested HL-60 cells were
resuspended 1o assay buffer (Modified Eagle's media contaming | % bovine seram
albumnin) af approximaiely 10° cells/ml and placed in 37 °C incubator until ready to
20 use. S gurens was grown overnight on tryptic soy agar plates. Bacterial cells
were scraped, washed twice and resuspended in assay buffer containing $%
glyeerol 1o an ODgs = 1, which equals to approximately 3 X 10%fyml. Cue ml
aliquots of the bacterial suspension were frozen and stored at -40°C untif ready to

pse. Frozen bacterial suspension were thawed and adjusted to a concentration of

25 10° cfvml in assay buffer and placed on ice. The assay was performed using a
sterile 96 deep well T ml polypropylenc plates, Twe fold serial dilutions of
rmonocional antibody saiples {25ul) were prepared and followed by addition of
150 pl of assay buffer to the antibody sospension.  Bacteria were added (25ul) to
the plates and placed on a rotary shaker at 4 °C for 30 minutes followed by

30 addition of 23 ui of human complement (1% final concentration). Finaily, 25ul of

929
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HL-60 cells (107 cells/ml) were added to the plate and the suspension mixed well
by repeated pipetting. A 25uf aliquot of the suspension was 10 fold serially diluted
in sterile 1% saponin solution, mixed by vortexing to minimize bacterial clumping
and plaicd on trypric sov agar in duplicatwes. The assay plate was incubated at 37°C
for 1 hour with continuous mixing nsing rotisserie style shaker, Af the end of
incubation a 25ul aliquot of suspension was 10 ld serially diluted in stevile 1%
saponin solution, mixed by vortexing to and plated on tryptic soy agar in duplicate.
The purcentage killing way caleulated by dewermining the ratio of the mnmber of
cfu surviving at 60 minutes in wells with bacteria, antibodies, complement and
HI-60 celfs to the number of cfu surviving in tubes lacking antibodies but
containing bacteria, complement and HL-60 celis. Controls containing bacteria,
complement and mAb was included 1o adjust for any reduction in ofit due 1o

clumping.

Exasuple 12: Demensiration of a Protective Effect by CHA tn Ir Vive Animal
Madels
10283) To evaluate whether polycional rabbit antibodies ehicited against CitA
were capable of redocing S, aurens colony counts in a murine sepsis model,
puriticd rabbit polyclonal anti-CHA TG was used at two dosages (0.8 myg and
1.6 mg) in a passive immunization study (Figure {3). The S anrens challenge
strain was a recent chinical isolate. 639-018. Both antbody dosages resulied ina
ignificant reduction of bacterial colony counts in the murine sepsis model
{p=0.0134 for 1.8 mg dosc and p=0.0012 for 0.8 myg dose). This experiment has
been repeated with additienal 8 arreus isolates with similar results {data not
shown).
Example 13: Active Immunization With CifA Reduced Colonization of the
Heart by 8. Awrens

{0282] Active wmuntzation of rabbits with CIfA resulted in protection in the
rapbit endocarditis model. We found a 3-4 log reduction in S. aurens cfu
recovered from cardiac vegetations for animals immunized with CIfA compared to

negative contrel {PBS or AIPOy) mmmunized amimals (Figure 14).
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Exarople 14y Protective Effect of Mot in fn Vive Animal Models

{02831 Active immunization with MntC has shown consistent protection of mice
from at early tme points following S, aurens challenge. Bactenial counts o the
blood of wice receiving ip. S. guress challenge were significantly reduced as
compared to contrels immunized with PBS {Figures 1534 and 153B). Fowr out of six
individual studics showed a significant reduction i efu/ml bloed in immumized
animals. Protection mediated by MntC invpunization was demonstrated using 2
diffcrent 8. aureus chalienge strains, PFESA0237 (Figure 15A) and

<

PFESAQ266 (Figure 15B8).

fxample 18: CPS Conjugates Protect in Murine Pyeloncphritis Model

0284} (PS cornjugates were ovaluated for thoir ability o protect mice in an
active inenunization pyelonephritis wodel. Figure 16 shows the results from
several studies. Bacterial cowntts in the blood of mice receiving Lp. S aurens
chatlenge were significantly reduced as compared 1o controls vronomized with pbs
(Figure 103 Six ow of sundivideal stadics showed 2 significant reduction in
cf/in! kidneys in imnunized animals, The data showed consistent reduction of

kidney colonization afler active imimunization with CP35 conjugate.

Example 16 CPS Conjugates Prepaved by Different Conjugation
Chemistries Protect Mice Against Experimcatal Infections
[0285F  Active tumonization studies o the murine pyelonephritis model were
conducted using CP3 conmgugate prepared either by PP or CDT chemistry. The
methods for conjugating CPS or CPE to TRM,e; were described above. Results
showed that both conjugates significantly reduce eolonization in mice compared to

the sham wummdzed anhuals (Tabie 147,

Study # Antigens Strain/Dose floeCFU/KidneviSiynificance
Study | Saline+AIPO, PRFESADZ66] 5.53+1.90 -
1 ug CP5- CRMyyy (PDPID +AIPOQ4 2 x 10° 3004183 & p<0.001
g OPS- CRM o7 (CDT)Y +AIPO; [.67 023 ip<C.0001
Study 2 Salipet+AIPO, PFESA02661 6.17 = 1.76 -~
L ug CPS- CRMygy (PDPI +ARO, 2.7 510" | 206+ 1,69 1p<0.000]
i ug OPS- CRM o7 {CDT) ~AIPO 1.87 £0.69 | p<0.000]
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Example 17: CPS Conjugate Protects in a Rat Epdecarditis Vedel

j0286}  Fouwr studies were conduected with CPS-CRM:ar PBPH conjugate and an
unrelated conjugate {(PPS-CRMies) at 1 ng dose. The CPS conjugates significantly
reduced colonization in both the heart and kidnevs i 2 of 3 experiments in which
the challenge Type S challenge strain was PFESAQ266 (Table 15). In the third
study. the Geometric Mean Titer (GMT) anti-CP3 titer was the lowest of the three
experiments, but it svas only slightly lower than the titer i the previous experiment
(51000 vs. 67,000},

Tahle IS CPS-CRBM .- mmunizatio

~ Ry S

logCFU

Sionificanc AT
Recovered Significance GHMT
mmunogenic Chalienge L . e Cp
5 oy feart i Y Lidney .
Compesition Straig/Dose Heart Lidney Heart Kidney Titer
tug CP5- e res A v g 4.34= O oy vives
He CESADZEE 3.92:51 73 103,0
CRMua PFESAU26E | 78 392173 103,000
! ug PPS- (oS e 794 577 o s
CRM s 221 x 1 cfu 0.7% 479 pG.001 piGs
| pg CP5- orroanae,  h4dE 3109
N [ N ‘/ 4 S
CRM 0y PIESAQ260 130 53 1,000
- et oa 363 419 _. e
Saline 6.5 x 1y cfu 5 4% 308 No No
g CP5- emaapace | HOlE 390 .
CRMum PFESAQZ66 49 L9 67,000
. e 7.82& A eh) O
Salize 4.0 x 16% cfu 3% p<0.0062  p<.0002
pew 23]
T ug CP3- . BATE 8.92% .
HE A3 LRE OO
CRM o SAMS a0 186,000
: 5 - 8255 074z o
zaline Ex HY iy e i No
Saline x 1Y ciu 0.60 595 Mo N
Example 18: CP5-CRM 9y Conjugates in a Pyeloncphritis Model
102871 Inxiad studies investigating etficacy of conjugates were performed with

25 kDa MW CPS. Improvements in fermentation process resulted in production of
the high MW polysaccharide, which was conjugated to protein carrier and tested
side by side with 25 kDa CP3 conjugate. Conjugates comprising CP with MW of

28 kDa (Low MW) and 300 kDa (Fligh MW) were prepared using CDT
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conjugation chemistry and evaluaied in the murine pyelonephritis model. Three
doses (.01, 0.1 and | ugj of the HIMW conjugates were tested and compared to the

control LMW CP3-CRM-w; and my unrelated conjugate (PPS-CRMgp) at | ue

dose. The results showed a sigmtficant reduciion in CFU of 8. gureus PFESAD260

5 recovered from the kidneys at a 1 pg dose. There was no statistical difference
between protection from conjugates prepared with ditferent size CPS at the | pe
dose (Table 16). The lower doses (0.01 pg and 0.1 ng) of the conjugate failed to
cHelt an immune response sutficient to significantly reduce the infection, The
experiment was repeated using an identical mnrpenization and challenge provedure.

16 in the repeated experiment. only the 1 ug dose of LMW CP3-CRM ;) resuited ina

i

significant reduction in colonization (p=0.01). The | pg dosc of HMW
CP5-CRM;g7 lowered ofu in kidneys, however the reduction was not statistically

significant (p=0.036).

Tahle 16, CP3 Conjueates Protect in a Mouse Pyeloncphritis Model

D . IO R Signilicance
Study Aniigen Sirai/Dose | iopUI U/ Kidney =
= {p value}
I ng PPS-CRM .
"8 s 5,34 0.0048
g 25kDa CP5-CRM
2.94
(1 1ug300kDa CP3-CRMy, | PFESAN266 i o
1.7 ¢ 108 2,74 (.0056
0.1 pg 300kDa CP3-CRM .
’ 5.59
0.01 png 300kDaCPs-C R\i,., 470
“+, 7%
""' 1 ug PPS-CRM 5.35
1ig 25kDa CP5-CRM .y 3.25 0.01
2 [ 1pg300kDa CP5-CRMyy; | PFESA0266 ERE 0.06
1.7 % 10
0.1 ug 300kDa CPS-CRMyer 4.45
(.01 ug 300kDa CP3-CRMye 608

15 Example 19: Polysaccharide O-Acetylation is Important for Induction of
Protective Antibody Response to CPS Conjugate Immunegenic
Formulation

{0288]  To evaluate the importance of O-Acetyiation of CPS, the native CPS was

de-O-acetylated (dOAC) and conjugated to CRM:or (dOAC-CRM 7} using PDP
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conjogation chemistry. The efficacy of dOAcCP-CRM;o; conjugaie was compared
side by side with CP5-CRM o; in a murine pyelonephritis model. The results
showed that conjugate lacking G-acetyl groups (dDAc CPS- CRMyg7) is not

efficaciouns in this model as domonstrated by no significant change in the bacterial

e

olonization in kidneys. These data (Table 17) indicate that O- acetylation was

important for clicitation of functional antibodies apainst CP3.

Table 17: hvununization With de-O-acetyvlated CPS- CRM;47 Does Not Protect
Mice From Kidacy Colonization

Study # Antigens Strain/Bose opCFU/Kidney  Sieniftcanee
Study 1§ ne PP3- CRMyss PFESAG266 3892224

! g dOAe CPA- CRM e 7 x 108 §20%1.75

i ug CPS- CRM0; 1752039 pvalge < 0.008
Study 2 Saline PFESA0266 508196

i pg dOAc CPS- CRMy: 2.4 x 1P 389+ 1329

fug CPS- CRA e 29321 p-valie = Q.02

19 Exampic 200 immunization with CP8-Conjugate Reduces Dicath in a Sepsis
Model
{0289 Ihe cfficacy of CPR-CRM;07 conjugate was evaluated i the murine
sepsis moded after challenge with S0 cureis PFESAO268 (Type 8). Swiss Webster
nice (n=33) were actively immunized by subcutancous injection with fug CP&-
15 CRM;sr and saline both fonmuiated with 100 pg AIPO,. The study showed a
significant reduction of sepsis (p=0.0308) as comparcd to mice immunized with

AiPQ4 alone. See Figure 17.

Example 21t Evalaation of the Conjugated Native and Base Treated CP8 in
the Murine Bacteremia Model

20 {0286] The importance of (-Acetyl groups present on native CP8 before
conjugation for induction of functional antibody responses was evaluated for CPR
conjugate. CP8 polysaccharide was de-0-Acetylated under mild basic conditions
and both NMR and ion Chromatography (1C) confirmed absence of O-Accivlation
in CP8 de-0-Ac - CRM o7,

25 {0291} The nwrine bactercmia model was used 10 cvaluate efficacy of the native

versus base treated CPS conjugated to CRMyor. Groups of female BALB/C mice
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(15/group) were imnumized at weeks 0, 3 and 6, with 1 pg OP8 de-O-Ac - CRMiyy
or I ug CP8 O-Ac - CRMig7. Immumogenic fornmiations were formulated with 22
ne AIPO, Animals were challenged with 8. awrens PFESAC003. Three hours

post challenge the mice were saerificed and the bacterta were enumerated n blood,

g8 The data showed that there was a statistically significant (p=0.0362) reduction in

bacterial ofu recovered from the biood of animals immunized with untreated native
CP8 conjugate as determined by the student t test (Table 18). In unimals that were
inmmunized with base treated CP8 conjugate the hacterial efv recovered from blood
were similar to the saline control group.

18 Table 18: CPR-CRM o Conjugate Reduces Bacteremia S, aurcys PEESAQ003 in
Mice,

, e e yer Significance
Antigen Strain/Dose fogCFU/Blood S
- {p value)

Saling

PFESAD003
114 x 16°

CP8 da-0O-Ac - CRM s
CPR -Ac - CRM e

(.03

Fxample 22: Confirmation of the Impertance of O-Acctylation as Functional
Epitope of CPS by OPA Using MAbs With Knoewn Specificities
{6292} P35 monocional antibodies with specificities to CP3 OAct (CP3-7-1),
15 PS5 QAct- (CPS-5-1) and CPS5 OAc- (CP3-6-1) were evaiuated for OP killing
activity against type 3 strain PFESA0266 (Table 19). MAD CL8-3-1 gpecific to
P8 OAc+H was used as negative contrel. Results showed that CPS-7-1 mAb (CPS

OAc+ specific) mediates killing of both type 5 strains tested. Also mAb CP3-5-4

recognizing epitopes sharcd by both CPS OAc+ and CP5 OAc- mediated killing of

[\%]
o

PFESA0260 strain. The MAD specific for epitopes present on CPS OAc-
polysaccharide did not mediate killing of PFESAD266 strain. These results
indicate that O-Acetyl cpitopes on CP5 are involved m funchional activity of CPS

specific antibodics,
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Table 19 mAbs Specific Ack '~ - and de-O~Acetviated (+/-

y CPS are Opsonic against S gureus PFESAQ266 (Tvpe 3).

CP5-5-1 (O-Ac +/-) | CP5-6-1 (O-Ac-) | CP5-7-1 (O-Ac+) | CP8-3-1 (neg. control)
{p} (B {ng {1}

ng 120 1@ 5 24 120 10 5 2.5120 18 5 35120 10 5 2.4

%kt |28 33 30 21 j-12 -5 -12 -5 131 46 49 55 {-i8 -3 -13 -5

¥ata reported as percent killing and was calculated by determining the ratio of the number of ¢iu
surviving at 60 misutes in weils with bacteria, antibodies, complement and HL-60 cells to the
namber of cf surviving in wells lacking antibodies but confaining bacteria, complement and HL-60
cells.

Example 23: Opsonic Activity of Mousc Antibodics Induecd to High and Low
MW CPS Conjugates
{0293} Sera from mice (w=S) with high CPS ELISA titers from | ug high
molecular weight and low molecolar weight groups from Example 18 were
compared for opsonic activity using 8. waeus PFESA0266. OPA results showed
that both conjugates elicited opsonic antibodies in mice {Table 20). There was a
trend observed for high MW conjugates o elicit higher titer opsonic antibodies.
Data shown as a mean % killing «SEM for 5 individual mousc sera. Antibodics
need to be fimctional as measured by killing of bacteria in either an animal efficacy
model or via an opsonophagocytic killing assay that demonstrates the antibodics

kill the bacteria. Functional killing may not be demonstrated using an assay that

Jjust monitors the generation of antibodies alone, which is not indicative of the

importance of high molecular weight conjugates in efficacy.

Table 20: Both LMW and HMW CP3 conjugates elicit opsonic antibodics

Antigen: 1pg CPS- CRM,y7 (25 kDa) | Antigen: 1 yug CP5- CRM,07 (300 kDa)
OPA titer wki OPA titer wk8 QPA titer wki OPA titer wk§
<100 440 <100 6400
<100 <1060 <100 &00
<100 400 <100 3200
<100 3200 <100 3200
<106 <100 <100 3200

Example 24: Opsonic Activity of Sera From Mice Immunized With Native
and Chemically Modified CP8 Conjugates

{0294] Seclect mouse sera (n=5) with high CP8 titers from the study in Example

21 were compared for opsonic activity using PFESAQQ00S strain. The OPA results
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(Table 21) show that onjy conjugates prepared by the conjugation of native CP&
clicited opsonic antibodics in mice. 1t is noteworthy that the de-OAc CPS
conjugaie was immunogenic in mice but the antibedics clicited were not opsonic in
thiz agsay. OPA titers are reported as reciprocat of dilunion at which 40% kitling
was observed.  Antibodies need 1o be fimetional as measured by killing of
bacteria in cither an animal efficacy model or via opsonophagoceytic killing assay
that demonstrates the antibodics kill the bacteria. Functional killing may noi be
demonstrated using an assay that just monitors the generation of antibodies alone,

which is not indicative of the importance of Q-ucetviation in efficacy.

Table 21, Opsonie Activity of Native CP8 vs, de-G-Ac CP&- CRM 1y

¥36-0-Ae CP8- CRM o CPS- CRM o
TOP titer WD sera | OP titer WkR sera | OP titer WO sera | OP fiter WiR sera
<50 <30 30 150
<30 <130 <A43 1330
<50 <30 <50 450
<50 <30 <50 1350
<50 <50 <50 4050

Example 25: Killing of Type § Strains by CP8 Conjugate Non-Huaman
Primate Antiscra is Inhibited by Addition of Native CP8

102951 To confirm the specifieity of the killing activity in the sera of non-human
primatces immunized with CPS-conjugate, an assay was performed i the presence
of mative CP8. The OP method 1] was used with the following medifications. Two
fold serinl dilutions of antibody samples (25 pl} were prepared and followed by
addition of either 1530 ul {Pnil4 competitor) or 125 ul {CP8 competitor) of assay
hutter to the antibody suspension. The competitor was purified CP8
polysaccharide (CP8 poly) and onrelated pneumococcal polysaccharide (Pn 14
polv) was used as a control. The pelysaccharides were added (50 ug) to the
antibody suspension and the plate incabated at 4°C for 30 munutes with end over
end mixing. Following incubation with polysaccharides, bacteria were added (23
il) to the plates and placed on a rotary shaker at 4 °C for 30 minutes followed by

addition of 25 ul of buman complement (1% final concentration). The yosults

{Table 22) showed that the presence of native CP8 in veaction nuxiore inhibited
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opsenophagocytic killing of 8. gureus Type 8 These results confirm that

opsonophagocytic killing by immune sera was mediated by capsule specific Abs.

S._aureus by lmmune Sera,

Monkey Sera Sample OPA titex
Wk <50
Wk & 4050

02D133 WkO + 20 ng CP8 poly <50
WS -+ 20 ng CP8 poly <50
WO + 20 ug Puid poly <50
Wk 8 + 20 11g Pn 14 poly 4056
Wk <30
Wk 8 4050

A4ANI22 WkO + 20 ug CP8 poly <30
Wk + 20 ng CP8 poly <50
WkO + 20 ug Pald poly <50
Wk8 + 20 ug Pn i4 poly 1350

Example 26: Naturally Acquired Antibedies to CIfA Mediate
Opsanophagecytic Killing of S. Aurens

{0296] Humans in the population are naturally exposed to S. qurens and thus
have preexisting antibodies to that bacterium in their circulation. We affinity
purified anti-CIifA antibodies from human serum and evaluated whether the
antibodies could mediate opsonic killing. It has been shown that antibodics to CHA
are opsonic for S, aureus capsular polysaccharide {data not shown). Strain
PFESAQ266 was grown overnight in Columbia broth with 2% NaCl. Bacteria
were opsenized with CHA affinity purified human IgG or irrelevant antigen
affinity purificd hwvan IgG (negative control, streptococcal SCP protein) and the
opsonic activity tested, Differentiated HL-60 cells were used in the
opsonophagocytic assay at an effector/target ratio of [00:1, As an additional
control, a CP5 mAb was included m the experiment to demoustrate the presence of
CP35 on the surface. The results are average of two independent experiments,

CIA and CP5 specific antibodies did mediate opsouic killing and SCP specific

{negative control) antibodies had no activity in this assay.
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Example 27 CPS-CRM 97 Conjugate Elicits Opsonic Antibodies in

Non-Haman Primates (NHP)

{1297 To compare the functionality of high vs. low molecular weighe

CP5-CRM:y7 conjugates in NHP, gronps of five monkeys were immunized with 2
and 20 g doses of the conjugates with or withont AIPOs adjuvant. The monkeys
recetved the first and sccond vaceination on day 0§ and 28, respectively. Bleeds

fromday 0, 14, 28 and 42 wese tested for OP activity, Resulis are summanzed in

Table 23. The 20 ug HMW conjugate had the highest OP titers compared to other

groups. Also. the frequency of OF positive monk ras higher at both doses of
the high MW aroups than for the corvesponding low MW groups. These rosules

demonstrate that there is a trend for HMW CP3-CRMiar conjugate to elicit hetier

OP responses than LMW CPS conjugate in NHP,

Table 23, OPA of NHP serum following immunization with CPS conjugates
OPA Titer (4000 Kill)
Group Monkev 1D Day 0 Da_\ 14 PDay 28
. H= ATINOS3 43¢ 1334 4050
(Il;\l’;t{:}f 149N <100 4030 4050
ﬂ..‘émg:’m[. A4LO6Y '-’~1(?f3 4:?" ,.50
,;'\!!’L'L o AINGDT < l(ﬁl:) 4056 1350
S A4L014 < L <0 <100
3 pa CP3 020123 <30 156 156G <i04
f“}} {‘I\‘) i, N Aeif..f“\’.'!. < l-(f!t? 1 2*’ } ?(} i 5‘1}
g).:'mé:"m!. AZNO%J lSU “in 1 0 1'2")
AP0, A»i,NOM <tl<?() <] t.;{) < ;0(_; < 16(
U AJNO8S <100 150 450 4050
AALO84 150 150 <300 <100
7 g CPS 97ND04 150 450 450 450
(MW} A4LG3S5 <100 ST <00 <100
no AIPO4 97NI23 <140 <1060 i30 130
225N <[00 <1CO <3 < UK
. 8ID0IT “300 <130 <100 <K
&‘j\ﬁﬁ " | Aae <100 50 150 2030
0 <mu;‘; I;E_. 28 . < I(){) S <3(6) “A0G
AIPO. ASLDAG <1 <1 <100 :
i AINDSE <100 150 <100
2 g OF3 96N022 150 150 450
(LMW} }: genees 100 1350 430
3 Se/ml. )2*.}11 3 <190 P36 %30
AIPO, ATNDAO 150 0 <100
A‘:L(‘?f}f! 150 30 LY
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Exasaple 28 Capsule Polysaccharide Conjugates Comprising High
Molecular Weight Polysaccharides Shew Enhanced
Immunogenicity Compared To Conjugates Comprising Low
Molecalar Weight Polysaccharides,

{298] Non human primate (NHP) stadies were conducted to evaluate the

immunogenicity of different capsule coniugate formulations. Two formulations

were tested at two different dosage levels (2 and 20 pg). The first formmiation was
composed of a high molecular weight (HMW) polysaccharide (approximately

130 kDa) conjugated to CRMy7. The second formulation contained a low

molceular weight (LMW) polysaccharide (approximately 23 kDa) conjugated to

CRM:97. Groups of five primates were vaccinated with a singie dosc of cither

vaccine and immune titers were monitored prior to vaceination and two weeks post

vaccination. OPA titers were defined as the dilution of serum required to kill 40%

of S. qureus Strain PFESAQ2606 in an OPA assay. Antibody titers were also

monitored by ELISA. Enhanced activity was seen for the HMW vaccine compared
to the LMW formulation {Table 24}, evidenced by a ten fold rise in antibody titers
for the HMW vaccine compared to the LMW vaccine. The OPA responder rate for
the NHPs that reeeived the HMW vaccine were also higher (80% compared to

40%).

CPS-CRM197 dose | Geometric Mean | OPA Responder Rate
level (meg) per of PD1* Yoyt
animal
BMW (125 kDa) 20 32 80
2 21 80
LMW (25 kDa) 20 3 40
2 8 40

* Fold rise calenlated from CP3 ELISA titer 2 weeks post vaccination compared to pre

vaccine titers. :: Responder rate calculated from monkeys generating a rise in OPA titer

following a single dose of vaccine 2 weeks post vaccination. Each group contained S
Rhesus maccaques and vaceines were formulated with AIPOs (250 meg/dose)
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Example 29: Bi-Antigen (CPS-CRM g, and CIfA) Formulatisn—Antibody
Responsces in Non-Human Primates

{0299} To cvaluate the immune response to a single dose of two antigen

immunogenic compositions {CP3-CRM:y; and CHA} in NHP, gioups of five

%21

monkeys were imunized with different doses of the two antigens without the
addition of AIPQ,. Bleeds fromday 0, 14, and 28 were tested for opsuophagocytic
{OP) activity and ELISA titers and the results are summarized in ‘[able 24, Results
showed that OP activity was consistently observed with CP3S immunized animals
as compared to a CPS sham group. Qverall, the 100 pg group had the highest

viw €

r orouns S ol TUNUSENN . IR T
[ EIOups. IOt wad nu 317 Kiung actevity
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observed with sera from the CHA alone group. No interference wus observed in

the groups given axcending doses of CIEA or CPS. Sec Table 25,

Table 25: OPA Results From Bi-Valent lmmunization Study In NHP

ML EAL DU LA WRLATIN LR Aottt i L U S LT IR R LA AR TR T IN

OPA Titer (40% Killing)
Group # D Nambeor Week: § Week: 2 Week: 4
A4RU54 <106 150 <100
180 ug CUA + A4RG56 <100 150 150
20 ug 130 kDa AANORT <100 450 450
CP5 97N1S2 <100 450 1350
A4R(27 <100 1350 1350
A4RE62 <100 130 <100
180 pg ClIFA + FIN149 <i0g 150 <{00
2 ug 130 kDa A4R131 <100 450 130
CPs GTNQ2S <100 450 430
A4NOG64 <100 450 450
A41.003 <{00) <100 <100
60 pg CHA + A4RG29 <100 [330 1350
20 pg 130 kDa A3NUIS <100 <110 <100
CP5 asNO2] 150 4050 4059
e A4R137 <100 <100 ‘ <100
S AING4O <10 150 150
60 ug CHA + AINI04 <100 1350 <300
2 ug 130 kDa A4L033 <100 150 <100
CPS FONOA4S <100 <100 <100
ALRD32 <100 =100 <100
A4RI3S <160 450 130
2ug AINTIR <100 154 130
130 kDa A4RD61 <100 <{00 1150
CPs A4R I <100 4050 {330
97N137 <100 330 1330
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OPA Titer (40% Killing)

Group # 1D Namber Week: § Weeh: 2 Week: 4

A4R 135 <100 <100 <100 _
30 ug A4NL1S <100 150 150

130 kDa FOSNOIR <100 <00 <100

CP3 A4N120 <100 450 50

96NGO4 <100 159 150

A4NLL6 <100 30 450

100 ng AINOYT <100 450 450

130 kba A4ANTOE <100 1350 1350

PS5 OSNO24 <100 450 1350

9ONO34 <100 1350 4050

9TNOST <108 <100 <100

AdRII2 150 <100 i50

60 g CHA A4L022 <100 <100 <100

QTN1UO <100 <100 <100

IO 1530 150 150

Aummal Models Demonstraie Potential of S careres CPS and CPR Capsule
Polvsaccharide Anticens

H0308]  Both CP3-CRM ;e and CPB-URM:o: coningates induced capsular

serotype specific antibody responses in mice, rats, rabbits and non-tuman primates

o~

NiiP). Conjugate induced antibodies were functional in the in vitro functional
opsenophagoeeytosis kilhing assay, Data were generaied o demonstrate that
O-Acctylation is important for clicitation of protective antibodies for both CPS and
CPg, and that O-acetyl groups are part of an epitope recognized by OPA” mAbs
against CP3. MAbs that recognize native CP5 which is O-acetylated are functional
in OPA and mediate killing of the bacteria. CPS conjugate induced functional
antibodics in both mice and rabbits that mediated killing of Type & strain in OPA.
The specificity of killing by polyelenal or monoclonal antibodies was confirmed
by abolition of the killing after addition of the homologous native polysaccharide
o the assay. The various active immunization models were used o show
prechnical efficacy of both CP5- and CP&-CRM 4, conjugates. The CPS conjugate
showed consistent efficacy in the mwrine pyelonephritis model and the rat
endocarditis iwodel. The importance of O-acetylation of CPS was confirmed in the
murine pyelonephritis model, where de-O-acetviaied CPS conjugated o CRMuuy

fatled 1o protect animals against experimental infeetion.
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10301} The combination of the conjugates it a bi-antigen formulation induced
antibodics to both capsules CPS and CPS and there was no interference to the
specific antibody levels induced compared to single antigen immunizations. The
combination of conjugates and CHA in a tri-antigen formalation induced high CP3,
CPE and CHA levels. and there was no interterence to the antibody responses
induced agzinst any antigen present in the combination. The tri-antigen
immunogenic compositions induced antibody {Ab) responses capable of being
boosted to all three compenents in rabbits with high pre-immune titers.

j0302] These results suggest that CPS and CPS conjugated to CRMor should
meluded ss immunogenic formulanion compoenents of & protective S, anrens

HRMUNOZCNIC COMPOSItion.

Example 30: Requirement of Different Antigens to Protect from Multiple
Pessible 8. aareus Diseases
{0363] 5. aurens cause a wide array of infections ranging from relatively mitd
skin infections to more serious and invasive infections such as endocarditis,
necrotizing fasciitis, osteomyeliils, septic arthritis and pneumonia. Each of these
in vivo sites is unigue and the bacteria likely respond to the differences in
environmental stimueli by altering their antigen cxpression profiles to ones most
suitable for the individual strain o colonize. grow and ultimatelv cause discase,
As exemplified in Example 12, 5. awreus strains show diversity of antigen
expression in vive, A multi-component immunogenic composition composed of
different antigens is more likely to protect against the diverse disease manifestation
aused by S, aurens.
{8384] CIfA was shown to protect in redent endocarditis and sepsis models.
CHI3 bas been reported to be important in nasal colonization of 8. awrers. Mot
protected mice ina morine bacteremia model. The CPS conjugate protected in
pyelonephritis and endocarditis, and the CPR conjugate protecied in rodent

B

pyclonephritis and sepsis models. These resuits demonstrate that a nadti-
componient vaccing contaimng these antigens will protect ngainst multiple types of
S. anreus discase.

{6065} 7 vivo aninal models approximate the course of an acal jnfection and

help to elucidate which antigens may be usefit] in protecting from a particular
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disease. Table 26 sunvuarizes results from pomerous experiments performed in
various in vive models. The results are reported in cach block as four numbers

separated by a slash, for example CIfA in a scpsis model has the numbers

H

»4

744331 The first number represerts the manber of experiments where CHA

I3

immunization p‘roduced a statistically sig

ted

nificant positive resuit of protection, The
second number represents the number of experiments where CHA immunization
produced a positive result of protection that trended toward significance but was

10t statistically significant. The third number represents the numiser of

o

experiments where CHA immunization produced a negative result, but was not
statisiically significant. The fonrth number is the total nomber ot experiments

performed. The first threo numbers should add up 1o egual the fourth number.

ble 26, Summ Of Protecii \nimal Models For S, g

Antioens

CIHA CPs CPg Mt
Bacteremin
/4708 3,0:3/6 171/1:3
Sepsis
27717343} 1/0/0/1 NT NT
Pyelonephritis
0/4/2/6 13/1/0/14 NT 170i4i57°
Endocarditis
36110 3720207 NT NT

NT: Not Tested

fixample 31: Tosting of Various Malti-antigen Immanogenic Compositions
in vitre and in vive

(0306} Various nmii-antigen staphviococeal homunogenic formulations

containing either three, four or five antigens selected from the following

polypeptides und/or polysaccharides are tested for immunogenicity and efficacy in

various in vive models: CFAL CIHB, MntC, CP5- and CP8. The immunogenic

compositions are as follows:

{0367F (1) an immunogenic composition comprising: an isofated S anrens

clumping factor A (CIfA) polypeptide, an isolated & aurens capsular

polysaccharide type 3 conjugated to CRM,ys, and an isolated S, qrrens capsular

nolysaccharide type & conjugated to CRM oy
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0308]  (2) A second combination provides clumping factor A (CIfA), chumping
factor B (ClfB), an isolated MntC, isolated staphylococcal capsular polysaccharide
CP3 conjugated to CRM;oy, and isolated staphylococeal capsular polysaccharide
CP8 conjugated to CRMyyy;

[0309] (3) A third combination provides an inununogenic composition
comprising: an isolated §. aureus clumping factor A (CIfA) polypeptide, an
isolated S. aurens clumping factor B (CHRB) polypeptide, or an isolated S qureus
MmtC protein, an isolated S. aurens capsular polysaccharide type 5 conjugated to
CRM,97, and an isolated S. aureus capsular polysaccharide type & conjugated to
CRMg7; Isolated

{8318} (4} A fourth combination provides an immunogenic composition
comprising: an isolated §. qureus clumping factor B (CUB) polypeptide, an
isolated S. aureus capsular polysaccharide type 5 conjugated to CRMyys, and an
isolated 8. aureus capsular polysaccharide type 8 conjugated to CRMgy;

{G311] (5) A Gfth combination provides an inununogeme composition
comprising: an isolated S aureus clumping factor B {CHB) polypeptide, an
iselated S, aurens MntC protein, an isolaied S. qureus capsular polysaccharide type
5 conjugated to CRM gy, and an isolated S. awreus capsular pelysaccharide type 8
conjugated to CRM,gy; and

{8312] (&) A sixth cowbination provides an iwvunogenic composition
comprising: an isolated S. qureus clumping factor A (CIfA) polypeptide, an
isolated S. aurens chimping factor B (CIfB) polypeptide, and an isolated S, aurens
MutC proten.

{0313} rCHA and rCHB are prepared and pucified as described in Exanple 1.
MutC is prepared and purified as described in Example 2. Isolated CPS and CPR
arc prepared and purified as described in Example 3 and are conjugated to CRM gy
as described in Example 4.

[0314] More particularly, the procedures described in the previous Examples
above are used to measure immunogenicity and efficacy. Studies are done to
determine whether cach of the three, four or five componcents, when delivered
alone, or together, induce an immune response. These same studies are used to

determine whether or not the presence of any onc of the four or five components
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nterferes with the ability of any of the other three ur four components to induce 2
immune response. Morcover, studies are done to determine whether the four or
five components when tested alone, or when tested together, will confer protection
in any one or more of the animal models deseribed above. The four or five
components are administered as 4 single dose or as multiple doses to an anirwal,
e.g. mice. rats, rabbits or non-haman primates. as noted in the previous examples
above. The animals are bled and the serum collected and tested for the presence of
antibodics to cach of the four or five components. The presence of antigen specific
antibodics is measured by any imnwinoassay knowuo to those skiiled in the art, for
example. an ELISA (Scee Examples 11-29) or a Western blot (Sce Example 1) is
used 1o assess the presence or absence of antigen-specific antibodies. In addition,
an opsonophagocytic assay is used 1o determune whether the antigen specific
antibodics arc effective at mediating killing of the staphylococcal organisms by
phagocytic cells (See Examples 11293,

[313]  fviveo efficacy is also assessed using any one or more of the animal
studics described above. such as, but not limited to, the in-dwelling tubing model;
the nwrine bacteremia model; the wound mfection model; the murine
nyelonephritis model; the rat endocarditis woedel and the murine sepsis model (See
Examples 11-30).

£xample 32: Combinations of §. dwreus Antigens Generate Antibedies in

Non-Human Primates That Enhance Killing of 8. Axreus Strain

Pfes-1.
{6318] Enbanced efficacy, as measured using the OPA assay, was observed using

combinations of antigens, A non-human primate stady was conducted where
groups of 3- 13 monkeys were mmunuized with multi-component vaceines,
Aniroals received a single dose of vaceine and OPA titers were monitored at day 0
and two weeks post vaccination. OPA titers were defined as the ditution of serum
vequired to kill 30% of S, avrews Strain PeS-1 in an OPA assay. Enhanced
activity was seen for a combination of 4 antigens compared o a 3-antigen vaceine

formutation (p=0.0272; Figure 18).
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What is Claimed is:

1. An immunogenic polysaccharide-protein conjugate comprising a Staphylococcus aureus
capsular polysaccharide conjugated to a carrier protein, wherein the polysaccharide has a molecular

weight of between 70 kDa and 800 kDa or between 70 kDa and 300 kDa.

2. The immunogenic conjugate of claim 1, wherein the immunogenic conjugate has a

molecular weight of between 200 kDa and 5000 kDa or between 500 kDa and 2500 kDa.

3. The immunogenic polysaccharide-protein conjugate of claim 1 or 2, wherein the
cansular nolvsaccharide is a serotuyne § ar a serotune 8 cansular nolusarccharids
capsuiay polysaccharide Is a serolype > OF a serotype ¢ capsular polysaccharide,

4, The immunogenic conjugate of any one of claims 1-3, wherein the polysaccharide has a

degree of O-acetylation between 10-100%, between 50-100%, or between 75-100%.

5. The immunogenic conjugate of any one of claims 1-4, wherein the carrier protein is

CRMyg; O pneumolysin.

6. The immunogenic conjugate of claim 5, wherein the CRM197 is covalently linked to the

polysaccharide through a carbamate linkage, an amide linkage, or both.

7. The immunogenic conjugate of claim 5 or 6, wherein the molar ratio of conjugated

lysines to CRM197 is about 10:1 to about 25:1.

8. The immunogenic conjugate of claim 7, wherein at least one covalent linkage between
CRM197 and polysaccharide occurs at least at every 5 to 10 saccharide repeat units of the

polysaccharide or every 5 saccharide repeat units of the polysaccharide.

9. The immunogenic conjugate of any one of claims 5-8, wherein the CRM197 comprises 5

to 25, 5 to 20, or 10 to 25 lysines covalently linked to the polysaccharide.

10. An immunogenic composition comprising the immunogenic conjugate of any one of

claims 1-9 and a pharmaceutically acceptable carrier.

11. An immunogenic composition comprising the immunogenic conjugate of any one of

claims 1-9 and at least one component selected from the group consisting of an isolated S. qureus
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clumping factor A (CIfA) polypeptide, an isolated S. aureus clumping factor B {CIfB) polypeptide, and an

isolated S. aureus manganese transporter protein C {MntC).

12. The immunogenic composition of claim 11, wherein the at least one component is an

isolated S. aureus CIfA polypeptide.

13. The immunogenic composition of claim 12, which further comprises an isolated S.

aureus MntC protein,

14, The immunogenic composition of claim 11 or 13, wherein the S. aureus MntC protein is

a lipidated or a non-lipidated protein.

15. The immunogenic composition of any one of claims 11-14, wherein the CIfA polypeptide
is a polypeptide fragment selected from the group consisting of a fibrinogen binding domain; N1, N2,

and N3 domains; and N2 and N3 domains of CIfA.

16. The immunogenic composition of any one of claims 11-15, wherein the CIfA polypeptide

binds to fibrinogen at a reduced level compared to binding observed to fibrinogen with native ClIfA.

17. The immunogenic composition of any one of claims 11-16, wherein the CIfA polypeptide

has an amino acid substitution at one or more of Tyr 338, Tyr 256, Pro 336, Lys 389, Ala 254 or ile 387.

18. The immunogenic composition of claim 17, wherein the amino acid substitution is to Ala
or Ser.

19. The immunogenic composition of claim 18, wherein the Tyr 338 is substituted to Ala.

20. The immunogenic composition of any one of claims 10 or 15-19, wherein the CIfB

polypeptide is a polypeptide fragment selected from the group consisting of a fibrinogen binding

domain; N1, N2, and N3 domains; and N2 and N3 domains of CIfB.

21. The immunogenic composition of any one of claims 10-20, wherein the immunogenic
composition comprises less than 30% or less than 20% free type 5 or 8 polysaccharide compared to the

total amount of type 5 or 8 polysaccharide.

22. The immunogenic composition of any one of claims 10-21, further comprising an
antigen selected from the group consisting of Opp3a, DItD, HtsA, LtaS, IsdA, 1sdB, 1sdC, SdrC, SdrD, SdrE,
SdrF, SdrG, SdrH, SrtA, SpA, Sbi, FmtB, alpha-hemolysin (hia), beta-hemolysin, fibronectin-binding
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protein A (fnbA), fibronectin-binding protein B (fnbB), coagulase, Fig, map, Panton-Valentine leukocidin
{pvl), alpha-toxin and its variants, gamma toxin (hlg) and variants, ica, immunodominant ABC
transporter, Mg2+ transporter, Ni ABC transporter, RAP, autolysin, laminin receptors, IsaA/PisA,
IsaB/PisB , SPOMIE, SsaA, EbpS, Sas A, SasF, SasH, EFB (FIB), SBI, Npase, EBP, bone sialo binding protein Il,
aureolysin precursor {AUR}/Sepp1, Cna, and fragments thereof such as M55, TSST-1, mecA, poly-N-
acetylglucosamine (PNAG/dPNAG) exopolysaccharide, GehD, EbhA, EbhB, SSP-1, SSP-2, HBP, vitronectin

binding protein, HarA, EsxA, EsxB, Enterotoxin A, Enterotoxin B, Enterotoxin C1, and novel autolysin.

23. The immunogenic composition of any one of claims 10-22, further comprising an

adjuvant.

24. The use of the immunogenic composition of any one of claims 10-23 in the manufacture

of a medicament for inducing an immune response against Staphylococcus aureus in a subject.

25. The use of claim 24, wherein the immune response prevents or reduces an infection,

disease, condition, or at least one symptom associated with a staphylococcal organism in a subject.

26. The use of claim 34, wherein the infection, disease or condition is selected from the

group consisting of invasive Staphylococcus aureus disease, sepsis and carriage.

27. The use of any one of claims 24-26, wherein the immune response induced comprises

the generation of antibodies having opsonophagocytic activity (OPA) against S. gureus.

28. The use of the immunogenic composition of any one of claims 10-23 in the manufacture

of a medicament for conferring passive immunity to a subject.
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<110> ANDERSON, ANNALIESA
PAVLIAK, VILIAM

JANSEN,

KATHRIN

UTE

DODGE, INGRID LEA
BAKER, STEVEN MORRIS
NANRA, JASDEEP SINGH
MURPHY, ELLEN
GREEN, BRUCE ARTHUR
RUPPEN, MARK EDWARD
TIMOFEYEVA, YEKATERINA

<120>
<130>

<140>
<141>

<160>
<170>
<210>
<211>
<212>
<213>

<400> 1
atgaadaaat

131

1
927
DNA

ggtggtaaac
attttatatg
cctgttggtc
gacgctgacg
aaagccttag
gatgttaaac
gcatggttaa
gataacgaca
ttggaaaaat
gccatgatta
ggttatattt
attgagtttg
aaagcaatgg
gattcaatcg
attgaaactyg
<210> 2
<211> 309

<212> PRT
<213>

tagtaccttt
aaagcagtga
atatggctaa
aagatcctca
ttattttata
aacaggctgg
ctatctattt
gtttagataa
aaaaacataa
taaataatga
caagtgaagg
gggaaattaa
ttaaaaagca
aaagtttatc
gtaaagaagg

tacacggaag

PatentIn version 3.5

Staphylococcus aureus

attattagcc
taagtcaaat
aaatgttggt
tgaatatgaa
caacggatta
taaatcatta
aaacggtgaa
cggtattaaa
agcagattat
cagtaaagac
tgccttcaag
cactgaaaaa
caaattaaaa
tgaagaaacg
cactaaaggt

catgaaa

Staphylococcus aureus

sequence_listing
SEQUENCE LISTING

ttattacttc
ggcaaattaa
ggagacaacg
gttaaaccta
aatttagaga
aaagataaaa
gaaggcaaca
tacgtaaaaa
gaaaagcaag
aaatttaatg
tacttctcaa
caaggtacac
cacttattag
aagaaagata

gactcttact

Page 1

tagttgctgc
aagtagtaac
tcgatattca
aagatattaa
ctggtaacgg
aagttatcgc
aagataaaca
caattcaaca
gtaacaaata
acattccaaa
aacaatacgg
cagaacaaat
tagaaacaag
tctttggtga

acaaaatgat

IMMUNOGENIC COMPOSITIONS OF STAPHYLOCOCCUS AUREUS ANTIGENS
AM102183

atgtggtact
gacgaattca
tagtattgta
aaagttaact
ttggtttgaa
agtatcaaaa
agatccacac
aacatttatc
cattgctcaa
agaacaacgt
tattacacca
gagacaagct
tgttgataag
agtgtacaca

gaaatcaaat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
927



<400> 2

Met
1
Ala
Leu
val
Asp
65
Asp
Gly
Lys
Gly
Leu
145
ASp
TYr
Asn
Phe
Glu
225

Ile

Ser

Lys

cys

Lys

Gly

50

Pro

Ala

Trp

Lys

Glu

130

Asp

Asn

Ile

Asp

Lys

210

Ile

Glu

val

Lys

Gly

val

35

Gly

His

Asp

Phe

val

115

Glu

Asn

Asp

Ala

Ile

195

Tyr

Asn

Phe

Asp

Leu

Thr

20

val

Asp

Glu

val

Glu

100

Ile

Gly

Gly

Lys

Gln

180

Pro

Phe

Thr

val

Lys
260

val

Gly

Thr

Asn

Tyr

TIle

85

Lys

Ala

Asn

Ile

Lys

Leu

Lys

Ser

Glu

Lys

245

Lys

Pro

Gly

Thr

val

Glu

70

Leu

Ala

val

Lys

Lys

His

Glu

Glu

Lys

Lys

Lys

Ala

Leu

Lys

Asn

Asp

55

val

Tyr

Leu

Ser

ASp

Tyr

Lys

Lys

Gln

Gln

215

Gln

His

Met

Leu

Gln

Ser

40

Ile

Lys

Asn

Glu

Lys

Lys

val

Ala

Leu

200

Tyr

Gly

Lys

Glu

sequence_listing

Leu Ala Leu Leu Leu

Ser

25

Ile

His

Pro

Gly

GIn

105

Asp

Gln

Lys

Asp

Asn

185

Ala

Gly

Thr

Leu

ser
265

10

Ser

Leu

Ser

Lys

Leu

90

Ala

val

Asp

Thr

Tyr

170

Asn

Met

Ile

Pro

Lys
250

Asp

Tyr

Ile

Asp

75

Asn

Gly

Lys

Pro

Ile

155

Glu

Asp

Ile

Thr

Glu

235

His

Lys

Asp

val

60

Ile

Leu

Lys

Pro

His

140

Gln

Lys

ser

Thr

Pro

220

Gln

Leu

Leu Ser Glu

Page 2

ser

Met

45

Pro

Lys

Glu

Ser

Ile

125

Ala

Gln

GlIn

Lys

Ser

205

Gly

Met

Leu

Glu

Leu

AsSn

30

Ala

val

Lys

Thr

Leu

110

Tyr

Trp

Thr

Gly

Tyr

Arg

val

Thr
270

val

15

Gly

Lys

Gly

Leu

Gly

95

Lys

Leu

Leu

Phe

Asn

175

Lys

Gly

Ile

GIn

Glu

255

Lys

Ala

Lys

Asn

Gin

Thr

80

Asn

Asp

Asn

Ser

Ile

160

Lys

Phe

Ala

Trp

Ala

240

Thr

Lys



sequence_listing

Asp Ile Phe Gly Glu val Tyr Thr Asp Ser Ile Gly Lys Glu Gly Thr
275 280 285

Lys Gly Asp Ser Tyr Tyr Lys Met Met Lys Ser Asn ITe Glu Thr val
290 295 300

His Gly Ser Met Lys

305

<210> 3
<211> 927
<212> DNA

<213> Staphylococcus aureus

<400> 3
atgaaaaaat

ggtggtaaac
attttatatg
cctgttggic
gacgctgaca
aaagccttag
gatgttaaac
gcatggttaa
gataacgaca
ttggaaaaat
gccatgatta
ggttatattt
attgagtttg
aaagcaatgg
gattcaatcg
attgaaactg
<210> 4
<211> 309
<212> PRT
<213>
<400> 4

tagtaccttt
aaagcagtga
atatggctaa
aagatcctca
ttattttata
aacaggctgg
ctatctattt
gtttagataa
aaaaacataa
taaataatga
caagtgaadg
gggaaattaa
ttaaaaagca
aaagtttatc
gtaaagaagg

tacacggaag

attattagcc
taagtcaaat
aaatgttggt
tgaatatgaa
caacggatta
taaatcatta
aaacggtgaa
tggtattaaa
agcagattat
cagtaaagac
tgccttcaag
cactgaaaaa
caaattaaaa
tgaagaaacg
cactaaaggt

catgaaa

Staphylococcus aureus

Ttattacttc
ggcaaattaa
ggagacaacg
gttaaaccta
aatttagaga
aaagataaaa
gaaggcaaca
tacgtaaaaa
gaaaagcaag
aaatttaatg
tacttctcaa
caaggtacac
cacttattag
aagaaagata

gactcttatt

Met Lys Lys Leu val Pro Leu Leu Leu Ala Leu
1 5

Ala Cys Gly ggr Gly Gly Lys GlIn

ser ser Asp
5

tagttgctge
aagtagtaac
tcgatattca
aagatattaa
ctggtaacgg
aagttatcgc
aagataaaca
caattcaaca
gtaacaaata
acattccaaa
aacaatacgg
ctgaacaaat
tagaaacaag
tctttggtga

acaaaatgat

atgtggract
gacgaattca
tagtattgta
aaagttaact
ttggtttgaa
agtatcaaaa
agatccacac
aacatttatc
cattgctcaa
agaacaacgt
tattacacca
gagacaagct
tgttgataag
agtgtacaca

gaaatcaaat

Leu Leu Leu val Ala

15

Lys Ser Asn Gly Lys
30

Leu Lys gg? val Thr Thr Asn Ser Ile Leu Tyr Asp Egt Ala Lys Asn

40

Page 3



val

Asp

65

Asp

Gly

LysS

Gly

Leu

145

Asp

Tyr

Asn

Phe

Glu

225

Ile

ser

Asp

Lys

His
305

Gly

50

Pro

Ala

Trp

Lys

Glu

130

Asp

Asn

Ile

Asp

Lys

Ile

Glu

val

Ile

Gly Asp

His

Asp

AsSn

ASp

Ala

Ile

195

TYFr

Asn

Phe

Asp

Phe

275

Asp

Ser

Glu

Ile

Glu

100

Ile

Gly

Gly

Lys

Gln

180

Pro

Phe

Thr

val

Lys

260

Gly

Ser

Met

Asn

Tyr

Ile

85

Lys

Ala

Asn

Ile

Lys

Leu

Lys

Ser

Glu

LysS

245

Lys

Glu

Tyr

Lys

val

Glu

70

Leu

Ala

val

Lys

Glu

Glu

Lys

Lys

230

Lys

Ala

val

Tyr

Asp

55

val

Tyr

Leu

Ser

Tyr

Lys

Lys

Gln

GlIn

215

Gln

His

Met

Tyr

Lys
295

Ile

Lys

Asn

val

Ala

Leu

200

Tyr

Gly

Lys

Glu

Thr

280

Met

sequence_Tlisting

His

Pro

Gly

Gln

105

Asp

Gln

Lys

Asp

Asn

185

Ala

Gly

Thr

Leu

ser

265

Asp

Met

Ser Ile

LYyS Asp
75

Leu Asn
90

Ala Gly

val Lys

Asp Pro

Thr Ile

155
Tyr Glu
170
Asn Asp
Met Ile
ITe Thr
Pro Glu

235

Lys His
250
Leu Ser

ser Ile

Lys Ser

Page 4

val

60

Ile

Leu

Lys

Pro

His

140

Gln

Lys

ser

Thr

Pro

220

GIn

Leu

Glu

Gly

Asn
300

Pro

Lys

Glu

Ser

=t
NI
(9270

Gin

Gln

Lys

Ser

205

Gly

Met

Leu

Glu

Lys

Ile

val

Lys

Thr

Leu

110

Tyr

Trp

Thr

Gly

Tyr

Arg

val

Thr

270

Glu

Glu

Gly

Leu

Gly

95

Lys

Leu

Leu

Phe

Asn

175

Lys

Gly

Ile

GIn

Glu

255

Lys

Gly

Thr

Gln

Thr

80

Asn

Asp

Asn

Ser

Ile

160

LyS

Phe

Trp

Ala

240

Thr

Lys

Thr

val



<210> 5

<211> 936
<212> DNA
<213>

<400> 5
atgaaaaaat

ggtggtaaac
attttatatg
cctgttggte
gacgctgacg
aaagccttag
gatgttaaac
gcatggttaa
gataacgaca
ttggaaaaat
gaacaacgtg
attacaccag
agacaagcta
gttgataaga
gtgtacacag
aaatcaaata
<210> 6

175 prt
<213>
<400> 6

Met Lys
1

Ala Cys

Leu Lys
35

val Gly Gly Asp Asn val ggp

50

Asp Pro
65

Asp Ala

tagtaccttt
aaagcagtga
atatggctaa
aagatcctca
ttattttata
aacaggctgg
ctatctattt
gtttagataa
aaaaacataa
taaataatga
ccatgattac
gttatatttg
ttgagtttgt
aagcaatgga
attcaatcgg

ttgaaactgt

Lys Leu ¥a1 Pro Leu
Gly Thr Gly Gly Lys
20

val val Thr Thr Asn

His Glu Tyr Glu val

Staphylococcus aureus

attattagcc
taagtcaaat
aaatgttggt
tgaatatgaa
caacggatta
taaatcatta
aaacggtgaa
cggtattaaa
agcagattat
cagtaaagac
aagtgaaggt
ggaaattaac
taaaaagcac
aagtttatct
taaagaaggc

acacggaagc

Staphylococcus aureus

Leu

Glin

Ser

40

Ile

Lys

70

Asp val Ile Leu Tyr

Asn

sequence_listing

ttattacttc
ggcaaattaa
ggagacaacg
gttaaaccta
aatttagaga
aaagataaaa
gaaggcaaca
tacgtaaaaa
gaaaagcaag
agtaaagaca
gccttcaagt
actgaaaaac
aaattaaaac
gaagaaacga
actaaaggtg

atgaaa

Leu Ala Leu
10

Ser ser Asp
25

ITe Leu Tyr
His Ser Ile

Pro Lys Asp
75

Gly Leu Asn

Page 5

tagttgctgc
aagtagtaac
tcgatattca
aagatattaa
ctggtaacgg
aagttatcgc
aagataaaca
caattcaaca
gtaacaaata
aatttaatga
acttctcaaa
aaggtacacc
acttattagt
agaaagatat

actcttacta

Leu Leu Leu

Lys Ser Asn

30

Met Ala

45

Asp

val val

60

Pro

Ile Lys Lys

Leu Glu Thr

atgtggtact
gacgaattca
tagtattgta
aaagttaact
ttggtttgaa
agtatcaaaa
agatccacac
aacatttatc
cattgctcaa
cattccaaaa
acaatacggt
tgaacaaatyg
agaaacaagt
ctttggtgaa

caaaatgatg

val Ala
15

Gly Lys

Lys Asn

Gly GlIn

Leu Thr

80

Gly Asn

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
936



sequence_listing
85 90 95

Gly Trp Phe Glu Lys Ala teu Glu GlIn Ala Gly Lys Ser Leu Lys Asp
100 105 110

Lys Lys val Ile Ala val Ser Lys Asp val Lys Pro Ile Tyr Leu Asn
115 120 125

Gly Glu Glu Gly Asn Lys Asp LyS GIn Asp Pro His Ala Trp Leu Ser
130 135 140

Leu Asp Asn Gly ITe Lys Tyr val Lys Thr Ile GIn Gln Thr Phe Ile

3
P
]

1>
%]
]
1>
%]
J>
{1
Ko
-
[Tal
[B]
r-
3
9]
1>
£
I>
')
]
(9]
(2]
a
21
-
«
w

Tyr ITe Ala GIn Leu Glu Lys Leu Asn Asn Asp Ser Lys Asp Ser Lys
180 185 190

Asp Lys Phe Asn Asp Ile Pro Lys Glu GIn Arg Ala Met ITe Thr Ser
195 200 205

Glu Gly Ala Phe Lys Tyr Phe Ser Lys GIn Tyr Gly Ile Thr Pro Gly
210 215 220

Tyr ITe Trp Glu Ile Asn Thr Glu Lys Gln Gly Thr Pro Glu Gln Met
225 230 235 240

Arg GIn Ala Ile Glu Phe val Lys Lys His Lys Leu Lys His Leu Leu
245 250 255

val Glu Thr Ser val Asp Lys Lys Ala Met Glu Ser Leu Ser Glu Glu
260 265 270

Thr Lys Lys Asp Ile Phe Gly Glu val Tyr Thr Asp Ser Ile Gly Lys
275 280 285

Glu Gly Thr Lys Gly Asp Ser Tyr Tyr Lys Met Met Lys Ser Asn Ile

290 295 300
Glu Thr val His Gly Ser Met Lys
305 310
<210> 7
<211> 927
<212> DNA
<213> sStaphylococcus aureus
<400> 7
atgaaaaaat tagtaccttt attattagcce ttattacttt tagttgctgc atgtggtact 60
ggtggtaaac aaagcagtga taagtcaaat ggcaaactaa aagtagtaac gacgaattca 120

Page 6




attttatatg
cctgttggtc
gacgctgacg
aaagccttag
gatgttaaac
gcatggttaa
gataacgaca
ttggaaaaat
gccatgatta
ggttatattt
attgagtttg
aaagcaatgg
gattcaatcg
attgatactg
<210>
<211>
<212>
<213>
<400> 8

8
309
PRT

get Lys Lys Leu val Pro Leu

Ala Cys Gly

val
35

Leu Lys

val Gly

50

Gly

Asp Pro His

65

Asp Ala Asp

Gly Trp Phe

val
115

LYS LysS

atatggctaa
aagatcctca
ttattttata
aacaggctgg
ctatctattt
gtttagataa
aaaaacataa
taaataatga

caagtgaagg

ttaaaaaaca
aaagtttatc
gtaaagaagg

tacacggaag

5

Thr
20

Gly
val Thr
Asp Asn
Glu

Tyr

Ile
85

val

Glu
100

Lys

Ile Ala

Gly

Thr

val

Glu

70

Leu

Ala

val

aaatgttggt
tgaatatgaa
caacggatta
taaatcatta
aaacggtgaa
cggtattaaa
agcagattat
cagtaaagac
tgccttcaaa
caCtgaaaaa
Caaattaaaa
tgaagaaacg
cactaaaggt

catgaaa

Staphylococcus aureus

Leu
Gln

Lys

ser
40

Asn

Asp Ile

55

val Lys

Tyr Asn
Glu

Leu

Ser Lys

l.eu

Ser

25

Ile

His

Pro

Gly

Gln

105

Asp

sequence_listing

ggagacaacyg
gttaaaccta
aatttagaga
aaagataaaa
gaaggcaaca
tacgtaaaaa
gaaaagcaag
aaatttaatg
tacttctcaa
caaggtacac
cacttattag
aagaaagata

gactcttact

Ala
10

Leu

Ser Asp

Leu Tyr

Ser Ile

Lys AsSp

75

Leu Asn

90

Ala Gly

val

Lys

pPage 7

tcgatattca
aagatattaa
ctggtaacgg
aagttatcgc
aagataaaca
Caattcaaca
gtaacaaata
acattccaaa
aacaatacgg
cagaacaaat
tagaaacaag
tctttggtga

acaaaatgat

Leu Leu Leu

Lys Asn

30

Ser

Met Ala

45

Asp

val val

60

Pro

ITe Lys Lys

Leu Glu Thr

Ser Leu

110

Lys

Ile
125

Pro Tyr

tagtattgta
aaagttaact
ttggtttgaa
agtatcaaaa
agatccacac
aacatttatc
cattgctcaa
agaacaacgt
tattacacca
gagacaagct
tgttgataag
agtgtacaca

gaaatcaaat

val
15

Ala
Gly Lys
LysS Asnh

Gly Gln

Thr
80

Leu

Gly Asn
95

Lys Asp

Leu Asn




Glu Glu

130

Gly

Leu Asn

145

Asp

ASp Asn Asp

Tyr Ile Ala

Ile
195

Asn Asp

Phe Lys

210

Tyr

Glu Ile

225

Asn

Ile Giu Phe

Sser val Asp

Phe
275

Asp Ile

Lys Gly

290

ASp

His Ser

305

Gly

<210> 9

<211> 927
<212> DNA
<213>

<400> 9
atgaaaaaat

gatggtaaac
attttatatg
cctgttggtc
gacgctgacg
aaagccttag

gatgttaaac

Gly Asn

Gly Ile

Lys

Lys

Asp Lys

Tyr val

150

Lys Lys

165

Gin
180

Leu
Pro Lys
pPhe

Ser

Thr Glu

His

Glu

Glu

Lys

Lys

Lys Ala

Lys Leu

Gin Arg

200

Gln

Tyr
215

Gin Gly

230

val Lys

245

LyS Lys

Gly Glu

ser Tyr

Met Lys

tagtaccttt
aaagcagtga
atatggctaa
aagatcctca
ttattttata
aacaggctgg
ctatctattt

Lys

Ala

val

Tyr

His Lys

Glu

Met

Thr
280

Tyr

Met
295

Staphylococcus aureus

attattagcc
taagtcaaat
aaatgttggt
tgaatatgaa
caacggatta
taaatcatta

aaacggtgaa

sequence_T1isting

Gln Asp Pro

Ile
155

Lys Thr

Asp Tyr Glu

Asn Asn

185

ASp

Ala Met Ile

Gly Ile Thr

Glu
235

Thr Pro

Leu Lys His

250

ser
265

Leu Ser

Asp Ser Ile

Met Lys Ser

ttattacttc
ggcaaattaa
ggagacaacg
gttaaaccta
aatttagaga
aaagataaaa

gaaggcaaca

Page 8

His Ala
140

Trp

Gin GIn Thr

Lys Gln Gly

Ser Lys Asp

Thr Ser Glu

205

Pro
220

Gly Tyr

Gln Met Arg

Leu Leu val

Thr
270

Glu Glu

Gly Lys Glu

285

Asn Ile

300

Asp

tagttgctgce
aagtagtaac
tcgatattca
aagatattaa
ctggtaacgg
aagttatcgc

aagataaaca

Leu Ser

Ile
160

Phe

Asn
175

Lys

Lys Phe

Gly Ala

Ile Trp

Gin Ala

240

Glu Thr

255

Lys Lys

Gly Thr

Thr val

atgtggtact
gacgaattca
tagtattgta
aaagttaact
ttggtttgaa
agtatcaaaa

agatccacac

60
120
180
240
300
360
420



gcatggttaa
gataacgaca
ttggaaaaat
gccatgatta
ggttatattt
attgagtttg
aaagcaatgg
gattcaatcg
attgaaactg
10
309
PRT

<210>
<211>
<212>
<213>

<400> 10

gtttagataa
aaaaacataa
taaataatga
caagtgaagg
gggaaattaa
ttaaaaagca
aaagtttatc
gtaaagaagg

tacacggaag

sequence_listing
cggtattaaa tacgtaaaaa caattcaaca

agcagattat gaaaagcaag

cagtaaagac
tgccttcaag
cactgaaaaa
caaattaaaa
tgaagaaacg

cactaaaggt

catgaaa

Staphylococcus aureus

Met Lys Lys Leu val Pro Leu
1

Ala

Leu

val

Asp

65

Asp

Lys
Gly
Leu
145

Asp

Cys

Lys

Gly

50

Pro

Ala

Trp

LysS

Glu

130

Asp

Asn

Gly

val

35

Gly

His

Asp

Phe

val

115

Glu

Asnh

Asp

Thr

20

val

ASp

Glu

val

Glu

100

Ile

Gly

Gly

Lys

5

ASD

Thr

Asn

Tyr

Ile

85

Lys

Ala

Asn

Ile

Lys
165

Gly Lys

Thr Asn

val Asp

55

Glu val

70

Leu Tyr

Ala Leu
val Ser
Lys Asp

Tyr

Lys

Leu

Gln

ser

40

Ile

Lys

Asn

Glu

Lys

Lys

val

Ala

aaatttaatg

tacttctcaa

caaggtacac

cacttattag

aagaaagata

gactcttact

Leu

Ser

25

Ile

His

Pro

Gly

GIn

105

Asp

GIn

Lys

AsSp

Ala

10

Ser

Leu

Ser

Lys

Leu

90

Ala

val

Asp

Thr

TYyr
170

Page 9

Leu

Asp

Tyr

Ile

Asp

75

Asn

Gly

Lys

Pro

Ile

155

Glu

gtaacaaata
acattccaaa
aacaatacgg
ctgaacaaat
tagaaacaag
tctttggtga

acaaaatgat

aacatttatc
cattgctcaa
agaacaacgt
tattacacca
gagacaagct
tgttgataag
agtgtacaca

gaaatcaaat

Leu

Lys

Asp

val

60

Ile

Leu

Lys

Pro

His

140

Gln

Lys

Leu

Ser

Met

45

Pro

Lys

Glu

Ser

Ile

125

Ala

GlIn

Gln

Leu

Asn

30

Ala

val

Lys

Thr

Leu

110

Tyr

Trp

Thr

Gly

val

15

Gly

Lys

Gly

Leu

Gly

95

Lys

Leu

Leu

Phe

Asn
175

Ala

Lys

Asn

GIn

Thr

80

Asn

Asp

Asn

Ser

Ile

160

Lys

480
540
600
660
720
780
840
900
927



Tyr ITe Ala

Asn Ile

195

Asp

Phe Tyr

Lys
210

Glu 1le

225

Asn

Ile Glu Phe

Ser val Asp

Phe
275

Asp Ile

Lys Gly

ASD
290

His
305

Gly ser

<210>
<211>
<212>
<213>

<400> 11
atgaaaaaat

11
927
DNA

ggtggtaaac
attttatatg
cctgttggtce
gacgctgacg
aaagccttag
gatgttaaac
gcatggttaa
gataacgaca
ttggaaaaat
gccatgatta
ggttatattt

attgagtttg

Gln
180

Leu
Pro Lys
Phe

Ser

Thr Glu

Glu

Glu

Lys

Lys

Lys Leu

GIn
200

Gln
215

Tyr

Gln Gly

230

val

Lys Lys

Gly Glu

ser Tyr

Met Lys

tagtaccttt
aaagcagtga
atatggctaa
aagatcctca
ttattttata
aacaggctgg
ctatctattt
gtttagataa
aaaaacataa
taaataatga
caagtgaagg
gggaaattaa

ttaaaaagca

Lys

Ala

val

Tyr

His LyS

Glu

Met

Thr
280

Tyr

Lys Met

295

Staphyloecoccus aureus

attattagcc
taagtcaaat
aaatgttggt
tgaatatgaa
caacggatta
taaatcatta
aaacggtgaa
cggtattaaa
agcatattat
cagtaaagac
tgccttcaag
cactgaaaaa

caaattaaaa

sequence_listing

AsSn Asn Asp
185

Ala Met Ile

Gly Ile Thr

Thr Pro Glu

Leu Lys His

Ser
265

Leu Ser

Asp Ser Ile

Met Lys Ser

tTtattacttc
ggcaaattaa
ggagacaacg
gttaaaccta
aatttagaga
aaagataaaa
gaaggcaaca
tacgtaaaaa
gaaaagcaag
aaatttaatg
tacttctcaa
caaggtacac

cacttattag

Ser Lys Asp

190

Thr Ser Glu

205

Pro
220

Gly Tyr

Gln Met Arg

Leu Leu val

Thr
270

Glu Glu

Gly Lys Glu

Asn Ile Glu

300

tagttgctge
aagtagtaac
tcgatattca
aagatattaa
ctggtaacgg
aagttatcgc
aagataaaca
caattcaaca
gtaacaaata
acattccaaa
aacaatacgg
ctgaacaaat

tagaaacaag

Page 10

Lys Phe

Gly Ala
Ile

Trp

Ala
240

GlIn

Glu Thr

255

Lys Lys

Gly Thr

Thr val

atgtggtact
gacgaattca
tagtattgta
aaagttaact
ttggtttgaa
agtatcaaaa
agatccacac
aacatttatc
cattgctcaa
agaacaacgt
tattacacca
gagacaagct

tgttgataag

60
120
180
240
300
360
420
480
540
600
660
720
780




sequence_listing
aaagcaatgg aaagtttatc tgaagaaacg aagaaagata tctttggtga agtgtacaca 840
gattcaatcg gtaaagaagg cactaaaggt gactcttact acaaaatgat gaaatcaaat 900

attgatactg tacacggaag catgaaa 927

<210> 12
<211> 309
<212> PRT
<213> Staphylococcus aureus

<400> 12
Tet Lys Lys Leu ¥a1 Pro Leu Leu Leu ﬁga Leu Leu Leu Leu Xg? Ala

Ala Cys Gly Thr Gly Gly Lys GIn Ser Ser Asp Lys Ser Asn Gly Lys
20 25 30

Leu Lys ¥g1 val Thr Thr Asn Ser Ile Leu Tyr Asp Met Ala Lys Asn
40 45

val Gly Gly Asp Asn val Asp Ile His Ser ITe val Pro val Gly Gln
50 55 60

Asp Pro His Glu Tyr Glu val Lys Pro Lys Asp Ile Lys Lys Leu Thr
65 70 75 80

Asp Ala Asp val é}e Leu Tyr Asn Gly ggu Asn Leu Glu Thr g}y Asn

Gly Trp Phe Glu Lys Ala Leu Glu GIn Ala Gly Lys Ser Leu Lys Asp
100 105 110

Lys Lys val Ile Ala val Ser Lys Asp val Lys Pro Ile Tyr teu Asn
115 120 125

Gly Glu Glu Gly Asn Lys Asp Lys GIn Asp Pro His Ala Trp Leu Ser
130 135 140

Leu Asp Asn Gly ITe Lys Tyr val Lys Thr Ile GIn GIn Thr Phe Ile
145 150 155 160

Asp Asn Asp Lys Lys His Lys Ala Tyr Tyr Glu Lys GIn Gly Asn Lys
165 170 175

Tyr Ile Ala Gln Leu Glu Lys Leu Asn Asn Asp Ser Lys Asp Lys Phe
180 185 190

Asn Asp Ile Pro Lys Glu GIn Arg Ala Met Ile Thr Ser Glu Gly Ala
195 200 205

Phe Lys Tyr Phe Ser Lys Gln Tyr Gly Ile Thr Pro Gly Tyr ITe Trp
210 215 220
Page 11



Glu Ile

225

Asn

Ile Glu Phe

Ser val Asp

Phe
275

Asp Ile

Lys ASp

N
O

His Ser

305

Gly

<210>
<211>
<212>
<213>

<400> 13
atgaaaaaat

13
927
DNA

ggtggtaaac
attttatatg
cctgttyggte
gacgctgacg
daagccttag
gatgttaaac
gcatggttaa
gataacgaca
ttggaaaaat
gccatgatta
ggttatattt
attgagtttg
aaagcaatgg
gattcaatcg
attgatactg
<210> 14

<211> 309
<212> PRT

Thr Glu

Lys

Gin Gly

230

val

Lys

Glu

ser Tyr

Met Lys

tagtaccttt
aaagcagtga
atatggctaa
aagatcctca
ttattttata
aacaggctgg
ctatctattt
gtttagataa
aaaaacataa
taaataatga
caagtgaagg
gggaaattaa
ttaaaaagca
aaagtttatc
gtaaagaagg

tacacggaag

Lys

Ala

val

Tyr

His Lys

Met Glu

Thr
280

Tyr

Met

N
W

i

Staphylococcus aureus

attattagcce
taagtcaaat
aaatgttggt
tgaatatgaa
caacggatta
taaatcatta
aaacggtgaa
cggtattaaa
agcagattat
cagtaaagac
tgccttcaag
cactgaaaaa
caaattaaaa
tgaagaaacg
cactaaaggt

catgaaa

sequence_listing

Thr Pro Glu
235

Leu His

ser Ser

265

Asp Ser Ile

Met Lys Ser

ttattacttc
ggcaaattaa
ggagacaacg
gttaaaccta
aatttagaga
aaagataaaa
gaaggcaaca
tacgtaaaaa
gaaaagcaag
daatttaatg
tacttctcaa
caaggtacac
cacttattag
aagaaagata

gactcttact

Gln Met Arg

val

Leu Leu

Thr
270

Glu Glu

Gly Lys Glu

285

Asn Ile
DAN
UV

ASp

tagttgctgce
aagtagtaac
tcgatattca
aagatattaa
ctggtaacgg
aagttatcgc
aagataaaca
caattcaaca
gtaacaaata
acrttccaaa
aacaatacgg
ctgaacaaat
tagaaacaag
tctttggtga

acaaaatgat

Page 12

Gln Ala

240

Glu Thr

255

Lys Lys

Gly Thr

Thr val

atgtggtact
gacgaattca
tagtattgta
aaagttaact
ttggtttgaa
agtatcaaaa
agatccacac
dacatttatc
cattgctcaa
agaacaacgt
tattacacca
gagacaagct
tgttgataag
agtgtacaca

gaaatcaaat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
927




<213> Staphylococcus aureus

<220>

<221> MOD_RES

<222> (195)..(195)
<223> Any amino acid

<400> 14
Met Lys Lys Leu val Pro Leu
1 5

Ala Cys Gly ggr Gly Gly Lys

Leu Lys ga] val Thr Thr Asn
5

val Gly Gly Asp Asn val Asp
50 55

Asp Pro His Glu Tyr Glu val
65 70

Asp Ala Asp val §1e Leu Tyr
5

Gly Trp Phe Glu Lys Ala Leu
100

Lys Lys val Ile Ala val Sser
115

Gly Glu Glu Gly Asn Lys Asp
130 135

Leu Asp Asn Gly Ile Lys Tyr
145 150

Asp Asn Asp Lys Lys His Lys
165

Tyr 1le Ala GlIn Leu Glu Lys
180

Asn Asp Xaa Pro Lys Glu Gln
195

Phe Lys Tyr Phe Ser Lys GlIn
210 215

Glu ITe Asn Thr Glu Lys Gln
225 230

Leu

GlIn

ser

40

Lys

Asn

Glu

Lys

120

Lys

val

Ala

Leu

Arg

Tyr

Gly

sequence_listing

Leu

ser

25

Ile

His

Pro

Gly

Gln

105

Asp

Gln

Lys

Asp

AsSn

185

Ala

Gly

Thr

Ala

10

Ser

Leu

Ser

Lys

Leu

90

Ala

val

ASD

Thr

Tyr

170

Asn

Met

Ile

Pro

Leu

Asp

Tyr

Ile

ASP

75

Asn

Gly

Lys

Pro

Ile

155

Glu

AsSp

Ile

Thr

Glu
235

Leu

Lys

Asp

val

60

Ile

Leu

Lys

Pro

His

140

Gln

Lys

ser

Thr

Pro

220

Gln

Page 13

Leu

ser

Met

45

Pro

Lys

Glu

Ser

Ile

125

Ala

GlIn

Gln

Lys

Ser

205

Gly

Met

Leu

Asn

30

Ala

val

Lys

Thr

Leu

110

Tyr

Trp

Thr

Gly

TYr

Arg

val

15

Gly

Lys

Gly

Leu

Gly

95

LyS

Leu

Leu

Phe

Asn

175

Lys

Gly

Ile

Gln

Lys

Asn

Gln

Thr

80

Asn

Asp

Asn

Ser

Ile

160

Lys

Phe

Trp

Ala
240




Ile Glu Phe

ser val Asp

Asp Ile Phe
275

Lys Gly Asp
290

His Gly Ser
305

<210>
<211>
<212>
<213>

<400> 15
ttgaaaaaaa

15
1626
DNA

acagtaggta
caagcacaag
gcagattccg
acatctgata
tctacacaaa
ccgacggcaa
gaagcaaatt
agtgagctta
aatgcgcaag
actgaacctg
gcaagtgatt
atggcggcaa
ttaccagata
ccaattgcag
ttgactaaga
ggacaatttt
gatgcaaata
tcaccaattg
gtagatacag
cgagttttag

val Lys Lys His Lys Leu Lys

245

Lys Lys Ala Met Glu Ser Leu
265

260

Gly Glu val Tyr Thr Asp Ser

Ser Tyr Tyr Lys Met Met Lys
295

Met Lys

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaagatca
ctcaagtaga
aaaatcctca
gaactagtaa
tagtaaatgc
tcaagttaga
attttaaagt
gtgtaactgg
atattaaaag
cgtatacatt
cattaccatt
ttaatattge
caggaattga
cttcaggtca
gtaatacgtg

280

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tacgatagaa
cacaaacagt
cactacaaca
agcaactgct
taataaaaca
aacattagat
accaagtgtt
tgctgatgct
aaagactaca
ggcagggaaa
taatggagat
tacgaatggc
tgtctttaca
atttacagac
ggatgaaatg
taagccaaat
aaacacatac

ggtgtatatt

sequence_listing

250

Ser

Ile

Ser

aagcagaata
gcaacgatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagctt
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa
tttgacccta
gtgaaatcag
gtggattact
gatgttgtag
gattatgtaa
agagcaaagg
tttaataata
ggcgcgaaca
aagcaaacgg

aaaggttacc

His Leu Leu val Glu Thr

255

Glu Glu Thr Lys Lys
270

Gly Lys Glu Gly Thr

285

Asn ITe Asp Thr val

300

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacagc
caacaaatga
aagatcaaac
ctaatagcat
catcaccaca
ctgtacgtag
atgtaaatgg
accaaagtgg
gggattattt
ctaactcgaa
ctaaagcaac
atgataaaga
cacctaaatc
aaattactta
tttcttctca
tatttgttaa

aagataaaat

Page 14

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcac
tgttcctcaa
agcaacaaac
aacgatttcc
tcttgcagtt
tcaagttacg
taacacattt
tacagcgaag
taatacgatg
atatgatatc
aaatattaac
aggaacatat
taactatagt
aattattggt
ccctaagcaa

cgaagaaagt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260



agcggtaaag
aaattatcag
caatttaaag
ataaataaaa
aaaacacagg
ggttggaata
gtaaat
<210>
<211>
<212>
<213>

<400>

16
542
PRT

16

Leu Lys Lys Arg Ile Asp Tyr
1 5

Ile Arg Arg

Phe
35

ITe Leu

Asn Asp Thr

50

LyS Asn Asn

65

Thr Ser Asp

Ala Lys Pro

Thr
115

Ala Ser

Ala Ala

130

Thr

Gln val

145

AsSp

Ser Glu Leu

Gin Thr Ile

taagtgctac
atagctacta
ataaaatttc
cgtatgtegt
ttattcaaga
atgagaatgt

Phe Thr

20

Gly Ile

Thr G1n

Thr Ile

Ile Ser

85

Met
100

ser
Asn Glu
Met

Lys

Asn Lys

val

Gly

Ser

Glu

70

Ala

Thr

Thr

Gln

Thr

agatacaaaa
tgcagaccca
atacaaatac
tttagtcgaa
aaatattgac

tgtacgttat

Staphylococcus aureus

Leu
Thr

Gly

His
40

AsSn

ser
55

Lys
Thr Pro
Asn Thr
Thr

Gln

His
120

Pro

Gln

Asn

150

Asn
165

Lys

Ser Asn

180

Pro

Ala

Gln Thr

Gln Gly

sequence_listing

ctgagaattt
aatgactcta
gataacgtag
ggtcattatg
ccagcgacag

ggaggcggaa

ASh
10

ser Lys

Thr val

25

Ser

Gln Ala GIn

Ash Asn Ala

Gin Leu Asn

75

Asn Ser Ala

90

Ser Asn Thr

105

Pro Thr Ala

Thr val Pro

Asp Ala Asn

155

Leu Asp

170

Leu

Thr
185

Ser Lys

ttgaagtgaa
accttaaaga
caagtattaa
ataatactgg

gtaaagatta

gtgctgatgg

GIn Asn Lys

ITe val Gly

30

Ala Ser Glu

45

Ser Ala

60

Asp

Thr Thr Ala

Asn val Asp

Thr
110

Thr Thr

Ile Asp

GlIn Ala

140

ser Ile Ala

Pro Gin ser

val
180

Pro Ser

Page 15

tgatacatct
agtaactgat
ttttggtgat
taaaaacttg
cagtattttc

tgattcagca

Tyr Ser

15

Ala Thr

Gln Ser

Ser Glu

Asn Asp

80

Ser Thr

95

Glu Pro

GIn Ala

Asn Ser

Thr Asn

160

ser
175

Pro

Arg Thr

1320
1380
1440
1500
1560
1620
1626




Arg

ASp

Phe

Tyr

Asn

Tyr

305

Gly

Ser

Asn

Pro

ser

385

Arg

Ile

Ile

Asp

Ala

Ala

210

Leu

Ala

Thr

Ser

Gly

Thr

Gln

Gly

Lys

Asn

370

Gly

val

Glu

Phe

Pro
450

val

195

Lys

Glu

Ala

Ala

Asn

275

Asp

Phe

Phe

Thr

Ile

355

Gly

GIn

Leu

Glu

Glu

Asn

Arg

Gly

Lys

Asn

val

val

Ser

Tyr

340

Thr

Ala

Asn

Gly

Ser

420

val

Asp

Ser

Thr

Thr

Phe

245

Leu

Asn

val

Phe

Leu

325

Asp

Tyr

Asn

Thr

Asn

405

Ser

Asn

Ser

Leu

Asn

Thr

230

Lys

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

Tyr

390

Thr

Gly

Asp

Asn

Ala

val

215

Phe

val

Asp

Thr

Lys

295

ASp

Leu

Asn

Tyr

ser

375

Lys

Trp

Lys

Thr

Leu
455

val

200

Asn

Asp

Ala

ser

Met

280

Ala

Tyr

Phe

Ile

Ser

360

ser

Gln

val

val

Ser

440

Lys

sequence_listing

Thr Glu Pro val

Gly

Pro

Thr

val

Thr

Asn

345

Ser

Gin

Thr

Tyr

ser

425

Lys

Glu

Gln

Asn

Lys

250

Thr

Ile

Tyr

Asn

330

Ile

Pro

Ile

val

Ile

410

Ala

Leu

val

val

GIn

235

val

Gly

Ala

Asp

315

Arg

Ala

Ile

Ile

Phe

395

Lys

Thr

ser

Thr

Thr

220

Ser

Lys

Asn

AsSp

Ile

300

Lys

Ala

Asp

Ala

Gly

val

Gly

Asp

Asp

Asp
460

Page 16

val

205

Ala

Gly

Ser

Gly

Ile

285

Leu

Glu

Lys

Glu

Gly

val

Asn

Tyr

Thr

Ser

445

GlIn

Asn

ser

Asn

Gly

rJ B>
1 W
O

Thr

Asn

Ala

Met

350

Ile

Asp

Pro

GlIn

Lys

Tyr

Phe

Ala

Asp

Thr

Asp

val

Ser

Lys

Ile

Pro

335

Phe

ASp

Thr

Lys

Asp

Leu

Tyr

Lys

Ala

Phe

Phe

240

Tyr

Asp

Thr

Thr

AsSn

320

Lys

AsSn

Lys

Ala

Gln

400

Lys

Arg

Asp



Lys Ile
465

Ser

Ile Asn Lys

Gly Lys Asn

Thr Gly Lys

515

Arg Tyr
530

Gly

<210>
<211>
<212>
<213>

<400> 17
ttgaaaaaaa

17
1626
DNA

acagtaggta
caagcacaag
gcagattccg
acatctgata
tctacacaaa
ccgacggcaa
gaagcaaatt
agtgagctta
aatgcgcaag
gctgaacctg
gcaagtgatt
atggcggcaa
ttaccagata
ccaattgcag
ttgactaaga
ggacaatttt
gatgcaaata
tcgccaattg
gtagatacag

Tyr Lys

Thr Tyr

485

Leu
500

Lys
Asp Tyr

Gly

Tyr Asp Asn

470

val val Leu

val

Thr Gln

Phe
520

Ser Ile

Ser Ala

Gly

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaagatca
ctcaagtaga
aaaatcctca
gaactagtaa
tagtaaatgc
tcaagttaga
attttaaagt
gtgtaactgg
acattaaaag
cgtatacatt
cattaccttt
Ttaatattgc
caggaattga

cttcaggtca

Asp
535

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tacgatagaa
cacaaacagt
cactacaaca
agcaactgct
‘taataaaaca
aacattagat
accaagtgtt
tgctgatgcect
aaagactgca
gactggacaa
taatggagac
tacgaatggc
tgtctttaca
atttacagac
ggatgaaatg
taagccaaat

aaacacatac

sequence_listing

val Ala Ser
475

val Glu Gly
490

ITe GIn Glu
505

Gly Trp Asn

Gly Asp Ser

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagett
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa
tttgacccta
gtgaaatcag
gtggattact
gatgttgtag
gattatgtaa
cgagcaaagg
tttgataata
ggcgcgaaca

aagcaaacgg

Ile Asn

His Tyr

Asn Ile

Asn Glu

525

Ala val

Phe Gly Asp
480

Asp Ash Thr
495

Asp Pro Ala
510

Asn val val

Asn

540

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacagc
caacaaatga
aagatcaaac
ctaataacat
catcaccaca
ctgtacgtag
atgtaaatga
accaaagtgg
gggattattt
ctaattcaaa
ctaaagcaac
atgataaaga
cacctaaatc
aaattactta
tttcttcteca

tatttgttaa

Page 17

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaacaatg
aacacctcaa
tgttcctcaa
agcaacaaac
aacgatttcc
tcttgcagtt
taaagttacg
taacacattt
tacagcgaag
taatacgatg
atatgatatc
aaatattaac
aggaacatat
taactatagt
aattattggt

ccctaagcaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200



cgagttttag
agcggtaaag
aaattatcag
gagtttaaag
ataaataaaa
aaaacacagg
ggttggaata
gtaaat
«<210>
<211>
<212>
<213>

<400>

18
542
PRT

18

Leu Lys Lys Arg Ile Asp Tyr
1 5

Ile Arg Arg

Phe
35

ITle Leu

Asn Asp Thr

50

Asn Asn

Ser Asp

Ala Thr

Lys

Thr
115

Ala Ser

Ala Ala

130

Thr

G1n val

145

Asp

Ser Glu Leu

GIn Thr Ile

gtaatacgtg
taagtgctac
atagctacta
ataaaatttc
cgtatgttgt
ttattcaaga

atgagaatgt

Phe Thr

20

va

Gly Ile G1

Thr GIn Se

Gl
70

Thr Ile

Tle ser Al

85

Met Th

100

Ser

Asn Glu Th

Lys Met GI

Th
15

Asn Lys

Asn
165

LysS Pr

Ser Asn Al

ggtgtatatt
agatacaaaa
tgcagaccca
atacaaatac
attagtggaa
aaatattgac

tgtacgttat

sequence_listing

aaaggttacc
ctgagaattt
aatgactcta
gataacgtag
ggtcactatg
ccagcgacag

ggaggcggaa

Staphylococcus aureus

Asn
10

Leu Ser LYS

Thr val

25

1 Gly Thr Ser

His GIn Ala GIn

40

y Asn

r Ser Asn Asn Ala

55

Lys

u Thr Pro Gln Ash

75

Leu

a Asn Thr Asn ser Ala

90

r Gln Thr Ser Asn Thr

105

Gin Thr Ala

120

r Pro Pro

n Asp GIn Thr val Pro

r Thr Asn Asp Ala Asn
0 155

o GIn Thr Leu Asp Leu

170

a GlIn Gly Thr Ser Lys

aagataaaat
ttgaagtgaa
accttaaaga
caagtattaa
ataatactgg

gtaaagacta

gtgctgatgg

Gln Asn Lys

Ile val Gly

30

Ala Ser Glu

45

ser Ala

60

Asp

Thr Thr Ala

Asn val Asp

Thr
110

Thr Thr

Ile Lys

125

Asp

Gln Glu

140

Ala

Asn Ile Ala

Pro GIn Ser

Pro Ser val

Page 18

cgaagaaagt
tgatacatct
agtgactggt
rtttggtgat
taaaaacttg
cagtattttc

tgattcagca

Tyr ser

15

Ala Thr

Gln Ser

ser Glu

Asn Asp

80

Ser Thr

95

Glu Pro

Gln Ala

Asn Ser

Thr Asn

160

ser Pro

175

Arg Thr

1260
1320
1380
1440
1500
1560
1620
1626




Arg

Asp

Lys

225

Met

Asn

Tyr

305

Gly

Sear

Asn

Pro

Ser

385

Arg

Ile

Ile

Asp

Ala
Ala
210

Leu

Ala

ser

Gly

Thr

Gln

Gly

Lys

Asn

370

Gly

val

Glu

Phe

Pro

val
195
Lys

Glu

Ala

>
£

Asn

275

ASp

Phe

Phe

Thr

Ile

355

Gly

Gln

Leu

Glu

Glu

435

Asn

180

Arg

Gly

Lys

AsSn

val

val

Ser

Tyr

340

Thr

Ala

Asn

Gly

Ser

420

val

Asp

Ser

Thr

Thr

Phe
245

-
(@]
o

Asn

val

Phe

Leu

325

Asp

TYr

Asn

Thr

Asn

405

Ser

Asn

Ser

Leu

Asn

Ala

230

Lys

2
]
(@]

AsSn

Ala

Thr

310

Pro

aAla

AsSn

Ile

Tyr

390

Thr

Gly

ASp

ASnh

Ala
val
215

Phe

val

Asp

Leu

Asn

Tyr

Ser

375

Lys

Trp

Lys

Thr

Leu

val

200

Asn

ASp

Thr

w
m
-3

Met

280

Ala

Tyr

Phe

Ile

ser

360

Ser

Gln

val

val

Ser

440

Lys

sequence_listing

185

Ala Glu Pro

ASp

Pro

Gly

-
~

N <
P
v, R

Pro

Thr

val

Thr

Asn

345

Ser

Gln

Thr

Tyr

ser

425

Lys

Lys

Asn

Tyr

Asn

ASp

330

Ile

Pro

Ile

val

Ile

410

Ala

Leu

val

GIn
235

val

a
e

Ala

ASp

ASp

Arg

Ala

Ile

Ile

Phe

395

Lys

Thr

ser

val

Thr

220

Ser

Lys

3>
(B
i}
4]

ASp

Ile

300

Lys

Ala

Asp

Ala

Gly

val

Gly

Asp

Asp

val Thr Gly
Page 19

val
205
Ala

Gly

Ser

-

Ile

285

Leu

Glu

Lys

Glu

Asn

Tyr

Thr

Ser
445

190

Asn

Ser

Asn

Thr

Asn

Ala

Met

350

Ile

Asp

Pro

Glin

Lys

430

Tyr

Phe

Ala

Asp

Thr

Asp
255

-
-

<
a3
—

ser

Lys

Ile

Pro

335

Phe

AsSp

Thr

Lys

Tyr

Lys

Ala

Phe

Phe

240

Tyr

3>
4
T

Thr

Thr

ASn

320

Lys

ASD

Lys

Ala

Gln

400

Lys

Arg

Ala

Asp



450

Lys Ile ser

Ile Asn Lys

Gly Lys Asn

Thr Gly

Arg Tyr

530

<210>
<211>
<212>
<213>

<400> 19
ttgaaaaaaa

19
1626
DNA

acagtaggta
caagcacaag
gcagattccg
acatctgata
tctacacaaa
ccgacggcaa
gaagcaaatt
agcgagcetta
aatgcgcaag
gctgaacctg
gcaaaagatt
atggcggcaa
ttaccagata
ccaattgcag
ttgactaaga
gggaaatttt
gatgcgaata
tcgecaattg

gtagatacag

Tyr

Thr

Leu

500

Asp

Gly

Lys
Tyr
485
Lys

Tyr

Gly

Tyr

470

val

Thr

Ser

Ser

455

Asp

vali

Gln

Ile

Ala

sequence_Tlisting

Asn val Ala

Leu val Glu
490

val Ile GIn
505

Phe Gly Trp
520

Asp Gly Asp

Ser

475

Gly

Glu

Asn

ser

460

Ile

His

Asn

Asn

Ala

Asn

Tyr

TIle

Glu

525

val

Phe

Asp

Asp

510

Asn

Asn

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaagatca
ctcaagtaga
aaaatcctca
gaactagtaa
tagtaaatgc
ttcaattaga
actttacagt
gtgtaactgg
atatagtaaa
catatacatt
cattaccatt
ttaatattgc
caggaattga

cttcaggtca

535

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tacgatagaa
cacaaacagt
cactacaaca
agcaactgct
taataaaaca
atcattagat
accaagtgtt
tgctgatgct
aaagactaca
gactggacaa
taatggagac
cgataaaaat
tgtctttaca
atttacagac
ggatgaaatg
taagccaaat

aaatacatac

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagctt
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa
tttgacccta
gtgaaatcag
gtggattact
gaagttgtag
gattatgtaa
cgagcaaagg
tttaataata
ggcgcgaaca

aagcaaacgg

540

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacagc
caacaaatga
aagatcaaac
ctaatagcat
catcaccaca
ctgtacgtag
atgtaaatga
accaaagtgg
gggattattt
ctaattcaaa
caaaagcgac
atgataagca
cacctaaatc
aaattactta
tttcttctca

tatttgttaa

Page 20

Gly Asp
480

Asn Thr
495

Pro Ala

val val

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctecaa
agcgacaaac
aacgatttcc
tcttgeagrt
taaagttacg
taatactttt
tacagcgaag
taatacgatg
atatgatatt
aaatattaat
aggaatatat
taactatagt
aattattggt

ccctaagcaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200




cgagttttag
agcggtaaag
aaattatcag
gagtttaata
ataaataaaa
aaaacacagg
ggatggaata

gtaaat

<210>

<211>

<212>
<213>

<400>

20

CAD
ol

PRT

20

gtaatacgtg
taagtgctac
atagctacta
atagaatttt
cgtatgtcgt
ttattcaaga

atgagaatgt

Arg

ggtgtatatt
agatacaaaa
tgcggaccca
ttatgaacat
tttagttgaa
aaatattgac

tgtacgttat

Staphylococcus aureus

Leu

Ser

sequence_listing

aaaggttacc
ctgagaattt
aatgactcta
ccaaacgtag
ggtcactatg
ccagcgacag

ggtggtggaa

Asn Lys

aagataaaat
ttgaagtgaa
accttaaaga
caagtattaa
ataatactgg
gtaaagacta

gtgctgatgg

Gln Asn Lys

Leu Lys Lys
1

Ile Arg

Ile Leu

Asn Asp

50

Asn
65

Thr Ser

Ala Lys
Ala

Ser

Ala
130

Thr

Gln val

145

Ser Glu

Arg

Phe

35

Thr

Asn

Asp

Pro

Thr

115

Ala

Asp

Ley

Phe Thr val

20

Gly 1le Gly

Thr Gln Ser

Glu
70

Thr Ile

Ile Ser Ala

85

Met Thr

100

Ser

Asn Glu Thr

Lys Met Gln

Thr
150

Asn Lys

Asn Pro

165

Lys

Ile Asp Tyr
5

Gly

Asn

Ser

55

Thr

Asn

Gln

Pro

GlIn

Thr

His

40

Lys

Pro

Thr

Thr

Gin

120

G1n

Asn

ser

Thr

25

Gln

Asn

Gin

AsSn

Ser

105

Pro

Thr

Asp

Leu

10

ser

Ala

Asn

Leu

ser

90

Asn

Thr

val

Ala

ASD
170

val

GlIn

Ala

Ash

75

Ala

Thr

Ala

Pro

ASn

155

Leu

ITe val

Ala Ser

45

ser Ala

60

Thr Thr

Asn val

Thr Thr

Ile Lys

Gln Glu

140

Ser Ile

Pro Gln

Page 21

Gly

30

Glu

Asp

Ala

Asp

Thr

110

Asp

Ala

Ala

Ser

cgaagaaagt
tgatacatct
agtgactggt
ttttggtgat
taaaaacttg
cagtattttc

tgattcagca

Tyr Ser

15

Ala Thr

Gln Ser

ser Glu

Asn Asp

80

Ser Thr

95

Glu Pro

Gln Ala

Asn Ser

Thr Asn

160

ser
175

Pro

1260
1320
1380
1440
1500
1560
1620
1626




Gln

Arg

Asp

Gln

225

Met

Phe

Tyr

Lys

Tyr

305

Gly

ser

ASh

Pro

ser

385

Arg

Ile

Ile

Thr

Ala

Ala

210

Leu

Ala

Thr

Ser

Asn

290

Thr

Lys

Gly

LysS

Asn

370

Gly

val

Glu

Phe

Ile

val

195

Lys

Glu

Ala

Ala

Asn

275

Glu

Phe

Phe

Ile

Ile

Gly

Gln

Leu

Glu

Glu
435

Ser

180

Arg

Gly

Lys

Asn

Lys

Ser

val

val

Ser

Tyr

Thr

Ala

Asn

Gly

Ser

420

val

Asn

ser

Thr

Thr

Phe

245

Leu

Asn

val

Phe

Leu

325

ASp

Tyr

Asn

Thr

Asn

405

ser

Asn

Ala

Leu

Asn

Thr

230

Thr

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

Tyr

390

Thr

Gly

Asp

Glin

Ala

val

215

Phe

val

Asp

Thr

295

Asp

Leu

Asn

Tyr

ser

375

Lys

Trp

LysS

Thr

Gly

val

200

Asn

ASp

Thr

ser

Met

280

Ala

Tyr

Phe

Ile

Ser

360

ser

Gin

val

val

Ser
440

sequence_l1isting
Thr Ser Lys Pro Ser

185

Ala

ASp

Pro

Gly

val

265

Pro

Thr

val

Thr

Asn

345

Ser

Glin

Thr

Tyr

ser

425

Lys

Glu

Lys

Asn

Gln

250

Thr

Ile

Tyr

Asn

Pro

Ile

val

Ile

410

Ala

Leu

Pro

val

val

Gly

Ala

Asp

Arg

Ala

Ile

Ile

Phe

395

Lys

Thr

Ser

val

Thr

220

Ser

Lys

Asn

ASp

Ile

300

Lys

Ala

Asp

Ala

Gly

ASD

Asp

Page 22

val

205

Ala

Gly

ser

Gly

Ile

285

Leu

Gln

Lys

Glu

Gly

val

Asn

Tyr

Thr

Ser
445

val

190

Asn

Lys

Asn

Gly

Asp

270

val

Thr

Asn

Ala

Met

350

Asp

Pro

GlIn

Lys

Tyr

Arg

Ala

Asp

Thr

Asp

val

AsSN

Lys

Ile

Pro

335

Phe

Asp

Thr

Lys

TYyr

Thr

Ala

Phe

Phe

240

Tyr

Asp

Asp

Thr

Asn

320

LYyS

Asn

Lys

Ala

GIn

400

Lys

Arg

Ala




Asp Pro Asn

450

Arg Ile Phe

465

ITe Asn Lys

Gly LYys Asn

Thr Gly Lys

515

Arg Tyr
530

Gly

<210>
<211>
<212>
<213>

<400> 21
ttgaaaaaaa

21
1626
DNA

acagtaggta
caagcacaag
gcagattccg
acatctgata
tctacacaaa
ccgacggcaa
gaagcaaatt
agtgagctta
aatgcgcaag
gctgaacctg
gcaaaagatt
atggcggcaa
ttaccagaaa
ccaattgcag
ttgactaaga
ggacaatttt
gatgcaaata

tcaccaattyg

Asp Ser

Tyr Glu

Asn

His

Leu
455

Pro Asn

470

Thr Tyr

485

Leu
500

Lys

Asp Tyr

Gly Gly

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaagatca
ctcaagtaga
aaaatcctca
gaactagtaa
tagtaaatgc
ttcaattaga
actttacagt
gtttaactgg
atattaaaag
cgtatacatt
cattaccttt
ttaatattgc

caggaattga

val

Thr

Ser

ser

val Leu

Gln val

Phe
520

Ile

Ala
535

Asp

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tacgatagaa
cacaaacagt
cactacaaca
agcaactgct
taataaaaca
aacattagat
accaagtgtt
tgctgatgcet
aaagactaca
gactggacaa
taatggagac
tacgaatggc
tgtctttaca
atttacagac
ggatgaaatg

taagccaaat

val Ala

val

ITe GlIn

505

Gly Trp

Gly Asp

sequence_l1isting

Glu val Thr

ser
475

Glu
490

Gly

Glu

Asn

ser

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagctt
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggcacaa
tttgacccta
gtgaaatcag
gtggattact
aatgttgtag
gattatgtaa
cgagcaaagg
tttaacaata

ggcgcgaaca

Page 23

Gly Glu Phe

460

Ile Asn Phe

His Tyr Asp

Asn Ile Asp

510

Glu
525

Asn Asn

Ala val

540

Asn

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacagc
caacaaatga
aagatcgaac
ctaatagcat
catcaccaca
ctgtacgtag
atgtaaatga
accaaagtgg
gggattattt
ctaactcgaa
ctaaagcaac
atgataaaga
cacctaaatc
aaattactta

Tttcttctca

Asn Ash

Gly Asp

Asn Thr

495

Pro

val val

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctcaa
aacaacaaac
aacgatttcc
tcttgeagtt
taaagttacg
taatactttt
tacagcgaag
taatacgatg
atatgatatc
aaatattaac
aggaacatat
taactatagt

aattattggt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140



gtagatacag
cgagttttag
agcggtaaag
aaattatcag
caatttaagg
attactaaaa
aaaacacagg
ggatggaata
gtaaat

22

542
PRT

S A

<400> 22

Leu Lys Lys Arg Ile Asp Tyr
1 5

Ile Arg

Ile Leu

35

Asn Asp Thr

50

Lys Asn Asn

Thr Ser

Ala Lys Pro

Thr
115

Ala ser

Ala
130

Thr

GIn val

145

ser Glu Leu

Arg

Phe

Asp

Ala

ASp

cttcaggtca
gtaatacgtg
taagtgctac
atagctacta
ataaaatcac
cgtatgttgt
ttattcaaga

atgagaatgt

Phe Thr

20

Gly Ile

Thr GlIn

Thr Ile

Ile ser

85

Met
100

ser
Asn Glu
LyS

Met

Asn Lys

val

Gly

ser

Glu

70

Ala

Thr

Thr

GlIn

Thr

aaacacatac
ggtgtatatt
agatacaaaa
tgcggaccca
ttataaatac
attagtggaa
aaatattgac

tgtacgtrat

Staphylococcus aureus

Leu
Thr

Gly

His
40

Asn

ser
55

Lys
Thr Pro
Asn Thr
Thr

Gln

GIn
120

Pro
Asp

Arg

Thr Asn

150

Asn
165

Lys

Pro

Gln Thr

sequence_listing

aagcaaacgg
aaaggttacc
ctgagaattt
aatgactcta
caaaatgtag
ggtcactatg
ccagcgacag

ggtggtggaa

Asn
10

Ser Lys

Thr val

25

Ser

GIn Ala Gln

Asn Asn Ala

Gin AsSn

75

Leu

Asn Ser Ala

90

Ser Asn Thr

105

Pro Thr Ala

Thr val Pro

Asp Ala Asn

155

Leu AsSp Leu

170

tatttgttaa
aagataaaat
ttgaagtgaa
atcttaaaga
caagtattaa
ataatactgg

gtaaagacta

gtgctgatgg

GIn Asn Lys

Ite val Gly

30

Ala ser Glu

45

Ser Ala

60

ASp

Thr Thr Ala

Asn val Asp

Thr
110

Thr Thr

Ile Lys Asp

Glin Ala

140

Glu

Ser Ile Thr

Pro Gln Ser

Page 24

ccctaagcaa
cgaagaaagt
tgatacatct
agtaactgat
ttttggtgat
taaaaacttg
cagtattttc

tgattcagea

Tyr Ser

15

Ala Thr

Gln Sser

ser Glu

Ash ASp

30

Ser Thr

95

Glu Pro

Gln Ala

Asn Ser

Thr Asn

160

Ser Pro

175

1200
1260
1320
1380
1440
1500
1560
1620
1626



Gln

Arg

Asp

GlIn

225

Met

Phe

Tyr

Asn

Tyr

305

Gly

Ser

Asn

Pro

ser

385

Arg

Ile

Ile

Thr

Ala

Ala

210

Leu

Ala

Thr

ser

Gly

Thr

Gln

Gly

Lys

Asn

370

Gly

val

Glu

Phe

Ile

val

195

Lys

Glu

Ala

Ala

Asn

275

Asn

Phe

Phe

Thr

Ile

355

Gly

Gln

Leu

Glu

Glu
435

Ser

180

Arg

Gly

Lys

Asn

Lys

260

Ser

val

val

Ser

Tyr

340

Thr

Ala

Asn

Gly

Ser

420

val

Asn

Ser

Thr

Thr

Phe

245

Leu

Asn

val

Phe

Leu

325

Asp

Tyr

Asn

Thr

Asn

405

Ser

Asn

Ala

Leu

Asn

Thr

230

Thr

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

Tyr

390

Thr

Gly

Asp

Gln

Ala

val

215

Phe

val

Glu

Thr

Lys

295

ASp

Leu

Asn

TYyr

Ser

375

Lys

Trp

Lys

Thr

Gly

val

200

Asn

Asp

Thr

sSer

Met

280

Ala

Tyr

Phe

Ile

Ser

360

Ser

Glin

val

val

Ser
440

sequence_listing

Thr Ser Lys Pro Ser

185

Ala

Asp

Pro

Gly

Leuy

265

Pro

Thr

val

Thr

Asn

345

Ser

Gin

Thr

TYyr

Ser

425

Lys

Glu

Lys

Asn

Gln

250

Thr

Ile

TYr

Asn

330

Ile

Pro

Ile

val

Ile

410

Ala

Leu

Pro

val

Gln

235

val

Gly

Ala

Asp

315

Arg

Ala

Tle

Ile

Phe

395

Lys

Thr

ser

val

Thr

220

ser

Lys

Asn

ASp

Ile

300

Lys

Ala

Asp

Ala

Gly

val

Gly

Asp

Asp

Page 25

val

205

Ala

Gly

Ser

Gly

Ile

285

Leu

Glu

Lys

Glu

Asn

Tyr

Thr

Ser
445

val

190

Asn

Lys

Asn

Gly

Asp

270

Lys

Thr

Asn

Ala

Met

350

Ile

Asp

Pro

Gln

Lys

Tyr

Arg

Ala

Asp

Thr

Asp

val

Ser

Lys

Ile

Pro

335

Phe

Asp

Thr

Lys

Tyr

Thr

Ala

Phe

Phe

240

Tyr

Asp

Thr

Thr

Asn

320

Lys

Asn

Lys

Ala

Gln

400

Lys

Arg

Ala



Pro Asn

450

Ile Thr

Thr Lys

Lys Asn

Thr Gly Lys

515

Arg Tyr

530

Gly

<210>
<211>
<212>

23
1620
DNA

Asp Ser

Tyr Lys

Asn

TYr

Leu
455

Lys

Gln Asn

470

Thr Tyr

485

Leu
500

Lys
Asp

Tyr

Gly Gly

val

Thr

ser

ser

val Leu

val

GlIn

Phe
520

Ile

Ala
535

Asp

<213> Staphylococcus aureus

<400> 23
ttgaaaaaaa

acagtaggta
caagcacaag
gcagattccg
gatattagtyg
caaacgagca
gcaattaaag
aattctcaag
Ccttaaaaatc
caaggaacta
cctgtagtaa
gattttcaat
gcaaacttta
gaaagtttaa
gcagatatta
aagacgtata
ttttcattac
aatattaata

attgcaggaa

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
caaacacaaa
ataccactac
atcaagcaac
tagataataa
ctcaaacatt
gtaaaccaag
atgctgctga
tagaaaagac
cagtgactgg
ctggtaatgg
aaagtacgaa
catttgtctt
ctttatttac
ttgcggatga

ttgataagcc

tttgtcgaat
aatagtaggg
atcgaacgat
tacgatagaa
cagtgcgaat
aacagagcca
tgctgcaaaa
aacaacgaat
agatttacca
tgttagaacg
tgctaaaggce
tacatttgac
acaagtgaaa
agacgtggat
tggcaatgtt
tacagattat
agaccgagca
aatgtttaac

aaatggcgceg

sequence_listing

Glu val Thr

Ala Ser
475

val

Glu
490

val Gly

Ile GIn Glu

505

Gly Trp Asn

Gly Asp ser

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gtagatagca
gcttcaacaa
atgcaagatc
gatgctaata
caatcatcac
agagctgtac
acaaatgtaa
cctaaccaaa
tcaggggatt
tactctaact
gtagctaaag
gtaaatgata
aaggcaccta
aataaaatta

aacatttctt

Asp Glin Phe

460

Ite Asn pPhe

His Tyr Asp

Asn Ile Asp

510

Glu
525

Asn Asn

Ala val

540

Asn

agtattcgat
tatttgggat
cttcgaaaaa
taaatactaa
cagcaaaacc
atgaaacacc
gaactgttcc
gcataacaac
cacaaacgat
gtagtcttgc
atgataaagt
gtggtaatac
attttacagc
cgaataatac
caacatatga
aagaaaatat
aatcaggaac
cttataacta

ctcaaattat

Page 26

Lys Asp

Gly
480

Asn Thr

495

Pro Ala

val val

tagacgtttt
aggcaatcat
taatgcaagt
tgatacatct
aatgtctaca
tcaaccgacg
tcaagaaqgca
aaacagtgag
ttccaatgcg
agttgctgaa
tacggcaaaa
ttttatggcg
gaagttacca
gatgccaatt
tatcttgact
taacggacaa
atatgatgca
tagttcacca

tggtgtagat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140




acagcttcag
ttaggtaata
aaagtaagtg
tcagatagct
aaggataaaa
aaaacgtatg
caggttattc
aataatgaga
24

540
PRT

<210>
<211>
<212>
<213>

<400> 24

Leu Lys Lys Arg Ile Asp Tyr
1 5

Ile Arg Arg

Phe
35

Tle Leu

Asn Asp Thr

50

Asn Asn

Asp Ile ser

Pro Met Ser

Glu
115

Thr Asn

Ala Lys Met

Asn

Lys

Lys Asnh

gtcaaaacac
cgtgggtgta
ctacagatac
actatgcgga
tcacttataa
ttgtattagt
aagaaaatat

atgttgtacg

Phe Thr

20

Gly Ile

Thr Gln

Thr Ile

Ala Asn

85

Thr Gln

100

Thr Pro

Gln

Asp

Thr Thr

val

Gly

ser

Glu

70

Thr

Thr

Gln

Arg

Asn

atacaagcaa
tattaaaggt
aaaactgaga
cccaaatgac
ataccaaaat
ggaaggtcac
tgacccagceg

ttatggtggt

Staphylococcus aureus

Leu
Thr

Gly

His
40

Asn

ser
55

Lys
Thr Pro
Asn Ser
Ser

Asn

Thr
120

Pro

Thr val

135

Asp Ala

150

Gln
165

Pro

Thr

Leu Asp

sequence_listing

acggtatttg
taccaagata
atttttgaag
tctaatctta
gtagcaagta
tatgataata

acaggtaaag

ggaagtgctg

Asn
10

ser Lys

Thr val

25

Ser

GIn Ala Gln

Asn Asn Ala

Gln Asn

75

Leu

Asn val

90

Ala

Thr Thr Thr

105

Ala ITe Lys

Pro Gln Glu

Ile
155

Asn Ser

Pro Gln

170

Leu

ttaaccctaa
aaatcgaaga
tgaatgatac
aagaagtaac
ttaattttgg
ctggtaaaaa
actacagtat

atggtgattc

Gln Asn Lys

Ile val Gly

30

Ala ser Glu

45

Ser Ala

60

Asp

Thr Asn Asp

Asp Ser Thr

Thr Glu Pro

110

Gln Ala

125

Asp

Ala
140

Asn Ser

Thr Thr Asn

Ser Ser Pro

Page 27

gcaacgagtt
aagtagcggt
atctaaatta
tgatcaattt
tgatattact
cttgaaaaca
tttcggatgg

agcagtaaat

Tyr Ser

15

Ala Thr

Gin Ser

ser Glu

Thr Ser

80

Ala
95

Lys
Ala ser
Thr Ala
val

Gln

Glu
160

Ser

GIn Thr

175

1200
1260
1320
1380
1440
1500
1560
1620




Ile

val

Lys

Glu

225

Ala

Ala

Asn

Asn

Phe

305

Phe

Thr

Ile

Gln

385

Leu

Glu

Glu

Ser

Arg

Gly

210

Lys

Asn

Lys

ser

val

290

val

Ser

Tyr

Thr

Ala

370

Asn

Gly

Ser

val

Asn

Ser

195

Thr

Thr

Phe

Leu

Asn

275

val

Phe

Leu

Asp

Tyr

Asn

Thr

Asn

Ser

Asn
435

Ala

180

Leu

Asn

Thr

Thr

Pro

260

Asn

Ala

Thr

Pro

Ala

340

Ash

Ile

Tyr

Thr

Gly

Asp

GlIn

Ala

val

Phe

val

245

Glu

Thr

Lys

ASp

Leu

325

Asn

Tyr

Ser

Lys

LysS

Thr

Gly
val

Asn

ser
Met
Ala
Tyr
310
Phe
Ile
Ser
ser
Gln
390
val

val

Ser

Thr

Ala

Asp

Pro

Gly

Leu

Pro

Thr

295

val

Thr

Asn

ser

Gln

375

Thr

Tyr

sSer

Lys

Ser

Glu

200

Lys

Asn

Gln

Thr

Ile

280

Tyr

AsSn

Asp

Ile

Pro

360

Ile

val

Ile

Ala

Leu
440

sequence_Tlisting
Lys Pro Ser val Arg

185

Pro

val

Gln

val

265

Ala

Asp

Asp

Arg

Ala

345

Ile

Ile

Phe

Lys

Thr

425

Ser

val

Thr

Ser

Lys

Asn

Asp

Ile

Lys

Ala

330

Asp

Ala

Gly

val

Gly

410

Asp

Asp

val

Ala

Gly

Ser

Gly

Ile

Leu

Glu

315

Lys

Glu

Gly

val

Asn

395

Tyr

Thr

Ser

Asn

Lys

220

Asn

Gly

Asp

Lys

Thr

300

Asn

Ala

Met

Ile

ASp

Pro

GIn

Lys

Tyr

Page 28

Ala

205

Asp

Thr

Asp

val

Ser

285

Lys

Ile

Pro

Phe

Asp

365

Thr

Lys

Asp

Leu

Tyr
445

Thr

190

Ala

Phe

Phe

Tyr

Asp

Thr

Thr

Asn

Lys

Asn

350

Lys

Ala

Gln

Lys

Arg

ASp

Gln

Met

Phe

255

Tyr

Asn

Tyr

Gly

Ser

335

Asn

Pro

Ser

Arg

Ile

415

Ile

Asp

Ala

Ala

Leu

Ala

240

Thr

Ser

Gly

Thr

GIn

320

Gly

Lys

AsSn

Gly

val

400

Phe

Pro



Asn ser

Thr
465

Tyr Lys

Lys Thr Tyr

Asn Leu Lys

Lys Asp Tyr

515

Gly Gly

530

Gly

<210>
<211>
<212>
<213>

<400> 25
ttgaaaaaaa

25
1626
DNA

acagtaggta
caagcacaag
gcagattccg
acatctgata
tctacacaaa
ccgacggceaa
gaagcaaatt
agtgagctta
aatgcgcaag
gctgaaccgg
gcaagtaatt
atggcggcaa
ttaccagata
ccaattgcag
ttgactaaga
ggacaatttt
gatgcgaata

tcgccaattg

Asn Leu

Tyr Gln

Lys

Asn

Glu val

455

val Ala

470

val val

485

Thr
500

GIn

Ser Ile

Ser Ala

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaaaatca
ctcaagtaga
aaaattctca
gaactagtaa
tagtaaatgc
tcaagttaga
attttacagt
gtttaactgg
acattaaaag
cgtatacatt
cattaccttt
ttaatattge

caggaattga

Leu

val

Phe

Asp

val Glu

Ile GlIn

Gly

Gly

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tatgatagaa
cacaaacagt
cactacaaca
agcaactgct
taataaaaca
aacattagat
accaagtgtt
tgctgatgcet
aaagactaca
gacagataaa
taatggagac
tacgaatggc
tgtctttaca
atttacagac
ggatgaaatg

taaaccaaat

Ser
Gly
Glu
505

Asn

Ser

sequence_listing

Thr Asp GlIn

Ile Asn

475

His
490

TYr

Asn Ile

Asn Glu

Ala val

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagctt
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa
tttgacccta
gtgaaatcag
gtggattatt
gatgttgtag
gattatgtaa
cgagcaaagg
tttaataata

ggcgcgaaca

Phe Lys
460

Asp

Phe Gly Asp

Asp Asn Thr

Ala
510

Asp Pro

val val

525

Asn

Asn
540

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacaac
caacaaatga
aagatcaaac
ctaatagcat
catcaccaca
ctgtacgtag
atgtaaatga
atcaaagtgg
gggattattt
ctaattcaaa
ctaaagcaac
ataataaaga
cacctaaatc
aaattactta

tttcttctca

Page 29

Lys Ile

Thr
480

Ile

Gly
495

Lys

Thr Gly

Arg Tyr

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctcaa
agcaacaaac
aacgatttcc
tttagctgtt
taaagttacg
taacacattt
tacagcgaag
taatacgatg
atatgatatc
aaatattaac
aggaacatat
taactatagt

aattattggt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140



gtagatacag
cgagttttag
agcggtaaag
aaattatcag
caatttaaaa
attactaaaa
aaaactcagg
ggttggaata
gtaaat

<210~

ST AR N

<211>
<212>
<213>

<400>

26
542
PRT

26

cttcaggtca
gtaatacgtg
taagtgctac
atagctacta
atagaatcta
catatgtagt
ttattcaaga

atgagaatgt

aaacacatac
ggtgtatatt
agatacaaaa
tgcagatcca
ttatgagcat
attagtagaa
aaatgttgat

tgtacgtrat

Staphylococcus aureus

sequence_listing

aagcaaacag
aaaggctacc
ctgagaattt
aatgactcta
ccaaatgtag
gggcattacg

cctgtaacaa

ggtggtggaa

tatttgttaa
aagataaaat
ttgaagtgaa
accttaaaga
ctagtattaa
acaatacagg

atagagacta

gtgctgatga

Leu Lys Lys Arg
1

Ile Arg

Ile Leu

Asn Asp

50

Lys Asn

65

Thr Ser

Thr Lys
Ala

Ser

Ala
130

Thr

GIn val

145

ser Glu

Arg

Phe

35

Thr

Asn

Asp

Pro

Thr

115

Ala

ASP

Leu

Phe

20

Gly

Thr

Met

Ile

Met

100

Asn

Lys

Asn

Lys

Ile Asp Tyr
5

Thr

Ile

GlIn

Ile

Ser

85

Ser

Glu

Met

Lys

Asn
165

val

Gly

sSer

Glu

70

Ala

Thr

Thr

Gin

Thr

150

Ser

Gly

Asn

Ser

55

Thr

Asn

Gln

Pro

Gln

Leu

Thr

His

40

Lys

Pro

Thr

Thr

Gin

120

Gln

Asn

Thr

Ser

Thr

25

Gln

Asn

Gin

Asn

Ser

105

Pro

Thr

AsSp

Leu

Asn

10

Ser

Ala

Asn

Ley

Ser

90

Asn

Thr

val

Ala

ASp
170

Lys

val

GIn

Ala

Asn

75

Ala

Thr

Ala

Pro

AsSn

155

Leu

Glin Asn

Ile val

Ala Ser

45

ser Ala

60

Thr Thr

Asn val

Thr Thr

ITe Lys

125

Gln Glu

140

Ser Ile

Pro Gin

Page 30

LYS

Gly

30

Glu

Asp

Ala

Asp

Thr

110

Asn

Ala

Ala

Ser

ccctaagcaa
cgaagaaagt
tgatacatct
agtaacagac
atttggtgat
taagaactta
cagtattttc

tgattcagca

Tyr ser

15

Ala Thr

Gln Ser

Ser Glu

Asn Asp

80

ser Thr

95

Glu Pro

Gln Ala

Asn Ser

Thr Asn

160

ser Pro

175

1200
1260
1320
1380
1440
1500
1560
1620
1626




GIn

Arg

Asp

Phe

Tyr

Asn

Tyr

305

Gly

ser

Asn

Pro

ser

385

Arg

Ile

Ile

Thr

Ala

Ala

210

Leu

Ala

Thr

Ser

Gly

Thr

Gln

Gly

Lys

Asn

370

Gly

val

Glu

Phe

Ile

val

195

Lys

Glu

Ala

Ala

ASn

275

Asp

Phe

Phe

Thr

Ile

Gly

GlIn

Leu

Glu

Glu
435

ser

180

Arg

Gly

LyS

Asn

Lys

260

Ser

val

val

ser

TYr

340

Thr

Ala

Asn

Gly

Ser

420

val

Asn

Ser

Thr

Thr

Phe

245

Leu

Asn

val

Phe

Leu

325

Asp

Tyr

Asn

Thr

Asn

405

Ser

Asn

Ala

Leu

Asn

Thr

230

Thr

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

Tyr

390

Thr

Gly

ASp

Gln

Ala

val

215

Phe

val

Asp

Thr

Lys

295

ASp

Leu

Asn

Tyr

Ser

375

Lys

Trp

Lys

Thr

Gly

val

200

Asn

AsSp

Thr

ser

Met

280

Ala

Tyr

Phe

Ile

Ser

360

ser

Gin

val

val

Ser
440

sequence_l1isting

Thr Ser Lys Pro Ser

185

Ala

Asp

Pro

Asp

Leu

265

Pro

Thr

val

Thr

Asn

345

Ser

Gin

Thr

Tyr

ser

425

Lys

Glu

Lys

Asn

Lys

250

Thr

Ile

Tyr

Asn

330

Ile

Pro

Ile

val

Ile

410

Ala

Leu

Pro

vai

Glin

235

val

Gly

Ala

Asp

Asn

315

Arg

Ala

Ile

Ile

Phe

395

Lys

Thr

Ser

val

Thr

220

Ser

Lys

Asn

Asp

Ile

300

Lys

Ala

Asp

Ala

Gly

val

Gly

ASp

Asp

Page 31

val

205

Ala

Gly

Ser

Gly

Ile

285

Leu

Glu

Lys

Glu

Gly

val

Asn

Tyr

Thr

ser
445

val

190

Asn

Ser

Asn

Gly

ASp

Lys

Thr

Asn

Ala

Met

350

Ile

Asp

Pro

G1In

Lys

Tyr

Arg

Ala

ASn

Thr

Asp

255

val

ser

Lys

Ile

Pro

335

Phe

Asp

Thr

LysS

Tyr

Thr

Ala

Phe

Phe

240

Tyr

ASp

Thr

Thr

AsSn

320

LysS

ASN

Lys

Ala

Gln

400

Lys

Arg

Ala




Pro Asn

450

Ile Tyr

Thr Lys

Gly Lys Asn

Thr Asn Arg

515

Arg Tyr

530

Gly

<210>
<211>
<212>
<213>

<400> 27
ttgaaaaaaa

27
1626
DNA

acagtaggta
caagcacaag
gcagattccg
acatctgata
tctacacaaa
ccgacggcaa
gaagcaaatt
agtgagctta
aatgcgcaag
gctgaaccgg
gcaagtaatt
atggcggcaa
ttaccagata
ccaattgcag
ttgactaaga
ggacaatttt
gatgcgaata

tcgccaattg

Asp Ser

Tyr Glu

AsSn

His

Leu
455

Lys

Pro Asn

470

Thr Tyr

485

Leu
500

Lys

Asp Tyr

Gly Gly

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaaaatca
ctcaagtaga
aaaattctca
gaactagtaa
tagtaaatgc
tcaagttaga
attttacagt
gtttaactgg
acattaaaag
cgtatacatt
cattaccttt
ttaatattgc

caggaattga

val

Thr

Ser

Ser

val Leu

Gin val

Ile pPhe

520

Ala
535

Asp

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tatgatagaa
cacaaacagt
cactacaaca
agcaactgct
taataaaaca
aacattagat
accaagtgtt
tgctgatgct
aaagactaca
gacagataaa
taatggagac
tacgaatggc
tgtctttaca
atttacagac
ggatgaaatg

taaaccaaat

sequence_listing

Glu val Thr

val Ala ser

475

val Glu
490

Gly

Ile Gin Glu

505

Gly Trp Asn

Gly Asp Ser

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagett
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa
tttgacccta
gtgaaatcag
gtggattatt
gatgttgtag
gattatgtaa
cgagcaaagg
tttaataata

ggcgcgaaca

Asp GlIn Phe

460

Ile Lys Phe

His Tyr Asp

val

Asn

Glu
525

Asn

Ala val

540

Asn

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacaac
caacaaatga
aagatcaaac
ctaatagcat
catcaccaca
ctgtacgtag
atgtaaatga
atcaaagtgg
gggattattt
ctaattcaaa
ctaaagcaac
ataataaaga
cacctaaatc
aaattactta

tttcttctcea

pPage 32

Lys Asnh

Gly

Asn
495

Pro val

val val

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctcaa
agcaacaaac
aacgatttcc
tttagctgtt
taaagttacg
taacacattt
tacagcgaag
taatacgatg
atatgatatc
aaatattaac
aggaacatat
taactatagt

aattattggt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140



gtagatacag
cgagttttag
agcggtaaag
aaattatcag
caatttaaaa
attactaaaa
aaaactcagg
ggttggaata
gtaaat
<210> 28
<211> 542
<212> PRT
<213>

<400> 28

Leu Lys Lys Arg Ile Asp Tyr
1 5

Ile Arg Arg

Phe
35

Ile Leu

Asn Asp Thr

50

Lys
65

ASn Asn

Thr Ser Asp

Thr Lys Pro

Thr
115

Ala ser

Ala Ala

130

Thr

GlIn
145

val Asp

ser Glu Leu

cttcaggtca
gtaatacgtg
taagtgctac
atagctacta
atagaatcta
catatgtagt
ttattcaaga

atgagaatgt

Phe Thr

20

Gly Ile

Thr GIn

Met Iie

Ile Ser

85

Met Ser

100

Asn Glu

Met

Lys

Asn Lys

val

Gly

Ser

Glu

70

Ala

Thr

Thr

Gin

Thr

aaacacatac
ggtgtatatt
agatacaaaa
tgcagatcca
ttatgagcat
attagtagaa
aaatgttgat

tgtacgttat

staphylococcus aureus

Leu
Thr

Gly

His
40

Asn

Ser
55

LysS
Thr Pro
Asn Thr
GIn Thr

Gln
120

Pro

Glin

Asn

150

Asn
165

LysS

Ser

Gln Thr

sequence_listing

aagcaaacag
aaaggctacc
ctgagaattt
aatgactcta
ccaaatgtag
gggcattacg

cctgtaacaa

ggtggtggaa

Ser Asn

10

Lys

Thr val

25

Ser

GIin Ala Gln

Asn Asn Ala

Gln Leu Asn

75

Ser Ala

90

Asn

ser Thr

105

Asn

Pro Thr aAla

Thr val Pro

Asp Ala Asn

155

lLLeu Asp Leu

170

tatttgttaa
aagataaaat
ttgaagtgaa
accttaaaga
ctagtattaa
acaatacagg

atagagacta

gtgctgatgg

GlIn Asn Lys

Ile val Gly

30

Ala Ser Glu

45

Ser Ala

60

Asp

Thr Thr Ala

Asn val Asp

Thr
110

Thr Thr

Ile Lys Asn

GIn Glu Ala

140

Ser Ile Ala

Pro Gln Ser

Page 33

ccctaageaa
cgaagaaagt
tgatatatct
agtaacagac
atttggtgat
taagaactta
cagtattttc

tgattcagca

Tyr Ser

15

Ala Thr

Gln Ser

ser Glu

Asn Asp

80

Ser Thr

95

Glu Pro

Gln Ala

Asn Ser

Thr Asn

160

ser
175

Pro

1200
1260
1320
1380
1440
1500
1560
1620
1626




Gln

Arg

Asp

Lys

225

Met

Phe

Tyr

Asnh

Tyr

305

Ser

ASn

Pro

Ser

385

Arg

Ile

Ile

Thr

Ala

Ala

210

Leu

Ala

Thr

Ser

Gln

Gly

LyS

Asn

370

Gly

val

Glu

Phe

Ile

val

195

Lys

Glu

Ala

Ala

Asn

275

Asp

Phe

phe

Thr

Ile

355

Gly

Gln

Leu

Glu

Glu
435

Ser

180

Arg

Gly

Lys

Asn

LysS

260

Ser

val

val

Ser

Tyr

340

Thr

Ala

Asn

Gly

ser

420

val

Asnh

Ser

Thr

Thr

Phe

245

Leu

Asn

val

Phe

Leuy

325

Asp

Tyr

Asn

Thr

Asn

405

ser

Asn

Ala

Leu

Asn

Thr

230

Thr

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

Tyr

390

Thr

Gly

Asp

Gln

Ala

val

215

Phe

val

Asp

Thr

Leu

Asn

Tyr

Ser

375

Lys

Trp

Lys

Ile

Gly

val

200

Asn

ASp

Thr

Ser

Met

280

Ala

Tyr

Phe

Ile

Ser

360

Ser

GIn

val

val

Ser
440

sequence_listing

Thr Ser Lys Pro Ser

185

Ala

Asp

Pro

Asp

Leu

265

Pro

Thr

val

Thr

Asn

345

Ser

Gln

Thr

Tyr

Ser

425

Lys

Glu

Lys

Asn

Ile

TYr

AsSn

330

Ile

Pro

Ile

val

Ile

410

Ala

Pro

val

Gln

235

val

Gly

Ala

Asp

Asn

315

Arg

Ala

Ile

Ile

Phe

395

Lys

Thr

val

Thr

220

Ser

LysS

Asn

Asp

Ile

300

Lys

Ala

Asp

Ala

Gly

Asp

Leu Ser Asp

Page 34

val

205

Ala

Gly

Ser

Gly

Ile

285

Leu

Glu

Lys

Glu

Gly

val

Asn

Tyr

Thr

Ser
445

val

190

Asn

Ser

Asn

Gly

Asp

270

Lys

Thr

Asn

Ala

Met

350

Ile

Asp

Pro

Gln

Lys

Tyr

Arg

Ala

Asn

Thr

N>
AN
o

ser

Lys

Ile

Pro

335

Phe

Asp

Thr

Lys

Tyr

Thr

Ala

Phe

Phe

240

Tyr

Asp

Thr

Thr

Asn

320

Lys

Asn

Lys

Ala

Gln

400

Lys

Arg

Ala



Asp Pro

450

Asn

Arg Ile Tyr

Ile Thr Lys

Gly Lys Asn

Thr Asn

(S

b Sy
9=

Arg Tyr

530

<210>
<211>
<212>
<213>

<400> 29
ttgaaaaaaa

29
1626
DNA

acagtaggta
caagcacaag
gcagattccg
acatctgata
tctacacaaa
ccgacggcaa
gaagcaaatt
agtgagctta
aatgcgcaaa
gctgaaccgg
gcaagtgatt
atggcggtaa
ttaccagata
ccaattgcag
ttgactaaga
ggacaatttt

gatgcaaata

Asp ser

Tyr Glu

Asn

His

Leu
455

Lys

Pro Asn

470

Thr Tyr

485

Leu
500

LyS

Asp Tyr

Gly Gly

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaagatca
ctcaagtaga
aaaatcctca
gaactagtaa
tagtaaatgc
tcaagttaga
attttaaagt
gtttaactgg
atattaaaag
cgtatacatt
cattaccttt

ttaatattgc

val

Thr

ser

Ser

val Leu

val

Gin

Ala
535

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tatgatagaa
cacaaacagt
cactacaaca
agcaactgct
taataaaaca
aacattagat
accaagtgtt
tgctgatgcet
aaagactaca
ggcagggdaa
taatggagac
tacgaatggc
tgtctttaca
atttacagac

ggatgaaatg

sequence_listing

Giu val Thr

val Ala ser

475

Glu
490

val Gly

ITe Gln Glu

505

Gly Trp Asn

Gly Asp Ser

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagcett
gcaaaaatgce
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa
tttgacccta
gtgaaatcag
gtggattact
gatgttgtag
gattatgtaa
cgagcaaagg

Tttaataata

Asp Gln Phe

460

Ile Lys Phe

His Tyr Asp

Asn val

510

Asn Asn

e

N =l
(¥ 8wt

Ala val

540

Asn

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacagc
caacaaatga
aagatcaaac
ctaatagcat
catcaccaca
ctgtacgtag
atgtaaatgg
accaaagtgg
gggattatta
ctaattcaaa
ctaaagcaac
atgataaaga
cacctaaatce

aaattactta

Page 35

Lys Asn

Gly

Asn
495

Pro val

val val

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctcaa
agcgacaaac
aacgatttcc
tttagetgtt
tcaagttacg
taacacattt
tacagcgaag
taatacgatg
atatgatatc
aaatattaac
aggaacatac

taactatagt

60
120
180
240
300
360
4290
480
540
600
660
720
780
840
900
960

1020
1080




tcgccaattg
gtagatacag
cgagttttag
agcggtaaag
aaattatcag
gagtttaagg
attactaaaa
ddadCacagg
ggttggaata
gtaaat
<210>

<211>

<212>
<213>

30
542
PRT

<400> 30
Leu Lys Lys
1

Ile Arg Arg

Phe
35

Ile Leu

Asn Asp Thr

50

Asn Asn

Ser Asp

Ala Lys Pro

Thr
115

Ala ser

Ala Ala

130

Thr

GIn val

145

ser Glu

Asp

Leu

caggaattga
cttcaggtca
gtaatacgtg
taagtgctac
atagctacta
ataaaatcac
cgtatgttgt
ttattcaaga
atgagaatgt

Arg §1e AS

Phe Thr

20

va

Gly 1le GI

Thr GIn se

Gl
70

Met Ile

ITe Ser Al

85

Met Th

100

Ser

Asn Glu Th

Lys Met GI

Th
15

Asn Lys

Lys Asn Pr

taagccaaat
aaacacatac
ggtgtatatt
agatacaaaa
tgcagatcca
ttataaatac
attagtggaa
aaatattgac

tgtacgttat

Staphylococcus aureus

p Tyr Leu

Thr

1 Gly

His
40

y Asn

r ser
55

Lys
u Thr Pro
a Asn Thr
Thr

r Gin

GlIn
120

r Pro
Gln

n Asp

r Thr
0

Asn

o GIn Thr

sequence_listing

ggcgcgaaca
aagcaaacgg
aaaggttacc
ctgagaattt
aatgactcta
caaaatgitag
ggtcactatg
ccagcgacag

ggtggtggaa

ser Asn

10

Lys

Thr val

25

Ser

GIn Ala GIn

Asn Asn Ala

Gln Asn

75

Leu

ser Ala

90

AsSn

ser Thr

105

Asn

Pro Thr ala

Thr val Pro

Ala Asn

155

ASp

Leu Asp Leu

tttcttctca
tatttgttaa
aagataaaat
ttgaagtgaa
accttaaaga
caagtattaa
ataatactgg

gtaaagacta

gtgctgatgg

GIn Asn

ITe val

30

Ala ser

45

Ser Ala

60

Thr Thr

val

ASn

Thr Thr

Ile

Lys

Gln
140

Glu

Lys

Gly

Glu

Asp

Ala

Asp

Thr

110

ASD

Ala

aattattggt
ccctaageaa
cgaagaaagt
tgatacatct
agtaacgaat
ttttyggegat
taaaaacttg
cagtattttc

tgattcagca

Tyr Ser

15

Ala Thr

GIn ser

Ser Glu

Asn Asp

80

ser Thr

95

Glu Pro

Ala

Glin

Asn Ser

Ser Ile

Pro Gln

Page 36

Ala

Ser

Thr

Ser

Asn
160

Pro

1140
1200
1260
1320
1380
1440
1500
1560
1620
1626




GlIn

Arg

ASp

Tyr

Tyr

Asn

Tyr

305

Gly

ser

AsSn

Pro

Ser

385

Arg

Ile

Ile

Thr

Ala

Ala

210

Leu

Ala

Thr

Ser

Gly

Thr

Gln

Gly

Lys

Asn

370

Gly

val

Glu

Phe

Ile

val

195

Lys

Glu

val

Ala

Asn

275

ASp

Phe

Phe

Thr

Gly

Gln

Leu

Glu

Glu

Ser

180

Arg

Gly

Lys

Asn

LYS

260

Ser

val

val

ser

Tyr

340

Thr

Ala

Asn

Gly

sSer

420

val

165

Asn

ser

Thr

Asn

val

Phe

Leu

325

Asp

Tyr

Asn

Thr

ASn

405

Ser

Asn

Ala

Leu

Asn

Thr

230

LyS

Pro

Asn

Ala

Thr

310

Pro

Ala

AsSn

Ile

Tyr

390

Thr

Gly

Asp

Gln

Ala

val

215

Phe

val

Asp

Thr

ASp

Leu

Asn

Tyr

Ser

375

Lys

Trp

Lys

Thr

Arg

val

200

Asn

Asp

Ala

ser

Met

280

Ala

Tyr

Phe

Ile

Ser

360

ser

Glin

val

val

Ser

sequence_listing

170

Thr Ser Lys Pro Ser

185

Ala

Gly

Pro

Gly

Leu

265

Pro

Thr

val

Thr

Asn

345

Ser

Gin

Thr

Tyr

sSer

425

Lys

Glu

Gln

Asn

Lys

250

Thr

Ile

TYr

Asn

Asp

330

Ile

Pro

Ile

val

Ile

410

Ala

Pro

val

GlIn

235

val

Gly

Ala

Asp

315

Arg

Ala

Ile

Ile

Phe

395

Lys

Thr

val

Thr

220

Ser

Lys

Asn

Asp

Ile

300

Lys

Ala

Asp

Ala

Gly

val

Gly

Asp

Leu Ser Asp
Page 37

val
205
Ala
Gly

Ser

Gly

Leu

Glu

Lys

Glu

AsSn

Tyr

Thr

ser

val

190

Asn

Ser

Asn

Gly

Asp

270

Lys

Thr

Asn

Ala

Met

350

Ile

Asp

Pro

Gln

Lys

430

Tyr

175

Arg

Ala

Asp

Thr

ASp

255

val

Ser

Lys

Ile

Pro

335

Phe

Asp

Thr

Lys

Tyr

Thr

Ala

Phe

Phe

240

Tyr

Asp

Thr

Thr

Asn

320

Lys

Asn

Lys

Gln

400

Lys

Arg

Ala



435

Pro Asn

450

Asp

Lys ITe Thr

465

Ile Thr Lys

Gly Lys Asn

Thr

(S5 N
g
Ui in

Arg Gly

<210>
<211>
<212>
<213>

<400> 31
ttgaaaaaaa

31
1626
DNA

acagtaggta
caagcacaag
gcagattccg
acatctgata
tctacacaaa
ctgacggcaa
gaagcaaatt
agtgagctta
aatgcgcaag
gctgaacctg
gcaaaagatt
atggcggcaa
ttaccagata
ccaattgcag
ttgactaaga
gggaaatttt

gatgcaaata

Asp Ser

Tyr Lys

Ash

Tyr

440

Leu
455

Lys

GlIn Asn

470

Thr Tyr

485

Leu
500

Lys

Tvr
L A

Gly Gly

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaagatca
ctcaagtaga
aaaatcctca
gaactagtaa
tagtaaatgc
ttcaattaga
actttacagt
gtgtaactgg
atatagtaaa
catatacatt
cattaccact

ttaatattgc

val

Ser

val Leu

val

Gln

pha

520

-
ol
(D

Ala
535

Asp

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tatgatagaa
cacaaacagt
cactacaaca
agcaactgct
taataaaaca
aacattagat
accaagtgtt
tgctgatgcet
aaagactaca
gactggacaa
taatggagac
cgataaaaat
tgtctttaca
atttacagac

ggatgaaatg

val Ala

val Glu

sequence_listing

Glu val Thr

ser
475

490

Glu

>
n
-3

Ser

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagctt
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa
tttgacccta
gtgaaatcag
gtggattact
gaagttgtag
gattatgtaa
agagcaaagg

tttaataata

445

Asn Glu Phe

460

Ile Asn Phe

His Tyr Asp

Asn Ite Asp

510

H

Asn

%210

g

1
2

Ala val Asn

540

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacagc
caacaaatga
aagatcaaac
ctaatagcat
catcaccaca
ctgtacgtag
atgtaaatga
accaaagtgg
gggattattt
Ctaattcgaa
caaaagcgac
atgataagca
cacctaaatc

aaattactta

Page 38

Lys Asp

Gly Asp
4

Asn Thr

495

Pro Ala

——d
-
'~

——d

<.
I

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctcaa
agcgacaaac
aacaatttcc
tcttgcagtt
taaagttacg
taatactttt
tacagcgaag
taatacgatg
atatgatatt
aaatattaat
aggaacatat

taactatagt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080



tcgccaattyg
gtagatacag
cgagttttag
agcggtaaag
aaattatcag
caatttaagg
ataaataaaa
aaaacgcaag
ggttggaata
gtaaat
<210> 32

<211> 542
<212> PRT

caggaattga
cttcaggtca
gtaatacgtg
taagtgctac
atagctacta
ataaaatcac
cgtatgtcgt
tcattcaaga

atgagaatgt

taagccaaat
aaatacatac
ggtgtatatt
agatacaaaa
tgcagaccca
ttataaatac
tttagtcgaa
aaatgttgac
tgtacgttat

<213> Staphylococcus aureus

<400> 32

keu Lys Lys Arg §1e Asp Tyr

Ile Arg Arg

Phe
35

Ile Leu

Asn Asp Thr

50

Lys Asn Asnh

65

Thr Ser Asp

Ala Lys Pro

Thr
115

Ala Ser

Ala Ala

130

Thr

GIn val

145

ASp

Phe Thr

20

va

Gly Ile GI

Thr GIn Se

Gl
70

Met Ile

Ile ser Al

85

Met Th

100

Ser

Asn Glu Th

Lys Met Gl

Th
15

Asn Lys

Leu
1 Gly Thr

His
40

y Asn

r Ser

55

Lys

u Thr Pro

a Asn Thr

r Gin Thr

Gln
120

r Pro

Gln

n

r Thr
0

Asn

sequence_listing

ggcgcgaaca
aagcaaacgg
aaaggttacc
ctgagaattt
aatgactcta
caaaatgtag
ggtcattatg
ccagcgacag

ggtggtggaa

Asn
10

ser Lys

Thr val

25

Ser

GIn Ala GIn

Asn Asn Ala

Gln Asn

75

Leu

ser Ala

90

Asn

Ser Asn Thr

105

Leu Thr Ala

Thr val pro

Ala Asn

155

Asp

tttcttctca
tatttgttaa
aagataaaat
ttgaagtgaa
atcttaaaga
caagtattaa
ataaaacagg

gtaaagacta

gtgctgatgg

GIn Asn Lys

ITe val Gly

30

Ala Ser Glu

45

Ser Ala

60

Asp

Thr Thr Ala

Asn val Asp

Thr
110

Thr Thr

Ile

AsSp

Gln
140

Ala

Ser Ile Ala

Page 39

aattattggt
ccctaagcaa
cgaagaaagt
tgatacatct
agtaactgat
ttttggtgat
taaaaacttg
cagtattttc

tgattcagca

Tyr
15

ser

Ala Thr

Gln ser

Ser Glu

Asn Asp

80

ser Thr

95

Glu Pro

Gin Ala

Asn Ser

Thr Asn

160

1140
1200
1260
1320
1380
1440
1500
1560
1620
1626



Ser

Gln

Arg

ASp

GlIn

225

Met

Phe

Tyr

Lys

Tyr

305

Gly

Ser

AsSn

Pro

Ser

385

Arg

Ile

Glu

Thr

Ala

Ala

210

Leu

Ala

Thr

Ser

Asn

290

Thr

Lys

Gly

Lys

ASh

370

Gly

val

Glu

Leu

Ile

val

195

Lys

Glu

Ala

Ala

Asn

275

Glu

Phe

Phe

Thr

Ile

355

Gly

GIn

Leu

Glu

Lys

ser

180

Arg

Gly

Lys

Asn

Lys

ser

val

val

Ser

Tyr

340

Thr

Ala

Asn

Gly

ser
420

Asn

165

Asn

Ser

Thr

Thr

Phe

245

Leu

Asnh

val

Phe

Leu

325

Asp

Tyr

Asn

Thr

Asnh

405

ser

Pro

Ala

Leu

Asn

Thr

230

Thr

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

Tyr

390

Thr

Gly

Gln

Gln

Ala

val

215

Phe

val

ASD

Thr

Lys

295

Asp

Leu

ASn

TYyr

ser

375

Lys

Trp

Lys

Thr

Gly

val

200

Asn

ASp

Thr

ser

Met

280

Ala

Tyr

Phe

Ile

ser

360

ser

Gln

val

val

sequence_listing
Leu Asp Leu Pro Gln

Thr

185

Ala

Asp

Pro

Gly

val

265

Pro

Thr

val

Thr

Asn

345

Ser

Gin

Thr

Tyr

ser
425

170

ser

Glu

Lys

Asn

Gln

250

Thr

Ile

Tyr

Asn

330

Ile

Pro

Ile

val

Ile

410

Ala

Lys

Pro

val

Gln

235

val

Gly

Ala

Asp

315

Arg

Ala

Ile

Ile

Phe

395

Lys

Thr

Pro

val

Thr

220

ser

LysS

Asn

Asp

Ile

300

Lys

Ala

Asp

Ala

Gly

val

Gly

Asp

Page 40

Ser

val

205

Ala

Gly

Ser

Gly

Ile

285

Leu

Gln

Lys

Glu

Gly

val

Asn

Tyr

Thr

ser

val

190

Asn

Lys

Asn

Gly

Asp

270

val

Thr

Asn

Ala

Met

350

Ile

Asp

Pro

Glin

Lys

ser

175

Arg

Ala

ASp

Thr

ASp

val

AsSn

Lys

Ile

Pro

335

Phe

Asp

Thr

Lys

Pro

Thr

Ala

Phe

Phe

240

Tyr

Asp

ASp

Thr

Asn

320

LysS

Asn

Lys

Ala

Gln

400

Lys

Arg




Ile

Asp

Lys

Ile

Thr

Arg

Phe

Pro

450

Ile

Asn

Lys

Gly

TYyr

Glu

435

Asn

Thr

Lys

Asn

Lys

515

Gly

val

Asp

Tyr

Thr

Leu

500

Asp

Gly

Asn

Ser

Lys

TYr

485

Lys

Tyr

Gly

Asp

ASn

TYr

470

val

Thr

ser

Ser

Thr

Leu

455

Gln

val

Gln

Ile

Ala

Ser

440

Lys

Asn

Leu

val

Phe

520

Asp

sequence_listing
Lys Leu Ser Asp Ser

Glu

val

val

Ile

505

Gly

Gly

val

Ala

Glu

490

Gin

Trp

Asp

Thr

ser

475

Gly

Glu

Asn

Ser

Asp

460

Ile

His

Asn

Asn

Ala

445

Gln

Asn

Tyr

val

Glu

525

val

Phe

Phe

Asp

Asp

510

Asn

Asn

Lys

Gly

Pro

val

Ala

Asp

Ala

val

530

<210>
<211>
<212>
<213>

<400> 33
ttgaaaaaaa

33
1626
DNA

acagtaggta
caagcacaag
gcagattccyg
acatctgata
tctacacaaa
ctgacggcaa
gaagcaaatt
agtgagctta
aatgcgcaag
gctgaacctg
gcaaaagatt
atggcggcaa
ttaccagata
ccaattgcag
ttgactaaga

ggacaatttt

gaattgatta
ccacatcagt
cttcagaaca
daaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaagatca
ctcaagtaga
aaaatcctca
gaactagtaa
tagtaaatgc
ttcaattaga
actttacagt
gtgtaactag
atattaaaag
catatacatt

cattaccttt

535

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tatgatagaa
cacaaacagt
cactacaaca
agcaactgct
taataaaaca
aacattagat
accaagtgtt
tgctgatgcet
aaagactaca
gactggacaa
taatggagac
cacgaatggt
tgtctttaca

atttacagac

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagctt
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa
tttgacccta
gtgaaatcag
gtggattact
gatgttgtag
gattatgtaa

agagcaaagg

540

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacagc
caacaaatga
aagatcaaac
ctaatagcat
catcaccaca
ctgtacgtag
atgtaaatga
accaaagtgg
gggattattt
ctaattcgaa
ctaaagcaac
atgaaaaaga

cacctaaatc

Page 41

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctcaa
agcgacaaac
aacaatttcc
tcttgcagtt
taaagttacg
taatactttt
tacagcgaag
taatacgatg
atatgatatc
aaatattaac

aggaacatac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020



gatgcaaata

tcgectattyg

gtagatacag

cgagttttag

agcggtaaag

aaattatcag

gaatttaagg

attactaaaa

aaaacacagg

ggttggaata

gtaaat

<210> 34

<211> 542
<212> PRT
<213> staphylococcus aureus

<400> 34
keu Lys Lys Arg

Ile Arg

Ile Leu

Asn Asp

50

Lys Asn

Thr Ser

Ala Lys

Ala Sser

Thr Ala

130

Gln val
145

Arg

Phe

35

Thr

Asn

Asp

Pro

Thr

115

Ala

Asp

Phe

20

Gly

Thr

Met

ITe

Met

100

Asn

Lys

Asn

ttaatattgc
caggaattga
cttcaggtca
gtaatacgtg
taagtgctac
atagctacta
ataaaatcac
cgtatgttgt
ttattcaaga
atgagaatgt

ggatgaaatg
taaaccaaat
aaacacatac
ggtgtatatt
agatacaaaa
tgcggaccca
ttataaatac
attagtggaa
aaatattgac

tgtacgttat

Ile Asp Tyr Leu
5

Thr

Ile

Gln

Ile

ser

85

sSer

Glu

Met

Lys

val

Gly

Ser

Glu

70

Ala

Thr

Thr

Glin

Thr
150

Gly

Asn

Ser

55

Thr

Asn

Gln

Pro

Asp

Thr

Thr

His

40

Lys

Pro

Thr

Thr

GlIn

120

Gln

Asn

sequence_listing

tttgataata
ggcgcaaata
aagcaaacag
aaaggttacc
ctgagaattt
aatgactcta

caaaatgtag

ggtggtggaa

ser

Thr

25

Gln

Asn

Gln

Asn

ser

105

Leu

Thr

Asp

ggtcactatg

ccagcgacag

Asn Lys Gln
10

Ser val Ile

Ala GIn Ala

Asn Ala ser
60

Leu Asn Thr
75

Ser Ala Asn
90

Asn Thr Thr

Thr Ala Tle

val Pro Gln
140

Ala Ash Ser
155

Page 42

Asn

val

Ser

45

Ala

Thr

val

Thr

Ile

aaattactta
tttcttctca
tatttgttaa
aagataaaat
ttgaagtgaa
accttaaaga
caagtattaa
ataatactgg

gtaaagacta

gtgctgatgg

Lys

Gly

30

Glu

Asp

Ala

Asp

Thr

110

Asp

Ala

Ala

taactatagt
aattattyggt
ccctaagcaa
cgaagaaagt
tgatacatct
agtaacgaat
ttttggcgat
taaaaacttg
cagtattttc

tgattcagca

Tyr

15

Ala

GIn

Ser

Asn

ser

95

Glu

Gln

Asn

Thr

ser

Thr

Ser

Glu

Asp

80

Thr

Pro

Ala

Ser

Asn
160

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1626



ser

Gln

Arg

Asp

G1n

225

Met

Phe

Tyr

Asn

Tyr

305

Gly

Ser

Asn

Pro

ser

385

Arg

Ile

Glu

Thr

Ala

Ala

210

Leu

Ala

Thr

Ser

Gly

Thr

Gln

Gly

Lys

Asn

370

Gly

vai

Glu

Leu

Ile

val

195

Lys

Glu

Ala

Ala

Asn

275

Asp

Phe

Phe

Thr

Ile

Gly

Gln

Leu

Glu

Lys

Ser

180

Arg

Gly

Lys

Asn

Lys

Ser

val

val

Ser

Tyr

340

Thr

Ala

Asn

Gly

Ser
420

Asn

165

Asn

Ser

Thr

Thr

Phe

245

Leu

Asn

val

Phe

Leu

325

Asp

Tyr

Asn

Thr

Asn

405

ser

Pro

Ala

Leu

Ash

Thr

230

Thr

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

TYyr

390

Thr

Gly

GIn

Gln

Ala

val

215

Phe

val

Asp

Thr

Lys

295

Asp

Leu

Asn

Tyr

Ser

375

Lys

Trp

Lys

Thr

Gly

val

200

Asn

Asp

Thr

Ser

Met

280

Ala

Tyr

Phe

ser

360

Ser

Gln

val

val

sequence_l1isting

Leu Asp Leu Pro Gln

Thr

185

Ala

AsSp

Pro

Gly

val

265

Pro

Thr

val

Thr

Asn

345

Ser

Gln

Thr

Tyr

ser
425

170

ser

Glu

Lys

Ash

GIn

250

Thr

Ile

Tyr

AsSn

Asp

330

Ile

Pro

Ile

val

Ile
410

Lys

Pro

val

Gln

235

val

Gly

Ala

Asp

Glu

315

Arg

Ala

Ile

Ile

Phe

395

Lys

Pro

val

Thr

220

Ser

Lys

Asn

Asp

Ile

300

Lys

Ala

Asp

Ala

Gly

val

Gly

Ala Thr Asp

Page 43

Ser

val

205

Ala

Gly

Ser

Gly

Ile

285

Leu

Glu

Lys

Glu

AsSN

Tyr

Thr

ser

val

190

Asn

Lys

Asn

Gly

AsSp

Lys

Thr

AsSN

Ala

Met

350

Ile

Asp

Pro

Gln

Lys
430

Ser

175

Arg

Ala

ASp

Thr

Asp

val

ser

Lys

Ile

Pro

335

Phe

Asp

Thr

Lys

Pro

Thr

Ala

Phe

Phe

240

Tyr

Asp

Thr

Thr

Asn

320

Lys

Asp

Lys

Ala

Gln

400

Lys

Arg



Glu
435

Ile Phe

Asp Pro

450

Asn

Lys Ile Thr

Ile Thr Lys

Lys Ash

Thr Gly Lys

515

Arg Tyr
530

Gly

<210>
<211>
<212>
<213>

<400> 35
ttgaaaaaaa

35
1626
DNA

acagtaggta
caagcacaag
gcagattccg
acatctgata
tctacacaaa
ccgacggceaa
gaagcaaatt
agtgaactta
aatgcgcaag
gctgaacctg
gcaagtaatc
atggcggcaa
ttaccagata
ccaattgcag
ttgactaaga

gggcaatttt

val Asn

ser

Asp

Tyr Lys

Asp

Asn

Tyr

Thr ser

440

Leu
455

Lys

GIn Asn

470

Thr Tyr

485

Leu
500

Lys

Asp Tyr

Gly Gly

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaataa
ttagtgcaaa
cgagcaatac
ttaaagatca
ctcaagtaga
aaaatcctca
gaactagtaa
tagtaaatgc
tacagttgca
attttacagt
gtttaactgg
atattaaaag
cgtatacatt

cattaccttt

val

Thr

Ser

Ser

val Leu

Gln val

Phe
520

Ile

Ala
535

Asp

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tatgatagaa
cacaaacagt
cactacaaca
agcaactgct
taataaaaca
aacattagat
accaagtgtt
tgctgatgcet
aaagactaca
gacagataaa
taatggagac
tacgaatggc
tgtctttaca

atttacagac

Glu

val

val

Ile

505

Gly

Gly

sequence_listing

val Thr

Ala Ser

475

Glu
490

Gly

Gln Glu

Trp Asn

Asp Ser

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagctt
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa
tttgacccta
gtgaaatcag
gtggattact
gatgttgtag
gattatgtaa

cgagcaaagg

Lys Leu Ser Asp Ser Tyr

445

Asn Glu Phe

460

Ile Asn Phe

His Tyr Asp

Asn Ile Asp

510

Glu
525

Asn Asn

Ala val

540

Asn

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacagc
Caacaaatga
aagatcaaac
ctaatagcat
catcaccaca
ctgtacgtag
atgtaaatga
accaaagtgg
gggattattt
ctaattcaaa
ctaaagcaac
atgataaaga

cacctaaatc

Page 44

Tyr Ala

Lys Asp

Gly
480

Asn Thr

495

Pro Ala

val val

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctcaa
agcaacaaac
aacgatttcc
tcttgcagtt
taaagttacg
aaatacattt
tacagcgaag
taatacgatg
atatgatatc
aaatattaac

aggaacatat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020



sequence_listing

aaattactta
tttettctca
tatttgttaa
aagataaaat
ttgaagtgaa
accttaaaga
caagtattaa
ataatactgg

gtaaagacta

gtgctgatgg

taactatagt
aattattggt
ccctaagcaa
cgaagaaagt
tgatacatct
agtaactgat
ttttggtgat
aaaaaacttg

cagtattttc

gatgcaaata ttaatattgc ggatgaaatg tttaataata

tcgccaattyg caggaattga taagccaaat ggcgcgaaca

gtagatacag cttcaggtca aaacacatac aagcaaacgg

cgagttttag gtaatacgtg ggtgtatatt aaaggttacc

agcggtaaag taagtgctac agatacaaaa ctgagaattt

aaattatcag atagctacta tgcagaccca aatgactcta

caatttaagg ataaaatcac ttataaatac caaaacgtad

ataaataaaa cgtatgtcgt tttagttgaa ggtcactatg

aaaacacagg ttattcaaga aaatattgac ccagcgacag

ggatggaata atgagaatgt tgtacgttat ggtggtggaa

gtaaat

<210> 36

<211> 542

<212> PRT

<213> staphylococcus aureus

<400> 36

Leu Lys Lys Arg Ile Asp Tyr Leu Ser Asn Lys

1 5 10

Ile Arg Arg Phe Thr val Gly Thr Thr Ser val

20 25
Ile Leu Phe Gly Ile Gly Asn His GIn Ala Gln
35 40

Asn Asp Thr Thr GIn Ser Ser Lys Ash Asn Ala
50 55

Lys Asn Asn Met Ile Glu Thr Pro Gln Leu Asn

65 70 75

Thr Ser Asp Ile Ser Ala Asn Thr Asn Ser Ala

85 90
Ala Lys Pro Met Ser Thr Gln Thr Ser Asn Thr
100 105
Ala ser Thr Asn Glu Thr Pro GIn Pro Thr Ala
115 120

Thr Ala Ala Lys Met Gin Asp GIn Thr val Pro
130 135

Gln val Asp Asn Lys Thr Thr Asn Asp Ala Asn

145 150 155

Gln Asn

ITe val

Ala ser

45

Ser Ala

60

Thr Thr

Asn val

Thr Thr

Ile Lys

G1ln Glu

140

Ser Ile

Page 45

Lys

Gly

30

Glu

Asp

Ala

Asp

Thr

110

Asp

Ala

Ala

Tyr

15

Ala

GlIn

Ser

Asn

ser

95

Glu

Gln

Asn

Thr

Ser

Thr

ser

Glu

Asp

80

Thr

Pro

Ala

ser

Asn
160

1080
1140
1200
1260
1320
1380
1440
1500
1560

fomdt
(¥

N
(]

1626



ser

Gln

Arg

ASp

Gin

225

Met

Phe

Tyr

Asn

Tyr

305

Gly

Ser

Asn

Pro

Ser

385

Arg

Ile

Glu

Thr

Ala

Ala

210

Leu

Ala

Thr

Ser

Gly

Thr

Gln

Gly

Lys

Asn

370

Gly

val

Glu

Leu

Ile

val

195

Lys

GIn

Ala

Ala

Asn

275

Asp

Phe

Phe

Thr

Ile

355

Gly

Gln

Leu

Glu

Lys

Ser

180

Arg

Gly

Lys

Asn

val

val

Ser

Tyr

340

Thr

Ala

Asn

Gly

ser
420

Asnh

165

Asn

Ser

Thr

Thr

Phe

245

Leu

Asn

val

Phe

Leu

325

Asp

Tyr

Asn

Thr

Asn

405

ser

Pro

Ala

Leu

Asn

Thr

230

Thr

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

Tyr

390

Thr

Gly

Gln

GIn

Ala

val

215

Phe

val

AsSp

Thr

Lys

295

Asp

Leu

Asn

Tyr

Ser

375

Lys

Trp

Lys

Thr

Gly

val

200

Asn

AsSp

Thr

Ser

Met

280

Ala

Tyr

Phe

Ile

Ser

360

Ser

Gln

val

val

sequence_listing

Leu

Thr

185

Ala

Asp

Pro

Asp

Leu

265

Pro

Thr

val

Thr

Asn

345

ser

Gln

Thr

Tyr

ser
425

Asp Leu Pro Gln

170

ser

Glu

Lys

Asn

Ile

Tyr

Asn

330

Ile

Pro

Tle

val

Ile
410

Lys

Pro

val

(ST}
At
(2 B |

val

Gly

Ala

Asp

Arg

Ala

Ile

Ile

Phe

395

Lys

Pro

val

Thr

220

Ser

Lys

Asn

ASp

Ile

300

Lys

Ala

Asp

Ala

Gly

val

Gly

Ala Thr Asp

Page 46

ser

val

205

Ala

Gly

ser

Gly

Ile

285

Leu

Glu

Lys

Glu

Gly

val

Asn

TYr

Thr

sSer

val

190

Asn

Ser

Asn

Gly

Asp

270

Lys

Thr

Asn

Ala

Met

350

Ile

Asp

Pro

GIn

Lys

ser

175

Arg

Ala

Asn

Thr

ASp

255

val

Ser

Lys

Ile

Pro

335

Phe

ASDp

Thr

Lys

ASp

Leu

Pro

Thr

Ala

Leu

Phe

240
240

TYr

Asp

Thr

Thr

AsSn

320

Lys

AsSn

Lys

Ala

Glin

400

Lys

Arg




Ile

Asp

Phe

Pro

Glu

Asn

450

Gly

Thr

Arg

Ile

Asn

LYyS

Gly

TY

Thr

Lys

Asn

Lys

515

r Gly

val Asn

Asp Ser

Tyr Lys

Thr Tyr
485

Leu
500

Lys
Asp

Tyr

Gly Gly

Asp

Asn

Tyr

470

val

Thr

Ser

Ser

Thr

Leu

455

Gln

val

Gln

Ala

ser

440

Lys

Asn

Leu

val

Phe

520

Asp

sequence_listing

Lys Leu Ser Asp Ser

Glu

val

val

Ile

505

Gly

Gly

val

Ala

Glu

490

Gln

Trp

ASp

Thr

Ser

475

Gly

Glu

Asn

Ser

His

Asn

Ash

Ala

445

Gln

Asn

Tyr

Ile

Glu

525

val

Tyr

Phe

Phe

Asp

510

Asn

Asn

Tyr

Lys

Gly

Asn

495

Pro

val

Ala

ASp

Ala

val

530

<210>
<211>
<212>
<213>

<400> 37
ttgaaaaaaa

37
1626
DNA

acagtaggta
caagcacaag
gcagattccg
acatctgata
tctacacaaa
ccgacggcaa
gaagcaaatt
agtgagctta
aatgcgcaag
gctgaacctg
gcaaaagatt
atggcggcaa
ttaccagata
ccaattgeag

ttgactaaga

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaagatca
ctcaagtaga
aaaatcctca
gaactagtaa
tagtaaatgc
ttcaattaga
actttacagt
gtgtaactgg
atattaaaag

catatacatt

535

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tatgatagaa
cacaaacagt
cactacaaca
agcaactgcet
taataaaaca
aacattagat
accaagtgtt
tgctgatgct
aaagactaca
gactggacaa
taatggagac
cacgaatggt

tgtctttaca

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgrag
gagccagctt
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa
tttgacccta
gtgaaatcag
gtggattact
gatgttgtag

gattatgtaa

540

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacaac
caacaaatga
aagatcaaac
ctaatagcat
catcaccaca
ctgtacgtag
atgtaaatga
accaaagtgg
gggattattt
ctaattcgaa
ctaaagcaac

atgaaaaaga

Page 47

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctceaa
agcgacaaac
aacaatttcc
tcttgcagtt
taaagttacg
taatactttt
tacagcgaag
taatacgatg
atatgatatc

daaatattaac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960




sequence_Tl1isting

ggacaatttt cattaccttt atttacagac agagcaaagg cacctaaatc aggaacatac
gatgcaaata ttaatattgc ggatgaaatg tttgataata aaattactta taactatagt
tcgectattg caggaattga taaaccaaat ggcgcaaata tttcttctca aattattggt
gtagatacag cttcaggtca aaacacatac aagcaaacag tatttgttaa ccctaagcaa
cgagttttag gtaatacgtg ggtgtatatt aaaggttacc aagataaaat cgaagaaagt
agcggtaaag taagtgctac agatacaaaa ctgagaattt ttgaagtgaa tgatacatct
aaattatcag atagctacta tgcggaccca aatgactcta accttaaaga agtaacgaat
gaatttaagg ataaaatcac ttataaatac caaaatgtag caagtattaa ttttggcgat
attactaaaa cgtatgttgt attagtggaa ggtcactatg ataatactgg taaaaacttg
aaaacacagg ttattcaaga aaatattgac ccagcgacag gtaaagacta cagtattttc
ggttggaata atgagaatgt tgtacgttat ggtggtggaa gtgctgatgg tgattcagca
gtaaat
<210> 38
<211> 542
<212> PRT
<213> Staphylococcus aureus
<400> 38
Leu Lys Lys Arg Ile Asp Tyr Leu Ser Asn Lys Gln Ash Lys Tyr Ser
1 5 10 15
Ile Arg Arg Phe Thr val Gly Thr Thr ser val Ile val Gly Ala Thr
20 25 30
ITe Leu Phe Gly Ile Gly Asn His Gln Ala GIn Ala Ser Glu Gln Ser
35 40 45
Asn Asp Thr Thr GIn Ser Ser Lys Asn Asn Ala Ser Ala Asp Ser Glu
50 55 60
Lys Asn Asn Met Ile Glu Thr Pro GIn Leu Asn Thr Thr Ala Asn Asp
65 70 75 80
Thr Ser Asp Ile Ser Ala Asn Thr Asn Ser Ala Asn val Asp Ser Thr
85 90 95
Thr Lys Pro Met Ser Thr GIn Thr Ser Asn Thr Thr Thr Thr Glu Pro
100 105 110
Ala Ser Thr Asn Glu Thr Pro Gln Pro Thr Ala Ile Lys Asp Gln Ala
115 120 125
Thr Ala Ala Lys Met Gln Asp Gln Thr val Pro GIn Glu Ala Asn Ser
130 135 140
GIn val Asp Asn Lys Thr Thr Asn Asp Ala Asn Ser Ile Ala Thr Asn

Page 48

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1626



145

Ser

Glin

Arg

Asp

Gln

225

Met

Phe

Tyr

Asn

Ser

Asn

Pro

Ser

385

Arg

Ile

Glu

Thr

Ala

Ala

210

Leu

Ala

Thr

Ser

Gly

Thr

Gln

Gly

Lys

Asn

370

Gly

val

Glu

Leu

Ile

val

195

Lys

Glu

Ala

Ala

Asn

275

Asp

Phe

Phe

Thr

Gly

Gin

Leu

Glu

Lys

Ser

180

Arg

Gly

Lys

Asn

Lys

ser

val

val

Ser

Tyr

340

Thr

Ala

Asn

Gly

Ser

Asn

165

Asn

ser

Thr

Thr

Phe

245

Leu

Asnh

val

Phe

Leu

325

Asp

Tyr

Asn

Thr

Asn

405

Ser

150

Pro

Ala

Leu

Asn

Thr

230

Thr

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

TYyr

390

Thr

Gly

Gln

Gln

Ala

val

215

Phe

val

ASp

Thr

Lys

Asp

Leu

Asn

Tyr

Ser

375

Lys

Trp

Lys

Thr

Gly

val

200

Ash

Asp

Thr

ser

Met

280

Ala

Tyr

Phe

Ile

Ser

360

Ser

Gln

val

val

sequence_listing
155

Leu

Thr

185

Ala

Asp

Pro

Gly

val

265

Pro

Thr

val

Thr

Asn

345

Ser

Gln

Thr

Tyr

ser

Asp Leu Pro GlIn

170

Ser

Glu

Lys

Asn

GIn

250

Thr

Ile

Tyr

Asn

ASp.

330

Ile

Pro

Ile

val

Ile
410

Lys

Pro

val

GlIn

235

val

Gly

Ala

Asp

Glu

315

Arg

Ala

Ile

Ile

Phe

395

Lys

Pro

val

Thr

220

ser

Lys

Asn

Asp

Ile

300

Lys

Ala

Asp

Ala

Gly

val

Gly

Ala Thr Asp
Page 49

Ser

val

205

Ala

Gly

Ser

Gly

Ile

285

Leu

Glu

Lys

Glu

Asn

Tyr

Thr

Ser

val

190

Asn

Lys

Asn

Gly

270

Lys

Thr

Asn

Ala

Met

350

Ile

Asp

Pro

GlIn

Lys

Ser

175

Arg

Ala

Asp

Thr

Asp

255

val

Ser

Lys

Ile

Pro

335

Phe

Asp

Thr

Lys

160

Pro

Thr

Ala

Phe

Phe

240

Tyr

Asp

Thr

Thr

ASn

320

Lys

AsSp

Lys

Ala

GlIn

400

Lys

Arg



Glu
435

ITe Phe

Pro
450

AsSp Asn

Lys Ile Thr

Ile Thr Lys

Gly Lys Asn

Thr Gly

515

Arg Tyr
530

Gly

<210>
<211>
<212>
<213>

<400> 39
ttgaaaaaaa

39
1626
DNA

acagtaggta
caagcacaag
gcagattccg
acatctgata
tctacacaaa
ccgacggcaa
gaagcaaatt
agtgagctta
aatgcgcaag
gctgaacctyg
gcaagtgatt
atggcggcaa
ttaccagata
ccaattgcag

ttgactaaga

420

val Asn

Ser

Asp

Tyr Lys

Asp

Asn

TYyr

Thr ser

440

Leu
455

Lys

Gln Asn

470

Thr Tyr

485

Leu
500

Lys

Asp Tyr

Gly Gly

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaagatca
ctcaagtaga
aaaatcctca
gaactagtaa
tagtaaatgc
tcaagttaga
aatttacagt
gtgtaaatgg
atattaaaag

cgtatacatt

val

Thr

Ser

Ser

val Leu

val

Gln

Phe
520

Ile

Ala
535

Asp

Staphylococcus aureus

tttgtcgaat
aatagtaggyg
atcgaacgat
tatgatagaa
cacaaacagt
cactacaaca
agcaactgcet
taataaaaca
aacattagat
accgagtgtt
tgctgatgct
aaagactaca
gactggacaa
taatggagat
tacgaatggc
tgtctttaca

sequence_listing

425

Lys Leu Ser

Glu val Thr

val Ala ser

475

Glu
490

val Gly

Ite Gln Glu

505

Gly Trp Asn

Gly Asp Ser

aagcagaata
gcaactatac
acaacacaat
acacctcaat
gcgaatgtag
gagccagctt
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa
tttgacccta
gtgaaagcag
gtggattact
gatgttgtag
gattatgtaa

430

Ser
445

Asp TYyr

Asn Glu Phe

460

Ile Asn Phe

His Tyr Asp

Asn Ile Asp

510

Glu
525

Asn Asn

Ala val

540

Asn

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacagc
caacaaatga
aagatcaaac
ctaatagcat
catcaccaca
ctgtacgtag
atgtaaatgg
accaaagtgg
gggattattt
ctaattcaaa
ctaaagcaac

ataataaaga

Page 50

Tyr Ala

Lys Asp

Gly Asp

Asn Thr

495

Pro Ala

val val

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttccteaa
agcaacaaac
aacgatttcc
tcttgcagtt
tcaagttacg
taacacattt
tacagcgaag
taatacgatg
atatgatatc

aaatattaac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



sequence_Tlisting

ggacaatttt cattaccttt atttacagac cgagcaaagg

gatgcgaata ttaatattgc ggatgaaatg tttaataata

tcgccaattg caggaattga taaaccaaat ggcgcgaaca

gtagatacag cttcaggtca aaacacatac aagcaaacag

cgagttttag gtaatacgtg ggtgtatatt aaaggttacc

agcggtaaag taagtgctac agatacaaaa ctgagaattt

aaattatcag atagctacta tgcagaccca aatgattcga

gagtttaagg ataaaatcac ttataaatac caaaatgtag

attactaaaa cgtatgtigt attagtggaa ggtcactatg

aaaacacagg ttattcaaga aaatattgac ccagcgacad

ggttggaata atgagaatgt tgtacgttat ggtggtggaa

gtaaat

<210> 40

<211> 542

<212> PRT

<213> staphylococcus aureus

<400> 40

Leu Lys Lys Arg Ile Asp Tyr Leu Ser Ash Lys

1 5 10

Ile Arg Arg Phe Thr val Gly Thr Thr Ser val

20 25
Ile Leu Phe Gly Ile Gly Asn His GIn Ala GlIn
35 40

Asn Asp Thr Thr GIn Ser Ser Lys Asn Asn Ala
50 55

Lys Asn Asn Met Ile Glu Thr Pro GIn Leu Ash

65 70 75

Thr Ser Asp Ile Ser Ala Asn Thr Asn Ser Ala

85 90
Ala Lys Pro Met Ser Thr GIln Thr Ser Asn Thr
100 105
Ala Sser Thr Asn Glu Thr Pro GIn Pro Thr Ala
115 120

Thr Ala Ala Lys Met Gln Asp GIn Thr val Pro

130 135

cacctaaatc
aaattactta
tttcttctca
tatatgttaa
aagataaaat
ttgaagtgaa
atcttaaaga
caagtattaa
ataatactgg

gtaaagacta

gtgctgatgg

GIn Asn Lys

Ile val Gly

30

Ala ser

45

Glu

Ser Ala

Asp
60

Thr Thr Ala

Asn val Asp

Thr Thr Thr

110

Ile Lys

125

Asp

Gin Glu Ala

140

Page 51

aggaacatat
taactatagt
aattattggt
ccctaagcaa
cgaagaaagt
tgatacatct
agtaacgaat
ttttggcgat
taaaaacttg
cagtattttc

tgattcagca

Tyr Ser

15

Ala Thr

GIn Ser

Ser Glu

Asn Asp

80

Ser Thr

95

Glu Pro

Ala

Gln

Asn Ser

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1626



GIn

145

ser

Gln

Arg

Asp

225

Met

Phe

Tyr

Asn

Ser

Asn

Pro

Ser

385

Arg

val

Glu

Thr

Ala

ala

210

Leu

Ala

Thr

Ser

Gln

Gly

Lys

Asn

370

Gly

val

Asp

Leu

Ile

val

195

Lys

Glu

Ala

Ala

Asn

275

ASp

Phe

Phe

Thr

Ile

355

Gly

Gln

Leu

Asn

Lys

Ser

180

Arg

Gly

Lys

Lys

Lys

260

Ser

val

val

Ser

Tyr

Thr

Ala

Asn

Gly

Lys

Asn

165

Asn

ser

Thr

Thr

Phe

245

Leu

Asn

val

Phe

Leu

325

Asp

Tyr

AsSn

Thr

Asn
405

Thr

150

Pro

Ala

Leu

Asn

Thr

230

Thr

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

TYyr

390

Thr

Thr

GlIn

Gln

Ala

val

215

Phe

val

Asp

Thr

Lys

295

Asp

Leu

Asn

Tyr

Ser

375

Lys

Trp

Asn

Thr

Gly

val

200

Asn

Asp

Thr

Ser

Met

280

Ala

TYyr

Phe

Ile

Ser

360

Ser

Gln

val

sequence_listing
Asp Ala Asn Ser Ile

Leu

Thr

185

Ala

Gly

Pro

Gly

val

265

Pro

Thr

val

Thr

Asn

345

Ser

Gln

Thr

Tyr

ASp

170

Ser

Glu

GIn

Asn

Gln

250

ASn

Ile

Tyr

Asn

ASp

Ile

Pro

Ile

val

Ile
410

155

Leu

LysS

Pro

val

Gln

235

val

Gly

Ala

Asp

AsSn

315

Arg

Ala

Ile

Ile

Tyr

395

Lys

Pro

Pro

val

Thr

220

Ser

Lys

Asn

Asp

Ile

300

Lys

Ala

Asp

Ala

Gly

val

Gly

Page 52

Glin

Ser

val

205

Ala

Gly

Ala

Gly

Ile

285

Leu

Glu

Lys

Glu

Gly

val

Asn

Tyr

Ala

Ser

val

190

Asn

Ser

Asn

Gly

LYyS

Thr

Asn

Ala

Met

350

Ife

Asp

Pro

Gin

Thr

Ser

175

Arg

Ala

ASp

Thr

AsSp

255

val

ser

Lys

Ile

Pro

335

Phe

Asp

Thr

Lys

ASp

Asn

160

Pro

Thr

Ala

Phe

Phe

240

Tyr

Asp

Thr

Thr

Asn

320

Lys

Asn

LyS

Ala

GIn

400

Lys




Ile Glu

Phe

Ile

Pro

Asnh

ser
420

val

Ser

Asn

Ser

Gly

Asp

Asn

Lys

Thr

Leu

val

Ser
440

sequence_listing
Ser Ala Thr Asp Thr

425

Lys

Glu

Leu

val

ser

Thr

Asp

Asn

Ser
445

Glu

r
Ve
w

430

Tyr

Phe

Leu

Tyr

Arg

Ala

Asp
450

Ile

Thr

Gly Lys

Thr Gly

Arg Tyr

530

41
1626
DNA

<210>
<211>
<212>
<213>

<400> 41
ttgaaaaaaa

acagtaggta
caagcacaag
gcagattccg
acatctgata
tCtacacaaa
ccgacggcaa
gaagcaaatt
agtgagctta
aatgcgcaag
gctgaaccgg
gcaagtaatt
atggcggcaa
ttaccagata

ccaattgcag

Thr

Lys

Asn

Asp
Tyr Lys

Thr

Leu
500

Lys

Asp Tyr

Gly Gly

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaaaatca
ctcaagtaga
aaaattctca
gaactagtaa
tagtaaatgc
tcaagttaga
attttacagt
gtttaactgg

acattaaaag

Tyr

val

Thr

Ser

Ser

Lys
455

Gln Asn

val Leu

Gln val

Phe
520

Ala
535

ASp

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tatgatagaa
cacaaacagt
cactacaaca
agcaactgct
taataaaaca
aacattagat
accaagtgtt
tgctgatgcet
aaagactaca
gacagataaa
taatggagac

tacgaatggc

val Ala ser

475

Glu
490

val Gly

ITe GIn Glu

505

Gly Trp Asn

Gly Asp Ser

aggcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagcett
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa
tttgacccta
gtgaaatcag
gtggattatt
gatgttgtag

460

Ile Asn Phe

His Tyr Asp

Asn Ile Asp

510

Glu
525

Asn Asn

Ala val

540

Asn

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacaac
caacaaatga
aagatcaaac
ctaatagcat
catcaccaca
ctgtacgtag
atgtaaatga
atcaaagtgg
gggattattt
ctaattcaaa

ctaaagcaac

Page 53

Lys Asp

Gly Asp

Asn Thr

495

Pro Ala

val val

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctcaa
agcaacaaac
aacgatttcc
tttagctgtt
taaagttacg
taacacattt
tacagcgaag
taatacgatg

atatgatatc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900




sequence_listing

ataataaaga
cacctaaatc
aaattactta
tttcttctca
tatttgttaa
aagataaaat
ttgaagtgaa
accttaaaga
ctagtattaa
acaatacagg
atagagacta

gtgctgatgg

Gln Asn Lys

ttgactaaga cgtatacatt tgtctttaca gattatgtaa

ggacaatttt cattaccttt atttacagac cgagcaaagg

gatgcgaata ttaatattgc ggatgaaatg tttaataata

tcgccaattg caggaattga taaaccaaat ggcgcgaaca

gtagatacag cttcaggtca aaacacatac aagcaaacag

cgagttttag gtaatacgtg ggtgtatatt aaaggctacc

agcggtaaag taagtgctac agatacaaaa ctgagaattt

aaattatcag atagctacta tgcagatcca aatgactcta

caatttaaaa atagaatcta ttatgagcat ccaaatgtag

attactaaaa catatgtagt attagtagaa gggcattacyg

aaaactcagg ttattcaaga aaatgttgat cctgtaacaa

ggttggaata atgagaatgt tgtacgttat ggtggtggaa

gtaaat

<210> 42

<211> 542

<212> PRT

<213> Staphylococcus aureus

<400> 42

Leu Lys Lys Arg Ile Asp Tyr Leu Ser Asn Arg

1 5 10

Ile Arg Arg Phe Thr val Gly Thr Thr ser val

20 25
Ile Leu Phe Gly Ile Gly Asn His Gln Ala Gln
35 40

Asn Asp Thr Thr GIn Ser Ser Lys Asn Asn Ala
50 55

Lys Asn Asn Met Ile Glu Thr Pro GIn Leu Asn

65 70 75

Thr ser Asp Ile Ser Ala Asn Thr Asn Ser Ala

85 90
Thr Lys Pro Met Ser Thr GIn Thr Ser Asn Thr
100 105
Ala Ser Thr Asn Glu Thr Pro Gln Pro Thr Ala
115 120

Thr Ala Ala Lys Met GIn Asp GlIn Thr val Pro

130 135

Ile val

Ala ser

45

ser Ala

60

Thr Thr

Asn val

Thr Thr

ITe Lys

125

GIn Glu

140

Page 54

Gly

30

Glu

Asp

Ala

Asp

Thr

110

Asn

Ala

aaatattaac
aggaacatat
taactatagt
aattattggt
ccctaagcaa
cgaagaaagt
tgatacatct
agtaacagac
atttggtgat
taagaactta
cagtattttc

tgattcagca

Tyr Ser

15

Ala Thr

Gln Ser

Ser Glu

ASn Asp

80

Ser Thr

95

Glu Pro

Ala

Gin

Asn Ser

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1626



Gln

145

ser

Gln

Arg

Asp

Lys

Met

Phe

Tyr

Ash

Tyr

305

Gly

Ser

Asn

Pro

Ser

385

Arg

val

Glu

Thr

Ala

Ala

210

Leu

Ala

Thr

Ser

Gly

Thr

Gln

Gly

Lys

Asn

370

Gly

val

Asp

Leu

Ile

val

195

Lys

Glu

Ala

Ala

Asn

275

Asp

Phe

Phe

Thr

Ile

Gly

Gln

Leu

Asn

Lys

Ser

180

Arg

Gly

Lys

AsSnh

Lys

Ser

val

val

sSer

TYyr

340

Thr

Ala

Asn

Gly

Lys

Asn

165

ASnh

Ser

Thr

Thr

Phe

245

Leu

Asn

val

Phe

L.eu

325

Asp

Tyr

Asn

Thr

Asn
405

Thr

150

Ser

Ala

Leu

Asn

Thr

230

Thr

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

Tyr

390

Thr

Thr

Gln

Glin

Ala

val

215

Phe

val

Asp

Thr

Lys

295

Asp

Leu

Asn

Tyr

Ser

375

Lys

Trp

Asn

Thr

Gly

val

200

Asn

ASp

Thr

ser

Met

280

Ala

Tyr

Phe

Ile

Ser

360

Ser

Gln

val

sequence_listing

Asp Ala Ash Ser ITle
155

Leu

Thr

185

Ala

Asp

Pro

Asp

Ley

265

Pro

Thr

val

Thr

Asn

345

sSer

GlIn

Thr

Tyr

Asp

170

Ser

Glu

Lys

Asn

Lys

250

Thr

Ile

Tyr

Asn

Asp

330

Ile

Pro

Ile

val

Ile
410

Leu

Lys

Pro

val

Gln

235

val

Gly

Ala

Asp

Asn

315

Arg

Ala

Ile

Ile

Phe

395

Lys

Pro

Pro

val

Thr

220

ser

Lys

Asn

Asp

Ile

300

Lys

Ala

Asp

Ala

Gly

Page 55

Gln

Ser

val

205

Ala

Gly

Ser

Gly

Ile

285

Leu

Glu

Lys

Glu

Gly

val

Asn

Tyr

Ala

ser

val

190

Asn

Ser

Asn

Gly

Asp

Lys

Thr

Asn

Ala

Met

350

Ile

Asp

Pro

Glin

Thr

Ser

175

Arg

Ala

Asn

Thr

Asp

val

Ser

Lys

Ile

Pro

335

Phe

Asp

Thr

Lys

Asn

160

Pro

Thr

Ala

Phe

Phe

240

Tyr

Asp

Thr

Thr

Asn

320

Lys

Asn

Lys

Ala

GlIn

400

Lys



Ite Glu Gly

Glu
435

Ile pPhe

Asp Pro

450

Asn

Ile Tyr

Thr Lys

Lys Asn

Thr Asn

Arg Tyr

530

<210>
<211>
<212>
<213>

<400> 43
ttgaaaaaaa

43
1626
DNA

acagtaggta
caagcacaag
gcagattccg
acatctgata
tctacacaaa
ccgacggcaa
gaagcaaatt
agtgagctta
aatgcgcaag
gctgaaccgg
gcaagtaatt
atggcggeaa
ttaccagata

ccaattgcag

Ser
420

ser
val Asn
Asp

ser

Tyr Glu

Gly

Asp

Asn

His

Lys val

Thr Ser

440

Leu
455

LyS

Pro Asn

470

Thr Tyr

485

Leu
500

Lys

Asp Tyr

Gly Gly

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaaaatca
ctcaagtaga
aaaattctca
gaactagtaa
tagtaaatgc
tcaagttaga
attttacagt
gtttaactgy

acattaaaag

val

Thr

Ser

Ser

val Leu

val

Gln

Phe
520

Ile

Ala
535

Asp

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tatgatagaa
cacaaacagt
cactacaaca
agcaactgct
taataaaaca
aacattagat
accaagtgtt
tgctgatgcet
aaagactaca
gacagataaa
taatggagac

tacgaatggce

sequence_listing

Ser Ala Thr
425

Lys Leu Ser

Glu val Thr

val Ala ser

475

Glu
490

val Gly

ITe GIn Glu

505

Gly Trp Asn

Gly Asp Ser

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagctt
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa
tttgacccta
gtgaaatcag
gtggattatt

gatgttgtag

Asp Thr

Ser
445

Asp Tyr

Asp GIn Phe

Ile Lys phe

His Tyr Asp

Asn val

510

Glu
525

ASh Asn

Ala val

540

Asn

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacaac
caacaaatga
aagatcaaac
ctaatagcat
catcaccaca
ctgtacgtag
atgtaaatga
atcaaagtgg
gggattattt
ctaattcaaa

Ctaaagcaac

Page 56

Leu Arg

Tyr

Lys Asn

Gly Asp

Asn Thr

495

Pro val

val val

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctcaa
agcaacaacc
aacgatttcc
tttagctgtt
taaagttacg
taacacattt
tacagcgaag
taatacgatg

atatgatatc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900




ttgactaaga
ggacaatttt
gatgcgaata
tcgccaattg
gtagatacag
cgagttttag
agcggtaaag
aaattatcag
caatttaaaa
attactaaaa
aaaactcagg
ggttggaata
gtaaat
<210>

<211>

<212>

<213>

<400>

44
542
PRT

44

ieu Lys Lys Arg Ile Asp Tyr
5

Ile Arg Arg

Phe
35

Ile Leu

Asn Asp Thr

50

Lys Asn

65

Asn

Thr Ser Asp

Thr Lys Pro

Thr
115

Ala ser

Thr Ala Ala

130

cgtatacatt
cattaccttt
ttaatattgc
caggaattga
cttcaggtca
gtaatacgtg
taagtgctac
atagctacta
atagaatcta
catatgtagt
ttattcaaga

atgagaatgt

Phe Thr

20

Gly Ile

Thr GIn

Met Ile

Ile ser

85

Met
100

Ser
Glu

Asn

Lys Met

val

Gly

Ser

Glu

70

Ala

Thr

Thr

Glin

tgtctttaca
atttacagac
ggatgaaatg
taaaccaaat
aaacacatac
ggtgtatatt
agatacaaaa
tgcagatcca
ttatgagcat
attagtagaa
aaatgttgat

tgtacgttat

Staphylococcus aureus

Leu
Gly Thr

His
40

Asn

Lys

Pro

Thr

Asn

Thr

Gln

GlIn
120

Pro

Asp GIn

sequence_listing

gattatgtaa
cgagcaaagg
tttaataata
ggcgcgaaca
aagcaaacag
aaaggctacc
ctgagaattt
aatgactcta
ccaaatgtag
gggcattacg

cctgtaacaa

ggtggtggaa

Ser Asn

10

Lys

Thr val

25

Ser

Gln Ala Gln

Asn Asn Ala

GlIn Asn

75

Leu

Ash Ser Ala

90

Ser Thr

105

Asn

Pro Thr ala

Thr val pro

ataataaaga
cacctaaatc
aaattactta
tttcttctca
tatttgttaa
aagataaaat
ttgaagtgaa
accttaaaga
ctagtattaa
acaatacagg

atagagacta

gtgctgatgg

GIn Asn Lys

Ile val Gly

30

Ala Sser Glu

45

Ser Ala

60

Asp

Thr Thr Ala

Asn val Asp

Thr
110

Thr Thr

Ile Lys

125

Asn

GIn Glu Ala

140

Page 57

aaatattaac
aggaacatat
taactatagt
aattattqgt
ccctaageaa
Ccgaagaaagt
tgatacatct
agtaacagac
atttggtgat
taagaactta
cagtattttc

tgattcagca

Tyr Ser

15

Ala Thr

Gin ser

Ser Glu

Asn Asp

80

Ser Thr

95

Glu pPro

Gin Ala

Asn Ser

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1626



Gln

145

Ser

Gln

Arg

ASp

225

Met

Phe

Tyr

Asnh

Tyr

305

Gly

ser

Asn

Pro

ser

385

Arg

val

Glu

Thr

Ala

Ala

210

Leu

Ala

Thr

Ser

Gly

Thr

Gln

Gly

Lys

Asn

370

Gly

val

AsSp

Leu

Ile

val

195

LyS

Glu

Ala

Ala

Asn

275

Asp

Phe

Phe

Thr

GIn

Leu

Asn

Lys

Ser

180

Arg

Gly

LysS

Asn

val

val

Ser

TYyr

340

Thr

Ala

AsSn

Gly

Lys

Asn

165

Asn

Ser

Thr

Thr

Phe

245

Leu

Asn

val

Phe

Leu

325

ASp

Tyr

Asn

Thr

Asn
405

Thr

150

ser

Ala

Leu

Asn

Thr

230

Thr

Pro

ASn

Ala

Thr

310

Pro

Ala

Asn

Ile

Tyr

Thr

Thr

Gln

Glin

Ala

val

215

Phe

val

Asp

Thr

Leu

Asn

Tyr

Ser

375

Lys

Trp

Asn

Thr

Gly

val

200

Asn

Asp

Thr

ser

Met

280

Ala

Tyr

Phe

Ile

Ser

360

Ser

Gln

val

sequence_listing

Asp Ala Asn Ser Ile

Leu

Thr

185

Ala

Asp

Pro

ASp

Leuy

265

Pro

Thr

val

Thr

Asn

345

ser

Gin

Thr

Tyr

ASp

170

Ser

Glu

Lys

AsSn

Ile

Tyr

Asn

Pro

Ile

val

155

Leu

Lys

Pro

val

Gln

235

val

Gly

Ala

Asp

Asn

315

Arg

ala

Ile

Iie

Phe
395

Prao

Pro

val

Thr

220

Ser

Lys

Asn

Asp

Ile

300

Lys

Ala

Asp

Ala

Gly

val

Ile Lys Gly

410

Page 58

Gln

Ser

val

205

Ala

Gly

Ser

Gly

Ile

285

Leu

Glu

LysS

Glu

AsSn

Tyr

Ala

ser

val

190

AsSn

Ser

Asn

Gly

ASp

Lys

Thr

Asnh

Ala

Met

350

Ile

Asp

Pro

Gln

Thr

Ser

175

Arg

Ala

Asn

Thr

Asp

255

val

Ser

Lys

Ile

Pro

335

Phe

Asp

Thr

Lys

Thr

160

Pro

Thr

Ala

Phe

Phe

240

Tyr

Asp

Thr

Thr

Asn

320

Lys

Asn

Lys

Ala

GIn

400

Lys




Ile Glu Glu

Glu
435

Ile Phe

Pro
450

Asp Asn

ITe Tyr

Thr Lys

Gly Lys Asn

Thr Asn Arg

Arg Tyr

Gly
530

<210>
<211>
<212>
<213>

<400> 45
ttgaaaaaaa

45
1626
DNA

acagtaggta
caagcacaag
gcagattccg
acatctgata
tctacacaaa
ccgacggcaa
gaagcaaatt
tgtgagctta
aatgcgcaag
gctgaacctg
gcaaaagatt
atggcggcaa

ttaccagata

ser
420

Ser
val Asn
ser

Asp

Tyr Glu

Gly

Asp

Asn

His

Lys val

Thr Ser

440

Leu
455

LyS

Pro Asn

470

Thr Tyr

Leu
500

Lys

Asp Tyr

Gly Gly

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaagatca
ctcaagtaga
aaaatcctca
gaactagtaa
tagtaaatgc
ttcaattaga
actttacagt

gtgtaactgg

val

Thr

Ser

Ser

val Leu

val

GIn

Phe
520

Ile

Ala
535

ASp

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tatgatagaa
cacaaacagt
cactacaaca
agcaactgct
taataaaaca
aacattagat
accaagtgtt
tgctgatgct
aaagaccaca
gactggacaa

taatggagac

sequence_listing

Ser Ala Thr
425

Lys Leu Ser

Glu val Thr

val Ala Ser

475

Glu
490

val Gly

Ile GIn Glu

505

Gly Trp Asn

Gly Asp Ser

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagctt
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa
tttgacccta
gtgaaatcag

gtggattact

Asp Thr

ser
445

AsSp Tyr

Gln phe

Lys Phe

His Tyr Asp

Asn val Asp

510

Glu
525

Asn Asn

Ala val

540

AsSn

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacagc
caacaaatga
aagatcaaac
ctaatagcat
catcaccaca
ctgtacgtag
atgtaaatga
accaaagtgg
gggattattt

ctaattcgaa

Page 59

Leu Arg

Tyr Ala

Lys Asn

Gly Asp

480

Asn Thr

495

Pro val

val val

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatogat
aaaaccaatg
aacacctcaa
tgttcctcaa
agcgacaaac
aacaatttcc
tcttgcagtt
taaagttacg
taatactttt
tacagcgaag

taatacgatg

60
120
180
240
300
360
420
480
540
600
660
720
780
840




sequence_listing

ccaattgcag atattaaaag tacgaatggc gatgttgtag ctaaagcaac

ttgactaaga cgtatacatt tgtctttaca gattatgtaa ataataaaga

ggacaatttt cattaccttt atttacagac cgagcaaagg cacctaaatc

gatgcgaata ttaatattgc ggatgaaatg tttaataata aaattactta

tcgccaattg caggaattga taaaccaaat ggcgcgaaca tttcttctca

gtagatacag cttcaggtca aaacacatac aagcaaacag tatttgttaa

cgagttttag gtaatacgtg ggtgtatatt aaaggttacc aagataaaat

agcggtaaag taagtgctac agatacaaaa ctgagaattt ttgaagtgaa

aaattatcag atagctacta tgcggaccca aatgactcta accttaaaga

gagtttaagg ataaaatcac ttataaatac caaaatgtag caagtattaa

attactaaaa cgtatgttgt attagtggaa ggtcactatg ataatactgg

aaaacacagg ttattcaaga aaatattgac ccagcgacag gtaaagacta

ggttggaata atgagaatgt tgtacgttat ggtggtggaa gtgctgatgg

gtaaat

<210> 46

<211> 542

<212> PRT

<213> staphylococcus aureus

<400> 46

Leu Lys Lys Arg Ile Asp Tyr Leu Ser Asn Lys GIn Asn Lys

1 5 10

Ile Arg Arg Phe Thr val Gly Thr Thr Ser val Ile val Gly
20 25 30

ITe Leu Phe Gly Ile Gly Asn His GIn Ala GIn Ala Ser Glu

35 40 45
Asn Asp Thr Thr GIn Ser Ser Lys Asn Asn Ala Ser Ala Asp
50 55 60

Lys Asn Asn Met Ile Glu Thr Pro GIn Leu Asn Thr Thr Ala

65 70 75

Thr Ser Asp Ile Ser Ala Asn Thr Asn Ser Ala Asn val Asp

85 50

Ala Lys Pro Met Ser Thr Gln Thr ser Asn Thr Thr Thr Thr
100 105 110

Ala Ser Thr Asn Glu Thr Pro GIn Pro Thr Ala Ile Lys Asp

115 120 125
Thr Ala Ala Lys Met GIn Asp GIn Thr val pPro GIn Glu Ala

Page 60

atatgatatc
aaatattaac
aggaacatat
taactatagt
aattattggt
ccctaagceaa
cgaagaaagt
tgatacatct
agtaacgaat
ttttggcgat
taaaaacttg
cagtattttc

tgattcagca

Tyr
15

ser

Ala Thr

GIn Ser

ser Glu

Ash ASp

80

Ser Thr

95

Glu Pro

Ala

Glin

Asn Ser

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1626




Gln

145

Cys

Gln

Arg

Asp

Gln

225

Met

Phe

Tyr

Asn

TYyr

305

Gly

Ser

Asn

Pro

Ser

385

Arg

130

val

Glu

Thr

Ala

Ala

210

l.eu

Ala

Thr

ser

Gly

290

Thr

G1In

Gly

Lys

Asn

370

Gly

val

Asp

Leu

Ile

val

195

Lys

Glu

Ala

Ala

Asn

275

ASp

Phe

Phe

Thr

Gly

Gln

Leu

Asn
Lys
Ser
180
Arg
Gly
Lys
Asn
Lys
ser
val
val
Ser
30
Thr
Ala

Asn

Gly

Lys

Asn

165

Asn

Ser

Thr

Thr

Phe

245

Leu

Asn

val

Phe

Leu

325

Asp

Tyr

Asn

Thr

Asn

Thr

150

Pro

Ala

Leu

Asn

Thr

230

Thr

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

Tyr

390

Thr

135

Thr

Gln

Glin

Ala

val

215

Phe

val

AsSp

Thr

Asp

Leu

Asnh

TYr

Ser

375

Lys

Trp

Asn

Thr

Gly

val

200

ASN

ASp

Thr

ser

Met

280

Ala

Tyr

Phe

Ile

Ser

360

ser

Gln

val

sequence_listing

140

Asp Ala Asn Ser Ile

Leu

Thr

185

Ala

Asp

Pro

Gly

val

265

Pro

Thr

val

Thr

Asn

345

Ser

Gln

Thr

Tyr

Glu

Lys

Asn

Gln

250

Thr

Ile

Tyr

AsSn

Asp

330

Ile

Prao

Ile

val

155

Leu

Lys

Pro

val

Gln

val

Gly

Ala

Asp

Asn

315

Arg

Ala

Ile

Ile

Phe
395

Pro

Pro

val

Thr

220

Ser

Lys

Asn

Asp

Ile

300

Lys

Ala

Asp

Ala

Gly

380

val

Ile Lys Gly
page 61

Gln

sSer

val

205

Ala

Gly

Ser

Gly

ITe

285

Leu

Glu

Lys

Glu

Gly

val

Asn

Tyr

Ala

ser

val

190

Asn

Lys

Asn

Gly

Asp

Lys

Thr

Asn

Ala

Met

350

Ile

Asp

Pro

Gln

Thr

Ser

175

Arg

Ala

Asp

Thr

Asp

255

val

Ser

Lys

Ile

Pro

335

Phe

ASp

Thr

Lys

Asp

Asn

160

Pro

Thr

Ala

Phe

phe

240

Tyr

Asp

Thr

Thr

Asn

320

Lys

Asn

Lys

Ala

Gln

400

Lys



Ile Glu

Phe

Ile

Asp Pro

450

Lys
Thr Gly

Arg Tyr

Glu

Glu

435

Asn

Thr

Lys

Asn

515

Gly

Ser

420

val

Asp

Tyr

Leu
500

Asp

Gly

405

Ser

Asn

Ser

Lys

Lys

Tyr

Gly

Gly

Asp

Asn

Tyr

470

val

Thr

Ser

Ser

Lys

Thr

Leu

455

Gln

vai

Gln

TIle

Ala

val

ser

440

Lys

Asn

Leu

val

Phe

520

Asp

sequence_listing
410

ser

425

Lys

Glu

val

vai

Ile

505

Gly

Gly

Ala

Leu

val

Ala

X))
o =
oc

Trp

Asp

Thr

Ser

Thr

Ser

475

Gly

Glu

Asn

Ser

Asp

ASp

Asn

460

Ile

His

Asn

Asn

Ala

Thr

ser

445

Glu

Asn

Tyr

Ile

Glu

525

val

Lys

Tyr

Phe

Phe

ASpP

Asp

510

Asn

Asn

415

Leu

TYyr

Lys

Gly

AsSn

495

Pro

val

Arg

Thr

Ala

val

530

<210>
<211>
<212>
<213>

<400> 47
ttgaaaaaaa

47
1626
DNA

acagtaggta
caagcacaag
gcagattccg
acatctgata
tctacacaaa
ccgacggceaa
gaagcaaatt
agcgagctta
aatgcgcaag
gctgaacctg
gcaagtgatt
atggcggcaa

ttaccagata

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaagatca
ctcaagtaga
aaaatcctca
gaactagtga
tagtaaatgc
tcaagttaga
attttaaagt

gtgtaactgg

535

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tacgatagaa
cacaaacagt
cactacaaca
agcaactgct
taataaaaca
gacattagat
accaagtgtt
tgctgatgct
aaagactaca

ggcagggaaa
taatggagac

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagctt
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa
tttgacccta
gtgaaatcag
gtggattact

540

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacagc
caacaaatga
aagatcaaac
ctaatagcat
catcaccaca
ctgtacgtag
atgtaaatga
accaaagtgg
gggattattt

Cctaattcaaa

Page 62

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctcaa
agcgacaaac
aacgatttcc
tcttgeagtt
taaagttacg
taacacattt
tacagcgaag

taatacgatg

60
120
180
240
300
360
420
480
540
600
660
720
780
840



ccaattgcag
ttgactaaga
ggacaatttt
gatgcaaata
tcaccaattg
gtagatacag
cgagttttag
agcggtaaag
aaattatcag
gagtttaagy
ataaataaaa
aaaacacagg
ggttggaata
gtaaat
<210>

<211>

<212>

<213>

<400>

48
542
PRT

48

ieu Lys Lys Arg Ile Asp Tyr
5

Ile Arg Arg

Phe
35

Ile Leu

Asn Asp Thr

50

Lys Asn Asn

65

Thr Ser Asp

Ala Lys Pro

Thr
115

Ala ser

atatagtgaa
cgtatacatt
cattaccttt
Ttaatattgc
caggaattga
cttcaggtca
gtaatacgtg
taagtgctac
atagctacta
ataaaatcac
cgtatgtcgt
ttattcaaga

atgagaatgt

Phe Thr

20

Gly Ile

Thr Gin

Thr 1le

Ile Ser

85

Mmet
100

ser

Asn Glu

val

Gly

ser

Glu

70

Ala

Thr

Thr

tgataaaaaa
tgtctttaca
atttacagac
ggatgaaatg
taagccaaat
aaacacatac
ggtgtatatt
agatacaaaa
tgcagaccca
ttataaatac
tttagtcgaa
aaatattgac

tgtacgttat

Staphylococcus aureus

Leu
Gly Thr

His
40

Asn

Ser
55

Lys
Thr Pro
Asn Thr
Gin Thr

GIn
120

Pro

sequence_l1isting

gaagttgtag
gattatgtaa
cgagcaaagg
tttaacaatc
ggcgegaaca
aagcaaacgg
aaaggttacc
ctgagaattt
aatgactcta
caaaacgtag
ggtcattatg
ccagcgacag

ggaggcggaa

Ser Asn
10

Lys

Thr val

25

Ser

GIln Ala GlIn

Asn Asn Ala

Gln Leu Asnh

75

Ser Ala

90

Asn

ser Thr

105

Asn

Pro Thr Ala

ctaaagcaac
atgataaaga
cacctaaatc
aaattactta
tttctictca
tatttgttaa
aagataaaat
ttgaagtgaa
accttaaaga
caagtattaa
ataatactgg

gtaaagatta

gtgctgatgg

GIn Asn Lys

Ile val Gly

30

Ala Ser Glu

45

ser Ala

60

Asp

Thr Thr Ala

Asn val Asp

Thr
110

Thr Thr

Ile Lys

125

Asp

Page 63

atatgatatc
aaatattaac
aggaacatat
taactatagt
aattattggt
ccctaagcaa
cgaagaaagt
tgatacatct
agtaactaat
ttttggrgat
taaaaacttg
cagtattttc

tgattcagca

Tyr Ser

15

Ala Thr

Gln Ser

ser Glu

Asn Asp

80

ser Thr

95

Glu Pro

Gin Ala

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1626



Thr

GlIn

145

Ser

Gln

Arg

Asp

Phe

Tyr

Lys

Tyr

305

Gly

Ser

Asn

Pro

Ser
385

Ala

130

val

Glu

Thr

Ala

Ala

210

Leu

Ala

Thr

ser

Lys

290

Thr

GIn

Gly

Glin

Asn

370

Gly

Ala

Asp

Leu

Ile

val

195

Lys

Glu

Ala

Ala

Asn

275

Glu

Phe

Phe

Thr

Ile

355

Gly

Gln

Lys

Asn

Lys

Ser

180

Arg

Gly

Lys

Asn

Lys

260

Ser

val

val

Ser

Tyr

340

Thr

Ala

ASn

Met

Lys

Asn

165

Asn

Ser

Thr

Thr

Phe

245

Leu

Asn

val

Phe

Leu

325

ASp

Tyr

Asnh

Thr

Gln

Thr

150

Pro

Ala

Leu

Asn

Thr

230

Lys

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

Tyr

Gln

G1in

Ala

val

215

Phe

val

Asp

Thr

Lys

295

AsSp

Leu

Asn

Tyr

ser

375

Lys

Gln

Asn

Thr

Gly

val

200

Asn

Asp

Ala

Ser

Met

280

Ala

Tyr

Phe

Ile

Ser

360

Ser

Gln

sequence_listing
Thr val Pro GIn Glu

Asp

Leu

Thr

185

Ala

ASp

Pro

Gly

val

265

Pro

Thr

val

Thr

Asn

345

ser

Gln

Thr

Ala

Glu

Lys

Asn

Lys

Thr

Ile

Tyr

Asn

Asp

330

Ile

Pro

Ile

val

Asnh

155

Leu

Glu

Pro

val

GlIn

235

val

Gly

Ala

Asp

315

Arg

Ala

Ile

Ile

Phe
395

140

Ser

Pro

Pro

val

Thr

220

Ser

Lys

Asn

Asp

Ile

300

Lys

Ala

Asp

Ala

Page 64

Ile

Gln

ser

val

205

Ala

Gly

ser

Gly

Ile

285

Leu

Glu

Lys

Glu

Asn

Ala

Ala

Ser

val

190

Asn

ser

AsSnh

Gly

270

val

Thr

Asn

Ala

Met

350

Ile

AsSp

Pro

Asn

Thr

ser

175

Arg

Ala

Asp

Thr

Asp

255

val

Asn

LysS

Ile

Pro

335

Phe

Asp

Thr

Lys

Ser

Asn

160

Pro

Thr

Ala

Phe

Phe

240

Tyr

Asp

AsSp

Thr

Asn

320

Lys

Asn

Lys

Ala

Gin
400



sequence_l1isting

Arg val Leu Gly Asn Thr Trp val Tyr Ile Lys Gly Tyr Gin
405 410

ITe Glu Glu Ser Ser Gly Lys val Ser Ala Thr Asp Thr Lys
420 425 430

Ile Phe Glu val Asn Asp Thr Ser Lys Leu Ser Asp Ser Tyr

435 440 445
Asp Pro Asn Asp Ser Asn Leu Lys Glu val Thr Asn Glu Phe
450 455 460

Lys Ile Thr Tyr Lys Tyr GIn Asn val Ala Ser Ile Asn Phe

465 470 475

ITe Asn Lys Thr Tyr val val Leu val Glu Gly His Tyr Asp

435 490

Gly Lys Asn Leu Lys Thr GIn val Ile GIn Glu Asn Ile Asp
500 505 510

Thr Gly Lys Asp Tyr Ser Ile Phe Gly Trp Asn Asn Glu Ash

515 520 525
Arg Tyr Gly Gly Gly Ser Ala Asp Gly Asp Ser Ala val Asn
530 535 540

<210> 49

<211> 1626

<212> DNA

<213> staphylococcus aureus

<400> 49

ttgaaaaaaa gaattgatta tttgtcgaat aagcagaata agtattcgat

aCagtaggta ccacatcagt aatagtaggg gcaactatac tatttgggat

caagcacaag cttcagaaca atcgaacgat acaacgcaat cttcgaaaaa

gcagattccg aaaaaaacaa tatgatagaa acacctcaat taaatacaac

acatctgata ttagtgcaaa cacaaacagt gcgaatgtag atagcacagc

tctacacaaa cgagcaatac cactacaaca gagccagctt caacaaatga

ccgacggcaa ttaaagatca agcaactgct gcaaaaatgc aagatcaaac

gaagcaaatt ctcaagtaga taataaaaca acgaatgatg ctaatagcat

agtgagctta aaaatcctca aacattagat ttaccacaat catcaccaca

aatgcgcaaa gaactagtaa accaagtgtt agaaccagag ctgtacgtag

gctgaaccgg tagtaaatgc tgctgatgct aaaggtacaa atgtaaatga

gcaagtaatc tacagttgca aaagactacg tttgacccta accaaagtgg

atggcggcaa attttacagt gacagataaa gtgaaatcag gagattattt

Page 65

Lys

Arg

Tyr Ala

Lys Asp

Gly

Asn
495

Pro Ala

val val

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctcaa
agcgacaaac
aacgatttcc
tttagctgtt
taaagttacg
taacacattt

tacagcgaag

60
120
180
240
300
360
420
480
540
600
660
720
780



ttaccagata
ccaattgcag
ttgactaaga
ggacaatttt
gatgcaaata
tcgecaattg
gtagatacag
cgagttttag
agcggtaaag
aaattatcag
caatttaaaa
attactaaaa
aaaacacagg
ggttggaata
gtaaat
<210>

<211>

<212>

<213>

<400>

50
542
PRT

50

Leu Lys Lys Arg Ile Asp Tyr
1 5

Ile Arg Arg

Phe
35

ITe Leu

Ash Asp Thr

50

Lys Asn Ash

65

Thr Ser Asp

Ala Lys Pro

Thr
115

Ala Ser

gtttaactgg
atattaaaag
cgtatacatt
cattaccttt
ttaatattgce
caggaattga
cttcaggtca
gtaatacgtg
taagtgctaa
atagctacta
atagaatcta
cgtatgttgt
ttattcaaga

atgagaatgt

pPhe Thr

20

Gly Ile

Thr Gln

Met Ile

Ile Ser

85

Met Ser

100

Asn Glu

val

Gly

Ser

Glu

70

Ala

Thr

Thr

taatggagac
tacgaatggc
tgtctttaca
atttacagac
ggatgaaatg
taagccaaat
aaacacatac
ggtgtatatt
agatacaaaa
tgcagaccca
ttatgagcat
attagtggaa
aaatattgac

tgtacgttat

Staphylococcus aureus

Leu
Gly Thr

His
40

Asn

ser
55

Lys
Thr Pro
Asn Thr
Gln Thr

GlIn
120

Pro

sequence_listing

gtggattact
gatgttgtag
gattatgtaa
cgagcaaagg
tttaataata
ggcgcgaaca
aagcaaacgg
aaaggctacc
ctgagaattt
aatgattcga
ccaaatgtag
ggtcactatg
ccagcgacag

ggtggtggaa

ser Asn

10

Lys

Thr val

25

Ser

Gin Ala Gln

Asn Asn Ala

Gln Asn

75

Leu

Asn Ser Ala

90

ser Thr

105

Asn

Pro Thr Ala

ctaattcaaa
Ctaaagcaac
atgataaaga
cacctaaatc
aaattactta
tttcttetea
tatttgttaa
aagataaaat
ttgaagtgaa
atcttaaaga
ctagtattaa
ataatactgg

gtaaagacta

gtgctgatgg

GIn Asn

Ile val

30

Ala ser

45

Ser Ala

60

Thr Thr

val

Asn

Thr Thr

Lys

Gly

Glu

ASp

Ala

Asp

Thr

taatacgatg
atatgatatc
aaatattaac
aggaacatac
taactatagt
gattattggt
ccctaagcaa
cgaagaaagt
tgatacatct
agtaacagac
ttttggcgat
Taaaaacttg
cagtattttc

tgattcagca

Tyr Ser

15

Ala Thr

GIn Ser

Ser Glu

Asn Asp

80

ser Thr

95

Glu Pro

110

ITe Lys

125

Page 66

Asp

Gln Ala

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1626



Thr

Gln

145

Ser

GlIn

Arg

Asp

Gln

225

Met

Phe

Tyr

Asn

TYr

305

Gly

Ser

Asn

Pro

ser
385

Ala

130

val

Glu

Thr

Ala

Ala

210

Leu

Ala

Thr

Ser

Gly

Thr

Gin

Gly

Lys

Asn

370

Gly

Ala

Asp

Leu

Ile

val

195

Lys

Gln

Ala

Ala

Asn

275

Asp

Phe

Phe

Thr

Ile

355

Gly

Gln

Lys

Asn

Lys

Ser

180

Arg

Gly

Lys

Asn

Lys

260

Ser

val

val

Ser

Tyr

340

Thr

Ala

Asn

Met

Lys

Asn

165

Asn

Ser

Thr

Thr

Phe

245

Leu

Asn

val

Phe

Leu

325

Asp

Tyr

Asn

Thr

Glin

Thr

150

Pro

Ala

Leu

Asn

Thr

230

Thr

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

Tyr
390

Asp

Thr

Gln

Gln

Ala

val

215

Phe

val

Asp

Thr

Lys

295

Asp

Leu

Asn

Tyr

Ser

375

Lys

Gln

Asn

Thr

Arg

val

200

Asn

Asp

Thr

ser

Met

280

Ala

Tyr

phe

Ile

ser

360

ser

GIn

sequence_listing

Thr val Pro G1n Glu

Asp

Leu

Thr

185

Ala

ASp

Pro

Asp

Leu

265

Pro

Thr

val

Thr

Asn

345

ser

Gin

Thr

Ala

Glu

Lys

Asn

Lys

250

Thr

Ile

Tyr

Asn

Asp

330

Ile

Pro

Ile

val

Asn

155

Leu

Lys

Pro

val

GlIn

235

val

Gly

Ala

Asp

315

Arg

Ala

Ile

Ile

Phe
395

140

Ser

Pro

Pro

val

Thr

220

Ser

Lys

Asn

Asp

Ile

300

Lys

Ala

ASp

Ala

Page 67

Ile

Gln

ser

val

205

Ala

Gly

Ser

Gly

Ile

285

l.eu

Glu

Lys

Glu

Asn

Ala

Ala

Ser

val

190

Asn

ser

Asn

Gly

AsSp

270

Lys

Thr

Asn

Ala

Met

350

Ile

Asp

Pro

Asn

Thr

ser

175

Arg

Ala

Asn

Thr

Asp

val

ser

Lys

Ile

Pro

335

Phe

Asp

Thr

Lys

Ser

Asn

160

Pro

Thr

Ala

l.eu

Phe

240

Tyr

Asp

Thr

Thr

Asn

320

Lys

Ash

Lys

Ala

Glin
400



Arg val Leu

ITe Glu Glu

Glu
435

Ile Phe

Pro Asn

450

Asp

Ile Tyr

Thr Lys

Gly Lys Asn

Thr Gly

Arg Tyr

530

<210>
<211>
<212>
<213>

<400> 51
ttgaaaaaaa

51
1626
DNA

acagtaggta
caagcacaag
gcagattccyg
acatctgata
tctacacaaa
ccgacggcaa
gaagcaaatt
agtgggctta
aatgcgcaag
gctgaacctg
gcaagtgatt
atggcggcaa

Gly Asn

405

Ser
420

Ser
val Asn
Asp

Ser

Tyr Glu

Thr

Gly

AsSp

Asn

His

Trp val

Lys val

Thr Ser

440

Leu
455

Lys

Pro Asn

470

Thr Tyr

485

Leu

Lys
500

Asp Tyr

Gly Gly

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaagatca
Ctcaagtaga
aaaatcctca
gaactagtaa
tagtaaatgc
tcaagttaga
attttacagt

val

Thr

Ser

Ser

val Leu

val

Glin

Phe
520

Ile

Ala
535

Asp

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tatgatagaa
cacaaacagt
cactacaaca
agcaactgct
taataaaaca
aacattagat
accaagtgtt
tgctgatgcet
aaagactaca

gacagataaa

sequence_listing

Tyr Ile Lys
410

ser Ala

425

Lys

Lys Leu Ser

Glu val Thr

val Ala ser

475

Glu
490

val Gly

Ile GIn Glu

505

Gly Trp Asn

Gly Asp Ser

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagett
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa
ttcgacccta

gtgaaatcag

Gly Tyr Gln

Asp Thr Lys

Ser
445

Asp Tyr

Asp G1n Phe

Ile Asn Phe

His Tyr Asp

Asn Ile

510

Glu
525

Asn Asn

Ala val

540

Asn

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacagc
caacaaatga
aagatcaaac
ctaataacat
catcaccaca
ctgtacgtag
atgtaaatga
accaaagtgg

gggattattt

Page 68

Lys

Arg

Tyr Ala

Lys Ash

Gly

Asn
495

Pro Ala

val val

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctcaa
agcaacaaac
aacgatttcc
tcttgcagtt
taaagttacg
taacacattt

tacagcgaag

60
120
180
240
300
360
420
480
540
600
660
720
780



ttaccagata
ccaattgcag
ttgactaaga
ggacaatttt
gatgcaaata
tcgeccaattg
gtagatacag
cgagttttag
agcggtaaag
aaattatcag
gagtttaagg
attactaaaa
aaaacacagg
ggttggaata
gtaaat

52

542
PRT

<210>
<211>
<212>
<213>

<400> 52

gtttaactgg
acattaaaag
cgtatacatt
cattaccttt
ttaatattgce
caggaattga
cttcaggcca
gtaatacgtg
taagtgctac
atagctactia
ataaaatcac
cgtatgttgt
ttattcaaga

atgagaatgt

taatggagac
tacgaatggt
tgtctttaca
atttacagac
ggatgaaatg
taagccaaat
aaacacatac
ggtgtatatt
agatacaaaa
tycygaccca
ttataaatac
attagtggaa
aaatattgac

tgtacgttat

Staphylococcus aureus

sequence_listing

gtggattact
gatgttgtag
gattatgtaa
cgagcaaagg
tttaataata
ggcgcgaaca
aagcaaacgg
aaaggctacc
ctgagaattt
aatygactcta
caaaatgtag
ggtcactatg
ccagcegacag

ggaggcggaa

ctaattcaaa
cgacagcgac
atgataaaga
cacctaaatc
aaattactta
tttcttcteca
tatttgttaa
aagataaaat
ttgaagtgaa
atcttaaaga
caagtattaa
ataatactgg

gtaaagatta

gtgctgatgg

Leu Lys Lys Arg Ile Asp Tyr
1 5

Ile Arg

Ile Leu

Asn ASp

50

AsSN

Ser

Ala

Lys

Ala ser

Arg

Phe

35

Thr

AsSn

Asp

Pro

Thr
115

Phe

20

Gly

Thr

Met

Ile

Met

100

Asn

Thr

Ile

Gln

Ile

Ser

85

ser

Glu

val

Gly

ser

Glu

70

Ala

Thr

Thr

Gly

ASn

Ser

55

Thr

Asn

Gln

Pro

Leu

Thr

His

40

Lys

Pro

Thr

Thr

Gln
120

ser

Thr

25

Gln

AsSn

Gln

Asn

sSer

105

Pro

Asn Gln

10

Lys

ser val Ile

Ala Gln Ala

Ala Ser

60

Asn

Asn Thr

75

Leu

Ser Ala Asn

90

Asn Thr Thr

Thr aAla Ile

Page 69

Ash

val

Ser

45

Ala

Thr

val

Thr

Lys
125

Lys

Gly

30

Glu

Asp

Ala

Asp

Thr

110

Asp

taatacgatg
ttataatatc
aaatattaac
aggaacatat
taactatagt
aattattggt
ccctaagcaa
cgaagaaagt
tgatacatct
agtaacgaat
ttttggcgat
taaaaacttg
cagtattttc

tgattcagca

Tyr ser

15

Ala Thr

GIn ser

ser Glu

Asn Asp

80

Ser Thr

95

Glu Pro

Gln Ala



Thr

Gln

145

Ser

Gln

Arg

ASp

Lys

225

Met

Phe

Tyr

Asn

Tyr

305

Gly

Ser

Asn

Pro

Ser
385

Ala

130

vai

Gly

Thr

Ala

Ala

210

Leu

Ala

Thr

ser

Gly

Thr

Gln

Gly

Lys

Asn

370

Gly

Ala

Asp

Leu

Ile

val

10¢
I

Lys

Glu

Ala

Ala

AsSn

275

ASp

Phe

Phe

Thr

Ile

Gly

GIn

Lys

Asn

Lys

Ser

180

Arg

Gly

Lys

Asn

Lys

260

Ser

val

val

Ser

Tyr

340

Thr

Ala

Asn

Met

Lys

Asnh

165

Asn

ser

Thr

Thr

Phe

245

Leu

Asn

val

Phe

Leu

325

Asp

TYyr

Asn

Thr

Gln

Thr

150

Pro

Ala

Leu

Asn

Thr

230

Thr

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

Tyr
390

Gln

Gin

Ala

val

215

Phe

val

ASp

Thr

Thr

295

ASp

Leu

Asn

Tyr

Ser

375

Lys

Gin

Asn

Thr

Gly

val

Asn

ASp

Thr

ser

Met

280

Ala

Tyr

Phe

Ile

ser

360

Ser

Gln

sequence_listing

Thr val Pro GIn Glu

Asp

Leu

Thr

185

Ala

ASp

Pro

Asp

Leu

265

Pro

Thr

val

Thr

ASh

345

Ser

GIn

Thr

Ala

AsSp

Ser

Glu

Lys

Asn

Lys

Thr

Ile

Tyr

Asn

330

Ile

Pro

Ile

Asn

155

Leu

Lys

Pro

val

GlIn

235

val

Gly

Ala

AsSn

Asp

315

Arg

Ala

Ile

Ile

140

ASn

Pro

Pro

val

Thr

220

Ser

Lys

Asn

Asp

Ile

300

LYS

Ala

Asp

Ala

Gly
380

val pPhe val

385

Page 70

Ile

Gin

Ser

Gly

Ser

Gly

Ile

285

Leu

Glu

Lys

Glu

ASn

Ala

Ala

Ser

val

190

Asn

Ser

Asn

Gly

270

Lys

Thr

ASN

Ala

Met

350

Ile

Asp

Pro

Asn

Thr

Ser

175

Arg

Ala

ASD

Thr

Asp

255

val

Ser

Lys

Ile

Pro

335

Phe

Asp

Thr

Lys

Ser

AsSn

160

Pro

Thr

Ala

Phe

Phe

240

TYr

Asp

Thr

Thr

AsSn

320

Lys

AsSn

Lys

Gln
400




sequence_listing

Arg val Leu Gly Asn Thr Trp val Tyr Ile Lys
405 410
Ile Glu Glu Ser Ser Gly Lys val ser Ala Thr
420 425
Ile Phe Glu val Asn Asp Thr Ser Lys Leu Ser
435 440

Asp Pro Asn Asp Ser Asn Leu Lys Glu val Thr
450 455

Lys Ile Thr Tyr Lys Tyr Gln Asn val Ala Ser

465 470 475

Ile Thr Lys Thr Tyr val val teu val Glu Gly

485 490
Gly Lys Asn Leu Lys Thr Gln val Ile Gln Glu
500 505
Thr Gly Lys Asp Tyr Ser Ile Phe Gly Trp Asn
515 520

Arg Tyr Gly Gly Gly Ser Ala Asp Gly Asp Ser
530 535

<210> 53

<211> 1626

<212> DNA

<213> staphylococcus aureus

<400> 53

ttgaaaaaaa gaattgatta tttgtcgaat aagcagaata

acagtaggta ccacatcagt aatagtaggg gcaactatac

caagcacaag cttcagaaca atcgaacgat acaacgcaat

gcagattccg aaaaaaacaa tatgatagaa acacctcaat

acatctgata ttagtgcaaa cacaaacagt gcgaatgtag

tctacacaaa cgagcaatac cactacaaca gagccagcett

ccgacggcaa ttaaagatca agcaactgct gcaaaaatgc

gaagcaaatt ctcaagtaga taataaaaca acgaatgatg

agtgagctta aaaatcctca aacattagat ttaccacaat

aatgcgcaag gaactagtaa accaagtgtrt agaacgagag

gctgaacctg tagtaaatgc tgctgatgct aaaggtacaa

gcaagtgatt tcaagttaga aaagactaca ttcgacccta

Gly Tyr

Asp Thr Lys

Ser
445

Asp Tyr

Asn Glu Phe

460

Ile Asn Phe

His Tyr Asp

Asn Ile

510

Glu
525

Asn Asn

Ala val

540

Asn

agtatrtcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacagc
caacaaatga
aagatcaaac
ctaataacat
catcaccaca
ctgtacgtag
atgtaaatga

accaaagtyg

Page 71

Lys
415

Leu Arg

TYr

Lys

Gly

Asn
495

Pro

val val

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctcaa
agcaacaaac
aacgatttec
tcttgcagtt
taaagttacg

taacacattt

60
120
180
240
300
360
420
480
540
600
660
720




atggcggcaa
ttaccagata
ccaattgcag
ttgactaaga
ggacaatttt
gatgcaaata
tcgccaattg
gtagatacag
cgagttttag
agcggtaaag
aaattatcag
gagtttaagg
attactaaaa
aaaacacagg
ggttggaata
gtaaat
11

<212>

<213>

<400>

54
542
PRT

54

Leu Lys Lys Arg Ile Asp Tyr
1 5

Ile Arg Arg

Phe
35

Ile Leu

Asn Asp Thr

50

Lys Asn Asn

Thr Ser Asp

Ala Lys Pro

Ala Ser Thr

attttacagt
gtttaactgg
acattaaaag
cgtatacatt
cattaccttt
ttaatattge
caggaattga
cttcaggcca
gtaatacgtg
taagtgctac
atagctacta
ataaaatcac
cgtatgttgt
ttattcaaga

atgagaatgt

Phe Thr

20

Gly Ile

Thr Gln

Met Ile

Ile Ser

85

Met
100

Ser

Asn Glu

val

Gly

ser

Glu

70

Ala

Thr

Thr

gacagataaa
taatggagac
tacgaatggt
tgtctttaca
atttacagac
ggatgaaatg
taagccaaat
aaacacatac
ggtgtatatt
agatacaaaa
tgcggaccca
ttataaatac
attagtggaa
aaatattogac

tgtacgttat

staphylococcus aureus

Leu
Thr

Gly

His
40

Asn

ser
55

Lys
Thr Pro
Asn Thr
Thr

Gin

Pro Gln

Thr

Asn

Asn

sequence_listing

gtgaaatcag
gtggattact
gatgttgtag
gattatgtaa
cgagcaaagg
tttaataata
ggcgcgaaca
aagcaaacgg
aaaggctacc
ctgagaattt
aatgactcta
caaaatgtag
ggtcactatg
ccagcgacag

ggaggcggaa

Ser Asn

10

Lys

Ser val

25

GIn Ala Gln

Asn Ala

Gln Leu Asn

75

Ser Ala

90

Ser Thr

105

Asn

Pro Thr Ala

gggattattt
ctaattcaaa
cgacagcgac
atgataaaga
cacctaaatc
aaattactta
tttcttctca
tatttgttaa
aagataaaat
ttgaagtgaa
atcttaaaga
caagtattaa
ataatactgg
gtaaagatta

gtgctgatgg

Gln Asn Lys

Ile val Gly

30

Ala sSer Glu

45

Ser Ala

Asp
60

Thr Thr Ala

Asn val Asp

Thr Thr

110

Thr

ITe Lys Asp

Page 72

tacagcgaag
taatacgatg
ttataatatc
aaatattaac
aggaacatat
taactatagt
aattattggt
ccctaagcaa
cgaagaaagt
tgatacatct
agtaacgaat
ttttggcgat
taaaaacttyg
cagtattttc

tgattcagca

Tyr Ser

15

Ala Thr

Gln Ser

ser Glu

Asn Asp

80

Ser Thr

95

Glu Pro

GIn Ala

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1626




Thr
Gln
145

Ser

GIn

Asp

LyS

Met

Phe

TYyr

Asn

TYyr

305

Gly

Ser

Asn

Pro

Ser

Ala
130

val

Glu

Leu

Ala

Thr

ser

Gln

Gly

Lys

Asn

370

Gly

115

Ala

Asp

Leu

Ile

Vil

Glu

Ala

Ala

Asn

275

Asp

Phe

Phe

Thr

Ile

355

Gly

Gin

Lys

Asn

Lys

Lys

Asn

Lys

260

Ser

val

val

ser

Tyr

Thr

Ala

AsSn

Met

Lys

Asn

165

Asn

wn
1]
“3

Thr

Thr

Phe

245

Leu

Asn

val

Phe

Leu

325

Asp

Tyr

Asn

Thr

Gln

Thr

150

Pro

Ala

-
|4

Asn

Thr

230

Thr

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

Tyr

Asp

Thr

Gln

Glin

Ala

val

215

Phe

val

Asp

Thr

Thr

295

ASp

Leu

Asn

Tyr

Ser

375

Lys

120

GIn

Asn

Thr

Gly

val

200

Asn

ASp

Thr

Ser

Met

280

Ala

Tyr

Phe

Ile

ser

360

ser

Gln

seguence_Tisting

Thr

Asp

Leu

Thr

185

Ala
Al

Asp

Pro

ASD

Leu

265

Pro

Thr

val

Thr

AsSn

345

Ser

Gln

Thr

val

Ala

Asp

Ser

)]
ad

s

Lys

Asn

Lys

250

Thr

Ile

Tyr

Asn

Asp

330

Ile

Pro

Ile

Pro
Asn
155

Leu

Lys

val

GIn

235

val

Gly

Ala

Asn

315

Arg

Ala

Ile

Ile

Gln
140
Asn

Pro

Pro

Thr

220

ser

Lys

Asn

Asp

Ile

300

Lys

Ala

Asp

Ala

Gly
380

val phe val
Page 73

125

Glu

Ile

Gln

ser

Gly

ser

Gly

Ile

285

Leu

Glu

Lys

Glu

Asn

Ala

ser

val
190

I
n
3

Ser

Asn

Gly

ASp

270

Lys

Thr

AsSn

Ala

Met

350

Ile

Asp

Pro

Asn

Thr

Ser

175

Arg

b>4
———d
]

AsSp

Thr

AsSp

255

val

Ser

Lys

Ile

Pro

335

Phe

Asp

Thr

Lys

Ser

Asn

160

Pro

Thr

b
£

Phe

Phe

240

Tyr

Asp

Thr

Thr

Asn

320

Lys

Asn

Lys

Ala

Gin




385

Arg val Leu

ITe Glu Glu

Glu
435

Ile Phe

Pro
450

Asn

4
J—
®
-
1
-

Thr Lys

Lys Asn

Thr Gly Lys

515

Arg Tyr

Gly
530

<210>
<211>
<212>
<213>

<400> 55
ttgaaaaaaa

55
1626
DNA

acagtaggta
caagcacaag
gcagattccg
acatctgata
tctacacaaa
ccgacggceaa
gaagcaaatt
agtgagctta
aatgcgcaag
gctgaacctg

gcaaaagatt

390

Asn
405

Gly

Ser Ser

420

val Asn

Asp Ser

-9

LYS

Thr

Gly

Asp

Asn

Ty Gii

Trp val

val

Lys

Ser
440

Thr

Leu
455

Lys

—
=i
I
4]
=

470

Thr Tyr

485

Leu
560

Lys

Asp Tyr

Gly Gly

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaagatca
ctcaagtaga
aaaatcctca
gaactagtaa
tagtaaatgc

ttcaattaga

val

Thr

Ser

Ser

val Leu

val

Gln

Phe
520

Ile

Ala
535

ASp

Staphylococcus aureus

tttgtcgaat
aatagtaggyg
atcgaacgat
tatgatagaa
cacaaacagt
cactacaaca
agcaactgct
taataaaaca
aacattagat
accaagtgtt
tgctgatget

aaagaccaca

sequence_listing

395
Tyr Ile Lys
410

Ser Ala Thr

425

Lys Leu Ser

Glu val Thr

—
-

oo

475

Glu
490

val Gly

Ile GIn Glu

505

Gly Trp Asn

Gly Asp Ser

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagcett
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag
aaaggtacaa

tttgacccta

Gly Tyr

Asp Thr Lys

Ser
445

ASp Tyr

Asn Glu Phe

)
el
m
b
U.
T
=
(T:

His Tyr

Ile

Asn

Glu
525

Asn Asn

Ala val

540

Asn

agtattcgat
tatttggoat
cttcgaaaaa
taaatacaac
atagcacagc
caacaaatga
aagatcaaac
ctaatagcat
catcaccaca
ctgtacgtag
atgtaaatga

accaaagtgg

page 74

400

AsSp Lys

Leu Arg
Ala

Tyr

Lys Asp

—

&

Asn
495

Pro Ala

val val

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctcaa
agcgacaaac
aacaatttcc
tcttgcagtt
taaagttacg

taatactitt

60
120
180
240
300
360
420
480
540
600
660
720




atggcggcaa
ttaccagata
ccaattgcag
ttgactaaga
ggacaatttt
gatgcgaata
tcgccaattg
gtagatacag
cgagttttag
agcggtaaag
aaattatcag
gagtttaagg
attactaaaa
aaaacacagg
ggttggaata
gtaaat
<210>

<211>

<212>

<213>

<400>

56
542
PRT

56

Leu Lys Lys Arg Ile Asp Tyr
1 5

Ile Arg Arg

rPhe
35

ITe Leu

Asn Asp Thr

50

Asn Asn

ser Asp

Ala Lys Pro

actttacagt
gtgtaactgg
atattaaaag
cgtatacatt
cattaccttt
ttaatattgc
caggaattga
cttcaggtca
gtaatacgtg
taagtgctac
atagctacta
ataaaatcac
cgtatgttgt
ttattcaaga

atgagaatgt

Phe Thr

20

Gly Ile

Thr GIn

Met Ile

val

Gly

Ser

Glu

gactggacaa
taatggagac
tacgaatggc
tgtctttaca
atttacagac
ggatgaaatg
taaaccaaat
aaacacatac
ggtgtatatt
agatacaaaa
tgcggaccca
ttataaatac
attagtggaa
aaatattgac

tgtacgttat

Staphylococcus aureus

Leu
Gly Thr

His
40

Asn

ser
55

Lys

Thr Pro

70

Ile Ser

85

Met
100

ser

Ala

Asn Thr

Ser

Thr

25

GIn

Asn

Gln

Asn

sequence_listing

gtgaaatcag
gtggattact
gatgttgtag
gattatgtaa
cgagcaaagg
tttaataata
ggcgcgaaca
aagcaaacag
aaaggttacc
ctgagaatit
aatgactcta
caaaatgtag
ggtcactatg
ccagcgacag

ggtggtggaa

Asn
10

Lys

Ser val

Ala Gin

Asn Ala

Leu Asn

75

ser Ala

90

Thr

Gln Thr ser Thr

105

Asn

gggattattt
ctaattcgaa
ctaaagcaac
ataataaaga
cacctaaatc
aaattactta
tttcttctca
tatttgttaa
aagataaaat
ttgaagtgaa
accttaaaga
caagtattaa
ataatactgg

gtaaagacta

gtgctgatgg

GIn Asn Lys

Ile val Gly

30

Ala ser Glu

45

Ser Ala

Asp
60

Thr Thr Ala

Asn val Asp

Thr
110

Thr Thr

Page 75

tacagcgaag
taatacgatg
atatgatatc
aaatattaac
aggaacatat
taactatagt
aattattggt
ccctaagceaa
cgaagaaagt
tgatacatct
agtaacgaat
ttttggcgat
taaaaacttg
cagtattttc

tgattcagca

Tyr Ser

15

Ala Thr

GIn Ser

ser Glu

Asn Asp

80

Ser Thr

95

Glu Pro



Ala

Thr

Gln

145

Ser

Gln

Arg

Asp

Gln

225

Met

Phe

Tyr

Asn

Ser

ASn

Pro

Ser

Ala

130

val

Glu

Thr

Ala

Ala

210

Leu

Ala

Thr

Ser

GlIn

Gly

Lys

ASN
370

Thr

115

Ala

AsSp

Leu

Ile

val

195

Lys

Glu

Ala

Ala

Asn

275

ASp

Phe

Phe

Thr

Ile

355

Gly

Asn

Lys

Asn

Lys

Ser

180

Arg

Gly

LYS

Asn

Lys

Ser

val

val

ser

Tyr

340

Thr

Ala

Glu

Met

Lys

Asn

165

ASn

Ser

Thr

Thr

Phe

245

Leu

AsSn

val

Phe

Leu

325

AsSp

Tyr

Asn

Thr

Gln

Thr

150

Pro

Ala

Leu

Asn

Thr

230

Thr

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

Pro

GIn

GIn

Ala

val

215

Phe

val

Asp

Thr

Asp

Leu

Asn

Tyr

Ser
375

Gin

120

Asn

Thr

Gly

val

200

AsSn

Asp

Thr

Ser

Met

280

Ala

Tyr

phe

Ile

Ser

360

Ser

sequence_listing
Pro Thr Ala Ile Lys

Thr

Asp

Leu

Thr

185

Ala

ASp

Pro

Gly

val

265

Pro

Thr

val

Thr

Asn

345

ser

Glin

val

Ala

Glu

Lys

Asn

Gln

250

Thr

Ile

TYyr

Asn

Asp

330

Ile

Pro

Pro

Asn

155

Leu

Lys

Pro

val

GlIn

235

val

Gly

Ala

Asp

Asn

315

Arg

Ala

Ile

Gln

140

Ser

Pro

Pro

val

Thr

220

Ser

Lys

Asn

ASp

Ile

300

Lys

Ala

Asp

Ala

Ile Ile Gly

380

Page 76

125

Glu

Ile

GlIn

ser

val

205

Ala

Gly

Ser

Gly

Ile

285

Leu

Glu

Lys

Glu

Gly

val

ASp

Ala

Ala

Ser

val

190

Asn

Lys

Asn

Gly

AsSp

270

LyS

Thr

ASh

Ala

Met

350

Ile

Asp

Gln

ASn

Thr

ser

175

Arg

Ala

Asp

Thr

Ser

Lys

Ile

Pro

335

Phe

Asp

Thr

Ala

Ser

Asn

160

Pro

Thr

Ala

Phe

Phe

240

Tyr

ASp

Thr

Thr

AsSn

320

Lys

Asn

Lys

Ala




Ser Gln

385

Gly

Arg val Leu

ITe Glu Glu

Glu
435

Ile pPhe

Pro
450

Asp Asn

Lys Ile Thr

ITe Thr Lys

Gly Lys Asn

Thr Gly Lys

515

Arg Tyr

530

Gly

<210>
<211>
<212>
<213>

<400> 57
ttgaaaaaaa

57
1626
DNA

acagtaggta
caagcacaag
gcagattccg
acatctgata
tctacacaaa
ccgacggcaa
gaagcaaatt
agtgagctta
aatgcgcaag

gctgaacctg

Asn Thr

Tyr

Lys Gln

390

Asn
405

Gly

Ser
420

Ser
val Asn
Ser

Asp

TYyr Lys

Thr

Gly

AsSp

Asn

Tyr

Trp val

Lys val

Thr Ser

440

Leu
455

Lys

Gln Asn

470

Thr Tyr

485

Leu
500

LysS

Asp Tyr

Gly Gly

gaattgatta
ccacatcagt
cttcagaaca
aaaaaaacaa
ttagtgcaaa
cgagcaatac
ttaaagatca
ctcaagtaga
aaaatcctca
gaactagtaa

tagtaaatgc

val

Thr

ser

Ser

val Leu

val

Gln

Phe
520

Ile

Ala
535

Asp

Staphylococcus aureus

tttgtcgaat
aatagtaggg
atcgaacgat
tacgatagaa
cacaaacagt
cactacaaca
agcaactgct
taataaaaca
aacattagat
accaagtgtt

tgctgatgct

sequence_listing

Thr val phe
395

Ile
410

Tyr Lys

ser Ala Thr

425

Lys Leu Ser

Glu val Thr

val Ala Ser

475

Glu
490

val Gly

ITe GIn Glu

505

Gly Trp Asn

Gly Asp Ser

aagcagaata
gcaactatac
acaacgcaat
acacctcaat
gcgaatgtag
gagccagcett
gcaaaaatgc
acgaatgatg
ttaccacaat
agaacgagag

aaaggtacaa

val Asn Pro

Gly Tyr Gln

Asp Thr Lys

430

ser
445

ASp Tyr

Asn Giu Phe

460

Ile Asn Phe

His Tyr Asp

Ile

Asn

Glu
525

Asn

Ala val

540

Asn

agtattcgat
tatttgggat
cttcgaaaaa
taaatacaac
atagcacagc
caacaaatga
aagatcaaac
ctaataacat
catcaccaca
ctgtacgtag

atgtaaatga

Page 77

Gln
400

LysS

Arg

Tyr Ala

Lys Asp

Gly
480

Asn Thr

495

Pro Ala

val val

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaacaatg
aacacctcaa
tgttcctcaa
agcaacaaac
aacgatttcc
tcttgcagtt

taaagttacg

60
120
180
240
300
360
420
480
540
600
660



gcaagtgatc
atggcggcaa
ttaccagata
ccaattgcag
ttgactaaga
ggacaatttt
gatgcaaata
tcgccaattg
gtagatacag
cgagttttag
agcggtaaag
aaattatcag
gagtttaaag
ataaataaaa
aaaacacagg
ggttggaata
gtaaat
<210>

<211>

<212>

<213>

<400>

58
542
PRT

58

Leu Lys Lys Arg Ile Asp Tyr
1 5

ITe Arg Arg

Phe
35

Ile Leu

Asn Asp Thr

50

AsSn Asn

ser Asp

Ala Lys Thr

tcaagttaga
attttaaagt
gtgtaactgg
acattaaaag
cgtatacatt
cattaccttt
ttaatattgc
caggaattga
cttcaggtca
gtaatacgtg
taagtgctac
atagctacta
ataaaatttc
cgtatgttot
ttattcaaga

atgagaatgt

Phe Thr

20

Gly Ile

Thr

Gln

Thr 1Ile

val

Gly

Ser

Glu

aaagactgca
gactggacaa
taatggagac
tacgaatggc
tgtctttaca
atttacagac
ggatgaaatg
taagccaaat
aaacacatac
ggtgtatatt
agatacaaaa
tgcagaccca
atacaaatac
attagtggaa
aaatattgac

tgtacgttat

Staphylococcus aureus

Leu
Gly Thr

His
40

Asn

Ser
55

Lys

Thr Pro

70

Ile Ser

85

Met
100

Ser

Ala

Thr

Asn Thr

GIn Thr

sequence_listing

tttgacccta
gtgaaatcag
gtggattact
gatgttgtag
gattatgtaa
cgagcaaagg
tttgataata
ggcgegaaca
aagcaaacgg
aaaggttacc
ctgagaattt
aatgactcta
gataacgtag
ggtcactatg
tcagcgacag

ggaggcggaa

Ser Asn

10

Lys

Thr val

25

Ser

Gin Ala Gln

Asn Asn Ala

GIn Leu Asn

75

Ser Ala

90

AsSn

Ser Asn Thr

105

accaaagtgg
gggattattt
ctaattcaaa
ctaaagcaac
atgataaaga
cacctaaatc
aaattactta
tttcttctca
tatttgttaa
aagataaaat
ttgaagtgaa
accttaaaga
caagtattaa
ataatactgg
gtaaagacta

gtgctgatgg

GIn Asn Lys

Ile val Gly

30

Ala ser Glu

45

Ser Ala

60

ASp

Thr Thr Ala

Asn val Asp

Thr
110

Thr Thr

Page 78

taacacattt
tacagcgaag
taatacgatg
atatgatatc
aaatattaac
aggaacatat
taactatagt
aattattggt
ccctaagcaa
cgaagaaagt
tgatacatct
agtgactggt
ttttggtgat
taaaaacttg
cagtattttc

tgattcagca

Tyr Ser

15

Ala Thr

Gin Ser

Ser Glu

Asn Asp

80

Sser Thr

95

Glu Pro

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1626




Ala

Thr

Gln

145

ser

Gln

Arg

Asp

225

Met

Phe

Tyr

AsSn

Tyr

305

Gly

Ser

Asn

Pro

Ser

Ala

130

val

Glu

Thr

Ala

Ala

210

Leu

Ala

Thr

Ser

Gly

Thr

GlIn

Gly

Lys

Asn
370

Thr

115

Ala

ASp

Leu

Ile

val

195

Lys

Glu

Ala

Ala

Asn

275

Asp

Phe

Phe

Thr

Ile

Gly

Asn

Lys

AsSn

Lys

Ser

180

Arg

Gly

Lys

Asn

Lys

ser

val

val

ser

Tyr

340

Thr

Ala

Glu

Met

Lys

Asn

165

AsSn

ser

Thr

Thr

Phe

245

Leu

Asn

val

Phe

Leu

325

Asp

Tyr

AsSn

Thr

Gln

Thr

150

Pro

Ala

Leu

Asn

Ala

230

Lys

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

Pro

Gln

Gln

Ala

val

215

Phe

val

Asp

Thr

Asp

Leu

Asn

Tyr

ser
375

Gln

120

Gln

Asn

Thr

Gly

val

200

AsSn

ASp

Thr

ser

Met

280

Ala

Tyr

Phe

Ile

sSer

360

ser

sequence_listing

Pro Thr Ala Ile Lys

Thr

Asp

Leu

Thr

185

Ala

AsSp

Pro

Gly

val

265

Pro

Thr

val

Thr

Asn

345

Ser

Gln

val

Ala

Asp

170

Ser

Glu

Lys

ASn

Gln

250

Thr

Ile

Tyr

Asn

330

Ile

Pro

Ile

Pro

AsSn

155

Leu

Lys

Pro

val

Gly

Ala

Asp

Asp

315

Arg

Ala

Ile

Ile

Gln

140

Asn

Pro

Pro

val

Thr

220

Ser

Lys

Asn

ASp

Ile

300

Lys

Ala

ASp

Ala

Gly
380

Page 79

125

Glu

Ile

GlIn

Ser

val

205

Ala

Gly

Ser

Gly

TIle

285

Leu

Glu

LyS

Glu

Gly

val

Asp

Ala

Ala

Ser

val

190

Asn

Ser

AsSn

Gly

Lys

Thr

Asn

Ala

Met

350

Ile

ASp

Gln

ASn

Thr

ser

175

Arg

Ala

Asp

Thr

ASp

255

val

Ser

Lys

Ile

Pro

335

Phe

Asp

Thr

Ala

Ser

Asn

160

Pro

Thr

Ala

Leu

Phe

240

Tyr

Asp

Thr

Thr

Asn

320

Lys

ASp

Lys




sequence_listing

Ser Gly GIn Asn Thr Tyr Lys GIn Thr val Phe val Asn Pro

385 390 395

Arg val Leu Gly Asn Thr Trp val Tyr Ile Lys Gly Tyr Gln

405 410

ITe Glu Glu Ser Ser Gly Lys val Ser Ala Thr Asp Thr Lys
420 425 430

Ile Phe Glu val Asn Asp Thr Ser Lys Leu Ser Asp Ser Tyr

435 440 445
ASp Pro Asn Asp Ser Asn Leu Lys Glu val Thr Gly Glu Phe
450 455 460

Lys Ile Ser Tyr Lys Tyr Asp Asn val Ala Ser Ile Asn Phe

465 470 475

Ile Asn Lys Thr Tyr val val teu val Glu Gly His Tyr Asp

485 490

Gly Lys Asn Leu Lys Thr Gln val Ile Gln Glu Asn Ile Asp
500 505 510

Thr Gly Lys Asp Tyr Ser Ile Phe Gly Trp Asn Asn Glu Asn

515 520 525
Arg Tyr Gly Gly Gly Ser Ala Asp Gly Asp Ser Ala val Asn
530 535 540

<210> 59

<211> 1626

<212> DNA

<213> Staphylococcus aureus

<400> 59

ttgaaaaaaa gaattgatta tttgtcgaat aagcagaata agtattcgat

acagtaggta ccacatcagt aatagtaggg gcaactatac tatttgggat

caagcacaag cttcagaaca atcgaacgat acaacgcaat cttcgaaaaa

gcagattccg aaaaaaacaa tatgatagaa acacctcaat taaatacaac

acatctgata ttagtgcaaa cacaaacagt gcgaatgtag atagcacaac

tctacacaaa cgagcaatac cactacaaca gagccagctt caacaaatga

ccgacggcaa ttaaaaatca agcaactgct gcaaaaatgc aagatcaaac

gaagcaaatt ctcaagtaga taataaaaca acgaatgatg ctaatagcat

agtgagctta aaaattctca aacattagat ttaccacaat catcaccaca

aatgcgcaag gaactagtaa accaagtgtt agaacgagag ctgtacgtag

gctgaaccgg tagtaaatgc tgctgatgct aaagatacaa atgtaaatga

Page 80

Gln
400

Lys

Arg

Tyr Ala

Lys Asp

Gly

Asn
495

Ser Ala

val val

tagacgtttt
aggcaatcat
taatgcaagt
ggctaatgat
aaaaccaatg
aacacctcaa
tgttcctcaa
agcaacaaac
aacgatttcc
tttagctgtt

taaagttacg

60
120
180
240
300
360
420
480
540
600
660



gcaagtaatt
atggcggceaa
ttaccagata
ccaattgcag
ttgactaaga
ggacaatttt
gatgcgaata
tcgecaattg
gtagatacag
cgagittttag
agcggtaaag
aaattatcag
caatttaaaa
attactaaaa
aaaactcagg
ggttggaata
gtaaat

60

542
PRT

<210>
<211>
<212>
<213>

<400> 60

Leu Lys Lys Arg ITe Asp Tyr
1 5

Ite Arg Arg

Phe
35

Ile Leu

Asn Asp Thr

50

LYS Asn Ash

Thr Ser Asp

Thr Lys Pro

tcaagttaga
attttacagt
gtttaactgg
acattaaaag
cgtatacatt
cattacctit
ttaatattgc
caggaattga
cttcaggtca
taagtgctac
atagctacta
atagaatcta
catatgtagt
ttattcaaga

atgagaatgt

Phe Thr

20

Gly Ile

Thr Gln

Met Ile

Ile Ser

85

Met
100

Ser

val

Gly

Ser

Glu

70

Ala

Thr

aaagactaca
gacagataaa
taatggagac
tacgaatggc
tgtctttaca
atttacagac
ggatgaaatg
taaaccaaat
aaacacatac
ggilgtaiait
agatacaaaa
tgcagatcca
ttatgagcat
attagtagaa
aaatgttgat

tgtacgttat

Staphylococcus aureus

Leu
Thr

Gly

His
40

Asn

Ser
55

Lys
Thr Pro
Thr

AsSn

Gln Thr

Thr

Asn

Asn

sequence_Tlisting

tttgacccta
gtgaaatcag
gtggattatt
gatgttgtag
gattatgtaa
cgagcaaagg
tttaataata
ggcgcgaaca
aagcaaacag
aaaggctacc
ctgagaattt
aatgactcta
ccaaatgtag
gggcattacg

cctgtaacaa

ggtggtggaa

Ser Asnh

10

LyS

ser val

25

GIn Ala GIn

Asn Ala

Glin Asn

75

Leu

ser Ala

90

Ser Asn Thr

105

atcaaagtgg
gggattattt
ctaattcaaa
ctaaagcaac
ataataaaga
cacctaaatc
aaattactta
tttcttctca
tatttgttaa
dadyataaaat
ttgaagtgaa
accttaaaga
ctagtattaa
acaatacagg
atagagacta

gtgctgatgg

GIn Asn Lys

Ile val Gly

30

Ala Ser Glu

45

ser Ala

60

Asp

Thr Thr Ala

Asn val Asp

Thr
110

Thr Thr

Page 81

taacacattt
tacagcgaag
taatacgatg
atatgatatc
aaatattaac
aggaacatat
taactatagt
aattattggt
ccctaagcaa
cgaagaaagt
tgatacatct
agtaacagac
atttggtgat
taagaactta
cagtattttc

tgattcagca

Tyr Ser

15

Ala Thr

GIn Ser

ser Glu

Asn Asp

80

Ser Thr

95

Glu Pro




Ala

Thr

Gln

145

Ser

Gln

Arg

AsSp

Phe

TYr

Asn

Ser

Asn

Pro

Ser

Ala

130

val

Glu

Thr

Ala

Ala

210

Leu

Ala

Thr

Ser

Gly

Thr

GIn

Gly

Lys

Asn
370

Thr

115

Ala

Asp

Leu

Ile

val

195

Lys

Glu

Ala

Ala

Asn

275

ASp

Phe

Phe

Thr

Ile

355

Gly

Ash

Lys

Asn

Lys

8

oy
(]

Arg

Asp

LysS

Asn

Lys

Ser

val

val

Ser

Ty?r

340

Thr

Ala

Glu

Met

Lys

Asn

165

Asn

Ser

Thr

Thr

Phe

245

Leu

Asn

val

Phe

Leu

325

Asp

Tyr

Asn

Thr

Gln

Thr

150

Ser

Ala

Leu

Asn

Thr

230

Thr

Pro

Asn

Ala

Thr

310

Pro

Ala

Asn

Ile

Pro

Asp

Thr

Gln

Glin

Ala

val

215

Phe

val

Asp

Thr

Asp

Leu

Asn

Tyr

Ser
375

Gln

120

GlIn

Asn

Thr

Gly

val

200

AsSn

Asp

Thr

Ser

Met

280

Ala

Tyr

Phe

Ile

ser

360

Ser

sequence_listing

Pro Thr Ala Ile Lys

Thr

ASp

Leu

Asp

Pro

Asp

Leu

265

Pro

Thr

val

Thr

Asn

345

Ser

Gin

val

Ala

Glu

Lys

Asn

250

Thr

Ile

TYyr

Asn

Asp

Ile

Pro

Pro

Asnh

155

Leu

Lys

Pro

val

GlIn

235

val

Gly

Ala

Asp

Asn

315

Arg

Ala

Ile

Gln

140

Ser

Pro

Pro

val

Thr

220

Ser

Lys

Asn

Asp

Ile

300

Lys

Ala

ASp

Ala

Ile Ile Gly

380

pPage 82

125

Glu

Ile

Gln

ser

val

205

Ala

Gly

Ser

Gly

Ile

285

Leu

Glu

Lys

Glu

Asn

Ala

Ala

ser

val

156

Asn

Ser

Asn

Gly

Asp

270Q

Lys

Thr

Asn

Ala

Met

350

Ile

Asp

Gln

Asn

Thr

ser

175

Arg

Ala

Asn

Thr

Asp

255

val

Ser

Lys

Ile

Pro

335

Phe

Asp

Thr

Ala

Ser

Asn

160

Pro

Thr

Phe

Phe

240

Tyr

Asp

Thr

Thr

Asn

320

Lys

ASnh

LysS

Ala




ser Gln

385

Gly

Arg val Leu

Ile Glu Glu

Glu
435

Ile

Asp Asn

Tyr

Thr Lys

Gly Lys Asn

Thr Asn Arg

515

Arg Tyr

530

Gly

<210>
<211>
<212>
<213>

<400> 61
atgaatatga

61
1677
DNA

gtgcttgtag
gaaaatagtg
agcgttagtg
aacactaata
tcatcatcaa
acaacgaatc
ttagtgaatc
aattcacctc

gaagcaacac

Asn Thr

Tyr

Lys GIn

390

Gly Asn

405

ser
420

Ser
val Asn
Ser

Asp

Tyr Glu

Thr

Gly

Asp

AsSn

His

Trp val

Lys val
ser
440

Lys

Asn

470

Thr Tyr

Leu
500

Lys

Asp Tyr

Gly Gly

agaaaaaaga
gtacgttaat
ttacgcaatc
ctgcacctaa
atggcgaaac
caaatgcaac
aagctaatac
aaacaagtaa
aaaattctac

cttcaaacaa

val

Thr

ser

Ser

val Leu

Gln val

Phe
520

Ile

Ala
535

Asp

Staphylococcus aureus

aaaacacgca
cggttttgga
tgatagcgca
aacagacgac
gagtgtggeg
tacggaagaa
accggcaaca
tgaaacgact
aaatgcggaa

tgaatcagct

sequence_listing

Thr val Phe
395

Ile
410

Tyr Lys

Ser Ala Thr

425

Lys Leu Ser

Glu val Thr

val Ala ser

475

Glu
490

val Gly

ITe Gln

505

Glu

Gly Trp Asn

Gly Asp Ser

attcggaaaa
ctactcagca
agtaacgaaa
acaaacgtga
caaaatccag
acgccggtaa
actcaatcaa
tctaatgata
aatgtttcaa

ccacagagta

val Asnh Pro

Gly Tyr Gln

Asp Thr Lys

430

Ser
445

ASp Tyr

Asp GlIn Phe

Ile Lys Phe

His Tyr Asp

Asn val Asp

510

Glu
525

Asn Asn

Ala val

540

Asn

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagc
gcaatacaaa
ctaatacagt
caacgcaaga

cagatgcaag

Page 83

Gln
400

Lys

Arg

Tyr Ala

Lys Asn

Gly

Asn
495

Pro val

val val

cgtggcttca
agatgcaagt
tgattcaagt
aacatcgtca
aacgacacaa
tactactacg
tgcggaggaa
atcatctgta
tacttcaact

taataaagat

60
120
180
240
300
360
420
480
540
600



gtagttaatc
gtagctgcag
gttggtattg
tatggttttt
aaagaattaa
gatcaagtat
gactatgtaa
cctgaaaatg
gcaaacaaaa
aaaggtacaa
aatccaagtg
gatagtaatg
gcagctgatt
agtgtgaata
gatcaaatta
ggtgatttag
atgtcatggg
aaaccagttg
<210>
<211>
<212>
<213>
<400>

62
559
PRT

62

¥et Asn Met Lys %ys Lys Glu

Gly val Ala
Ser Ser Lys

35
Ser Ala Ser
Ala Pro Lys
65

Asn Thr Asn

Glu Thr Thr

aagcggttaa
atgcaccggc
actctggtac
cagtgcctaa
acttaaatgg
tggcaaatgg
atactaaaga
ttaaaaagac
cagtattagt
ttgaccaaat
gagataacgt
cattaataga
tatctgaaag
ttacattccc
caacaccgta
ctttacgttc
acaacgaagt

ttcctgaaca

ser val

20

Glu Ala

Asn Glu
Thr

Asp

Gly
85

Asn

GlIn Ser

Leu

tacaagtgcg
agctggcaca
gactgtgtat
ttctgctgtt
tgtaacttca
tgtaatcgat
tgatgtaaaa
aggtaatgtg
agattatgaa
cgataaaaca
tattgcgecg
tcagcaaaat
ttactttgtg
aaatccaaat
tatagtagtt
aactttatat
agcatttaat

acctgatgag

Staphylococcus aureus

Lys

val Gly

His

Thr

sequence_l1isting

cctagaatga
gatattacga
ccgcaccaag
aaaggtgaca
actgctaaag
agtgatggta
gcaactttga
acattggcta
aaatatggta
aataatacgt
gttttaacag
acaagtatta
aatccagaaa
caatataaag
gttaatggtc
gggtataact
aacggatcag

cctggtgaaa

Ala Tle

10

Leu Ile

gagcatttag
atcagttgac
caggttatgt
cattcaaaat
tgccaccaat
atgttattta
ccatgcccgce
ctggcatagg
agttttataa
atcgtcagac
gtaatttaaa
aagtatataa
actttgagga
tagagtttaa
atattgatcc
cgaatataat
gttctggtga

ttgaaccaat

Arg Lys

Gly Phe

Lys

tttagcggca
gaatgtgaca
caaactgaat
aactgtacct
tatggctgga
tacatttaca
ttatattgac
tagtacaaca
cttatctatt
aatttatgtc
accaaatacg
agtagataat
tgtcactaat
tacgcctgat
gaatagcaaa
ttggcgctct
cggtatcgat

tccagag

Ser Ile

15

Leu Leu

Asp

Ser

AsSp

70

Glu

Ser

Ala ser

40

Lys
55

Ser
Thr Asn
Thr

ser

Ser Thr

25

Glu

Asn

val

val

Asn

Asn

Asp

Ser

Ala
90

ser

Ser

ASp

75

Gln

val

ser

60

Thr

Asn

Ala Thr Thr
Page 84

Thr

45

Ser

Lys

Pro

Glu

Gly

30

Gin

val

Thr

Ala

Glu

Ser

ser

ser

Gln

95

Thr

Asp

Ala

ser

80

Gln

Pro

660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1677



val

Ala

Thr

145

Asn

1>
"
o]

Ser

Ser

Ala

225

val

val

Asp

Thr

Ala

305

Asp

Ala

Ala

Tyr

Thr
Thr
130

Ser

ser

Thr

Ala

210

Pro

Gly

Lys

Thr

ser

290

Asn

Tyr

Tyr

Thr

Glu

Asn

Pro

Ala

Ile

Leu

Phe

275

Thr

Gly

val

Ile

Gly

Lys

100

Glu

Gln

Glu

Glin

Th
1LELD

180

Ala

Arg

Ala

AsSp

Asn

260

Lys

Ala

val

Asn

AsSp

340

Ile

Tyr

Ala

ser

Thr

Asn
165

(4]
puiie

Ser

Met

Gly

Ser

245

Tyr

Ile

Lys

Ile

Thr

325

Pro

Gly

Gly

Thr

ser

Thr

150

Ser

1>
m

Asn

Arg

Thr

230

Gly

Gly

Thr

val

310

Lys

Glu

Ser

Lys

Thr
Asn

135

ser

Ala

215

Asp

Thr

Phe

val

Pro

295

ser

Asp

Asn

Thr

Phe

Thr

120

Thr

Asn

Asn

Ile

Thr

ser

Pro

280

Pro

Asp

Asp

val

Thr

360

Tyr

sequence_listing

105

Thr

Asn

Asp

Ala

Ser

185

val

Ser

Thr

val

val

265

Lys

Ile

Gly

val

Asn

Thr Asn

Ala Glu

Thr Asn

155

Glu Asn

3>
E'I
3>
n
-3
(4]
-
g

val Asn

Leu Ala

Asn Gln

235

Tyr Pro

250

Pro Asn

Glu Leu

Met Ala

Asn val

315

Lys Ala

Lys Thr

Asn Lys

Leu Ser
Page 85

Gln
Glu
140

Thr

val

Gln

Ala

220

Leu

His

Ser

Asn

Gly

Ile

Thr

Gly

Thr

Ile

Ala

125

Leu

val

ser

w
)
1

Ala

205

val

Thr

GIn

Ala

Leu

285

Asp

TYyr

Leu

Asn

val

365

Lys

110

Asn

val

Ser

Ala

Asn

Ala

val

270

Asn

Gln

Thr

Thr

val

350

Leu

Gly

Thr

Asn

Ser

Thr

175

Asn

Ala

val

Gly

255

Lys

Gly

val

Phe

Met

335

Thr

vai

Thr

Pro

Glin

val
160

Thr

Asp

Thr

240

Tyr

Gly

val

Leu

Thr

320

Pro

Leu

Asp

Ile



370

Gln Ile

Pro Ser

Pro Asn

Pro

Asp GIn Ile

Pro Asn Ser

Asn Ser Asn

515

Phe Asn Asn

530

Pro GJlu GIn

545

<210>
<211>
<212>
<213>

<400> 63
atgaatatga

63
1677
DNA

gtgcttgtag
gaaaatagtg
agcgttagtg
aacactaata
tcatcatcaa
acaacgaatc

ttagtgaatc

Asp

Gly

Thr

420

Tyr

2
“3
o]

Asn

Thr

500

Ile

Gly

Pro

Lys

o
e’

Pro

Thr

485

Gly

Ile

Ser

Asp

Thr
390
Asn

Ser

val

AsSn

470

Pro

Asp

Trp

Gly

Glu
550

375

Asn

val

Asn

Tyr

Leu

Arg

Ser

535

Pro

staphylococcus aureus

Asn

Ile

Ala

TYyr

Ile

Ala

Ser

520

Gly

Gly

sequence_listing

Thr

Ala

Leu
425

val

Leu

505

Met

ASD

Glu

Tyr

Pro

410

Ile

Ala

<
<
)
-

val

val

450

Arg

Ser

Gly

Ile

ser

Trp

Ile

Glu
555

380

GIin

Leu

Gln

Leu

A
ASIl

460

Phe

Asn

Thr

ASp

540

Pro

Thr

Thr

Gln

Ser

445

Asn

Gly

Leu

Asn

525

Lys

Ite

Ile

Gly

Asn

430

Giu

—d

Thr

His

Tyr

510

Glu

Pro

Pro

agaaaaaaga
gtacgttaat
ttacgcaatc
ctgcacctaa
atggcgaaac
caaatgcaac
aagctaatac

aaacaagtaa

aaaacacgca
cggttttgga
tgatagcgea
aacagacgac
gagtgtggcg
tacggaagaa
accggcaaca

tgaaacgact

attcggaaaa
ctactcagca
agtaacgaaa
acaaacgtga
caaaatccag
acgccggtaa
actcaatcaa

tctaatgata

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagc
gcaatacaaa

ctaatacagt

Page 86

val
400

Tyr

Asn
415

Leu

Thr Ser

Ser Tyr

Asn I

Pro

Ile
495

Gly Tyr

val Ala

val val

Glu

cgtggcttca
agatgcaagt
tgattcaagt
aacatcgtca
aacgacacaa

tactactacg

tgcggaggaa

atcatctgta

€0
120
180
240
300
360
420
480




aattcacctc
gaagcaacac
gtagttagtc
gtagctgcag
gttactattg
tatggttttt
aaagaattaa
gatcaagtat
gactatgttg
cctgaaaatg
gctagtaaga
aaaggtacga
aatccaagecg
aagagtaatg
gctaatgatt
caagttagaa
gaccaaatta
ggtgatttag
atgtcatggg
aaaccagttg
<210>
<211>
<212>
<213>
<400>

64
559
PRT

64

?et Asn Met Lys Lys Lys Glu
5

Gly val Ala ser val Leu val

ser Sser %gs Glu Ala Asp Ala

ser Ala Ser Asn Glu Ser Lys

50

65

aaaattctac
cttcaaacaa
aagcggttaa
atgcaccgge
actctggtac
cagtgcctaa
acttaaatgg
tggcaaatgg
ataataaaga
ttacaaagac
cagtattaat
ttgatcaaat
gagataacgt
cgttaataga
tatctgaaag
tttcatttcc
caacaccgta
cactacgttc
acaacgaagt

ttcctgaaca

20

Ala Pro Lys Thr Asp Asp Thr
70

aaatgcggaa
tgaatcagct
tccaagracg
agctggcaca
gactgtgtat
ttctgctgtt
tgtaacttca
tgtaatcgat
aaatgtaaca
aggtaatgtg
cgactatgag
cgataaaaca
tgtgttacct
tgcaaaaaac
ttattatgtyg
aaatgctaat
tattgtagtt
gacattttat
agcatttaat

acctgatgag

Staphylococcus aureus

Lys

ser
40

ser
55

Asn

His

Thr

25

Glu

Asn

val

sequence_l1isting

aatgtttcaa
ccacagaata
cctagaatga
gatattacga
ccgcaccaag
aaaggtgaca
actgctaaag
agtgatggta
gctaatatta
acattoacaa
aaatatggac
aataatacgt
gccttaacag
actgatatta
aatcctagceg
caatacaaag
gttaatggcc
ggttatgatt
aacggatcag

cctggtgaaa

Ala Tle

10

Leu Ile

Asn Ser

Asp Ser

ser Asp

75

caacgcaaga
cagatgcaag
gagcatttag
atcagttgac
caggttatgt
cattcaaaat
tgccaccaat
atgttattta

ctatgccagc
ctggcatagg
aattccataa
atcgccaaac
gtaatttaat
aagtttatag
attttgaaga
tagaatttcc
atattgatcc
ctaattttat
gttctggtga

ttgaaccaat

Arg Lys Lys

Gly Phe Gly

30

val Thr
45

GIn

Ser Ser val

60

Thr Lys Thr

Page 87

tacttcaact
taataaagat
tttagcggcea
agatgtgaaa
caaactgaat
aactgtacct
tatggctgga
tacatttaca
ttatattgac
aaccaatact
tttatcaatt
aatttatgtc
tcctaataca
agtcgataat
tgtaactaat
tacggacgat
tgctagtaca
atggagatct
cggtatcgat

tccagag

Ser
15

Leu Leu

Ser Asp
Ala

Sar

ser
80

Ser




Asn

Glu

val

Ala

Thr

145

Asn

Asp

Asn

ser

Ala

225

val

val

Asp

Thr

Ala

305

ASp

Ala

Thr

Thr

Thr

Thr

130

Ser

ser

Thr

Thr

Thr

210

Pro

Thr

Lys

Thr

ser

290

Ash

TYyr

Tyr

Asn

Thr

Asn

Pro

ser

Ala

Ile

Leu

Phe

275

Thr

Gly

val

Ile

Asn

GIn

100

Glu

GIn

Glu

Gln

Thr

180

Ala

Arg

Ala

Asp

Asn

260

Lys

Ala

val

Asp

Asp
340

Gly

85

Ser

Ala

Ser

Thr

Asn

165

Glu

Ser

Met

Gly

Ser

245

Tyr

Ile

Lys

Ile

Asn

325

Pro

Giu

Ser

Thr

Ser

Thr

150

sSer

Ala

Asn

Arg

Thr

230

Gly

Gly

Thr

val

ASp

310

Lys

Glu

Thr

ser

Thr

Asn

135

Ser

Thr

Thr

Lys

Ala

215

Asp

Thr

Phe

val

Pro

295

Ser

Glu

AsSn

Ser

Thr

Thr

120

Thr

Asn

Asn

Pro

Ile

Thr

Ser

Pro

280

Pro

Asp

Asn

val

sequence_listing
val Ala GIn Asn Pro

Asn

105

Thr

Ash

Asp

Ala

Ser

185

val

Ser

Thr

val

val

265

Lys

Ile

Gly

val

Thr
345

90

Ala

Thr

Ala

Thr

Glu

170

Asn

val

Leu

Asn

TYr

250

Pro

Glu

Met

Asn

Thr

330

Lys

Thr

Asn

Glu

Asn

155

Asn

Asn

ser

Ala

Gln

235

Pro

AsSn

Leu

Ala

val

315

Ala

Thr

Thr

GlIn

Glu

140

Thr

val

Glu

Glin

Ala

220

Leu

His

Ser

Asn

Gly

Ile

Asn

Gly

Page 88

Glu

Ala

125

Leu

val

Ser

Ser

Ala

205

val

Thr

Gln

Ala

Leu

285

Asp

TYr

Ile

Asn

Ala

Glu

110

Asn

val

Ser

Thr

Ala

190

val

Ala

Asp

Ala

val

270

Asn

Gin

Thr

Thr

val
350

Gin

95

Thr

Thr

Asn

Ser

Thr

175

Pro

Asn

Ala

val

Gly

Lys

Gly

val

Phe

Met

335

Thr

Gln

Pro

Pro

GIn

val

160

Gln

GIn

Pro

Asp

Lys

240

Tyr

Gly

val

Leu

Thr

320

Pro

Leu



Thr

Tyr

Ile

Tle

Tyr

Ser

465

Asp

Pro

Asp

Phe

Pro
545

Thr Gly

Glu Lys
370

Gln 1le

Pro Ser

Pro Asn

Lys val
435

val Asn
450

Phe Pro

Gln Ile

Ala Ser

ser Asn
515

Asn Asn
530

Glu GIn

<210> 65
<211> 1677
<212> DNA

<213>

<400> 65

atgaatatga agaaaaaaga aaaacacgca
gtgcttgtag gtacgttaat cggttttgga
gaaaatagtyg ttacgcaatc tgatagcgca
agcgttagtg ctgcacctaa aacagacgac

aacactaata atggcgaaac gagtgtggcg

Ile

Tyr

Asp

Gly

Thr

420

Tyr

Pro

Asn

Thr

Thr

500

Phe

Gly

Pro

Gly

Gly

Lys

Asp

405

Lys

Arg

Ser

Ala

Thr

485

Gly

Ile

ser

Asp

Thr

Gln

Thr

390

Asn

Ser

val

ASp

Asn

470

Pro

Asp

Trp

Gly

Glu
550

Asn

Phe

375

Asn

val

ASn

ASp

Phe

455

GIn

Tyr

Leu

Arg

ser

535

Pro

Staphylococcus aureus

Thr

360

Asn

val

Ala

Asn

440

Glu

Tyr

ITe

Ala

Ser

520

Gly

Gly

sequence_listing
Ala Ser Lys Thr val

Asn

Thr

L.eu

Leu

425

Ala

Asp

Lys

val

Leu

505

Met

ASp

Glu

Leu

Tyr

Pro

410

Ile

Asn

val

val

val

490

Arg

Ser

Gly

Ile

Ser

Arg

Ala

Asp

Asp

Thr

Glu

475

val

ser

Trp

Ile

Glu
555

attcggaaaa

ctactcagca

agtaacgaaa

acaaacgtga

caaaatccag

Ile

380

Gln

Leu

Ala

Leu

Asn

460

Phe

Asn

Thr

AsSp

Asp

Pro

365

Lys

Thr

Thr

Lys

Ser

445

Glin

Pro

Gly

Phe

Asn

525

Lys

Ile

Leu

Gly

Ile

Gly

Asn

430

Glu

val

Thr

His

Tyr

510

Glu

Pro

Pro

aatcgattgg

gtaaagaagc

gcaaaagtaa

gtgatactaa

cacaacagga

Page 89

Ile

Thr

Tyr

Asn

415

Thr

ser

Arg

ASp

Ile

495

Gly

val

val

Glu

cgtggcttca
agatgcaagt
tgattcaagt
aacatcgtca

aacgacacaa

Asp

val

400

Leu

Asp

Tyr

Ile

Asp

Tyr

Ala

val

60
120
180
240
300




tcatcatcaa
acaacgaatc
ttagtgaatc
aattcacctc
gaagcaacac
gtagttaatc
gtagctgcag
gttggtattg
tatggttttt
aaagaattaa
gatcaagtat
gactatgtaa
cctgaaaatg
gCaaacaada
aaaggtacaa
aatccaagtg
gatagtaatg
gcagctgatt
agtgtgaata
gatcaaatta
ggtgatttag
atgtcatggg
aaaccagttg
<210>
<211>
<212>
<213>
<400>

66
559
PRT
66

1

Gly val Ala ger val Leu val

Ser Ser Lys Glu Ala Asp Ala

35

Ser Ala Ser Asn Glu Ser Lys
55

50

caaatgcaac
aagctaatac
aaacaagtaa
aaaattctac
Cttcaaacaa
aagcggttaa
atgcaccggc
actctggtac
cagtgcctaa
acttaaatgg
tggcaaatgg
atactaaaga
ttaaaaagac
cagtattagt
ttgaccaaat
gagataacgt
cattaataga
tatctgaaag
ttacattccc
caacaccgta
ctttacgttc
acaacgaagt

ttcctgaaca

Met Asn Met Lys Lys Lys Glu
5

tacggaagaa
accggcaaca
tgaaacgact
aaatgcggaa
tgaatcagct
tacaagtgceg
agctggeaca
gactgtgtat
ttctgetgtt
tgtaacttca
tgtaatcgat
tgatgtaaaa
aggtaatgtg
agattatgaa
cgataaaaca
tattgcgecey
tcagcaaaat
ttactttgtyg
aaatccaaat
tatagtagtt
aactttatat
agcatttaat

acctgatgag

Staphylococcus aureus

40

sequence_listing

acgccggtaa
actcaatcaa
tctaatgata
aatgtttcaa
ccacagagta
cctagaatga
gatattacga
ccgcaccaag
aaaggtgaca
actgctaaag
agtgatggta
gcaactttga
acattggcta
aaatatggta
aataatacgt
gttttaacag
acaagtatta
aatccagaaa
caatataaag
gttaatggtc
gggtataact
aacggatcag

cctggtgaaa

Lys His Ala Ile
10
Gly Thr Leu Ile
25
Ser Glu Asn Ser

Ser Asn Asp Ser

ctggtgaage
gcaatacaaa
ctaatacagt
caacgcaaga
cagatgcaag
gagcatttag
atcagttgac
caggttatgt
cattcaaaat
tgccaccaat
atgttattta
ccatgeecge
ctggcatagg
agttttataa
atcgtcagac
gtaatttaaa
aagtatataa
actttgagga
tagagtttaa
atattgatcc
cgaatataat
gttctggtga

ttgaaccaat

tactactacg
tgcggaggaa
atcatctgta
tacttcaact
taataaagat
tttagcggea
gaatgtgaca
caaactgaat
aactgtacct
tatggctgga
tacatttaca
ttatattaac
tagtacaaca
cttatctatt
aatttatgtc
accaaatacg
agtagataat
tgtcactaat
tacgcctgat
gaatagcaaa
ttggcgcetct
cggtatcgat

tccagag

Arg Lys Lys Ser Ile
15

Gly Phe Gly Leu Leu
30

val Thr Gln Ser Asp

Ser Ser val ser Ala

60

pPage 90

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1677




Ala

65

Asn

Glu

val

Ala

Thr

145

Asn

Asp

Ser

Ser

Ala

225

val

val

Asp

Thr

Ala

305

Asp

Pro

Thr

Thr

Thr

Thr

130

ser

Ser

Thr

Thr

Ala

210

Pro

Gly

Lys

Thr

Ser

290

Asn

TYr

Lys

Asn

Thr

Gly

Thr

ASNn

Pro

Ser

Pro

Ala

Ile

Leu

Phe

275

Thr

Gly

val

Thr

Asn

Gln

100

Glu

Gln

Glu

Gln

Thr

180

Ala

Arg

Ala

Asp

Asn

260

Lys

Ala

val

Asn

Asp

Gly

85

ser

Ala

Ser

Thr

AsSn

165

Glu

Ser

Met

Gly

Ser

245

Tyr

Ile

Lys

Ile

Thr
325

Asp

70

Glu

sSer

Thr

Ser

Thr

150

Ser

Ala

Asn

Arg

Thr

230

Gly

Gly

Thr

val

Asp

310

Lys

Thr

Thr

Ser

Thr

Asn

135

Ser

Thr

Thr

Lys

Ala

215

Asp

Thr

Phe

val

Pro

295

Ser

ASp

Asn

Ser

Thr

Thr

120

Thr

Asn

ASn

Pro

Asp

pPhe

Ile

Thr

Ser

Pro

280

Pro

Asp

Asp

sequence_listing

val

val

Asn

105

Thr

Asn

ASp

Ala

Ser

185

val

ser

Thr

val

val

265

Lys

Ile

Gly

val

ser
Ala
90

Ala
Thr
Ala
Thr
Glu
170
Asn
val
Leu
ASn
TYr
250
Pro
Glu

Met

Asn

Lys
330

Asp Thr
75

GIn Asn
Thr Thr
Asn Gln
Glu Glu

140

Asn Thr
155

Asn val
Asn Glu
Asn Gln
Ala Ala

220
GIn Leu
235
Pro His
Asn Ser
Leu Asn
Ala Gly
val Ile
315

Ala Thr

Page 91

Lys

Pro

Glu

Ala

125

Leu

val

Ser

Ser

Ala

205

val

Thr

Gln

Ala

leu

285

Asp

Tyr

Leu

Thr

Ala

Glu

110

Asn

val

Ser

Thr

Ala

190

val

Ala

Asn

Ala

val

270

Asn

GIn

Thr

Thr

Ser

Glin

95

Thr

Thr

Asn

ser

Thr

175

Pro

Asn

Ala

val

Gly

Lys

Gly

val

Phe

Met
335

Ser

80

Pro

Pro

GlIn

val

160

Gln

Gln

Thr

Asp

Thr

240

Tyr

Gly

val

Leu

Thr

320

Pro



sequence_Tlisting
Ala Tyr Ile Asn Pro Glu Ash val Lys Lys Thr Gly Asn val Thr Leu
340 345 350

Ala Thr g g Ile Gly sSer Thr Thr Ala Asn Lys Thr val Leu val Asp

360 365

Tyr Glu Lys Tyr Gly Lys Phe Tyr Asn Leu Ser Ile Lys Gly Thr Ile
370 375 380

Asp GIn Ile Asp Lys Thr Asn Asn Thr Tyr Arg GIn Thr Ile Tyr val
385 390 395 400

Asn Pro Ser Gly Asp Asn val ITe Ala Pro val Leu Thr Gly Ash Leu
405 410 415

Lys Pro Asn Thr Asp Ser Asn Ala Leu ITe Asp GIn GIn Asn Thr ser
420 425 430

ITe Lys val Tyr Lys val Asp Asn Ala Ala Asp Leu Ser Glu Ser Tyr
435 440 445

Phe val Asn Pro Glu Asn Phe Glu Asp val Thr aAsn Ser val Asn Ile
450 455 460

Thr Phe Pro Asn Pro Asn GIn Tyr Lys val Glu Phe Asn Thr Pro Asp
465 470 475 480

Asp GIn Ile Thr Thr pPro Tyr Ile val val val Asn Gly His Ile Asp
485 490 495

Pro Asn Ser Lys Gly Asp Leu Ala Leu Arg Ser Thr Leu Tyr Gly Tyr
500 505 510

Asn Ser Asn Ile Ile Trp Arg Ser Met Ser Trp Asp Asn Glu val Ala
515 520 525

Phe Asn Asn Gly Ser Gly Ser Gly Asp Gly Ile Asp Lys Pro val val

530 535 540
Pro Glu GIn Pro Asp Glu Pro Gly Glu ITe Glu Pro Ile Pro Glu
545 550 555
<210> 67
<211> 1677
<212> DNA
<213> Staphylococcus aureus
<400> 67
atgaatatga agaaacaaga aaaacacgca attcgtaaaa aatcgattgg cgtggcttca 60

gtgcttgtag gtacgttaat cggttttgga ctactcagca gtaaagaagc agatgcaagt 120

gaaaatagta tgacacaaac ggaaaatacg agtaatgaga gcaaaagtaa tgatccaagt 180
Page 92



agcgttaatg
aacactaata
tcagcatcaa
gcaacgaatc
tcagtgaatc
aattcacctc
gaagcaacac
gtagttaatc
gtagctgcag

tatgggttct
aaagaattaa
gatcaagtat
gactatgtaa
cctgaaaatg
gcaaacaaaa
aaaggtacaa
aatccaagtg
gatagtaatg
gcatcagact
agtgtgaata
gatcaaataa
ggtgatttag
atgtcatggg
aaacctgttg
<210>
<211>
<212>
<213>

<400>

68
559
PRT
68

i

ctgcacctaa
gtgacgaaac
caaatgcaac
aagctaatac
aaacaagtaa
aaaattctac
cttcaaacaa
aagcggttaa

atgcaccggc

cagtaccaaa
acttaaatgg
tggcaaatgg
atactaaaga
ttacaaagac
cagtattagt
ttgaccaaat
gagataacgt
cattaataga
tgtctgaaag
ttacattccc
caacaccata
ctttacgttc
ataatgaagt

ttcctgaaca

aacagacaac
gaatgtagcg
tacagaagaa
accggcaaca
tgaaacgact
aaatgcggaa
tgaatcagct
tacaagtgcg

tgctggcaaa

tgaggctgtt
tgtaacttca
tgtaatcgat
tgatgttaaa
aggtaatgtg
agattatgaa
cgataaaaca
tattgcgecy
tgcacaaaat
ttattatgtyg
aaatccaaat
tattgtagtt
aactttatat
agcatttaat

acctgatgag

Staphylococcus aureus

sequence_listing

acaaacgtga
caaaatccag
acaccggtaa
actcaatcaa
tctaatgata
aatgtttcaa
ccacagagta
cctagaatga

gatattacga

caaggtgaca
actgctaaag
agtgatggta
gcaactttga
acattggcta
aaatatggta
aataatacgt
gttttaacag
actagtatta
aatccagata
caatataaag
gttaatgggce
ggatataatt
aacggatcag

ccgggtgaaa

Met Asn Met Lys Lys Gln Glu Lys His Ala Ile
5

10

Gly val Ala ger val Leu val Gly ggr Leu Ile

gtgattctaa
cacaacagga
ctggtgaagt
gcaatacaaa
ctaatacagt
caacgcaaga
cagatgcaag
gagcatttag

atcagttgac

cattcaaaat
tgccaccaat
atgttattta
ccatgcccgce
ctggcatagg
agttttataa
atcgtcagac
gtaatttaaa
aagtatataa
actttgaaga
tagagttcaa
atattgatcc
cgaatataat
gttctggtga

ttgaaccaat

tacaacgaca
aacgacacaa
tactactacg
tgcggaagaa
atcatctgta
catttcaact
taataaagat
tttageggcet

gaatgtgaca

aactgtgccc
tatggccgga
tacatttaca
ttatattgac
tagtacaaca
cttatctatt
aatttatgtc
accaaatacg
agttgataat
tgtcactgat
tacgcctgat
taatagtaaa
ttggcgatca
cggtatcgat

tccagag

Arg Lys Lys Ser Ile

15

Gly Phe Gly Leu Leu

30

Ser Ser ;gs Glu Ala Asp Ala Ser Glu Asn Ser Met Thr GIn Thr Glu

40

Page 93

45

240
300
360
420
480
540
600
660




Asn

Ala

65

Asn

Glu

val

Ala

Thr

145

AsSh

Asp

ser

ser

Ala

225

val

val

ASp

Thr

Ala
305

Thr

50

Pro

Thr

Thr

Thr

Thr

130

ser

Ser

Ile

Thr

Ala

210

Pro

Gly

Lys

Thr

ser

290

Asn

Ser

Lys

Asn

Thr

Gly

Thr

Asn

Pro

Ser

AsSp

Pro

Ala

Ile

Leu

Phe

275

Thr

Gly

Ash

Thr

Ser

Gln

100

Glu

GIn

Glu

Gin

Thr

180

Ala

Arg

Ala

AsSp

Asn

260

Lys

Ala

val

Glu

Asp

Asp

85

ser

val

ser

Thr

AsSn

165

Glu

Ser

Met

Gly

Ser

245

Tyr

ITe

Lys

Ile

Ser

Asn

70

Glu

Ala

Thr

Ser

Thr

150

Ser

Ala

AsSn

Arg

Lys

Gly

Gly

Thr

val

Asp
310

Thr

ser

Thr

Asn

135

ser

Thr

Thr

Lys

Ala

215

ASp

Asp

Phe

val

Pro

295

Ser

Ser

Asn

AsSn

Thr

Thr

120

Thr

Asn

Asn

Pro

200

Phe

Ile

Thr

Ser

Pro

280

Pro

ASp

sequence_Tisting

Asn AsSp Pro

val

val

ASHh

105

Ala

Asn

ASp

Ala

Ser

185

val

ser

Thr

val

val

265

Lys

Ile

Gly

Ser

Ala

90

Ala

Thr

Ala

Thr

Glu

170

Asn

val

Leu

Asn

TYr

250

Pro

Glu

Met

Asn

Asp

75

Gln

Thr

Asn

Glu

Asn

155

AsSn

Asn

Asn

Ala

GlIn

235

Pro

Asn

Leu

Ala

val
315§

Ser

60

Ser

Asn

Thr

Gln

Glu

140

Thr

val

Glu

Gln

Ala

220

Leu

His

Glu

AsSn

Page 94

Ser

Asn

Pro

Glu

Ser

val

Ser

Ser

Atla

205

val

Thr

Gln

Ala

Leu

285

ASp

Tyr

val

Thr

Ala

Glu

110

Asn

val

ser

Thr

Ala

190

val

Ala

Asn

Ala

val

270

Asn

Gln

Thr

Asn

Thr

Gln

95

Thr

Thr

Asn

Ser

Thr

175

Pro

Asn

Ala

val

Gly

Gln

Gly

val

phe

Ala

Thr

80

GIn

Pro

Pro

GlIn

val

160

GlIn

Gln

Thr

AsSp

Thr

2490

Tyr

Gly

val

Leu

Thr
320




Asp

Ala

Ala

Tyr

W

o n
AT

Lys

Ile

Tyr

Thr

465

Asp

Pro

Asn

Phe

Pro
545

<210>
<211>
<212>
<213>

<400>

Tyr

Tyr

Thr

Glu

370

GIn

Pro

Pro

Lys

val

450

Phe

Gln

Asn

Ser

Asn

530

Glu

69

1677
DNA
Staphylococcus aureus

69

val

Ile

Gly

Lys

Ile

ser

Asn

val

435

Asn

Pro

Ile

Ser

Asn

515

Asn

Gln

Asn

340

Ile

Tyr

Asp

Gly

Thr

420

Tyr

Pro

Asn

Thr

Lys

500

Ile

Gly

Pro

Thr

325

Pro

Gly

Gly

Lys

Asp

Asp

Lys

Asp

Pro

Thr

485

Gly

Ile

Ser

Asp

Lys

Glu

Ser

Ser

val

Asn

Asn

470

Pro

AsSp

Trp

Gly

Glu
550

ASp

Asn

Thr

Phe

375

Asn

val

Asn

Asp

Phe

455

Gln

Tyr

Leu

Arg

Ser

535

Pro

ASp

val

Thr

360

Tyr

AsSn

Ile

Ala

Asn

440

Glu

TYyr

Ile

Ala

Ser

520

Gly

Gly

sequence_listing

val

Thr

345

Ala

AsSn

Thr

Ala

Leu

425

Ala

ASp

Lys

val

Leu

505

Met

Asp

Glu

Lys Ala Thr Leu

330

Lys

Asn

Leu

Tyr

Pro

410

Ile

Ser

val

val

val

490

Arg

Ser

Gly

Ile

Thr

Lys

Ser

Asp

Asp

Thr

Glu

475

val

ser

Trp

Ile

Glu
555

Gly

Thr

Ile

380

GlIn

Leu

Ala

Leu

Asn

Thr

Asp

Asp

540

Pro

Page 95

Asn

val

365

Lys

Thr

Thr

GIn

ser

445

Ser

Asn

Gly

Leu

Asn

525

Lys

Ile

Thr

val

350

Leu

Gly

Ile

Gly

Asn

430

Glu

val

Thr

His

TYr

510

Glu

Pro

Pro

Met

335

Thr

val

Thr

Tyr

Asn

415

Thr

Ser

Asn

Pro

Ile

495

Gly

val

val

Glu

Pro

Leu

Asp

Ile

Leu

Ser

Tyr

Ile

Asp

Asp

Tyr

Ala

val




atgaatatga
gtgcttgtag
gaaaatagtg
agcattaatg
aacactaata
tcagcatcaa
acaacgaatc
ttagtgaatc
aattcacctc
gaagcaacac
gtagttaatc
gtagctgcag
gttactattg
tatggttttt
aaagaattaa
gatcaagtat
gactatgttg
cctgaaaatg
gctagtaaga
aaaggtacga
aatccaagcg
aagagtaatg
gctaatgatt
caagttagaa
gaccaaatta
ggtgatttag
atgtcatggg
aaaccagttg
<210>
<211>
<212>
<213>
<400>

70
559
PRT
70

1

agaaaaaaga
gtacgttaat
ttacgcaatc
ctgcacctaa
atggcgaaac
caaatgcaac
aagctaatac
aaacaagtaa
aaaattctac
cttcaaacaa
aagcggttaa
atgcaccggc
actctggtac
cagtgcctaa
acttaaatgg
tggcaaatgg
ataataaaga
ttacaaagac
cagtattaat
ttgatcaaat
gagataacgt
cgttaataga
tatctgaaag
tttcatttcc
caacaccgta
cactacgttc
acaacgaagt

ttcctgaaca

aaaacacgca
cggttttgga
tgatagcgca
aacagacaac
gagtgtggcg
tacggaagaa
accggcaaca
tgaaacgact
aaatgcggaa
tgaatcagct
tacaagtgcg
agctggcaca
gactgtgtat
ttctgctgtt
tgtaacttca
tgtaatcgat
aaatgtaaca
aggtaatgtg
cgactatgag
cgataaaaca
tgtgttacct
tgcaaaaaac
ttattatgtg
aaatgctaat
tattgtagtt
gacattttat
agcatttaat

acctgatgag

Staphylococcus aureus

sequence_T1isting

attcggaaaa
ctactcagca
agtaacgaaa
acaaacgtga
caaaatccag
acgccggtaa
actcaatcaa
tctaatgata
aatgtttcaa
ccacagagta
cctagaaaga
gatattacga
ccgcaccaag
aaaggtgaca
actgctaaag
agtgatggta
gctaatatta
acattgacaa
aaatatggac
aataatacgt
gccttaacag
actgatatta
aatcctagcg
caatacaaag
gttaatggcc
ggttatgatt
aacggatcag

cctggtgaaa

Met Asn Met Lys Lys Lys Glu Lys His Ala Ile
5 10

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagc
gcaatacaaa
ctaatacagt
caacgcaaga
cagatgcaag
gagcatttag
atcagttgac
caggttatgt
cattcaaaat
tgccaccaat
atgttattta
ctatgccagc
ctggcatagg
aattccataa
atcgccaaac
gtaatttaat
aagtttatag
attttgaaga
tagaatttcc
atattgatcc
ctaattttat
gttctggtga

ttgaaccaat

cgtggcttca
agatgcaagt
tgattcaagt
accaacgtca
aacgacacaa
tactactacg
tgcggaggaa
atcatctgta
tacttcaact
taataaagat
tttagcggct
agatgtgaaa
caaactgaat
aactgtacct
tatggctgga
tacatttaca
ttatattgac
aaccaatact
tttatcaatt
aatttatgtc
tcctaataca
agtcgataat
tgtaactaat
tacggacgat
tgctagtaca
atggagatct
cggtatcgat

tccagag

Arg Lys Lys Ser Ile
15

Gly val Ala ser val Leu val Gly Thr Leu Ile Gly Phe Gly Leu Leu
Page 96

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1677



Ser

Ser

Ala

65

AsSn

s
oo
-

val

Ala

Thr

145

Asn

Asp

Ser

Ser

Ala

225

val

val

Asp

Thr

Ser

Ala

50

Pro

Thr

Thr

Thr

Thr

130

Ser

ser

Thr

Thr

Ala

210

Pro

Thr

Lys

Thr

Ser

Lys

35

Ser

Lys

Asn

Thr

Asn

Pro

Ser

ASp

Pro

Ala

Ile

Leu

Phe

275

Thr

20

Glu

Asn

Thr

Asn

Gln

100

Glu

Gln

Glu

GIn

Thr

180

Ala

Arg

Ala

Asp

Asn

260

Lys

Ala

Ala

Glu

Asp

Ala

Ser

Thr

Asn

165

Glu

Ser

Lys

Gly

Ser

245

Tyr

Ile

Lys

Asp

Ser

Asn

70

Glu

Ala

Thr

Ser

Thr

150

Ser

Ala

Asn

Arg

Thr

230

Gly

Gly

Thr

val

Ala

Lys

Thr

Thr

Thr

Asn

135

Ser

Thr

Thr

Lys

Ala

215

Asp

Thr

Phe

val

Pro

ser

40

Ser

AsSn

ser

r Thr

Thr

120

Thr

Asn

Asn

Pro

Asp

200

Phe

Ile

Thr

Ser

Pro

280

Pro

sequence_listing
5

Glu

Asn

val

val

Asn

105

Thr

Asn

Asp

Ala

Ser

185

val

Ser

Thr

val

val

265

Lys

Ile

Asn

Asp

Ser

Ala
90

Ala

Thr

Ala

Thr

Glu

170

Asn

val

Leu

Asn

Tyr

250

Pro

Glu

Ser

Ser

ASp

75

GIn

Thr

Asn

Glu

Asn

155

Asn

Asn

Asn

Ala

GlIn

235

Pro

Asn

Leu

val

Ser

60

Thr

Asn

Thr

Gln

Glu

140

Thr

val

Glu

GlIn

Ala

220

Leu

His

Ser

Asn

Met Ala Gly
Page 97

Thr

45

Ser

Lys

Pro

30

Gln

Ile

Pro

Ser

Asn

Thr

Leu

val

ser

Ser

Ala

205

val

Thr

Gln

Ala

Leu

285

Asp

val

Ser

Thr

Ala

190

val

Ala

Asp

Ala

val

270

Asn

Gln

Asn

Ser

Thr

175

Pro

Asn

Ala

val

Gly

Lys

Gly

val

AsSp

Ala

Ser

80

Gin

Pro

Gln

val

160

Gin

Gln

Thr

Asp

Lys

240

Tyr

Gly

val

Leu



Ala

305

Asp

Ala

Thr

Tur
L A

Asp

Asn

Ile

Ile

TYyr

Ser

465

Asp

Pro

Asp

Phe

Pro
545

290

Asn

Tyr

Tyr

Thr

Gluy

370

GIn

Pro

Pro

Lys

val

450

Phe

GIn

Ala

ser

Asn

530

Glu

Gly

val

Ile

ser

Asn

val

435

Asn

Pro

Ile

ser

Asn

515

Asn

GIn

<210> 71

val

Asp

Asp

Gly

Thr

420

Tyr

Pro

Asn

Thr

Thr

500

Phe

Gly

Pro

Ile
Asn
325

Pro

Gly

9]
d
g

Lys

Asp

Lys

Arg

Ser

Ala

Thr

485

Gly

Ile

ser

Asp

310

Lys

Glu

Thr

390

Asn

Ser

val

Asp

Asn

470

Pro

Asp

Trp

Gly

Glu
550

295

Ser

Glu

Asn

Asn

oha
1 Phe |

375

Asn

val

ASn

Asp

Phe

455

Gln

Tyr

Leu

Arg

Ser

535

Pro

Asp

Asn

val

Thr

360

Asn

val

Ala

Asn

440

Glu

Tyr

Ile

Ala

ser

520

Gly

Gly

sequence_listing
300

Gly

val

Thr

345

Ala

Leu

Leu

425

Ala

Asp

Lys

val

Leu

505

Met

Asp

Glu

Asn
Thr
330

Lys

Ser

Pro

410

Ile

Asn

val

va'l

val

490

Arg

Ser

Gly

Ile

val
315
Ala

Thr

Ala

Asp

Asp

Thr

Glu

475

val

ser

Trp

Ile

Glu
555

Ile

Asn

Gly

Thr

W b
00 ==
[} 0]

Leu

Ala

Leu

Asn

460

Phe

Asn

Thr

Asp

540

Pro

Page 98

Tyr

Ile

Asn

val
365

-
A
w

Thr

Thr

Lys

Ser

445

Gln

Pro

Gly

Phe

Asn

525

Lys

Ile

Thr

Thr

val

350

lLeu

[A)
o]

Ile

Gly

Asn

430

Glu

val

Thr

His

Tyr

510

Glu

Pro

Pro

Phe
Met

335

Thr

Asn

415

Thr

ser

Arg

Asp

Ile

495

Gly

val

val

Glu

Thr

320

Pro

Leu

Asp

=
-
m

val

400

Leu

Asp

Tyr

Ile

480

Asp

Tyr

Ala

val



<211>
<212>
<213>

<400>

1677
DNA

71

Staphylococcus aureus

atgaatatga agaaaaaaga aaaacacgca

gtgcttgtag
gaaaatagtg
agcgttagtg
aacactaata
tcatcatcaa
acaacgaatc
ttagtgaatc
aattcacctc
gaagcaacac
gtagttagtc
gtagctgcag
gttactattg
tatggttttt
aaagaattaa
gatcaagtat
gactatgttg
cctgaaaatg
gctagtaaga
aaaggtacga
aatccaagcg
aagagtaatg
gctaatgatt
caagttagaa
gaccaaatta
ggtgatttag
atgtcatggg
aaaccagttg
72

559
PRT

<210>
<211>
<212>
<213>

<400> 72

gtacgttaat
ttacgcaatc
ctgcacctaa
atggcgaaac
caaatgcaac
aagctaatac
aaacaagraa
aaaattctac
cttcaaacaa
aagcggttaa
atgcaccggc
actctggtac
cagtgcctaa
acttaaatgg
tggcaaatgg
ataataaaga
ttacaaagac
cagtattaat
ttgatcaaat
gagataacgt
cgttaataga
tatctgaaag
tttcatttcc
caacaccgta
cactacgttc
acaacgaagt

ttcctgaaca

cggttttgga
tgatagcgca
aacagacgac
gagtgtggcg
tacggaagaa
accggcaaca
taaaacgact
aaatgcggaa
tgaatcagct
tccaagtacg
agctggceaca
gactgtgtat
ttctectgtt
tgtaacttca
tgtaatcgat
aaatgtaaca
aggtaatgtyg
cgactatgag
cgataaaaca
tgtgttacct
tgcaaaaaac
ttattatgtg
aaatgctaat
tattgtagtt
gacattttat
agcatttaat

acctgatgag

staphylococcus aureus

sequence_listing

attcggaaaa
ctactcagca
agtaacgaaa
acaaacgtga
caaaatccag
acgccggtaa

actcaatcaa

aatgtttcaa
ccacagaata
cctagaatga
gatattacga
ccgcaccaag
aaaggtgaca
actgctaaag
agtgatggta
gctaatatta
acattgacaa
aaatatggac
aataatacgt
gccttaacag
actgatatta
aatcctagcg
Caatacaaag
gitaatggcc
ggttatgatt
aacggatcag

cctggtgaaa

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagc

gcaatacaaa

caacgcaaga
cagatgcaag
gagcatttag
atcagttgac
caggttatgt
cattcaaaat
tgccaccaat
atgttattta
ctatgccagc
ctggcatagg
aattccataa
atcgccaaac
gtaatttaat
aagtttatag
attttgaaga
tagaatttcc
atattgatcc
ctaattttat
gttctggtga

ttgaaccaat

Page 99

cgtggcttca
agatgcaagt
tgattcaagt
aacatcgtca
aacgacacaa

tactactacyg

tgcggaggaa

tacttcaact
taataaagat
tttagcggcea
agatgtgaaa
Caaactgaat
aactgtacct
tatggctgga
tacatttaca
ttatattgac
aaccaatact
tttatcaatt
aatttatgtc
tcctaataca
agtcgataat
tgtaactaat
tacggacgat
tgctagtaca
atggagatct
cggtatcgat

tccagag

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1677




Met

Gly

Ser

ser

Ala

65

Asn

Glu

val

Ala

Thr

145

Asn

Asp

Asn

Ser

Ala

225

val

val

Asn

vai

Ser

Ala

50

Pro

Thr

Thr

Thr

Thr

130

ser

Ser

Thr

Thr

Thr

210

Pro

Thr

Lys

Met

Ala

Lys

Ser

Lys

Asn

Thr

AsSn

Pro

Ser

Ala

Ile

Leu

Lys

Ser

20

Glu

Asn

Thr

Asn

Gln

100

Glu

Glin

Glu

Gln

Thr

180

Ala

Arg

Ala

Asp

Asn
260

Lys
5
val
Ala
Glu
Asp
Gly
85
ser
Ala
Ser
Thr
Asn
165
Glu
Ser
Met
Gly
ser

245

Tyr

Lys

Leu

Asp

Ser

ASp

70

Glu

Ser

Thr

Ser

Thr

150

ser

Ala

Asn

Arg

Thr

230

Gly

Gly

Glu

val

Ala

Lys

55

Thr

Thr

Ser

Thr

Asn

135

Ser

Thr

Thr

Lys

Ala

215

Asp

Thr

Phe

Lys

Gly

Ser

40

ser

Asn

Ser

Thr

Thr

120

Thr

Asn

Asn

Pro

Asp

200

Phe

Ile

Thr

Ser

sequence_Tl1isting
His an ITe Arg Lys

Thr

25

Glu

Asn

val

val

Asn

105

Thr

Asn

Asp

Ala

ser

185

val

Ser

Thr

val

val
265

Leu

Asn

Asp

Ser

Ala

90

Ala

Thr

Ala

Thr

Glu

170

Asn

val

Leu

Asn

Tyr

250

Pro

Ile

Ser

Ser

Asp

75

Gln

Thr

Asn

Glu

Asn

155

Asn

Asn

Ser

Ala

GIn

235

Pro

Asn

Gly

val

Ser

60

Thr

Asn

Thr

Gln

Glu

140

Thr

val

Glu

Gin

Ala

220

Leu

His

Ser

Page 100

Phe

Thr

45

Ser

LysS

Pro

Glu

Ala

125

Leu

val

ser

Ser

Ala

205

val

Thr

Gin

Pro

Gly

30

Gln

val

Thr

Ala

Glu

110

Asn

val

ser

Thr

Ala

190

val

Ala

Asp

Ala

val
270

ser

15

Leu

Ser

ser

Ser

Gln

95

Thr

Thr

ASn

Ser

Thr

175

Pro

Asn

Ala

val

Gly

Lys

Ile
Leu

Asp

Pro

Pro

val
160
GIn
Gln
Pro
Asp
Lys
240
Tyr

Gly



ASD

Thr

Ala

305

ASp

Ala

Thr

Tyr

AsSp

Asn

Ile

Ile

Tyr

ser

465

ASp

Pro

ASp

Phe

Thr

ser

290

ASn

Tyr

Tyr

Thr

Glu

370

Gin

Pro

Pro

Lys

val

450

Phe

Gln

Ala

ser

Asn
530

Phe

275

Thr

Gly

val

Ile

Gly

Lys

Ile

ser

Asn

val

435

Asn

Pro

Ile

ser

Asn

515

AsSn

Lys

Ala

val

Asp

Asp

340

Ile

TYr

Asp

Gly

Thr

420

Tyr

Pro

Asn

Thr

Thr

500

Phe

Gly

Ile

Lys

Ile

Asn

325

Pro

Gly

Gly

LysS

Lys

Arg

Ser

Ala

Thr

485

Gly

Ile

Ser

Thr

val

Lys

Glu

Thr

Gln

Thr

390

Asn

sSer

val

ASp

Asn

470

Pro

Asp

Trp

Gly

val

Pro

295

Ser

Glu

Asn

Asn

Phe

375

Asn

val

Asn

Asp

Phe

455

GlIn

Tyr

Leu

ATg

ser
535

Pro

280

Pro

Asp

Asn

val

Thr

360

His

Asn

val

Ala

Asn

440

Glu

Tyr

Ala

Ser
520

Gly

sequence_listing
Lys Glu Leu Asn Leu

Ile

Gly

val

Thr

345

Ala

Ash

Thr

Leu

Leu

425

Ala

ASp

Lys

val

Leu

505

Met

ASp

Met

Asn

Thr

330

Lys

Ser

Leu

Tyr

Pro

410

Ile

Asn

val

val

val

490

Arg

Ser

Gly

Ala

val

315

Ala

Thr

Lys

Ser

395

Ala

Asp

Asp

Thr

Glu

475

val

ser

Trp

Ile

Asn

Gly

Thr

Ile

380

GlIn

L.eu

Ala

Leu

Asn

460

Phe

Asn

Thr

Asp

Asp
540

Page 101

285

ASp

Tyr

Ile

Asn

val

365

Lys

Thr

Thr

Lys

Ser

445

Gln

Pro

Gly

Phe

Asn

525

Lys

Asn

GlIn

Thr

Thr

val

350

Leu

Gly

Ile

Gly

Asn

430

Glu

val

Thr

His

TYyr

510

Glu

Pro

Gly

val

Phe

Met

335

Thr

Thr

Tyr

Asn

415

Thr

Ser

Arg

Asp

Ile

495

Gly

val

val

val

Leu

Thr

320

Pro

Leu

Asp

val

400

Leu

Asp

Tyr

Ile

val




545

<210>
<211>
<212>
<213>

<400> 73
atgaatatga

73
1677
DNA

gtgcttgtag
gaaaatagtg
agcattaatg
aacactaata
tcagcatcaa
gcaacgaatc
ttagtgaatc
aattcacctc
gaagcaacac
gtagttaatc
gtagctgcag
gttactattg
tatggttttt
aaagaattaa
gatcaagtat
gactatgttg
cctgaaaatg
gctagtaaga
aaaggtacga
aatccaagcg
aagagtaatg
gctaatgatt
caagttagaa
gaccaaatta
ggtgatttag
atgtcatggg

aaaccagttg

<210> 74

agaaaaaaga
gtacgttaat
ttacgcaatc
ctgcacctaa
atggcgaaac
caaatgcaac
aagctaatac
aaacaagtaa
aaaattctac
cttcaaacaa
aagcggttaa
atgcaccggc
actctggtac
cagtgcctaa
acttaaatgg
tggcaaatgg
ataataaaga
ttacaaagac
cagtattaat
ttgatcaaat
gagataacgt
cgttaataga
tatctgaaag
tttcatttec
caacaccgta
cactacgttc
acaacgaagt

ttcctgaaca

Staphylococcus aureus

aaaacacgca
cggttttgga
tgatagcgca
aacagacaac
gagtgtggcg
tacggaagaa
accggcaaca
tgaaacgact
aaatgcggaa
tgaatcagct
tacaagtgcg
agctggceaca
gactgtgtat
ttctgetgtt
tgtaacttca
tgtaatcgat
aaatgtaaca
aggtaatgtg
cgactatgag
cgataaaaca
tgtgttacct
tgcaaaaaac
ttattatgtg
aaatgctaat
tattgtagtt
gacattttat
agcatttaat

acctgatgag

555

attcggaaaa
ctactcagca
agtaacgaaa
acaaacgtga
caaaatccag
acgccggtaa
actcaatcaa
tctaatgata
aatgtttcaa
ccacagagta
cctagaatga
gatattacga
ccgcaccaag
aaaggtgaca
actgctaaag
agtgatggta
gctaatatta
acattgacaa
aaatatggac
aataatacgt
gccttaacag
actgatatta
aatcctagcg
caatacaaag
gttaatggcc
ggttatgatt
aacggatcag

cctggtgaaa

sequence_listing
Pro Glu Gln Pro Asp ggg Pro Gly Glu ITle Glu Pro Ile Pro Glu

aatcgattgg
gtaaagaagc
gCaaaagtaa
gtgatactaa
cacaacagga
ctggtgaaac
gcaatacaaa
ctaatacagt
caacgcaaga
cagatgcaag
gagcatttag
atcagttgac
caggttatgt
cattcaaaat
tgccaccaat
atgttattta
ctatgccagce
ctggcatagyg
aattccataa
atcgccaaac
gtaatttaat
aagtttatag
attttgaaga
tagaatttcc
atattgatcc
Ctaattttat
gttctggtga

ttgaaccaat

Page 102

cgtggcttca
agatgcaagt
tgattcaagt
aacaacgtca
aacgacacaa
tactactacg
tgcggaggaa
atcatctgta
tacttcaact
taataaagat
tttagcggca
agatgtgaaa
caaactgaat
aactgtacct
tatggctgga
tacatttaca
ttatattgac
aaccaatact
tttatcaatt
aatttatgtc
tcctaataca
agtcgataat
tgtaactaat
tacggacgat
tgctagtaca
atggagatct
cggtatcgat

tccagag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
300
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1677



<211>
<212>
<213>

<400>

559
PRT
Staphylococcus aureus

74

%et Asn Met Lys Lys Lys Glu
5

Gly

ser

Ser

Ala

65

Asn

Glu

val

Ala

Thr

145

Asn

Asp

Ser

Ser

Ala

225

val

val

Ser

Ala

50

Pro

Thr

Thr

Thr

Thr

130

Ser

ser

Thr

Thr

Ala

210

Pro

Thr

Ala

Lys

35

Ser

Lys

Asn

Thr

ASn

Pro

ser

Ala

Ile

Ser

20

Glu

Asn

Thr

Asn

Gln

100

Glu

GlIn

Glu

GlIn

Thr

180

Ala

Arg

Ala

Asp

val

Ala

Glu

Asp

Gly

85

Ser

Thr

Ser

Thr

Asn

165

Glu

ser

Met

Gly

ser
245

Leu

Asp

ser

Asn

70

Glu

Ala

Thr

Ser

Thr

150

ser

Ala

Asn

Arg

Thr

230

Gly

val

Ala

Lys

55

Thr

Thr

ser

Thr

Asn

135

Ser

Thr

Thr

Lys

Ala

215

Asp

Thr

Lys

Gly

Ser

40

ser

Asn

Ser

Thr

Thr

120

Thr

Asn

Asn

Pro

Asp

200

Phe

Ile

Thr

sequence_l1isting

His

Thr

25

Glu

Asn

val

val

Asn

105

Ala

Asn

Asp

Ala

ser

185

val

Ser

Thr

val

Ala

10

Leu

Asn

Asp

Ser

Ala

90

Ala

Thr

Ala

Thr

Glu

170

Ash

val

Leu

Asn

TYr
250

Ile

Ile

Ser

Ser

Asp

75

Gln

Thr

Ash

Glu

Asn

155

Asn

Asn

Asn

Ala

Gln

235

Pro

Arg

Gly

val

Ser

60

Thr

Asn

Thr

Gln

Glu

140

Thr

val

Glu

Gln

Ala

220

Leu

His

Page 103

Lys

Phe

Thr

45

ser

Lys

Pro

Glu

Ala

125

Leu

val

Ser

Ser

Ala

205

val

Thr

Gln

Lys

Gly

30

Gln

Ile

Thr

Ala

Glu

110

Asnh

val

Ser

Thr

Ala

190

val

Ala

Asp

Ala

Ser

15

Leu

Ser

Asn

Thr

Gln

95

Thr

Thr

Asn

Ser

Thr

175

Pro

Asn

Ala

val

Ile

Leu

Asp

Ala

Ser

80

Glin

Pro

Pro

val
160

Gln

Thr

Asp

Lys

240

Tyr



val

Asp

Thr

Ala

305

Asp

Ala

Thr

Tyr

Asn

Ile

Ile

Tyr

ser

465

Asp

Pro

Asp

Lys

Thr

Ser

290

Asn

Tyr

Tyr

Thr

Glu

370

GlIn

Pro

Pro

Lys

val

450

Phe

Gin

Ala

ser

Leu

Phe

275

Thr

Gly

val

Ile

Gly

Lys

Ile

Ser

Asn

val

435

Asn

Pro

Ile

Ser

Asn
515

Asn

260

Lys

Ala

val

Asp

340

Ile

Tyr

Asp

Gly

Thr

420

Tyr

Pro

Asn

Thr

Thr

500

Phe

Tyr

Ile

LYS

Ile

Asn

325

Pro

Gly

Gly

Lys

Lys

Arg

Ser

Ala

Thr

485

Gly

Ile

Gly

Thr

val

310

Lys

GTu

Thr

Gin

Thr

390

Asn

Ser

val

Asp

Asn

470

Pro

Asp

Trp

Phe

val

Pro

295

Ser

Glu

Asn

Asn

Phe

375

Asn

val

Asn

Asp

Phe

455

Gln

Tyr

Ley

Arg

ser

Pro

280

Pro

Asp

Asn

val

Thr

360

His

Asn

val

Asn

440

Glu

Tyr

Ile

Ala

Ser
520

sequence_listing

val Pro Asn Ser Ala

265

Lys

Ile

Gly

val

Thr

345

Ala

Asn

Thr

Leu

Leu

425

Ala

ASD

LysS

val

Leu

505

Met

Glu

Met

Asn

Thr

330

Lys

Ser

Leu

TYyr

Pro

410

Ile

Asn

val

val

val

490

Arg

Leu

Ala

val

315

Ala

Thr

Lys

Ser

Arg

Ala

Asp

Asp

Thr

Glu

475

val

ser

Asn

Gly

Ile

Asn

Gly

Thr

Ile

380

Gln

Leu

Ala

Leu

Asn

460

Phe

Asn

Thr

Ser Trp Asp

Page 104

Leu

285

ASp

Tyr

Ile

Asn

val

365

Lys

Thr

Thr

Lys

Ser

445

Gln

Pro

Gly

Phe

Asn
525

val

270

Asn

G1in

Thr

Thr

val

350

Leu

Gly

Ile

Gly

Asn

430

Glu

val

Thr

His

Tyr

Glu

LyS

Gly

val

Phe

Met

335

Thr

Thr

Tyr

Asn

415

Thr

ser

Arg

ASp

Ile

495

Gly

val

Gly

val

Leu

Thr

320

Pro

Leu

Asp

Ile

val

400

Leu

Asp

Tyr

Ile

Tyr

Ala




Phe Asn Asn Gly Ser Gly Ser Gly Asp Gly Ile

530

535

Pro Glu Gln Pro Asp Glu Pro Gly Glu Ile Glu
550

545

<210>
<211>
<212>
<213>

<400>

75
1677
DNA

75

Staphylococcus aureus

atgaatatga agaaaaaaga aaaacacgca

gtgcttgtag
gaaaatagtyg
agcgttaatg
aacactaata
tcagcatcaa
gcaacgaagc
ttagtgaatc
aattcacctc
gaagcaacac
gtagttaatc
gtagctgcag
gttactattg
tatggttttt
aaagaattaa
gatcaagtat
gactatgtaa
cctgaaaatg
gcaaacaaaa
aaaggtacaa
aatccaagtg
gatagtaatg
gcagctgatt
agtgtgaata
gatcaaatta
ggtgatttag
atgtcatggg

gtacgttaat
ttacgcaatc
ctgcacctaa
atggcgaaac
caaatgcaac
aagctaatac
aaacaagtaa
aaaattctac
cttcaaacaa
aagcggttaa
atgcaccggc
actctggtac
cagtgcctaa
acttaaatgg
tggcaaatgg
atactaaaga
ttacaaagac
cagtattagt
ttgaccaaat
gagataacgt
cattaataga
tatctgaaag
ttacattccc
caacaccgta
ctttacgttc

acaacgaagt

cggtttcgga

tagatagegcea
-3

aacagacaac
gagtgtggceg
tacggaagaa
accggcaaca
tgaaacgact
aaatgcggaa
tgaatcagct
tacaagtgcg
tgctggcaca
gactgtgtat
ttctgetgtt
tgtaacttca
tgtaatcgat
tgatgttaaa
aggtaatgtg
agattatgaa
cgataaaaca
tattgcgceg
tcagcaaaat
ttactttgtg
aaatccaaat
tattgtagtt
aactttatat

agcatttaat

555

attcggaaaa
ttacttagca
agtaacgaaa
acaaacgtga
caaaatccag
acaccggtaa
actcaatcaa
tctaatgata
aatgtttcaa
ccacagagta
cctagaatga
gatattacga
ccgcaccaag
aaaggtgaca
actgctaaag
agtgatggta
gcaactttga
acattggcta
aaatatggta
aataatacgt
gttttaacag
acaagtatta
aatccagaaa
caatataaag
gttaatggtc
gggtatgact

aacggatcag

sequence_listing

Asp Lys Pro val val

540

Pro Ile Pro Glu

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagc
gcaatacaaa
ctaatacagt
caacgcaaga
cagatgcaag
gagcatttag
atcagttgac
caggttatgt
cattcaaaat
tgccaccaat
atgttattta
ccatgccege
ctggcatagg
agttttataa
atcgtcagac
gtaatttaaa
aagtatataa
actttgagga
tagagtttaa
atattgatcc
caaggtttgt

gttctggtga

Page 105

cgtggcttca

agatgcaagt

aacaacgtca
aacgatacaa
tactactacg
tgcggaggaa
atcatctgta
tacttcaact
taataaagat
tttagcggcet
agatgtgaaa
caaactgaat
aactgtacct
tatggccgga
tacatttaca
ttatattgac
tagtacaaca
cttatctatt
aatttatgtc
accaaatacyg
agtagataat
tgtcactaat
tacgcctgat
gaatagcaaa
atggagatct

cggtatcgat




sequence_Tlisting

aaaccagttg ttcctgaaca acctgatgag cctggtgaaa ttgaaccaat tccagag

<210>
<211>
<212>
<213>

<400>

76
559
PRT
Staphylococcus aureus

76

Met Asn Met Lys Lys Lys Glu
1 5

Gly

Ser

Ser

Ala

65

AsSn

Glu

val

Ala

Thr

145

Asn

Asp

ser

ser

val

ser

Ala

50

Pro

Thr

Thr

Thr

Thr

130

Ser

Ser

Thr

Thr

Ala

210

Pro

Ala

LysS

35

ser

Lys

Asn

Ile

Asn

Pro

Ser

Ala

Ser

20

Glu

Asn

Thr

Asn

Gln

100

Glu

Gin

Glu

Glin

Thr

180

Ala

Arg

Ala

val

Ala

Glu

Asp

Gly

85

Ser

Ala

sSer

Thr

Asn

165

Glu

Ser

Met

Gly

Leu

Asp

Ser

Asn

70

Glu

Ala

Thr

ser

Thr

150

Ser

Ala

Asn

Arg

Thr
230

val

Ala

Thr

ser

Thr

Asn

135

Ser

Thr

Thr

Lys

Ala

215

ASp

Lys

Gly

ser

40

ser

Asn

Ser

Thr

Thr

120

Thr

Asn

Asn

Pro

Ile

His

Thr

25

Glu

Asn

val

val

Asn

105

Ala

Asn

Asp

Ala

Ser

185

val

Ser

Thr

Ala

10

Leu

Asn

Asp

ser

Ala

90

Ala

Thr

Ala

Thr

Glu

170

Asn

val

Leu

Ile

Ile

Ser

Ser

ASp

75

Gln

Thr

Lys

Glu

Asn

155

Asn

Asn

Asn

Ala

Arg

Gly

val

Ser

60

Thr

Asn

Thr

Gln

Glu

140

Thr

val

Glu

GlIn

Ala
220

Asn GIn Leu

235

Page 106

Lys

Phe

Thr

45

Ser

Lys

Pro

Glu

Ala

125

Leu

val

Ser

Ser

Ala

205

val

Thr

Lys

Gly

30

Gln

val

Thr

Ala

Glu

110

Asn

val

Ser

Thr

Ala

190

vai

Ala

Asp

sSer

15

Leu

Ser

Asn

Thr

Gln

95

Thr

Thr

Asn

Ser

Thr

175

Pro

Asn

Ala

val

Ile

Leu

Asp

Ala

ser

80

Gln

Pro

Pro

Gln

val

160

GIn

GlIn

Thr

Asp

Lys
240

1677




val

val

Asp

Ala

Ala

Tyr

Asp

Asn

Lys

Ile

Phe

Thr

465

Asp

Pro

Thr

Lys

Thr

Ser

290

Asn

Tyr

Tyr

Thr

Glu

370

GlIn

Pro

Pro

Lys

val

450

Phe

Gln

Asn

Ile

L.eu

Phe

275

Thr

Gly

val

Ile

Gly

Lys

Ile

sSer

Asn

val

435

Asn

Pro

Ile

Ser

Asp

Asn

260

Lys

Ala

val

Asn

ASp

340

Ile

TYr

Asp

Gly

Thr

420

Tyr

Pro

Asn

Thr

Lys

Ser

245

Tyr

Ile

Lys

ITe

Thr

325

Pro

Gly

Gly

Lys

ASp

405

ASp

Lys

Glu

Pro

Thr

485

Gly

Gly

Gly

Thr

val

>
(=
DT

Glu

Ser

Lys

Thr

390

Asn

Ser

val

Asn

Asn

470

Pro

Asp

Thr

Phe

val

Fro

295

Ser

ASp

Asn

Thr

Phe

375

Asn

val

Asn

ASD

Phe

455

Gln

Tyr

Leu

Thr

Ser

Pro

280

Pro

ASD

ASp

val

Thr

360

Tyr

Asn

Ile

Ala

Asn

440

Glu

Tyr

Ile

Ala

sequence_l1isting

val

val

265

Lys

Ile

Gly

val

Thr

345

Ala

Asn

Thr

Ala

Leu

425

Ala

Asp

Lys

val

Leu
505

Tyr Pro His GIn

250

Pro

Glu

Met

AsSn

Asn

Leu

Tyr

Pro

410

ITle

Ala

val

val

val
490

Asn

Leu

Ala

val

315

Ala

Thr

Lys

Ser

395

val

AsSp

Asp

Thr

Glu

475

val

Ser

Asn

Gly

Ile

Thr

Gly

Thr

Ile

380

Gin

Leu

Gln

Leu

Asn

460

Phe

Asn

Arg Ser Thr

Page 107

Ala

Leu

285

Asp

Tyr

Leu

Asn

val

365

Lys

Thr

Thr

Gin

Ser

445

Ser

Asn

Gly

Leu

val

270

Asn

Gln

Thr

Thr

val

350

Leu

Gly

Ile

Gly

Asn

430

Glu

val

Thr

His

Tyr

Gly

Lys

Gly

val

Tyr

Gly

val

Leu

Phe Thr

Met

335

Thr

vai

Thr

TYyr

Asn

415

Thr

ser

Asn

Pro

Ile

495

Gly

Pro

Leu

Asp

Ile

val

400

Leu

Ser

Tyr

Ile

Asp

480

Asp

Tyr




sequence_listing

Asp Ser Arg Phe val Trp Arg Ser Met Ser Trp Asp Asn Glu val Ala
515 520

Phe Asn Asn Gly Ser Giy Ser Gly Asp Gly Ile

530

535

Pro Glu GIn Pro Asp Glu Pro Gly Glu Ile Glu
550

545

<210>
<211>
<212>
<213>

77
1677
DNA

<400> 77

atgaatatga
gtgcttgtag
gaaaatagtg
agcgttaatg
aacactaata
tcagcatcaa
gcaacgaatc
tcagtgaatc
aattcacctc
gaagcadaac
gtagttaatc
gtagctgcag
gttggtattg
tatgggttct
aaagaattaa
gatcaagtat
gactatgtaa
cctgaatatyg
gcaaacaaaa
aaaggtacaa
aatccaagtg
gaaagtaatg
gcagctgatt

agtgtaaata

agaaacaaga
gtacgttaat
ttacgcaaac
ctgcacctaa
gtgacgaaac
caaatgcaac
aagctaatac
aaacaagtaa
aaaattctac
cttcaaacaa
aagcggttaa
atgcaccggc
actctggaga
cagtacccaa
acttaaatgg
tggcaaatgg
atactaaaga
ttacacatac
cagtattagt
ttgaccaaat
gagataacgt
cattaataga
tatctgaaag

Ttacattccc

Staphylococcus aureus

aaaacacgca
cggttttgga
ggaaaatacg
aacagacaac
gaatgtagcg
tacagaagaa
accggcaaca
tgaaacgact
aaatgcggaa
tgaatcagct
tacaagtgcg
tgctggcaca
tacagtttat
ttctgeggtt
tgtaacctca
tgtaatcgat
tgatgttaaa
tggtaatgtg
agattatgaa
cgataaaaca
tattgcaccg
tcagcaaaat
ttactttgtg

daatccaaat

555

attcgtaaaa
ctactcagca
agtaatgaga
acaaacgtga
caaaatccag
acaccggtaa
actcaatcaa
tctaatgata
aatgtttcaa
ccacagagta
cctagaatga
gatattacga
ccgcaccaag
caaggtgaca
actgctaaag
agtgatggta
gcaacattaa
acattggcta
aaatatggta
aataatacgt
gttttaacag
acaagtatta
aatccagaaa

caatataaag

525

Asp Lys Pro val val

540

Pro Ile Pro Glu

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgattctaa
cacaacagga
ctggtgaagt
gcaatacaaa
ctaatacagt
caacgcaaga
cagatgcaag
gagcatttag
atcagttgac
caggctatgt
catttaaaat
tgccaccaat
atgttattta
ctgtgccggce
ctggcatagg
agttttataa
atcgtcagac
gtaatttaaa
aagtatataa
actttgagga

tagagtttaa

Page 108

cgtggcttca
agatgcaagt
tgattcgagt
tacaacgaca
aacgacacaa
tactactacg
tgcggaaaaa
atcatctgta
tacttcaact
taataaagat
tttagcggcet
gaatgtgaca
caaactgaat
aactgtacct
tatggccgga
tacatttaca
ttatattgac
aaatacaaca
cttatctatt
aatttatgtc
accaaatacg
agtagataat
tgtcactaat

tacgcctgat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440



sequence_listing
gatcaaataa caacaccata tattgtagtt gttaatgggc atattgatcc taatagtaaa 1500

ggtgatttag ctttacgttc aactttatat ggatataatt cgaatataat ttggagatct 1560
atgtcatggg acaacgaagt agcatttaat aacggatcag gttctggtga cggtatcgat 1620

aaacctgttg ttcctgaaca acctgatgag cctggtgaaa ttgaaccaat tccagag 1677

<210> 78

<211> 559

<212> PRT

<213> Staphylococcus aureus

<400> 78 )
?et Asn Met Lys Lys GIn Glu Lys His Aga Ile Arg Lys Lys igr Ile
5 1

Gly val Ala ser val Leu val Glv Thr Leu Ile Glv Phe Gly Leu Leu

20 25 30

Ser Ser Lys Glu Ala Asp Ala Ser Glu Asn Ser val Thr GIn Thr Glu
35 40 45

Asn Thr Ser Asn Glu Ser Lys Ser Asn Asp Ser Ser Ser val Asn Ala
50 55 60

Ala Pro Lys Thr Asp Asn Thr Asn val Ser Asp Ser Asn Thr Thr Thr
65 70 75 80

Asn Thr Asn Ser Asp Glu Thr Asn val Ala GIn Asn Pro Ala GIn GIn
85 90 95

Glu Thr Thr GIn Ser Ala Ser Thr Asn Ala Thr Thr Glu Glu Thr Pro
100 105 110

val Thr Gly Glu val Thr Thr Thr Ala Thr Asn GIn Ala Asn Thr Pro
115 120 125

Ala Thr Thr GIn Ser Ser Asn Thr Asn Ala Glu Lys Ser val Asn Gln
130 135 140

Thr Ser Asn Glu Thr Thr Ser Asn Asp Thr Asn Thr val Ser Ser val
145 150 155 160

Asn Ser Pro Gln Asn Ser Thr Asn Ala Glu Asn val Ser Thr Thr GlIn
165 170 175

Asp Thr Ser Thr Glu Ala Lys Pro Ser Ash Asn Glu Ser Ala Pro Gln
180 185 190

Ser Thr Asp Ala Ser Asn Lys Asp val val Asn GIn Ala val Asn Thr
195 200 205

Ser Ala Pro Arg Met Arg Ala Phe Ser Leu Ala Ala val Ala Ala Asp
Page 109



Ala

225

val

val

Asp

Thr

Ala

305

ASp

Ala

Ala

Tyr

AsSp

Asn

Lys

Ile

Phe

Thr

465

Asp

210

Pro

Gly

Lys

Thr

Ser

290

Asn

Tyr

Tyr

Thr

Glu

370

Gin

Pro

Pro

Lys

val

450

Phe

Gln

Ala

Ile

Leu

Phe

275

Thr

Gly

val

Ile

Gly

Lys

Ile

Ser

Asn

val

435

Asn

Pro

Ile

Ala

Asp

Asn

260

Lys

Ala

val

Asn

Asp

Ile

Tyr

Asp

Gly

Thr

420

Tyr

Pro

Asn

Thr

Gly
ser
245

Tyr

Ile

Ile

Thr

325

Pro

Gly

Gly

Lys

Asp

Glu

Lys

Glu

Pro

Thr

Thr

230

Gly

Gly

Thr

val

310

Lys

Glu

Asn

Lys

Thr

390

Asn

ser

val

Asn

Asn

470

Pro

215

Asp

Asp

Phe

val

Pro

295

Ser

Asp

Tyr

Thr

Phe

375

Asn

val

Asnh

AsSp

Phe

455

Gln

Tyr

Ile

Thr

ser

Pro

280

Pro

Asp

Asp

val

Thr

360

Tyr

Asn

Ile

Ala

Asn

440

Glu

TYyr

Ile

sequence_listing

Thr

val

val

265

Lys

Ile

Gly

val

Thr

345

Ala

Asn

Thr

Ala

Leu

425

Ala

Asp

Lys

val

Asn

Tyr

250

Pro

Glu

Met

Asn

Lys

330

His

Asn

Leu

Tyr

Pro

410

Ile

Ala

val

val

220

GIn Leu Thr

235

Pro

Asn

Leu

Ala

val

315

Ala

Thr

Lys

Ser

Arg

val

Asp

Asp

Thr

Glu
475

His

ser

Asn

Thr

Gly

Thr

Ile

380

GIn

Leu

Gin

Leu

Asn

460

Phe

val val Asn
Page 110

Gln

Ala

Leu

285

ASp

Tyr

Leu

Asn

val

365

Lys

Thr

Thr

Gln

Ser

445

Ser

Asn

Gly

Asn

Ala

val

270

Asn

Gln

Thr

Thr

val

350

Leu

Gly

Ile

Gly

Asn

430

Glu

val

Thr

His

val

Gly

Gln

Gly

val

Phe

val

335

Thr

val

Thr

Tyr

Asn

415

Thr

Ser

Asn

Pro

Ile

Thr

240

Tyr

Gly

val

Leu

Thr

320

Pro

Leu

Asp

Ile

val

400

Leu

ser

Tyr

Ile



Pro

Asn

Phe
530

Pro
545

<210>
<211>
<212>
<213>

<400> 79
atgaatatga

79
1677
DNA

gtgcttgtag
gaaaatagtyg
agcgttagtg
aacactaata
tcatcatcaa
acaacgaatc
ttagtgaatc
aattcacctc
gaagcaacac
gtagttaatc
gtagctgcag
gttggtattg
tatggttrttt
aaagaattaa
gatcaagtat
gactatgtaa
cctgaaaatg
gcaaacaaaa
aaaggtacaa
aatccaagtg

gatagtaatg

485

Asn Ser Lys Gly Asp Leu

500

Ser Asn Ile Ile Trp Arg
515

Asn Asn Gly Ser Gly Ser

Glu Gln Pro Asp Glu Pro

520

535

550

agaaaaaaga
gtacgttaat
ttacgcaatc
ctgcacctaa
atggcgaaac
caaatgcaac
aagctaatac
aaacaagtaa
aaaattctac
cttcaaacaa
aagcggttaa
atgcaccggt
actctggtac
cagtgcctaa
acttaaatgg
tggcaaatgg
atactaaaga
ttaaaaagac
cagtattagt
ttgaccaaat
gagataacgt

cattaataga

Staphylococcus aureus

aaaacacgca
cggttttgga
tgatagcgca
aacagacgac
gagtgtggcg
tacggaagaa
accggcaaca
tgaaacgact
aaatgcggaa
tgaatcagct
tacaagtgcg
agctggcaca
gactgtgtat
ttctgetgtt
tgtaacttca
tgtaatcgat
tgatgtaaaa
aggtaatgtg
agattatgaa
cgataaaaca
tattgcgecg

tcagcaaaat

sequence_listing

490

Ala Leu Arg Ser

505

Ser Met Ser Trp

Gly Asp Gly Tle

Gly Glu Ile Glu

555

attcggaaaa
ctactcagca
agtaacgaaa
acaaacgtga
caaaatccag
acgccggtaa
actcaatcaa
Tctaatgata
aatgtttcaa
ccacagagta
cctagaatga
gatattacga
ccgcaccaag
aaaggtgaca
actgctaaag
agtgatggta
gcaactttga
acattggcta
aaatatggta
aataatacgt
gttttaacag

acaagtatta

Thr Leu Tyr

510

Asp Asn Glu

525

Asp Lys Pro

540

Pro Ile Pro

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagc
gcaatacaaa
ctaatacagt
caacgcaaga
cagatgcaag
gagcatttag
atcagttgac
caggttatgt
cattcaaaat
tgccaccaat
atgttattta
ccatgcccge
ctggcatagg
agttttataa
atcgtcagac
gtaatttaaa

aagtatataa

Page 111

495

Gly Tyr

val Ala

val val

Glu

cgtggcttca
agatgcaagrt
tgattcaagt
aacatcgtca
aacgacacaa
tactactacg
tgcggaggaa
atcatctgta
tacttcaact
taataaagat
tttagcggca
gaatgtgaca
caaactgaat
aactgtacct
tatggctgga
tacatttaca
ttatattgac
tagtacaaca
cttatctatt
aatttatgtc
accaaatacg

agtagataat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320



gcagctgatt
agtgtgaata
gatcaaatta
ggtgatttag
atgrcatggg
aaaccagttg
<210>
<211>
<212>
<213>

<400>

80
559
PRT

80
1

Gly val Ala

Ser Ser Lys

35

Ala
50

Ser Ser

Ala Pro

65

Lys

Asn Thr Asn

Glu Thr Thr

Thr

val

Thr
130

Ala

Thr
145

ser Asn

Asn Ser Pro

Asp Thr Ser

tatctgaaag
ttacattccc
caacaccgta
ctttacgttc
acaacgaagt

ttcctgaaca

Met Asn Met Lys Lys Lys Glu
5

ser val

20

Le

Glu Ala As

Asn Glu Se

Thr AS

70

ASp

Asn Gly GI

85

Gin
100

Ser Se

Glu Ala Th

GIn Ser Se

Th
15

Glu Thr

Gln Asn Se

165

Thr Glu Al

180

ttactttgtg
aaatccaaat
tatagtagtt
aactttatat
agcatttaat

acctgatgaaq

Staphylococcus aureus

Lys
u val

Gly

ser
40

p Ala

r Lys Ser

55

p Thr Asn

u Thr Ser
Thr

r Sser

Thr
120

r Thr

r Asn Thr

135

r ser
0

AsSn
r Thr

Asn

a Thr Pro

sequence_listing

aatccagaaa
caatataaag
gttaatggtc
gggtataact
aacggatcag

cctggtgaaa

Ala Ile

10

His

Thr TIle

25

Leu

Glu Asn Ser

Asn Asp Ser

val Ser Asp

75

Ala Gln

30

val

Asn Ala Thr

105

Thr Thr Asn

Asn Ala Glu

Thr Asn

155

Asp

Glu
170

Ala Asn

Ser Asn Asn

185

actttgagga
tagagtttaa
atattgatcc
cgaatataat
gttctggtga

ttgaaccaat

Arg Lys

Gly pPhe

30

Thr
45

val

ser
60

Ser
Thr Lys
Asn

Pro

Thr Glu

Lys

Gly

GIn

val

Thr

Ala

Glu

tgtcactaat
tacgcctgat
gaatagcaaa
ttggegetcet
cggtatcgat

tccagag

ser Ile

15

Leu Leu

Ser Asp
Ala

Ser

ser
80

Ser

Gln Gln

95

Thr Pro

110

Ala
125

Gln

Glu
140

Leu
Thr val
val

sSer

Glu Ser

Asn

val

ser

Thr

Ala

Thr Pro

GlIn

Asn

val
160

ser

Thr Gln

175

Pro Gln

190
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1380
1440
1500
1560
1620
1677




ser

ser

Ala

225

val

val

Asp

Thr

Ala

305

AsSp

Ala

Ala

Tyr

Asp

Asn

Lys

Ile

Phe

Thr

Ala

210

Pro

Gly

Lys

Thr

ser

290

Asn

Tyr

Tyr

Thr

Glu

370

Gln

Pro

Pro

Lys

val
450

val

Ile

Leu

Phe

275

Thr

Gly

val

Ile

Gly

Lys

ITe

Ser

Asn

val

435

Asn

Ala

Arg

Ala

Asp

Asn

260

Lys

Ala

val

Asn

340

Ile

Tyr

Asp

Gly

Thr

420

Tyr

Pro

Ser

Met

Gly

Ser

245

Tyr

Ile

Lys

Ile

Thr

325

Pro

Gly

Gly

Lys

Asp

Asp

Lys

Glu

Asn

Arg

Thr

230

Gly

Gly

Thr

val

Asp

310

Lys

Glu

Ser

Lys

Thr

390

Asn

Ser

val

Asn

Lys

Ala

215

AsSp

Thr

Phe

val

Pro

295

Ser

Asp

Asn

Thr

Phe

375

Asn

val

Asn

Asp

Phe
455

200

Phe

Ile

Thr

Ser

Pro

280

Pro

Asp

Asp

val

Thr

360

Tyr

Asn

Ile

Ala

Asn

440

Glu

sequence_listing
val val Asn Gln Ala

Ser

Thr

val

val

265

Lys

Ile

Gly

val

Asn

Thr

Ala

Leu

425

Ala

Asp

Leu

Asn

Tyr

250

Pro

Glu

Met

Asn

Lys

330

Lys

Asn

Leu

Tyr

Pro

410

Ile

Ala

val

Ala

GlIn

235

Pro

Asn

Leu

Ala

val

315

Ala

Thr

Lys

ser

395

val

Asp

Asp

Thr

Ala

220

Leu

His

ser

Asn

Gly

Ile

Thr

Gly

Thr

Ije

380

Gln

Leu

GlIn

Leu

Asn
460
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205

val

Thr

Gln

Ala

Leu

285

Asp

Tyr

Leu

Asn

val

365

Lys

Thr

Thr

GlIn

ser

445

Ser

val

Ala

Ash

Ala

val

270

Asn

GlIn

Thr

Thr

val

350

Leu

Gly

Ile

Gly

Asn

430

Glu

val

Asn

Ala

val

Gly

Lys

Gly

val

Phe

Met

335

Thr

val

Thr

Tyr

Asn

415

Thr

Ser

Asn

Thr

Asp

Thr

240

Tyr

Gly

val

Leu

Thr

320

Pro

Leu

Asp

val

400

Leu

Ser

Tyr

Ile



Thr

465

Asp

Pro

Asn

Phe

Pro
545

Phe Pro

Gln Ile
Asn

Ser

Asn
515

Ser

Asn Asn

530

Glu GIn

Asn Pro

Thr Thr

485

Lys
500

Gly
Ile 1le
Ser

Gly

Pro Asp

Asn

470

Pro

Asp

Trp

Gly

Glu
550

Gln

Tyr

Leu

Arg

Ser

535

Pro

Tyr

Ala
Ser
520

Gly

Gly

<210>
<211>
<212>
<213>

<400> 81
atgaatatga

81
1677
DNA

gtgcttgtag
gaaaatagtg
agcgttagtg
aacactaata
tcatcatcaa
acaacgaatc
ttagtgaatc
aattcacctc
gaagcCaacac
gtagttaatc
gtagctgcag
gttggtattg
tatggttttt
aaagaattaa
gatcaagtat
gactatgtaa
cctgaaaatg

gcaaacaaaa

agaaaaaaga
gtacgttaat
ttacgcaatc
ctgcacctaa
atggcgaaac
caaatgcaac
aagctaatac
aaacaagtaa
aaaattctac
cttcaaacaa
aagcggttaa
atgcaccggce
actctggtac
cagtgcctaa
acttaaatag
tggcaaatgg
atactaaaga
ttaaaaagac

cagtattagt

Staphylococcus aureus

aaaacacgca
cggttttgga
tgatagcgca
aacagacgac
gagtgtggcyg
tacggaagaa
accggcaaca
tgaaacgact
aaatgcggaa
tgaatcagct
tacaagtgcg
agctggcaca
gactgtgtat
ttctgetgtt
tgtaacttca
tgtaatcgat
tgatgtaaaa
aggtaatgtg

agattatgaa

sequence_l1isting

Lys val Glu
475

val val val
490

Leu Arg ser
505

Met Ser Trp

Asp Gly Ile

Glu Ile Glu
555

attcggaaaa
ctactcagca
agtaacgaaa
acaaacgtga
caaaatccag
acgccggtaa
actcaatcaa
tttaatgata
aatgtttcaa
ccacagagta
cctagaatga
gatattacga
ccgcaccaag
aaaggtgaca
actgctaaag
agtgatggta
gcaactttga
acattggcta

aaatatggta

Phe Asn
Asn Gly
Thr

Leu

Asn
525

Asp

LysS

ITe

Thr

Tyr

510

Glu

Pro

Pro

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagce
gcaatacaaa
ctaatacagt
caacgcaaga
cagatgcaag
gagcatttag
atcagttgac
caggttatgt
cattcaaaat
tgccaccaat
atgttattta
ccatgcccge
ctggcatagg

agttttataa
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Pro Asp

Ile
495

ASp

Gly Tyr

val Ala

val val

Glu

cgtggcttca
agatgcaagt
tgattcaagt
aacatcgtca
aacgacacaa
tactactacg
tgcggaggaa
atcatctgta
tacttcaact
taataaagat
tttagecggcea
gaatgtgaca
caaactgaat
aactgtacct
tatggetgga
tacatttaca
ttatattgac
tagtacaaca

cttatctatt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140




sequence_listing

aaaggtacaa ttgaccaaat cgataaaaca aataatacgt atcgtcagac aatttatgtc
aatccaagtg gagataacgt tattgcgecg gttttaacag gtaatttaaa accaaatacg
gatagtaatg cattaataga tcagcaaaat acaagtatta aagtatataa agtagataat
gcagctgatt tatctgaaag ttactttgtg aatccagaaa actttgagga tgtcactaat
agtgtgaata ttacattccc aaatccaaat caatataaag tagagtttaa tacgcctgat
gatcaaatta caacaccgta tatagtagtt gttaatggtc atattgatcc gaatagcaaa
ggtgatttag ctttacgttc aactttatat gggtataact cgaatataat ttggcgctct
atgtcatggg acaacgaagt agcatttaat aacggatcag gttctggtga cggtatcgat
aaaccagttg ttcctgaaca acctgatgag cctggtgaaa ttgaaccaat tccagag
<210> 82
<211> 559
<212> PRT
<213> staphylococcus aureus
<400> 82 )
Met Asn Met Lys Lys Lys Glu Lys His Ala Ile Arg Lys Lys Ser Ile
1 5 10 15
Gly val Ala ser val teu val Gly Thr Leu Ile Gly Phe Gly Leu Leu
20 25 30
Ser Ser Lys Glu Ala Asp Ala Ser Glu Asn Ser val Thr GIn Ser Asp
35 40 45
Ser Ala Ser Asn Glu Ser Lys Ser Asn Asp Ser Ser Ser val Ser Ala
50 55 60
Ala Pro Lys Thr Asp Asp Thr Asn val Ser Asp Thr Lys Thr Ser Ser
65 70 75 80
Asn Thr Asn Asn Gly Glu Thr ser val Ala Gln Asn Pro Ala GIn Gln
85 90 95
Glu Thr Thr GIn ser Ser Ser Thr Asn Ala Thr Thr Glu Glu Thr Pro
100 105 110
val Thr Gly Glu Ala Thr Thr Thr Thr Thr Asn G1n Ala Asn Thr Pro
115 120 125
Ala Thr Thr Gln Ser Ser Asn thr Asn Ala Glu Glu Leu val Asn Gln
130 135 140
Thr Sser Asn Glu Thr Thr Phe Asn Asp Thr Asn Thr val ser Ser val
145 150 155 160
Asn Ser Pro GIn Asn Ser Thr Asn Ala Glu Asn val Ser Thr Thr Gln
165 170 175

Page 115

1200
1260
1320
1380
1440
1500
1560
1620
1677




Asp

Ser

Ser

Ala

225

val

val

Asp

Thr

Ala

305

Asp

Ala

Ala

Tyr

Lys

Ile

Thr

Thr

Ala

210

Pro

Gly

Lys

Thr

Ser

290

Asn

Tyr

Tyr

Thr

Glu

370

GlIn

Pro

Pro

Lys

ser

Asp

Pro

Ala

Ile

Leu

Phe

275

Thr

Gly

val

Ile

Gly

Lys

Ile

ser

Asn

val
435

Thr

180

Ala

Arg

Ala

Asp

Asn

260

Lys

Ala

val

Asn

ASp

Ile

Tyr

Asp

Gly

Thr

420

Tyr

Glu

Ser

Met

Gly

Ser

245

Tyr

Tle

Lys

Ile

Thr

325

Pro

Gly

Gly

Lys

Asp

Lys

Ala

Asn

Arg

Thr

230

Gly

Gly

Thr

val

Asp

310

Lys

Glu

Ser

Lys

Thr

390

Asn

ser

val

Thr

Lys

Ala

215

Asp

Thr

Phe

val

Pro

295

ser

Asp

Asn

Thr

Phe

375

Asn

val

Asn

ASp

Pro

Asp

200

Phe

Ile

Thr

Ser

Pro

280

Pro

Asp

Asp

val

Thr

360

Tyr

Asn

Ile

Ala

AsSn
440

sequence_listing

ser Asn Asn Glu Ser

185

val

ser

Thr

val

val

265

Lys

Ile

Gly

val

Lys

345

Ala

Asn

Thr

Ala

Leu

425

Ala

val

Leu

Asn

TYyr

250

Pro

Glu

Met

Asn

Lys

330

Lys

Asn

Leu

Tyr

Pro

410

Ile

Asn

Ala

GIn

235

Pro

Asn

Leu

Ala

val

315

Ala

Thr

Lys

Ser

Arg

val

Asp

Gln

Ala

220

Leu

His

Ser

Asn

Thr

Gly

Thr

Ile

380

Gln

Leu

Gin

Ala Asp Leu

Page 116

Ala

205

val

Thr

Gln

Ala

Leu

285

Asp

TYyr

Leu

Asn

val

365

Lys

Thr

Thr

GlIn

Ser
445

Ala

190

val

Ala

Asn

Ala

val

270

Asn

Gln

Thr

Thr

val

350

Leu

Gly

Ile

Gly

Asn

430

Glu

Pro

Asnh

Ala

val

Gly

Lys

Gly

val

Phe

Met

335

Thr

val

Thr

Tyr

Asn

415

Thr

Ser

Gln

Thr

Asp

Thr

240

Tyr

Gly

val

Leu

Thr

320

Pro

Leu

Asp

val
400
Leu

Ser

Tyr



Phe

Thr

465

AsSp

Pro

Asn

Phe

Pro
545

val
450

Asn

Phe Pro

Gln Ile

Asn Ser

Ser Asn

515

Asn
530

Asn

Glu Gin

Pro

Asn

Thr

Gly

Pro

Glu

Pro

Thr

485

Gly

Ile

ser

Asp

Asnh

Asn

470

Pro

Asp

Trp

Gly

Glu
550

Phe

455

Gln

Tyr

Leu

Arg

Ser

535

Pro

Glu

Tyr

Ile

Ala

Ser

520

Gly

Gly

<210>
<211>
<212>
<213>

<400> 83
atgaatatga

83
1674
DNA

gtgcttgtag
gaaaatagtg
agcgttagtg
aacactaata
tcagcattaa
acgaatcaag
gtgaatcaaa
tcacctcaaa
gcaacacctt
gttaatcaag
gctgcagatg
ggtattgact
ggtttttcag
gaattaaact
caagtattgg

tatgttgata

agaaaaaaga
gtacgttaat
ttacgcaatc
ctgcacctaa
atggcgaaac
caaatgcaac
ctaatacacc
caagtaatga
attctacaaa
caaacaatga
cggttaatac
caccggcagce
ctggagatac
tgcctaattc
taaatggtgt
caaatggtgt

Ctaaagaaaa

Staphylococcus aureus

aaaacacgca
cggttttgga
tgatagcgca
aacagacgac
gagtgtggcg
tacggaagaa
ggcaacaact
aacgacttct
tgcggaaaat
atcagcteca
aagtgcgect
tggcaaagat
agtttatccg
tgctgttaaa
aacttcaact
aatcgatagt

tgtaacagct

sequence_listing

Asp val Thr

Glu
475

Lys val

val val

490

val

Leu Ser

505

Arg

Met Ser Trp

Asp Gly Ile

Glu
555

Glu Ile

attcggaaaa
ctactcagca
agtaacgaaa
acaaacgtga
caaaatccag
actccggtaa
caatcaagca
aatgatacta
gtttcaacaa
cagagtacag
agaatgagag
attacgaatc
caccaagcag
ggtgacacat
gctaaagtgce
gatggtaatg

aatattacta

Asn ser
460

Phe Asnh

Asn Gly
Thr

Leu

Asn
525

AsSp

AsSp
540

Lys

Pro Ile

val

Thr

His

Tyr

510

Glu

Pro

Pro

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagc
atacaaatgc
atacagtatc
cgcaagatac
atgcaagtaa
catttagttt
agttgacgaa
gctatgtcaa
tcaaaataac
ctccaattat
ttatttatac

tgccagcetta
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Asn

Pro

Ile
495

Gly Tyr

val Ala

val val

cgtggcttca
agatgcaagt
tgattcaagt
aacatcgtca
aacgacacaa
tactacggca
ggaggaatta
atctgtaaat
ttcaactgaa
taaagatgta
atcggcagta
tgtgacagtt
actgaattat
tgtacctaaa
ggccggagat
atttacagac

tattgaccct

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020



gaaaatgtta
aacaaaacag
ggtacaattg
ccaagtggag
agtaatgcat
gctgatttat
gtgaatatta
Caaattacaa
gatttagctt
tcatgggaca
ccagttgttc
<210>
<211>
<212>
<213>

<400>

84
558
PRT

84

Met Asn Met Lys Lys Lys Glu
1 5

Gly val Ala

Ser Ser Lys

35

ser Ala

50

Ser

Ala
65

Pro Lys

Asn Thr Asn

Glu Thr Thr

val Thr Gly

Thr GIn

130

Thr

ser Glu

145

Asn

caaagacagg
tattagtaga
accaaatcga
ataatgttat
taatagatca
ctgaaagtta
cattcccaaa
caccgtatat
tacgttcaac
acgaagtaqgc

ctgaacaacc

ser val

20

Glu Ala

Asn Glu

Thr Asp

Asn Gly

85

Gln
100

Ser
Glu Ala
Ser

Ser

Thr Thr

Leu

Asp

Ser

ASp

70

Glu

Ala

Thr

Asn

ser

taatgtaaca
ttatgaaaaa
taaaacaaat
tgcgeeggtt
gcaaaataca
ctttgtgaat
tccaaatcaa
tgtagttgtt
tttatatgga
atttaataac

tgatgagcct

Staphylococcus aureus

Lys

val Gly

Ala ser

40
Ser
Asn
Thr Ser
Thr

Leu

Ala
120

Thr

Thr
135

Asn

Asn Asp

150

sequence_listing

ttgacaactyg
tatggtaagt
aatacgtatc
ttaacaggta
agtattaaag
ccagaaaact
tataaagtag
aatggtcata
tatgactcaa
ggatcaqgtt

ggtgaaattg

Ala Ile

10

His

Thr Ile

25

Leu

Glu Asn Ser

Asn Asp Ser

val Ser Asp

75

Ala G1n

90

val

Asn Ala Thr

105

Thr Asn Gln

Ala Glu Glu

Asn Thr
155

Thr

gcataggtag
tttataactt
gtcagacaat
atttaaaacc
tatataaagt
ttgaggatgt
agtttaatac
ttgatccgaa
ggtttgtatg
ctgatgacad

aaccaattcc

Arg Lys Lys

Gly Phe Gly

30

val Thr GIn

45

Ser val

60

Ser

Thr Lys Thr

Asn Pro Ala

Thr Glu

110

Glu

Ala Asn Thr

125

Leu val

140

Asn

val ser Ser

Page 118

tacaacagca
atctattaaa
ttatgtcaat
aaatacggat
agataatgca
cactaatagt
gcctgatgat
tagcaaaggt
gagatctatg

tatcgataaa

agag

Ser Ile

15

Leu Leu

ser Asp
Ala

Ser

Ser
80

Ser

GIn Gln

95

Thr Pro

Pro Ala
Thr

Gln

Asn
160

val

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1674




Ser

Thr

Thr

Ala

Pro

225

Gly

Lys

Thr

Ser

Asn

305

Tyr

Tyr

Thr

Glu

GlIn

385

Pro

Pro

Pro

Ser

AsSp

Pro

210

Ala

Ile

Leu

Phe

Thr

290

Gly

val

Ile

Gly

Lys

370

Ile

ser

Asn

Gln

Thr

Ala

195

Arg

Ala

Asp

Asn

Lys

275

Ala

val

Asp

Asp

Ile

Tyr

Asp

Gly

Thr

Asn

Glu

180

Ser

Met

Gly

ser

Tyr

260

Ile

Lys

Ile

Thr

Pro

340

Gly

Gly

Lys

AsSp

420

Ser

165

Ala

Asnh

Arg

Lys

Gly

Gly

Thr

val

Asp

Ser

Lys

Thr

Asn

405

Ser

Thr

Thr

LyS

Ala

230

Asp

Phe

val

Pro

Ser

310

Glu

Asn

Thr

Phe

Asnh

390

val

Asn

Asn

Pro

Asp

Phe

215

Ile

Thr

Ser

Pro

Pro

295

Asp

AsSn

val

Thr

Tyr

375

Asn

Ile

Ala

Ala

ser

val

200

Ser

Thr

val

val

Lys

Ile

Gly

val

Thr

Ala

360

Asn

Thr

Ala

Leu

sequence_listing

Glu

Asn

185

val

l.eu

Asn

Tyr

Pro

265

Glu

Met

AsSn

Thr

345

Asn

Leu

Tyr

Pro

Ile
425

Asn val ser Thr

170

Asn

Asn

ser

GIn

Pro

250

Asn

L.eu

Ala

val

Ala

330

Thr

Lys

Ser

Arg

val
410

Glu

Gln

Ala

Leu

235

His

Ser

Asn

Gly

Ile

315

Asn

Gly

Thr

Ile

Gln

395

Leu

Ser

Ala

val

220

Thr

Glin

Ala

Leu

TYyr

Ile

Asn

val

Lys

Thr

Thr

Asp Gln Gln

Page 119

Ala

val

205

Ala

Asn

Ala

val

Asn

285

Gln

Thr

Thr

val

Leu

365

Gly

Ile

Gly

Asn

Thr

Pro

190

Asn

Ala

val

Gly

Lys

Gly

val

Phe

Met

Thr

350

val

Thr

TYyr

Asn

Thr
430

GlIn

175

Gln

Thr

ASp

Thr

Tyr

255

Gly

val

Leu

Thr

Pro

335

Leu

Asp

Ile

val

Leu

415

Ser

Asp

Ser

ser

Ala

val

240

val

Asp

Thr

Ala

Asp

320

Thr

Tyr

Asp

Asn

400

Lys



Lys val Tyr

435

val Asn Pro

450

Phe
465

Pro Asn

GIn Ile Thr

Asn Ser Lys

Phe
515

ser Arg

Asn Asn

530

Gly

Glu Gln

545

Pro

<210>
<211>
<212>
<213>

<400> 85
atgaatatga

85
1674
DNA

gtgcttgtag
gaaaatagtg
agcgttagtg
aacactaata
tcagcattaa
acgaatcaag
gtgaatcaaa
tcacctcaaa
gcaacacctt
gttaatcaag
gctgcagatg
actattgact

ggtttttcag

Lys val

Glu

Asn

Pro Asn

Asp

Phe

Gln

Ala
440

Asn

Glu
455

Asp

Tyr Lys

470

Thr Pro

485
Asp
Trp
ser

Gly

Asp Glu

Tyr

Leu

Arg

Ser

Pro

Ile val

Ala

Leu

Met
520

ser
Gly

Asp

Gly Glu

550

agaaaaaaga
gtacgttaat
ttacgcaatc
ctgcacctaa
atggcgaaac
caaatgcaac
ctaatacacc
caagtaatga
attctacaaa
caaacaatga
cggttaatac
caccggcagce
ctggtacgac

tgcctaattc

Staphylococcus aureus

aaaacacgca
cggttttgga
tgatagcgca
aacagacgac
gagtgtggcg
tacggaagaa
ggcaacaact
aacgacttct
tgcggaaaat
atcagctcca
aagtgcgcct
tggcacagat
tgtgtatccg

tgctgttaaa

val

val

val

ser

Gly

Ile

sequence_listing

Ala Asp Leu Ser

Thr Asn

Phe
475

Glu

val
490

Asn

Ser Thr

505

Trp Asp

Ile Asp

Glu Pro

555

attcggaaaa
ctactcagca
agtaacgaaa
acaaacgtga
caaaatccag
actccgttaa
caatcaagca
aatgatacta
gtttcaacaa
cagagtacag
agaatgagag
attacgaatc
caccaagcag

ggtgacacat

Glu
445

Ser

Ser val

460

Asn

Asn Thr Pro

Gly His Ile

Gly
510

Leu Tyr

Glu val

525

Ash

Lys Pro val

540

Ile Pro Glu

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagc
atacaaatgc
atacagtatc
cgcaagatac
atgcaagtaa
catttagttt
agttgacaga
gttatgtcaa

tcaaaataac

Page 120

Tyr Phe

Ile Thr

AsSp Asp

Asp Pro

Tyr Asp

Ala Phe

val Pro

cgtggcttca
agatgcaagt
tgattcaagt
aacatcgtca
aacgacacaa
tactacggca
ggaggaatta
atctgtaaat
ttcaactgaa
taaagatgta
agcggcagta
tgtgaaagtt
actgaattat

tgtacctaaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840



gaattaaact
caagtattgg
tatgttgata
gaaaatgtta
agtaagacag
ggtacgattg
ccaagcggag
agtaatgcgt
aatgatttat
gttagaattt
caaattacaa
gatttagcac
tcatgggaca
cctgttgttc
<210>
<211>
<212>
<213>
<400>

86
558
PRT

86

Met Asn Met Lys Lys Lys Glu

1

Gly val Ala

Ser Ser Lys

35

Ala
50

Ser Ser

Ala
65

Pro Lys

Ash Thr Asn

Glu Thr Thr

Leu Thr Gly

Thr Thr GIn

taaatggtgt
caaatggtgt
ctaaaaatga
caaagacggg
ttttaatcga
atcaaatcga
ataacgttgt
taatagatgc
ctgaaagtta
catttccaaa
caccgtatat
tacgttcgac
acgaagtagc

ctgaacaacc

5

Ser val

20

Glu Ala

Glu

Asn

Thr Asp

Leu

Asp

ser

Asp

aacttcaact
aatcgatagt
tgttaaagca
taatgtaaca
ctatgagaaa
taaaacaaat
gttacctgcce
aaaaaacact
ttatgtgaat
tgctaatcaa
tgtagttgtt
attttatggt
atttaataac

tgatgagect

Staphylococcus aureus

Lys

val Gly

Ala ser

40

Lys Ser

55

Thr Asn

70

Asn Gly

85

Gln
100

ser
Ala

Glu

Ser Ser

Glu

Ala

Thr

Asn

Thr Ser

Thr

Leu

Ala
120

Thr

Thr Asn

sequence_listing

gctaaagtgce
gatggtaatg
acactaactg
ttgaaaactg
tatggacaat
aatacgtatc
ttaacaggta
gatattaaag
cctagegatt
tacaaagtag
aatggccata
tatgattcta
ggatcaggtt

ggtgaaattyg

Ala Ile

10

Thr Ile

25

Leu

Glu Asn Ser

Asn Asp Ser

val Ser Asp

75

Ala Gin

90

val

Asn Ala Thr

105

Thr Asn GIn

Ala Glu Glu

ctccaattat
ttatttatac
tgcctgecata
gcataggaac
tccataattt
gtcaaacaat
atttaattcc
tttatagagt
ttgaagatgt
aatttcctac
ttgatcctge
attttatatg
caggtgacgg

aaccaattcc

Arg Lys

Gly Phe

30

val Thr

45

Ser Ser

60

Thr Lys

Asn Pro

Thr Glu

110

Glu

Ala Asn Thr

125

Leu val Asn

Page 121

Lys

Gly

Gln

val

Thr

Ala

ggccggagat
atttacagac
cattgatcca
caatactgat
atcaattaaa
ttatgtcaat
taatacaaag
agataatgct
aactaatcaa
ggacgatgat
tagcacaggt
gagatctatg

tatcgataaa

agag

Ser Ile

15

Leu Leu

Ser Asp

ser Ala

Ser Ser

80

Gln
95

GIn

Thr

Pro

Gin

Pro

Ala

Thr

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1674




Ser
145
Ser

Thr

Thr

Pro

225

Thr

Lys

Thr

Ser

Asn

305

Tyr

Tyr

Thr

Glu

Gln

385

Pro

130

Ash

Pro

ser

Asp

Pro

210

Ala

Ile

Leu

Phe

Thr

290

Gly

val

Ile

Gly

Lys

370

Ile

Ser

Glu

Gln

Thr

Ala

195

Arg

Ala

Asp

Asn

Lys

Ala

val

ASp

Asp

Ile

355

Tyr

Asp

Gly

Thr

Asn

Glu

180

Ser

Met

Gly

Ser

Tyr

260

Ile

Lys

Ile

Thr

Pro

340

Gly

Gly

Lys

Asp

Thr

Ser

165

Ala

Asn

ser

150

Thr

Thr

LysS

- e |
Arg

Thr

Thr

val

Asp

Lys

Glu

Thr

Gln

Thr

Asn

Thr

Phe

val

Pro

Ser

310

Asn

Asn

Asn

Phe

Asn

390

val

135

Asn

Asn

Pro

Asp

Phe S

215

Ile

Thr

ser

Pro

Pro

295

AsSp

Asp

val

Thr

His

375

Asn

val

Asp

Ala

Ser

val

200

Thr

val

val

Lys

Ile

Gly

val

Thr

Asp

360

Asn

Thr

Leu

sequence_Tisting

Thr Asn Thr

Glu

Asn

185

val

Leu

Asn

Tyr

Pro

265

Glu

Met

Asn

Lys

Leu

Tyr

Pro

Asn

170

Asn

Asn

Ala

GIn

Pro

250

Asn

Leu

Ala

val

Ala

330

Thr

Lys

Ser

Arg

155

val

Glu

Gln

Ala

Leu

235

His

Ser

Asn

Gly

Ile

315

Thr

Gly

Thr

Ile

GlIn
395

140

val

Ser

Ser

Ala

val

220

Thr

Gln

Ala

Leu

Tyr

Leu

Asn

val

Lys

380

Thr

Ala Leu Thr
Page 122

ser

Thr

Ala

val

205

Asp

Ala

val

Asn

285

GlIn

Thr

Thr

val

Leu

365

Gly

Ile

Gly

ser

Thr

Pro

190

Asn

val

Gly

Lys

270

Gly

val

Phe

val

Thr

350

Ile

Thr

Tyr

Asn

val

Gln

175

Gln

Thr

Asp

Lys

Tyr

255

Gly

val

Leu

Thr

Pro

335

Leu

Asp

Ile

val

Leu

Asn

160

Asp

Ser

ser

Ala

val

240

val

Asp

Thr

Ala

320

Ala

Lys

Tyr

Asp

Asn

400

Ile



sequence_listing

405 410
Pro Asn Thr Lys Ser Asn Ala Leu Ile Asp Ala
420 425
Lys val Tyr Arg val Asp Asn Ala Asn Asp Leu
435 440
val Asn Pro Ser Asp Phe Glu Asp val Thr Asn
450 455
Phe Pro Asn Ala Asn Gln Tyr Lys val Glu phe
465 470 475
Gin Iie Thr Thr Pro Tyr Iie val val val Asn
485 490
Ala Ser Thr Gly Asp Leu Ala Leu Arg Ser Thr
500 505
Ser Asn Phe Ile Trp Arg Ser Met Ser Trp Asp
515 520
Asn Asn Gly Ser Gly Ser Gly Asp Gly Ile Asp
530 535
Glu GIn Pro Asp Glu Pro Gly Glu Ile Glu Pro
545 550 555
<210> 87
<211> 1674
<212> DNA
<213> staphylococcus aureus
<400> 87
atgaatatga agaaaaaaga aaaacacgca attcggaaaa
gtgcttgtag gtacgttaat cggttttgga ctactcagca
gaaaatagtg ttacgcaatc tgatagcgca agtaacgaaa
agcgttaatg ctgcacctaa aacagacaac acaaacgtga
aacactaata atggcgaaac gagtgtggcg caatatctag
tcagtatcaa caaatgcaac tacggaagaa acaccggtaa
acgaatcaag ctaatacacc ggcaacaact caatcaagca
gtgaatcaaa caagtaatga aacgacttct aatgatacta
tcacctcaaa attctacaaa tgcggaaaat gtttcaacaa
gcaacacctt caaacaatga atcagctcca cagagtacag
gttaatcaag cggttaatac aagtgcgcct agaatgagag
gctgcagatg caccggcagc tggcacagat attacgaatc

Thr
430

Lys Asn

Glu
445

Ser Ser

GIn val

460

Arg

Pro Thr Asp

Gly His
Phe Tyr

Glu
525

Asn

Lys Pro val

540

Ile Pro Glu

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagc
atacaaatgc
atacagtatc
cgcaagatac
atgcaagtaa
catttagttt

agttgacgaa

Page 123

415

Asp Ile

Tyr Tyr

Ile ser

ASp Asp

480

Pro

Tyr Asp

Ala Phe

val Pro

cgtggcttcea
agatgcaagt
tgattcaagt
aacaacgtca
aacgacacaa
tactacggca
ggaggaatta
atctgtaaat
ttcaactgaa
taaagatgta
agcggectgta
tgtgacagtt

60
120
180
240
300
360
420
480
540
600
660
720



ggtattgact
ggtttttcag
gaattaaact
caagtattgg
tatgtaaata
gaaaatgtta
aacCaaaacag
ggtacaattg
ccaagtggag
agraatgcat
gctgatttat
gtgaatatta
caaattacaa
gatttagctt
tcatgggaca
cctgrtgttc
<210>
<211>
<212>
<213>
<400>

88
558
PRT

88
1

Gly val Ala

Ser Ser Lys

35

Ala
50

ser ser

Ala
65

Pro Lys

Asn Thr Asn

Glu Thr Thr

ctggtacgac
tgcctaattce
taaatggtgt
caaatggtgt
ctaaagatga
caaagacagg
tattagtaga
accaaatcga
ataacgttat
Taatagatca
ctgaaagtta
cattcccaaa
caccgtatat
tacgttcaac
acgaagtagc

ctgaacaacc

Met Asn Met Lys Lys Lys Glu
5

Ser val

20

Glu Ala

Asn Glu

Thr Asp

Asn Gly

85

Gln
100

Ser

Leu

Asp

Ser

Asn

70

Glu

val

tgtgtatccg
tgctgttaaa
aacttcaact
aatcgataat
tgttaaagca
taatgtgaca
ttatgaaaaa
taaaacaaat
tgcgeceggtt
gcaaaataca
ctttgtgaat
tccaaatcaa
tgtagttgtt
tttatatggg
atttaataac

tgatgagcect

Staphylococcus aureus

Lys

val Gly

Ala Ser

40

Lys Ser

55

Thr Asn

Thr

Ser

Ser Thr

His

Thr

25

Glu

ASh

val

val

Asn
105

sequence_listing

caccaagcag
ggtgacacat
gctaaagtgce
gatggtaatg
actttgacta
ttggctactg
tatggtaagt
aatacgtatc
ttaacaggta
agtattaaag
ccagaaaact
tataaagtag
aatggtcata
tataactcga
ggatcaggtt

ggtgaaattg

Ala Ile

10

Leu Ile

Asn Ser

Asp ser

Ser Asp

75

Ala Gln

90

Ala Thr

gttatgtcaa
tcaaaataac
ctccaattat
ttatttatac
tgcccgetta
gcataggtag
tttataactt
gtcagacaat
atttaaaacc
tatataaagt
ttgaggatgt
agtttccaac
ttgatccgaa
atataatttg
ctggtgacgg

aaccaattcc

Arg Lys Lys

Gly Phe Gly

30

Thr GIn

45

val

Ser Ser val

60

Thr Lys Thr

Tyr Leu Ala

Glu
110

Thr Glu

Page 124

actgaattat
tgtacctaaa
ggctggagat
atttacagac
tattgaccct
tacaacagca
atctattaaa
ttatgtcaat
aaatacggat
agataatgca
cactaatagt
agacgatgat
tagcaaaggt
gcgctctatg
tatcgataaa

agag

ser Ile

15

Leu Leu

Ser Asp

Asn Ala

Thr ser

80

GIn Gln

95

Thr Pro

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1674




val

Thr

Ser

145

Ser

Thr

Thr

Ala

Pro

225

Lys

Thr

Ser

Asn

305

TYyr

TYr

Thr

Glu

Thr

Thr

130

Asn

Pro

Ser

ASp

Pro

210

Ala

Ile

Leu

Phe

Thr

290

Gly

val

Ile

Gly

Lys

Glu

Gin

Thr

Ala

195

Arg

Ala

Asp

Asn

Lys

275

Ala

val

Asn

Asp

Ile

355

Tyr

Glu

Ser

Thr

Asn

Glu

180

Ser

Met

Gly

Ser

Tyr

260

Ile

Lys

Ile

Thr

Pro

340

Gly

Gly

Ala

ser

Thr

Ser

165

Ala

Asn

Arg

Thr

Thr

val

Asp

Lys

Glu

ser

Lys

Thr

Asn

Ser

150

Thr

Thr

Lys

Ala

ASp

Thr

Phe

val

Pro

AsSn

310

Asp

Asn

Thr

Phe

Thr

Thr

135

Asn

Asn

Pro

AsSp

Phe

215

Ile

Thr

Ser

Pro

Pro

295

Asp

Asp

val

Thr

Tyr
375

120

Asn

Asp

Ala

Ser

val

200

ser

Thr

val

val

LysS

Ile

Gly

val

Thr

Ala

360

Asn

sequence_listing
Ala Thr Asn GIn Ala Asn

Ala

Thr

Glu

Asn

185

val

Leu

Asn

Tyr

Pro

265

Glu

Met

Asn

Lys

Leu

Glu

Asn

Asn

170

Asn

Asn

Ala

Gin

Pro

250

Asn

Leu

Ala

val

Ala

330

Thr

Lys

Ser

Glu

Thr

155

val

Glu

Gln

Ala

Leu

235

His

Ser

Asn

Gly

Ile

315

Thr

Gly

Thr

Ile

Leu

140

val

Ser

ser

Ala

val

220

Thr

Gln

Ala

Leu

Tyr

Leu

Asn

val

Lys
380

Page 125

125

val

Ser

Thr

Ala

val

205

Ala

Ash

Ala

val

Asn

285

Gln

Thr

Thr

val

Leu

365

Gly

Thr

Asn

Ser

Thr

Pro

190

Asn

Ala

val

Gly

Lys

270

Gly

val

Phe

Met

Thr

350

val

Thr

Pro

GlIn

val

GlIn

175

Gln

Thr

Asp

Thr

Tyr

255

Gly

val

Leu

Thr

Pro

335

Leu

ASp

Ile

Thr

Asn

160

Asp

Ser

ser

Ala

val

240

val

ASp

Thr

Ala

320

Ala

Ala

Tyr

Asp



Gln Ile

385

Asp

Pro Ser Gly

Pro Asn Thr

Lys val Tyr

435

val Asn

450

Pro

Phe
465

Pro Asn

GIn 1le Thr

Asn Ser Lys

ITe
515

Ser Asn

Asn
530

Asn Gly

Glu GIn

545

Pro

<210>
<211l>
<212>
<213>

<400> 89
atgaatatga

89
1674
DNA

gtgcttgtag
gaaaatagtg
agcgttagtg
aacactaata
tcagcattaa
acgaatcaag
gtgaatcaaa

tcacctcaaa

Lys Thr

Asnh

Asn Thr

390

Asp Asn

405

Asp ser

Lys val
Glu

Asn

Pro Asn

val

ASn

Asp

Phe

Gin

ITe Ala

Ala

Leu

Ala
440

Asn

Glu
455

ASp

Tyr Lys

470

Thr Pro

485
Asp
Trp
ser

Gly

Asp Glu

Tyr

Leu

Arg

Ser

Pro

Ile val

Ala Leu

Ser Met

520

Gly Asp

Gly Glu

550

agaaaaaaga
gtacgttaat
ttacgcaatc
ctgcacctaa
atggcgaaac
caaatgcaac
ctaatacacc
caagtaatga

atrtctacaaa

Staphylococcus aureus

aaaacacgca
cggttttgga
tgatagcgca
aacagacgac
gagtgtggcg
tacggaagaa
ggcaacaact
aacgacttct

tgcggaaaat

sequence_listing

Tyr Arg Glin
395

val
410

Pro Leu

Ile G1n

425

ASp

Ala Asp Leu

val Thr Asn

Phe
475

val Glu

val
490

val Asn

ser Thr

Trp Asp

Gly Ile Asp

Ile Glu Pro

555

attcggaaaa
ctactcagca
agtaacgaaa
acaaacgtga
caaaatccag
actccggtaa
caatcaagca
aatgatacta

gtttcaacaa

Thr Ile

Thr Gly Asn

Thr
430

GIn Asn

Glu
445

Ser Ser

Ser val

460

AsSn

Pro Thr Asp

Gly His Ile

Leu Tyr Gly

510

Glu val

525

Asn

Pro val

Pro Glu

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagc
atacaaatgc
atacagtatc

cgcaagatac

Page 126

val Asn

400

Leu
415

LysS

ser Ile

Tyr Phe

Ile Thr

Asp

Tyr Asn

Ala phe

val Pro

cgtggcrtca
agatgcaagt
tgattcaagt
aacatcgtca
aacgacacaa
tactacggca
ggaggaatta
atctgtaaat

ttcaactgaa

60
120
180
240
300
360
420
480
540




gcaacacctt
gttaatcaag
gctgcagatg
actattgact
ggtttttcag
gaattaaact
caagtattgg
tatgttgata
gaaaatgtta
agtaagacag
ggtacgattg
ccaagcggag
agtaatgcgt
aatgatttat
gttagaattt
caaattacaa
gatttagcac
tcatgggaca
ccagttgttc
<210>
<211>
<212>
<213>
<400>

90
558
PRT
90

1

Gly val Ala ger

ser Ser Lys Glu

35

Ser Ala Ser Asn

50

Ala Pro Lys Thr
65

Asn Thr Asn Asn

caaacaatga
cggttaatac
caccggcagc
ctggtacgac
tgcctaattc
taaatggtgt
caaatggtgt
ataaagaaaa
caaagacagg
tattaatcga
atcaaatcga
ataacgttgt
taatagatgc
ctgaaagtta
catttccaaa
caccgtatat
tacgttcgac
acgaagtagc

ctgaacaacc

Met Asn Met Lys Lys Lys Glu
5

val Leu val
Ala Asp Ala
Glu Ser Lys
55
Asp Asp Thr
70

Gly Glu Thr
85

atcagctcca
aagtgcgcect
tggcacagat
tgtgtatccg
tgctgttaaa
aacttcaact
aatcgatagt
tgtaacagct
taatgtgaca
ctatgagaaa
taaaacaaat
gttacctgcec
aaaaaacact
ttatgtgaat
tgctaatcaa
tgtagttgtt
attttatggt
atttaataac

tgatgagcct

Staphylococcus aureus

Lys

Gly

ser

40

ser

Ash

Ser

sequence_listing

cagaatacag
agaaagagag
attacgaatc
caccaagcag
ggtgacacat
gctaaagtgc
gatggtaatg
aatattacta
ttgacaactg
tatggacaat
aatacgtatc
ttaacaggta
gatattaaag
cctagcgatt
tacaaagtag
aatggccata
tatgattcta
ggatcaggtt
ggtgaaattg

Ala Ile

10

His

Thr
25

Leu Ile

Glu Asn Ser

Asn Asp Ser

val Ser Asp

75

Ala G1n
30

val

atgcaagtaa
catttagttt
agttgacaga
gttatgtcaa
tcaaaataac
caccaattat
ttatttatac
taccagctta
gcataggaac
tccataattt
gccaaacaat
atttaattcc
tttatagagt
ttgaagatgt
aatttcctac
ttgatcctge
attttatatg
ctggtgacgg

aaccaattcc

Arg Lys Lys

Gly Phe Gly

30

Thr GIn

45

val

sSer val

60

Ser

Thr Lys Thr

Asn Pro Ala

Page 127

taaagatgta
agcggcetgta
tgtgaaagtt
actgaattat
tgtacctaaa
ggctggagat
atttacagac
tattgaccct
caatactgct
atcaattaaa
ttatgtcaat
taatacaaag
cgataatgct
aactaatcaa
ggacgatgac
tagtacaggt
gagatctatg

tatcgataaa

agag

Ser Ile

15

lLeu Leu

ser Asp
Ala

Ser

ser
80

Ser

Gln Gln

95

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1674



Glu

val

Thr

Ser

145

Ser

Thr

Thr

Ala

Pro

225

Thr

Lys

Thr

Ser

Asn

305

Tyr

Tyr

Thr

Thr

Thr

Thr

130

Asn

Pro

Ser

Asp

Pro

210

Ala

Ile

L.eu

Phe

Thr

290

Gly

val

Ile

Gly

Thr

Gly

Gln

Glu

Gln

Thr

Ala

195

Arg

Ala

Asp

Asn

Lys

Ala

val

Asp

Asp

Gln

100

Glu

Ser

Thr

Asn

Glu

180

Ser

Lys

Gly

Ser

Tyr

260

Ile

Lys

Ile

Asn

Pro

340

Gly

Ser

Ala

Ser

Thr

Ser

165

Ala

AsSn

Arg

Thr

Thr

val

Asp

Lys

325

Glu

Thr

Ala

Thr

Asn

Ser

150

Thr

Thr

Lys

Ala

230

Thr

Phe

val

Pro

ser

310

Glu

Asn

AsSn

Leu

Thr

Thr

135

Asn

Asn

Pro

ASp

Phe

215

Ile

Thr

ser

Pro

Pro

295

Asp

Asn

val

Thr

Thr

Ala

120

AsSn

ASp

Ala

ser

val

200

ser

Thr

val

val

Lys

Ile

Gly

val

Thr

Ala
360

sequence_listing

Asn Ala Thr Thr Glu

105

Thr

Ala

Thr

Glu

Asn

185

val

Leu

Asn

Tyr

Pro

265

Glu

Met

Ash

Thr

Asn

Glu

Asn

Asn

170

ASN

Asn

Ala

Gln

Pro

250

Asn

Leu

Ala

val

Ala

330

Thr

Gln

Glu

Thr

155

val

Glu

Gln

Ala

Leu

235

His

Ser

Asn

Gly

Ile

315

Asn

Gly

Ala

Leu

140

val

Ser

Ser

Ala

val

220

Thr

Gin

Ala

Leu

ASp

300

Tyr

Ile

Asn

Lys Thr val

Page 128

Asn

125

val

Ser

Thr

Ala

val

205

Ala

Asp

Ala

val

Asn

285

GIn

Thr

Thr

val

Leu
365

Glu

110

Thr

Asn

ser

Thr

Pro

190

AsSnh

Ala

val

Gly

Lys

270

Gly

val

Phe

Met

Thr

350

Ile

Thr

Pro

GIn

val

Gln

175

Gln

Thr

Asp

Lys

Tyr

255

Gly

val

Leu

Thr

Pro

335

Leu

ASp

Pro

Ala

Thr

Asn

160

Asp

Asn

ser

val

240

val

Asp

Thr

Ala

Thr

Tyr




Glu Lys

370

Tyr

GIn Ile

Asp
385

Pro Ser Gly

Pro Asn Thr

Lys val Tyr

435

val Asn Pro

450

Phe
465

Pro Asn

GIn Ile Thr

Ala Ser Thr

Phe
515

Ser Asn

Asn Asn

530

Gly

Glu
545

GIn Pro

<210>
<211>
<212>
<213>

91
1674
DNA

<400> 91

Gly GlIn

Lys Thr

Phe

Asn

His
375

Asn

Asn Thr

390

Asn
405

ASp
Lys Ser
Arg val
Ser

Asp

Ala Asn

val

Asn

ASp

Phe

Gln

val Leu

Ala

Leu

Ala
440

Asn

Glu
455

Asp

Tyr Lys

470

Thr Pro

485
Asp
Trp
ser

Gly

Asp Glu

Tyr

L.eu

Arg

Ser

Pro

Ile val

Ala

Leu

Met
520

Ser
Gly Asp

Gly Glu

550

Staphylococcus aureus

atgaatatga agaaaaaaga aaaacacgca

gtgcttgtag
gaaaatagtg
agcgttagtg
aacactaata
tcatcattaa

acgaatcaag

gtacgttaat
ttacgcaatc
ctgcacctaa
atggcgaaac
caaatgcaac

Ctaatacacc

cggttttgga
tgatagcgcea
aacagacgac
gagtgtggcg
tacggaagaa

ggcaacaact

Tyr

Asn

val

val

val

ser

Gly

Ile

sequence_Tlisting

Leu Ser Ile

GlIn
395

Arg

Ala
410

Pro Leu

Ile Ala

425

Asp
Asp Leu
Thr

Ash

Phe
475

Glu

val
490

Asn

Ser Thr

505

Trp Asp

Ile Asp

Glu Pro

555

attcggaaaa
ctactcagca
agtaacgaaa
acaaacgtga
caaaatccag
actccggtaa

caatcaagca

Lys Gly Thr

380

Thr Ile Tyr

Thr Gly Asn

Thr
430

Lys Asn

Glu
445

ser Ser

Glin val

Arg
460

Pro Thr Asp

Gly His Ile

Phe Tyr Gly

510

Glu
525

Asn val

Lys Pro val

ITe Pro Glu

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagce

atacaaatgc

Page 129

Ile Asp

val Asn

400

Leu Ile

415

Asp Ile

Tyr Tyr

Ile Ser

Asp

Tyr Asp

Ala Phe

val Pro

cgtggcttca
agatgcaagt
tgattcaagt
aacatcgtca
aacgacacaa
tactacggca

ggaggaatta

60
120
180
240
300
360
420



gtgaatcaaa
tcacctcaaa
gcaacacctt
gttaatcaag
gctgcagatg
actattgact
ggtttttcag
gaattaaact
caagtattgg
tatgttgata
gaaaatgtaa
aacaaaacag
ggtacaattg
ccaagtggag
agtaatgcat
gctgatttat
gtgaatatta
caaattacaa
gatttagctt
tcatgggaca
cctgttgtce
<210>
<211>
<212>
<213>
<400>

92
558
PRT
92

1

Gly val Ala Ser val Leu val
Ser Ser Lys Glu Ala Asp Ala
35

Ser Ala Ser Asn Glu Ser Lys
55

50

Ala Pro Lys Thr Asp Asp Thr
65 70

caagtaatga
attctacaaa
caaacaatga
cggttaatac
cacctgcagce
ctggtacgac
tgcctaattc
taaatggtgt
caaatggtgt
ataaaaacga
cgaaaacagg
tattagtaga
accaaatcga
ataacgttat
taatagatca
ctgaaagtta
cattcccaaa
caccgtatat
tacgttcaac
acgaagtagc

ctgaacaacc

Met Asn Met Lys Lys Lys Glu
5

aacgacttct
tgcggaaaat
atcagctcca
aagtgcgect
tggcacagat
tgtgtatccyg
tgctgttaaa
aacttcaact
aatcgatagt
tgttaaagca
taatgtaaca
ttatgaaaaa
tadaacaaat
tacgceggrt
gcaaaataca
ctttgtaaat
tccaaatcaa
tgtagttgtt
tttatatggg
atttaataac

tgatgagcct

Staphylococcus aureus

Lys

Gly

ser

40

ser

Asn

sequence_listing

aatgatacta
gtttcaacaa
cagagtacag
agaatgagag
attacgaatc
caccaagcag
ggtgacacat
gctaaagtgc
gatggtaatg
actttgacca
ttgacaactg
tatggtaagt
aatacgtatc
ttaacaggta
agtattaaag
ccagaaaact
tataaagtag
aatggtcata
tataactcga
dggatcaggtt
ggtgaaattg

Ala TIle
10

His

Thr Leu Ile

25

Glu Asn Ser

Asnh Asp Ser

val Ser Asp

75

atacagtatc
cgcaagatac
atgcaagtaa
catttagttt
agttgacaga
gttatgtcaa
tcaaaataac
caccaattat
ttatttatac
tgccecgetta
gcataggtag
tttataactt
gtcagacaat
atttaaaacc
tatataaagt
ttgaggatgt
agtttaatac
ttgatccgaa
atataatttg
ctggtgacgg

daccaattcc

Arg Lys Lys

Gly Phe Gly

30

Thr Gin

45

val

Ser Ser val

60

Thr Lys Thr

Page 130

atctgtaaat
ttcaactgaa
taaagattta
agcggcagta
tgttaaagtt
actgaattat
tgtacctaaa
ggctggagat
atttacagac
tattgatcca
tacaacagca
atctattaaa
ttatgtcaat
aaatacggat
agataatgca
cactaatagt
gcctgatgat
tagcaaaggt
gcgctctatg
tatcgataaa

agag

ser Ile

15

Leu Leu

ser Asp
Ala

ser

ser
80

Ser

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1674




Asn

Glu

val

Thr

Thr

Ala

Pro

225

Thr

Lys

Thr

Ser

Asn

305

Tyr

Tyr

Thr

Thr

Thr

Thr

130

Asn

Pro

Ser

Asp

Pro

210

Ala

Ile

Leu

Phe

Thr

290

Gly

val

Ile

Asn

Thr

Glu

GlIn

Thr

Ala

195

Arg

Ala

Asp

Asn

Lys

275

Ala

val

AsSp

Asp

Asn
Gln
100
Glu
Ser
Thr
Asn
Glu
180
ser
Met
Gly
Ser
Tyr
260
Ile
Lys
Ile

Asn

Pro
340

Gly

85

Ser

Ala

ser

Thr

Ser

165

Ala

Asn

Arg

Thr

Gly

Thr

val

ASp

Glu

Ser

Thr

Asn

ser
U

[y

Thr

Thr

Lys

Ala

Asp

Thr

Phe

val

Pro

Ser

310

Asn

Asn

Thr

Leu

Thr

Thr

135

Asn

Asn

Pro

ASp

Phe

215

Ile

Thr

Ser

Pro

Pro

295

Asp

Asp

val

ser

Thr

Ala

120

Asn

Asp

Ala

Ser

Leu

200

ser

Thr

val

val

Lys

Ile

Gly

val

Thr

sequence_l1isting

val Ala GIn Asn Pro

Asn

105

Thr

Ala

Thr

Glu

Asn

185

val

Leu

Asn

Tyr

Pro

265

Glu

Met

Asn

Lys

Lys

Ala

Asn

Glu

Asn

Asn

170

Asn

Asn

Ala

Gln

Pro

250

ASn

Leu

Ala

val

Ala
330

Thr

Gln

Glu

GlIn

Ala

Leu

235

His

ser

ASn

Gly

Ile

315

Thr

Thr

Ala

Leu

140

val

Ser

Ser

Ala

val

220

Thr

Gln

Ala

Leu

Asp

Tyr

Leu

Thr Gly Asn

Page 131

Glu

Asn

125

val

sSer

Thr

Ala

val

205

Ala

Asp

Ala

val

Asn

285

Gln

Thr

Thr

val

Ala

Glu

110

Thr

Asn

Ser

Thr

Pro

190

Asn

Ala

val

Gly

Lys

270

Gly

val

Phe

Met

Thr
350

Gln

95

Thr

Pro

Gln

val

GlIn

175

GlIn

Thr

Asp

Lys

TYyr

255

Gly

val

Leu

Thr

Pro

335

Leu

Gln

Pro

Ala

Thr

Asn

Lou

Asp

ser

Ser

Ala

val

240

val

Asp

Thr

Ala

Thr



Thr Gly

Glu Lys
370

Gln Ile
385

Proc Ser

Pro Asn

Lys val

val Asn
450

Phe Pro
465

Gin Ile

Asn Ser

Ser Asn

Asn Asn

530

Glu Gln
545

<210> 93

Ile
355
Tyr
Asp
Gly
Thr
Tyr
435
Pro
Asn
Thr
Lys
Ile
515

Gly

Pro

<211> 1674
<212> DNA
<213> Sstaphylococcus aureus

<400> 93

Gly

Gly

Lys

Asp

£ 2>
N

OT

Glu

Pro

Thr

Ser

Asp

Ser

Lys

Thr

AsSh

405

Ser

val

Asn

Asn

Pro

485

Asp

Trp

Gly

Glu

Thr

Phe

Asn

390

val

Asn

Asp

Phe

Glin

470

Tyr

Leu

Arg

Ser

Pro
550

Thr

Tyr

375

Asn

Ile

Ala

Asn

Glu

455

TYyr

Ile

Ala

Ser

Gly

Gly

Ala

360

Asn

Thr

Ala

Leu

Ala

440

Asp

Lys

val

Leu

Met

520

Asp

Glu

sequence_Jlisting

Ash Lys Thr val Leu val Asp Tyr

Leu

Tyr

Pro

£ b
NI —d
(¥ N¢o]

Ala

val

val

val

Arg

505

Ser

Gly

Ile

Ser

Arg

val

410

Asp

Asp

Thr

Glu

val

490

ser

Trp

Ile

Glu

Ile

Gln

395

Leu

Gln

Leu

Asn

Phe

475

Asn

Thr

AsSp

Asp

Pro
555

atgaatatga agaaaaaaga aaaacacgca attcggaaaa

gtgcttgtag gtacgttaat cggttttgga ctactcagca

gaaaatagtg ttacgcaatc tgatagcgca agtaacgaaa

agcgttaatg ctgcacctaa aacagacaac acaaacgtga

365

Lys Gly Thr Ile Asp
380

Thr ITe Tyr val Asn
400

Thr Gly Asn Leu Lys
415

Gln Asn Thr Ser Ile

Ser Glu Ser Tyr Phe
445

Ser val Asn Ile Thr
460

Asn Thr Pro Asp Asp

Gly His Ile Asp Pro
495

Leu Tyr Gly Tyr Asn

Asn Glu val Ala Phe
525

Lys Pro val val Pro
540

Ile Pro Glu

aatcgattgg cgtggcttca
gtaaagaagc agatgcaagt
gcaaaagtaa tgatccaagt

gtgatactaa aacatcgtca

Page 132

60
120
180
240



aacactaata
tcatcattaa
acgaatcaag
gtgaatcaaa
tcacctcaaa
gcaacacctt
gttaatcaag
gctgcagatg
actattgact
ggtttttcag
gaattaaact
caagtattgg
tatgttgata
gaaaatgtta
aacaaaacag
ggtacaattg
ccaagtggag
agtaatgcat
gctgatttat
gtgaatatta
caaattacaa
gatttagctt
tcatgggaca
cctgttgtcc
<210>
<211>
<212>
<213>
<400>

94
558
PRT

94

?et Asn Met Lys Lys Lys Glu
5

Gly val Ala Ser val Leu val

Ser Ser égs Glu Ala Asp Ala

Ser Ala Ser Asn Glu Ser Lys

atggcgaaac
caaatgcaac
ctaatacacc
caagtaatga
attctacaaa
caaacaatga
cggttaatac
cacctgcagce
ctggtacgac
tgcctaattc
taaatggtgt
caaatggtgt
ctaaagaaaa
caaagacagg
tattagtaga
accaaatcga
ataacgttat
taatagatca
ctgaaagtta
cattcccaaa
caccgtatat
tacgttcaac
acgaagtagc

ctgaacaacc

20

gagtgtggcg
tacggaagaa
ggcaacaact
aacgacttct
tgcggaaaat
atcagctcca
aagtgcgect
tggcacagat
tgtgtatccg
tgctgttaaa
aacttcaact
aatcgatagt
tgtaacagct
taatgtaaca
ttatgaaaaa
taaaacaaat
tgcgeeggtt
gcaaaataca
ctttgtaaat
tccaaatcaa
tgtagttgtt
tttatatggg
atttaataac

tgatgagcct

Staphylococcus aureus

40

sequence_l1isting

caaaatccag
actccggtaa
caatcaagca
aatgatacta
gtttcaacaa
cagagtacag
agaatgagag
attacgaatc
caccaagcag
ggtgacacat
gctaaagtgce
gatggtaatg
aatattacta
ttgacaactg
tatggtaagt
aatacgtatc
ttaacaggta
agtattaaag
ccagaaaact
tataaagtag
aatggtcata
tataactcga
ggatcaggtt
ggtgaaattg

Lys His Ala Ile

10

Gly Thr Leu Ile
25

ser Glu Asn Ser

cacaacagga
ctggtgaagc
atacaaatgc
atacagtatc
cgcaagatac
atgcaagtaa
catttagttt
agttgacaga
gttatgtcaa
tcaaaataac
ctccaattat
ttatttatac
tgccagcetta
gcataggtag
tttataactt
gtcagacaat
atttaaaacc
tatataaagt
ttgaggatgt
agtttaatac
ttgatccgaa
atataatttg
ctggtgacgg
aaccaattcc

aacgacacaa
tactacggca
ggaggaatta
atctgtaaat
ttcaactgaa
taaagattta
agcggcagta
tgttaaagtt
actgaattat
tgtacctaaa
ggccggagat
atttacagac
tattgaccct
tacaacagca
atctattaaa
ttatgtcaat
caatacggat
agataatgca
cactaatagt
gcctgatgat
tagcaaaggt
gcgctctatg

tatcgataaa

agag

Arg Lys Lys Ser Ile
15

Gly pPhe Gly Leu Leu
30

val Thr Gln Ser Asp

45

pPage 133

Ser Asn Asp Pro Ser Ser val Asn Ala

300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1674



Ala
65

Asn

Glu

Ser

Thr

Thr

Ala

Pro

225

Thr

Lys

Thr

Ser

Asn

305

TYIr

50

Pro

Thr

Thr

Thr

- _—la
Tornr

130

Asn

Pro

Ser

Asp

Pro

210

Ala

Ile

Leu

Phe

Thr

290

Gly

val

Lys

Asn

Thr

Glu

Gln

Thr

Ala

195

Arg

Ala

Asp

Asn

Lys

275

Ala

val

Asp

Thr

Asn

Gln

100

Glu

vt
F

Thr

Asn

Glu

180

Ser

Met

Gly

Ser

TYyr

ITe

Lys

Ile

Thr

Asp
Gly
85

Ser

Ala

wn
{
i

Thr

Ser

165

Ala

AsSn

Arg

Thr

Gly

Thr

val

ASp

LyS

Asn

70

Glu

Ser

Thr

r ASDH

Ser

150

Thr

Thr

Lys

Ala

Asp

230

Thr

Phe

val

Pro

ser

310

Glu

55

Thr

Thr

Leu

Thr

Thr

135

Asn

Asn

Pro

Asp

Phe

215

Ile

Thr

Ser

Pro

Pro

295

Asp

Asn

AsSn

ser

Thr

Ala

120

ASN

Asp

Ala

Ser

Leu

200

Ser

Thr

val

val

Gly

val

sequence_listing
60

val Ser Asp

val

Asn
105

Thr

anad
faR]

Thr

Glu

Asnh

185

val

Leu

Asn

Tyr

Pro

265

Glu

Met

Asn

Thr

Ala
90

Ala

ASn

o
—a

Asn

Asn

170

Asn

Asn

Ala

Gln

Pro

250

Asn

Leu

Ala

val

75

Gln

Thr

Glin

(4]
2

155

val

Glu

Gln

Ala

Leu

235

His

Ser

Asn

Gly

Ile
315

Thr

Asn

Thr

Ala

Leu

140

val

Ser

Ser

Ala

val

220

Thr

Gln

Ala

Leu

Asp

300

Tyr

Ala Asn Ile
Page 134

Lys

Pro

Glu

Asn

125

et
vai

Ser

Thr

Ala

val

205

Ala

ASp

Ala

val

Asn

285

Gln

Thr

Thr

Thr
Ala
Glu
110

Thr

Ser

Thr

Pro

190

Asn

Ala

val

Gly

Lys

270

Gly

val

Phe

Met

Ser

Gln

95

Thr

Pro

el

val

Gln

175

GlIn

Thr

Asp

Lys

Gly

val

Leu

Thr

Pro

Ser

80

Pro

Ala

Asn

160

Asp

Ser

Ser

Ala

val

240

val

Asp

Thr

Ala



sequence_l1isting
325 330 335

Tyr Ile Asp Pro Glu Asn val Thr Lys Thr Gly Asn val Thr Leu Thr
340 345 350

Thr Gly Ile Gly Ser Thr Thr Ala Asn Lys Thr val Leu val Asp Tyr
355 360 365

Glu Lys Tyr Gly Lys Phe Tyr Asn Leu Ser Ile Lys Gly Thr Ile Asp
370 375 380

GIn Ile Asp Lys Thr Asn Asn Thr Tyr Arg Gln Thr ITe Tyr val Asn
385 390 395 400

s
[«}
w
(1]
(2]
]
i
4
—
m
h3
P
3
~i
|

¥ ASp Asn Va

Yy Asn iLeu Lys
405

10 415

<

Pro Asn Thr Asp Ser Asn Ala Leu Ile Asp GIn GIn Asn Thr Ser Ile
420 425 430

Lys val Tyr Lys val Asp Asn Ala Ala Asp Leu Ser Glu Ser Tyr Phe
435 440 445

val Asn Pro Glu Asn Phe Glu Asp val Thr Asn Ser val Asn Ile Thr
450 455 460

Phe Pro Asn Pro Asn Gln Tyr Lys val Glu Phe Asn Thr Pro Asp Asp
465 470 475 480

Gin I1e Thr Thr Pro Tyr Ile val val val Asn Gly His Ile Asp Pro
485 490 495

Asn Ser Lys Gly Asp teu Ala Leu Arg Ser Thr Leu Tyr Gly Tyr Asn
500 505 510

Ser Asn Ile Ile Trp Arg Ser Met Ser Trp Asp Asn Glu val Ala Phe
515 520 525

Asn Asn Gly Ser Gly Ser Gly Asp Gly Ile Asp Lys Pro val val Pro
530 535 540

Glu GIn Pro Asp Glu Pro Gly Glu Ile Glu Pro Ile Pro Glu
545 550 555

<210> 95

<211> 1677

<212> DNA

<213> Staphylococcus aureus

<400> 95
atgaatatga agaaaaaaga aaaacacgca attcggaaaa aatcgattgg cgtggcttca 60

gtgcttgtag gtacgttaat cggttttgga ctactcagca gtaaagaagc agatgcaagt 120
page 135



gaaaatagtg
agcgttagtg
aacactaata
tcatcatcaa
acaacgaatc
ttagtgaatc
aattcacctc
gaagcaacac

gtagttaatc

gttggtattg
tatggttttt
aaagaattaa
gatcaagtat
gactatgtaa
cctgaaaatg
gcaaacaaaa
aaaggtacaa
aatccaagtyg
gatagtaatg
gcagctgatt
agtgtgaata
gatcaaatta
ggtgatttag
atgtcatggg
aaacctgttg
<210>
<211>

<212>
<213>

96
559
PRT

<400> 96

ttacgcaatc
ctgcacctaa
atggcgaaac
caaatgcaac
aagctaatac
aaacaagtaa
aaaattctac
cttcaaacaa
aagcggttaa
atgcaccgge
actctggtac
cagtgcctaa
acttaaatgg
tggcaaatgg
atactaaaga
ttacaaagac
cagtattagt
ttgaccaaat
gagataacgt
cattaataga
tatctgaaag
ttacattccc
caacaccgta
ctttacgttc
acaacgaagt

ttcctgaaca

tgatagcgca
aacagacgac
gagtgtggcg
tacggaagaa
accggeaaca
tgaaacgact
aaatgcggaa
tgaatcagct

tacaagtgcg

gactgtgtat
ttctgetgtt
tgtaacttca
tgtaatcgat
tgatgttaaa
aggtaatgtg
agattatgaa
Cgataaaaca
tattgcgeeg
tcagcaaaat
ttactttgtg
aaatccaaat
tatagtagtt
aactttatat
agcatttaat

acctgatgag

Staphylococcus aureus

sequence_listing

agtaacgaaa
acaaacgtga
caaaatctag
acgccggtaa
actcaatcaa
tctaatgata
aatgtttcaa
ccacagagta

cctagaatga

ccgcaccaag
aaaggtgaca
actgctaaag
agtgatggta
gcaactttga
acattggcta
aaatatggta
aataatacgt
gttttaacag
acaagtatta
aatccagaaa
caatataaag
gttaatggtc
gggtataact
aacggatcag

cctggtgaaa

Met Asn Met Lys Lys Lys Glu Lys His Ala Ile

1

5

10

Gly val Ala ger val Leu val Gly ;gr Leu Tle

gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagc
gcaatacaaa
ctaatacagt
caacgcaaga
cagatgcaag

gagcatttag

caggttatgt
cattcaaaat
tgccaccaat
atgttattta
ccatgeccgce
ctggcatagg
agttttataa
atcgtcagac
gtaatttaaa
aagtatataa
actttgagga
tagagtttaa
atattgatcc
cgaatataat
gttctggtga

ttgaaccaat

tgattcaagt
aacatcgtca
aacgacacaa
tactactacg
tgcggaggaa
atcatctgta
tacttcaact
taataaagat
tttagcggca
gaatgtgaca
Ccaaactgaat
aactgtacct
tatggctgga
tacatttaca
ttatattgac
aaatacaaca
cttatctatt
aatttatgtce
accaaatacg
agtagataat
tgtcactaat
tacgcctgat
gaatagcaaa
ttggcgcetct
cggtatcgat

tccagag

Arg Lys Lys Ser Ile
15

Gly Phe Gly Leu Leu
30
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840

300

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1677




Ser

Ser

Ala

65

Asn

Glu

val

Ala

Thr

145

Asn

Asp

ser

Ser

Ala

225

val

val

Asp

Thr

Ser

Ala

50

Pro

Thr

Thr

Thr

Thr

130

Ser

Ser

Thr

Thr

Ala

210

Pro

Gly

LYS

Thr

ser
290

Lys

Ser

Lys

Asnh

Thr

Gly

Thr

Asn

Pro

Ser

Ala

Ile

Leu

Phe

275

Thr

Glu

Asn

Thr

Asn

Gln

100

Glu

GlIn

Glu

Gln

Thr

180

Ala

Arg

Ala

Asp

AsSn

260

Lys

Ala

Ala

Glu

Asp

Gly

85

ser

Ala

Ser

Thr

Asn

165

Glu

Ser

Met

Gly

Ser

245

Tyr

Ile

LyS

Asp

Ser

Asp

70

Glu

ser

Thr

ser

Thr

150

Ser

Ala

Asn

Arg

Thr

230

Gly

Gly

Thr

val

Ala

Thr

Ser

Thr

Asn

135

Ser

Thr

Thr

Lys

Ala

215

Asp

Thr

Phe

val

Pro
295

ser

40

ser

Asn

Ser

Thr

Thr

120

Thr

Asn

Asn

Pro

200

Phe

Ile

Thr

Ser

Pro

280

Pro

sequence_listing
Glu Asn Ser val Thr

Asn

val

val

Asn

105

Thr

Asn

AsSp

Ala

Ser

185

val

Ser

Thr

val

val

265

Lys

Ile

Asp

Ser

Ala

90

Ala

Thr

Ala

Thr

Glu

170

AsSh

val

Leu

Asn

Tyr

250

Pro

Glu

Met

Ser

Asp

75

GIn

Thr

Asn

Glu

Asn

155

Asn

Asn

Asn

Ala

GIn

235

Pro

,Asn

Leu

Ala

ser

60

Thr

Asnh

Thr

Gln

Glu

140

Thr

val

Glu

Gln

Ala

220

Leu

His

Ser

Asn

Gly
300

Page 137

45

Ser

Lys

Leu

Glu

Ala

125

Leu

val

Ser

Ser

Ala

205

val

Thr

GIn

Ala

Leu

285

ASp

Gln

val

Thr

Ala

Glu

110

Asn

val

Ser

Thr

Ala

190

val

Ala

Asn

Ala

val

270

Asn

GlIn

Ser

Ser

Ser

GlIn

95

Thr

Thr

Ash

Ser

Thr

175

Pro

Asn

Ala

val

Gly

Lys

Gly

val

Asp

Ala

Ser

80

Gln

Pro

Pro

Gln

val

160

Gln

Gln

Thr

Asp

Thr

240

Tyr

Gly

val

Leu



Ala

305

Asp

Ala

Ala

Tyr

Lys

Tle

Phe

Thr

465

Asp

Pro

Asn

Phe

Pro
545

<210>
<211>
<212>
<213>

Asn

Tyr

Tyr

Thr

Glu

370

Gln

Pro

Pro

Lys

val

450

Phe

Gln

Asn

Ser

Asn

530

Glu

97

1674
DNA
Staphylococcus aureus

Gly

val

Ile

W
U

Lys

Ile

Ser

Asn

val

435

AsSn

Pro

Ile

Ser

Asn

515

Asn

Gln

val

Asn

TYr

Asp

Gly

Thr

420

Tyr

Pro

Asn

Thr

Lys

Ile

Gly

Pro

Ile

Thr

325

Pro

Gly

Gly

Lys

Lys

Glu

Pro

Thr

485

Gly

Ile

Ser

Asp

310

Lys

Glu

Asn

Lys

Thr

390

Asn

Ser

val

Asn

Asn

470

Pro

Asp

Trp

Gly

Glu
550

Ser

Asp

Asn

Thr

Phe

375

Asn

val

Asn

Asp

Phe

455

GlIn

TYr

Leu

Arg

Ser

535

Pro

Asp

Asp

val

Thr

360

Tyr

Asn

Ile

Ala

Asn

440

Glu

Tyr

Ile

Ala

Ser

520

Gly

Gly

sequence_listing
Gly Asn val Ile Tyr

val

Thr

345

Ala

Asn

Thr

Ala

Leu

425

Ala

Asp

Lys

val

Leu

505

Met

Asp

Glu

Asn

Leu

Tyr

Pro

410

Ile

Ala

val

val

val

490

Arg

Ser

Gly

Ile

315

Ala

Thr

Lys

Ser

395

val

Asp

Asp

Thr

Glu

475

val

Ser

Trp

Ile

Glu
555

Thr

Gly

Thr

Ile

380

Glin

Leu

Gin

Leu

AsSn

460

Phe

Asn

Thr

Asp

540

Pro

pPage 138

Leu

Asn

val

365

Lys

Thr

Thr

Glin

ser

445

Ser

Asn

Gly

Leu

Asn

525

Lys

Ile

Thr

Thr

val

350

Leu

Gly

Ile

Gly

Asn

430

Glu

val

Thr

His

TYyr

510

Glu

Pro

Pro

Phe

Met

335

Thr

val

Thr

Tyr

Asn

415

Thr

Ser

Asn

Pro

Ile

495

Gly

val

val

Glu

Thr
320
Pro

Leu

Asp

val
400
Leu

Ser

Tyr

Asp

Tyr

Ala

val



<400> 97
atgaatatga

gtgcttgtag
gaaaatagtg
agcgttagtg
aacactaata
tcagcattaa
acgaatcaag
gtgaatcaaa
tcacctcaaa
gcaacacctt
gttaatcaag
gctgcagatg
actattgact
ggtttttcag
gaattaaact
caagtattgg
tatgttgata
gaaaatgtaa
agtaagacag
ggtacaattg
ccaagtggag
agtaatgctt
aatgatttat
gttagaattt
caaattacaa
gatttagcac
tcatgggaca
ccagttgttc
1t
<212>
<213>
<400>

98
558
PRT
98

1

agaaaaaaga
gtacgttaat
ttacgcaatc
ctgcacctaa
atggcgaaac
caaatgcaac
Ctaatacacc
caagtaatga
attctacaaa
caaacaatga
cggttaatac
caccggcage
ctggtacgac
tgcctaattce
taaatggtgt
caaatggtgt
ataaaaacga
cgaaaacagg
ttttaatcga
atcaaatcga
acaatgttgt
taatagatgc
ctgaaagtta
catttccaaa
caccgtatat
tacgttcgac
acgaagtagc

ctgaacaacc

aaaacacgca
cggttttgga
tgatagcgca
aacagacgac
gagtgtggcg
tacggaagaa
ggcaacaact
aacgacttct
tgcggaaaat
atcagctcca
aagtgcgect
tggcacagat
tgtgtatccg
tgctgttaaa
aacttcaact
aatcgatagt
tgttaaagca
taatgtaaca
ctatgagaaa
caaaacaaac
attaccagtg
caacaatact
ttatgtgaat
tgctaatcaa
tgtagttgtt
attttatggt
atttaataac

tgatgagect

Staphylococcus aureus

sequence_listing

attcggaaaa
ctactcagca
agtaacgaaa
acaaacgtga
caaaatccag
actccgttaa
caatcaagca
aatgatacta
gtttcaacaa
cagagtacag
agaatgagag
attacgaatc
caccaagcag
ggtgacacat
gctaaagtgc
gatggtaatg
acactaactg
ttgacaactg
tatggacaat
aatacgtatc
ttaactggta
aatattaaag
cctagcgatt
tacaaagtag
aatggccata
tatgattcta
ggatcaggtt

ggtgaaattg

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagc
atacaaatgc
atacagtatc
cgcaagatac
atgcaagtaa
catttagttt
agttgacaga
gttatgtcaa
tcaaaataac
ctccaattat
ttatttatac
ttcetgeata
gcataggaac
tccataattt
gtcaaacgat
atctaattcc
tttataaagt
ttgaagatgt
aatttcctac
ttgatcctgce
attttatatg
ctggtgacgg

aaccaattcc
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cgtggcttca
agatgcaagt
tgattcaagt
aacatcgtca
aacgacacaa
tactacggca
ggaggaatta
atctgtaaat
ttcaactgaa
taaagatgta
agcggcagta
tgtgaaagtt
actgaattat
tgtacctaaa
ggccggagat
atttacagac
cattgatcca
caatactgct
atcaattaaa
ttatgtcaat
taagagtaat
ggataatgct
aactaatcaa
ggacgatgac
tagtacaggt
gagatctatg

tatcgataaa

agag

Met Asn Met Lys %ys Lys Glu Lys His Ala Ile Arg Lys Lys Ser ITe
10 15

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1674



Gly

Ser

Ser

Ala

65

Asn

Glu

Leu

Thr

Ser

145

Ser

Thr

Thr

Ala

Pro

225

Thr

Lys

Thr

val

ser

Ala

50

Pro

Thr

Thr

Thr

Thr

130

Asn

Pro

ser

Asp

Pro

210

Ala

Ile

Leu

Phe

Ala

Lys

35

ser

Lys

Asn

Thr

Glu

Gln

Thr

Ala

195

Arg

Ala

AsSp

Asn

Lys

Ser

20

Glu

Asn

Thr

Asn

GlIn

100

Glu

Ser

Thr

Asn

Glu

180

Ser

Met

Gly

Ser

Tyr

Ile

vai

Ala

Glu

Asp

Gly

85

ser

Ala

Ser

Thr

Ser

165

Ala

Asn

Arg

Thr

Thr

Leu

Asp

Ser

Asp

70

Glu

Ala

Thr

Asn

Ser

150

Thr

Thr

Lys

Ala

230

Thr

Phe

val

val

Ala

Lys

Thr

Thr

Leu

Thr

Thr

135

Asn

Asn

Pro

Asp

Phe

215

Ile

Thr

Ser

Pro

Gly

Ser

40

ser

Asn

Ser

Thr

Ala

120

Asn

Asp

Ala

ser

val

200

Ser

Thr

val

val

Lys

sequence_l1isting

Thr Leu Ile Gly Phe

25

Glu

Asn

val

val

Asn

105

Thr

Ala

Thr

Glu

Asn

185

val

Leu

Asn

Tyr

Pro

265

Glu

Asn

Asp

Ser

Ala

90

Ala

Asn

Glu

Asn

Asn

170

Asn

Asn

Ala

Gln

Pro

250

Asn

Leu

Ser

Ser

Asp

75

Gin

Thr

Glin

Glu

Thr

155

val

Glu

Gln

Ala

Leu

235

His

Ser

ASn

val

Ser

60

Thr

Asn

Thr

Ala

Leu

140

val

Ser

Ser

Ala

val

220

Thr

Gln

Ala

Leu
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Thr

45

Ser

Lys

Pro

Glu

Asn

125

val

Ser

Thr

Ala

val

205

Ala

Asp

Ala

val

Asn
285

Gly

30

Gln

val

Thr

Ala

Glu

110

Thr

Asn

Ser

Thr

Pro

190

Asn

Ala

val

Gly

Lys

270

Gly

Leu

Ser

ser

Ser

Gin

95

Thr

Pro

Gln

val

Gln

175

GlIn

Thr

Asp

Lys

Tyr

255

Gly

val

Leu

Asp

Ala

Ser

80

Pro

Ala

Thr

Asn

160

Asp

Ser

ser

Ala

val

240

val

Asp

Thr



ser

Asn

305

Tyr

Tyr

Thr

Glu

Gln

385

Pro

Pro

Lys

val

Phe

465

Gln

Ala

Ser

Asn

Glu
545

Thr

290

Gly

val

Ile

Gly

Lys

ITle

Ser

Lys

val

AsSn

450

Pro

Ser

Asn

Asn

530

Gln

Ala

val

ASp

Asp

Ile

Tyr

AsSp

Gly

Ser

Tyr

435

Pro

Asn

Thr

Thr

Phe

515

Gly

Pro

Lys

Ile

Asn

Pro

340

Gly

Gly

Lys

Asp

Asn

420

Lys

Ser

Ala

Thr

Gly

500

Ile

sSer

Asp

val

Asp

Lys

325

Glu

Thr

Gln

Thr

Asn

405

Ser

val

Asp

AsSn

Pro

485

Asp

Trp

Gly

Glu

Pro

Ser

310

Asn

Asn

Asn

Phe

Asn

390

val

Asn

Asp

Phe

Gln

470

Tyr

Leu

Arg

ser

Pro
550

Pro

295

Asp

Asp

val

Thr

His

375

Asn

val

Ala

Asn

Glu

455

Tyr

Ile

Ala

Ser

Gly

Gly

Ile

Gly

val

Thr

Ala

360

Asn

Thr

Leu

Leu

Ala

440

Asp

Lys

val

Leu

Met

520

AsSp

Glu

sequence_listing

Met Ala Gly Asp GIn

Asnh

LyS

Lys

345

ser

Leu

Tyr

Pro

Ile

425

Asn

val

val

val

Gly

Ile

val

Ala

330

Thr

Lys

Ser

Arg

val

410

Asp

Asp

Thr

Glu

val

490

Ser

Trp

Ile

Glu

Ile

315

Thr

Gly

Thr

Ile

GlIn

395

Leu

Ala

Leu

Asn

Phe

475

Asn

Thr

Asp

AsSp

Pro
555

300

Tyr

Leu

Asn

val

Lys

380

Thr

Thr

Asn

Ser

Gln

460

Pro

Gly

Phe

Asn

Lys

540

Ile
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Thr

Thr

val

Leu

365

Gly

Ile

Gly

Asn

Glu

445

val

Thr

His

Tyr

Glu

525

Pro

Pro

val

Phe

val

Thr

350

Ile

Thr

Tyr

Asn

Thr

430

Ser

Arg

Asp

Ile

Gly

510

val

val

Glu

Leu

Thr

Pro

335

Leu

Asp

Ile

val

Leu

415

Asn

Tyr

Ile

Asp

Tyr

Ala

val

Ala

Thr

Tyr

Asp

Asn

400

Ile

Ile

Tyr

Ser

Asp

Phe

Pro



<210>
<211>
<212>
<213>

<400> 99
atgaatatga

99
1674
DNA

gtgcttgtag
gaaaatagtg
agcgttagtyg
aacactaata

tcagcattaa

gtgaatcaaa
tcacctcaaa
gcaacacctt
gttaatcaag
gctgcagatg
actattgact
ggtttttcag
gaattaaact
caagtattgg
tatgttgata
gaaaatgtta
agtaagacag
ggtacgattg
ccaagcggag
agtaatgcgt
aatgatttat
gttagaattt
caaattacaa
gatttagcac
tcatgggaca
ccagttgttc
<210>
<211>

<212>
<213>

100
558
PRT

agaaaaaaga
gtacgttaat
ttacgcaatc
ctgcacctaa
atggcgaaac

caaatgcaac

rtaatacace

Lo Lalass

caagtaatga
attctacaaa
caaacaatga
cggttaatac
caccggcagc
ctggtacgac
tgcctaattc
taaatggtgt
caaatggtgt
ataaagaaaa
caaagacagg
tattaatcga
atcaaatcga
ataacgttgt
taatagatgc
ctgaaagtta
catttccaaa
caccgtatat
tacgttcgac
acgaagtagc

ctgaacaacc

Staphylococcus aureus

aaaacacgca
cggttttgga
tgatagcgca
aacagacgac
gagtgtggcg
tacggaagaa
ggcaacaact
aacgacttct
tgcggaaaat
atcagctcca
aagtgcgect
tggcacagat
tgtgtatccg
tgctgttaaa
aacttcaact
aatcgatagt
tgtaacagct
taatgtgaca
ctatgagaaa
taaaacaaat
gttacctgcc
aaaaaacact
ttatgtgaat
tgctaatcaa
tgtagttgtt
attttatggt
atttaataac

tgatgagcct

Staphylococcus aureus

sequence_listing

attcggaaaa
ctactcagca
agtaacgaaa
acaaacgtga
caaaatccag

actccggtaa

aatgatacta
gtttcaacaa
cagaatacag
agaaagagag
attacgaatc
caccaagcag
ggtgacacat
gctaaagcegce
gatggtaatg
aatattacta
ttgacaactg
tatggacaat
aatacgtatc
ttaacaggta
gatattaaag
cctagegatt
tacaaagtag
aatggccata
tatgattcta
ggatcaggtt
ggtgaaattg

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacaaga

ctggtgaagc

atacagtatc
cgcaagatac
atgcaagtaa
catttagttt
agttgacaga
gttatgtcaa
tcaaaataac
caccaattat
ttatttatac
tTgccagctta
gcataggaac
tccataattt
gccaaacaat
atttaattcc
tttatagagt
ttgaagatgt
aatttcctac
ttgatcctgce
attttatatg
ctggtgacgyg

aaccaattcc
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cgtggcttca
agatgcaagt
tgattcaagt
aacatcgtca
aacgacacaa

tactacggca

atctgtaaat
ttcaactgaa
taaagatgta
agcggetgta
tgtgaaagtt
actgaattat
tgtacctaaa
ggctggagat
atttacagac
tattgaccct
caatactgct
atcaattaaa
ttatgtcaat
taatacaaag
cgataatgct
aactaatcaa
ggacgatgac
tagtacaggt
gagatctatg

tatcgataaa

agag

60
120
180
240
300
360

I

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1674




<400> 100
Met Asn Met

1

Gly

Ser

Ser

Ala

65

Asn

Glu

val

Thr

ser

145

Ser

Thr

Thr

Ala

Pro

225

Thr

Lys

val

ser

Ala

50

Pro

Thr

Thr

Thr

Thr

130

Asn

Pro

Ser

Asp

Pro

210

Ala

Ile

Leu

Ala

LysS

Ser

Lys

Asn

Thr

Glu

Gln

Thr

Ala

195

Arg

Ala

Asp

Asn

Lys

Ser

20

Glu

Asn

Thr

Asn

Gln

100

Glu

Ser

Thr

Asn

Glu

180

ser

Lys

Gly

ser

Tyr
260

LYyS
5
val
Ala
Glu
Asp
Gly
85
Ser
Ala
Ser
Thr
Ser
165
Ala
Asn
Arg
Thr

Gly

Gly

Lys

Leu

AsD

ser

Asp

Glu

Ala

Thr

Asn

sSer

150

Thr

Thr

Lys

Ala

230

Thr

Phe

Glu

val

Ala

Thr

Leu

Thr

Thr

135

Asn

Asn

Pro

Asp

Phe

215

Ile

Thr

ser

Lys

Gly

Ser

40

Ser

Asn

ser

Thr

Ala

120

Asn

Asp

Ala

Ser

val

200

Ser

Thr

val

val

sequence_listing

His

Thr

25

Glu

Asn

val

val

AsSn

105

Thr

Ala

Thr

Glu

AsSn

185

val

Leu

Asn

Tyr

Pro
265

Ala Ile Arg Lys
10

Leu

AsSn

ASD

Ser

Ala

90

Ala

AsSn

Glu

Asn

Asn

170

AsSn

AsSn

Ala

Gln

Pro
250

Ile
Ser
Ser
ASp
75

Gln
Thr
Gln
Glu
Thr
155
val
Glu
GlIn
Ala
Leu

235

His

Gly

val

Ser

60

Thr

Asn

Thr

Ala

Leu

140

val

Ser

Ser

Ala

vatl

220

Thr

Gin

Asn Ser Ala

page 143

Phe

Thr

45

ser

Lys

Pro

Glu

Asn

125

val

Ser

Thr

Ala

val

205

Ala

Asp

Ala

val

Lys

Gly

30

Gln

val

Thr

Ala

Glu

110

Thr

Asn

Ser

Thr

Pro

190

Asn

Ala

val

Gly

Lys
270

ser

15

Leu

Ser

Ser

Ser

Gln

95

Thr

Pro

Gln

val

Gin

175

Gln

Thr

ASp

Lys

Tyr

255

Gly

Ile

Leu

Asp

Ala

ser

v

Gln

Pro

Ala

Thr

Asn

160

ASp

Asn

ser

val
240

val

Asp




Thr
ser
Asn
305
Tyr
Tyr
Thr
Glu
GIn
385
Pro
Pro
LysS
val
Phe
465
GlIn
Ala

Ser

Asn

Phe

Thr

290

Gly

val

Ile

Gly

Lys

Ile

ser

Asn

val

Asn

450

Pro

Ile

ser

ASn

Asn
530

Lys

275

Ala

val

AsSp

ASp

Ile

355

Tyr

ASp

Gly

Thr

Tyr

435

Pro

Asn

Thr

Thr

Phe

515

Gly

Ile

Lys

Ile

Asn

Pro
40

” S

Gly

Gly

Lys

Asp

Lys

Arg

Ser

Ala

Thr

Gly

500

Ile

Ser

Thr

Ala

ASp

325

Glu

Thr

GIn

Thr

Asn

405

Ser

val

Asp

Asn

Pro

485

Asp

Trp

Gly

val

Pro

Ser

310

Glu

Asn

Asn

Phe

Asn

390

val

Asn

ASp

Phe

Gln

470

Tyr

teu

Arg

Ser

Pro

Pro

295

Asp

Asn

val

Thr

His

375

Asn

val

Ala

Asn

Glu

455

Tyr

Ile

Ala

Ser

Gly

Gly

val

Thr

Ala

360

ASn

Thr

Leu

Leu

Ala

440

Asp

Lys

val

Leu

Met

520

Asp

sequence_listing

Glu Leu Asn Leu

Met

Asn

Thr

W
BN
Vi

Ser

l.eu

Tyr

Pro

Ile

425

Asn

val

val

val

Gly

Ala

val

Ala

Thr

Lys

Ser

Arg

Ala

410

Asp

ASp

Thr

Glu

val

490

Ser

Trp

Ile

Gly

Ile

315

Asn

Gly

Thr

Ile

GlIn

395

Leu

Ala

Leu

Ash

Phe

475

Asn

Thr

Asp

Asp

Asp

300

Tyr

Ile

Asn

val

Lys

Thr

Thr

Lys

Ser

Gln

460

Pro

Gly

Phe

Asn

Lys
540

pPage 144

Asn

285

Gln

Thr

The

Gly

val

Phe

Met

val Thr

Leu

365

Gly

Ile

Gly

Asn

Glu

445

val

Thr

His

Tyr

Glu

525

Pro

Thr

Tyr

Asn

Thr

430

Ser

Arg

AsSp

Ile

Gly

510

val

va'l

val

Leu

Thr

Pro

335

Leu

Asp

Ile

val

Leu

415

Asp

Tyr

Ile

ASp

495

Tyr

Ala

val

Thr

Ala

320

Ala

Thr

Tyr

Asp

Asn

400

Ile

Ile

Tyr

Ser

ASp

Pro

Asp

Phe

Pro




Glu GIn Pro Asp Glu Pro Gly Glu Ile Glu Pro Ile Pro Glu

545

<210> 101
<211> 1677
<212> DNA

550

<213> Staphylococcus aureus

<400> 101
atgaatatga

gtgcttgtag
gaaaatagtg
agcgttagtg
aacactaata
tcatcatcaa
acaacgaatc
ttagtgaatc
aattcacctc
gaagcaacac
gtagttaatc
gtagctgcag
gttggtattg
tatggttttt
aaagaattaa
gatcaagtat
gactatgtaa
cctgaaaatg
gcaaacaaaa
aaaggtacaa
aatccaagtg
gatagtaatg
gcagctgatt
agtgtgaata
gatcaaatta
ggtgatttag
atgtcatggy

aaaccagttg

agaaaaaaga
gtacgttaat
ttacgcaatc
ctgcacctaa
atggcgaaac
caaatgcaac
aagctaatac
aaacaagtaa
aaaattctac
cttcaaacaa
aagcggttaa
atgcaccggce
actctggaga
cagtgcctaa
acttaaatgg
tggcaaatgyg
atactaaaga
ttacaaagac
cagtattagt
ttgaccaaat
gagataacgt
cattaataga
Tatctgaaag
ttacattccc
caacaccgta
ctttacgttc
acaacgaagt

ttcctgaaca

aaaacacgca
cggttttgga
tgatagcgcea
aacagacgac
gagtgtggcg
tacggaagaa
accggcaaca
tgaaacgact
aaatgcggaa
tgaatcagct
tacaagtgceg
agctggcaca
tacagtttat
ttctgetgtt
tgtaacttca
tgtaatcgat
tgatgttaaa
aggtaatgtg
agattatgaa
cgataaaaca
tattgcgceyg
tcagcaaaat
ttactttgtg
aaatccaaat
tatagtagtt
aactttatat
agcatttaat

acctgatgag

sequence_listing

555

attcggaaaa
Cctactcagca
agtaacgaaa
acaaacgtga
caaaatccag
acgcceggtaa
actcaatcaa
tctaatgata
aatgtttcaa
ccacagagta
cctagaatga
gatattacga
ccgcaccaag
aaaggtgaca
actgctaaag
agtgatggta
gcaactttga
acattggcta
aaatatggta
aataatacgt
gttttaacag
acaagtatta
aatccagaaa
caatataaag
gttaatggtc
gggtatgact
aacggatcag

cctggtgaaa

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagc
gcaatacaaa
ctaatacagt
caacgcaaga
cagatgcaag
gagcatttag
atcagttgac
caggctatgt
cattcaaaat
tgccaccaat
atgttattta
ccatgeecgce
ctggcatagg
agttttataa
atcgtcagac
gtaatttaaa
aagtatataa
actttgagga
tagagtttaa
atattgatcc
caaggtttgt
gttctggtga

ttgaaccaat
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cgtggcttcea
agatgcaagt
tgattcaagt
aacatcgtca
aacgacacaa
tactactacg
tgcggaggaa
atcatctgta
tacttcaact
taataaagat
tttagcggea
gaatgtgaca
caaactgaat
aactgtacct
tatggctgga
tacatttaca
ttatattgac
aaatacaaca
cttatctatt
aatttatgtc
accaaatacg
agtagataat
tgtcactaat
tacgcctgat
gaatagcaaa
atggagatct
cggtatcgat

tccagag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1677




<210> 102
<211> 559
<212> PRT

<213> Staphylococcus aureus

<400> 102

Met Asn Met Lys Lys Lys Glu

1

Gly val Ala

Ser Ser Lys

50

Ala Pro Lys
65

Asn Thr Asn

Glu Thr Thr

val Thr Gly

Ala Thr Thr
130

Thr Ser Asn
145

Asn Ser Pro

Asp Thr Ser

ser Thr Asp

Ser Ala Pro
210

Ala Pro Ala
225

val Gly Ile

Ser

20

Gilu

Asn

Thr

Asn

GIn

100

Glu

GlIn

Glu

Gln

Thr

180

Ala

Arg

Ala

ASp

5

val

Ala

-

ASp

Gly

85

Ser

Ala

Ser

Thr

Asn

165

Glu

ser

Met

Gly

ser

Leu

Asp

70

Glu

Ser

Thr

ser

Thr

150

ser

Ala

Asn

Arg

Thr

230

Gly

val

Ala

Thr

Ser

Thr

Asn

135

ser

Thr

Thr

Lys

Ala

215

Asp

Asp

Lys

Gly

Ser

40

Ser

Asn

Ser

Thr

Thr

120

Thr

AsSn

Asn

Pro

200

Phe

Ile

Thr

sequence_listing

His

Thr

25

Glu

AsSnh

val

val

Asn

105

Thr

Asn

Asp

Ala

Ser

185

val

ser

Thr

val

Ala

10

Leu

Asn

ASpP

ser

Ala

90

Ala

Thr

Ala

Thr

Glu

170

Asn

val

Leu

Asn

Ile

Ser

ser

Asp

75

Gln

Thr

AsSn

Glu

Asn

155

Asn

Asn

Asn

Ala

GlIn
235

Arg

Gly

val

ser

60

Thr

Asn

Thr

Gln

Glu

140

Thr

va’l

Glu

Gin

Ala

220

Leu

Tyr Pro His
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Lys

Phe

Thr

45

Ser

Lys

Pro

Glu

Ala

125

Leu

val

Ser

Ser

Ala

205

val

Thr

Lys

Gly

30

Gin

val

Thr

Ala

Glu

110

Asn

val

Ser

Thr

Ala

190

val

Ala

Asn

Ala

Ser

15

Leu

sSer

Ser

ser

Gln

95

Thr

Thr

Asn

Ser

Thr

175

Pro

Asn

Ala

val

Gly

Ile

Leu

ASp

Ala

ser

80

GlIn

Pro

Pro

Glin

val

160

Gln

GIn

Thr

Asp

Thr

240

Tyr



val

Asp

Thr

Ala
305

Asp T

Ala

Ala

Tyr

Lys

Ile

Phe

Thr

465

Asp

Pro

Asp

Lys

Thr

ser

290

Asn

Tyr

Thr

Glu

370

Gln

Pro

Pro

Lys

val

450

Phe

GIn

Asn

Ser

Leu

Phe

275

Thr

Gly

val

Ile

Gly

Lys

Ile

Ser

Asn

val

435

Asn

Pro

Ile

ser

Arg

Asn

260

Lys

Ala

val

Asn

340

Ile

Tyr

Asp

Gly

Thr

420

Tyr

Pro

Asn

Thr

245

Tyr

Ile

Lys

Ile

Tnr

325

Pro

Gly

Gly

Lys

Lys

Glu

Pro

Thr

485

Gly

val

Gly

Thr

val

310

Lys

Glu

Asn

Lys

Thr

390

Asn

Ser

val

Asn

Asn

470

Pro

Asp

Trp

Phe

val

Pro

295

Ser

Asp

Asn

Thr

rhe

375

Asn

val

Asn

Asp

Phe

455

Gln

Tyr

Leu

Arg

Ser

Pro

280

Pro

Asp

Asp

val

Thr

360

Tyr

Asn

Ile

Ala

Asn

440

Glu

TYyr

Ile

Ala

Ser

sequence_Tlisting
250

val Pro Asn Ser Ala

265

Lys

Ile

Gly

val i

Thr

345

Ala

Asn

Thr

Ala

Leu

425

Ala

Asp

Lys

val

Leu

505

Met

Glu

Met

Asn

Asn

Leu

Tyr

Pro

410

Ile

Ala

val

val

val

490

Arg

Leu

Ala

val

315

Thr

Lys

Ser

395

val

Asp

Asp

Thr

Glu

475

val

Ser

Asn

Gly

Ile

Gly

Thr

Ile

380

GIn

Leu

Gln

Leu

Asnh

460

Phe

Asn

Thr

Ser Trp Asp
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Leu

285

Asp

Tyr

Leu

Asn

val

365

Lys

Thr

Thr

Gln

Ser

445

Ser

Asn

Gly

Leu

Asn

val

270

Asn

Gln

Thr

Thr

val

350

l.eu

Gly

Ile

Gly

Asn

430

Glu

val

Thr

His

Tyr

510

Glu

255

Lys

Gly

val

Phe

Met

335

Thr

val

Thr

Tyr

Asn

415

Thr

Ser

Asn

Pro

Ile

495

Gly

val

Gly

val

Leu

Thr

320

Pro

Leu

Asp

val

400

Leu

Ser

Tyr

Ile

Tyr

Ala



515

520

Phe Asn Asn Gly Ser Gly Ser Gly Asp Gly Ile

530

535

Pro Glu GIn Pro Asp Glu Pro Gly Glu Ile Glu
550

545

<210> 103
<211> 1677
<212> DNA
<213>

<400> 103
atgaatatga

4- e

tgeeogag

(o3

gaaaatagtg
agcgttagtg
aacactaata
tcagcatcaa
gcaacgaatc
ttagtgaatc
aattcacctc
gaagcaacac
gtagttaatc
gtagctgceag
gttactattg
tatggttttt
aaagaattaa
gatcaagtat
gactatgttg
cctgaaaatg
gctagtaaga
aaaggtacga
aatccaagcg
aagagtaatg
gctaatgatt
caagttagaa
gaccaaatta

ggtgatttag

agaaaaaaga

ttacgcaatc
ctgcacctaa
gtggcgaaac
caaatgcaac
aagctaatac
aaacaaataa
aaaattctac
cttcaaacaa
aagcggttaa
atgcaccggce
actctggtac
cagtccctaa
acttaaatgg
tggcaaatgg
ataataaaga
ttacaaagac
cagtattaat
ttgatcaaat
gagataacgt
cgttaataga
tatctgaaag
tttcatttcc
caacaccgta

cactacgttc

Sstaphylococcus aureus

aaaacacgca

Pl e Ta L L L

Cggtttigga
cgatagcgca
aacagtcgac
aagtgtggcg
tacggaagaa
accggcaaca
tgaaacgact
aaatgcggaa
tgaatcagct
tacaagtgcg
tgctggceaca
gactgtgtat
ttctgetgtt
tgtaacttca
tgtaatcgat
aaatgtaaca
aggtaatgtg
cgactatgag
cgataaaaca
tgtgttacct
tgcaaaaaac
ttattatgtg
aaatgctaat
tattgtagtt

gacattttat

555

attcggaaaa
<tactcagca
agtaacgaaa
acaaacgtga
caaaatccgg
actccggceaa
actcaatcaa
tctaatgata
aatgtttcaa
ccacagagta
cctagaatga
gatattacga
ccgecaccaag
aaaggtgaca
actgctaagg
agtgatggta
gctaatatta
acattgacaa
adaatatggac
aataatacgt
gccttaacag
actgatatta
aatcctagceg
caatacaaag
gttaatggcc

ggttatgatt

sequence_listing

525

Asp Lys Pro val val

540

Pro Ile Pro Glu

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagc
gcaatacaaa
Ctaatacagt
caacgcaaga
cagatgcaag
gagcatttag
atcagttgac
caggttatgt
cattcaaaat
tgccaccaat
atgttattta
ctatgccage
ctggcatagg
aattccataa
atcgccaaac
gtaatttaat
aagtttatag
attttgaaga
tagaatttcc
atattgatcc

ctaattttat
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cgtggcttca
agatgcaagt
tgattcaagt
aacaacgtca
aacgacacaa
tactactacg
tgcggaggaa
atcatctgta
tacttcaact
taataaagat
tttagcggca
agatgtgaaa
caaactgaat
aactgrtacct
tatggccgga
tacatttaca
ttatattgac
aaccaatact
tttatcaatt
aatttatgtc
tcctaataca
agtcgataat
tgtaactaat
tacggacgat
tgctagtaca

atggagatct

240

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560




sequence_listing

atgtcatggg acaacgaagt agcatttaat aacggatcag gctctggtga cggtatcgat 1620

aaaccagttg ttcctgaaca acctgatgag cctggtgaaa ttgaaccaat tccagag 1677
<210> 104

<211> 559

<212> PRT

<213> Sstaphylococcus aureus

<400> 104

Met Asn Met Lys Lys Lys Glu Lys His ?ga Ile Arg Lys Lys Ser Ile

1 5 15

Gly val Ala ggr val Leu val Gly Thr Leu Ile Gly Phe gAy Leu Leu
25

Ser Ser Lys Glu Ala Asp Ala Ser Glu Asn Ser val Thr GIn Ser Asp
35 40 45

Ser gga Ser Asn Glu Ser Lys Ser Asn Asp Ser Ser Ser val Ser Ala
55 60

Ala Pro Lys Thr val Asp Thr Asn val Ser Asp Thr Lys Thr Thr ser
65 70 75 80

Asn Thr Asn Ser Gly Glu Thr Ser val Ala GIn Asn Pro Ala GIn Gln
85 90 95

Glu Thr Thr GIn Ser Ala Ser Thr Asn Ala Thr Thr Glu Glu Thr Pro
100 105 110

Ala Thr Gly Glu Ala Thr Thr Thr Ala Thr Asn GIn Ala Asn Thr Pro
115 120 125

Ala Thr Thr G1n Ser Ser Asn Thr Asn Ala Glu Glu Leu val Asn Gln
130 135 140

Thr Asn Asn Glu Thr Thr Ser Asn Asp Thr Asn Thr val Ser Ser val
145 150 155 160

Asn Ser Pro Gln Asn Ser Thr Asn Ala Glu Asn val Ser Thr Thr GIn
165 170 175

Asp Thr Ser Thr Glu Ala Thr Pro Ser Asn Asn Glu Ser Ala Pro Gln
180 185 190

Ser Thr Asp Ala Ser Asn Lys Asp val val Asn Gln Ala val Asn Thr
195 200 205

Ser Ala Pro Arg Met Arg Ala Phe Ser Leu Ala Ala val Ala Ala Asp
210 215 220
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Ala

225

val

val

Asp

Thr

Ala

305

ASp

Ala

Thr

TYyr

Asp

Asn

Tle

Ile

TYr

Ser

465

Asp

Pro

Thr

Lys

Thr

Ser

290

Asn

Tyr

TYyr

Thr

Glu

370

Gln

Pro

Pro

Lys

val

450

Phe

Gln

Ala

Ile

Leu

pPhe

275

Thr

Gly

val

Ile

Gly

Lys

Ile

Ser

Asn

val

435

Asn

Pro

Ile

Ala

Asp

Asn

260

Lys

Ala

val

ASp

340

Ile

Tyr

Asp

Gly

Thr

420

Tyr

Pro

Asn

Thr

Gly

Ser

245

TYIr

Ile

Lys

Ile

Asn

325

Pro

Gly

Gly

Lys

Lys

Arg

Ser

Ala

Thr
485

Thr

230

Gly

Gly

Thr

val

ASp

310

Lys

Glu

Thr

GlIn

Thr

390

Asn

Ser

val

Asp

Asn

470

Pro

Asp

Thr

Phe

val

Pro

295

Ser

Glu

Asn

Asn

Phe

375

Asn

val

Asn

Asp

Phe

455

Gln

Tyr

Ile

Thr

Ser

Pro

280

Pro

Asp

Asn

val

Thr

360

His

Asn

val

Ala

Asn

440

Glu

TYr

Ile

sequence_listing
Thr Asn Gln Leu Thr

val

val

265

Lys

Ile

Gly

val

Thr

345

Ala

Asn

Thr

Leu

Leu

425

Ala

ASp

LyS

val

Tyr

250

Pro

Glu

Met

Asn

Thr

330

Lys

Ser

Leu

TYyr

Pro

410

Ile

Ash

val

val

val
490

235

Pro

Asn

Leu

Ala

val

315

Ala

Thr

Lys

Ser

Arg

Ala

Asp

Asp

Thr

Glu

475

val

His

ser

Asn

Gly

ITe

Asn

Gly

Thr

Ile

380

Gln

Leu

Ala

Leu

Asn

460

Phe

Asn
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Gln

Ala

Leu

285

Asp

Tyr

Ile

Asn

val

365

Lys

Thr

Thr

Lys

Ser

445

Gin

Pro

Gly

Asp
Ala
val
270
Asn
Glin
Thr
Thr
val
350
Leu
Gly
Ile
Gly
Asn
430
Glu
val

Thr

His

val

Gly

Lys

Gly

val

Phe

Met

335

Thr

Ile

Thr

Tyr

Asn

415

Thr

ser

Arg

Asp

Ile
495

Lys

240

Tyr

Gly

val

Leu

Thr

320

Pro

Leu

Asp

val

400

Leu

Asp

Tyr

Ile



Pro Ala Ser Thr Gly Asp Leu
500

Asp Ser Asn Phe ITe Trp Arg

51

5

520

sequence_listing

Ala Leu Arg Ser Thr Phe

505

Ser Met Ser Trp

Phe Asn Asn Gly Ser Gly Ser Gly Asp Gly Ile

530

535

Pro Glu Gln Pro Asp Glu Pro Gly Glu Ile Glu

545

<210>
<211>
<212>

Rk =B
RLLD?>

<400> 105
atgaatatga

105
1677

gtgcttgtag
gaaaatagtg
agcgttaacg
aacactaata
tcagcatcaa
gcaacgaatc
ttagtgaatc
aattcacctc
gaagcaacac
gtagttagtc
gtagctgcag
gttggtattg
tatggttttt
aaagaattaa
gatcaagtat
gactatgtaa
cctgaatatg
gcaaacaaaa
aaaggtacaa
aatccaagtg
gatagtaatg

gcagctgatt

5

agaaaaaaga
gtacgttaat
ttacgcaatc
ctgcacctaa
atagcgaaac
caaatgcaac
aagctaatac
aaacaagtaa
aaaattctac
cttcaaacaa
aagccgttaa
atgcaccggc
aatctggaga
ccgtgcctaa
acttaaatgg
tagctaatgg
atactaaaga
ttacacatac
cagtattagt
ttgaccaagt
gagataacgt
cattaataga

tatctgaaag

50

aaaacacgca
cggttttgga
cgatagcgca
aacagacaac
gagtgtggca
tacggaagaa
accggcageca
‘tgaaacgact
aaatgcggaa
tgaatcagct
tccaagtgeg
tgctggcaca
tacagtttat
ttctgctgtt
tgtaacttca
tgtaatcgat
tgatgttaaa
tggtaatgtg
agattatgaa
cgataaaaca
tattgcaccg
tcagcaaaat

ttactttgtg

555

attcggaaaa
ctactcagca
agtaacgaaa
acaaacgtga
caaaatccag
acaccggtaa
actcaatcaa
tctaatgata
aatgtttcaa
ccacagagta
cctagaatga
gatattacga
ccgcaccaag
aaaggtgaca
actgctaaag
agtgatggta
gcaacactaa
acattggcta
aaatatggta
aataatacgt
gttttaacag
acaagtatta

aatccagaaa

Asp Asn
525

AsSp LysS
540

Pro Ile

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagg
acaatacaaa
Ctaatacagt
caacgcaaga
cagatgcaag
gagcatttag
atcagttgac
caggttatgt
cattcaaaat
ttcctccaat
atgttattta
ctgtgectgce
ctggcatagg
agttttataa
atcgtcagac
gtaatttaaa
aagtatataa

actttgagga
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Tyr Gly Tyr
510

Glu val Ala
Pro val val

Pro Glu

cgtggcttca
agatgcaagt
taatccaagt
aacaacgtca
aacgacacaa
tactactacg
tgcggaggaa
atcatctgta
cacttcaact
taataaagat
tttagcggct
agatgttact
caaactgaat
aactgtacct
tatggctgga
tacatttaca
atacattgac
aaatacaaca
cttatctatt
aatttatgtc
accaaatacg
agtagataat

tgtcactaat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380



sequence_listing
agtgtaaata ttacattccc aaatccaaat caatataaag tagagtttaa tacgcctgat 1440

gatcaaatta caacaccgta tattgtagtt gttaatggtc atattgatcc gaatagcaaa 1500
ggtgatttag ctttacgttc aactttatat ggatataact caaatataat ttggcgctct 1560

atgtcatggg acaacgaagt agcatttaat aacggatcag gttctggtga cggtatcgat 1620

aaacctgitg ttcctgaaca acctgatgag ccgggtgaaa ttgaaccaat tccagag 1677
<210> 106

<211> 559

<212> PRT

<213> staphylococcus aureus

<400> 106

Met Asn Met Lys %ys Lys Glu Lys His éga Ile Arg Lys Lys Ser Ile

1 15

Gly val Ala ger val Leu val Gly Thr Leu Ile Gly Phe ggy Leu Leu
0 25

Ser Ser Lys Glu Ala Asp Ala Ser Glu Asn Ser val Thr Gln Ser Asp
35 40 45

Ser ala Ser Asn Glu Ser Lys Ser Asn Asn Pro Ser Ser val Asn Ala
50 55 60

Ala Pro Lys Thr Asp Asn Thr Asn val Ser Asp Thr Lys Thr Thr Ser
65 70 75 80

Asn Thr Asn Asn Ser Glu Thr Ser val Ala GIn Asn Pro Ala GIn Gln
85 90 a5

Glu Thr Thr GIn Ser Ala Ser Thr Asn Ala Thr Thr Glu Glu Thr Pro
100 105 110

val Thr Gly Glu Gly Thr Thr Thr Ala Thr Asn GIn Ala Asn Thr Pro
115 120 125

Ala Ala Thr Gln Ser Asn Asn Thr Asn Ala Glu Glu Leu val Asn Gln
130 135 140

Thr Ser Asn Glu Thr Thr Ser Asn Asp Thr Asn Thr val Ser Ser val
145 150 155 160

Asn Ser Pro Gln Asn Ser Thr Asn Ala Glu Asn val Ser Thr Thr Gln
165 170 175

Asp Thr Ser Thr Glu Ala Thr Pro Ser Asn Asn Glu Ser Ala Pro Gln
180 185 190

Ser Thr Asp Ala Ser Asn Lys Asp val val Ser GlIn Ala val Asnh Pro
195 200 205

Page 152




Ser

Ala

225

val

val

ASp

Thr

Ala

305

Asp

Ala

Ala

Tyr

Asp

385

Asn

Lys

Ile

Phe

Thr
465

Ala

210

Pro

Gly

Lys

Thr

Ser

290

Asn

TYyr

Tyr

Thr

Glu

370

Gln

Pro

Pro

Lys

val

450

Phe

Pro

Ala

Ile

Leu

Phe

275

Thr

Gly

val

Ile

Gly

Lys

val

Ser

Asn

val

435

Asn

Pro

Arg

Ala

Glu

Asn

260

Lys

Ala

val

Asn

340

Ile

Tyr

ASp

Gly

Thr

420

Tyr

Pro

Asn

Met

Gly

Ser

245

Tyr

Ile

Lys

Ile

Thr

325

Pro

Gly

Gly

Lys

Asp

Lys

Glu

Pro

Arg

Thr

230

Gly

Gly

Thr

val

310

Lys

Glu

AsSn

Lys

Thr

390

Asn

ser

val

Asn

Asn
470

Ala

215

Asp

Asp

Phe

val

Pro

295

ser

ASp

Tyr

Thr

Phe

375

Asn

val

Asn

Asp

Phe

455

GlIn

Phe

Ile

Thr

ser

Pro

280

Pro

Asp

Asp

val

Thr

360

Tyr

Asn

Ile

Ala

Asn

440

Glu

Tyr

sequence_listing

Ser Leu Ala Ala val

Thr

val

val

265

Lys

Ile

Gly

val

Thr

345

Ala

Asn

Thr

Ala

Leu

425

Ala

Asp

Lys

Asn

Tyr

250

Pro

Glu

Met

Asn

Lys

His

Asn

Leu

Tyr

Pro

410

Ile

Ala

val

val

Glin

235

Pro

Asn

Leu

Ala

val

315

Ala

Thr

Lys

Ser

395

val

Asp

Asp

Thr

Glu
475

220

Leu

His

Ser

Ash

Gly

Ile

Thr

Gly

Thr

Ile

380

Gln

Leu

Gln

Leu

Asnh

460

Phe

Page 153

Thr

Gln

Ala

Leu

285

Asp

Tyr

Leu

Asn

val

365

Lys

Thr

Thr

Gln

ser

445

Ser

Asn

Ala

Asp

Ala

val

270

Asn

Gln

Thr

Thr

val

350

Leu

Gly

Ile

Gly

Asn

430

Glu

val

Thr

Ala

val

Gly

Lys

Gly

val

Phe

val

335

Thr

val

Thr

Tyr

Ash

415

Thr

ser

Asn

Pro

ASp

Thr

240

Tyr

Gly

val

Leu

Thr

320

Pro

Leu

Asp

Ile

val

400

Leu

Ser

Tyr

Ile

Asp



Asp GIn Ile

Pro Asn Ser

Ser Asn

515

Asn

Phe Asn

530

Asn

Pro Glu Gin

545

107
1677
DNA

<210>
<211>
<212>
<213>

<400> 107
atgaatatga

gtgcttgtag
gaaaatagta
agcgttaatg
aacactaata
tcagcatcaa
gcaacgaatc
tcagtgaatc
aattcacctc
gaagcaacac
gtagttaatc
gtagctgcag
gttggtattg
tatgggttct
aaagaattaa
gatcaagtat
gactatgtaa
cctgaaaatg
gcaaacaaaa
aaaggtacaa

aatccaagtg

Thr Thr

485

Lys Gly

Ile 1le
Gly

ser

Pro Asp

Pro

Asp

Trp

Gly

Glu

Tyr Ile

Ala

Leu

ser
520

Arg

ser
535

Gly

Pro Gly

550

agaaacaaga
gtacgttaat
tgacacaaac
ctgcacctaa
gtgacgaaac
caaatgcaac
aagctaatac
aaacaagtaa
aaaattctac
cttcaaacaa
aagcggttaa
atgcaccggc
actctggaga
cagtaccaaa
acttaaatgg
tggcaaatgg
atactaaaga
ttacaaagac
cagtattagt
ttgaccaaat

gagataacgt

staphylococcus aureus

aaaacacgca
cggttttgga
ggaaaatacg
aacagacaac
gaatgtagcg
tacagaagaa
accggcaaca
tgaaacgact
aaatgcggaa
tgaatcagct
tacaagtgcg
tgctggcaaa
tacagtttat
tgaggctgtt
tgtaacttca
tgtaatcgat
tgatgttaaa
aggtaatgtg
agattatgaa
cgataaaaca

tattgcgecy

sequence_listing

val val val
490

Leu Arg Ser
505

Met Ser Trp

Asp Gly Tle

Glu Ile Glu
555

attcgtaaaa
ctactcagca
agtaatgaga
acaaacgtga
caaaatccag
acaccggtaa
actcaatcaa
tctaatgata
aatgtttcaa
ccacagagta
cctagaatga
gatattacga
ccgcaccaag
caaggtgaca
actgctaaag
agtgatggta
gcaactttga
acattggcta
aaatatggta
aataatacgt

gttttaacag

Asn Gly

Thr Leu Tyr

510

Asp Asn Glu

525

Asp Lys Pro

540

Pro Ile Pro

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgattctaa
cacaacagga
ctggtgaagt
gcaatacaaa
ctaatacagt
caacgcaaga
cagatgcaag
gagcatttag
atcagttgac
caggctatgt
cattcaaaat
tgccaccaat
atgttattta
ccatgeccege
ctggcatagg
agttttataa
atcgtcagac

gtaatttaaa

Page 154

Ile
495

Asp

Gly Tyr

val Ala

val val

Glu

cgtggcttca
agatgcaagt
tgatccaagt
tacaacgaca
aacgacacaa
tactactacg
tgcggaagaa
atcatctgta
catttcaact
taataaagat
tttagcgget
gaatgtgaca
caaactgaat
aactgtgccc
tatggccgga
tacatttaca
ttatattgac
tagtacaaca
cttatctatt
aatttatgtc

accaaatacg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260




gatagtaatg
gcatcagact
agtgtgaata
gatcaaataa
ggtgatttag
atgtcatggg
aaacctgttg
<210>

<211>
<212>

=TI
WL

<400>

108
559
PRT

108
1

Gly val Ala

ser Ser Lys

35

Thr
50

Asn Ser

Ala
65

Pro Lys

Asn Thr Asn

Glu Thr Thr

val Thr Gly

Thr Thr

130

Ala

Thr
145

Ser Asn

Asn Ser Pro

Asp Ile ser

cattaataga
tgtctgaaag
ttacattccc
caacaccata
ctttacgttc
ataatgaagt

ttcctgaaca

Met Asn Met Lys Lys GIn Glu
5

Ser val Le

20

Glu Ala As

Asn Glu Se

Thr As

70

Asp

Ser Asp G]l

85

GIn Al

100

sSer

Glu val Th

GIn Ser Se

Th
15

Glu Thr

Gln Asn Se

165

Thr GTu Al

180

tgcacaaaat
ttattatgtg
aaatccaaat
tattgtagtt
aactttatat
agcatttaat

acctgatgag

O
STapny 10COCCUS aureus

Lys

u val Gly

Ala ser

40

p

r Lys ser

n Thr Ash

u Thr Asn

a Ser Thr

Thr
120

r Thr

Asn Thr

135

r

r Ser Asn

0

r Thr Asn

a Thr Pro

sequence_listing

actagtatta
aatccagata
caatataaag
gttaatgggc
ggatataatt
aacggatcag

ccgggtgaaa

Ala Ile

10

His

Thr Ile

25

l.eu

Glu Asn Ser

Asn Asp Pro

val Ser Asp

75

Ala Gln

90

val

Asn Ala Thr

105

Ala Thr Asn

Asn Ala Glu

Thr Asn

155

Asp

Glu
170

Ala Asn

Ser Asn Asn

185

aagtatataa
actttgaaga
tagagttcaa
atattgatcc
Cgaatataat
gttttggtga

ttgaaccaat

Arg Lys Lys

Gly Phe Gly

30

Thr G1In

45

Met

Ser Ser val

60

Ser Asn Thr

Asn Pro Ala

Glu
110

Thr Glu

GIn Ala

125

Asn

Glu val

140

Ser

Thr val ser

val ser Thr

Ala
190

Glu Ser

Page 155

agttgataat
tgtcactgat
tacgccetgat
taatagtaaa
ttggcgatca
cggtatcgat

tccagag

Ser Ile

15

teu Leu

Thr Glu
Ala

Asnh

Thr
80

Thr

Gln GIn

95

Thr Pro

Thr Pro
GIn

Asn

val
160

Ser

Thr GIn

175

Pro Gln

1320
1380
1440
1500
1560
1620
1677




Ser

Ser

Ala

225

val

val

Asp

Thr

Ala

305

Asp

Ala

Ala

Tyr

Lys

Ile

Tyr

Thr

Ala

210

Pro

Gly

Lys

Thr

Ser

290

Asn

Tyr

Tyr

Thr

Glu

370

Gln

Pro

Pro

Lys

val
450

ASp

195

Pro

Ala

Ile

Leu

Phe

275

Thr

Gly

val

Ile

Gly

Lys

Ile

Ser

ASD

val

435

Asn

Ala

Arg

Ala

ASp

Asn

260

Lys

Ala

val

Asn

Asp

Tle

Tyr

Asp

Gly

Thr

420

Tyr

Pro

Ser

Met

Gly

Ser

245

Tyr

Ile

Lys

Ile

Thr

325

Pro

Gly

Gly

Lys

Asp

Lys

Asp

Asn

Arg

Lys

230

Gly

Gly

Thr

val

Asp

310

Lys

Glu

Ser

Lys

Thr

390

Asn

Ser

val

Asn

Lys

Ala

215

Asp

Asp

Phe

val

Pro

295

Ser

Asp

Asn

Thr

Phe

375

Asn

val

Asn

Asp

Phe
455

ASp

200

Phe

ITe

Thr

Ser

Pro

280

Pro

ASp

Asp

val

Thr

360

TYyr

Asn

Ile

Ala

Asn

440

Glu

sequence_listing

val val Asn GIn Ala

Ser

Thr

val

val

265

Lys

Ile

Gly

val

Thr

345

Ala

AsShn

Thr

Ala

Leu

425

Ala

AsSp

Leu

Asn

TYr

Pro

Glu

Met

Asn

330

Lys

Asn

Leu

Tyr

Pro

410

Ile

ser

Ala

Gln

235

Pro

Asn

Leu

Ala

val

315

Ala

Thr

Lys

Ser

395

vaT

Asp

Asp

Ala

220

Leu

His

Glu

Asn

Thr

Gly

Thr

Ile

380

Gln

Leu

Ala

Leu

val Thr Asp

460

Page 156

205

val

Thr

Glin

Ala

Leu

285

Asp

Tyr

Leu

Asn

val

365

Lys

Thr

Thr

Glin

ser

445

Ser

val

Ala

Asnh

Ala

val

270

Asn

GIn

Thr

Thr

val

350

Leu

Gly

Ile

Gly

Asn

430

Glu

val

Asn

Ala

val

Gly

Gln

Gly

val

rhe

Met

335

Thr

val

Thr

Tyr

Asn

415

Thr

ser

Asn

Thr

ASp

Thr

240

Tyr

Gly

val

Leu

Thr

320

Pro

Leu

ASp

Ile

val

400

Leu

Ser

Tyr




Thr

465

Asp

Pro

Asn

Phe

Pro
545

Phe Pro

GIn Ile

Asn Ser

Ser Asn

515

AsSn Asn

<210> 109
<211> 29
<212> DNA

<213>

<220>

<223>

<400> 109
cacaaaattt acgaatagaa agaaacgag

<210> 110
<211> 31
<212> DNA

<213>

<220>

<223>

<400> 110
aaaatattgg agataccaat attttaggtt g

<210> 111
<211> 37
<212> DNA

<213>

<220>
<223> Description of Artificial Sequence: Synthetic primer

<400> 111
tttcttggat ccggtactgg tggtaaacaa agcagtg

<210> 112
<211> 39
<212> DNA

<213>

<220>

Asn

Thr

Lys

500

Ile

Gly

Pro

Pro

Thr

485

Gly

Ile

Ser

Asp

Asn

470

Pro

Asp

Trp

Gly

Glu
550

Gln

Tyr

Leu

Artificial Sequence

Artificial sequence

Artificial Sequence

Artificial Sequence

TY"r"

Ile

Ala

Ser

520

Gly

Gly

Description of Artificial

sequence_Tl1isting

Lys

val

Leu

505

Met

Asp

Glu

val Glu pPhe
475

val val Asn
490

Arg Ser Thr
Ser Trp Asp

Gly Ile A
S

ITe Glu Pro
555

Asn

Gly

Leu

Asn

525

Lys

Ile

Sequence: Synthetic

Page 157

Thr

His

Tyr

510

Glu

Pro

Pro

Pro

Ile

495

Gly

val

val

Glu

primer

Description of Artificial Sequence: Synthetic primer

Asp

Asp

Tyr

Ala

val

29

31

37



<400>

o o sequence_listing )
<223> Description of Artificial Sequence: Synthetic primer

112

tttcttgcat gcttatttca tgcttccgtg tacagtttc

<210>
<211>
<212>
<213>

<220>
<223>

<400>
tttctt

<210>
<211>
<ZiZz>
<213>

<220>
<223>

<400>
tttctt

<210>
<211>
<212>
<213>

<400>
val Ly
1

Ala Cy
Leu Ly
val Gl

50

AsSp Pr
65
Asp Al

Gly Tr

Lys As

113
34
DNA
Artificial Sequence

Description of Artificial Sequence:

113
ccat gggtactggt ggtaaacaaa gcag

114

37

DNA

Artificial Sequence

Description of Artificial Sequence:

114
gctc agcattattt catgcttccg tgtacag

115
309
PRT
Staphylococcus epidermidis

115
s Lys Ile Leu Ala Leu Ala Ile Ala
5 10

S Gly Asn His Ser Asn His Giu His
20 25

s val val Thr Thr Asn Ser Ile Leu
35 40

y Gly Asn Lys val Asp val His Ser
55

0 His Glu Tyr Ggu val Lys Pro Lys
7

a Asp val val phe Tyr Asn Gly Leu
85 90

p Phe Glu Lys Ala Leu Asp Gln Ala
100 105

n val Ile Ala Ala Ser Asn Asn val
115 120

Phe

His

Tyr

Ile

Asp

75

Asn

Gly

Lys

Leu

ser

Asp

val

60

Ile

Leu

Lys

Pro

Page 158

Ile

His

Met

45

Pro

Lys

Glu

Ser

Ile
125

Ile

Glu

30

val

val

Ala

Thr

Thr

110

Tyr

synthetic primer

Synthetic primer

Leu
15

Gly
LyS
Gly
Leu
Gly
95

Lys

Leu

Ala

Lys

Arg

GIn

Thr

80

Asn

AsSp

Asn

39

34

37




Glu Glu

130

Gly

Leu Glu Asn

145

His His Asp

Tyr Ile Ser

Ile
195

Asp Asp

Phe Lys

Tyr
210

Glu Ile

225

Asn

Lys Phe

Ser val Asp

Asp Ile Tyr

275

Lys Gly

290

Asp

His
305

Gly Ser

<210>
<211>
<212>
<213>

<400> 116
gtgaaaaaaa

116
930
DNA

cacagtaacc
attctctatg
ccagtaggac
gatgctgacg
aaagcacttg

aatgttaaac

Gly Asn

Gly Ile
Lys Lys
Lys Leu
Pro Lys
Phe Ala
Thr Glu

val

Lys
260

Lys

Gly Glu

ser Tyr

Met Lys

Ttctcgettt
atgaacatca
acatggttaa
aagatccaca
ttgtatttta
accaagcagg

caatatactt

Asp

Glu

Asn

Gln

Asp

Ala

val

Tyr

ASN
135

Lys

Tyr val

Lys ser

Glu Leu

Gln Arg

200

G1n Phe

215

GIn Gly

Asn His
Met Gln

Thr
280

Phe

Met

Staphylococcus epidermidis

agcaatagca
ctcacatgaa
acgtgteggt
tgaatatgag
taatggttta
aaaatcaaca

aaatggtgag

sequence_listing

GIn Asp Pro

Ile
155

Lys Thr

Thr Tyr Glu

170

Asn Lys Asp
185

Ala Met Met

Asp val Lys

Thr Pro Gly

His

Leu

ser
265

Ser

Asp Ser Ile

Met Lys Ser

tttttaatta
ggaaaattaa
ggaaataagg
gttaaaccta
aacctagaaa
aaagataaaa

gaaggtaaca

His Ala
140

Trp

Gln Lys Ser

Lys GIn Gly

Ser Lys Asn

190

Thr ser Glu

205

Pro
220

Gly Tyr

GIn Met Lys

Leu Leu val

Glu Glu Thr

270

Gly Lys Ala

285

Asn Ile

300

Asp

tccttgeege
aagttgtaac
tcgatgttca
aagatattaa
ctggaaatgg
atgtgatagc

ddaaacaaaca

Page 159

Leu Ser

Glu
160

Leu

Asn Ala

175

Lys Phe

Gly

Ile Trp

Ala
240

Glu Thr

255

Lys Lys

Gly Thr

Thr Ile

atgtgggaat
tacaaactct
tagcatcgtt
agcattaaca
ttggtttgaa
agcatcaaat

agatccacat

60
120
180
240
300
360
420




gcatggttaa
catcatgata
ttagaagaac
gccatgatga
ggttatattt
attaaatttg
aaagctatgc
gactctatag
attgatacaa
<210>
<211>
<212>
<213>

<400>

117

510
PRT

117
1

Asn Asp Thr

Asn
35

Lys Asn

Thr Ser

50

Asp

Thr
65

Lys Pro

Ala Ser Thr

Thr Ala aAla

GIn val Asp

115

Glu
130

Ser Leu

Gin Thr

145

Ile

Arg Ala val

gtttagagaa
aaaaagataa
ttaataaaga
caagtgaagg
dggagataaa
ttaaagataa
aaagtttatc

gtaaggcagg
tacatggtag

Met Ala Ser Met Thr Gly Gly
5

Thr Gin

20

Met Ile

Ile ser
Met

Ser

Glu
85

Asn

Lys Met

100

Asn Lys

Asnh

Lys

Ser Asn

Ser

Glu

Ala

Thr

70

Thr

Gln

Thr

Ser

Ala

sequence_listing
tggaattaaa tacgtaaaaa

gtctacatat gaaaaacaag

tagtaaaaat aaatttgatg

tgcatttaaa tattttgctc

cacagaaaaa caaggtacac

tcatttaaaa catttattag

agaagaaact aagaaagata

tactaaaggt gactcatact

tatgaaataa

Staphylococcus aureus

Gin

Ser Lys

Thr Pro

40

Asn Thr

55

GIn Thr

Pro Gln

Asp GlIn

Thr Asn

120

Gln Thr

135

Gin Gly

150

Arg Ser

165

Leu

Ala val

Gin

AsSn

25

Gln

Asn

Ser

Pro

Thr

105

ASp

Leu

Thr

Ala

Met

10

Asn

Leu

Ser

Asn

Thr

80

val

Ala

Asp

Ser

Glu
170

Gly

Ala

Asn

Ala

Thr

75

Ala

Pro

Asn

Leu

Lys

155

Pro

caatacaaaa
ggaatgcata
acatacccaa
aacaattcga
ctggtcaaat
tcgaaacaag
tttatggtga

ataaaatgat

Ala Ser Glu

Ser Ala Asp

30

Thr Ala

45

Thr

Asn val

60

Asp

Thr Thr Thr

Ile Lys Asn

GIn Giu Ala

110

Ile Ala

125

Ser

Pro Gln Ser

140

Pro Ser val

val val Asn

Page 160

atcactagaa
tatatcaaaa
aaatcaacgt
tgttaaacca
gaaacaagcc
cgtagataaa
agtatttacc

gaaatctaat

GIn
i5

sSer

Ser Glu

Asn Asp

ser Thr

Glu Pro

80

Gln Ala

95

Asn Ser

Thr Asn
sSer

Pro

Thr
160

Arg

Ala

480
540
600
660
720
780
840
900
930




Asp

Lys

Met

Phe

225

Tyr

Asn

Tyr

Gly

Ser

305

Asn

Pro

Ser

Arg

Tle

385

Ile

ASp

Arg

Ala

Leu

Ala

210

Thr

Ser

Gly

Thr

Gln

290

Gly

Lys

Asn

Gly

val

370

Glu

Phe

Pro

Ile

Lys

Glu

195

Ala

Ala

Asn

Asp

Phe

275

Phe

Thr

ITe

Gly

Gln

355

Ley

Glu

Glu

Asn

Tyr
435

Gly

Lys

AsSn

Lys

Ser

val

260

val

Ser

Tyr

Thr

Ala

340

Asn

Gly

ser

val

420

Tyr

Thr

Thr

Phe

Leu

Asn

245

val

Phe

Leu

Asp

Tyr

325

Asn

Thr

Asn

Ser

Asn

405

ser

Glu

Asn

Thr

Thr

Pro

230

Asn

Ala

Thr

Pro

Ala

310

Asn

Ile

Tyr

Thr

Gly

Asp

Asn

His

val

Phe

val

215

Asp

Thr

Lys

Asp

Leu

295

Asn

Tyr

Ser

Lys

Trp

Lys

Thr

Leu

Pro

Asn

ASp

Thr

ser

Met

Ala

Tyr

280

Phe

Ile

Ser

Ser

Gln

360

val

val

Ser

Lys

AsSnh
440

sequence_Tlisting

Asp Lys val Thr ala

185

Pro

Asp

Leu

Pro

Thr

265

val

Thr

Asn

Ser

Gln

345

Thr

Tyr

Ser

Lys

Glu

425

val

AsSnN

Lys

Thr

Ile

250

Tyr

Asn

Asp

Ile

Pro

330

Ile

val

Tle

Ala

Leu

410

val

Gin

val

Asp

Asn

Arg

Ala

315

Ile

Ile

Phe

Lys

Thr

395

Ser

Thr

Ser

Lys

220

Asn

ASp

Ile

Lys

Ala

300

Asp

Ala

Gly

val

Gly

Asp

Asp

Asp

Ala ser Ile

Page 161

Gly

Ile

Leu

Glu

285

LysS

Glu

Gly

val

Asn

365

Tyr

Thr

sSer

Gln

Ser

190

Asn

Gly

ASp

Lys

Thr

270

AsSn

Ala

Met

Ile

350

Pro

GIn

LysS

Tyr

Phe

430

Phe

Asn

Thr

Asp

val

Ser

255

Lys

Ile

Pro

Phe

Asp

335

Thr

Lys

Asp

Leu

Tyr

415

Lys

Gly

Phe

Phe

Tyr

Asp

240

Thr

Thr

Asn

Lys

Asn

320

Lys

Ala

GlIn

Lys

Arg

400

Ala

Asn

Asp




Ile Thr Lys Thr Tyr val val

450

465

Thr Asn Arg Asp Iy

Arg Tyr Gly Gly Gly Ser Ala
500

<210>
<211>

<213>

<400> 118
atggctagca

118
1533
DNA

caatcttcga
caattaaata
gtagatagca
gcttcaacaa
atgcaagatc
gatgctaata
caatcatcac
agagctgtac
acaaatgtaa
cctaatcaaa
tcaggggatt
tattctaatt
gtagctaaag
gtaaataata
aaggcaccta
aataaaatta
aacatttctt
acagtatttg
taccaagata
atttttgaag
tctaacctta

gtagctagta

Gly Lys Asn Leu Lys Thr GlIn
470

85

tgactggtgg
aaaataatgc
caacggctaa
caacaaaacc
atgaaacacc
aaactgttcc
gcatagcaac
cacaaacgat
gtagtttagce
atgataaagt
gtggtaacac
attttacagce
caaataatac
caacatatga
aagaaaatat
aatcaggaac
cttataacta
ctcaaattat
ttaaccctaa
aaatcgaaga
tgaatgatac
aagaagtaac

ttaaatttgg

r Ser Ile

455

Staphylococcus aureus

acagcaaatg
aagtgcagat
tgatacatct
aatgtctaca
tcaaccgacg
tcaagaagca
aaacagtgag
ttccaatgcg
tgttgctgaa
tacggcaagt
atttatggceg
gaagttacca
gatgccaatt
tatcttgact
taacggacaa
atatgatgcg
tagttcgcca
tggtgtagat
gcaacgagtt
aagtagcggt
atctaaatta
agaccaattt

tgatattact

sequence_listing

Leu val Glu Gly

val Ile GIn Glu

475

Phe Gly Trp Asn

490

Asp Gly Asp Ser
505

ggtgcttcag
tccgaaaaaa
gatattagtg
caaacgagca
gcaattaaaa
aattctcaag
Ccttaaaaatt
caaggaacta
ccggtagtaa
aatttcaagt
gcaaatttta
gatagtttaa
gcagacatta
aagacgtata
ttttcattac
aatattaata
attgcaggaa
acagcttcag
ttaggtaata
aaagtaagtg
tcagatagct
aaaaatagaa

aaaacatatg

His Tyr Asp Asn Thr

460

Asn val Asp Pro val

480

Asn Glu Asn val val

Ala val Asn
510

aacaatcgaa
acaatatgat
caaacacaaa
ataccactac
atcaagcaac
tagataataa
ctcaaacatt
gtaaaccaag
atgctgctga
tagaaaagac
cagtgacaga
ctggtaatgg
aaagtacgaa
catttgtctt
ctttatttac
ttgcggatga
ttgataaacc
gtcaaaacac
cgtgggtgta
ctacagatac
actatgcaga
tctattatga

tagtattagt
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495

cgatacaacg
agaaacacct
cagtgcgaat
aacagagcca
tgctgcaaaa
aacaacgaat
agatttacca
tgttagaacg
tgctaaaggt
tacatttgac
taaagtgaaa
agacgtggat
tggcgatgtt
tacagattat
agaccgagca
aatgtttaat
aaatggcgceg
atacaagcaa
tattaaaggc
aaaactgaga
tccaaatgac
gcatccaaat

agaagggcat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380



sequence_listing
tacgacaata caggtaagaa cttaaaaact caggttattc aagaaaatgt tgatcctgta 1440

acaaatagag actacagtat tttcggttgg aataatgaga atgttgtacg ttatggtggt 1500

ggaagtgctg atggtgattc agcagtaaat taa 1533
<210> 119
<211> 292
<212> PRT
<213> Staphylococcus aureus
<400> 119
met Gly Thr Gly Gly Lys GIn Ser Ser Asp Lys Ser Asn Gly Lys Leu
1 5 10 15
Lys val val ;hr Thr Asn Ser Tle %eu Tyr Asp Met Ala %XS Asn val
20 > 30

Gly Gly ggp Asn val Asp Ile His Ser Ile val Pro val Gly GIn Asp
40 45

Pro His Glu Tyr Glu val Lys Pro Lys Asp Ile Lys Lys Leu Thr Asp
50 55 60

Ala Asp val Ile Leu Tyr Asn Gly Leu Asn Leu Glu Thr Gly Asn Gly
65 70 75 80

Trp Phe Glu Lys Ala Leu Glu GIn Ala Gly Lys Ser Leu Lys Asp Lys
85 90 95

Ltys val Ile Ala val Ser Lys Asp val Lys Pro Ile Tyr Leu Asn Gly
100 105 110

Glu Glu Gly Asn Lys Asp Lys GlIn Asp Pro His aAla Trp Leu Ser Leu
115 120 125

Asp Asn Gly Ile Lys Tyr val Lys Thr Ile GIn Gln Thr Phe Ile Asp
130 135 140

Asn Asp Lys Lys His Lys Ala Asp Tyr Glu Lys GIn Gly Asn Lys Tyr
145 150 155 160

ITle Ala GIn Leu Glu Lys Leu Asn Asn Asp Ser Lys Asp Lys Phe Asn
165 170 175

Asp Ile Pro Lys Glu GIn Arg Ala Met Ile Thr Ser Glu Gly Ala Phe
180 185 190

Lys Tyr Phe Ser Lys Gln Tyr Gly Ile Thr Pro Gly Tyr Ile Trp Glu
195 200 205

ITe Asn Thr Glu Lys GIn Gly Thr Pro Glu GIn Met Arg GIn Ala Ile
210 215 220
Page 163




Glu phe

225

val Asp

Ile Phe

Gly Asp

Gly

<210> 120
<211> 879
<212> DNA
<213>

<400> 120
atgggtactg

acgaattcaa
agtattgtac
aagttaactg
tggtttgaaa
gtatcaaaag
gatccacacg
acatttatcg
attgctcaat
gaacaacgtg
attacaccag
agacaagcta
gttgataaga
gtgtacacag
aaatcaaata
<210>
<211>
<212>
<213>
<400>

121
292
PRT

121

val Lys

Lys Lys

Gly Glu

230

245

260

Met Lys

gtggtaaaca
ttttatatga
ctgttggtca
acgctgacgt
aagccttaga
atgttaaacc
catggttaag
ataacgacaa
tggaaaaatt
ccatgattac
gttatatttg
ttgagtttgt
aagcaatgga
attcaatcgg

ttgaaactgt

Staphylococcus aureus

aagcagtgat
tatggctaaa
agatcctcat
tattttatac
acaggctggt
tatctattta
tttagataat
aaaacataaa
aaataatgac
aagtgaaggt
ggaaattaac
taaaaagcac
aagtttatct
taaagaaggc

acacggaagc

staphylococcus epidermidis

sequence_listing

250

aagtcaaatg
aatgttggtg
gaatatgaag
aacggattaa
aaatcattaa
aacggtgaag
ggtattaaat
gcagattatg
agtaaagaca
gccttcaagt
actgaaaaac
aaattaaaac
gaagaaacga
actaaaggtg

atgaaataa

Lys His Lys Leu Lys His Leu Leu val Glu Thr Ser
235

285

gcaaattaaa
gagacaacgt
ttaaacctaa
atttagagac
aagataaaaa
aaggcaacaa
acgtaaaaac
aaaagcaagg
aatttaatga
acttctcaaa
aaggtacacc
acttattagt
agaaagatat

actcttacta

240

Ala Met Glu Ser Leu Ser Glu Glu Thr Lys Lys Asp
255

val Tyr Thr Asp Ser Ile Gly Lys Glu Gly Thr Lys
265 270

Ser Tyr Tyr Lys Met Met Lys Ser Asn Ile Glu Thr val His
275 280

agtagtaacg
cgatattcat
agatattaaa
tggtaacggt
agttatcgca
agataaacaa
aattcaacaa
taacaaatac
cattccaaaa
acaatacggt
tgaacaaatg
agaaacaagt
ctttggtgaa

caaaatgatg

get Gly Asn His Ser Asn His Glu His His Ser His Glu Gly Lys Leu

5
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15

60
120
180
240
300
360
420
480
540
600
660
720
780
840
879



Lys

Gly

Pro

Ala

65

Trp

Asn

Glu

Glu

His

145

Ile

Asp

Lys

Ile

Ile

Gly

val

Gly

His

50

Asp

Phe

val

Glu

Asn

130

Asp

ser

Ile

Tyr

Asn

210

Phe

Asp

Tyr

Asp

val

Asn

35

Glu

val

Glu

Ile

Lys

Lys

Pro

Phe

195

Thr

val

Lys

Gly

ser
275

Thr

20

Lys

Tyr

val

Lys

Ala

100

Asn

Ile

Lys

Leu

Lys

Ala

Glu

Lys

Lys

Glu

260

Tyr

Thr

val

Glu

Phe

Ala

85

Ala

Lys

Lys

Asp

Glu

165

Asn

Glin

Lys

Asp

Ala

245

val

TYr

Asn

Asp

val

Tyr

70

Leu

ser

Asn

Tyr

Lys

150

Glu

Gln

Gn

Gln

Asn

230

Met

Phe

Lys

Ser

val

Asp

Asn

Lys

val

135

Ser

Leu

Arg

Phe

Gly

His

GIn

Thr

Met

Ile

His

40

Pro

Gly

Gln

Asn

GIn

120

Lys

Thr

Asn

Ala

200

Thr

Leu

ser

ASp

Met
280

sequence_listing

Leu Tyr Asp Met val
25

Ser

Lys

Leu

Ala

val

105

Asp

Thr

TYyr

Lys

Met

185

val

Pro

Lys

Leu

Ser

265

Lys

Ile

Asp

AsSn

Gly

90

Lys

Pro

Ile

Glu

Lys

Gly

His

Ser

250

Ile

val

Ile

Leu

75

Lys

Pro

His

Gln

Lys

155

ser

Thr

Pro

Gln

Leu

235

Glu

Gly

Pro

Lys

60

Glu

Ser

Ile

Ala

Lys

140

Gln

Lys

Ser

Gly

Met

220

Leu

Glu

Lys

ser Asn Ile

Page 165

val
45

Ala
Thr

Thr

Tyr

Gly

Asn

Glu

Tyr

Lys

val

Thr

Glu

Asp
285

Lys

30

Gly

Leu

Gly

Lys

Leu

110

Leu

Leu

Asn

Lys

Gly

Ile

Gln

Glu

Lys

Arg

Gln

Thr

Asn

Asp

95

Asn

Ser

Glu

Ala

Phe

175

Ala

Trp

Ala

Thr

LysS

Thr

Ile

val

Asp

Asp

Gly

80

Lys

Gly

Leu

His

Tyr

160

Asp

Phe

Glu

Ser
240
ASD

Lys

His



Gly Ser Met Lys

290

<210> 122
<211> 879
<212> DNA

<213> staphylococcus epidermidis

<400> 122
atggggaatc

acaaactcta
agcatcgttc

gcattaacag

gcatcaaata
gatccacatg
tcactagaac
atatcaaaat
aatcaacgtg
gttaaaccag
aaacaagcca
gtagataaaa
gtatttaccg
aaatctaata
<210>
<211>
<212>
<213>

<400>

123
531
PRT

123

acagtaacca
ttctctatga
cagtaggaca

atgctgacgt

atgttaaacc
catggttaag
atcatgataa
tagaagaact
ccatgatgac
gttatatttg
ttaaatttgt
aagctatgca
actctatagg

ttgatacaat

tgaacatcac
catggttaaa
agatccacat

tgtattttat

aatatactta
tttagagaat
aaaagataag
taataaagat
aagtgaaggt
ggagataaac
taaagataat
aagtttatca
taaggaaggt
acatggtagt

Staphylococcus aureus

sequence_listing

tcacatgaag
cgtgtcggty
gaatatgagg

aatggtttaa

aatggtgagg
ggaattaaat
tctacatatg
agtaaaaata
gcatttaaat
acagaaaaac
catttaaaac
gaagaaacta
actaaaggtg

atgaaataa

Met Ala Ser Met Thr Gly Gly GIn Gln Met Gly
1 5 10

Thr Gln Ser Asp Ser Ala Ser
20
ser val Ser Ala Ala Pro Lys

Lys Thr Ser Ser Asnh Thr Asn

50

Pro Ala GIn GIn Glu Thr Thr

65

55

Asn Glu Ser Lys
25

Thr Asp Asp Thr

40

Asn Gly Glu Thr

Gln Ser Ser Ser

75

gaaaattaaa
gaaataaggt
ttaaacctaa

acctagaaac

aaggtaacaa
acgtaaaaac
aaaaacaagg
aatttgatga
attttgctca
aaggtacacc
atttattagt
agaaagatat

actcatacta

ser

Ser

Asn

ser

60

Thr
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agttgtaact
cgatgttcat
agatattaaa
tggaaatggt
tgtgatagea
aaacaaacaa
aatacaaaaa
gaatgcatat
catacccaaa
acaattcgat
tggtcaaatg
cgaaacaagc
ttatggtgaa
taaaatgatg

Glu Asn Ser val

15

Asn Asp Ser Ser
30

val Ser Asp Thr

45

val Ala GIn Asn

Asn Ala Thr Thr



Glu

Ala

Leu

val

Ser

145

ser

Ala

val

Thr

Gln

225

Ala

Leu

Asp

Tyr

Leu

305

ASnh

val

Glu

AsSn

val

sSer

130

Thr

Ala

val

Ala

Asn

210

Ala

val

Asn

GIn

Thr

290

Thr

val

Leu

Thr

Thr

Asn

115

Ser

Thr

Pro

Asn

Ala

195

val

Gly

Lys

Gly

val

275

Phe

Met

Thr

val

Pro

Pro

100

Glin

val

Gln

Gln

Thr

180

ASp

Thr

Tyr

Gly

val

260

Leu

Thr

Pro

Leu

Asp
340

val

85

Ala

Thr

Asn

ASp

ser

165

ser

Ala

val

val

Asp

Thr

Ala

ASp

Ala

Ala

325

Tyr

Thr

Thr

Ser

Ser

Thr

150

Thr

Ala

Pro

Gly

LyS

Thr

Ser

Asn

Tyr

Ala

310

Thr

Glu

Gly

Thr

Asn

Pro

135

Ser

Asp

Pro

Ala

Ile

215

Leu

Phe

Thr

Gly

val

295

Ile

Gly

Lys

Glu

GIn

Glu

120

Glin

Thr

Ala

Arg

Ala

200

Asp

Asn

Lys

Ala

val

280

AsSn

ASp

Ile

Tyr

sequence_Tisting
Ala Thr Thr Thr Thr

Ser

105

Thr

Asn

Glu

Ser

Met

185

Gly

Ser

Tyr

Ile

Thr

Pro

Gly

90

Ser

Thr

Ser

Ala

Asn

170

Arg

Thr

Gly

Gly

Thr

250

val

ASp

Lys

Glu

ser

330

Lys

Asn

Phe

Thr

Thr

155

Lys

Ala

ASp

Thr

Phe

235

val

Pro

Ser

ASp

Asn

315

Thr

Phe

Thr

Asn

Asn

140

Pro

Asp

Phe

Ile

Thr

220

Ser

Pro

Pro

AsSp

Thr

Tyr

Page 167

Asn

Asp

Ala

Ser

val

Ser

Thr

205

val

val

Lys

Ile

LysS

Ala

Asn

Thr

Ala

110

Thr

Glu

Asn

val

Leu

190

Asn

TYyr

Pro

Glu

Met

270

Asn

Lys

Lys

Asn

Leu
350

Asn

95

Glu

Asn

ASn

AsSn

Asn

175

Ala

GIn

Pro

Asn

Leu

255

Ala

val

Ala

Thr

Lys

ser

Gin

Glu

Thr

val

Glu

160

Gin

Ala

Leu

His

Ser

240

Asn

Gly

Ile

Thr

Ile




Thr
355

Lys Gly

Ile
370

Thr TYF

Thr
385

Gly Asn

Gln Asn Thr

ser Glu Ser

ser val Asn

435

Thr
450

Asn Pro

His Ile

Tyr Gly

Asn Glu val

val
515

Lys Pro

Ile Pro Glu

530

<210>
<211>
<212>
<213>

<400> 124
atggctagca

124
1596
DNA

agcgcaagta
gacgacacaa
gtggcgcaaa
gaagaaacgc
gcaacaactc

acgactttta

Ile Asp

val

Asn

Leu Lys

Gln

Pro

Pro

Ile
360

ser
375

Gly

Asn Thr

390

Ile
405

ser

Tyr Phe

420

Ile Thr

Asp

Asp

Asp Pro

LysS

val

Phe

GIn

Asn

val Tyr

Pro

Asn

ASn
440

Pro

Ile Thr

455

Ser Lys

470

Tyr Asn

485

Ala Phe

500

val Pro

tgactggtgg
acgaaagcaa
acgtgagtga
atccagcaca
cggtaactgg
aatcaagcaa

atgatactaa

Ser

Asn

Glu

Asn Ile

Asn Gly

Gln Pro

520

Staphylococcus aureus

acagcaaatg
aagtaatgat
tactaaaaca
acaggaaacg
tgaagctact
tacaaatgct

tacagtatca

ASD

Asp

Glu
425

Thr

Gly

Asp

sequence_Tlisting

Lys Thr Asn
val

Asn

Asn
395

Ser

val
410

Lys Asp

Asn Phe

Pro Asn Gin

Pro Tyr

Asp Leu

475

Ile Arg

ser Ser

505

Glu Pro

ggtagtgaaa
tcaagtagcg
tcgtcaaaca
acacaatcat
actacgacaa
gaagaattag

tctgtaaatt

Asn Thr
365

Tyr

Iile Ala

380

Pro

Ala Leu Ile

Ash Ala Ala

val
430

Glu Asp

Tyr Lys val

445

Ile val val

460

Ala Leu Arg

ser Met ser

Gly Asp Gly

510

Glu Ile

525

Gly

atagtgttac
ttagtgctgc
ctaataatgg
catcaacaaa
cgaatcaagc
tgaatcaaac

cacctcaaaa
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Arg Gln

val

Leu

GIn
400

Asp

Leu

Asn

Phe

Glu

val

Asn

Thr
480

Ser

Asp

ASp

Glu Pro

gcaatctgat
acctaaaaca
cgaaacgagt
tgcaactacg
taatacaccg
aagtaatgaa

ttctacaaat

60
120
180
240
300
360
420




gcggaaaatg
tcagctccac
agtgcgcecta
ggcacagata
gtgtatccac
gctgttaaag
acttcaactg
atcgatagtg
gtaaaagcaa
aatgtgacat
tatgaaaaat
aaaacaaata
gcgeecagttt
caaaatacaa
tttgtgaatc
ccaaatcaat
gtagttgtta
ttatatgggt
tttaataacg
gatgagcctg
<210> 125
<211> 5
<212> PRT
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400> 125

tttcaacaac
agagtacaga
gaatgagagc
ttacgaatca
accaagcagyg
gtgacacatt
ctaaagtgcc
atggtaatgt
ctttgaccat
tggctactgg
atggtaagtt
atacgtatcg
taacaggtaa
gtattaaagt
cagaaaactt
ataaagtaga
atggtcatat
ataactcgaa
gatcaggttc
gtgaaattga

MOD_RES
3)..

Any amino acid

(3

Leu Pro Xaa Thr Gly
1 5

<210> 126
<211> 9

<212> PRT
<213>

<220>
<223>

gcaagatact
tgcaagtaat
atttagttta
gttgacgaat
ttatgtcaaa
caaaataact
accaattatg
tatitataca
gcccgetgcet
cataggtagt
ttataactta
tcagacaatt
tttaaaacca
atataaagta
tgaggatgtc
gtttaatacg
tgatccgaat
tataatttgg
tggtgacggt

accaattcca

Artificial Sequence

Artificial Sequence

sequence_listing

tcaactgaag
aaagatgtag
gcggcagtag
gtgacagttg
ctgaattatg
gtacctaaag
gctggagatc
tttacagact
attgaccctg
acaacagcaa
tctattaaag
tatgtcaatc
aatacggata
gataatgcag
actaatagtg
cctgatgatc
agcaaaggtg
cgctctatgt

atcgataaac

gagtag

caacaccttc
ttaatcaagc
ctgcagatgce
gtattgactc
gtttttcagt
aattaaactt
aagtattggc
atgtaaatac
aaaatgttaa
acaaaacagt
gtacaattga
caagtggaga
gtaatgcatt
ctgatttatc
tgaatattac
aaattacaac
atttagcttt
catgggacaa

cagttgttcc

pPage 169

aaacaatgaa
ggttaataca
accggcagcet
tggtacgact
gcctaattct
aaatggtgta
aaatggtgta
taaagatgat
aaagacaggt
attagtagat
ccaaatcgat
taacgttatt
aatagatcag
tgaaagttac
attcccaaat
accgtatata
acgttcaact
cgaagtagca

tgaacaacct

Description of Artificial Sequence: Synthetic peptide

Description of Artificial Sequence: Synthetic peptide

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1596



sequence_listing
<400> 126
Thr Tyr Thr Phe Thr Asp Tyr val Asp
1 5

<210> 127

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 127 . o
Met Arg Gly Ser His His His His His Has Gly Ser
1 5 1

<210> 128

<211> 14

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 128
Met Ala Ser Met Thr Gly Gly GIn Gin MSt Gly Arg Gly Ser
1 5 1

<210> 129

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 129
get Ala Ser Met Thr Gly Gly GIn Gln Mgt Gly
5 1

<210> 130
<211> 933
<212> PRT
<213> Sstaphylococcus aureus

<400> 130 )
Met Ash Met Lys %ys Lys Glu Lys His ﬁéa ITe Arg Lys Lys Ser Ile
1 15

Gly val Ala Ser val Leu val Giy Thr Leu Ile Gly Phe Gly Leu Leu
2 25 30

Ser Ser Lys Glu Ala Asp Ala Ser Glu Asn Ser val Thr GIn Ser Asp
35 40 45

Ser Ala Ser Ash Glu Ser Lys Ser Asn Asp Ser Ser Ser Vval Ser Ala
50 55 60

Ala Pro Lys Thr Asp Asp Thr Asn val Ser Asp Thr Lys Thr Ser Ser
65 70 75 80
Page 170




Asn

Glu

val

Ala

Thr

145

Asn

Asp

Ser

Ser

Ala

225

val

val

Asp

Thr

Ala

305

Asp

Ala

Thr

Thr

Thr

Thr

130

Ser

Ser

Thr

Thr

Ala

210

Pro

Gly

LysS

Thr

Ser

290

Asn

Tyr

Tyr

Asn

Thr

Gly

Thr

ASn

Pro

ser

Ile

Leu

Phe

275

Thr

Gly

val

Ile

Asn

Gin

100

Glu

Gln

Glu

Gln

Thr

180

Ala

Arg

Ala

ASp

Asn

260

Lys

Ala

val

Asn

340

Gly

85

Ser

Ala

Ser

Thr

Asn

165

Gly

Ser

Met

Gly

Ser

245

Tyr

Ile

Lys

Ile

Thr

325

Pro

Glu

Ser

Thr

Ser

Ala

Asn

Arg

Thr

230

Gly

Gly

Thr

val

Lys

Glu

Thr

ser

Thr

Asn

135

Phe

Thr

Thr

Lys

Ala

215

Asp

Thr

Phe

val

Pro

295

Ser

Asp

Asn

ser

Thr

Thr

120

Thr

Asn

Asn

Pro

AsSp

200

Phe

Ile

Thr

ser

Pro

280

Pro

Asp

Asp

val

sequence_listing

val

Asn

105

Thr

Asn

ASp

Ala

Ser

185

val

ser

Thr

val

val

265

Lys

Ile

Gly

val

LyS
345

Ala GIn Asn Pro

90

Ala

Thr

Ala

Thr

Glu

170

AsSNn

va'l

Leu

AsSn

TYyr

250

Pro

Glu

Met

Asn

330

Lys

Thr

Asn

Glu

Asn

Asn

Asn

Ala

Pro

Asn

Leu

Ala

val

315

Ala

Thr

Thr

GlIn

Glu

140

Thr

val

Glu

GlIn

Ala

220

Leu

His

Ser

Asn

Gly

300

Ile

Thr
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Glu

Ala

125

Leu

val

sSer

Ser

Ala

205

val

Thr

GIn

Ala

LLeu

285

ASp

Tyr

Leu

Asn

Ala

Glu

110

Asn

val

ser

Thr

Ala

190

val

Ala

Asn

Ala

val

270

Asn

GlIn

Thr

Thr

val
350

Gln

95

Thr

Thr

Asn

Ser

Thr

175

Pro

Asn

Ala

val

Gly

Lys

Gly

val

Phe

Met

335

Thr

GlIn

Pro

Pro

Gln

val

10
v

Gln

Gln

Thr

Asp

Thr

240

Tyr

Gly

val

Leu

Thr

320

Pro

Leu




Ala

Tyr

Asp

Asn

Lys

Ile

Phe

Thr

465

Asp

Pro

Asn

Phe

Pro

545

Ser

ser

Ser

Ser

Thr

Glu

370

GlIn

Pro

Pro

Lys

val

450

Phe

Gln

Asn

ser

ASn

530

Glu

Asp

Gly

Ala

610

Gly

LysS

Ile

ser

Asn

val

435

Asn

Pro

Ile

Ser

Asn

515

Asn

Gln

Ser

Ser

Ser

595

ser

Ile

Tyr

Asp

Gly

Thr

420

Tyr

Pro

Asn

Thr

Gly

Pro

Asp

580

Asp

Ala

Gly

Gly

Lys

Lys

Glu

Pro

Thr

485

Gly

Ile

Ser

Asp

Pro

565

Ser

ser

Ser

Ser

Lys

Thr

390

Asn

Ser

val

Asn

Asn

470

Pro

Asp

Trp

Gly

Glu

550

Gly

Gly

Asp

Asp

Thr

Phe

375

Asn

val

Asn

Asp

Phe

455

GIn

Tyr

Leu

Arg

Ser

535

Pro

Ser

Ser

Ser

ser
615

Thr

360

Tyr

Asn

Ile

Ala

Asn

440

Glu

TYr

Ile

Ala

ser

520

Gly

Gly

Asp

Asp

Ala

600

Asp

sequence_Tlisting

Ala Asn Lys Thr

Asn

Thr

Ala

Leu
425

Ala

ASD

Lys

val

Leu

505

Met

ASp

Glu

Ser

Ser

585

ser

ser

Leu

Tyr

Pro

410

Ile

Ala

val

val

val

490

Arg

Ser

Gly

Ile

Asp

Ser

Arg

val

Asp

Asp

Thr

Glu

475

val

Ser

Trp

Ile

Ser

Ser

Ser

Ile

380

Gln

Leu

GlIn

Leu

Asn

460

Phe

Asn

Thr

Asp

540

Pro

ASD

Asp

Asp

Ala Ser Asp

620

Page 172

val

365

Lys

Thr

Thr

Gin

ser

445

Ser

Asn

Gly

Leu

ASNh

525

Lys

Ile

ser

Ser

Ser

605

Ser

Leu

Gly

Gly

ASn

430

Glu

val

Thr

His

Tyr

510

Glu

Pro

Pro

Asn

Asp

vai

Thr

Tyr

Asn

415

Thr

Ser

ASn

Pro

Ile

495

Gly

val

val

Glu

ser

575

Ser

ser

Ser

Asp

ITe

val

400

Leu

Ser

Tyr

Ile

Tyr

Ala

val

ASp

Asp

Asp

ASp




Asn

625

Ser

ser

Ser

Ser

Ser

705

Ser

Ser

Ser

Ser

Ser

785

Ser

Ser

Ser

Ser

Ser

865

Thr

Asp

Asp

Asp

Asp

Asp

690

Asp

Asp

Asp

Asp

770

AsD

Asp

Asp

Asp

Ser

850

Gly

AsSn

Ser

Ser

Ser

ser

675

Ser

Ser

ser

Ser

Ser

755

ser

ser

ser

Ser

Ser

835

ser

Ser

Ala

ASp

Asp

Asp

660

ASp

Asp

Asp

Asp

740

ASp

Asp

Asp

Asp

ASp

820

Asp

Asp

Asn

Ser

Ser

Ser

645

Ser

ser

Ser

ser

Ser

725

Ser

ser

ser

sSer

Ser

805

ser

ser

Ser

AsSn

Asn
885

Asp

Asp

Asp

Asp

AsSp

Asp

Asp

Asp

Asp

ASp

Ala

Asp

Asn

870

Lys

Ser

Ser

Ser

ser

Ser

695

Ser

Ser

Ser

ser

Ser

775

Ser

Ser

Ser

Ser

Ser

855

val

Asn

Asp

Asp

Asp

ASp

Asp

Asp

Asp

AsSp

AsSp

760

Asp

ASp

Glu

Asp

Asp

Glu

val

Glu

sequence_listing

Ser Asp Ser

Ser

Ser

665

ser

Ser

ser

ser

ser

745

Ser

Ser

Ser

ser

Ser

825

Ser

ser

Pro

Ala

Asp

Asp

Asp

730

Asp

ASp

Asp

Asp

Asp

810

Asp

Asp

Asp

Pro

Lys
890

635

Ser

Ser

Ser

Ser

Ser

715

ser

Ser

Ser

sSer

Ser

795

Ser

Ser

ser

Ser

Asn

875

ASp

Asp

Asp

Asp

Asp

Asp

Asp

Asp

ASp

Asp

Asp

780

Asp

Asp

Asp

Gly

Asn

860

Ser

ser
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ser

ser

Ser

ser

685

ser

ser

Ser

Ser

Ser

765

ser

Ser

Ser

Ser

ser

845

Ser

Pro

Lys

Asp

ASp

ASp

Asp

Asp

Asp

750

Asp

Asp

Asp

Glu

Asp

Asp

Asp

Lys

Glu

Ser

ser

655

ser

Ser

Ser

Ser

Ser

735

Ser

ser

Ser

Ser

Ser

815

ser

Ser

Ser

Asn

Pro
895

Asp

ASp

Asp

Asp

Asp

Asp

Ala

Asp

800

Asp

ASp

Asp

Glu




sequence_listing

Pro Asp Thr Gly Ser Glu Asp Glu Ala Asn Thr Ser Leu Ile Trp Gly

915

900

920

905

910

Leu Leu Ala Ser Ile Gly Ser Leu Leu Leu Phe Arg Arg Lys Lys Glu
925

Asn Lys Asp Lys Lys
930

<210>
<211>
<212>
<213>

<400> 131
atgaatatga

131
2802
DNA

gtgcttgtag
gaaaatagtg
agcgttagtg
aacactaata
tcatcatcaa
acaacgaatc
ttagtgaatc
aattcacctc
gaagcaacac
gtagttaatc
gtagctgeag
gttggtattg
tatggttttt
aaagaattaa
gatcaagtat
gactatgtaa
cctgaaaatg
gcaaacaaaa
aaaggtacaa
aatccaagtg
gatagtaatg
gcagctgatt
agtgtgaata

agaaaaaaga
gtacgttaat
ttacgcaatc
ctgcacctaa
atggcgaaac
caaatgcaac
aagctaatac
aaacaagtaa
aaaattctac
cttcaaacaa
aagcggttaa
atgcaccggce
actctggtac
cagtgcctaa
acttaaatgg
tggcaaatgg
atactaaaga
ttaaaaagac
cagtattagt
ttgaccaaat
gagataacgt
cattaataga
tatctgaaag

ttacattccc

Staphylococcus aureus

aaaacacgca
cggttttgga
tgatagcgcea
aacagacgac
gagtgtggcyg
tacggaagaa
accggcaaca
tgaaacgact
aaatgcggaa
tgaatcagct
tacaagtgcg
agctggcaca
gactgtgtat
ttctgctgtt
tgtaacttca
tgtaatcgat
tgatgtaaaa
aggtaatgtg
agattatgaa
cgataaaaca
tattgcgecg
tcagcaaaat
ttactttgtg

aaatccaaat

attcggaaaa
ctactcagca
agtaacgaaa
acaaacgtga
caaaatccag
acgccggtaa
actcaatcaa
tttaatgata
aatgtttcaa
ccacagagta
cctagaatga
gatattacga
ccgcaccaag
aaaggtgaca
actgctaaag
agtgatggta
gcaactttga
acattggcta
aaatatggta
aataatacgt
gttttaacag
acaagtatta
aatccagaaa

caatataaag

aatcgattgg
gtaaagaagc
gcaaaagtaa
gtgatactaa
cacaacagga
ctggtgaagc
gcaatacaaa
ctaatacagt
caacgcaaga
cagatgcaag
gagcatttag
atcagttgac
caggttatgt
cattcaaaat
tgccaccaat
atgttattta
ccatgccege
ctggcatagg
agttttataa
atcgtcagac
gtaatttaaa
aagtatataa
actttgagga

tagagtttaa
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cgtggcettca
agatgcaagt
tgattcaagt
aacatcgtca
aacgacacaa
tactactacg
tgcggaggaa
atcatctgta
tacttcaact
taataaagat
tttagcggca
gaatgtgaca
caaactgaat
aactgtacct
tatggctgga
tacatttaca
ttatattgac
tagtacaaca
cttatctatt
aatttatgtc
accaaatacg
agtagataat
tgtcactaat

tacgcctgat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440




gatcaaatta
ggtgatttag
atgtcatggg
aaaccagttg
tcagattctg
tcgggtagtg
agtgattcag
tccgactcag
tccgacagtg
agcgattcag
tctgactccg
tcagatagcg
agcgattcag
tcggattcag
tcagacagtyg
agtgactcgg
tcggactcag
tcagacagcg
tcagactcag
agcgattccg
actaatgctt
tctgaagatg
ctacttttca

caacaccgta
ctttacgttc
acaacgaagt
ttcctgaaca
acccaggrttc
attctacatc
actcagcgag
acaatgactc
actcagattc
attcagatag
acagtgattc
attccgactc
attcagatag
atagcgattc
attcggattc
attcagatag
atagcgattc
actcagacag
gtagtgactc
agtcaggttc
ctaataaaaa
aagcaaatac

gaagaadaaa

tatagtagtt
aactttatat
agcatttaat
acctgatgag
agattctggc
agatagtggt
tgattcagat
ggattcagat
agatagcgat
cgattcagat
cgactcagac
agatagcgac
cgattcagat
agattccgac
agcgagtgat
cgactcagac
agaatcagac
tgactcagat
cgattcatca
taacaataat
tgaggctaaa
gtcactaatt

agaaaataaa

sequence_listing

gttaatggtc
gggtataact
aacggatcag
cctggtgaaa
agcgattcta
tcagattcag
tcagcaagcg
agcgattctg
tctgactcag
tccgacagtg
agcgattcag
tcagattcag
tccgacagtg
agtgactcag
tcggattcag
tcggatagcg
agcgattcag
tcagatagtg
agtgattccg
gtagttccgce
gatagtaaag
tggggattat

gataagaaat

atattgatcc
cgaatataat
gttctggtga
ttgaaccaat
attcagatag
cgagtgattc
attccgactc
actcagacag
acagtgactc
attccgactc
attccgacag
acagcgattc
actcagattc
attccgacag
atagtgattc
actcggattc
aatcagacag
actcggattc
actcagaaag
ctaattcacc
aaccattacc
tagcatcaat

dad
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gaatagcaaa
ttggcgetct
cggtatcgat
tccagaggat
cggttcagat
agattcagca
agcgagcgat
tgactcagat
agattcagat
agacagcgat
tgattccgac
agattcagac
cgacagtgac
tgactcagac
cgactccgac
agatagcgat
cgattcagat
agcgagtgat
tgattcaaat
taaaaatggt
agatacaggt

aggttcatta

1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2802



