Title: Gram-positive bacteria specific binding compounds The invention relates to the fields of biology,
immunology and medicine. 5 Gram-positive microorganisms cause the majority of systemic
infections. One important member of these Gram-positive pathogens is Staphylococcus aureus (S.
aureus). About 20% of the population is a long-term carrier of S. aureus. S. aureus can cause a range
of illnesses from minor skin infections, such as pimples, impetigo 10 (may also be caused by
Streptococcus pyogenes), boils, cellulitis folliculitis, furuncles, carbuncles, scalded skin syndrome and
abscesses, to life-threatening diseases such as pneumonia, meningitis, osteomyelitis, endocarditis,
Toxic shock syndrome (TSS), and septicemia. S. aureus is capable of infecting all kinds of organs and
tissues. S. aureus infections occur in irnmunocompetent as well as immune compromised people.
About 15 50% of the infections in S intensive care units are caused by this pathogen. Three hundred
thousand S. aureus fiffedtiGRs HIE 2R FaL ERTGHT 12508 YERBE Sre reported in the US (see also
Moran et al. NEMJ 355, 666-674 (2006)). A major problem is the increasing antibiotic resistance of
S. aureus. Methicillin-resistaptve. i eustMB 84 )-emerged in-he.1960%.4f yas.Ipitially 20 identified in
health case seg}t]ings. However, MRSA appears to be present among persons in the community which
have not been hospitalized. Treatment of MESA is difficult and expensive, due to the limited sensitivity
of MRSA to antibiotics. Howevsieryfermcaetivahves st hnimones arevaivaiiabiéciercomycin is often
used to treat penicilliporesistantMESALLISpatenh 6:93%.543 Hescribrs aymutine anthody 25 against
ipoteichole acid (LLA) WIS Is,6anARISALLRING . auicns, Based anNisdung antbody.
recombinant chimeric mouse/human antibody was proéu'ce‘d which contains human heavy and light
chain constant dorfRfE R GWetHE: Os it EhirTaRC T SSIR AR B St R AL PSS diERSHPtage that
murine sequelices(arey piesentawhiChyifvelvesdhe riskofseriols sitleleffdciscuhianfadmitistered to
humans. 30 Itis anQBieelQf haReSentinventon 9 Hvide meansand Metheds for cauntgracting

and/or preventing Gram-paqsitive pacteria-related diseases. |t is a further object of the invention to

dis
provide alterative ARAFPIRRFSUEH B iy B ASOUAS REAHE VAoUE S AREBBSATE batteria,
preferably Staphyleegtsirispedieswsgsnorejsreferioin MRS ds iS er fartherdobjeetsoftiveinvention to
provide human binging:cenRewnds againsh ¥aueus £araem-positivenbacieriaseferaply. Rtaphylococcus
species, morg preferadly MRS, HErssent invention provides antibodics, functipnal parts
thereof or immunoglobulin chains or f‘unctlonapequwafen?s thereo capa‘(b e o?spe%lﬁ‘ca y Binding
Staphylococcus spegieeentiivsrenattrat ContaictThe iforearHey die et dathferiicting and/or
preventing and/or diagnesing!diSts dersaeldied-o dhe. presensespfdstaphydoo®ecus species. Preferably,

S. aureus is counteracted. In a Ragtigadyi Q. preferted afmhediment, MR94 i5,counteracted. Another

preferred Staphylococcus species which is counteracted is Staphylococcus epidermidis.
Staphylococcus epldeP IS S EERLR) A4 AhBEeh e Bt bRt it 15 Ednipitiised immune
system are oftén atddskiion delvelbpingarinfestidnyinfeciBiisicandesbotie hospitahandzcommunity
achuirec!abut they gipdnore akadhieatio &éﬁg%%'r?@ﬂ%ﬁ%o%%%ﬁ%@%@&i@ﬁ%%@dmm ;@@sr\]/vith S;f_ »
epidermidis are intrayenous drug users, newborns, elderly, and t ing catheters or other artificia
agpliances. Infecti(ﬁli\éméjnr% a‘e{lég%xggrfgl (’Wﬁ Oitr?t%%lsnélggrsﬁl\ési}%‘g‘sy()pglg@ﬁ%tlg {P‘lnet}agr]f) ggﬁVes, shunts, etc.)
but also commonlyBSEETEInvSFD StietitcloittsecaltetibretientrtargelshiuNdscSyviptorisameisde fever,
headache, fatigue ;aneeedenaid dyspres BQSA. U aprefemed, smiediment thapresamdnvention

provides isolajed ofJecambinant human2ipedies; fu %%?Qé&'lﬁ%&&%é‘%‘?%%ﬂ Hnmeneglebulin chains
or functional equivalents thereof capable of specifically binding Staphylococcus species.
murine antibody, a recombinant chimeric mouse/human antibody was produced which

contains human heavy and light chain constant domains. However, such chimeric
mouse/human antibody has the disadvantage that murine sequences are present,
which involves the rigk of serious side effects when administered to humans.
30
It is an ohject of the present invention to provide means and methods for
counteracting and/or preventing Gram-positive bacteria-related diseases. Itis a
further object of the invention to provide alternative and/or improved hinding

compounds against various Gram-positive bacteria, preferably Staphyiococcus species,



Human antibodies and functional parts according to the invention are capable of 25 binding
Staphylococcus species in its natural context, so that various Staphylococcus species are
counteracted upon administration of said antibodies, functional parts thereof or immunoglobulin chains
or functional equivalents thereof. Said human antibodies, functional parts thereof or immunoglobulin
chains or functional equivalents thereof are therefore particularly suitable for treatment or prevention of
30 infection by such Staphylococcus species. Said human antibodies, functional parts thereof or
immunoglobulin chains or functional equivalents thereof according to the invention are more suitable
for therapeutic and/or prophylactic use for human 3 individuals, as compared to chimeric antibodies,
because of the absence of non-human sequences. Thig significantly reduces the risk of adverse side
effects. One particularly preferred antibody according to the present invention is the 5 antibody
designated 'FT', whigh, Basaayk shained.iaht ehain yarishle domain ssdsnees agdepicted in
Figure 1. The term "FI"‘as used herein encompasses all Fl antibodies, for instance isolated or
recombinantly pro8tcERFEYREEBIRBHTARTY Brout CatrEPIS HEFAIRr ey ORI PHEPlopha/eosrys
sequences of Fl, winickeinpardicu@rddniiBbte to the antigen-binding properties of Fl, are also depicted
in Figure 1. 10 Antibody Fl is fully human, is capable of specifically binding Staphylococcus species
such as S. aureus and S, epidermidis and is therefore preferred for therapeutic use for human
individuals.  ° Importantly® 85‘1?8%%?&1%08&5%@80?% ARG WHSTABACRAFS ?%e\rl?\%oés well as in vitro.
Further provided isttiwerefeld diniseigne drdrrecombinaiieleurn drenvliboaplord Sectigadtional part
thlereof, wglich ;sbcaé@ﬁh@ m@ﬁﬁm&&ﬁUNﬁ&m@b& &M@uﬁm@;ﬁ%@-mmrm;@ﬂfy Ewm‘%ﬂlmrle, antiboldy
Fl is capable of binding to bacteria that have been grown in.infected tissuge of, for.example, ap animal.
Provided 1 therefGis b KOt A BSIC 1K ERme ST o arai & Pt L ETRE, B
vivo-grown" is defifisetadogresith seefiffe dedensdtieorafrarinsar egrée hisctisi #ithesy aureus. Also 20
provided is andsolatefdyretantbitianhanshthrticummuned|abulirchai osddngiianabeguivalent thereof
comprising at Ieasgl%ggsq@ggQ%%g%@&g{eg ﬂ%}WMEQ%@&?HH&[Q”able region which is specific

for S. aureus and/or S. %%dermidis. A functional part of an antibody is defined as a part which has at

least one 25 shared proptfR/AL QY FREFEBYS Kine HOtHERUSST i MBS S dnctional part is
capable of bindingctmersamedantigencasy said amtifiod ypt aldeivndtnboessanp e the Safreextent. A

functional part of an.antibady.psgieiably Camprises a single.domain antibrdy .a:single, chain antibody,
a nanobody, an unibody, a single ¢hain variable fragment (scEv), a Fab fragment or a F(abt)2
agment 308 unEOTaT At o A A e e By RS SCCH that at least
one property - preféigbiyen antibenshildiny proparse 1ehe e tesartng Coonpoifdas epsemsally the
same in kind, not negessasiy-dinamoupd. wviths-is goreuinr d-manypraysedoninstanoedyougs,

conservative amingagid swasiiionuWReLshY AN AING AR teaidhe.s, subaliiuisd by another residue
with generally similar properties (size, hydrcgohoblcny, etc), such that the overall functioning is likely not
to be seriously affe?é@atgms include fever, headache, fatigus, anorexia and dyspnea.

20
In a preferred embodiment, the present invention provides isolated or

recombinant human antibodies, functional parts thereof or immunoglobulin chains or
functional equivalents thereof capable of specifically binding Staphylococcus species.
Human antibodies and functional parts according to the invention are capable of

25  binding Sigphylococcus species in its natural context, so that various Staphylococcus
gpecies are counteracted upon administration of said antibodies, functional parts
thereof or immunoglobulin chains or functional equivalents thereof, Said human
antibodies, funetional parts thereof or immunoglobulin chains or functional
equivalents thereof are therefore particularly suitable for treatment or prevention of

30 infection by such Staphylococcus speeies. Said human antibodies, functional parts
thereof or immurnoglobulin chains or functional equivalents thereof according to the

invention are more suitable for therapeutic and/or prophylactic use for human



As is well known by the skilled person, a heavy chain of an antibody is the larger of the two types of
chains making up an immunoglobulin molecule. A heavy chain comprises constant domains and a
variable domain, which variable domain is involved in antigen binding. A light chain of an antibody is
the smaller of the two 10 types of chains making up an immunoglobulin molecule. A light chain
comprises a constant domain and a variable domain. The variable domain is, together with the
variable domain of the heavy chain, involved in antigen binding. Complementary-determining
regions (CDRs) are the hypervariable regions present in heavy chain variable domains and light chain
variable domains. The CDRs of a heavy chain and the connected light chain of an antibody together
forma the Ltdantigen-binding site. A functional equigalent of an immunoglobulin chain is defined
herein as an artificial binding compound, comprising at least one CDR sequence of an immunoglobulin
chain. 20 Now {hal,{ng,eresentinvenvionpiovides, e insiaht hathe GOR sequences.depicted in
Figure 1 provide desire ubm’oﬁrjg éli%racterlstlcs, a skl ed person is we capaegle of generating variants
comprising at leastSHE e Bl CHRIEGHE R e iR sthtler BErsedaiEcEmino acid substitution is
applied. It is also possible to alter at 25 least one CDR sequence depicted in Figure 1 in order to

generate a variant antibqgly, ﬂrﬁcﬁ&’iﬁ?@ﬁ@%&ﬂ& el Wil ahleashons Al el REARGEMLAS

compared to F[. Preferaglyg an antibody, or functional part is provided comprising a CDR sequence

. b :
which is at lea8t 7695 RIERACHFRS T COR SEYRARE S ASHRILERHh R Y5 thE ¥ Rorable
binding characteristogeofd|aréepicledst Mipuaet nBintine 7 ever80dmirovedinasgé®RIdEguence as
de:oicted in Figure alngaam%f@n@bm@&g@@%h &b%&h&ig&tﬂ&ﬂ@@gmQ{%Euaﬁm%hpar_t comg)/rises
at least one improved,property, such as for jnstance an i ved binding. affinity, selectivity and/or
<tability, as compaPS IS T VAT BATSHLE oF fnehial e ST ad By AR S ho acid 5
sequence which iscattehse72odbqdetigealie @ DRISEH e de o8 tpictertify £ig dieteate therefore also
within the scoyie ofahehbpieFart lventicmyV afiausbinethodsiaed availableswihaastfos gierng an amino

acid sequence. FOLNSIaNGe, A,1eaYY eNBMARIGNNENAI seauense Mt adenled GRR geqyence is

artificially synthesized. 5 Preferably, a nucleic acid sequence encoding a CDR sequence Is mutated,

for instance using PRSI YY gt irected - mutagenesis.  In one embodiment the invention
therefore provides an aniibpdy=otifunctibogl Pait thesebfdbimingnoglebulkiechanon functibnal

equivalent thereof ;yhich #0aeMNIsEs-a & heawnenalnGRRL, SeQUENES LOMRsing @ seay4ence which
has at least 70% sequence identity to the sequence RFAMS (SEQ 1D NO:1), and/or - a heavy chain
CDR2 sequeiice cOMprising a sequence which hagatieastero%s sequehce id&htitsy #6'the dequence
SINNGNNPYYARSVEON(SED M NRoe. andlondi 51 & tiable chhindCR RB séete Hed Barnprising a
sequence which haseatdeast iF0%s-5RGUERGE dffentity-tadheseqirnceRRISGMRIEDS (SEQ ID
NO:3). Furtherig{gf)\{ég%d ' a1 911%!9;?9 AL functional Rast thereof or immunoglobulin.chain or

g ) ah n#l% 171 UIDO-grow. diureds, whereill in Uroo-grown’ 1s
functional equivalent thereof, which comprises: . o o
defined as grown in infected tissue of an animal during infection with S, qureus. Also
20 provided ig an isolated, recombinant or synthetic immunoglobukbin chain or functional
eguivalent thereof comprising at least one CDR sequence of a human immunoglobulin

variable region which is specific for S, aureus andior S. epidermidis.

A functional part of an antibody 1s defined as a part which has at least one

25  shared property as said antibody in kind, not necessarily in amount, Said functional
part is capable of binding the same antigen as said antibody, albeit not necessarily to
the same extent. A functional part of an antibody preferably comprises a single
domain antibody, a single chain antibody, a nancbody, an unibedy, a single chain
variable fragment (sc¥Fv), a Fab fragment or a F(ab')g fragment.

30 A functional part of an antibody ig also produced by altering an antihody such
that at least one property - preferably an antigen-binding property - of the resulting

compound is essentially the same in kind, not necessarily in amount, This is done In



20 - a light chain CDR1 sequence comprising a sequence which has at least 70% sequence identity to
the sequence RASENVGDWLA (SEQ ID NO:4), and/or - a light chain CDR2 sequence comprising a
sequence which has at least 70% sequence identity to the sequence KTSILES (SEQ ID NO:5), and/or
- a light chain CURB sequence comprising a sequence which has at least 70% 25 sequence identity to
the sequence QHYXRFPYT, wherein X is | or M (SEQ ID NO:6). The above mentioned CDR
sequences are the CDR sequences of antibody Fl; VH IgHV3-23 and VL IgKV1-5, and variants
thereof. Binding compounds comprising CDR sequences with at least 70% sequence identity to Fl
CDRs are patrticularly 30suitable for counteracting and/or preventing (the effects of) infections by
S.aureus and/or S. epidermidis. It was found that a variant of Fl, comprising VH IgHV3-23 and VL
IgKV1-5, in which the isoleucine in light chain CURB of the light chain was 6 altered to a methionme,
was st capable of,9Recifice! b RIINGSIARIIOGECES SREGIER SUED A8 R iPUR AN 3 epidermidis.
Preferably, a binding compound according to the invention comprises a Elﬁ %lsequence which is at
least 75%, more pPEtEIaBRAZETELS 8BS TG pretaraist b ikscr BEorrriay praferaBipatieast 86%,
more preferably at{eash8@¥photdreyprefe rablytatienst 8894, imote prefer sikbyatdeasi«89%, more
preferably at least 0%, igletical fo at least one of the CDR sequences depicted in Figure 1. Most
preferably, a bjnding compound according to the invention comprises a CDR sequence which is at
least 1091%, fore preferably at least 92%, more preferably at least 93%, more preferably at least
94%, more preferably at feastv@Hdkrigenticahtokillidast one Dfithe GDR sbauendesidepioted in Figure

1. The particularly prefewred antibegysk descined abeyen cRmMRrisesGRRSeIURNEes y¥hich consist of
the CDR sequenceg dg@(i)%edsigs E(I) grgnélaA garstiggéaglyagr%fﬁr ed emb diment %?cgrdin_% to the
invention thus provides an 1hisolated. aynthetic 6F recombinant antbody-or A TlinctoRAr eGuivalent
thereof which is capapiebspreifieanybndihlaBtairdus’ andwisdepidermidieantithsHich comprises: -
a heavy chain CDRbhaequence eompgising-thesequencs REAMI(SEQID NG I)mandier - a heavy

chain CDR2 sequepce cOmRnising 1he §§MQ%@£MM@N§§§%§A§§&Q¥S %%%%9@&%012), and/or -

a heavy chain CDR3 sequence comprising the sequence WPTFDS (SEQ ID N5:3), and/or -

a light chain CDR 1888t AeB U MidriSiRe e RiRUBREE R RAERRPE PAS-(SEQ ID

Complementary-determining regions (CDRs) are the hypervariable regions

pregent in heavy chain variable domains and light chain variable domains. The CDRs

)]

of a heavy chain and the connected light chain of an antibody together form the

p—y

antigen-binding site.

A functional equivalent of an immunogiobulin chain is defined herein as an
artificial binding compound, comprising at least one CDR sequence of an
immunoglebulin chain.

20

Now that the present invention provides the insight that the CDR sequences
depicted in Figure 1 provide desired binding characteristics, a skilled person is well
capable of generating variants comprising at least one altered CDR sequence. For
instance, conservative amino acid substitution is applied. 1t is also possible to alter at

25 least one CDR sequence depicted in Figure 1 in order to generate a variant antibody,
or a functional part thereof, with at least one altered property as compared to F1.
Preferably, an antibody or functional part is provided comprising & CDR sequence
which is at least 70% identical to & CDR seguence as depicted in Figure 1, so that the
favorable hinding characteristics of F1 are at least in part maintained or even

30  improved. A CDR sequence as depicted in Figure 1 is preferably altered such that the
resulting antibody or functional part comprises at least one improved property, such
as for instance an improved binding affinity, selectivity and/or stability, as compared

to F1. Variant antibodies or functional parts thereof comprising an amino acid



NO:4), and/or 25 - a light chain CDR2 sequence comprising the sequence KTSILES (SEQ ID NO:5),
and/or - a light chain CDR3 sequence comprising the sequence QHYXRFPYT, wherein Xis | or M
(SEQ ID NO:6). In one embodiment a binding compound is provided which comprises the heavy 30
chain CDR1 and CDR2 sequences and the light chain CDR1 and CDR2 sequences as depicted in
Figure 1, or sequences that are at least 70%, preferably at least 75%, more preferably at least 80%,
more preferably at least 81%, more preferably at least 82%, more preferably at least 83%, more
preferably at least 84%, more preferably at least 7 85% identical thereto. Further provided is therefore
an isolated, synthetic or recombinant antibody or a functional part thereof or an immunoglobulin chain
or a functional equivalent thereof which comprises a heavy chain CDR1 sequence comprising a
sequence which is at least 70% identical to the sequence RFAMS (SEQ 5 ID NO:1) and a heavy chain
CDR2 sequence comprizing:.sqduence whichisakiasst dofiedeplical i he.Seq pNcS: »
SINNGNNPYYARS (SEQ ID NO:2) and a light chain CDR1 sequence comprising a sequence
which is at least 7@6/9%8%%%%Wétseq%n&@ﬁ%%m%m&%sedwww%% #fight chain
CDR2 'sequence cevprising: &sequibnedanhichrisuatleastd 0% ddentioalitettinecseuenceé: i SILES
(SEQ 10 ID NO:5),Srid hinding. campravipd PiglerabinramprisesiChRseeayenseswhich are at least
75%, more pre.ferag %at tﬁast 80040 more p referab g/ at Ieaségg% more referab t least 86%, more
preferably at 6as é‘%‘r‘é erap y at IE5St 885%, Tvore pre?e?a%lfﬁeats Ieas rrlﬁlér&én‘f)ereferany
at least 90%, moreVprefepaBimattesst @‘Iﬂf’&eﬁm@iﬁr@mﬁly at least 92%, more preferably at least
93%, more preferably at least 94%, most preferably at least 95% identical to the above mentioned
heavy chain CDR sequepces and light chain %Qe%t?o%%%r ces. pF;(r} J;?Q RyéL said dl)ojlglg%nggﬁompound also
comprises a heavy chain CDR3 sequence comprising a sequence which Is at least 70% identical to

the sequence DHPSSERFED S R es MBS AR LM cenEHE DR ©qtighke comprising a
sequence which isatipasts70% identical to the sequence 20 QHYXRETYT, wherein X is | or M (SEQ

ID NO:6). A binding compound,camarising.the Ak Yﬁzﬁ%’%ﬂ& %&QW&%@'&%@B%QDRZ and CDR3
sequences as well as the ahove mentioned light % C{:fg) %C%é CDR3 sequences is also
provided. Now thaf &'htifha %ﬁﬁgﬂﬁ}g%ﬁb‘ﬁﬁéc &% Seaphylococcus 25 species has
been provided by thelpresahtinidifidprdtéms becormepossibleto produoe anlharhiMoglobulin chain
or functional equivalgntiberaskepwprising AbleashoreGPRysamaneesofcarhutta ianmgnoglobulin
variable domain which is specific.for Staphylococcus species. Further provided is thys an isolated,

ozl Nt 2N, LA fer v w R A

recombinant of synthetic Immunoglobalin chain or functional equivalent thereot comprising at least one
CDR 30 sequence%ﬁ%ﬁtﬁﬁ&ﬁ%ﬁﬂﬁ%@Rﬂﬁ*@ﬁﬁe\}%tﬁg%“?@?ﬁﬁﬁpﬁlfﬁ@%%ﬁ&?ﬁc for Staphylococcus

species. In a preferred embodiment, a human antibody is provided. Optionally, said at least one

human CDR sequence ofaflcast ane.gechiensediiatisastanafiheifiameatislegians s.opimized

preferably in order to improve binding S efficacy or stability. This is for instance done by mutagenesis

experiments wheré’%@PfﬁB@thﬁ%%Pmﬁfﬁﬁ e‘fﬁifa‘dﬁ’&?tﬁgsresultmg compounds are preferably
tested and ar2improvédiicicimg ¢othpourndds ®eleced: 2 seBesided:wptimizinpGDR%equences in
order to improve bipding &ficaeyob %ﬁ@@&ﬁe&@ﬁmm ip epiimizeatleast one

sequence in at Ieastq e otntheg ewoggnrc% |onsmélgh|sa|§,e 1ri%fera %ge in ordejz' tp improve binding
efficacy or stability. Eramenark sequen esGreforinstance op imized y muttaetlng A Aucleic acid

molecule encodingsstittpérdfsatiiaric segersncacwhdre diterthe Ehardctefisaes of the 10 resulting
antibody - or functiopakpeshaiareretetalbhtiesteh shs wayscids Pissibie 10 khiamimproved
antibodies or nctlonal | parts. 1n tBr%ferr d.em Q?gthrgﬁ%@ym%n giergth 85 arsd sed for
framework reglgons in ant{fkb)édtigstgr ftfn%tl{cj)%ttaal parts thereof or‘fvm?trtunog nguﬂ ains or functlonal
equivalents according to the invention. The use of germline sequences preferably minimizes the risk of
15 immunogenicity of saitirenfibeodies;timmmlfibglebulinchainsior filittionaheguibateilisipFparts,
because these seqynges a6 lassvikelyia contain somatic alieraions whish Areupigye p individuals

from which the fra ork regions ¢ re erl\éed and may y cause an.m ogenlc res onse when
applied to another 5?‘9“??6‘%@ BSAIRS SRR ST ‘p%rf’s theteot Iﬁ%lf J8bulin chains or
functional 20 é@]u|vatéﬁt€setft>eFeeﬁt%mﬁnsw/arheawleﬁawmﬁtf@etaefﬁls@qm@rﬁe WM@WWaS at least
70% sequence idepfifyotostheihaamy.chainseauence as Wepictednn, Hgyiesh anarisawevded. Such
heavy chain seque{}fe&gtﬂges d s ed bindin rgrpe%%

es,.a8s gﬁlggngéeld p%hangbod% FL Moreover,
light chain amino acid sequences W ave at east 0% entl
sequence as depicted in Figure 1, and a

0 sequence | y to 5the |Ig8ht chain



25 light chain sequence in which an isoleucine in CDR3 is altered to methionine, also provide desired
binding properties, as evidenced by antibody FL and a variant of antibody FI comprising said
alteration. Further provided is therefore an antibody or functional part or immunoglobulin chain or
functional equivalent according to the invention, haying a heavy chain sequence comprising a
sequence which has at least 30 70% sequence identity to the sequence
EVQLLESGGGLVQPGGSLRLSCAASGFTLSRFAMSWVRQAPGRGLEWVASINNGN
NPYYARSVQYRFTVSRDVSQNTVSLQMNNLRAEDSATYFCAKDHPSSGWPTFDS WGPG TLVTVSS
(SEQ ID NO:7) and/or having a light chain sequence which has at 9 least 70% sequence identity to
the sequence DIQLTQSPSALPASVGDRVSITCRASENYGDWLAWYRQKPGKAPNLLIYKTSILESG
VPSRFSGSGSGTEFTLTISSLQPDDFAITYCQHYXRFPYTFGQGTKLEIKRTV, wherein in Xis | or M
(SEQ 1D NO), SSeneiabyaianisehine.sl aailhoryhave hean develonards hesides e varant

indicated herein above in which an isoleucine in light chain CDR3'is altered to methionine. These
variants are capabiB°6¥BHHhE 5 StABHIBEoCENEEF¥EEs. Examples of such antibody variants include

antibodies or functional parts or immunoglobulin chains or functional equivalents according to the
NPYYARSVQ?RF%?&%\??%\?@E@& KN RARBERTY B ?ﬂibﬁﬁi%%‘v@ﬁ%f@ at least
WGPGTLVTVSS (SEQuDNO:Byahidiorthiesséyuene s ElYObIVBIS@ G T @R@referably at
GSLRLSCAASGFId28REAMSW YRQRARGR Gl WM ASINNEs LBy at least 90% identical to at

NPYYARSVQ.Y.RE T SRV SN S QINNL RAR D SATY FCAKDHESSGIP TRRG WGPOTLVTVSS
(SEQ ID NO:7), and a light chain sequence comprising tt & sequence

DIQLTQSPSALPASYEE ASITERASERNNAS BWAPYRER P GRAPNEEIHKTIE EIGISPSRFSG SG
SGTEFTLTISSLQPDDRAEYYGQHY XRERY TEG QG THUEHIRA MaeroBtXisok of MLSEQaD NO:10),

and/or the Sequen%%%é%, more preferably at least 95% identical to at least one of the CDR sequences
DIQLTQSPSALPA VGT_D VSITCRASENVGDWLAWYROKPGKAPNLLIYKTSILESG
T‘g TS

VPSRFSGSGSG LBDDEAPYVELHY REEEV T R BT RV ERETS Wistein X is 1 of M
(SEQ ID NO:11), anehonistre(ddd eremerces which constst of the CDR sequences depicted in Figure 1. A
DIQLTQSPSALPARVe RS RARENVGERAMLAMYR K R KABNMok IS pUERGan
VPSRFSGSGSGTERTLTISSLOPDDFATYYCOHYXREPYTEGOGTKLEIKRTY, 25 wherein X is | of M
(SEQ ID NO:8). Anantibody or functional part or immunoglobulin chain or functional equivalent
thereof according fERARI W EPRTF SbebIfcaR SHIS I Ioten gedmpiiding & et ecaspsirtate (SD)
repeat. SD repeat (Sdid=prateinsGire cellrsiifacerastatiated20: piol @RS tHRsE [resent.in several
bacteria such as Stgphylococcus species. Sdr proteins in general comprise an amino-terminal signal
sequence, a functional domain called the A region, an Si) repeat region, a cell wallspanning region, a
LPXTG motif, a hydtopHEbE e 4 6 Spai iR o Hra e artr e e nEF TS VAN DdFged 10
residues. The&dhPXSERHoINGs2thetdisget of a transpepticlase that. cleaves the motif between threonine
and glytine residues, aganrshorsitne pgieirdethsReptidedlypan ofthe sl winilrokgtarpaesitive
bacteria. Sdr protejns are thought to interact with host molecules. Known Sdr proteins include CIfA
(SdrA), CIfB (SdrBﬁ@f@? &rD and 5 SdrE of S. ant-ens, SdrF, SdrG and SdrH of S. epidermidis,
Sdrl of S. saprophy#idight S 6181 copiteccaies Savethd Sarzrst BABEPTAeD WLATRER:Bre, a
preferred antibodyo fungti@aal part thereof or immunoglobulin chain or functional equivalent
according to the invenjjen.speciisalie binds. S iens . RSNt PriopiopiSls, S: civpits
and S. caprae. It is preferred that said 10 antibo Y, |mmunog(fo%u(l|n chain or functional equivalent or
part thereof binds 5 EHA (SdrA), CIfB (SdrB), SdrC, SdrD and SdrE of S. ant-ens, SdrF, SdrG and
SdrH of S. epidermidisgiSdhbof SDBaprapinydicuspSeing tfeScoapitieQ HNU IS YiandSdiZX0k $. caprae.
The piton of the anjibadypinmupeglobulin chain or functional equivalent or part thereof according to
the invention comprises an SD reg%at-depegd%nt epitope in.15Sdr proteins, for instance SD
repeat-dependent epitopds aS BrESeRtin 8 PANERACERITAY s BHRECSHHS fi 8 dre 'Rh '&py
repeat-depentfent dpito pd BliarkiPddheedne anrdpio pelrecogniZB8 byrdriiibB g yerhavsichsepitope
require the presengeppial ieastpart, of as,SR«epRAL sR0IOMNAS PreseRiARBVLARLIINIRM 18,,8. caumis

CEA, Cife, SIrC, SAIR, A S9LE.ABS, SIS IIGS, SOEE, 545, nd SUrkh Jmone,emhggiment said

more preferably at least 83%, more preferably at least 84%, more preferably at least



20 epitope may comprise at least part of a molecule that binds to, or is associated with an Sdr protein.
Examples of such molecules include, but are not limited to, amino acids, peptides, proteins, sugars
and sugar residues. In another embodiment, said epitope comprises modifications of the SD repeat
region. Said modifications comprise, for example, but are not limited to, glycosylation, amidation
and/or phosphorylation. It 25 will be clear to a skilled person that combination of these two
embodiments is also possible. Therefore, the invention provides an antibody or functional part or
immunoglobulin chain or functional equivalent according to the invention capable of binding an SD
repeat-dependent epitope. Also provided is an antibody or functional 30 part or immunoglobulin chain
or functional equivalent capable of binding to S. ant-eng CIfA, CIfB, SdrC, SdrD and SdrE. Further
provided is an antibody or functional part or immunoglobulin chain or functional equivalent which is
capable of competyag.ydth, amanthechy orfunclional.park ormmunogloulin, help, oy functional
equivalent 11 according to the present invention for bln&lng toa tapaf1y ococcus species, preferably
S. aureus and/or SeEPrAETRIRE Hedior S fuagiopHyeh Sarafor a0 dapieogivdiosbaigiue, more
preferably MRSA. SiActisadvantage.oflantiiodies o thaistheirstabilipmapbe seguced, for example
under harsh conditigns;EQr inst &ﬁ%ﬁqu@ypﬁagla@d@@agxakgft@Mﬁ@@ﬂémgﬁzg@m may

occur. Deamidation is a protein degradatjon §athway that may affect the biological functions of
|

proteins, and WhiclPotcuts a7 AT £8p4ragifé TRSiatE< RHE 158 toarastehtdt Kiatdiihe residues.
In one embodiment)20d¢tdreforet deanmidati GANGF QN AHNE 68y ¥R TLivdHo FaIhfaud) thetedfabt
imn?unoglobulin cQ@i{;:pcﬁmgm@_h&%wi@irﬁggmeg&gfea@@@mmgstgttn@sm@Qm-&?@&%\éig@tedIby i
replacing an asparagine or 10 acid. An aspar: IS preferably replaced by
an amino acid othé’?%ﬁan glu gm&%%%@%gﬁg;%onCrglaf%ﬁsscl?occur a a%llu?amlne residue.
Replacement of arfaspyaraginssgrerseapijcdeatdenst S8ubseatal ip Atfetacieimdifd dihtyofan
anti!o_ody accQMingmhgjwﬁammg@rwmigﬁrpghﬂememb@dé@H.Riegaméai&&mmhazmeasparagi_ne at
position 53 of the E‘&%W&Q,%@_B{B@%Hﬂyga%‘r‘ggé’tdég%,%%9ﬁ%f&%%}%ﬁ&é@‘é%%ﬁgopé’ replacing said

asparagine by another amino acid. By preventing deamidation of an asparagine at position 53 the
stability of an antidga{f S RIALHGE AP HArtrrEreest SR RURYIBBGIR ShaFr SF2Y fintasnd equivalent
thereof according todhkainicemtionidepseféfablypincredselly As isshitidininthereicarhples jdespite the
fact that said aspasagingds Ipcatesin & LRRyJLplaGIng-am.asRaegine absaithrosiionkees not
substantially affect the binding affinity for an antigen of an antibady or functional part thereof or

immunoglobulih ch&iR o fune %r%?equ|\yaTén"iat‘°ﬁé’r‘é’fc’Jf%€€5?cliﬁ?&‘t‘é e TVERSH ARPaE patagine at 25
position 53 of the Ké&dyeshahsas preataishare SlBEat Bypznesafitioradid stddrpdsns ghatarnire, more
preferably an aspaingingnatisaid pesitionsis eplaced by satingrikherefig.alsovpiavidadibysthe
invention is therefors, 3n Aptibper funelionsiar ermmBQgloby eain of nfigna) equivalent
according to the invention, wherein an asparagine, preferably an aspara Ine at position 5370t the
heavy chain, is reptatEtESe By a AYIREERA Nt SHGBCHTelerdb R Saihed idsnidiatiot fottf“4hthody-drug
conjugates. At antifodyRFHUTictomalpdristheradISEGMDNNOGY | obbilidich asmes fudetonakeguivalent

thereof according 19,46 JRVRRIAB.SRLINSIAREEMPIBHH0 ARG AUERL.SUGH.AS A antibiotic.

The term "cytotoxicbagent as, used,hereln,re%%Prls to a substance that reduces aor blocks the function, or
5growth, of bacteri® AHdTSPELIER4RRESHRIRIOR O badteARY SR GHHEIERIETR P PERANBle a cytotoxic

agent, is preferably coupled to said antibody or functional part thereof through a thiol group. Therefore,
preferably one or more cygieings are incorparatedipieisaid atipady o funckenal pastthereof or
immunoglobulin chain ot funcfional cquivalent thereal Gysieines Ranain & hiolgfoup,and therefore,

an immunoglobulin chain or functional equivalent thereof comprising at least one

CDR sequence of a human immunoglobulin variable domain which is specific for

Staphylococcus species. Further provided is thus an isolated, recombinant or synthetic

immunoglobulin chain or functional equivalent thereof comprising at least one CDR

30  sequence of a human immunoglobulin variable region which 13 specific for
Staphviococcus species. In a preferred embodiment, a human antibody is provided.

Optionally, said at least one human CDR sequence or at least one sequence in at least

one of the framework regions is optimized, preferably in order to improve binding



10 incorporation of one or more cysteines into, or replacement of one or more amino acids by one or
more cysteines of an antibody or functional part thereof according to the invention enable coupling
thereof to another moiety. Said one or more cysteines are preferably introduced into an antibody of
functional equivalent thereof according to the invention at a position where it does not influence folding
of said antibody or functional equivalent, and does not alter antigen binding or effector function. The
invention therefore provides an antibody or functional part thereof or immunoglobulin chain or
functional equivalent thereof according to the invention wherein at least one amino acid other than
cysteine has been replaced by a cysteine. Preferably at least two amino acids other than cysteine
have been replaced by cysteine. In a preferred 20 embgdiment, said at least one amino acid other
than cysteine is valine at light chain position 15, and/or alanine at light chain position 144, and/or
serine at light chainposition 168, andior;valing a1 liaht shain position 205, andior valipe at light chain
position 110, and/or alanine at heavy chain position 84, and/or alanine at eavy chain position 114,
and/or alanine at HB&¥{F P PYSHIIAHEBC HROP<ER AR BERE L0 BRI H BETIBA 725t ibre
preferably valine aidighi chainvpdsitidin2 Obnandidrivadieest light chain position 110, and/or alanine at
heavy chain position 114 (numbering according to Kabat, 1991). A skilled person will understand that,
as an alternatiye or in addition, one qr more other amino acids of the heavy and/qgr light chain can be
replaced by cysteine if t e?]edﬁfa%’é}ﬁlé%?%ég)g SBLIRRTE AR TSTHIA T e Atitsoay BF3trunctional
equivalent, and dodshlgyaltes efftigedy bty oafitotrefainctiomnd Scengicreriideasitibedies with
reactive cysteine regidues-atgidescribethasivwelas aning Aeidpositions.suitableforeysicine
engineering. An anfihoy, o funclionalart.or mmunodlobulin ehain, pr.fundtional. o eduivalent
according to the invention pre?nera%]iy comprises a varia echegvy o ainysequen e and/or & variable
light chain sequenE@XHiEIF 1018 4367 B o be FSAURAIEOK) el aBet Bovd:arisrerisksreralhly at least
85%, more preaferalelynaileastibilo mdstpiefarahly -atleastiObM identicalto: a-heavy ebaiblisequence
and/or the light chain sequence as depisied in Figuie.h o1.a.iahk ghainseaHenee.as deRicied in

Figure 101 in which the isoleucine in CDR3 is altered to a methionine. The higher the identity, the
more closely said BIABHTY CEMFOIHd e SmeS UntBI Gy H o RN BATHBAR SofUHEGSRA paFtor
immunoglobulin chiaimcof funetiomakbhuivateataccdrding:tal theirnentencpréfarabfyzecomprises a heavy
chain as well as a fight.ghaimwhich.resemble the heavy-andalight.ehain.qf kL kurther provided is

therefore an antibody or 15 functignal part thereof or immunaoglobulin chain or fu?ctignaf_e uivalent
thereof comprising a heavy Chain sequénce and a light ehain sequence Which are at 1east 70%, more
preferably at least 80 biepieferab P arasessoss o prefefeblyoatieastoosrmasichreferably
at least 95% identigal taitfie heawy.chaipsequende:and dhe ight haifssequenca amdepigted in Figure

1, or a light chain sequence, as depicted 1. tlaure 20, 1 inyhich the isoleucing;in GRR8 is altered to a
ks . . . .

methionine. In one embodiment an antibody or functional part is provided which has a heavy chain
sequence as depicted in‘EigHraLa shiFRcHgREIdEH Skt AL L e geprein eyt e Buetiannt chain
sequence as epictedunidguietdficurhichitizeibeleuclnéninODRBiisaltered tohicinitethionine. 25

One embodiment gy L%a%@ea}@émgx(%mt\i@r&ﬂkﬂ%&ﬁ@{&@i&@g}%@%@@ri ghaip,or functional
equivalent thereof com risigg a heavy chain se uence.con isting of the heavy chain sequence as

depicted in Figure }ir,?ﬁlna?io c%hrﬁlﬁﬁgncél Alight Chain'Seqiiente const IHOPETRAS fYRE chain sequence
as depicted in 30 FigdrectddryadighdhBinMegoesicbehs depictedhinaFigaveutneesiieth thievéstleucine in
CDR3 is altered tojggethicaineniliasnatvelyhasdawelhkneywe-ky {hapkilad peison, it ispessible to
generate a shrtened heayy ehain ot It shain sequence wiile malniaining. a hinding propery of
interest. Preferably, such a sshgrtenedpheavy chamn 1

provide desired binding properties, as evidenced by antibody F1, and a variant of

antibody F1 comprising said alteration. Further provided is therefore an antibody or

functional part or immunoglobulin chain or functional equivalent according to the

invention, having a heavy chain sequence comprising a sequence which has at least

36 70% sequence identity to the sequence
EVQLLESGGGLVQPGGSLRLSCAASGFTLSRFAMSWVROQAPGROLEWVASINNGN
NPYYARSVQYRFTVESRDVSQNTVSLGQMNNLRABDSATYFCAKDHPSSGWPTFDS

WGPOTLVIVES (SEQ ID NO:T) and/or having a light chain sequence which has at



or light chain is generated which has a shorter constant region, as compared to the original heavy or
light chain, The variable domain is preferably maintained. For instance, a Fab fragment or li(ab1)2
fragment or a single domain antibody or a single chain antibody or a nanobody or an unibody or a son/
fragment based on a heavy 5 chain sequence or light chain sequence depicted in Figure 1 is
produced. A functional part of an antibody comprising at least a functional part of a sequence as
depicted in Figure 1, or a light chain sequence as depicted in Figure 1 in which the isoleucine in CDR3
is altered to a methionine, is therefore also provided. Said functional part has a length of at least 20
amino acids and comprises at least one sequence selected from 10 the group consisting of a
sequence which is at least 70% identical to the heavy chain CDR1 sequence depicted in Figure 1 and
a sequence which is at least 70% identical to the heavy chain CDR2 sequence depicted in Figure 1
and a sequence wpic@ jz%&%‘ts!a%%ét 70%&@1%9%0% tg th%gz avy chain CDR3 sequence depicted in Figure
a e

£38 nee’l ] he Sequr . ) . . .
1 and a sequence which is at least 70% identical to the light chain CDR1 se Juence depicted in Figure
%&fm@ﬁ% debited in

l115and a seque&@%ﬁﬁ?%ﬁ‘éﬁg@ﬂﬁ%ﬁm%@vtﬁ W&iﬁ\@ﬁgﬁf@ﬁﬁé
Figure 1 and a seqUSRIEEwHeHS BT T ASET0F IdeiCaMOGHE XERPEREG TR BIgéGUBNce depicted in

Figure 1, or a light,ghgin, GDR3, ;gg%(mﬁéq@mgated in Figure 1 in which the isoleucine is altered to a
methionine. 20The invention Fgrther provg’ es\;ﬁn isogl(?] e%, synthetic or recombjnant nucleic acid-
i t

sequence or afunctionalSHiR/afaHt tHePe bWt &4 OF SIS T8 Rs B prateribly at least
30 nucleotides, mardiprefekablinabloase 3Gishcle titiesinn bréipretbaab At easgt#8dmacleotides,
encoding a bindingcampoaundiacearding:ta the-iention . SHehonuelRisiacids fariastance isolated
from a B-cell 25 which islca(ﬁ;abl%of p{)ogucin an a i%g% a]g:ccprdin tothe i veqtion. A preferred

. L Lxampies SUC antibody varrants 1rclu tibodileg orfunceon 8TES O
embodiment provides a'nucleic am&sequence comprising a sequence whicl ﬁas_a(f least 70%
sequence identity tFRI AP IS hehastridsnsHanatiesieaeis ssetidied ad e Bprasain Egue 1. A
nucleic acid sequeneceaceanding:tadhe investipnhpreterally comprises a sequence which has at least

75%, more preferaply.atIeast3%omars RRIelaabb ALlans! 8506 rmerR REIRIRb SR GaR! 90%

most preferably at least 95% seguence identity to at least 15 nucleotides of a nucleic acid sequence
as depicted in 15 EFQW@‘%SW ?5&93@&1%%%1&%%%%’36@#@&31(%@@&’ %%V&Br‘g ]f%omprises
at least one CDR éWc8aifigvddgitetdel Onk (pfefenddd émbvedinrent provides an isolated, synthetic or
recombinant 5nuclgiccagid siequencgritbriensih of atigast dannoeQlides@rafunetional gquivalent
thereof, encoding 0f, i orim lohulin.chai rding to the
invention. SatPn B Ao Re s BT Ch AR At e e R B TR e o
least 70% sequenc¥GHEATHY Y@ CIIR FEG6H of 2nstibbely: Fhalucieieseith segeasdhs waeeding FI CDR
10regions are depptednFguwerhSativer imsrdek isvhersiore ar dgolatrd psyntheticar Eeombinant
nucleic acld sequegrexeLadunaianAl SHARIIAIBAARAINAG BreequeReRith has al jeast

70% sequence identity to a sequence selected from the group consisting of cgctttgecatgagc (SEQ ID
NO:12), tcqatcantdRIGEHAR At A RAC APt GUIAEAEEARES 1D NO:13),

15gatcaccctagftagtfeiggeeeastitrgaictdcBHQUEASIONTA)) b ggEtagigaadadytiggigie tjgiggec (SEQ
ID NO:15), aagacajeaiteiegrarei(SEQIRNQiLE) Bt srrsacaiatreoianseatasaskFEQ 1D NO:17).

Said nucleic acid sequence or functiopal ivalent preferably comprises a sequence which has at
fice ornglional salyaiont prefers

least 75%, more preterabIy 5t1da more preféfably at 28145t 85%, more preferably at least

90% sequence ideRt-IRaRy NS HBBEY PhERROREN SeqYent B FRNeKAFOVIdEdHE Al hER eic acid
sequence or functivpghequivalanttrerenksomprsng e sequencerwhichdpsatileask 0% sequence

identity to at Ig st part of a,nucleqtide.. e.as depicted in Figure 1, said part having at least 15
nucleotides an% er?é%%ﬁﬁa%éﬁggt%%%e §§%ﬂ§§%n.

An antibody or functional part or immunoglobulin chain or functional
equivalent thereof according to the invention specifically binds to proteins comprising
a serine-aspartate (3D} repeat. 8D repeat (8dr) proteins are cell-surface-associated
3G proteins that are present in several bacteria such as Staphylococcus species. Sdr
proteins iny general conrprise an amino-terminal signal sequence, a functional domain
cabied the A region, an 5D repeat region, a cell wall-spavydng region, a LEXN TG moetid,

o hyvdrophobic membrane-spanning domadn, and a sories of positively charged



25 A nucleic acid sequence or functional equivalent thereof according to the present invention
preferably encodes a region which has at least 70% sequence identity to an FI CDR region, an Fl
heavy chain and/or an Might chain. One embodiment thus provides an isolated, synthetic or
recombinant nucleic acid 30 sequence, or a functional equivalent thereof, comprising a sequence
encoding an amino acid sequence which has at least 70% sequence identity to the sequence RFAMS
(SEQ ID NO:1), and/or at least 70% sequence identity to the sequence SINNGNNPYYARSVQY (SEQ
ID NO:2), and/or at least 70% sequence identity to the 16 sequence DHPSSGWPTFDS (SEQ ID
NO:3), and/or at least 70% sequence identity to the sequence RASENVGDWLA (SEQ ID NO:4),
and/or at least 70% sequence identity to the sequencei§TSILES (SEQ ID NO:5), and/or at least 70%
sequence identity to the sequence QHYXRFPYT, wherein X is | or M (SEQ ID NO:6), and/or at least
70% 5 sequence '9&'@‘.‘&'%30&?@,‘?5%%%988{ 15 Ehe tnrget of a transpeptidase that cleaves the mobif
EVQLLESGGGLVQPGGSLRLSCAASGFTLSRFAMSWVRQAPGRGLEWVASINNGN
NPYYARSVQYRFFOISRDVSONTFSE SNNRIERAED SRV EC AR BRI SSGWPTED S WEPG TLVTVSS
(SEQ ID NO:7), andkdr atileast 709 segueneeridentitytr hetsequenda dght to interact with
DIQLTQSPSALPASVGRRV ST GRASENMGRUULAWYR QKR GKAP N ITSEESCsarD and

VPSRFSGSGSGTEFTLTISSLQPDDEATYYC PYTEGOQGTKLEIKRTV, wherein )Sis lor M
(SEQ ID NO:8J. ASFB e 3t ﬁgﬁg%d]ééfb‘%ggg%?%%ésegﬁffr%ﬁ&%ﬁhﬁﬁafé‘ﬁi? Her&f encoding
variants of the Fl antidod\CacetidingdSahe indentiént Previded by the invention are, for example,
VoLV ES GO BN OGRS

NPYY ARSVOY RSOV BN AL AN AL SR FY PR PELER fEBS WEHE TV TVSS
(SEQ ID NO:9), an%/@:fi({ﬁréwgg'ﬁu%ﬁé;@mphyi‘icu..sz Socupiiis, and S, caprae. It is preferred that said
EVQLLESGGGLVQRGES bikh SEAASGE dHaSRE AMSWAN RQARGRGE RN ASENNG R 20CITA
NPYYARSVQYRFEYSR RV RNEY SHRMNM RARDSAT ¢ CAK DU S SGIPTERSHGPGTLV TVSS

(SEQ ID NO:7), and _enco‘di_ng??l light chain sequence comprising the sequence
DIQLTQSPSALPABEBRNSTTE RAS ENVEBWEANVRORPERAPRILL TS et S

VP SRFSGSGSG TEFRE TIBSi(Rb DEATAVIBOH YXRBEPHNIEGQGIK EHKRn2bewheskint X is | of M
(SEQ ID NO:10), ang{eriheseamanteto the invention comprises an SD repeat-dependent epitope in
DIQLTQSPSALPASVGDRVSITCRASENVGDVVLAVVYRQKPGKAPNLLIYKTSILESG VPSRFSG SG
SGTEFTLTI%LS%@EAW&BW%‘?E@&A@TWE KRB FREIST X s T SFRAFISEQ ID

NO:11), and/or the(%@q@éﬁ%e‘%dr]) and SdrE. An 5D repeat-dependent epitope is herein defined as an
DIQLTQSPSALPASMEpLRMILTLRASI MG MIAY iR Péal R RN Y iRt S b 36as30art
VPSRFSGSGSGTEETLFISSL QPPRFATGOHXRERPYIEGQSTIL EICRI, whreicis of v

(SEQ ID NO:8). In one embodiment an a_spaé%glne at position 53 of the heavy chain gnumbering
according to KabaS ¥ 8P is Feh et By HRBidaT HinoaEianstRerih dnoaeregion SH%rder to
prevent deanfidatieniobtheaspanadsn etdtsaichposgitiemifrdéatal yisdddoasparagineisdepiaced by a

serine. The term "%seauence.idepily visdefinge-heeinagdhs Percantags of residuesin a
candidate amino acid of nucleic acid se uence that isC{dentIicaI W'&tlh thebredﬁidues in a reference
sequence after alifilig the the SaqUeNEEL AReFMtroalRg HaAPE I EtESERR 164 RRAVBthe
maximum percent sdentites Methiodsiaro Cohnplitepprogranms fordhedfigrientarenvelfknown in the
art. As used hereinanleleic: acid molealle:ormusigicasidsequencenafihendHavaation preferably
comprises a gain oficleatides. mers preferadly. BN, andior BN In oiier embodiments & nucleic
acid molecule or nucleic acid sequence of the invention comprises otther kinds of nucleic acid
structures such as¥oriiétance a DNA/RNA helix, peptide nucleic acid (PNA), locked nucleic acid
(LNA) and/or a ribozyme. ‘Buehiethehaincleidacitbsiductur estitrelyeiefiedimagpiunctional equivalents
15 of a nucleic acigseqhenasithedern Fupctionaleauivalent ofa PHOEIS ARG SaaUEnGe' Also

encompasses a chain_comprising non-natural nucleotides, modified nucleotides .
inding an 5D répeat-dependent epitope. Also provided is an antibody or functional

30  part or immunoglobulin chain or functional equivalent capable of hinding to S, aureus
CIfA, CIfB, SdrC, SdrD and SdrE. Further provided is an antibody or functional part
or immunoglobulin chain or functional eguivalent which is capable of competing with

an antibody or functional part or immunoglobulin chain or functional equivalent



and/or non-nucleotide building blocks which exhibit the same function as natural nucleotides. 20A
nucleic acid sequence according to the present invention is particularly useful for generating binding
compounds which are specific for S. aureus and/or S. epidermidis. This is for instance done by
introducing such nucleic acid sequence into a cell so that the cell's nucleic acid translation machinery
will produce the encoded binding compound. In one embodiment, genes encoding a heavy ancllor light
chain 25according to the invention are expressed in so called producer cells, such as for instance cells
of a Chinese hamster ovary (CHO), NSO (a mouse myeloma) or 293(T) cell line, some of which are
adapted to commercial antibody production. Proliferation of said producer cells results in a producer
cell line capable of producing antibodies or functional parts thereof according to the present invention.
Preferably, said producer 30 cell line is suitable for producing compounds for use in humans. Hence,
said producer cell ine is preferably freeof pathogenic agents, uichas pathogenic micro;grganisms.
Most preferably, blnalng cgompOLPngls consisting of human sequen%eys are generated using a nucleic
acid sequence accOréiti G HE" v erIsH" 48 andf%ngisfﬁa‘ﬁféﬂ‘ﬁ‘r*ff*é@&ﬁ%?n’aﬁﬁ%iﬁfﬁ%Wfpi’%ducing cell
capable of producingran aniibecy-patfiyrididnal part or immunoglobulin chain or functional equivalent
according to the invention is therefore also provided, as well as a method for 5 producing an antibody
or functional part or immunoglobulin chain or functional equivalent according to the jnvention,
comprising préviding a ceIftih FHtRael e Ry Uetid A B F B RArag (R &8RS Erding to the
invention and allowiagrskidrolel tershansidiesaid nucisinecit setatnoetor famotiondkequivalent
igc?]rding t? the_inﬂ%mi@ﬁ_mm@f@@gfrm,%smciﬁid)@mm@aspfsfi@ﬁ;@m%ﬁawh&mgm ”qbtginf .
chain or functional equivalent accordin the. invention.. tibo roducijng,cell is define
herein as a cell wh’i%ﬁt fgacya%ﬁfﬁé% %ﬁ?gﬁ%lfr% %Ela?osrosgléoriée msg %nr? é?rﬁll %%ﬁ%/uogrs a ?ﬁrﬁf@t%nal part thereof,
and/or which is capaiseghdavelopingtinio aleamipientiat cpabiorsiodtcibanamicdeesating
antibody or affunctipsaipartsheieoioAnrantibetyproducny edlbaccokding doi theukbdryantion is

preferably a produger, ¢}l %G’I'{'J89&%_%9&%?&5%%%&8?3@59%%%*%RQ%%Q&H&E%%%E&?J&{ gply, said

producer cell is suitable for producing compounds for use in humans. A met according to the
invention preferabKPRtHEEATRIISES Qs EP BRI AR ARG PR ARABFI&SAtIHY said antibody
or functional part arrifembiyogidiatirbghaianonfurctional Eouivalenthacedbrdingtddheidatientiory. The thus

obtained binding compeLnds aeeaiding.tr.the inkention.are Rreferahhs sed.itdiagnesis qft
Staphylococcys infegtion, isplation or detection. of Staphylococcus dacteria, distin _uisbing between
Staphylococcls sp‘é‘éji;etg“é“‘ﬁﬁyo‘fhg‘f"@’ rAM-pasitive S5 Bactéria and Himan” tﬁ‘é:r‘é?p")?,n optionally after
additional purificatforiggolatior: ardfchpte dproetddingiste pspAngirtivoeyiopfurctichabpait thereof or
immunoglobulin chain:oniuastionakegrivalenitsicodaccordingiedhe piasant inveationdsiparticularly
suitable for 30diaggostic uses. For. gqétggcgé a g%rlrg]ralgd n%‘é%ﬁo%s a tissue or t%lggg sam nl%g%g be

. by ARGEHEY driino ALl ASharas POt
obtained from an individual or from any other source suspectedO t6 be infected with a taphylococcus

bacteria, preferably*SiEtt b a8 apder S dpidermibirer hibreeprerdrapiPMR AR Shingeguently, said
sample can bzomixedcvistnbayantikadyherdrmmendgiohulie invention is preferably increased. As is

shown in the examples, despite the fact that said asparagine is located in a CDR,
replacing an asparagine at said position does not substantially afiect the binding
affinity for an antigen of an antibody or functional part thereof or immunoglobulin
chain or functional equivalent thereof according to the invention. An asparagine at
25 position B3 of the heavy chain is preferably replaced by an amino acid other than
glutamine, more preferably an asparagine at said position is replaced by serine.
Therefore, also provided by the invention is therefore an antihody or functional part
or immunoglobulin chain or functional equivalent according to the invention, wherein
an asparagine, preferably an asparagine at posttion 53 of the heavy chain, is replaced

30 by another amino acid, preferably serine.

In one embodiment, an antihody or functionzal part thereof or immunoglobulin

chair or functional equivalent thereof according to the invention is coupled to another



19 chain or functional equivalent or part thereof according to the invention. Said antibody,
immunoglobulin chain or functional equivalent or part will specifically bind to Staphylococcus bacteria,
preferably S. aureus and/or S. epidermidis. Bacteria bound to an antibody, immunoglobulin chain or
functional equivalent or part can be 5 isolated from the sample using any method known in the art, for
example, but not limited to, isolation using magnetic beads, streptavidin-coated beads, or isolation
through the use of secondary antibodies immobilized on a column. After washing of the bound bacteria
and antibody, immunoglobulin chain or functional equivalent or part thereof, bacteria can be eluted
from said antibody, immunoglobulin chain or 10 functional equivalent or part by any method known in
the art. For instance, binding between bacteria and antitxody, immunoglobulin chain or functional
equivalent or part can be disrupted by increasing the concentration of salts and/or reducing or

increasing pH, andjogy addifion,of scess, epilans: loaletianof SiRplylasoscus ARglefia, referably S

au,reus and/or S. 15epidermidis, may be used for various applications. For instance, infection with
several different g/ - BEEHHE B LER S T el BoMI BT SRR IERALIERATRARILEL. In such
cases, it can be difficuistandiserimidateabetwesn el reuls @nd/enBhiepidéhmidis:dmdadther

gram-positive bactgia:AR aRloQY-MBHNAlQbiR.£hRIR Ok fRclionahaguiNaleRLRRPAt thereof
according to the pregegﬁ iQ ention cag/then be %Oused.to d%etect the grese ce of S. afgéreus ancUor S.

epidermidis, of for%ls"ﬁngu|s§1'ﬁlf’r%‘§rﬁeatx\}ve‘érn‘%fs§®rgiﬂ%uﬁ% or .Cé%fil(ﬁ‘e 1%?51:%6&1 Bifer'Bhcteria. Isolation
of bacteria from a s&tnple dFEAtFHIigEA Suspieeidly of wifHrgkontiaedinte diorniovith Briaureus

and/or S. epidermigisrestfngrany Hhersoy M@esuch 35 dhagiesial gulivrecsanfacilitate detection of
said Staphylococcus bactgtrig becauigniégéggon es%tltsai? a&%ﬁ’ incfreased confo%%ggtéggi rga(r)\d/or a

higher purity of salajg{ap% ococcus bacterid. Isolation 0 %atap §g%ooééﬁlsm§€8%les, preferably S.

aureus and/or S. ePREREAHIS HIFE Rssribly MESACEAAITGH instdreerfftherrBéoided to identify the
specific S. autéus and/prrSiepitdesmidsstrairipreferah lyr theMRSA strain dnracsamgle. dddntification

of said strain can fgy m%tanﬁ%rg%ﬁ%ﬁ@@g&%ﬁ%&@r@;@mﬁﬁbﬁaﬁggy@%&@%@é@%@m@a' DNA. In

such case it is preferred.to first obtain an isolated S. aureus and/or S. epidermidis. . In one

embodiment of the TFRAtbAR 2 SAEHEHY Rt BBt ERSH SPIARGShAICEHLIAIRRT BFpart thereof
according to the prersémtitveritiohded aige led dntiP@lord éirtdibeshble itoidetctsaidamtivolir,

immunoglobulin chaineefupstional.erulyalentor pad ferinstance, byt Retlimied iy fiworescently
labeled, or radioacfively labeled. Altf%frgggjvnlcy, an gntibody or.functional part thereof orimmunoglobulin

. 115} fonal equivalen no er antreen bmding oy effector function. The
chain or functional equivalent thereof accoraing td'the jAvention 1s 5 detected using a labeled

secondary antibod{PwiRidH: S eirEdteRr afdin s satt aptiBo B iRt e Bt enkirogpealbtbnal
equivalent or part thereot accaiding:tathecinveation atthiading afsalbaniibety;dmerunaglohulin chain

or functional equivglgnt, raaththereal s Aaleeiad, 2, AYIGHS 20U/ 0.2 SPIFRITIFIR i RIgsent.

two amino acids other than cysteine have been replaced by cysteine. In a preferred

20  embodiment, said af least one aminoe acid other than eysteine is valine at light chain
position 15, and/or alanine at light chain position 144, and/or serine at light chain
pogition 168, andfor valine at light chain position 2058 and/or valine at light chain
position 110, and/or alanine at heavy chain position 84, and/or alanine at heavy chain
position 114, and/or alanine at heavy chain position 168, and/or serine at heavy chain

25 position 172, more preferably valine at hght chain position 205 and/or valine at light
chain position 110, and/or alanine at heavy chain position 114 (numbering acecording
to Kabat, 1991). A skilled person will understand that, as an alternative or in
acddition, one or more other amino acids of the heavy and/or light chain can be
replaced by cysteine if the replacement does not influence folding of gaid antibody or

30  functional equivalent, and does not alter antigen binding or effector function.

In international patent applcations W0O2006/034488, WO2008/141044,
W0O2000/052249, W(O20090/012256, WO2009/012268 and WO2009/099728 methods for



Provided by the invention is therefore a use of an antibody or functional part 10 thereof or
immunoglobulin chain or functional equivalent thereof according to the invention for diagnosis of a
Staphylococcus infection, preferably S. (litmus infection, more preferably MRSA infection, for detecting
S. auretts and/or S. epidermidis, preferably MRSA, and for distinguishing between S. ant-ens and/or S.
epidermidis, preferably MRSA and other gram-positive bacteria. Also provided is an antibody or 15
functional part thereof or an immunoglobulin chain or functional equivalent thereof according to the
invention for use in the diagnosis of a Staphylococcus infection, preferably S. aureus infection, more
preferably MRSA infection. Further provided is a method for isolating S. aureus and/or S.
epidermidis bacteria from a solution using an antibody &g functional part or an immunoglobulin 20chain
or functional equivalent thereof according to the invention. Said method preferably comprises providing
a sample of an individual suspec{)egjof su ering. from an infectjon withdS. agggus anﬁllor S.. e(Pidermidis,
preferably MRSA, 61 rom any other source. auch as A bactenal euitire=5daing ail antisbay or
functional part or affifrrtitecbiiblcivain Beifmetsnaireguivalent thereof according to the invention
25 said sample, allowing binding of said antibody or functional part or an immunoglobulin chain or
functional equivalent thergpf ARAIING. 10 N%NHERNRRIR, 3 AHiSHS, andion 3, spiderinidis bacteria,
when present, and isolating S. aureus and/or S. eplgermldls bacteria bound to an antibody or

functional part‘dr affiHIRHIERGYIOBTRR EHRnBYRFRtBHAaGHivarmttier st abkdieniy Y the invention
from said sample. 3@uencdNov/that Giaie-posittheibacterses picificshiniing tompounds according to

the invention and nygleigacid seauences.coding.thatefore haye been prvideg, ngludinghuman
binding compounds, improyve thergcpeu]gc applications have become available, 21 Gram-positive

bacteria such as S™AUETE ARGt & TSt HIdNE Al & Colirfter SBy By SHEiAT EB S0t ds according to
the invention. A birsdiiy eonmsotinddgetrding touthel inverition dbaharaforecpasticoiary Sultable for use

as a medicine or prophylaatic.agenkdiieterably; hindingicem paunds:aseTusedwhich-gansist of human
sequences, or 5 Wh}il(éh %aé/eloasgfnost %%g?f non-human se%ﬁ%ncesbgg order, to r%%uge the chance of

. t P said binding compouind res S antt An anfibody o
adverse side effects when human Individuals are treated. An antlbodyv or fdncfiona 5arlf or an

immunoglobulin chARCBr RS Al e R eR Reiutr 6F Bttt weidderfisaesise farktional
equivalent thereof asearilingtdetablinventioasanaserasAnnedidhment andlenprapklylasticlagent is

therefore also herewith provides, Wben.a.1Pnueleis asid, or functional sauivalent acgerding to the

invention is administered, it will be translated in situ into a hinding compound according to the
invention. In a PartiEHAY B rRsTE T Chib SETTERE LT HBBRT Eoited sBRBER IS a functional
part thereof. Said medicamentiorprophylasticagentds pebfataihy:eseddorbobnterattingtddst least in

part preventing an ifRCHRIARS Rurausandier Sy Lhepidesnzidis apfoncrunietaating Qrat least in -
part preventing ad\é(gl};jse effects.of an mf@tm&%yﬁah%urﬁ%s an lor S gtpldermldls. Iﬁé{lrtﬁpelr rovided is

. (¢] et efer al least € negy C}l I seguende a 1
therefore an antibody of functonal part of an Immunog obuhn chain orfunclona equivale fhereof or

a nucleic acid sequéptesefitetiorraPstisivalestndront stording torash e stprtdrnseeara
medicament @od/ot prephiytackicagehion albeask injpad 204reatingnand orpementing a.candition

related to S. aureu§n%g{ﬂfr o§f1§BLge%gp£)%§'is provided which has a heavy chain sequence as depicted

in Figure 1 and a Hght chain sequence as depicted in Figure 1 or a light chain
sequence as depicted in Figure 1 in which the isoleucine in CDR3 is altered to a
methionine.

25

One embodiment provides an antibody or functional part thereof or

immunoglobulin chain or functional equivalent thereof comprising a heavy chain
sequence consisting of the heavy chain sequence as depicted in Figure 1, and/or
comprising a light chain sequence consisting of the light chain sequence as depicted in

30 Figure 1 or a light chain sequence as depicted in Figure 1 in which the isoleucine in
CDR3 1s altered to a methionine. Alternatively, as is well known by the skilled person,
it is possible to generate a shortened heavy chain or light chain sequence while

maintaining a binding property of interest. Preferably, such a shortened heavy chain



Non-limiting examples of such conditions are skin infections, pimples, impetigo, boils, cellulitis’
folliculitis, furuncles, carbuncles, scalded skin syndrome, abscesses, pneumonia, meningitis,
osteomyelitis, endocarditis, toxic shock syndrome and septicemia. Preferably, S. aureus infection is
counteracted or at least in part 25 prevented. Most preferably, an MRSA-related condition is
counteracted, diminished ancllor at least in part prevented. A use of an antibody or functional part or
an immunoglobulin chain or functional equivalent thereof or a nucleic acid sequence or functional
equivalent thereof according to the invention for the preparation of a medicament and/or prophylactic
agent for at least in part treating and/or preventing 30S. aureus and/or S. epidermidis is therefore also
provided, as well as a method for at least in part treatingor preventing a condition related to S. aureus
and/or S. epidermidis, the method comprising administering to an individual in need thereof a
therapeutically effectﬁ/%t rpount of an ae\#lb d r functional %ért or an, 22 immunoglobulin chain or
functional equivalett SeecTaing 16 THa TRehEOR, BrtErapISF SHar &4 derdiv R HEL B P diagnosed to
be infected by S. aWéH@idefﬁrOShéﬁdé?mloﬁbe Saigdondition preferabycomprises.dideast one of the
S. aztreus-related aongitionsrisiedakover Mash preferablyan MRBAwelated conditien.«said antibody
preferably comprises antibody Fl, or a functional part thereof In order to counteract Gram-positive

bacteria, a blndlng"g@fﬂﬁB&H%d%SE&r]&‘?ﬁ@ 598 VERTGH 17 Breter 5 2 mhArerad &9a% individual
before an infedtionchals takesnptacdichiterratirelysracdiadinglcofipount iapeatding tofthetinvgntion is 10
administered when,an individuals aliepdviinfecied: Said Rinding.compungdisireferably gdministered

to individuals with an increase ﬁlﬁ 891‘ complications, suc?‘ as for msltanc hos |tall%ed individuals
and/or individuals With Gornpromhasd Aty AR & PEOPIE HaVa Rl Hiefe A8 S bacterial
conditions. Bmdm%ﬂb‘bﬁ#ﬁ@é@@?ﬂiﬁ@%ﬁ%é%’%‘ﬁ%ﬁ %ﬁf@ mfé@éb‘t‘yﬂédmmist@ﬂe@mha@ﬁe or more
15 injections. Bosadanges afl kisding.eampaunds aecarding 401the: lﬁﬁé&!’éﬂ@&i@ bgeusadithe
therapeutic applications, as deseribed aesrgc&ae%%éq{ﬁ s designed.ondhe. gsl%sg fising dose studies in
the clinic in clinical trials fbr which rlgorous rotoco reqwrements exist. Elca doses are between 0.1

and 10 mg per kg BEHRAREIGHCFGPIHEf Bt 8 p SRt BIREING EBiTFd RIS WledieRtigidthe
invention are typically 26 cothibin €PRitiea: pharfeaceuticallisacce pidllecanies wdilde ht anedar

excipient. ExamP'%%ﬁéé‘ﬁ@&lﬁt&a{@ﬁéﬁJ?EﬂQﬁ@l@%%%Hﬁ%é@déﬁ%@é&%' hagMRGYAMAIKLH),
serum albumin (e. %h AO@ S,)él‘)n'%})nddovaua}umlgf %eg preferred embodiment said suitable carrier
comprises a solution ke ¥8F €2ahipIe ‘Sanhe 55 ey@% Lot -EfbsuiHsart PRk 440 Erdcoding a
binding compb@ndi@é@ﬁémg% m@qm%ﬂn%ﬂsrsm%edeiﬁs@utealdyldesehmedﬂ@ib@mammstratlon of
such nucleic acid, bipding sompaunds.arespreskcachby Ibathga?gt&m@fala}mm thRduesd.binding
compounds are cap gsof Qreve&}}gﬁg QQ/ r col tera%tl g 'ts'é/% gr?%tggl I mfeguon and/or
the adverse effects o Such Infection. A nuclgic aci seql{irence ?Oor unctiona equw% en accordlng to
the invention for uda&ea ifetiiahtentsalsdrateprophyrddec dyehtitherefore also herewith provided.
Said nucleic acid is preferably used for counteracting S. aureus and/or S. epidermidis, more preferably

S. aureus, mog preferabbam%mmm%pﬁ%%g 55 t@ﬁ&%&@f%ﬂé&%@ @ee&%% %&aguence 23

or functional equivalent according to the invention for the preparation of a me |cament and/or

prophylactic agent%‘fl5’?‘?85’%1%ﬁrﬁa??ﬁ@&?ﬁ}g‘%‘ﬁﬂ%er“bF@Wfﬂ&%@?ﬁﬁpﬁéé‘ﬁ?\?@bé@mr|um related
condition. Said Grameisositeserbeetebium-tedated vorlditidnspreferablipedinprisestdiv infection by S.

aureus or S. epidem;&im@é)rﬁé@ﬂ@f@ﬂ%@%&%@ﬁ@é&f@@;i%ﬂcmgataqygi@@mgmﬁﬂﬁi%
infection. Further provided 15 aRRImaseulical COMPOsStion gomensing an antbody o .

25  which is capable of producing an antibody according to the invention. A preferred
embodiment provides a nucleic acid sequence comprising a sequence which has at
least 70% seguence identity to at least 15 nucleotides of a nucleic acid sequence as
depicted in Figure 1. A nucleic acid sequence according to the invention preferably
comprises a sequence which has at least 75%, more preferably at least 80%, more

30 preferably at least 85%, more preferably at least 90%, most preferably at least 95%

sequence identity to at least 15 nucleotides of a nucleic acid sequence as depicted in



functional part or an immunoglobulin chain or functional equivalent thereof or a nucleic acid sequence
or functional equivalent thereof according to the invention and a 10 pharmaceutical acceptable carrier,
diluent or excipient. Said pharmaceutical composition is preferably suitable for human use. The
invention is further explained in the following examples. These examples do not limit the scope of the
invention, but merely serve to clarify the invention. 15 All patent documents and other publications
that are referred to in the detailed description are incorporated herein by reference for all purposes. 24
Examples Example 1 5 METHODS B cell isolation B-cells were obtained from fresh blood of adults by
Ficoll separation and CD4/CD8 negative selection with MACS microbeads as described by the
manufacturer 10 (Miltenyi Biotech). To obtain memory Bscells, cells were sorted for CD19+CD3-
CD27+IgD-IgA- on a FACSaria (Becton Dickinson). The use of these tissues was approved by the
medical ethical comypiiiees; el e instiniion. andwes. contingent.eninigrmed cansertRoners were
selected based on_carrying hospital acquired MRSA strains with genotype cluster 1d9'and 16. 15 Cell
culture  B-cells fHAf BT AR AR Efre medium containing IMDM (Gibco), 8% FBS
(HyClone) and penicillin/streptomycin (Roche) were co-cultured on 7-irradiated (500y) mouse L cell

fibroblasts stably expresging (R4Rk R4k sellgadO qellsiid) 20Q:aRg. teeaminantmouse IL-21
(25ng/ml, R&D, syste sg rh.Ié_-4.(lR&D2N\{vgs &JsecLathPEné;/ml. Cel}l? were routinely tested by PCR and
were found negative f6F tAS PFESERER BF iy COBIASHY KAT EBV (S Fof SAGWT " BuIk transduced
human memory B e&lisadeuiblersositvedsrNGER and GHPswmrapuried By Pdos cell sorting and
cultured in 96 well platescaloa.orll-densityefias A0 col pelweathiCuliume sHRematants were tested in

ELISAs using bacterial lysates of the Newma d 5111000 strains. Positive cultures were subcloned
‘?emybsly % e rgﬁﬂs 1{:%61%%9 sE'?%&

£
at 10 cell/well cell 51éen5|ty in 9 0weesllap &tes an agafr%gg%gév %y ubse 053?11%@1%

aensit ] . 1 Dy ! gflgtive cultures
were seeded at 1 ¢&iPPEY el 2t teste alagahr By ELISK tradacavigragarscsedireistrains

Newman andi8H188@:ns are depicted in Figure 1. Further provided ig therefore an isolated, synthetic
or recombinant nucleic acid sequence, or a functional equivalent thereof, comprising a
sequence which has at least 70% sequence identity to a sequence selected from the
group consisting of cgettteccatgage (SEQ 1D NOG:12),
tegatcaataatgggaataacccatactacgeacgetegetacaatac (SEQ TD NG:13),

fry
[

gatcaccctagtagtegctgecccacettigactee (SEQ ID NO:14),
cgegecagteaaaacgttggtgactgettgoee (SEQ ID NO:15), aagacatetatictagaaagt (SEQ 1D
NO:16) and caacactatatacgtttecegtacact (SEQ ID NO:17).

Said nucleic acid sequence or functional equivalent preferably comprises a
sequence which has at least 75%, more preferably at least 80%, more preferably at
20 least 86%, more preferably at least 90% sequence identity to any of the above
mentioned sequences, Further provided is a nucleic acid sequence or functional
equivalent thereof comprising a sequence which has at least 70% sequence identity to
at least part of a nucleotide sequence as depicted in Figure 1, said part having at least

15 nucleotides and encoding at least one CDR region.

A nucleic acid sequence or functional equivalent thereof according to the
present invention preferably encodes a region which has at least 70% sequence
identity to an F1 CDR region, an F1 heavy chain and/or an ¥1 light chain. One
embodiment thus provides an isolated, synthetic or recombinant nucleic acid

30  seguence, or a functional equivalent thereof, comprising a sequence encoding an
amino acid sequence which has at least 70% seguence identity to the sequence
RFAMS (BEQ ID NO:1), and/or at least 70% sequence identity to the sequence
SINNGNNPYYARSVQY (SEQ ID NO:2), andfor at least 70% sequence identity to the



25 Retroviral transduction The BCLG6 retroviral construct has been described before (Shvarts A. et al.
Genes Dev16, 681-686 (2002)). cDNA encoding human Bcl-xL was kindly provided by Dr. Stanley
Korsmeyer. BCL6 and Bcl-xL were separately cloned into a BCL6-NGFR and a Behr"- 5 GFP
construct. These constructs were transfected into the LZRS retroviral packaging cells, phoenix as
described before Maleco A.C. et al. Blood 94, 2637-2646 (1999); Scheeren F.A. et al. Nat Immunol 6,
303-313 (2005)). Memory B-cells were double transduced by the BCL6 and Bd-xL containing
retroviruses after activation on CD4OL-L cells in the presence of rmIL-21 for 36 hrs as described
before (Diehl S.A. et 10 at J Immunol 180, 4805-4815 (2008); Kwakkenbos M. et al. Nat Med in press
(2009)). Transduced cells were maintained on CD40L-lgcells with rmIL-21 ELISA To determine
antibody content ELISA plates were coated with anti-human Ige 15 (Jackson ImmunoResearch
Laboratories) at 5 jig/m1 in é [ 7G| ﬂ t 4C and washed in ELISA wash buffer (PBS,
0.5% Tween-20). Alf‘%}ur%ﬁf ﬁf@ 8@@5@%(%% OCIE%QS a&%ﬁ’t‘?”b"‘e g?é‘;ts@}iﬁa %ﬂlﬁﬁgenl% nc%]ﬁ Culture
supernatants and & éfzyineEombiiatet Hetettih Bhilbblly awasatidets (diltitrsa BRs0deRsity
HRP-conjugated afitichg ce{dasksanylUHY B BEQusins@siap Gelulioam {Brosowuge)was«used fom20
development of the F5A% reL RFISANIRG-PHIPRSEE G 1SRE iFaieS om (e Ngaman, and SHL000

strains. Both were made in PBS and directly coated at 5 to 10 jig ml1 before B cell culture

supernatants Were*fEEfRgeASSHA 5 HifAGH e explore the antigen specificity of the human IgG1 clone

FL an LTA 25 deteBUQL EISSAGHANREbBEACRARGETLIRT pidParaiand GRAT.EWAlKB SN BNsubtilis,
S. faecctlis and S. pyegares/ (RigmaIwas, agdas (9. &S Rialasoated withkpelyelanalpgs purified

mouse anti-LTA ( § Q}g{ %%D Bioscienc ? before secondar antibo%les were added.
In addition, we te;tég %(g\{;%ra ﬁ%%@éégra s ?jne%rgf?/]%a f i 2 libtafye36 e%‘é%vpté}ot %y W. Fischer
(Institut fur Biochergigiceksiv of Erlangen, Germany) and kindly provided by B. Appelmelk (VU,

Amsterdam, Nethenrys)¢see fensore Retdis fatinnR; ewvals tnfen kporuwre0. 366486 £2¢1992),

liolotsky V.Y. et al. LOF j - : . Infection and
Immunity 64, 26 3%%?%}% %n%ﬁ@&%@%f’m&ggﬁ%ﬁsﬁe@%ﬁ%hﬁﬁ icrobiol 6, 276-
287 (2008)) in dire¥PELISAE L7, RSHS WA esatsldherr kit £hersIETEeS @0 gg ml') or
control antibodies (ltbtififistiequofdyhe demalsupelinatanthuerd aaddachatichiiyrtaerdeteetec:with
conjugated anti-human Q. meiseianibedies Lhe.nanelpt apusified LA Rrerarations iaclided: B.

subtilis, S. aureus, L. lactis, L. garvieae, B. bifidum, AL lutezts, L. easel, L. mesenteroides, B.

licheniformis, I°. tv&ISATHEHE" HHTE T “PARNOIECHE &4 Rifairs, S. pneumoniae. Several variants
contain or lack ala#in@lrEsidueshnaisifpidRanchars(Hbldepicie Naren OBMdiNG 6SIhaNEMNantibody
to bacterial culturesypyy TheTNEmMasEDsaIgUS AN IS RRED RO Ze SEinHSereyneB) were used.

Newman was cultuged it m | n.1 mlwas resuspendend in 100 ml for 2 to 2.5 hrs till
OD:1 and bacteria Wer(? rcI;:(E)'I ected.'S. E%F]Qrﬁ:bbl%igg dv}\%s&éeu?? red in Todd Hewitt medium mixed with

yeast medium. BefBHIBdetE i wER irfctbated MG T LSRFAMSWVRQAPGRGLEWVASINNGN
20 NPYYARSVQYRFTVSRDVSQNTVSLQMNNLRAEDSATYFCAKDHPSSGWPTFDS

WGPGTLVTVSS (SEQ ID NO:7), and encoding a light chain sequence comprising the
sequence
DIQLTASPSALPASVGDRVSITCRASENVGDWLAWYRQKPGKAPNLLIVKTSILESG
VPBRFSGSGSGTEFTLTISSLOPDDFATYYCQHYXRFPYTFGQGTRLEIKRA,

25  wherein X ig I of M (SEQ ID NO:10), and/or the sequence
DIQLTQSPSALPASVGDRVSITCRASENVGDWLAWYRQKPGKAPNLLIVKTSILESG
VPSRFSGSGSGTEFTLTISSLQPDDFATYYCQHYXRFPYTFGQGTEVEIRKRTY,
wherein X is [ of M (SEQ ID NO:11), and/or the sequence
DIGLTQSPSALPASVGDRVSITCRASENVODWLAWYRQKPGRKAPNLLIVKTSILESG

30 VPSRFSGSGSGTEFTLTISSLQPDDFATYYCQHYXRFPYTFGQGTKLEIKRTV,
wherein X ig [ of M (S3EQ ID NO:8).

In one embodiment an asparagine at position 53 of the heavy chain

{numbering according to Kahat, 1991) is replaced by another amino acid other than



15 antibody, a control IgG (D25, a human anti-RSV antibody) or only with the secondary antibody
(IgG-PE only), cells were pretreated with 100% total mouse serum to prevent background staining.
After washing the secondary antibody was added (IgG-PE). Antibody incubations were performed for
20 min on ice. 20 Fl sequence determination and expression cloning We isolated total RNA using
Trizol (Invitrogen), generated cDNA by using superscript RT, performed PCR and cloned the heavy
and light chain variable regions into the pCR2.1 TA cloning vector (Invitrogen). To rule out reverse
transcriptase or DNA polymerase induced mutations, we performed several independent cloning 25
experiments. To produce recombinant FIl mAb we cloned Fl heavy and light variable regions in frame
with human IgG1 and Kappa constant regions into a pa®NA3.1 (Invitrogen) based vector and
transiently transfected 293T cells. We purified recombinant Fl from the culture supernatant with Protein

A. 30 RESULTS Gengrationof e £l clons, 2o ree sublesia o ere tested positive for

MRSA but were nat sick, 50-6_Om1 of eparin blood was collected and peripheral B-cells were isolated
after a ficoll purificalforf StEp L AENEHEHS Sevaiaies beh $8Biitations were double transduced with
retroviruses containing BCL6-NGFR and Bc1-xL-GFP (Diehl et al and Kwakkenbos et 5al). From the

IgG, CD27 positive popufaiiansRelyclonahminisiitiesBrcel iculiurgsnere-siaded n-28awells plate
with a cell density of 500 ggllg/well. Su gr?ata t of these mini-c}il%tureg was coII%c ed and used in
ndiga 0 I £i1g1 Wit

ELISAs to scréen {orthie pres{éﬁlcnéng . au?élﬁsefgﬁglclﬁ%qlﬁ(acgrﬁ ol(siiegn("i’lr?%ese SRS the coating

was cell lysates ofifor Sergute aeisiinaitsligonaiy NevwaTaa)cw midcanesitagakerd screened

positive in 10 both:ithessRy]1 @0Q aswelas e Newnan SdauguUSIWResseaded irew mini-cultures at

a density of 10 ceI{gjgg@éh@g@i{ﬁ;qﬁg@%@ﬁe% gﬂ%%gw@m-&%lt%rﬁes was collected and screened in the

SH1000 and Newrman ELISAs. Clories that were screened positive in both ELISAs were seeded into

monoclonal cultures (i.e *F BERBIFRARBr A e T8 AR AAATH PHHEEE 1RETGEIBal cultures, one
clone (named 1) iweas:founddiesbbhroduee:S: atreus:SpedHicidaonoelo nalitgblaibodiekrAntibodies in

the supernatant ofghe RL.clane Qind 4014 Preparationsfem S AUIeHs. Generatingdhe fl clone, we

already found that supernatant, of FI bound t t[]ne 20 bacterial cell lysates of two S. aureus strains, SR

_ t
1000 and Newmar™ FHE MR ATEFEE T WAR ESREO I OFE A SESHVE AR5 IR S therefore we
decided to test binBiNg/BNE| hsbiparrdidnt tolSe audd i AT hqhapardtionsiih(BNE ISAr As shown in

Table 1, supernatamiefthe &ilelopebindsita.bacieral.calllysatesaf tha-3R.400Q:1a0d: Newman S.
aureus strain put also to §omm§rciallé/ Qur,ﬁbatsed piurified . aureys IfoA 25£repar3tions. We noted,
1?h ) aduuc f%lc CL Sﬁl 11Ce, & term Niuncticna equw? Crl Ol & CIC acy SUeTICE .
however, that the binding 1o the CTA preparations was significantly lower than that observed with
whole bacteria. 28!so encompasses a chain comprising non-natural nucleotides, modified nucleotides
and/or non-nucleotide building blocks which exhibit the same function as natural

nucleotides.

20 A nucleic acid sequence according to the present invention is particularly
useful for generating binding compounds which are specific for 8. aqurens andfor 5.
epidermidis. This is for Instanee done by introduecing such nucleic acid sequence into a
cell so that the cell’s nucleic acid translation machinery will produce the encoded
binding compound. In one embodiment, geres encoding & heavy and/or light chain

25 according to the invention are expressed in se called producer cells, such as for
instance cells of a Chinese hamster ovary (CHQO), N8O (a mouse myeloma) or 295(T)
cell line, gome of which are adapted to commercial antibody production. Proliferation
of said producer cells results in a producer cell line capable of producing antibodies or
functional parts thereof according to the present invention. Preferably, said producer

30 cell hine 18 suitable for producing compounds for use in humans. Hence, said producer
cell line 1s preferably free of pathogenic agents such as pathogenic micro-organisms.
Most preferably, binding compounds consisting of human sequences are generated

uging a nucleic acid seguence according to the invention.



Table 1: Supernatant of the Fl clone binds to S. aureus LTA preparations. As a negative control an
anti-mouse-HRP conjugated secondary antibody was used. Another control was an anti-influenza virus
antibody that only detected influenza H3 protein. 5 Fl clone mouseanti-flu anti-LTA control SH1000
1,004 -0,010 -0,007 Newman 0,753 -0,007 0,007 SA LTA (slam 0,176 -0,005 -0,009 Flu 1-13 0,003
-0,002 1,523 No coat -0,013 -0,014

18

An isolated or recombinant antibody producing cell capable of producing an
antibody or functional part or immunegiobulin chain or functional eguivalent
according to the invention is therefore also provided, as well as a method for

5  producing an antibody or functional part or immunoglohulin chain or functional
equivalent according to the invention, comprising providing a cell with a nucleic acid
sequence or functional equivalent according to the invention and allowing said cell to
translate said nucleic acid sequence or functional equivalent according to the
invention, thereby producing said antibody or functional part or immunoglobulin

10 chain or functional equivalent according to the invention.

An antibody producing cell is defined herein as a cell which is capable of
producing and/or secreting an antibody or a functional part thereof, and/or which is
capable of developing into a cell which is capable of producing and/or secreting

antihody or a functional part thersof. An antibody producing cell according to the

ot
o

nvention is preferably a producer cell which is adapted to commercial antibody
production. Preferably, said producer cell is suitable for producing compounds for use

10 humans.

A method according to the invention preferably further comprises a step of
20  harvesting, purifying and/or isolating said antihody or functional part or
itmmuneglobulin chain or functional equivalent according to the invention. The thus
ohtained hinding compounds according to the inventfion are preferably used in
diagnosis of Staphylococcus infection, isolation or detection of Staphylococeus
bacteria, distinguishing between Stophylococcus species and other gram-positive
25  bacteria and human therapy, optionally after additional purification, isolation and/or

other processing steps.

An antibody or functional part thereof or immunoglobulin chain or functional

equivalent thereof according to the present invention is particularly suitable for

30  diagnostic uses. For instance, a sample, such as a tissue or blood sample, can be
obtained from an individual or from any other source suspected to be infected with a
Staphylococcus bacteria, preferably 8. aureus and/or S. epidermidis, more preferably

MRSA. Subsequently, said sample can be mixed with an antibody or immunoglobulin



-0,015 The recombinant produced Fl antibody binds to LTA preparations from multiple sources 10
After cloning the antibody genes into expression vectors and producing recombinant Fl (rF1) antibody
in an expression system, the rF1 antibody was tested on purified LTA preparations from several
bacteria. As shown in Figure 2A, the rF1 antibody binds well to commercial LTA samples obtained
from S. aureus and B. subitilis, and a bit less profoundly to LTA samples from S. faecalis and S.
pyogenes. The rF1 antibody 15 did not bind to an LTA sample from S. pneumoniae (data not shown).
In addition rF1 recognized highly purified LTA samples from B. subtilis, B. licheniformis and two
isolates of S. auretts (Figure 2b). rirl did not bind to LTA preparations from S. mutans (Fig. 2b) or from
L. lactis, L. garviecte, B. bifidum, M. luteus, L. casei, 1d-. mesenteroides, L. welshimeri, E. hirae, L.
raffinolactis, S. mutans and 20 S. pneumoniae (results not shown). Recombinant Fl antibody binds to
living S. aureus bacteria fIn c%rder to stu y \{vheth%r he rfl ang]bod would also rECOé\;,nize living
Gram-positive bacfafia: Binding oF tha HELBRtH B 186 alFatiS AhE & ORetSRiIZ8 Was tested by 25
using flow cytometpytiraisHawr mdieirerahamarrorantbbdybimert o by 8. spoifisabusibdcteria
(Newman strain), butspgtHa.Sodpnerironiae-dnaddithrave showthat dd-recagnized..clinical S.
aureus isolates; one.i hogenic strain which is PVL positive.. 3 reqular strains and 2 MRSA strain
(Figure 36). 5 Exaniolt I 1 e e i o s
aureus ((VERSA) S6Aferen 30 ermnla s ARb s Soorgnadhe 15six oooneobispes2, as well
as methicillin-sensitivé:8 tauselas (MBEBA pstrams: ReyinoldspBetkercsmitheRifusesdANG,; and

vancomycin intermegdiate sensiive Liad-sta M Qnuerialkotaingd fromxthe Nefwork on
Antibiotic 15 Resnsé%gge in taghylococcuwreus (NARSA); MSSA strains Newman and Rosenbach
! A

were from ATCC. SIESRYISCOSHIE SHBRIZNS, BAITAS SRS  ER bR HeaR freeHE Hid
Streptococcus pyogenékeyeek attaineahflord WedrdtsiNald raltBefenvemuistelthumo dogytagenes was

from ATCC. Bactera:Werigwnien: iy piia so%adak{lSAhplates spplemenied with,.nXsheep blood
for 18 hat 37 C. F%E I‘i?vq}%id 20 cultur sd igﬁ

g I ! egolonies from TSA plates were inoculated into tryptic soy
broth (TSB) and incurbatélo}J Eé%tgt}aé{ while's C<l{31yk mm‘in%laburnn %a’i%’%gl—nggmﬁaiﬁﬁ%%at )

_ hile shaking a rpm for res d ditlitions of these
cultures in fresh TSB WerePfURHEPSEDEUTRGHet o Wigriore e A S samal)s e 84 Binding to
whole bacteria growariaitsQlL ahatantibady staining ofapihale. cells, bacteria were harvested from

TSA plates or TSB culturgs;and éﬁ'%%}%M@)&&b&%‘&%&uﬁ?&@%ﬁ@'k%%‘g%lﬂ&%s) without phenol red
supplemented with 0.1% BSA (IgG free; Sigma) and 10’ mM HV%pe_s,' pH 7.4 (HB buffer), by
&

centrifugation'&t 17075 g 6 St hitt ESARISFIEFLOPaMFSHTES Wergnstance, infection with several

different gram-positive bacteria may result in overlapping symptoms in an individual.
In such cases, it can be diffieult to discriminate between 8. gureus and/or S.
epidermidis and other gram-positive bacteria. An antibody, immunoglobulin chain or
functional equivalent or part thereof according to the present invention can then be
20 used to detect the presence of S. aureus and/or S. epidermidis, or for distinguishing
between S. aureus andfor S, epidermidis and other bacteria. Isolation of bacteria from
a sample of an individual suspected of suffering from an infection with S. aureus
and/or S. epidermidis or from any other source, such as a bacterial culture, can
facilitate detection of said Staphyviococcus bacteria, because isolation results in an
26  increased concentration and/or a higher purity of said Staphyiococcus bacteria.
Isolation of Staphvylococcus species, preferably S. aureus and/or S. epidermidis,
more preferably MRBA, can for instance further be used to identify the specific S.
aureus andior S. epidermidis strain, preferably the MRSA strain in a sample.
Identification of said strain can for instance be performed by determining the
30 sequence of the bacterial DNA. I such case it is preferred to first obtain an isclated
8. aureus andlor S. epidermidis.
In one embodiment of the invention, an antibody, immunoglobulin chain or

functional equivalent or part thereof according to the present invention is labeled in



estimated by reading optical density at 630 nm. Bacterial suspensions of 20x108 30 CFU/mL in HB
buffer were mixed with equal volumes of 300 Itg/mL of rabbit IgG (Sigma), and incubated for 1 h at
room temperature (RI") to block nonspecific IgG binding. Primary antibodies, including rF1 and a
human IgG1 isotype control, were added to a final concentration of 2 p..g/mL, and these mixtures were
incubated for 15 30 min at RT. After two washes with HB, bacterial pellets were resuspended in a
solution of fluorescent anti-human IgG secondary antibodies (Jackson Immunoresearch) and
incubated for 15 mm at RT. The bacteria were washed twice with PBS, resuspended in PBS with 1%
paraformaldehyde, and analyzed by flow 5 cytomery. FACS analysis of rF1 binding to whole bacteria
from infected tissues. For analysis of antibody bindimg to bacteria from infected tissue, 4 h
subcultures of USA300 in TSB were washed with PBS. Mice were injected 10 intravenously with a 100
pi, of & suspension of LEA300 In FRSIh AN saimaled soneantiatan;of 10108 GRU/mL. Three days
later, kidneys, livers, and lungs were harveste ang’homo enized using conical tissue grinder tubes
(VWR). When indi€4teq Srgare s WéWé‘?téﬂ‘%l’E‘&iffEﬁ‘é‘?% Einfeo8iiEa oY inkskiioAr To lyse mouse
cells, the homogenatés:wierdyintulkdtedttondo dyreataRiTbin P Suoomiamipg Ol edm T riton-X100
(Thermo), 10 pg/ral, of.DINASEL(RAshe) andieamnlets Mini pratease inpibitorcoskiallRache), and

passed through a 40 gm filter (Falcon). The cell suspensions were washed twice with PBS and
resuspended iR Hé‘eﬁfﬁ?‘édr,uﬁﬁﬁgeadlﬁ}%’lﬂ?%a‘f?&?%’iﬂﬁ%@‘b‘%@%‘%ﬁﬁﬁr%ﬁﬂﬁlﬁ%ﬁb@@@Wﬁ?{j’and
incubated for Ib at RMuRpighgriAbsinetddit ol emdvalénimape iy Girisdnerdoatiotiwere added to a

final 20 concentratiQn. ofi. i/ kit oM dfereniataastatiaFom mMans s aanaekkisfabhitloG anti-S.
aureus (Abeam) was adt%ﬁg to ac ege%%nérgtion of 20 @%@L' After incubation fgr 15 min at RT, cells

. Or reof QULreus a epaermials 1s esent. . .
were washed twice With Buffer, and résuspended in a’mixture o ant-human IgG and anti-rabbit

lgG secondary antibodieEravitis fab@rtr otk diffbrentiuoree At e taekseApsHMuAbPEearch). 25
After two waslties with-BBS uealls:wareirestispendad.inRBSwithi286 paraformaldelyderand analyzed

by flow cytometry. After SelIRcUNg RAsIEHA E&Hhﬁ‘?@é&kﬁsf E%?J&%%?E?&e?&%ﬁ? By galing fprpgsitive

staining with rabbit IgG anti-S. aureus, overlay histogram plots of fluorescence intensities of rF1 and

isotype control wer8°geRETSTaY 3FRE B BT SiFaSeh Ot Aer Suride &idins and S.
epidermidis 31 preSestdn NESthicillin fre SistantuShanr bets (MRE A)straing/siX. methicillifisensitive S.

aureus (MSSA) strgins, MNeABKORYGIRINISEMaAIAe SENSHINE S AHIEHSMLSA) SiEBIRy 3 epidermidis
and several ofger %ramgpo itive %Qecig)s were testeq Lor.birgging to rFl_an;'{bpd}/\; As shown. in figure 4,

FF1 strongly binds T8 SI°ER $ RS B 5 AARE THEUFE AT SAEF 1SS "ApiaRthiiis ttird 485, but not to

the other tested grawrysisitive peckasitiidurawB). HrimgsitoivREA o diferértigrowth stages
and from in vivo infeetiebly S. aureus infection, more preferably MRSA infection.

Further provided is a method for isolating S. aureus and/or S. epidermidis
hacteria from a selution using an antibody or functional part or an immunoglobulin
20 chain or functional equivalent thereof according to the invention. Said method
preferably comprises providing a sample of an individual suspected of suffering from
an infection with 8 aureus and/or S. epidermidis, preferably MRSA, or from any other
source, such as a bacterial culture, adding an antibody or functional part or an
immunoglobudin chain or funectional equivalent thereof according to the invention to
25  said sample, allowing binding of said antibody or functional part or an
immunoglobulin chain or functional equivalent thereof according to the invention to
S. qureus and/or 8. epidermidis bacteria, when present, and igolating S. aureus and/or
S. epidermidis bacteria bound to an antibody or functional part or an immunoeglobulin
chain or funectional equivalent thereof according to the invention from said sample.
30
Now that Gram-positive bacteria-specific binding compounds according to the
invention and nucleic acld sequences coding thereiore have been provided, including

human binding compounds, improved therapeutic applications have become available,



We tested the ability of mAb r171 to bind to bacteria both in different tissues 10 and over the course of
infection. We found that rF1 bound to bacteria isolated from murine kidney, liver and lung tissue two
days after infection and that the binding to bacteria isolated from infected kidneys was stable, binding
bacteria 2, 3 and 8 days after infection. Binding of rF1 antibody to different growth stages of MESA
(strain USA300), 15 namely early logarithmical growth (2 hours) and post exponential growth (8 hours)
in TSB cultures, and growth of solid colonies on TSA plates was tested. rF1 strongly binds to all
growth stages tested (figure 5A). Binding of rF1 antibody to MRSA (strain USA300) to whole
bacteria from infected tissue was tested in homogenized kidneys from mice three day after the mice 20
were systemically infected with MRSA. As shown in figute 5B rF1 binds to MRSA obtained from
infected tissue. Example 3 25 Further experiments were performed to identify the epitope bound
by antibody Pl. Altpouoh,binding (o LTA preparations had been observed, (see, ¢, Example 1), that
binding was not as robuSt as bin ing tow Slebacteria suggestlﬁg thatanother epitope mgy be
involved in rFil bindif§i= 8P METHO B THRUASH SeTBRETON TWEEhsrtP BISHRS 25T Hids's Spectrometry
of cell wall lysates i & taureusadr-Spepicdasmidisiant: cemmerciad Wi piepasgianetic 40
micrograms of  commersial Al BiEaole Brid (WAL PLERAATAN AMANARHAR 2. Ateus sirain

(Biodesign/ Meridian Life Sciences, Maine) was split into two parts and immunoprecipitated with 1

ug/ml of rF1 oPisofyPE LB IR TR R e Bras Tehe Eiepired Wbe fotaire AfC Ultralink
Resin (Pierce). Thedsample® witta thbartieated wilhyBOmdithiothde ol 20N 2xlodeacsthmide and

run on an 108% Trig:glycing gelandsubseauentirWesiesnhlatadwithrkk or 2 A8l wall preparation
of a 20 ml overnight culture o; ngAS 0S. aﬂeualsté%}n vga%igretp%ed Qy tr.eatpent of the culture (40

mg cell pellet/mi.) \?\ﬁ%ﬁ%ﬁ)?ﬁ”g mi of yse utlg‘?) eluht |ne§. 6 TAtNOSE buffer a‘.afl?‘?% ?6Fl§(baﬁ1?nutes. The
entire cell wall 15 prepwas-Tiltaree, ditutedrepreetd mihathineaec hesivishifferaned!intetiated twice with
anti-Flag M2 AgareseléRigens)-to:depleie-asitauch prtaingAdrarthecel wallpiep@spassible. Final
cell wall preparati as split:into fwo parts and immunoprecipi atgg0 ith. 1 ug/ml aof rF1 or isotype
control human anti %\%)3’. %%%bcg}éisé%suvl\fle(r}eacérbtdlrgeglof/nvﬁ%uéo&tc&ﬁ&ﬁé %gfﬁ(e 1eos?l'rfi lerce). The

samples 20 were tRETHHERIEP IR sDAMIGIRfotHTRRGdoAV RIS HsacstHidd Brfd fun on an 8%
Tris-glycine gel anéxsutiseduentiiisstve SsidinedieimaAtestesmblotted wvighntBk prefetaypbatesdtom a 20 ml

overnight culture of 3taphylacogeus Ridermi d’am&mfmﬁﬁ@&%%@@. beating, inNP40 Lysis Buffer.
The resultlng%sate preparation,was 25 diluted to 10 m[ with NP40 Lysis Buffer, split into two parts and

immunoprecipitatePHitH 1 tigThiPbf P BPLBIIEI MO By PRATTOERE RETECPHIFET Witk Protein A/C
Ultralink Resin (Pierde}iothe samples wdfer themitreatadswitly Bomvb dithdothifsitefortOmM
2-lodoacetamide agndipanyan and%diisaglycing gal.ansisubseauantly-sives.stained aeWestern blotted
with rF. 30 Fq{heitg(ggc?rrgi%u% e?l%sak ’s%aiqg Iesor ur%taégfr?digd txga?egr%geaagg aE:)c%rcﬁ)i'rAfg? tlg t[pe!ni gel and
the resolved proteins stained with Cooma sie Bitle. Gel Sliced rom the region
invention for use as & medicament and/or prophylactic agent for at least in part
20 treating and/or preventing a condition related to S. cureus andior S. epidermidis.
Non-limiting examples of such conditions are skin infections, pimples, iImpetigo, boils,
cellulitis folliculitis, furuncles, carbuncles, scalded skin syndrome, absceases,
prieumonia, meningitis, osteomyelitis, endocarditis, toxic shock syndrome and
gepticemia. Preferably, S. aureus infection is counteracted or at least in part
256 prevented. Most preferably, an MRSA-related condition is counteracted, diminished
and/or at least in part prevented. A use of an antibody or functional part or an
immunegiobulin chain or functional equivalent thereof or a nucleie acid seguence or
functional equivalent thereof according to the invention for the preparation of a
medicament and/or prophylactic agent for at least in part treating and/or preventing
30 8. aureus andior S. epidermidis is therefore also provided, as well as a method for at
least in part treating or preventing a condition related to S. qureus andfor S.
epidermidis, the method comprising administering to an individual in need thereof a

therapeutically effective amount of an antibody or functional part or an



of the gel corresponding to bands visualized by rF1 western blot were excised and 33 reduced,
alkylated with iodoacetamide, and digested in situ with tryps n. Resulting tryptic peptides were
analyzed by microcapillary reverse-phase liquid chromatography- nano electrospray tandem mass
spectrometry on a hybrid linear ion trap Fourier transform ion cyclotron resonance mass spectrometer
(LTQ-FT: Thermo 5 Fisher) in a data-dependent experiment. Tandem mass spectral results were
submitted for database searching using Mascot software (Matrix Science). Expression of exogenous
CIfA expressed in S. aureus and E co/i S.aureus expression of His-tagged CIfA: The Clumping
factor-A (CFA) gene 10 was PCR amplified from the sequence encoding the signal sequence to the
sequence encoding the glycine in the LPXTG motif fromUSA300 genomic DNA. A c-terminal His Tag
was engineered at the end of the LPXTG motif and ligated into the pTet S.aureus expression vector

(pPSAS10 from Genentech), The resulting.construct was then electroporated into S. aureus WT
4220, A 20 it TG BB af T T B O At NAS30 G530 B SOEeiying a
pTet expression vé¢to Fivaainveuatett frevn dnoveanighedafeare (startifig @Dss60£0.15), grown for 1
hr in trypticase soyhetih(T:sBhand theninduceshproteip-axpeessiencier2 esyvith-anhydretetracycline

(200 ng/ml). At the end of the indugction rg%rti%g%fgggbg. %%% flijtree was.pre-lysed with lysostaphin
. v : .

culture v
(50 ug/m1) and then further lysed by bea eating in lysis J;er 150 mM NaCl, 20 mM Tris pH

7.5, 1% triton-X, and RocHEBrItBAEEPiSHiOY ErPastetr i) cleares tipsstastiiertien

incubated with NiNta resin (Qiagen) in the presence of 10 mM Imidazole for 1 hr at 4C to pull-down the

recombinant CIfA proteing 2ok coli gxRrassian o Hissitagasd:Gifa:, thasGhmRing facianAu G 1fA) gene

was PCR amplified from the sequence encoding the N-term signal sequence (with the start
methionine) to the §ei ﬁérh‘?g%oﬁ’c%d)lﬁegefﬁgﬁﬁ/ e TR TRS T 2 HS TR GG BR 884360 genomic
DNA. The amplifiethPCRIprodittwaty then ligatied imsframed withrdloaerthinalvelisivagsinto the pET
21b(+) E. coihexpressionvestariNovaganidtha3Q«eayliing.cansthdciwas.transiermed into E.coli
BL21-gold (DE3) Cogflg%?nt ells gStr‘?Eggg&%)dgad \I{) uced for g@gtgiﬂ{g{gggﬁﬁiﬁpﬁ%& 3.5‘hhrs with

IPTG according to'the maﬁ]uafaréltlﬁl%séf}gelnstructlons, The induced £, coll caltire Was yséauij bead

beating in Lysis BUfféP{IStramviRaEerBedindi ooy iodi itpraxvidhePRpEHESfotease 34
inhibitor EDTA-freediablets). {leatedilysaigle weresthaniacubatedonith it acresin(QIBGEmMgn the

presence of 10 mimidazeiednt 2t AG 0. liaw. e esambInANL GlfR AIgISIN B E xpression of

exogenous CIfA expressed in E. coil and incubation with S. au reus tysate = Expression and
Purification of S, amﬂga%%&|%ﬁﬁ5%fé¥*§ﬁﬁ%%?§iﬁ%ﬂ@ﬁ}&f}*—’éﬁgczOéda?éf@&Fﬁ}@aF@%é%aﬁ?dfﬁe CIfA,
CIfB, SdrC, SdrD &hd Sdrigenesnere PER dmphfietrom tiréosequehsemnicadihgthesniature start of
the protein to the SEGUENEE: studies in the clinic in clinical trials for which rigorous protocol

reguirements exist. Typical doses are between 0.1 and 10 mg per kg body welght. For

therapeutic application binding compounds according to the invention are typieally

20 combined with a pharmaceutically acceptable carrier, diluent and/or excipient.
Examples of suitable carriers for instance comprise keyhole limpet haemocyanin
(KLH), serum albumin {(e.g. BSA or RSA} and ovalbumin, In one preferred

embodiment said suttable carrier comyprises a solution like for example saline,

25 In vet another embodiment a nucleie acid encoding a binding compound
according to the invention is used. As already described, upon administration of such
nucleic acid, binding compounds are produced by the host’s machinery. Produced
hinding compounds are capable of preventing and/or counteracting Gram-positive
hacterial infection and/or the adverse effecis of such infection. A nucleic acid sequence

30  or functional equivalent according to the invention for use as a medicament and/or
prophylactic agent is therefore also herewith provided. Said nucleic acid is preferably
used for counteracting S. aureus and/or S. epidermidis, more preferably S. aureus,

most preferably MRSA. Further provided is therefore a use of a nucleic acid sequence



10 encoding the glycine in the LPXTG motif from USA300 genomic DNA and ligated in-frame with an
N-terminal Unizyme tag into the ST239 Vector (Genentech). The constructs were transformed into
E.coli 58F3 (Genentech), induced for protein expression and subsequently purified. 15NiNta capture of
NT Unizyme tagged SDI? proteins: 500ug of purified N- terminal Unizyme tagged SDR proteins (C1fA,
CIfB, SdrC, SdrD, SdrE) were diluted in PBS containing protease inhibitors (EDTA-free) and incubated
with NiNta resin (Qiagen) for 1.5 hr at 4C. NiNta resin with the captured Unizyme tagged SDR protein
was then washed once with wash buffer (50 mM NaH2PO4, 300mM NaC , pH 208.0).

Modification of E.coli produced SDR proteins by S. aureus lysate: A 25 ml culture was started from an
overnight culture of APan Sch- mutant (01A-C1fBSdrCRE-null; gift of Tim Foster, Trinity College
Dublin) Newman S. aureus (starting 25 OD600 of 0.15) and grown in TSB for 3 hrs (exponential
phase) $7C, 200 rpm,, The,exRongANAl hase, cullure was then fesuspendedn 1m! of PBS and lysed
with 200 ug/m1 Iysostaphln In the presence o Units of Benzonas® Nuclease (ﬁlovagen) at 37C for
30 minutes. The |y§1§tﬂégaW%?é%}é’gréﬂ%ﬁa@ﬁ%%{j@ﬁﬂﬁﬁﬂ@%&%%ﬂﬁ%@ﬁﬁl@ﬁbwvﬁwg a

micro-centrifuge fobhminrities latdcuModdiedtondaidNiNtad30reapivset Eheak:SRR-grotein was
carried out by incubafiqn.with.gleaied.Aban SAr THIARL 8, %U&%%ly(ﬁa;%e?p‘iﬁlé%%éﬂz@o G. 35

Western Blotting of modified E.coli SDR protein: Non-modified or modified NiNta captured E.coli SDR
protein sample% waFg ?F@W&g%@&'gsesv&ﬁﬁ%ﬁnsﬁfrfaﬁf(%@bﬁim%%@fﬁc%mM NaC1, 10 mM

Imidazole; pH 8.0), prepared for Western Blotting and run on an 8% Tris Glycine Gel (Invitrogen).

Western blots were blotted gnaith-githes the giskantibaedy egﬁﬁb@ﬁﬁﬁegymgaﬂmé@%entech)

Identification of SDR dom n as antigen for rkl c? aureus ex S|on %P -S C onstructs: The
o &Il 1mm bulin chai t1 n 1va ent t
maltose binding prolieln (Iﬁ?l gene was P ampli dlfoo *8ox vector (Rietw England

BioLabs 10 [NEB], HE%WIMAW@A)J*r%ﬁmﬁésé@awe’ﬁ@@téﬁemmwé%m Bthe spattresprotein until
the sequencelencadingtheenrd atdhefHacianrxXa elravageSsipichhesuaryingtenginsof c-terminal His

tagged SD (SD, S@%£§9m§ F§99§9§Q1§a§9§m%’%”§ synthesized as single stranded

oligonucleotides and annealed together to make double stranded dna. The Sdr region of the CIfA gene
was PCR amplified from the sequence 15encoding the beginning (560D) of the Sdr region and
included up to either the 'Skquence@nedditig:6E:3iiord 0SofdhevEh segipieiolibweddbyntiies dna
sequence coding far, g ktiguliag fremihe tespestive plasmidaP Iat CihiARIR64840LRTGL- C1fA.5D7095
(Genentech). As a control, the sequence encoding the A domain of the CIfA gene from the beginning
of the maturelprotein until the sequence encoding the end of the A 20 domain (538G) followed by the
sequence coding for a His Tag was PCR amplified from the plasmid pTet.C1fA.Adom.538G
(Genentech). The MBP ifiskht %’Wfﬂ?‘&ﬁé‘“&‘iﬂ?‘/%ﬂ%lﬁ%’ﬁs|H7§éﬁ§ec¥re@fﬂ&,&od8ﬁ]i’§|n were ligated
into the pTet S.auréisiEdptessipirvecton(pSA81a remrGenefarents) foFhéd respitieg constructs were
then electroporated into the S. aureus RN4220 A sortase (sortase deletion mutant strain in the
RN4220 25 background). A 20 ml culture of either the electroporated RN4220 A sortase or
RN4220 A sortase empty (not carrying a pTet expression vector) was inoculated from an overnight
culture (starting OD620 of 0.15), grown for 1 hr in trypticase soy broth (TSB) 30supplemented with
glucose (2 g/L) and then induced for protein expression for 2 hrs with anhydrotetracycline (200 ng/ml).
At the end of the induction period, the S. aureus culture was resuspended in Column Buffer (150 m111
NaC1, 20mM Tris pH 7.5 and Roche protease inhibitor EDTA-free tablets) and lysed with 200 ug/ml
lysostaphin



36 in the presence of 250 units of Benzonase Nuclease (Novagen) at 37C for 30 minutes. The Nsates
were cleared of debris by spinning down at maximum speed in a micro- centrifuge for 10 minutes at
4C. The cleared lysates were then incubated with amylase resin (NEB) along with a final EDTA
concentration of imM for 1.5 hrs at 4C 5 to capture the expressed MBP-SD proteins. Western
Blotting of S. aureus expressed MBP-SD Constructs: Amylase resin with the captured MBP-SD
proteins were washed three times with Column Buffer, further prepared for Western blotting analysis
and run on an 8% Tris-glyeine gel. 10Western blots were blotted with either the rF1 antibody, an
anti-penta His antibody (Qiagen) or an anti-MBP antibody (NEB). RESULTS 15 rF1 reacts to a unique
family of SDR (Set-Asp-repeat) proteins in S. aureus agg S. epidermidis A commercial teichoic
acid preparation and cell wall lysate (WTA) of S. aureus (USA300 strain) was tested for binding to rF1
after immunaprecipitation. rF1 20binds to several components of the commercial teichoic acid
preparation (figure 6A, left panel) and of the cell walK8bf S. aureus (figure 6B, left panel). Using
mass spectrometry these components of the WTA preparation and cell wall lysate were identified as
CIfA (SdrA), CIfB (SdrB), SdrC, SdrD and SdrE (figure 6A, right panel and figure 6B, right panel) 25A
cell wall lysate of Sixepiderinidis was tested for binding to rF1 after immunoprecipitation. Figure 6C (left
panel) shows binding of rF1 to several components of a cell wall lysate of S. epidermidis. These
components were not identified with a control antibody. Using mass spectrometry these cell wall
components were MEtifigdtas SdrF, Sch-G and SdrH (figure 6C right panel). 30 Exogenous CIfA
expression in S. aureus and E.coli Exogenous CIfA expressed in S. aureus is reactive to rFl,
whereas CEA expsrgg gl ir E coil was not (figure 7A). However, incubation of E. colt expressed Sdr
37 proteins CIfA (SafA), CIfE drB), sdrc, SdrD and SdrE with S. aureus lysate regained rF1
reactivity (figure 7B), rF1Eiads wers piedehaims esgirelsse dfindsltabirdliiscB repaaptipoaydbinds to CIFA
Sdr regions consisiing/0bthe-GliA SEMHBAZHRMACS microbeads as described by the manufacturer
10 (Miltenyi Biotech). To obtain memory B cells, cells were sorted for CD15+CDE:
CD27+IgD-1gA- on a FACSaria (Becton Dickinson). The use of these tissues was
approved by the medical ethical committees of the institution and was contingent on
informed consent. Donors were selected based on: carrying hospital acquired MRSA
straing with genotype cluster 100 and 16.
15
Cell culture
B-cells maintained in standard culture medium containing IMDM (Gibeo), 8%
FBS (HyClone) and penicillin/streptomycin {Roche) were co-cultured on y-irradiated
{(60Gy) mouse L cell fibroblasts stably expressing CD40L (CD40L-L cells, 107 cells/ml)
20  and recombinant mouse IL-21 (28ng/ml, R&D systems). rhIl-4 (R&D) was used at
50ng/ml. Cells were routinely tested by PCR and were found negative for the presence
of mycoplasma and EBV {data not ghown).
Bulk transduced buman memory B cells double positive for NGFR and GFP
were purified by FACS cell sorting and cultured in 96 well plates at a cell density of
25  BOG cell per well. Culture supernatants were tested in ELISAs using hacterial lysates
of the Newman and SH1000 strains, Positive cultures were subcloned at 10 cell/well
cell density in 96 well plates and again tested by ELISA. Subsequently positive
cultures were seeded at 1 cell per well and tested again by ELISA for reactivity

against 8. gureus strains Newman and SH1000,

30



CIfA 560D-709S (figure 8) expressed in S. aureus. rF1 does not bind to the A-domain of CIfA or to
small peptide sequences consisting of up to three SD repeats. 10 Example 4 METHODS Cloning of
the variable regions of rFl into pRK vector Phusion DNA polymerase, restriction enzymes EcoRV,
Kpnl, Pvull, Apal, 15 Agel, and Ahdl, T4 DNA ligase were purchased from New England BioLabs,
Ipswich, MA, USA. Pfu DNA polymerase, Quick change Il Site-Directed Mutagenesis Kit were
purchased from Stratagene/Agilent Technologies, Santa Clara, California, USA. 2% agarose gel was
purchased from Invitrogen, Carlsbad, California, USA. pRK vectors pRK.LPG3.HuKappa and
pRK.LPG4.HumanHC were obtained from 20 Genentech/Roche, South San Francisco, California,
USA. The variable domains of heavy and light chaips of rF1 Mab from the pCPEO vectors were
placed into the pRK mammalian expression vectors. Polymerase chain reaction (PCR) was performed
in a total volume 0f 501.11 using Pfu DNA polymerase 25 according to standard PCR procedures. VH
was amplified with the SHHGFEYMEE]5- ATG Ger GAG GTG CAG CTG GTG GAG TCT G-2' (SEQ
ID NO:18) and YiHERZGLGAN CREGETIGEG BECerb@PECT SGCAEFREABGADOFOT GAC

CAG GGT GCC A@fﬁﬁﬁ@g‘s@@6’29.—&3@E@c@i@@ﬁﬂ@@-&@%&%ﬁﬁﬂd&%ﬁﬁﬁiwgﬁnQt&tﬂé‘s‘l are
underlined and the;? indicate single nycleatide G to T change to eliminate. 20 the infernal Apal
site) and V4 was ?rin #lleﬁevi/%&t%eapﬁ%ér;i YILCE §%é‘%’}§ %‘QP& GAC %@@W&‘ﬁ 6%%82AC CCA
GAG-3' (SEQ D n@%@%ﬁﬁlﬁﬁﬂéﬁ@%@%ﬁ@@ﬁ@e@m@fﬁ%@@@A&@é@ﬁs&@@ef@g@lﬁ%@ ID
NO:21) (the EcoRVelndKpniaredsndérdihbepr&ididers RCRpibdleis withe393 4k 1ang:328 (V4) bp,

respectively, were <38 diteqy digstest by Ryl andApal fnIl ESARY:aA Kprfes, Y followed by
Gel purification (Invitrogen, Catalg%(g%gloo-lzy Vu and VL were individually ligated into pRK vector

fragments of pRK/ERAATES1 o A A PR RN KBRS G AEEREPPYSing T4 DNA
ligase. The DNA plais#ficts. wréirei dinfirmechéyofastiefidrod H#nmpme digebtio hebaktefngli RArkiVa
released -30010p andi3Bbnbands pnAgels wossgas il Vishown 213apd3k.kB.bandsiay. Ahdl on
2% agarose gel. Chemical, stiess lesting Loby.compaying Antipody primary sequence data to
experimentally observe &egra ation events, It has become cléar that certain sequence motifs may be
prone to degradation (i.e, aspartate isomerization at DD, DG, and DS sequences and asparagine
deamidation at NGEsaguences). If such a degradation "hot spot” appears in the CDR of an antibody,

pinding and potency maybe.negaively #IARGIRL.FRL Kmolestles containing, natshats, gnerical
egr

stress testing provides a way to assess the susceptibility of these motifs to degradation by putting the
antibody into ¥platfGfiF18riviitateRepte: SRPCoMHisariig 42ahirol BaiTHIEMPbAE Seeset at 40C for
two weeks. If degratiation is.glegarvBtitieprimantsefencecdwbargreaginety edtbyemove the hot

spot. 20After the saple, IS AiESSEA.IR MR EEKSALANC.ANRURN. 2 APaYliGat Assays are performed

to assess where and how much degradation occurred. An imaged . _ ,
enzyme-conjugated detection antibody was added (Qalution 1:2500 for HRP-conjugated

anti-1gG (Jackson)). TMB substrate/stop solution (Biosource) was used for
20  development of the ELISAs.
For screening purposes we used lysates from the Newman and SH1000 strains.
Both were made in PBS and directly coated at 5 to 10 pg ml* before B cell culture
supernatants were tested un- or 1:2 diluted.

To explore the antigen specificity of the human IgG1 clone F1, an LTA

]
(&

detection ELISA was developed. Purified LTA preparations from S, aureus, B.
subtilis, S. faecalis and S. pyogenes (Sigma) was added to ELISA plates coated with
polyclonal IgG purified mouse anti-LTA (1/200 stock 1 mg ml!, QED Bioscience),
before secondary antibodies were added.

In addition, we tested several L'TA preparations derived from a library
30  developed by W. Fischer (Institut fur Biochemie, Univ of Erlangen, Germany) and
kindly provided by B. Appelmelk (VU, Amsterdam, Netherlands) (see for more details
(Keller R. et al. Infect Immun 60, 3664-3672 (1992), Polotsky V.Y. et al. Infection and
Immunity 64, 380-383 (1996} and Greenberg J.W. et al. Infection and Immunity 64,



capillary isoelectric focusing (iclEF) analysis was performed to examine charge variants and the intact
and reduced antibody mass was verified using mass spectrometry, and an LC-MS/MS peptide map
was performed to obtain site-specific 25 degradation information. Mutagenesis The rF1 pRK
plasmids underwent a series of site-directed mutagenesis to stabilize the rF1 Mab by N (AAC) 53S
(AGC) in heavy chain CDR2 with using FHV 5'- 30 GOT GGC CAG CAT CAA CAG COG CAA CAA
CCC CTA CTA CG-3' (SEQ ID NO:22) and RHV 5'-CGT ACT AGG GOT TOT TGC CGC TOT TGA
TGC TOG CCA CC-3' (SEQ ID NO:23) (mutagenesis site is underlined) via Quilt change II
Site-Directed Kit. The mutagenesis variant was sequenced. RESULTS 5The primary sequence of
antibody rF1 contained one potential asparagine deamigiation site in light chain GDR2: NNGNN (SEQ
ID NO:24). Stress testing revealed an increase of deamidation in stressed samples at N53 (numbering
according to Kabat 1991(%. Site-directed mutagenesis was performed to stabilize the rF1 Mab by N

(AAC, (SEQ ID NO'2S)F 165538 Aces (815 6'NtIo28)y Stbsitafiohainiee NArehiaht coiRa.
Sequencing of the #UtagéNesidiventi Zhd confilfiedapaNEBRSsmatatiorteExainplend bei@evElopment of

Y airont lor cndbaudnia sarkiosie AR avplcalone o The kBRI RSB oonent
series of site-directed mutagenesis with, oligos of r . ] ) -
AG OTC GO T PR oA R A P A R A T (SE RIS} ke b o
rF1pRK.LC(2051220aR- (4680785 CTENTE: AAGETC T TP @FC - GAG.GGU GAG BETC AGG
CCC-3' (SEQ ID N&xidd)A Gy s:mutant isdnderined)eto; ganerate dhgohght, ehaindinkers af rF1 thioMab,

and rF1pRK. HCK53S AR1CE (468464) 5-CTG GTC ACA GT, LGB AGTTOGACE AGC AAG 6GC
) ' 84

CCA TC-3' (SEQ ID NO:29)'and 25 rripRK HCNS3S.ABTCR (468465) B-CAT GGG CEC TTG GTG

CTG CAA CTC GARBAETE TS Retonlns 1xEess N drrplefCyy&utant is underlined) to make the
heavy chain linkers of rF1 thioMab via the Stratagene's Site-Directed method. Light chain V205C and

heavy chain A3l4Gwers confirmed by.sequsngcing of ihgyariants (figure 9). 40 Brief description of
the drawings Figure 1: }-5;%% chain i%nd"light C a'\E? sequences_ of antjbody FI 5 Figure 2: Fl antibody
n

binds to LTA preparatio PR R PP A B AR S BRFIBIA R TR Braparadons wEte derived
from Sigma and testediararcastdrer & ISRONITY schidlisthpoly olbwak asridpFirderdb) Hhighfrpurified set

of LTA preparationg, derivedifrom: WnkisshehaRs: amumansapiBavantibedyiwas usadas
non-specific negatiye control and a moyse monoclonal aotLTA.antbody as a positive,,
15  antibody, a control Ig(G (D25, a human anti-BRSV antibody) or only with the secondary
antibody (IgG-PE only), cells were pretreated with 100% total mouse serumn to prevent
background staining. After wasghing the secondary antibody was added (IgG-PE).

Antibody incubations were performed for 20 min on ice.

20 F1 sequence determination and expression cloning
We isolated total RNA using Trizol (nvitrogen), generated cDNA by using

superscript RT, performed PCR and cloned the heavy and light chain variable regions
mnto the pCR2.1 TA cloning vector (Invitrogen). To rule out reverse transcriptase or
DNA polymerase induced mutationg, we performed several independent cloning

25 experiments, To produce recombinant F1 mAb we cloned F1 heavy and light variable
regiong in frame with human Ig(Gl and Kappa constant regions into a pclDNA3.1
(Invitrogen) based vector and transiently transfected 2937 cells. We purified

recombinant F1 from the culture supernatant with Protein A.

30
RESULTS

Generation of the I'1 clone



10control. Figure 3: Recombinant Fl antibody binds to S. aureus but not to S. pneumoniae. (a)
Bacteria were incubated with Fl antibody, or a control IgG (D25, a human anti-RSV antibody) or
without first antibody (IgG-PE only). After washing the secondary 15antibody was added (I G-PE). (b)
6 clinical isolates were tested in two separate experiments for the binding of FL Tested were a PVL+
strain (SA-1), 3 regular (SA-2 SA-3 and SA-4), and 2 MESA strains (SA-5 and SA-6). Figure 4: (a)
Binding of rF1 antibody to 14 S. aureus strains. (b) rF1 antibody binds 20to S. epidermidis but not to
Bacillus subtilis, Enterococcus faecalis, Listeria monocytogenes and Streptococcus pyogenes.
Figure 5: (a) rF1 antibody binds to MIRSA in different growth stages, Iso C: isotypc control, Med:
media control (b) rF1 antibody binds to MESA isolated $rom infected 25tissue. Figure 6: rF1 antibody
binds to SDR proteins. (a) Immunoprecipitation (IP) of a commercial teichoic acid preparation of S.

aureus (Wood 46 SN it [FLA! agtvps.sonlral anthody. fatlewe by Western bioting ith 1

antibody (left) and mass 30 spectrometry analysis of zﬂi% ments from the WTA preparatlon %ound by
&

rF1 antibody (right<@3jiiehaprael L‘fﬁ‘aﬁ‘ilcﬂﬁl‘(ll Py HYeE Wty Sie Sl ted ales$98a300 strain) with
rF1 or control antilmodijictaliovead. 0y MAleStern dolattin & -QABwithtidrt amtibddypidefnada:eiags:

spectrometry analygis,of-Gell Walfragments (WSASAM srain) beungiby 4 LrEdeantibadyi(right) (c)
Immunoprempga‘uo cgcell%vafnl%%@g ofS e |dern idis wﬂiz rEl rlsot con oI nti ody, followed

by Western blottlng (Iéﬁflﬁl ‘a%’gpsupfé% FoRfatry %arﬁ}gfs fH&gi&Rts bound
by rF1 antibody (rigjtit): BaFigfie 9 ‘B?Hélmgt@)f”ﬁﬁl%e@@@%%fé@@é&%@@é’e&%ﬁ@%@%@% and E. coil.

(a) Western bIOttingﬂ%&;ﬁﬂéﬂlﬁﬁ@ﬁﬁh&&@ﬂdﬁsﬁmSl&@ﬂlﬁEﬂJﬂSA@Vﬁ@Mﬁ&dd‘ﬁﬁﬁ@gﬁ%ﬂ@'m using

anti-His (left) and rE-1 (right) a (D) Western Bl f.E. coil.cell lysa contal ing his-tagged
i, CIfB, Sorc, A S B B e R R T i e

(bottom) antibodly. %elﬂl"gﬁ’?%“@ rolﬁlB@Hd’é“@&%Wbﬁ%ﬁéué%ﬁé&%ﬂwesmﬁﬁ?@ﬁ§0€E%Yf's’t‘?ucts
expressed byiS. abineiushasi tosted: fos bindingNosdn(efh) e sternsbitdtsl 0f Sevauiaiisliysates

containing the eXp5%%%%%9%%%@1%&@@%&4‘@%éfﬂ@é&%%%ﬁ%@Lﬂgiﬂ{%ﬁﬂ}eﬁﬂs'déi@c@é&”:1
antibody (right). Figure 9: Sequences of heav¥ chain Al 14C (a) and 9 ht chain V205C (b) variants of

antibody rFl. NumBBASE SEes hnde rHaRART é‘é“l"j’“ﬁBQéSébﬁ?“ LHLPEREECPRERPRIAC et at J
Immunol 180, 480%5:4815HRU8)"Greerdedgrioioatdbnirifedtionsane vatimit)) 64338818825 (1996)

5Jaleco A.C. et al.tBlaQgd 94a 3RS 26464398 al cultures, one clone {named F1) was found to

15 produce S aureus specific monoclonal IgG antibodies.

Antibodies in the supernatant of the F1 clone bind to LTA preparations from
8. aureus
Generating the I'1 clone, we already found that supernatant of F1 hound to the
20  bacterial cell lysates of two S. qureus strains, SH1000 and Newman. The major cell
wall compound of Gram-positive bacteria is L'TA, and therefore we decided to test
binding of F'1 supernatant to S. aureus LTA preparations in an ELISA. As shown in
Table I, supernatant of the F1 clone binds to bacterial cell lysates of the SH1000 and
Newman S. aureus strain but also to commercially purchased purified S, qurens LTA
25 preparations. We noted, however, that the binding to the LTA preparations was

significantly lower than that observed with whole bacteria.
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Rev Microbial 6, 276-287 (2008) 43 Claims 1. An antibody or functional part thereof or
immunoglobulin chain or functional equivalent thereof, which comprises: 5- a heavy chain CDR1
sequence comprising a sequence which has at least 70% sequence identity to the sequence RFAMS,
anchor - a heavy chain CDR2 sequence comprising a sgguence which has at least 70% sequence
identity to the sequence SINNGNNPYYARSVQY, and/or - a heavy chain CDR3 sequence
comprising a sequen hich has at le st 7Q26,10seque identit the sequence,
DHPSSGWPTFD a%r? org-%g nﬁ:tarcl a?n h(ii squLj%elénce co?ﬁtﬁer?&s&]\%tga se uenlggswhlceh has at least
70% sequence |deﬁ?ﬁ?thﬁ?§%@%MBéW§éﬁWWEﬂméﬁ%}dﬂ%}’I‘i’@lﬁlﬂi’eﬁ&ﬁﬁa@ﬁﬁ% sequence
comprising a sequancgwrhichhbsatdeastii0% sequence iddotifyrhathe secuend e iESH-ES, and/or
15- a light chain \?B% sequence comprising a sequence which has at leas 70% sequence identity to
the sequence QHYXRFPYT, wherein X is | or M. 2. An antibody or functional part or immunoglobulin
chain or functiBnal equivalent according to claim 1, having a heavy chain sequence comprising a
sequence which has at least 70% sequence identity to the sequence
20EVQLLESGGGLVQPGGSLRLSCAASGFTLSRFAMSWVRQAPORGLEWVASINN
GNNPYYARSVQYRFTVSRDVSQNTVSLQ1VINNLRAEDSATYFCAKDHPSSGWP
ITDSWGPGTLVTVSS andfor-having-atght chgip seaugnggwhich has at least 70% sequence identity
to the sequence DIQLTQSPSALPASYGERRY SEhCRASEMMGDWLAWYRQKPGKAPNLLIYKTSIL

SH1000 1,004 -0,010 -0,007
Newman 0,753 -0,007 0,007
SALTA {sigm 0,176 -0,008  -0,009
Flu H3 0,003 -0,002 1,523
No coat -0,013 -0,014 -0,015

The recombinant produced F1 antibody binds to LTA preparations from
multiple sources
10  After cloning the antibody genes into expression vectors and producing recombinant
F1 (rF'1) antibody in an expression syvstem, the rF1 antibody was tested on purified
LTA preparations from several bacteria. As shown in Figure 24, the rF1 antibody
binds well to commercial LTA samples obtained from S. qurens and B. subtilis, and a
bit less profoundly to LTA samples from S. faecalis and S. pyogenes. The rF1 antibody
156  did not bind to an L'TA sample from S. preumoniae (data not shown). In addition rF1
recognized highly purified LTA samples from B. subtilis, B. licheniformis and two
isolates of 8. qureus (Figure 2b). rF1 did not bind to LTA preparations from S. mutans
(Fig. 2b) or from L. lactis, L. garvieae, B. bifidum, M. luteus, L. casel,
L. mesenteroides, L. welshimeri, E. hirae, L. raffinolactis, S. mutans and

20  §. preumoniae (results not shown}.

Recombinant F1 antibody binds to living S. aureus bacteria
In order to study whether the rF'1 antibody would also recognize living Gram-positive
bhacteria, hinding of the r¥1 antibody to S. aurens and S. preumoniae was tested by

25  using flow cytometry. As shown in figure 3A, the rF1 antibody binds to living 8.



25ESGVPSRFSG SG SGTEFTLTISSLQPDDFATYYCQHYXRFPYTFGQGTKLEIKRT V, wherein X is
| of M. 3. An antibody or functional part or immunoglobulin chain or functional equivalent according to
claim 1, having a heavy chain sequence comprising a sequence which has at least 70% sequence
identity to the sequence 30EVQLLESGGGLVQPG G
SLRLSCAASGFTLSRFAMSWVRQAPGRGLEWVASINN
NNPYYARSVQYRFTVSRDVSQNTVSLQMNNLRAEDSATYFCAKDHPSSGWP
TFDSWGPGTLVTVSS and/or having a light chain sequence which has at least 70% sequence identity
to the sequence 44 DIQLTQSPSALPASVGDRVSITCRASENVGDWLAWYRQKPGKAPNLLIYKTSIL
ESGVPSRFSGSGSGTEFTLTISSLQPDDFATYYCQHY.XRFPYTFGQGTKLEIKRA , wherein X is | of
M. 4. An antibody or functional part or immunoglobulin chain or functional equivalent 5according to
claim 1, having a heavy dhain, seflience comprising a,sequence which has alisast 79 spquence
identity to the sequence
EVOQLLESGGGLVGPCESPRISTANSE £ TIOREENISH Y ROAPERGIEWAIRS] NRich is PVL
GNNPYYARSVQYRETVES RE2W B4 MM S Q MINNERAOASAT ¥ e AEDHPSSGWP
TFDSWGPGTLVTVSS andfor having a light chain sequence which has at least 1070% sequence
identity to the sequence
DIQLTQSPSAEPASVGDRVSITCRASENVGDWLAWYRQKPGKAPNLLIYKTSIL
ESGVPSRFSGSGRGEEEEL TISSLQPDDFATYYCQHYXRFPYTFGQGTKVEIKRT V, wherein Xis | of
M. 5. An antibody or functional part or immunoglobulin chain or functional equivalent 15according to
claim 1, having a %gbagn sequence comprising a sequence which has at least 70% sequence
identity to the sequence
EVQLVESGGGLVQPGGSLRLSCAASGFTLSRFAMSWVRQAPGRGLEWVASINN
GNNPYYARS3YQYREIMERRVIQNEMSLQMUNLRAEDSATYFCAKDHPSSGWP
TFDSWGPGTLVTVSS angjor having.a.lihtshain, seauenss.which hasa least 20790 seauence

identity to the sequence

DIQLTQSPSALPASVEDRGEIFCRASERED WA PR Okl RPN R pesitive S. aureus
ESGVPSRFSGSGOGFERTaT SByQRBIIARY, EEQH¥XREPMTBGQG KL EIR Tverwhaiein X is | of

M. 6. An antibody qr.funcliopad Rak-orimERINOaloRIliRGhain o fuRctienal.aauivalens gpaccording to

claim 1, having a E%a\’(y}rchalp %etqukeqce comprisin %ﬁgggeﬁggAwgich h%s at Ieastd70% sequence
id entity to the'ge q ?Fé?_j,ancu in Staphylococcus aureus v MY straing Newman an

EVQLVESGGGLVBPGERLRESOAR SCETLSRAEAMSWY ROAPGRGBENWVABHK NS,

GNNPYYARSVQYBEd YRR, Y2 QMNNLRAE ALY FE AR EGWRard's Natural
TFDSWGPGTLVTYSS anﬂlor havin a g;%ht chain Seguepce \ggggegihas at least 3020%. se%uence

. . ce; Listeria monocytogenes was 1ro a were grown on tryptic s
identity to the sequence . P

DIQLTQSPSALPASEDRY SITteRASERGGIVTHAWY RERPIBIATNE b w1 Si. Bs BESRFSGSG
SG TE FITTISSLQRDBDEA BXYEQHYXRIRVTAGRET Kk R A tatherein XisshobMin (TSB)

and incubated at 37 ¢C while shaking at 200 rpm for 18 h. Fresh 100-fold dilutions of

thess cultures in fresh TSB were further subcultured for various times.

FACS analysis of rF1 binding to whole bacteria grown in vitro.

25 For antibody staining of whole cells, bacteria were harvested from TSA plates
or TSB cultures, and washed with Hank's Buffered Salt Seclution (HBSS) without
phenol red supplemented with 0.1% BSA (IgG free; Sigma) and 10 mM Hepes, pH 7.4
(HB buffer), by centrifugation at 1700 x g for 20 min. Bacterial concentrations were
estimated by reading optical dengity at 630 nm. Bacterial suspensions of 20x10%

30 CFU/mLin HB buffer were mixed with equal volumes of 300 pe/mL of rabbit IgG
(Sigma), and incubated for 1 h at room temperature (RT) to block nonspecific IgG
binding. Primary antibodies, including rF1 and a human [pG1 isotvpe control, wers

added to a final concentration of 2 pg/ml, and these mixtures were incubated for 15



45 7. An antibody or functional part or immunoglobulin chain or functional equivalent according to
claim 1, having a heavy chain sequence comprising a sequence which has at least 70% sequence
identity to the sequence :
EVQLVESGGGLVQPGGSLRLSCAASGFTLSRFAMSWVRQAPGRGLEWVASINN
5GNNPYYARSVQYRFTVSRDVSQNTVSLQMNNLRAEDSATYFCAKDEIPSSGWP
TFDSWGPGTLVTVSS and/or having a light chain sequence which has at least 70% sequence identity
to the sequence DIQLTQSPSALPASVGDRVSITCRASENVGDWLAWYRQKPGKAPNLLIYKTSIL
ESGVPSRFSGSGSGTEFTLTISSLQPDDFA'PYYCQHYXRFPYTFGQGTKVEIKRT 10V, wherein X is |
of M. 8. An antibody or functional part or immunoglobuliig chain or functional equivalent according to
any one of claims 1-7, wherein an asparagine has been replaced by another amino acid. 9. An
antibody or functiong) e ormmuneglobulinshaip or unctiongl eduivalent Loagearding to claim &,
wherein said asparagine is an asparagine at position B30r the eavy chain, W erebyathe amino acid
numbering is accoF&?H@%‘RQB%”Ei@@f)‘?%é?ﬂﬁ“alﬁﬁbﬁﬁiﬁéﬁlmﬁEﬂB‘Hﬁﬁ:ﬂﬂCENWmunoglobulin chain or
functional equivalentacoordiagdo alaimiong] whereirsai® Ot amianacidd ssatidawidkl. An
antibody or functiopalnaskormmunealabtia %ﬂ%"ﬂo/%?EJE&’%PBQE!@%%’AYQA%%%%%S%%% to any one of
claims 1-10, wherein at least one amino acid other than cysteine has been replaced with cysteine. 12.
An antibody oPfun&i8HSHart or immunoglobulin chain or functional equivalent according to claim 11,
wherein said at least one amino acid other than cysteine is valine at light chain position 205 and/or
valine at light chairpesitiend i endioniadlrpiReatdednchaimresifinedldd cwhereby the amino
acid numbering is accordig.to Kabat (1984, 13..an antbody.orfunational part or fmmunoglobulin
chain or functional equivalent ac oralng to any one of claims 1-1 , WNICH IS @ human antibody. 14. An
isolated antibody tHat®dStoiR SV tBRRES  daretsied0rs: The AReboexe sfietaith 14, wherein said
antibody is hutanidkes wnsastibaey orfupttionalpast OrimmEacgiohuiBChan-er&inetional equivalent

capable of binding 80, 32:1aRE 3! HRABAERRKEPIIPAS. AR nAn@Nibody.oLunGIONAl part or

immunoglobulin chain or functional equjvalent capable of binding to S. aureus glzeSdrC, SdrD
and SdrE. 18. An AREBEHS SPRMRTOHA A BRATITGHTGIBURTERARTRSE (0ERoTEPEguivalent which is
capable of competindisithlancantbedyerfunetiondlifaet:otime points of infection. To lyse mouse

cells, the homogenates were incubated for 10 rin at RT in PBS containing 0.1%

Triton-X100 (Therma), 10 pg/mL of DNAsel {Roche) and Complete Mini protease

[y
n

inhibitor cocktail {(Roche}, and passed through a 40 um filter (Falcon). The cell
suspensions were washed twice with PBS and resuspended in HB buffer, mixed with
equal volumes of 600 ng/mL of human IgG (Sigma), and incubated for 1 h at RT.
Primary Abs, including rFi and a human 12G1 isotype control, were added to a final

20 concentration of 2 ug/mL. To differentiate bacteria from meuse organ debris, rabbit
1gG anti-S. aureus (Abcam) was added to a concentration of 20 ng/mL. After
incubation for 15 min at RT, cells were washed twice with HB buffer, and
resuspended in a mixture of anti-human IgG and anti-rabbit IgG secondary
antibodies, each labeled with a different fluorochrome (Jackson Immunoresearch).

25 After two washes with PBS, cells were resuspended in PBS with 2%
paraformaldehyvde and analyzed by flow cytometry, After selecting bacteria from
double fluorescence plots by gating for positive staining with rabbit IgG anti-S.
aurens, overlay histogram plots of fluorescence intensities of rF1 and isotype control
were generated.

30
RESULTS

r¥'l binds strongly to 14 S, aureus strains and S, epidermidis



5immunoglohulin chain or functional equivalent according to any one of claims 3 for binding to a
Staphylococcus species. 19. An isolated, synthetic or recombinant nucleic acid sequence with a length
of at least 15 nucleotides, or a functional equivalent thereof, encoding at least one CDR sequence of
an antibody or functional part or immunoglobulin chain or functional 10equivalent according to any one
of claims 1-13. 20. An isolated, synthetic or recombinant nucleic acid sequence, or a functional
equivalent thereof, comprising a sequence which has at least 70% sequence identity to a sequence
selected from the group consisting of cgctttgccatgagc, tcgatcaa taatgggaataacccatactacgcacggtcggta
caatac, gatcaccctagtagtggctggcccacctttgactce, cgggccagtgaaaacgttggtgactggaggcc,
aagacatctattctagaaagt and caacactatatacgtttcccgtacacgi21. A nucleic acid sequence or functional
equivalent according to claim 20, wherein said nucleic acid sequence or functional equivalent

comprises a sequence which har gt |9AS(, 0% Sequence ALY at least pal. gl nucleotide
' ' e

sequence as 20depicted in Figure 1, said part having at least 15 'nucleofides an _Centlzoding at least one
CDR region. 22 ARTEBfAEd; &rHett Sy sEsmBinant ISR oIt s B TR EIBRA equivalent
thereof, comprisingvdsgeguences encddmgiarnainineratidseguengesivhichphassatdeast:#d%eisequence

identity to the sequgnge REANS, andionatieast 7Q% 25sequanss ientity to the seaugnes
SINNGNNPYYARSVQY, and/or at least O%,czeequ%nzfe identity to t esequence DHPSSGWPTFDS,
DGR 1 he et F

and/or at least’709% EeGULKEE dentf CEQUEHES RS ERIVE WA "5/ K59655E 78%
sequence identity tostitessagdienteeFIRIES, and/or at least 70% sequence identity to the sequence
QHYXRFPYT, wherein X is | or M, and/or at least 70% sequence identity 30to the sequence
EVQLLESGGGLV GSLRL GFTLSRFAMS APGR WVASINN. .

NPy ARSYOY RS B L ST R e AR DITHASGI mfection
TEDSWGPGTLVTVSS, altd/bseigst 7 b9, S atffe et taRtitp ferraiadg tiehcifgrpnt tissues
DIQLTQSPSAL PASY GBRYSHTCRASENVGD Wie AR PG KA RR kd b dGllsolated from
ESGVPSRFSGSGSGTERTLTSSLARPREATY Y GOHYXRIRY TRGRGTILEIKRT . qihetein Xis | or

M. 23. An antibody or functignal part ar an immunoglobulin chain or functional 5equivalent thereof or a
nucleic acid sequelcEBF faREHEHAP BTNt (REYE A CEBHIMES HRAEHELP AZMAS £83, for use as

a medicament andiéeprdgpttidactic agent. 24 An antibody or functional part or an immunoglobulin chain

or fu né:tional equivalent tf}ﬁi&ﬁﬁ@hﬁ@fyﬁl&i&ﬁ(}i% a@%&m&@&t@u&gt/g’emﬂ m@ig;(@é@x@mh%ﬁ?éoio |
according to apy one of claims 1-22 for use as.a medicament and/or prophylactic agent for at least in
ot et S R D 2 A S oy or
functional part or afbiffialirsepalscERaIN eriflpdtekaredmdvalenttherdostof a hudisiesticid sequence
or functional equiveiedd dhenest-aacerdingieanyigne niclaims 1-22 for the preparation of a
medicament and/or prophylgelic, 308R! faraleasiin el JaR1RG.3nN of PIEKANING:A Gram-positive

bacterium-related disorder, 26 A pharmaceutical composition comprising an antibody or functional part

or an immunoglob S LB ATHGH CRIRaRSHIAIErSEes: Lorrsictatsg LaqtiEscaenise functional
equivalent théfeof eecordirg:tecnBnininedolaiMiB Sh-22: ahdwer in figure 5B rF1 binds to MRSA

obtained from infected tissue.

Example 3

b
[w}

Further experiments were performed to identify the epitope bound by
antibody rF1. Although binding to LTA preparations had been observed (sec, e.g.,
Example 1), that binding was not as robust as binding to whole bacteria suggesting
that another epitope may be Involved in rFi binding,

30



pharmaceutical acceptable carrier, diluent or excipient. 27 An isolated or recombinant antibody
producing cell capable of producing an antibody or functional part or immunoglobulin chain or
functional equivalent according to any one of claims 1-18. 25 28. A method for producing an antibody
or functional part or immunoglobulin chain or functional equivalent according to any one of claim 1-18,
comprising providing a cell with a nucleic acid sequence or functional equivalent according to any one
of claims 19-22 and allowing said cell to translate said nucleic acid sequence or functional equivalent
according to any one of claims 19-22, thereby producing said 30antibody or functional past or
immunoglobulin chain or functional equivalent according to any one of claim 1-18. 48 29 A method
according to claim 28, further comprising harvesting, pggfying and/or isolating said antibody or
functional part or immunoglobulin chain or functional equivalent according to any one of claim 1-18.
30. Use of an antigdy,or,
a nucleic acid sequence or functional equivalent thereof according to any one of claims 1-18 for
diagnosis of a Staphylococcus infection. 31. Use of an antibody or functional part or an
immunoglobulin cHammmenfunetiorishequiviitent théleofiog ani cheis apic-seguange dedlincidnal

equivalent thereof geaardingstQ2m:,008 @kclaime biid AL deleCling: S -8 He S ARGIRL S £Pidermidis.
10 32. An antihody or funigonal part thefreof or an _izrlprrrlf#go lohidin, ggﬁln ér functional equivalent
I _aL nw t g‘

thereof according to any one of cramms 1-1 8461 GEd

ctional part or an immunoglobulin chain or functional equivalent thereof or

SO BERIBESR L infection. 33.

A method for isolalifigdt aurevgandisr SiegsidermibisdartafiaSronsa. Sbhinionvas i antantivody or
functional part or agimspnmegieblircshainardunctional b eruivalentiheraofiaceesding iQany one of

lai 1-18. SE CE LISTING <110>. | | THERAP ICSB.V.
My R e R B A BT TR

BEAUMONT, Tim KwAK

HAZENBOS, wout&fE (ViR A FHA SARM <titfjioshr kin 5 AR Rafpesigroiia 2 eappsan
GRAM-POSITIVE BAGTERA-SRE CHEICHRINDHNGCOMR QLIND §1¢1 30> 146392008240 <140>
PCT/NL2010/050456 <141> 2010-07-15 <150> US 61/225,878

A cell wall preparation of a 20 ml overnight culture of USAB00 8. qureus

strain was prepared by treatment of the culture (40 mg cell pellet/ml) with 100me/ml

of lysostaphin in 30% raffinose buifer at 37°C for 30 minutes. The entire cell wall

15 prep was filtered, diluted up fo 10 m! with NP4 Lysis buffer and incubated twice

with anti-Flag M2 Agarose (Sigma) to deplete as much protein-A from the cell wall

prep as possible. Final cell wall preparation was split into two parts and

immunoprecipitated with I ug/ml of rF1 or isotype control human antibody.

Antibodies were captured with Protein A/G Uliralink Resin (Pierce). The samples

20  were then treated with 50mM dithiothreitol, 10mM 2-Iodoacetamide and run on an

8% Tris-glycine gel and subsequently silver stained or Western blotted with rF1.

Liysates from a 20 ml overnight culture of Staphylococcus epidermidis was

prepared by bead beating in NP40 Lysis Buffer. The resulting lysate preparation was

25  diluted to 10 ml with NP40 Lysis Buffer, split into two parts and immunoprecipitated

with 1 ug/ml of rF'1 or control antibody. Antibodies were captured with Protein A/G

Ultralink Resin (FPierce). The samples were then treated with 50mM dithiothreitol,

10meM 2-lodoacetamide and run on an 8% Tris-glycine gel and subsequently silver

stained or Western blotted with rF1.

30

For proteomic analysis, samples were applied to a precast SDS8 PAGE mini

gel and the resolved proteins stained with Coomassie Blue. Gel slices from the region

of the gel corresponding to bands visualized by rF1 western blot were excised and



<151> 2009-07-15 <150> EP 091655589 <151> 2009-07-15 <160> 59 <170> FastSEQ for Windows
version 4.0 <210> 1 <211> 5 <212> PRI <213> Artificial Sequence <220> <223> synthetic construct
<220> <223> CDR1 Heavy Chain <400> 1 Arg Phe Ala met ser 15 <210> 2 <211> 16 <212> PRT
<213> Artificial Sequence <220> <223> synthetic construct <220> <223> CDR2 Heavy chain

10

20

30
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reduced, alkylated with iodoacetamide, and digested in sifu with trypsin. Resulting
tryptic peptides were analyzed by microcapillary reverse-phase liguid
chromatography- nano electrospray tandem mass spectrometry on a hyvbrid linear ion
trap Fourier transform ion cyclotron resonance mass spectrometer (LTQ-FT; Thermo
Fisher) in a data-dependent experiment. Tandem mass spectral results were

submitted for database searching using Mascot software (Matrix Science).

Expression of exogenous CHA expressed in 8. aureus and E. coli

S.aureus expression of His-tagged CifA: The Clumping factor-A (CIfA) gene
wag PCR amplified from the sequence encoding the signal sequence to the sequence
encoding the glycine in the LPEXTG motif from USA300 genomic DNA. A c-terminal
His Tag was engineered at the end of the LPXTG motif and ligated into the pTet
S.aureus expression vector (pSAS10 from Genentech). The resulting construct was
then electroporated into 8. qureus WT RN4220. A 20 ml culture of either the
slectroporated RIN4220 or RIN4220 empty (not carrying a pTet expression vector} was
inoculated from an overnight culture {(starting ODsoo of 0.15), grown for 1 hr in
trypticase soy broth (T'SB) and then induced protein expression for 2 hrs with
annvdrotetracycline (200 ng/ml). At the end of the induction periog, the 8. qureus
culture was pre-lysed with lysostaphm (80 ug/ml) and then further lysed by bead
beating in lysis buffer (160 mM NaCl, 20 mM Tris pH 7.5, 1% triton-X, and Roche
protease inhibitor EDTA-free tablets). Cleared lysates were then incubated with
NiNta resin (@iagen) in the presence of 1¢ mM Imidazole for 1 hr at 4°C to pull-down

the recombinant CIfA protein.

E.coli expression of His-tagged Clfa: The Clumping factor-A (CIfA) gene was
PCR amplified from the sequence encoding the N-term signal sequence (with the start
methionine) to the sequence encoding the glveine in the C-term LPXTG motif from
USA300 genomic DNA, The amplified PCR product wag then ligated in frame with a
e-terminal Hig tag into the pET 21b(+) E. coli expression vector {Novagen). The
resulting construct was transformed into E.coli BL21-gold (DE3) Competent Cells
(Stratagene) and mduced for protein expression for 3.5 hrs with [PTG according to the
manufacturer’s instructions, The induced E. coli culture was Iysed by head heating in

Lysis Buffer (150 mM NaCl, 20 mM Tris pH 7.5, 1% triton-X, and Roche protease



<400> 2 ser lle Asn Asn Gly Asn Asn Pro Tyr Tyr Ala Arg Ser Val GIn Tyr 151015 Page 1 <210> 3
<211> 12 <212> PRT <213> Artificial Sequence <220> <223> Synthetic construct <220> <223>
CDR3 Heavy Chain <400> 3 Asp His Pro ser ser Gly Trp Pro Thr Phe Asp ser 1510 <210> 4 <211> 11
<212> PRT <213> Atrtificial Sequence <220> <223> synthetic construct <220> <223> cDR1 Light
Chain
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inhibitor EDTA-free tablets). Cleared lysates were then mmcubated with NiNta resin
{Qiagen) in the presence of 10 mM Imidazole for 1 hr at 4°C to pull-down the

recombinant CIfA protein.

5 Expression of exogenous CIfA expressed in E. coli and incubation with §.

aureus lysate_ -

Expression and Purification of 8. aureus cell surface SDR proteins CifA, CIfB,
ScrC, SdrD, SdrE in E.coli: The Cl{A, CKB, SdrC, SdrD and SdrE genes were PCR
amplified from the gequence encoding the mature start of the protein to the sequence
10  encoding the glycine in the LPXTG motif from USA300 genomic DNA and ligated in-
frame with an N-terminal Unizyme tag into the 5T239 Vector (Genentech). The
constructs were transformed into E.coli 58F3 (Genentech), induced for protein

expression and subsequently purified.

15 NilNta capture of NT Unizyme tagged SDR proteins: 500ug of purified N-
terminal Unizyme fagged SDR proteins (CHA, CifB, Sdr(C, 5drD, SdrE) were diluted
in PBS contaiming protease inhibitors (WDTAfree) and incubated with NilNta resin
{(Qiagen) for 1.5 hr at 4°C. NiNta resin with the captured Unizyme tagged SDR
protein was then washed once with wash buffer (50 mM NaH:PO., 300mM NaCl; pH

20 8.0

Modification of E.coli produced SDR profeins by 8. cureus Ivsate: A 25 ml
culture was started from an overnight culture of APan Sdr mutant (CIfA-CIfB-
SdrCDE-null; gift of Tim Foster, Trinity College Dublin) Newman 8, aureus {starting

25  ODsoo of 0.15) and grown in T8B for 3 hrs {exponential phase) 37°C, 200 rpm. The
exponential phase culture was then resuspended in 1 ml.of PBS and lysed with 200
ug/mli lysostaphin in the presence of 260 units of Benzonase Nuclease (Novagen) at
37°C for 30 minuies. The lysates were cleared of debris by spinning down at
maxlmim speed 1n a micro-centrifuge for 10 minutes at 4°C. Modification of NiNta

30  captured E.coli SDR protein wasg carried out by incubation with cleared APan Sdr

mutant S. qureus lysates for 1 hr at 37°C.



<400> 4 Arg Ala ser Glu Asn val Gly Asp Trp Leu Ala 1510 <210> 5 <211> 7 <212> PRT <213>
Artificial sequence <220> <223> Synthetic construct <220> <223> CDR2 Light chain <400> 5 Lys Thr
ser lle Leu Glu Ser 15 <210> 6 <211> 9 <212> PRT <213> Atrtificial sequence <220> <223> Synthetic
construct <220> <223> CDR3 Light Chain <220> <221> VARIANT

35

Western Blotting of modified E.coli SDR protein: Non-modified or modified
NiNta captured E.coli SDR protein samples were then washed 3x with wash buffer
(60 mM NaHzP0O4, 300mM NaCl, 10 mM Imidazole: pH 8.0), prepared for Western

Blotting and run on an 8% Tris Glycine Gel (Invitrogen). Western blots were blotted

ot

with either the rF1 antibody or an anfi-Unizyme antibody (Genentech).

Identification of SDR domain as antigen for rF1
S. aureus expression of MBP-SD Constructs: The maltose binding protein

(MBP) gene was PCR amplified from the pMAL-chx vector (New England BioLabs

10 [NEB] Ipswich, MA, USA) from the sequence encoding the start of the mature protein
until the sequence encoding the end of the Factor Xa cleavage site. The varving
lengths of c-terminal His tagged SD (SD, SDS, DSD, 8DSD, 8DSDS, SDSDSD) were
synthesized as single stranded oligonucleotides and annealed together to make double
stranded dna. The Sdr region of the ClfA pene was PCR amplified from the sequence

15  encoding the beginning (660D} of the Sdr region and included up to either the
sequence encoding 618A or 7095 of the 5D region followed by the dna sequence coding
for a His Tag from the respective plasmids pTet.CHA.SD618A or pTet.CIfA.SD709S
(Genentech). As a control, the sequence encoding the A domain of the CIfA gene from
the beginning of the mature protein until the sequence encoding the end of the A

20  domain (538G) followed by the sequence coding for a His Tag was PCR amplified from
the plasmid pTet. CIfA. Adom.538G (Genentech). The MBP insert along with one of the
various S inserts or CIfA A domain were Hgated into the pTet S.aqureus expression
vector (pSAS10 from Genentech). The resulting constructs were then electroporated
into the S. qureus RN4220 A sortase (sortase deletion mutant strain in the RN4220

25  background).

A 20 ml culture of either the slectroporated RN4220 A sortase or RN4220 A
sortase empty (not carrying a pTet expression vector) was inoculated from an
overnight culture (starting O of 0.15), grown for T hr in trypticase soy broth (TSB)

30  supplemented with glucose {2 g/1) and then induced for protein expression for 2 hrs
with anhydrotetracycline (200 ng/ml). At the end of the induction period, the S.
aureus culture was resuspended in Column Buffer (150 mM NaCl, 20mM Tris pH 7.5
and Roche protease inhibitor EDTA-free tablets) and lysed with 200 ug/ml lysostaphin



<222> 4 <223> Xaa=Mor 1 <400> 6 Gin His Tyr Xaa Arg Phe Pro Tyr Thr 15 <210> 7 <211> 120
<212> PRT <213> Atrtificial Sequence <220> <223> Synthetic construct <220> <223> Fl| Anitbody
Variant Heavy Chain <400> 7 Glu Val Gin Leu Leu Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly
151015 Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser Arg Phe 202530 Ala Met Ser Trp
val Arg Gin Ala Pro Gly Arg Gly Leu Glu Trp val 354045 Ala Ser lle Asn Asn Gly Asn Asn Pro Tyr Tyr
Ala Arg Ser Val Gin 505560 Tyr Arg Phe Thr Val Ser Arg Asp Val Ser Gin Asn Thr val Ser Leu 65 70
75 80 Gin Met Asn Asn Leu Arg Ala Glu Asp Ser Ala Thr Tyr Phe Cys Ala 859095 Lys Asp His Pro Ser
Ser Gly Trp Pro Thr Phe Asp Ser Trp Gly Pro
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in the presence of 2560 units of Benzonase Nuclease (Novagen) at 37°C for 30 minutes.

The lysates were cleared of debrig by spinning down at maximum speed in a micro-

centrifuge for 10 minutes at 4°C. The cleared lysates were then incubated with

amylose resin (NEB) along with a final EDTA concentration of 1mM for 1.5 hrs at 4°C
5 o capture the expressed MBP-SD proteins,

Western Blotting of S. aureus expressed MBP-SD Constructs: Amylose resin
with the captured MBP-SD proteins were washed three times with Column Buffer,
further prepared for Western blotting analysis and run on an 8% Tris-glycine gel.

10 Western blots were blotted with either the rF1 antibody, an anti-penta His antibody
(Qiagen} or an anti-MBP antihody (NEB).

RESULTS

rF1 reacts to a unigue family of SDR (Ser-Asp-repeat) proteins in 8. aureus
and 8. epidermidis
A commercial teichoic acid preparation and cell wall lysate (WTA) of S.
aureus (USA300 strain) was tested for hinding to rFi after immunoprecipitation. rF1
200 binds to several components of the commercial teichoic acid preparation (figure 6A,
left panel) and of the cell wall lysate of S. qureus (figure 6B, left panel). Using mass
spectrometry these components of the WTA preparation and cell wall lysate were
identified ag CHA (SdrA), CIfB {(SdrB), SdrC, SdrD} and SdrE (figure 8A, right panel
and figure 6B, right panel)

25 A cell wall lvsate of S. epidermidis was tested for binding to rF1 after
immunoprecipitation. Figure 6C (left panel) shows binding of rFl to several
components of a cell wall lysate of S. epidermidis. These components were not
identified with a control antibody. Using mass spectrometry these cell wall
components were identified as Sdr¥, 8drG and SdrH (figure 8C right panel}.

30

Exogenous CIfA expression in 8. aureus and E.coli
Exogenous CIfA expressed in 8. qureus is reactive to vF1, whereas CHA

expressed in £, coli was not (figure 7A). However, incubation of E. coli expressed Sdr



100105110 Gly Thr Leu Val Thr Val Ser Ser 115120 <210> 8 <211> 110 <212> PRT <213> Atrtificial
Sequence <220> <223> Synthetic construct <220> <223> F| Antibody Variant Light Chain <220>
<221> VARIANT <222> 92 <223> Xaa = m or 1 <400> 8 Asp lle Gin Leu Thr Gin Ser Pro Ser Ala Leu
Pro Ala Ser Val Gly 151015 Asp Arg Val Ser lle Thr Cys Arg Ala Ser Glu Asn val Gly Asp Trp 202530
Leu Ala Trp Tyr Arg Gin Lys Pro Gly Lys Ala Pro Asn Leu Leu lle 354045 Tyr Lys Thr Ser lle Leu Glu
Ser Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr lle Ser Ser Leu
Gin Pro 65707580
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proteins CHA (SdrA), CUB (SdrB), SdrC, SdrD and SdrE with S. aureus lysate
regained rF1 reactivity (figure 7B).

rF1 binds to SDR domains expressed in 8. aureus
H rF1 antibody binds to CHA Sdr regions consisting of the CIfA 560D-61885 and
CIfA 860D-7098 (figure 8) expressed in S. aureus. rF1 does not bind to the A-domain

of CIfA or to small peptide sequences consisting of up to three SD repeats.

10  Example 4

METHODS
Cloning of the variable regions of rF1 into pRK vector

Phusion DNA polymerase, restriction enzymes EcoRV, Kpnl, Pvull, Apal,

fa—y
o

Agel, and Ahdl, T4 DNA hgase were purchased from New England BioLabs, Ipewich,
MA, USA. Pfu DNA polymerase, Quick change 11 Site-Directed Mutagenesis Kit were
purchased from Stratagene/Agilent Technologies, Santa Clara, California, USA. 2%
agarose gel was purchased from Invitrogen, Carlsbad, California, USA. pRK vectors
pRE.LPG3. HuKappa and pRE. LPG4. HumanHC were obtained from

20  Genentech/Roche, South San Francisco, California, USA.

The variable domains of heavy and light chains of rF1 Mab from the pCPEQ
vectors were placed into the pRK mammalian expression vectors, Polymerase chain
reaction (PCR}) was performed in a total volume of 50 ul using Pfu DNA polymerase

25  according to standard PCR procedures. Va was amplified with the primers YiHCEF) 5-
ATG GCT GAG GTG CAG CIG GTG GAG TCT G-3 (SEQ ID NO:18) and YiHCR2 5-
GAA CAC GCT GGG .GCC CTT GGT GCT GGC ACT CGA GAC TGT GAC CAG GGT
GCC AGG T*CC CCA G-3' (SEQ ID NO:19) (the restriction sites of Pvull and Apal
are underhned and the * indicates the single nuclectide G to T change to eliminate

30  the internal Apal site) and Vi was amplified with the primers YiLCF 5-CGG CTC
GAC CGA TAT CCA GCT GAC CCA GAG-8 (SEQ ID NO:20) and Yil.CR 5-GAT TTC
CAG CTT GGT ACC CTG GCC 6.3 (SEQ ID NO:21) (the EcoRV and Kpnl are
underlined). Unique PCR products with 398 (Vi) and 328 (V1) bp, respectively, were



Asp Asp Phe Ala Thr Tyr Tyr Cys Gin His Tyr Xaa Arg Phe Pro Tyr 859095 Page 3 Thr Phe Gly Gin
Gly Thr Lys Leu Glu lle Lys Arg Thr val 100105110 <210> 9 <211> 120 <212> PRT <213> Atrtificial
Sequence <220> <223> Synthetic construct <220> <223> Fl Antibody Variant Heavy Chain <400> 9
Glu val Gin Leu val Glu Ser Gly Gly Gly Leu Val GIn Pro Gly Gly 151015 Ser Leu Arg Leu Ser Cys Ala
Ala Ser Gly Phe Thr Leu Ser Arg Phe 202530 Ala Met ser Trp Val Arg Gin Ala Pro Gly Arg Gly Leu Glu
Trp Val 354045 Ala Ser lle Asn Asn Gly Asn Asn Pro Tyr Tyr Ala Arg Ser Val Gin 505560 Tyr Arg Phe
Thr Val ser Arg Asp Val Ser Gin Asn Thr Val Ser Leu 65 70 75 80 Gin Met Asn Asn Leu Arg Ala Glu
Asp Ser Ala Thr Tyr Phe Cys Ala 859095 Lys Asp His Pro Ser Ser Gly Trp Pro Thr Phe Asp Ser Trp
Gly Pro 38

directly digested by Pvull and Apal for Vu, EcoRV and Kpnl for Vi, followed by Gel
purification (Invitrogen, Catalog# K2100-12), Vu and V1. were individually ligated
into pRK vector fragments of pRE/Pvull, Apal for Heavy chain and pRE/EcoRV, Kpnl
for light chain using T4 DNA ligase. The DNA plasmids were confirmed by restriction

5  enzyme digestion patterns, 1.e. rF1Vrreleased ~300 bp and 5.8 kb bands by Agel,
whereas rF1Vy shown 2.3 and 3.1 kb bands by Ahdl on 2% agarose gel.

Chemical stress testing

10 By comparing antibody primary sequence data to experimentally observed
degradation events, it has become clear that certain sequence motifs may be prone to
degradation (i.e, aspartate isomerization at DI, DG, and DS sequences and
asparagine deamidation at NG sequenées). If such a degradation “hot spot” appears in

the CDR of an antibody, binding and potency may be negatively impacted. For

[
w1

molecules containing hot spots, chemical stress testing provides a way to assess the
susceptibility of these motifs to degradation by putting the antibody into a platform
formulation buffer and comparing a control sample to one stressed at 40°C for two
weeks. I degradation is observed the primary sequence can be re-engineered to
remove the hot spot.

20 After the sample 1s stressed for two weeks at 40°C, a variety of analytical
assays are performed to assess where and how much degradation occurred. An imaged
capillary isoelectric focusing (icIEF) analysis was performed to examine charge
variants and the intact and reduced antibody mass was verified using mass
spectrometry, and an LC-MS/MES peptide map was performed to obtain site-specific

25  degradation information,

Mutagenesis
The rF'1 pRK plasmids underwent a series of site-directed mutagenesis to
stabilize the rF1 Mab by N (AAC) 538 (AGC) in heavy chain CDR2 with using FHV 5'-
30 GGT GGC CAG CAT CAA CAG CGG CAA CAA CCC CTA CTA CG-3' (SEQ ID
NO:22) and RHV 5-CGT AGT AGG GGT TGT TGC CGC TGT TGA TGC TGG CCA
CC-3 (SEQ ID NO:23) (mutagenesis site is underlined) via Quik change I1 Site-

Directed ¥Kat. The mutagenesis variant was sequenced.



100105110 Gly Thr Leu val Thr Val Ser Ser 115120 <210> 10 <211> 109 <212> PRT <213> Artificial
Sequence <220> <223> Synthetic construct <220> <223> F| Antibody variant Light chain <220>
<221> VARIANT <222> 92 <223> Xaa = M or | <400> 10 Asp lle Gin Leu Thr Gin Ser Pro Ser Ala Leu
Pro Ala Ser Val Gly 151015 Asp Arg Val Ser lle Thr Cys Arg Ala Ser Glu Asn val Gly Asp Trp 202530
Leu Ala Trp Tyr Arg Gin Lys Pro Gly Lys Ala Pro Asn Leu Leu lle 354045 Tyr Lys Thr Ser lle Leu Glu
Ser Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr lle Ser Ser Leu
Gin Pro 65 70 75 80 Asp Asp Phe Ala Thr Tyr Tyr Cys Gin His Tyr Xaa Arg Phe Pro Tyr

859095 Thr Phe Gly Gin Gly Thr Lys Leu Glu lle Lys Arg Ala

39

RESULTS

5 The primary sequence of antibedy »F1 contained one potential
asparagine deamidation site in light chain CDR2: NNGNN (SEQ ID NO:24).
Stress testing revealed an increase of deamidation in stressed samples at N53
{numbering according to Kabat, 1991). Site-directed mutagenesis was performed
to stabilize the rF1 Mab by N (AAC, (SEQ ID NO:25)) to 538 (AGC, (SEQ ID

10 NO:26)) substitution in heavy chain CDR2, Sequencing of the mutagenesis variant

confirmed an N535 mutation.

Example 5

Development of Cys variants for antibody-drug conjugaté (ADC)
applications
The ¥F1 pRK plasmids underwent a series of site-directed mutagenesis with
oligos of rF1pRE.LC(205/210)VCF (468075} 5°-GGG CCT GAG CTC GCC CTG CAC
20  AAA GAG CTT CAA CAG-3 (SEQ ID NO:27) and rFipRK LC(205/210)VCR
(468076 5'-CTG TTG AAG CTC TTT GTG CAG GGC GAG CTC AGG CCC-3 (SEQ
1D NO:28) (Cys mutant is underlined) to generate the light chain linkers of rF1
thioMab, and rFIpREK.HCNE3S. A121CF (468464 5'-CTG GTC ACA GTC TCG AGT
TGC AGC ACC AAG GGC CCATC-8 (SEQ ID NO:29) and
256 rFIpREKHCNB3B.A121CR {468465) 5-GAT GGG CCC TTG GTG CTG CAA CTC GAG
ACT GTG ACC AG-3 (SEQ D NO:30} (Cys mutant is underlined) to make the
heavy chain linkers of rF'1 thioMab via the Stratagene’s Site-Directed method, Light

chain V205C and heavy chain Al14C were confirmed by sequencing of the variants
(figure 9).
30



Page 4 100105 <210> 11 <211> 110 <212> PRT <213> Atrtificial Sequence <220> <223> Synthetic

construct <220> <223> Fl Antibody variant Light Chain <220> <221> VARIANT <222> 92 <223> Xaa
=m or 1 <400> 11 Asp lle Gin Leu Thr Gin Ser Pro Ser Ala Leu Pro Ala Ser Val Gly 151015 Asp Arg

Val Ser lle Thr Cys Arg Ala Ser Glu Asn Val Gly Asp Trp 202530 Leu Ala Trp Tyr Arg Gin Lys Pro Gly
Lys Ala Pro Asn Leu Leu lle 354045 Tyr Lys Thr Ser lle Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Gly
505560 Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr lle Ser Ser Leu Gin Pro 65707580 Asp AS Phe Ala

Thr Tyr Tyr Cys Gin His Tyr Xaa Arg Phe Pro Tyr
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Brief description of the drawings

Figure 1: Heavy chain and light chain sequences of antibody F1

[

Figure 2: I'1 antibody binds to LTA preparations from several Gram-positive
bacteria. (a) LTA preparations were derived from Sigma and tested in a capture
ELISA with a mouse polyclonal anti-L'TA or (b) a highly purified set of LTA
preparations derived from W. Fischer. D25, a human anti-RSV antibody was used as
non-specific negative control and a mouse monoclonal anti-LTA antibody as a positive

10 control

Figure 3: Recombinant F1 antibody binds to S. aureus but not to S. preumoniae. (a)
Bacteria were incubated with F1 antibody, or a control IgG (D25, a human anti-RSV

antibody} or without first antibody (IgG-PE only). After washing the secondary

=
]

antibody was added (IgG-PE). (b} 6 clinical isolates were tested in two separate
experiments for the binding of F1. Tested were a PVIL+ strain (S8A-1), 3 regular (SA-2
SA-3 and SA-4), and 2 MRSA strains (SA-5 and SA-6).

Figure 4: (a) Binding of 171 antibody o 14 S. qureus strains, (b) r¥1 antibody binds
20  to S. epidermidis but not to Bacillus subtilis, Enterococcus faecalis, Listeria

monocytogenes and Streptococcus pyogenes.

Figure 5: (a) rF1 antibody binds to MRSA in different. growth stages, Iso C: isotype
control, Med: media control (b) rF1 antibody binds to MRSA isolated from infected

bo
Wi

tigsue,

Figure 6: r¥1 antibody binds to 8DR proteins. (2) Immunoprecipitation (IP) of a
commercial teicholc acid preparation of 8. aureus (Wood 46 strain) with rF1 or isotype
control antibody, followed by Western blotting with rF'1 antibody {left) and mass

30 spectrometry analysis of fragments from the WTA preparation bound by rF1 antibody
(right), (b) Immunoprecipitation {IP} of cell wall Iysate of S. aureus (USA300 strain)
with rF'1 or control antibody, followed by Western blotting (WB) with rF1 antibody
(left) and mass spectrometry analysis of cell wall fragments (USA300 strain) bound by



859095 Thr Phe Gly Gin Gly Thr Lys Val Glu lle Lys Arg Thr Val 100105110 <210> 12 <211> 15
<212> DNA <213> Artificial Sequence <220> <223> Synthetic construct <220> <223> Fl Heavy Chain
CDR1 <400> 12 cgctttgcca tgagelb <210> 13 <211> 48 <212> DNA <213> Artificial Sequence <220>
<223> Synthetic construct <220> <223> F| Heavy Chain CDR2 <400> 13 tcgatcaata atgggaataa
cccatactac gcacggtcgg tacaatac48 Page 5 <210> 14 <211> 36 <212> DNA <213> Artificial Sequence
<220> <223> Synthetic construct <220> <223> F| Heavy Chain CDR3

Wi

10

15
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rF1 antibody (right) (¢) Immunoprecipitation of cell wall lysate of S. epidermidis with
rF1 or isotype control antibody, folowed by Western blotting with rF1 antibody (left),

mass spectrometry analysis of cell wall fragments bound by rF1 antibody (right).

Figure 7: Binding of rF1 to SDR proteins expressed in S. qureus and E. coli. (a)
Western blotting of 5. aureus and E. coli lvsates containing overexpressed His-tagged
CIfA using anti-His (left) and rF1 (right) antibody. (b) Western Bloting of E. coli cell
lysates containing his-tagged CHA CUB, 5drC, SdrD and SdrE following incubation
with 8. qureus lysate with rF1 (fop) or anti-His (bottom) antibody.

Figure 8: rF1 binds to SDR domains expressed by 8. aureus. Constructs expressed by
S. aureus and tested for binding to r#1 (left), Western: blots of S, aureus lysates
containing the expressed constructs with anti-MBP (maltose binding protein), anti-

His and rF1 antihody (right).

Figure 9: Sequences of heavy chain A114C (a) and Light chain V205C (b} variants of
antibody rF1. Numbering according to Kabat (1991), boxes: CDRs.



<400> 14 gatcacccta gtagtggctg gcccaccttt gactcc36 <210> 15 <211> 33 <212> DNA <213> Atrtificial
Sequence <220> <223> Synthetic construct <220> <223> Fl Light Chain CDR1 <400> 15 cgggccagtg
aaaacgttgg tgactggttg gcc33 <210> 16 <211> 21 <212> DNA <213> Artificial Sequence <220> <223>
Synthetic construct <220> <223> F| tight Chain CDR2 <400> 16 aagacatcta ttctagaaag t21 <210> 17
<211> 27 <212> DNA <213> Avrtificial sequence <220> <223> synthetic construct <220> <223> Fl
Light Chain CDR3 <400> 17 caacactata tacgtttccc gtacact27 <210> 18 <211> 28 <212> DNA <213>
Artificial Sequence

10
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<220> <223> synthetic construct <220> <223> Primer <400> 18 atggctgagg tgcagctggt ggagtctg28
<210> 19 <211> 61 <212> DNA <213> Artificial sequence <220> <223> synthetic construct <220>
<223> Primer <400> 19 gaacacgctg gggcccttgg tgctggcact cgagactgtg accagggtge caggtcccca 60 61
<210> 20 <211> 30 <212> DNA <213> Artificial Sequence <220> <223> Synthetic construct <220>
<223> Primer <400> 20 cggctcgacc gatatccagc tgacccagag30 <210> 21 <211> 25 <212> DNA <213>
Artificial Sequence <220>
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Claims

1. An antibody or functional part thereof or immunoglobulin chain or functional

equivalent thereof, which comprises:
5 - a heavy chain CDR1 sequence comprising a sequence which has at least 70%

sequence identity to the sequence RFAMS, and/or
- a heavy chain CDR2 sequence comprising a sequence which has at least 70%
sequence identity to the sequence SINNGNNPYYARSVQY, and/or
- a heavy chain CDDRS sequence comprising a sequence which has at least 70%

10 sequence identity to the sequence DHPSSGWPTFEFDS, and/or
- a light ¢hain CDR1 sequence comprising a sequence which has at least 70%
sequence 1dentity to the seguence RASENVGDWLA, and/or
- a hight chain CDR2 sequence comprising a sequence which has at least 70%
sequence identity to the sequence KTSILES, and/or

15 - a light chain CDR3 sequence comprising a sequence which has at least 70%
sequence identity to the sequence QHYXREFPYT, wherein Xis I or M.

2. An antibody or functional part or immunogiobulin chain or functional equivalent
according to claim 1, having a heavy chain sequence comprising a sequence which
has at least 70% seguence identity to the sequence

20 EVRLLESGGGLVQPGGSLRLSCAASGFTLSRFAMSWVRQAPGRGLEWVASINN
GNNPYYARSVQYRFTVSRDVSQNTVSLQMNNLBAEDSATYFCAKDHPSSGWP
THDEWGPGTLVTVES and/or having a light chain sequence which has at least
70% sequence identity to the sequence
DIQLTQBPSALPASVGDRVSITCRASENVGDWLAWYRQEPGEKAPNLLIYKTSIL

25 ESGVPSRFSGSGSGTEFTLTISSLQPDDFATYYCQHYXRFPYTFGQGTKLEIKRT
V, wherein Xi1s I of M.

3. An antibody or functional part or immunoglobulin chain or functional equivalent
according to claim 1, having a heavy chain sequence comprising a sequence which
has at least 70% sequence identity to the sequence

30 EVQLLESGGGLVQPGGSLRLSCAASGFTLSRFAMSWVRQAPGRGLEWVASINN
GNNPYYARSVQYRFTVSRDVSQNTVSLQMNNLRAEDSATYFCAKDHPSSGWP
THFDSWGPGTLVTVSS and/or having a light chain seguence which has at least

70% seguence identity to the sequence



<223> synthetic construct <220> <223> Primer <400> 21 gatttccagc ttggtaccct ggccg25 <210> 22
<211> 38 <212> DNA <213> Artificial Sequence <220> <223> synthetic construct <220> <223>
Primer <400> 22 ggtggccagc atcaacagcg gcaacaaccc ctactacg38 <210> 23 <211> 38 <212> DNA
<213> Artificial Sequence <220> <223> synthetic construct <220> <223> Primer <400> 23 cgtagtaggg
gttgttgccg ctgttgatgc tggccacc38 <210> 24
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DIGLTQRSPSALPASVGDRVSITCRASENVGDWLAWYRQRKPGKAPNLLIYETSIL
ESGVPSRFSGSGSGTEFTLTISSLQPDDFATYYCQHYXRFPYTFGQGTKLEIKRA
, wherein X is I of ML

4. An antibody or functional part or immunoglobulin chain or functional equivalent

[t

according to claim 1, having a heavy chain sequence comprising a sequence which
has at least 70% sequence identity to the sequence
EVQLLESGGGLVQPGGSLELSCAASGFTLSRFAMSWVRQAPGRGLEWVASINN
GNNPYYARSVQYRFTVSRDVSQNTVSLQMNNLRAEDSATYFCAKDHPSSGWP
TFDEWGPGTLVTVES and/or having a light chain seguence which has at least
10 70% sequence identity to the sequence
DIQLTQSPSALPASVGDRVSITCRASENVGDWLAWYRQKPGRKAPNLLIYKTSIL
ESGVPERFSGEGSGTEFTLTISSLQPDDFATYYCQHYXRFPYTFGQGTRVEIKRT
V, wherein Xis I of M.
5. An antibody or functional part or immunoglobulin chain or functional equivalent
15 according to claim 1, having a heavy chain sequence comprising a sequence which
has at least 70% sequence identity to the sequence
EVQLVESGGGLVQPGGSLRLSCAASGFTLSRFAMSWVRQAPGRGLEWVASINN
GNNPYYARSVQYRFTVSRDVSQNTVSLOQMNNLRAEDSATYFCAKDHPSSCWP
TFDSWGPGTLVTVSS and/or having a light chain sequence which has at least
20 70% sequence identity to the sequence
DIQLTQSPSALPASVGDRVSITCRASENVGDWLAWYRQKPGKAPNLLIYKTSIL
ESGVPSRFSGSGSGTEFTLTISSLGPDDFATYYCQHYXRFPYTFGQGTKLEIKRT
V, wherein X i1s [ of M.
6. An antibody or functional part or immunoglobulin chair or functional equivalent
25 according to claim 1, having a heavy chain sequence comprising a sequence which
has at least 70% sequence identity to the sequence
EVQLVESGGGLVQPGGSLRLECAASGFTLSRFAMSWVRQAPGRGLEWVASINN
GNNPYYARSVQYRFTVERDVSQNTVSLGMNNLRAEDSATYFCAKDHPSSGWP
TFDSWGPGTLVTVSE and/or having a light chain sequence which has at least
36 70% sequence 1dentity to the sequence
DIQLTQSPSALPASVGDRVSITCRASENVGDWLAWYRQKPGKAPNLLIYKTSIL
ESGVPSRFSGSGSGTEFTLTISSLQPDDFATYYCQHYXRFPYTFGQGTELEIKRA
, wherein X is T of M,



<211> 5 <212> PRT <213> Artificial Sequence <220> <223> synthetic construct <220> <223> Part of
cDR2 Heavy Chain to Show Amidation <220> <221> MOD_RES <222> 2 <223> Amidation <400> 24
Asn Asn Gly Asn Asn 15 <210> 25 <211> 3 <212> DNA <213> Atrtificial Sequence <220> <223>
Synthetic construct <220> <223> Codon for N <400> 25 aac3

45

7. An antibody or functional part or immunoglobulin chain or functional equivalent
according to claim 1, having a heavy chaln sequence comprising a sequence which
has at least 70% sequence identity to the sequence
EVQLVESGGGLVQPGGSLRLSCAASGFTLSRFAMSWVRQAPGRGLEWVASINN

5 GNNPYYARSVQYRFTVSRDVIQNTVSLGMNNLRAEDSATYFCAKDHPSSGWP
TFDSWCGPGTLVTVSES and/or having a light chain sequence which has at least
70% sequence identity to the sequence
DIQLTQRSPSALPASVGDRVSITCRASENVGDWLAWYRQKPGEKAPNLLIYKTSIL
ESGVPESRFSGEGSGTEFTLTISSLGPDDFATYYCQHYXRFPYTFGQGTEKVEIERT
10 V, wherein X is § of M.

8. An antibody or functional part or immunoglobulin chain or funetional equivalent
according to any one of claims 1-7, wherein an asparagine has been replaced by
another amino acid.

9. An antibody or functional part or immunoglobulin chain or functional equivalent

15 according to claim 8, wherein said asparagine is an asparagine at position 53 of
the heavy chain, whereby the amino acid numbering is according to Kabat (1991).

10. An antibody or functional part or immunoglobulin chain or functional equivalent
according to claim 8 or 9, wherein said other amino acid is serine,

11. An antibody or functional part or immunoglobulin chain or functional equivalent

20 according to any one of claims 1-10, wherein at least one amino acid other than
cysteine has been replaced with cysteine.

12. An antibody or functional part or immunoglobulin chain or functional equivalent
according to claim 11, wherein said at least one amino acid other than cysteine is
valine at light chain peosition 2056 and/or valine at lght chain position 110, and/or

25 alanine at heavy chain position 114, whereby the amino acid numbering is
according to Kabat (1991),

13. An antibody or functional part or immunoglobulin chain or functional eguivalent
according to any one of claims 1-12, which is a human antibody.

14, An isolated antibody that binds to in vivo-grown S. qureus.

30  15. The antibody of claim 14, wherein said antibody is human.
16. An antibody or functional part or immunoglobulin chain or functional equivalent

capable of binding an SD-repeat dependent epitope.



<210> 26 <211> 3 <212> DNA <213> Atrtificial Sequence <220> <223> Synthetic construct <220>
<223> Codon for S <400> 26 agc3 <210> 27 <211> 36 <212> DNA <213> Artificial Sequence <220>
<223> synthetic construct <220> <223> Oligo <400> 27 gggcctgagc tcgecctgca caaagagctt caacag36
<210> 28 <211> 36 <212> DNA <213> Artificial Sequence <220> <223> Synthetic construct
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17.

18.

19,

20.

21

22,
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An antibody or functional part or immunoglobulin chain or functional equivalent
capable of binding to S, aurens CHA, CUB, 8drC, SdrD and SdrE.

An antibody or functional part or immunoglobulin chain or functional equivalent
which is capable of competing with an antibody or functional part or
immunoglobulin chain or funetional equivalent according to any one of claims 1-13
for binding to a Staphylococcus species.

An isolated, synthetic or recombinant nucleic acid sequence with a length of at
least 15 nucleotides, or a functional equivalent thereof, encoding at least one CDR
sequence of an antibody or functional part or immunoglobulin chain or functional
equtvalent according to any one of claims 1-13.

An isolated, synthetic or recombinant nucleic acid sequence, or a functional
equivalent thereof, comprising a sequence which has at Ieast 70% sequence
identity to a seguence selected from the group consisting of cgcttteccatgage,
tegatcaataatgggaataacecatactacgeacggteggtacaatac,
gatcaccotagtagtggetegeecacetttgactee, cgggecagtgaaaacgttggtgactgptiggcc,
aagacatctattctagaaagt and caacactatatacgtticecgtacact.

A nucleic acid sequence or functional equivalent according to claim 20, wherein
said nueleic acid seguence or functional equivalent comprises a sequence which
has at least 70% sequence identity to at least part of a nucleotide sequence as
depicted in Figure 1, said part having at least 15 nucleotides and encoding at least
one CDR region,

An isolated, synthetic or recombinant nucleic acid sequence, or a functional
equivalent thereof, comprising a sequence encoding an amino acid sequence which
has at least 70% seguence identity to the sequence RFAMS, and/or at least 70%
sequence identity to the sequence SINNGNNPYYARSVQY, and/or at least 70%
sequence identity to the sequence DHPSSGWPTFDS, and/or at least 70%
sequence dentity to the sequence RASENVGDWILA, and/or at least 70% sequence
identity to the sequence KTSILES, and/or at least 70% sequence identity to the
sequence QHYXRFPYT, wherein X is T or M, and/or at least 70% sequence identity
to the sequence
EVQLLESGGGLVQPGGSLRLSCAASGFTLSRFAMSWVROQAPGRGLEWVASINN
GNNPYYARSVQYRFTIVSRDVSGNTVSLQMNNLRAEDSATYFCAKDHPSSCOWP
TEDSWGPGTLVTVSS, and/or at least 70% sequence identity to the sequence



<220> <223> Oligo <400> 28 ctgttgaagc tctttgtgca gggcgagctc aggecc36 <210> 29 <211> 38 <212>
DNA <213> Artificial Sequence <220> <223> Synthetic construct <220> <223> 01 go <400> 29
ctggtcacag tctcgagttg cagcaccaag ggcccatc38 <210> 30 <211> 38 <212> DNA <213> Avrtificial
Sequence <220> <223> Synthetic construct <220> <223> Oligo <400> 30 gatgggccct tggtgctgca
actcgagact gtgaccag38 <210> 31 <211> 5 <212> PRT <213> Artificial Sequence <220> <223>
Synthetic construct
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DIQLTQSPSALPASVGDRVSITCRASENVGDWLAWYRQEKPGKAPNLLIYKTSIL
ESGVPSRFSGSGRGTEFTLTISSLQPDDFATYYCQHEYXRFPYTRGQGTRLEIXKRT
V, whereln X is [ or M.
23. An antibody or functional part or an immunocglebulin chain or functional
5 equivalent thereof or a nucleic acid seguence or functional equivalent thereof
according to any one of claims 1-22, for use as a medicament and/or prophylactic
agent.
24, An antibody or functional part or an immunoglobulin chain or functional
equivalent thereof or a nucleic acid seguence or funectional equivalent thereof
10 according to any one of claims 1-22, for use as a medicament and/or prophylactic
agent for at least in part treating and/or preventing a Gram-posttive bacterium-
related disorder,
25. Use of an antibody or functional part or an immunoglobulin ¢hain or functional

eguivalent thereof or a nucleic acid sequence or functional equivalent thereof

ook
o

according to any one of claims 1-22 for the preparation of a medicament and/or
prophylactic agent for at least in part treating and/or preventing a Gram-positive
bacterium-related disorder.

26. A pharmaceutical composition comprising an antibody or functional part or an

immunoglobulin chain or functional equivalent thereof or a nucleic acid sequence

20 or functional eguivalent thereof according to any one of elaims 1-22 and a
pharmaceutical acceptable carrier, diluent or excipient.

27. An isolated or recombinant antibody producing cell capable of producing an
antibody or functional part or immunoglobulin chain or functional equivalent
according to any one of claims 1-18,

25 28, A method for producing an antibody or functional part or immunoglobulin ¢hain or
functional equivalent according to any one of claim 1-18, comprising providing a
cell with a nucleic acid sequence or functional equivalent according to any one of
claims 19-22 and allowing said cell to translate said nucleic acid sequence or
functional equivalent according to any one of claims 19-22, thereby producing said

30 antibody or functional part or immunoeglobulin chain or functional equivalent

according to any one of claim 1-18.



<220> <223> Motif <220> <221> VARIANT <222> 3 <223> Xaa = Any Amino Acid <400> 31 Leu Pro
Xaa Thr Gly 5 <210> 32 <211> 4 <212> PRT <213> Artificial Sequence <220> <223> Synthetic
construct <220> <223> His-tagged SD insert <400> 32 Ser Asp Ser Asp 1 <210> 33 <211>5<212>
PRT <213> Atrtificial Sequence

[}
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31.

32,

33.
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A method according to claim 28, further comprising harvesting, purifying and/or
isolating saad antibody or functional part or immunoglobulin chain or functional
equivalent according to any one of claim 1-18.

Use of an antibody or functional part or an immunoglobulin chain or functional
equivalent thereof or a nucleic acid sequence or functional equivalent thereof
according to any one of claires 1-18 for diagnosis of a Staphylococcus infection.
Use of an antibody or functional part or an immunoglobulin chain or functional
equivalent thereof or a nucleic acid sequence or functional equivalent thereof
according to any one of claims 1-18 for detecting S. qureus andior S. epidermidis.
An antibody or fuﬁctional part thereof or an immunoglobulin chain or functional
eguivalent thereof according to any one of claims 1-18 for use in the diagnosis of a
Staphylococeus infection.

A method for isclating 8. qureus andfor 5. epidermidis bacteria from a solution
using an antibody or functional part or an immunoglobulin chain or functional

equivalent thereof according to any one of claame 1-18,



<220> <223> Synthetic construct <220> <223> His-tagged SD insert <400> 33 Ser Asp Ser Asp Ser

15 <210> 34 <211> 6 <212> PRT <213> Atrtificial Sequence <220> <223> Synthetic construct <220>
<223> His-tagged SD insert <400> 34 Ser Asp Ser Asp Ser Asp 15 <210> 35 <211> 360 <212> DNA
<213> Artificial Sequence <220> <223> Synthetic construct <220> <223> F| Heavy Chain

SEQUENCE LISTING

<110> Genentech, 1Inc.
AIMM THERAPEUTICS B.V.
BEAUMONT, Tim
KWAKKENBOS, Mark Jeroen
BROWN, Eric 1.
MORISAKE, lJohn Hiroshi
HAZENBOS, Wouter L.w.
MARIATHASAN, Sanjeev
KAJIHARA, Kimber%y
XIA, Yi

<12{0> GRAM-POSITIVE BACTERIA SPECIFIC BINDING
COMPOUNDS

<130> 146392008240

<140> PCT/NL2010/050456
<141> 2010-07-15

<150> US 61/225,878
<151> 2009-07-15

<150> EP 091655589
<151> 2009-07-15

<160> 59

<170> FastSEQ for windows version 4.0

<210> 1
<211> 5
<212> PRT
<213> Artificial Sequence
<220>
<223» Synthetic construct
<220>
<223> CDR1 Heavy Chain
<400> 1
Arg phe Ala Met Ser
1 5
<210> 2
<211> 16
<212> PRT
<213> artificial Sequence
<220>
<223> synthetic construct
<220>
<223> CDRZ Heavy Chain
<400> 2
ser Ile Asn Asn Gly Asn Asn Pro Tyr Tyr Ala Arg Ser val ¢In Tyr
1 5 10 15

Page 1



<220> <221> CDS <222> (1)..(360) <400> 35 gag gtg caa ctg ttg gag tcg ggggggcttg gtg cag ccg ggg
09948 Glu Val Gin Leu Leu Glu Ser GlyGyGyLeu val Gin Pro Gly Gly 151015 tcc ctg aga ctc tcc tgt
gca gcc tct gga ttc acc ctt agce cgc ttt96 Ser Leu Arg Leu Ser Cys Ala Ala ser Gly Phe Thr Leu Ser Arg
Phe 202530 gcc atg agc tgg gtc cgc cag gct cca gga agg gga ctg gaa tgg gtc144 Ala Met Ser Trp Val
Arg GlpyAla Bro Gly Arg Gly Leu Glu Trp Val 354045 gca tcg atc aat aat ggg aat aac cca tac tac gca
cgg tcggta-caal92 Ala Ser lle Asn Asn Gly Asn Asn Pro Tyr Tyr Ala Arg Ser val Gin 505560 tac cgc
ttc accjé ;cg’;é@%ggc 97'[ tcc cag aac act gtg tct ctg240 Tyr Arg Phe Thr val Ser Arg Asp Val Ser GIn
Asn Th Val Sér Leu 65 45 cag atg aac aac ctg aga gcc gaa gac tcg gcc aca tat ttc tgt gct288 Gin
Met AsidAsn Leu Arg Ala Glu Asp Ser Ala Thr Tyr Phe Cys Ala 859095 aaa gat cac cct agt agt ggc tgg
cce act Rt ga it ffg GFCREG34E Lys Asp His Pro Ser Ser Gly Trp Pro Thr Phe Asp Ser Trp Gly Pro

<220>
<223> CDR3 Heavy Chain

<400> 3
Asp His Pro Ser Ser Gly Trp Pro Thr Phe Asp Ser
1 5 0

<210> 4

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic construct

<220>
<223> CDR1 Light cChain

<400> 4
Arg Ala Sser Glu Asn val Gly Asp Trp Leu Ala
1 5 10

<210> 5

<211> 7

<212> PRT

<213> aArtificial Sequence

<220>
<223> Synthetic construct

<220>
<223> (DR2 Light Chain

<400> 5
Lys Thr Ser Ile Leu Glu Ser
1 5

<210> 6

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic construct

<220>
<223> CDR3 Light chain

<220>

<221> VARIANT
<222> 4

<223> Xaa = Mor I

pPage 2



100105110 gga acc ctg gtc acc gtc tcc tcg360 Gly Thr Leu val Thr Val Ser Ser 115120 <210> 36
<211> 120 <212> PRT <213> Artificial Sequence <220> <223> Synthetic construct <400> 36 Glu Val
Gin Leu Leu Glu Ser Gly Gly Gly Leu Val GIn Pro Gly Gly 151015 Ser Leu Arg Leu Ser Cys Ala Ala
Ser Gly Phe Thr Leu Ser Arg Phe 202530 Ala Met ser Trp val Arg GIn Ala Pro Gly Arg Gly Leu Glu Trp
val 354945 Ada Ser lle Asn Asn Gly Asn Asn Pro Tyr Tyr Ala Arg Ser Val GIn 505560 Tyr Arg Phe Thr
Val set rgirspyal Ser Ging ABa Pho Vial-Seinteu 65707580 GIn Met Asn Asn Leu Arg Ala Glu Asp Ser
Ala ThrlTyr Phe Cys Ala I5age 11 859095 Lys Asp His Pro Ser Ser Gly Trp Pro Thr Phe Asp Ser Trp
Gly Pro 100105110

<210> 7
<211> 120
<212> PRT
<213> Artificial Sequence
<220>
<223> synthetic construct
<220>
<223> F1 Anitbody variant Heavy Chain
<400> 7
Glu val GIn teu Leu Glu Ser Gly Gly Gly Leu val GIn Pro Gly Gly
1 5 10 15
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser Arg Phe
20 25 30
Ala Met ggr Trp val Arg GIn Ala Pro Gly Arg Gly Leu Glu Trp val
40 45
Ala Ser Ile Asn Asn Gly Asn Asn Pro Tyr Tyr Ala Arg Ser val Glin
50 55 60
Tyr Arg Phe Thr val Ser Arg Asp val Ser Gln Asn Thr val Ser Leu
65 70 75 80
Gin Met Asn Asn Leu Arg Ala Glu Asp Ser Ala Thr Tyr phe Cys Ala
85 20 95
Lys Asp His Pro Ser Ser Gly Trp Pro Thr Phe Asp Ser Trp Gly Pro
100 105 110
Gly Thr teu val Thr val Ser ser
115 120
<210> 8
<211> 110
<212> PRT
<213> Artificial Segquence
<220>
<223> Synthetic construct
<220>
<223> F1 Antibody variant Light cChain
<220>
<221> VARIANT
<222> 92
<223> Xaa = M or I
<400> 8
Asp Ile GlIn Leu Thr GIn Ser Pro Ser Ala Leu Pro Ala Ser val Gly
1 5 10 15
Asp Arg val Ser Ile Thr Cys Arg Ala Ser Glu Asn val Gly Asp Trp
20 25 30
Leu Ala Trp Tyr Arg GIn Lys Pro Gly Lys Ala Pro Asn Leu Leu Ile
35 40 45
Tyr Lgs Thr Ser Ile teu Glu Ser Gly val Pro Ser Arg Phe Ser Gly
5 55 60
Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu GIn Pro
65 70 75 80
Asp Asp Phe Ala Thr Tyr Tyr Cys Gln ggs Tyr Xaa Arg Phe Pro Tyr
85 95
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Gly Thr Leu val Thr Val Ser Ser 115120 <210> 37 <211> 90 <212> DNA <213> Atrtificial Sequence
<220> <223> Synthetic construct <220> <223> F| Heavy Chain FW1 <220> <221> CDS <222>
(2)..(90) <400> 37 gag gtg caa ctg ttg gag tcg ggggggcttg gtg cag ccg ggg ggg48 Glu Val GIn Leu Leu
Glu Ser GlyGyGyLeu val GIn Pro Gly Gly 151015 tcc ctg aga ctc tcc tgt gca gcec tct gga ttc acc ctt

agco0tRer kU Akg ke SBF Gie AlaAlauSerGiviBhg I deesnpe£02530 <210> 38 <211> 30 <212>
PRT <213> Artificial@equence <220> <2235 Synthetic constructt€d00> 38

<210> 9
<211> 120
<212> PRT _
<213> Artificial Segquence
<220>
«223> Synthetic construct
<220>
<223> F1 Antibody variant Heavy Chain
<400> 9
Glu val Gln Leu val Glu Ser Gly Gly Gly Leu val Gln Pro Gly Gly
1 5 10 15
Ser Leu Arg ESU Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser Arg Phe
25 30
Ala Met Ser Trp val Arg Gin Ala Pro Gly Arg Gly Leu Glu Trp val
35 40 45
Ala Ser Tle Asn Asn Gly Asn Asn Pro Tyr Tyr Ala Arg Ser val Gln
50 55 60
Tyr Arg Phe Thr val Ser Arg Asp val Ser GIn Asn Thr val Ser Leu
65 70 75 80
Gln Met Asn Asn Leu Arg Ala Glu Asp Ser Ala Thr Tvr Phe Cys Ala
85 90 95
Lys Asp His Pro Ser Ser Gly Trp Pro Thr Phe Asp Ser Trp Gly Pro
100 105 110
Gly Thr Leu val thr val ser Ser
115 120
«210> 10
<211> 109
<212> PRT
<213> Artificial Sequence
<220>
<223> synthetic construct
<220
<223> F1 Antibody variant Light Chain
<220
<221> VARIANT
<222> 92
«223> Xaa = M or I
<400> 10
Asp Ile Gin Leu Thr Gln Ser Pro Ser Ala Leu Pro Ala Ser val Gly
1 5 10 i5
asp Arg val Ser Ile Thr Cys Arg g?a Ser Glu Asn val Gly Asp Trp
20 5 30
Leu ATa §rp Tyr Arg Gin Lys Pro Gly Lys Ala Pro Asn Leu Leu Tle
5 40 45
Tyr Lys Thr Ser Ile Leu Glu Ser Gly val Pro Ser Arg Phe Ser Gly
50 55 60
Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu GIn Pro
65 70 75 80
Asp Asp Phe Ala Thr Tyr Tyr Cys Gln His Tyr Xaa Arg Phe Pro Tyr
85 90 95

Thr Phe Gly GIn Gly Thr Lys teu Glu Ile Lys Arg Ala
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Glu val GIn Leu Leu Glu Ser Gly Gly Gly Leu Val GIn Pro Gly Gly 151015 Ser Leu Arg Leu Ser Cys
Ala Ala Ser Gly Phe Thr Leu Ser 202530 <210> 39 <211> 42 <212> DNA <213> Artificial Sequence
<220> <223> Synthetic construct <220> <223> F| Heavy Chain FW2 <220> <221> CDS <222>
(2)..(42) <400> 39 tgg gtc cgc cag gct cca gga agg gga ctg gaa tgg gtc gcad2 Page 12 Trp val Arg
Gin Ala Pro Cy Arg {3y Leu Glu Trp val Alggtb510 <210> 40 <211> 14 <212> PRT <213> Artificial
Sequence <220> <223> Synthetic construct <400> 40 Trp val Arg Gin Ala Pro Gly Arg Gly Leu Glu

Trp VaLIz%a> 1§I’LO

<Z211> 11

0

<212> PRT
<213> Artificial Sequence

<220>

<223> Synthetic construct

<220>

<223> F1 Apntibody variant Light

<220>

<221> VARIANT

<222> 92
<223> Xa

<400> 11
Asp Ile
1

ASp Arg

teu Ala

Tyr Lvys
50

Ser Gly

65

ASp AsSp

Thr Phe

<210> 12
<211> 15

a =

Gtn
val
Trp
35

Thr
Ser
Phe

Gly

<212> DNA
<213> Artificial Sequence

<220>

Mor I

Leu
Ser
20

Tyr
Ser
Gly
Ala

Gln
100

Thr
5
Ile
Arg
Ile
Thr
Thr

85
Gly

GlIn
Thr
Gin
Leu
Glu
70

Tyr
Thr

ser
Cys
LysS
Giu
55

Phe
Tyr

Lys

<223> Synthetic construct

<220>

<223> F1 Heavy Chain CDR1

<400> 12

cgctttgeca tgage

<210> 13
<211> 48

<212> DNA
<213> artificial Sequence

<220>

<223> Synthetic construct

<220>

<223> F1 Heavy Chain CDR2Z

<400> 13

tcgatcaata atgggaataa cccatactac gcacggtcgg tacaatac

Pro
Arg
Pro
40

ser
Thr
Cys

val

Chain

Ser
Ala
Gly
Gly
Leu
Gln

Glu
105

Ala
10

Ser
Lys
val
Thr
His

Ile

Let Pro
Glu Asn
Ala Pro
Pro ser
60

Ile ser
75

Tyr Xaa

Lys Arg

Page 5

Ala
val
ASN
45

Arg
ser
Arg

Thr

Ser
Gly
30

Leu
Phe
Leu
Phe

val
110

val
15

ASp
l.eu
ser
GlIn

Pro
95

Gly
Trp
Tle
Gly
Pro

80
Tyr

15

48



<210> 41 <211> 96 <212> DNA <213> Atrtificial Sequence <220> <223> synthetic construct <220>
<223> Fl Heavy Chain FW3 <220> <221> CDS <222> (1)-(96) <400> 41 cgc ttc acc gtc tcc cgg gac
gtc tcc cag aac act gtg tct ctg cag Arg Phe Thr Val Ser Arg Asp val Ser Gin Asn Thr Val Ser Leu Gin 1
510 15 atg aac aac ctg aga gcc gaa gac tcg gcc aca tat ttc tgt gct aaa Met Asn Asn Leu Arg Ala Glu
Asp Sesfya Thr Tyr 'he Cys Ala Lys 202530 <210> 42 <211> 32 <212> PRT <213> Artificial
Sequetidd:<ZH0> <223> Synthetic construct <400> 42 Arg Phe Thr val Ser Arg Asp Val Ser Gin Asn
Thr va‘f%ﬁlL i @Qcé%g%os@ Met Asn Asn Leu Arg Ala Glu Asp Ser Ala Thr Tyr Phe Cys Ala Lys

202530 211> 33 <212> DNA <213> Artificial Sequence <220> <223> Synthetic construct
<220>

<223> synthetic construct

<22(>
<223> F1 Heavy Chain CDR3

<400> 14
gatcacccta gtagtyggotg geccaccttt gactec 36

<210> 15

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic construct

<220>
<223> F1 Light Chain CDR1

<400> 15
cgggccagty aaaacgttgg tgactggtig gec 33

<210> 16
<211> 21
<212> DNA
<213> Artificial Sequence

<220> _
<223> Synthetic construct

<220>
<223> ¥l Light Chain CbR2

<400> 16
aagacatcta ttctagaaag t 21

<210> 17

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic construct

<220>
<223> F1 Light Chain CDR3

<400> 17
caacactata tacgtttccc gtacact 27

<210> 18

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic construct
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<220> <223> Fl Heavy chain Fw4 <220> <221> CDS <222> (1)..(33) <400> 43 tgg ggc ccg gga acc
ctg gtc acc gtc tcc tcg33 Trp Gly Pro Gly Thr Leu Val Thr Val Ser Ser 1510 <210> 44 <211> 11 <212>
PRT <213> Atrtificial Sequence <220> <223> Synthetic construct <400> 44 Trp Gly Pro Gly Thr Leu
Val Thr Val Ser Ser 1510 <210> 45 <211> 330 <212> DNA <213> Artificial Sequence <220> <223>
Synthetjg gonstruct <220> <223> FI Light Chain <220> <221> CDS <222> (1)..(330) <400> 45

<223> Primer

<400> 18
atggctgagg tgcagetggt ggagtetg 28

<210> 19

<211> 61

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic construct

<220>
<223> Primer

<400> 19
gaacacgcety gggeccttgg tgctggcact cgagactgtg accagggtge caggtcccca 60

9 61

<210> 20

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic construct

<220>
<223> Primer

<400> 20
cggctcgace gatatccage tgacccagag 30

<210> 21

<211> 25

<212> DNA

<213> artificial Sequence

<220>
<223> Synthetic construct

<220
<223> Primer

<400> 21
gatttccagc ttggtaccct ggocg 25

<210> 22

<211> 38

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic construct

<220>
<223> Primer

<400> 22
ggtggccage atcaacageg geaacaacce ctactacg 38

<210> 23
page 7



gac atc cag ttg acc cag tct cct tcc gec ctg cct gca tct gtg ggad8 Asp lle Gin Leu Thr Gin Ser Pro Ser
Ala Leu Pro Ala Ser Val Gly 151015 gac aga gtc agc atc act tgt cgg gcc agt gaa aac gtt ggt gac tgg96
Asp Arg Val Ser lle Thr Cys Arg Ala Ser Glu Asn Val Gly Asp Trp 202530 ttg gcc tgg tat cgg cag aaa
CCQg ggg aaa gcc cct aat ctt ctc atc144 Leu Ala Trp Tyr Arg Gin Lys Pro Gly Lys Ala Pro Asn Leu Leu
lle 354045 tag @ag aca tct att cta gaa agt ggg gtc cca tca agg ttc agc ggcl192 Tyr Lys Thr Ser lle Leu
Glu SexGly waiAPro Ser Arg Phe Ser Gly 505560 agt ggg tct ggg aca gaa ttc act ctc acc atc agc agc
ctg cag’cer24y SET €i¢ SEFBISFRr Glu Phe Thr Leu Thr lle Ser Ser Leu Gin Pro 65707580 gat gat ttt
gca actxagtac tgt caa cac tat ata cgt ttc ccg tac288 Asp Asp Phe Ala Thr Tyr Tyr Cys GIn His Tyr lle
Arg PreéPro Tynthagecl 40859095 act ttt ggc cag ggg acc aag ctg gag atc aaa cga act gtg Thr Phe Gly
Gin Gly,Tht Lys Leu Glu lle Lys Arg Thr val 100105110 <210> 46 <211> 110 <212> PRT <213>
Artificiat Sequenoer<220>

<400> 23
cgtagtagygg gttgttgeeg ctgttgatge tggccacc 38

<210> 24

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic construct

<220>
<223> Part of CDR2 Heavy Chain to Show Amidation

<220>

<221> MOD_RES
<222> 2

<223> Amidation

<400> 24
Asn Asn Gly Asn Asn
1 5

<210> 25

<211> 3

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic construct

<220
<223> Codon for N

<400> 25
aac 3

<210> 26

<211> 3

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic construct

<220>
<223> Codon for S

<400> 26
agc 3

<210> 27
<211> 36
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<223> Synthetic construct <400> 46 Asp lle Gin Leu Thr Gin Ser Pro Ser Ala Leu Pro Ala Ser Val Gly
151015 Asp Arg Val Ser lle Thr Cys Arg Ala Ser Glu Asn Val Gly Asp Trp 202530 Leu Ala Trp Tyr Arg
Gin Lys Pro Gly Lys Ala Pro Asn Leu Leu lle 354045 Tyr Lys Thr Ser lle Leu Glu Ser Gly Val Pro Ser
Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr lle Ser Ser Leu Gin Pro 65 70 75
80 Asp-Asp Rhe Ala Thr Tyr Tyr Cys Gin His Tyr lle Arg Phe Pro Tyr 859095 Thr Phe
Gly GGy Rmthiysdiet Ghgdlenkys Arg Thr Val 100105110 <210> 47 <211> 69 <212> DNA <213>
Atrtifici <%é'sgequence <220> <223> Synthetic construct <220> <223> Fl Light Chain FM_ <220> <221>

CDS 2 Y69} ~4Q@74 A @ac atc cag ttg acc cag tct cct tce gec ctg cct gea tet gtg gga Asp lle
Gin Leu Thr Gin Ser Pro Ser Ala Leu Pro Ala Ser Val Gly 1510 15 ‘

<223> o0'ligo

<400> 27
gggcctgage tcgecctgea caaagagett caacag 36

<210> 28

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic construct

<220>
<223> 0ligo

<400> 28
ctgttgaagc tctttgtgca gggcgagetc aggocc 36

<210> 29

<211> 38

<212> DNA

<213> Artificial Ssequence

<220>
<223> Synthetic construct

<220>
<223> 0ligo

<400> 29
ctggtcacag tctcgagttg cageaccaag ggeccatce 38

<210> 30

<211> 38

<212> DNA

<213> Artificial Seguence

<220
<223> Synthetic construct

<220>
<223> 0ligo

<400> 30
gatgggccct tggtgetgea actcgagact gtgaccag 38

<210> 31

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic construct

<220>
<223> Motif
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gac aga gtc agc atc act tgt Asp Arg Val Ser lle Thr Cys 20 <210> 48 <211> 23 <212> PRT <213>
Artificial Sequence <220> <223> Synthetic construct <400> 48 Asp lle Gin Leu Thr Gin Ser Pro Ser
Ala Leu Pro Ala Ser Val Gly 151015 Asp Arg Val Ser lle Thr Cys 20 <210> 49 <211> 45 <212> DNA
<213> Artificial Sequence <220> <223> Synthetic construct <220> <223> Fl Light Chain Fw2 <220>
<221> CDS <222> (1)..(45) <400> 49 tgg tat cgg cag aaa ccg ggg aaa gcc cct aat ctt ctc atc tat Trp

Tyr Arg2&ia Lys Pro Gly Lys Ala Pro Asn Leu Leu lle Tyr 15 10 15 <210> 50 <211> 15
<221> VARIANT
<222> 3
«223> Xaa = Any Amino Acid

<400> 31
lLeu Pro Xaa Thr Gly
1 5

<210> 32

<211> 4

<212> PRT

<213> Artificial Sequence

<220> )
<223> Synthetic construct

<220>
<223> #is-tagged SD insert

<400> 32
Ser AsSp Ser Asp
1

<210> 33

<211> 5

<212> PRT

<213> Aartificial Sequence

<220>
<223> Synthetic construct

<220>
<223> His-tagged SD insert

<400> 33
Ser Asp Ser Asp Ser
i3 5

<210> 34

<211> 6

<212> PRT

«213> Artificial Seqguence

<220>
<223> Synthetic construct

<220>
«223> His-tagged Sb insert

<400> 34
Ser ASp Ser Asp Ser Asp
1 5

<210> 35

<211> 360

<212> DNA

<213> Artificial seguence
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<212> PRT <213> Artificial Sequence <220> <223> Synthetic construct <400> 50 Trp Tyr Arg Gin Lys
Pro Gly Lys Ala Pro Asn Leu Leu lle Tyr 151015 <210> 51 <211> 96 <212> DNA <213> Artificial
Sequence <220> <223> Synthetic construct <220> <223> Fl Light Chain Fw3 <220> <221> CDS
<222> (1)..(96) <400> 51 ggg gtc cca tca agg ttc agc ggc agt ggg tct ggg aca gaa ttc act48 Gly Val Pro
Ser Ak Rlze Ser Gly Ser Gly Ser Gly Thr Glu Phe Thr 151015 ctc acc atc agc agc ctg cag cct gat gat
ttt gcadéerat Gl eLCPRETR'Ser Ser Leu Gin Pro Asp Asp Phe Ala Thr Tyr Tyr Cys Page 16 96

202539 20>
<223> F1 Heavy Chain

<220>
<Z221> CDS
<222> (1)..(380)

<400> 35

gag gtg caa ctg ttg gag tcg g%g g%g g%c ttg gtg cag ccyg
Glu val GIn Leu Leu Glu Ser Gly Gly Giy Leu val Gin Pro
1 5 10

- O
[ L]
h i)
[a]
el
e

tcc ctg aga ctc tec tgt gca gec tct gga ttc acc ctt age cge ttt 96
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser Arg phe
20 25 30

gcc atg agc tgg gtc cge cag get cca g%a agg gga ctg gaa tgg gtc 144
Ala Met Ser Trp val Arg Gln zga Pro Gly Arg Gly Leu Glu Trp val
35 45

gca tcg atc aat aat ggg aat aac cca tac tac gca cgg tog gta caa 192
Ala ser Ile Asn Asn Gly Asn Asn Pro Tyr Tyr Ala Arg Ser val Gln
50 55 60

tac cgc ttc acc gtc tcc Cgg gac gtc tcc cag aac act gtg tct ctg 240
Tyr Arg Phe Thr val Ser Arg Asp val Ser GIn Asn Thr val Ser Leu
65 70 75 80

cag atg aac aac ctg aga gcc gaa gac teg gee aca tat ttco tgt gct 288
Gln Met Asn Asn Leu Arg Ala Glu Asp Sgr Ala Thr Tyr Phe Cys Ala
85 95

aaa gat cac cct agt agt gge tgg €cc acc ttt gac tcoc togg g?c ccg 336
Lys Asp His ;68 Ser Ser Gly Trp Pro Thr Phe Asp Ser Trp Gly Pro
105 110

gga acc ctg gtc acc gt¢ tcc tcg 360
Gly Thr Leu val Thr val ser ser
115 120

<210> 36
<211> 120
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 36
Glu val Gin Leu Leu Glu Ser Gly Gly Gly Leu val GIn Pro Gly Gly
1 5

Ser Leu Arg Egu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser Arg Phe
25 30
Ala Met Ser Trp val Arg Gin Ala Pro Gly Arg Gly Leu Glu Trp val
35 40 45

Ala Ser Ile Asn Asn Gly Asn Asn Pro Tyr Tyr Ala Arg Ser val Gln
50 55 60

Tyr Arg Phe Thr val Ser Arg Asp val Ser Gin Asn Thr val Ser Leu

65 70 75 80

GIn Met Asn Asn Leu Arg Ala Glu Asp Ser Ala Thr Tyr Phe Cys Ala
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<210> 52 <211> 32 <212> PRT <213> Atrtificial Sequence <220> <223> Synthetic construct <400> 52
Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Glu Phe Thr 151015 Leu Thr lle Ser Ser Leu GIn
Pro Asp Asp Phe Ala Thr Tyr Tyr Cys 202530 <210> 53 <211> 39 <212> DNA <213> Attificial
Sequence <220> <223> Synthetic construct <220> <223> FI Light Chain Fw4 <220> <221> CDS
<222> (1)-(39) <400> 534tt ggc cag ggg acc agg ctg gag atc aaa cgayact gtg Phe Gly GIn Gly Thr Lys
Leu GlysleskysHAeg Flrar vat :& 1015216> Blo<PiA PHS 21 Ze PRTp<213> Artificial Sequence <220>

<223>G§)ynltpgtig@gobgﬁ’ruﬁ;f@g?%gﬂ Rhe &¥ GIn Gly Thr Lys Leli&lu lle Lys Arg Thr val 1510

115 120

<210> 37
<211> 90
<2172> DNA
<213> Artificial sequence

<220>
<223> synthetic construct

<220>
<223> Fl Heavy Chain Fwl

<220>
<221> CPS
<222> (1)..(%0

<400> 37

gag gtg caa ctg ttg gag tcg 9?9 ggg ggc tig gtg cag ccg ggy 999 48
Glu val GIn Leu Leu Glu Ser Gly Gly Gly Leu val G1n Pro Gly Gly
1 5 10 15

tcC ctg aga ctc tcc tgt gca gcec tct gga ttc acc ctt age 90
Ser Leu Arg lLeu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser
20 25 30

<210> 38

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic construct

<400> 38
61u val &1n Leu Lgu Glu Ser Gly Gly Géy teu val GIn Pro Gly Gly
1 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser
20 25 30

<210> 39

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic construct

<220>
<223> Fl Heavy Chain Fw2

<220>
<221> CDS
<222> (1)..(42)

<400> 39
tgg gtc cgc cag got ¢ca gga agy gga ctg gaa tgg gtc gea 42
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<210> 55 <211> 230 <212> PRT <213> Artificial Sequence <220> <223> Synthetic construct <220>
<223> rF1 Heavy Chain <400> 55 Glu val GIn Leu Val Glu Ser Gly Gly Gly Leu Val GIn Pro Gly Gly

Page 17 151015 Ser Lea Arg Lea Ser Cys Ala Ala Ser Gly Phe Thr Lea ser Arg Phe 202530 Ala Met
Ser Trp Val Arg Gin Ala Pro Gly Arg Gly Lea Glu Trp Val 354045 Ala Ser lle Mn Asn Gly Mn Asn Pro

Tyr Tw@lm@gg@@rm qnw@ﬁqw rgf?}hge'ﬁh&ylglﬁgr Q9 Asp Val Ser Gin Asn Thr val Ser Lea

65 70 ¥5 80 GIn Met Asid Asn Lea Arg Ala G

u Asp Ser Ala Thr Tyr Phe Cys Ala 859095 Lys Asp His

Pro Ser Ser Gly Trp Pro Thr Phe Asp Ser Trp Gly Pro 100105110 Gly Thr Lea Val Thr Val Ser Ser Ala
Ser Thiligs Gty Pro Ser val

<211>
<212>
<213>

<220>
<223>

<400>

14
PRT
Artificial Sequence

Synthetic construct

40

Tgp val Arg Gln A%a Pro Gly arg Gly Leu Glu Trp val Ala
10

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<223>

<220>
<221>
<222>

<400

41
96
DNA
Artificial Sequence

Synthetic construct
F1 Heavy Chain Fw3
CcDS

(1)..096)
41

€gc tic acc gtc tcc €gg gac gic TCC cag aac act gtg tct ctg cag 48
?rg phe Thr val Ser Arg Asp val Ser GIn Asn Thr val Ser iLeu Glin
5

10 15

atg aac aac ctg aga ¢gcc gaa gac tcg gcc aca tat ttc tgt get aaa 96
Met Asn Asn Leu Arg Ala Glu Asp Ser Ala Thr Tyr Phe Cys Ala Lys
20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

25 30
42
32

PRT_ o
Artificial Sequence

Synthetic construct

42

Agg phe Thr val ser Arg Asp val Ser GIn Asn Thr val Ser Leu Gln
5

15

Met ASn Asn ESU Arg Ala Glu Asp Ser Ala Thr Tyr Phe Cys Ala Lys
30

<210>
<21i>
<212>
<213>

<220>
<223>

25

43

33

DNA

Artificial Sequence

Synthetic construct
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115120125 Phe Pro Lea Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala 130135140 Lea Gly Cys
Lea val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser 145 150 155 160 Trp Asn Ser Gly Ala Lea Thr
Ser Gly Val His Thr Phe Pro Ala val 165170175 Lea GIn Ser Ser Gly Lea Tyr Ser Lea Ser Ser Val val
Thr val Pro 180185190 Ser Ser Ser Lea Gly Thr Gin Thr Tyr lle Cys Asn Val Asn His Lys 195200205
Pro Ser Asn Thr Lys val Asp Lys Arg Val Glu Pro Lys Ser Cys Asp 210215220 Lys Thr His Thr Cys
Pro 225280 <210> 56 <211> 230 <212> PRT <213> Atrtificial Sequence <220> <223> Synthetic
constritt £270> 12393911 MEYAC <400> 56 Glu Val GIn Lea Val Glu Ser Gly Gly Gly Lea Val GIn Pro
Gly Gly2251015 Ser Lea Arg Lea Ser Cys Ala Ala Ser Gly Phe Thr Lea Ser Arg Phe 202530 Ala met

Ser T@%%%EA%%GH} ﬁl? Pro Gly Arg Gly Lea Glu Trp Val

<400> 43
tdyg gge ccg gga acc ctg gtc acc gtc toc teg 33
Trp Gly Pro Gly Thr Leu val Thr val ser Ser
i 5 10
<210> 44
<211> 11
<212> PRT
<213> Artificial Sequence
<220>
<223> synthetic construct
<400> 44
Trp Gly Pro Gly Thr Leu val Thr val Ser Ser
1 5 10
<210> 45
<211> 330
<212> DNA
<213> Artificial Segquence
<220>
<223> Synthetic construct
<220>
<223> F1 Light Chain
<220>
<221> (DS
<222> (1)..(330)
<400> 45
gac atc cag ttg acc cag tet cct tee geo ctg ¢Cct gea tet gr g%a 48
Asp Ile Gln Leu Thr GIn Ser Pro Ser Ala Leu Pro Ala Ser val Gly
1 5 10 15
gac aga gtc age atc act tgt cgg gec agt gaa aac gti ggt gac tgg 96
Asp Arg val ser Ile Thr Cys Arg Ala Ser Glu Asn val Gly Asp Trp
20 25 30
ttg gcc tgg tat cgg Cag aad CCg ggg aaa gcc cct aat ctt cte atc 144
Leu Ala Trp Tyr Arg GlIn Lys Pro Gly Lys Ala Pro Asn Leu Leu Ile
35 40 45
tat aag aca tct att cta gaa agt g?g gtc c¢ca tca agg ttc agc ggc 192
Tyr Lys Thr Ser Ite Leu Glu Ser Gly val Pro Ser Arg Phe Ser Gly
50 55 60
agt g%g tct ggg aca gaa ttc act ctc acc atc age age ctg cag cct 240
Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr 1le Ser Ser Leu Gln Pro
65 70 75 80
gat gat ttt gca act tat tac tgt caa cac tat ata cgt ttc ccg tac 288

Asp Asp Phe Ala Thr Tyr Tyr Cys Gin His Tyr Ile Arg Phe Pro Tyr
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354045 Ala Ser lle Asn Ser Gly Asn Asn Pro Tyr Tyr Ala Arg Ser val Gin 505560 Tyr Arg Phe Thr val
Ser Arg Asp Val Ser Gin Asn Thr Val Ser Lea 65 70 75 80 GIn Met Asn Asn Lea Arg Ala Glu Asp Ser
Ala Thr Tyr Phe Cys Ala 859095 Lys Asp His Pro Ser Ser Gly Trp Pro Thr Phe Asp Ser Trp Gly Pro
100105110 Gly Thr Leta Val Thr Val Ser Ser Cys Ser Thr Lys Gly Pro Ser Val 115120125 Phe Pro Lea
Ala Pro Ser Ser Lys Sergkhr Ser Gly Gly Thr AlgyAla 130135140 Lea &ly Cys Lea Val Lys Asp Tyr Phe
Pro Glu Pro Val Thr Val Ser 145 150 155 160 Trp Asn Ser Gly Ala Leta Thr Ser Gly Val His Thr Phe
Pro AB{¥a %‘é ‘18(:5&%6%?0%375{"5 Tl S g6 SEE qgaLﬁaar gg;@tgeu Ser Ser Val V&P Thr Val Pro
180185190 Ser erlé@r u Gly 1I'}/'usf i) %Tyr?le Sys Adn alﬁ@n His Lys 195200205 Pro Ser Asn
Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp 210215220 Lys Thr His Thr Cys Pro 225230

<210>.51p. 46
<211> 110

<212> PRT
<213> Artificial Sequence
<220>
<223> Synthetic construct
<400> 46
Asp Ile GIn Leu Thr GIn Ser Pro Ser Ala Leu Pro Ala Ser val Gly
1 5 10 15
Asp Arg val Ser Ile Thr Cys Arg Ala Ser Glu Asn val Gly Asp Trp
20 25 30
Leu Ala ggp Tyr Arg Gln Lys Pro Gly Lys Ala Pro Asn Leu Leu Ile
40 45
Tyr L%S Thr Ser Ile teu Glu Ser Gly val Pro Ser Arg Phe Ser Gly
5 55 60
ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu GIn Pro
65 70 75 80
Asp Asp Phe Ala g?r Tyr Tyr Cys Gln gis Tyr ITe Arg Phe Pro Tyr
0 95
Thr Phe Gly GIn Gly Thr Lys teu Glu Ile Lys Arg Thr val
100 105 110
<210> 47
<211> 69
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthetic construct
<220>
<223> F1 Light Chain Fwl
<220>
<221> CDS
<222> (1)..(69)
<400> 47
gac atc cag ttg acc cag tct cCt tcCC gCC Ctg CCt gea it gt? g?a 48
Asp Ile Gln Leu Thr GlIn Ser Pro Ser Ala Leu Pro Ala Ser val Gly
1 5 10 15
gac aga gtc agc atc act tgt 69
Asp Arg val Ser Ile Thr Cys
20
<210> 48
<211> 23
<212> PRT
<213> Artificial sequence
<220>

<223> Synthetic construct
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<211> 213 <212> PRT <213> Artificial Sequence <220> <223> synthetic construct <220> <223> rF1
Light Chain <400> 57 Asp lle Gin Leu Thr Gin Ser Pro Ser Ala Leu Pro Ala Ser Val Gly 151015 Asp
Arg Val ser lle Thr Cys Arg Ala Ser Glu Asn val Gly Asp Trp 202530 Leu Ala Trp Tyr Arg Gin Lys Pro
Gly Lys Ala Pro Asn Leu Leu lle 354045 Tyr Lys Thr Ser lle Leu Glu Ser Gly Val Pro Ser Arg Phe Ser
Gly 505560 Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr lle Ser Ser Leu Gin Pro 65707580 Asp Asp Phe
Ala ThedDge Tyg Cys Gin His Tyr Met Arg Phe Pro Tyr 8590nc 7J Thr Phe Gly Gin Gly Thr Lys Leu Glu
lle Lys‘\éﬁglﬂ%{ Aala A@PTQQ@MOSTI@'%ﬁ%IﬁheLIP@ Piie Prx %FS%*A%)GIU Gin Leu Lys Ser Gly

Thr  asp arg val ggr Ile Thr Cys

<210>
211>
<212>
<213>

<220>
<223>

<220>
«223>

<220>
<221>
<222>

<400>

49

45

DNA

Artificial Sequence

Synthetic construct
F1 Light chain Fw2
CDs

(1)..(45)
49

tgg tat cgg cag aaa CCg ggg aaa gcc cct aat ctt ctc atc tat

{rp Tyr Arg GlIn Lys Pro Gly Lys Ala Pro Asn Leu Leu Ile Tyr
5 10

<210>
<211
<212>
<213>

<220>
<223>

<400

Tgp Tyr Arg Gln Lys Pro Gly Lys Ala
5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<223>

<220>
<221>
<222

<400>

g%g gtc cca tca agg ttc age gge agt
g y val Pro Ser Arg Phe Ser Gly Ser
5

CIC acc atg age age ctg cag cct gat
Leu Thr ITe Ser Ser Leu GIn Pro Asp

50

15

PRT

Artificial sequence

Synthetic construct

50

51
96
DNA
Artificial Sequence

Synthetic construct
F1 Light Chain rFw3
CDS

(1)..096)
51

Gly Sser

15

Pro Asn Leu Leu ITe Tyr
10 15

ggg tct g%g aca gaa ttc act
Gly Thr Glu phe Thr

10 15

gat tIt gca act tat tac tgt
Asp Phe Ala Thr Tyr Tyr Cys

Page 16
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115120125 Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys 130135140 val Gin Trp
Lys val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin Glu 145150155160 Ser Val Thr Glu Gin Asp Ser Lys
ASp Ser Thr Tyr Ser Leu Ser Ser 165170175 Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys
Val Tyr Ala 180185190 Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser Phe 195200205
Asn Arg Gly Glu Cys210 <210> 58 <211>214 <212> PRT <2133Artificial Sequence <220> <223>
Synthetic construct <220> <223> rF1 V205C <400> 58 Asp lle Gin Leu Thr Gin Ser Pro Ser Ala Leu

Pro Ag$S 3

<212>
<213>

<220>
<223>

<400
1

Leu Thr Ile Ser Ser Leu GIn Pro Asp Asp Phe Ala Thr Tyr Tyr Cys
25 30

<210>
<21l>
<212>
<213>

<220>
<223>

<220>
<223>

<220>
<221>
<222>

<400>

ttt gge cag gygy acc aag ctg gag atc aaa cga act gty
Phe Gly GIn Gly Thr Lys Leu Glu Ile Lys Arg Thr val
5 10

1

<210>
<211>
<212>
<213>

<2205
<223>

<400>
1
<210>
<211>
<212>
<213>

<220>
<223>

<220>
<223>

<400>

Glu val GIn Leu val Glu ser Gly Gly Gly Leu val GIn pro Gly Gly

PRT
Artificial Seguence

Synthetic construct

52

Gly val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Glu Phe Thr
5

20

53

39

DNA

Artificial Sequence

synthetic construct

F1 Light Chain Fw4

DS
(..039

53

54

13

PRT

Artificial Seguence

Synthetic construct

54

Phe Gly GIn Gly Thr Lys Lteu Glu Ile Lys Arg Thr val
10

5

55

230

PRT

Aartificial sequence

Synthetic construct

rrl Heavy Chatin
55

| Gly 151015 Asp Arg Val Ser lle Thr Cys Arg Ala Ser Glu Asn Val Gly Asp Trp 202530

39



Leu Ala Trp Tyr Arg Gin Lys Pro Gly Lys Ala Pro Asn Leu Leu lle 354045 Tyr Lys Thr Ser lle Leu Glu
Ser Gly Val Pro Ser Arg Phe ser Gly 505560 Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr lle Ser Ser Leu
Gin Pro 65 70 75 80 Asp Asp Phe Ala Thr Tyr Tyr Cys Gin His Tyr Met Arg Phe Pro Tyr 859095 Thr
Phe Gly Gin Gly Thr Lys Val Glu lle Lys Arg Thr val Ala Ala 100105110 Pro Ser Val Phe lle Phe Pro
Pro SerAsp Glu Gin Leud.ys Ser Gly 1151201¢% Thr Ala Ser Val VahGys Lea Lea Asn Asn Phe Tyr
Pro Al’:‘@ﬁGIueAlaﬂ@(&BS&dﬂ Lys \«é&@qhaTEptLyﬁ W&Ih&siﬁiwsneﬁlashem@niaﬁer Gly Asn Ser Gin

145150155160, gllu Er\yql Il_;lr[; CEJ%GAﬁ‘aA Sg{})ﬁsrér f(ir 'IL]h 1Ler§ rvla a Ser 165170175 Ser Thr

Lea Thr Lea SarsLys Ala Asp Tyr Glu dgys His Lys Val 845185190 A a Cys Glu Val Thr His Gin Gly
Leu S&IS ﬁPrE@y%sS’FhMIy§BErA:E952€DZ’®Q Phe A%h %@g GKEGIeTY8 R E0<210> 59 <211> 13

<212>rff)rR @23‘@5 Artifigiay %%HU,%:%@% Ser (75?_)n asn Thr val Ser Leu
80
G]n Met Asn Asn Leu Arg Ala Glu Asp Ser Ala Thr Tyr Phe Cys Ala
85 90 95
Lys Asp His Pro Ser Ser Gly Trp Pro Thr Phe Asp Ser Trp Gly Pro
100 105 110
Gly Thr Leu val Thr val Ser Ser Ala Ser Thr Lys Gly Pro Ser val
115 120 125
Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr ala Ala
130 135 140
Leu Gly Cys Leu val Lys Asp Tyr Phe Pro Glu Pro val Thr val ser
145 150 155 160
Trp Asn Ser Gly Ala Leu Thr Ser Gly val His Thr Phe Pro Ala val
165 170 175
Leu GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro
180 185 190
Ser Ser Ser Leu Gly Thr Gin Thr Tyr Ile Cys Asn Val Asn His Lys
195 200 205
Pro Ser Asn Thr Lys val Asp Lys Arg val Glu Pro Lys Ser Cys Asp
210 215 220
Lys Thr His Thr Cys Pro
225 230

<210> 56
<211> 230
<212> PRT
<213> Artificial seguence

<220>
<223> Synthetic construct

<220
<223> rFl All4cC

<400> 56
Gtu val Gln lLeu val Glu Ser Gly Gly Gly Leu val Gln Pro Gly Gly
1 5 10 15
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser Arg Phe
20 25 30
Ala Met ggr Trp val Arg GIn Ala Pro Gly Arg Gly teu Glu Trp val
40 45
Ala Ser Ile Asn Ser Gly Asn Asn Pro Tyr Tyr Ala Arg Ser val Glin
50 55 60

Tyr Arg Phe Thr val %er Arg Asp val Ser GIn Asn Thr val Ser Leu
65 70 75 80

GlIn Met Asn Asn Leu Arg Ala Glu Asp Ser Ala Thr Tyr Phe Cys Ala

85 90 95
LYS ASp His Pro Ser Ser Gly Trp Pro Thr Phe Asp Ser Trp Gly Pro
100 105 110
Gly Thr Leu val Thr val Ser Ser Cys Ser Thr Lys Gly Pro Ser val
115 120 125
Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala
130 135 140
Leu Gly Cys Leu val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser
145 150 155 160
Trp Asn Ser Gly Ala Leu Thr Ser Gly val His Thr Phe Pro Ala val
Page 18



<223> Synthetic construct <400> 59 Phe Gly Gin Gly Thr Lys Val Glu lle Lys Arg Thr val 1510

165 170 175
Leu G1n Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val pro
180 185 190
Ser Ser Ser bLeu Gly Thr Gin Thr Tyr Ile Cys Asn val Asn His Lys
195 200 205
Pro Ser Asn Thr Lys val Asp Lys Lys vVal Glu Pro Lys Ser Cys Asp
210 215 220
Lys Thr His Thr Cys Pro
225 230
<210> 57
<211> 213
<212> PRT
<213> Artificial Seauence
<220>
<223> Synthetic construct
<220>
<223> rFl Light chain
<400> 57
Asp Ile GIn Leu Thr GlIn Ser Pro Ser Ala Leu Pro Ala Ser val Gly
1 5 10 15
Asp Arg val Ser ITe Thr Cys Arg Ala Ser Glu Asn val Gly Asp Trp
20 25 30
Leu Ala Trp Tyr Arg Gin Lys Pro Gly Lys Ala Pro Asn Leu Leu Ile
35 40 45
Tyr Lys Thr Ser Ile Leu Glu Ser Gly val Pro Ser Arg Phe Ser Gly
50 55 60
Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu GIn Pro
65 70 75 80
Asp Asp Phe Ala Thr Tyr Tyr Cys Gln His Tyr Met Arg Phe Pro Tyr
85 20 95
Thr phe Gly GIn Gly Thr Lys teu Glu Ile Lys Arg Ala Ala Ala Pro
100 105 110
ser val Phe Ile Phe Pro Pro Ser Asp Glu GIn Leu Lys Ser Gly Thr
115 120 125
Ala ser val val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys
130 135 140
val Gln Trp Lys val Asp Asn Ala teu GIn Ser Gly Asn Ser Glin Glu
145 150 155 160
ser val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
165 170 175
Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr Ala
180 185 190
Cys Glu val Thr His 6In Gly Leu Ser Ser Pro vVal Thr Lys Ser Phe
195 200 205
Asn Arg Gly Glu Cys
210
<210> 58
<211> 214
<212> PRT
<213> Artificial Sequence
<220>
<223> Synthetic construct
<220>

<223> rFl v205C
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<400> 58

Asp
1
ASp
ey
Tyr
Ser
65
Asp
Thr
Pro
Thr
Lys
145
Glu
Ser
Ala

Phe

Ile
Arg
Ala
LyS
50

Gly
Asp
Phe
Ser
Ala
130
val
Ser
Thr
Cys

Asn
210

<210> 59
<211> 13
<212> PR

<213>

<220>

<223>

<400> 59

Glin
vali
Trp
Thr
Ser
Phe
Gly
val
115
Ser
GIn
val
Leu
Glu

195
Arg

T

Leu
Ser
20

Tyr
ser
Gly
Ala
Gin
100
Phe
val
Trp
Thr
Thr
180
val

Gly

Thr
Ile
Arg
ITe
Thr
Thr
Gly
Ile
val
LYS
Glu
165
Leu
Thr
Glu

GIn
Thr
Gln
Leu
Glu
70

Tyr
Thr
Phe
Cys
val
150
Gln
Ser
His

Cys

ser
Cys
Lys
Glu
55

Phe
Tyr
Lys
Pro
Leu
135
Asp
ASD
LYS

Gln

Aartificial Sequence

Synthetic construct

Pro
Arg
Pro
40

ser
Thr
Cys
val
Pro
120
Leu
Asn
ser

Ala

Gly
200

Ser
Ala
25

Gly
Gly
Leu
G1In
Glu
105
Ser
Asn
Ala
LYS
Asp

185
Leu

Ala
10

ser
Lys
val
Thr
His
Ile
ASp
Asn
l.eu
ASp
170
Tyr

Ser

Leu
Glu
ala
Pro
Ile
75

Tyr
Lys
Glu
Phe
Gln
155
Ser

Glu

ser

Pro
ASN
Pro
Ser
60

ser
Met
ATgQ
Gln
Tyr
140
ser
Thr
Lys

Pro

Ala
val
AsSh
45

Arg
ser
Arg
Thyr
Leu
125
Pro
Gly
Tyr
His

Cys
205

Phe Gly GIn Gly Thr Lys val Glu Ile Lys Arg Thr val
1 5 10

Page 20

Ser
Gly
30

Leu
Phe
L.eu
Phe
val
110
LYyS
Arg
Asn
ser
Lys

190
Thr

val
15

AsSp
Leu
Ser
Gln
Pro
95

Ala
ser
Glu
Ser
l.eu
175
val

Lys

Gly
Trp
Ile
Gly
Pro
80

Tyr
ala
Gly
Ala
Gln
160
ser
Tyr

Ser



