CAUSTI C STABLE CHROVATOGRAPHY LI GANDS Rel at ed Applications [0001] The present
application clains the benefit of priority of U S. Provisional Patent
Application No. 61/203,664, filing date Decenber 24, 2008, the entire content

of which is incor PQs & @gi,gh Eléhkm b'd 'Y"iiI | the Invention

[ 0002] The present im%ﬁ%n%ﬁﬁ%ands ‘havi ng i nproved
caustic stability, e.g., |igands based on i munogl obul i n-bi ndi ng proteins such
as, Staphylococcal protein A as well as chromatography matrices conprising

such IigangsJ Bﬁxkgrognd [ 0003] Li gands used in affinity chromatography
typically t A0S o] ectivity for the target molecule, thereby resulting
in high vyi nd fast, and econgm cal purjficati of t t nol ecul es.

St aphyl ocoi@%l prot ei Hﬁheﬁprf§55ﬂ6ppﬁ%?§‘8’ac?g%sdhﬁt’e§le§% p@ﬂ?‘%’r‘fﬁ@%ﬁraphy matri ces have
found a w desNieRadPaieR Applitaien Noes b 03fecaf filingidae daempar2agI0dpKe f or capture and
purification of antihbodies as well as in antibody detection nethods due to its
abi | ity to °Bi§GONEREohMIIeE it InearpoTrted BRI ISEHIELY ng the affinity of the

i mrunogl obulin for antigen. [0004] Accordi ngly, various reagents and nedi a
conprising protein A- ligands have been devel oped and are conmercially

avai |l abl e igaGh YfiHInvdu®on€xanpl e, ProSepe-vA Hi gh Capacity, ProSep(r) vA Utra
and ProSep(ﬁﬁ_Ul_t_—Pl_r raPfus (M1l lipore) and Protein A SepharoseTm MabSel ectT™M

MabSel ect M and E ({Fentdka ros MabCapture
ATm ( Appl i Egdgiosyst e%ﬁ%eggﬁa%ﬁﬁﬁg%eesrt to na{iog{&g%ﬁ%agﬁg%tvﬁ% ty and bi ndi ng
capaci ty ofimptozedttnustivestabijitnsiey. ligragdsbdsediondnmanegiobubindindingesotaigs i ncl udi ng SpA
based chro oqr i . 1 I i r e to as

chr omat ogr%%hy%%?r édgg%% \§teel Ig’quéx; eg?‘gglggﬁgtg%éﬁlgﬂéaﬁfl%icga flélﬁgl eaned under

al kal i ne conch ligaodss, e.g., with sodi um hydroxi de. For exanple, a standard
process which is used for cleaning and restoring the matrix is a

cl eaning-in-place (CIP) al kaline protocol, which typically involves treatnent
of the nuat rBackavoulid 1M NaOH, pH 14. However, such harsh treatnent is often

undesi r abl peci al |y, ere. the.ligand is rotein qr a.protein-based
nol ecul e. gﬁ?ﬂ?’iry of weénq\shﬁ\?%‘ﬁ?iagtﬁ“ty[cgf?ﬁ?fogﬁa@ﬁ%E@%ﬁ’( C?"ﬁ?}éﬁ}l n provi des

al kalbi ne- fstsallabtﬁviﬁ}mamaﬁﬁg@t ﬁbfeﬂ[fﬁ,&l@?étﬁfﬂé‘sﬁﬂlthﬁg@lﬁmii@ls yiatd afhld,fa)lsi aid anrrpl e, are
capabl e of w thstandipng . repeated cl eaning-jn-place (CIP) c es, More

speci fi cal |699nqnilgféﬁaréf?°38%‘b$fcfﬁrﬁ@t reqlequifs: PRYBHRLERY B AP APATE hst and
convent i 0Ngbagdhtk @hd ARorRAS@RPHYIndtAes Ravd fohINOR[edpRdati @sk @fthd fidlof Whi ch renders
the ligands attractive candi dates, especially for cost-effective |arge-scale

puri fi cati GAiE chipmAREHRGY iricartureand prylicatiohe 2auprdias agPelliéinpr esent i nventi on,
an al kal i nex gt ARl RieCinBLRL AP Yitsl abFRNE HERNMBEI WiiDul ghifdantiPr € domai ns of SpA.
For exanple, In"some _enbodi ments according to this aspect, ‘an al kaline-stable
chr onmat ogr abfesting thpaflinitsofghoimraegglobplincier adigpti ses two or nore B domains or
two or nor omai ns I3 1%91? _ functi onal

f ragnment oﬁoéoﬁi ant tF?%%@%?igaﬁé@gé)%ﬁ%ﬁ%s\%ggl;éhlrgrgr&ggB ao roflégg&or two or nore Z
domai ns ar digandsdeiekten develapad endbdre geraipérgiale svaplakle inghndingt foaexapmde.site on t he
resin. [00 N =SO/Te. i.s sl i ot i gand

conpri ses ﬁﬁlr’éeeé) ®(S)‘r’ ml)%%re@ a%qggpﬁg%(%gg%(relgt"ﬂ]?rggn%ﬁo%%@?}@ggﬁ %11%&%?)' SpA,- or a
functi onal dnd®epteEintA SepharaseArvatiSelec@bf VahfieleceX T ané MabScect SoRe® B dormai ns or

three or nor mai.ns, gre ched hr.omat Qgr aphy resin at nore than
one site o Gﬁrﬁeaﬂﬁ%ﬂfﬂﬁn‘?ﬁ"f%%’@?ﬁ%‘&%ﬁé@%ﬁq%%,}’&aﬂ@- | i gand conprises four or
more B dongpogs|or f oulln érdeno hirinfaifl seledtingy add thphag sdpadiy of ke f our or nore B
dormai ns or four or rmr,eﬁé domains are attaﬁged tq.a chromat oa%r%phy resin at
more than oHEPTRAREsaRly ligpnds inediding, .8 (PSS BEREESROPITAHENAEEPY | gand

conpri ses fligafdsOthe MR&MR HBuRPFEBinE Seflrred to WS clRbmAR@pHY HigfiBdsNEaveto &PA; or six or
nore B domains or six or nore Z domai ns. of SPA; or seven or nore B domains or
seven or nuolengd e tRicy clganed wiler alkaling conditonsre. s iEth 8IWBhmi ns, or five or
nore Z domajRgxide! Fei ekaRpleP5tEndBrddRRkWhicPls uSédfoPEledigtand rébiFRgNS, Or seven
or nore B domains or seven or nore Z dommins are attached to a chromatography
resin at nohemaiis deleaniig-a-rhve(GR) plkaling protogdorhich typiselhdpva¥sect according to
the present invention, an al kaline-stable chromatography |igand conprises one
or nore isolated E, D, A, B, C or Z domains of Staphyl occocus protein A where
the one or nore isolated donmai ns conprli se one or nore



amno acid residues at position n+l nutated to any naturally occurring am no
acid except cysteine (C, serine (S), alanine (A, glycine (G, asparagine
(N, or glutamne (Q) In some enbodi nents, n represents the asparagi ne

resi due at R ts tc?fqh %9 L v 1'1\291'21 g%%%ﬁ&[ggg\%r suc\ll‘:\%a%ﬁmre%{ryen isgands having a

mut ati on at position of "an |so ere n represents an

aspar agi ne ciies usdesirabld, nsp’éablllgvdhereT&blh@ndl 1s$gﬁotdmnna|pmte1mbhs@d| ng nodifications
Desi gnati on ‘ﬁéﬁ‘ﬂg A B, Cor Z domain-glutamc acid 24 or aspartic acid 24
repl aced wi't ft hi oni ne E- D24M D- E24M A- E24M B- E24M C- E24M Z-E24M E, D, A, B,
C or Z domain-glutamc acid 24 or aspartic acid 24 replaced with isol eucine

E- D241 D-E241 A-E2 - 241 C-E241 Z-E241 E, D, A, B, Cor Z domain-glutamc
acid 24 or mi’i]—]éﬁ‘aﬂa—'ﬁ%epl aced WI th phenyl al ani ne E-D24F D- E24F A- E24F
B- E24F C- E24F 7Z- E24F E B, C or c acid 24 or aspartic
acid 24 reghdRedd wit hTPﬁPréEﬁ‘u‘f wge@oqu_eﬁ éga*lﬂezﬁ%é%ﬁws NIy, E24T E,

D, A B, Cighnds e e@dnildHdcapsl€lodditRtandin g adpbated @@dn‘fh 2f-plRP @md W t h
proline E-D%?LP DE24PA—E%‘%P B—E PC—E24PZ%£ g éﬂ (

domai n- gl ut¥fiee Meredpeificly.digpadstapeording & %mw%loae@&bw tp Pi"ltthft?‘}ﬁ ophan E- D24W

D- E24W A- E%Wéﬁf1§?a‘ff§(ﬂ(allnegiegglﬂ¥\fc% AR dEa pBioddr tiBhe, frhiRh reRdElQ iRI 1pnadsut ami ¢ aci d
24 or aspartic acid 24 replacéd with arginine E D24R D E24R A- E24R B- E24R

C- E24R Z- EXdiRctire capdidates, specialdy fop ceptrrBpabive largeateple pucfiestionolbr aspartic acid 24
repl aced wigfhy valiffinE- D24V D-E24V A-E24V B- E24V G- E24V Z-E24V

[0007] In one aspect of the present invention, an alkaline-stable chromatography
ligand comprises two or more domains of SpA. For example, in some embodiments
according to this aspect, an alkaline-stable chromatography ligand is provided, which
comprises two or more B domains or two or more Z domains of Staphylococcus protein A
(SpA), or a functional fragment or variant thereof, where the two or more B domains or two
or more Z domains are attached to a chromatography resin at more than one site on the
resin.

[0008] In some embodiments according to this aspect,the ligand comprises three
or more B domains or three or more Z domains of SpA, or a functional fragment or variant
thereof, where the three or more B domains or three or more Z domains are attached to a
chromatography resin at more than one site on the resin. In some other embodiments, the
ligand comprises four or more B domains or four or more Z domains of SpA, where the
four or more B domains or four or more Z doniains are attached to a chromatography resin
at more than one site on the resin. In yet other embodiments, the ligand comprises five or
more B domains or five or more Z domains of SpA; or six or more B domains or six or
more Z domains of SpA; or seven or more B domains or seven or more Z domains of SpA,
where the ﬁve or more B domains, or five or more Z domains, or six or more B domains, or
six or more Z domains, or seven or more B domains or seven or more Z domains are
attached to a chromatography resin at more than one site on the resin.

10009] In another aspect according to the present invention, an alkaline-stable
chromatography ligand comprises one or more isolated E, D, A, B, C or Z domains of

Staphyloccocus protein A, where the one or more isolated domains comprise one or more



E, DO AL B, Cor Z domain-glutamc acid 24 or aspartic acid 24 replaced with
| euci ne E-D24L D- E24L A-E24L B-E24L C-E24L Z-E24L E, ID, A, B, Cor Z
dormai n-glutam c acid 24 or aspartic acid 24 replaced with tyrosine E-D24Y

or aspar i | SRS PR e el Ry YRR P o
Z- E24H E, DBystdne (), sering (SY, athmingi(A), glyetnafGy, asmragi@4Nyror ghiparing (Q)adh d 24 repl aced

with lysine E-D24K.D E24K A- E24K B- E24K C- E24K. Z7- E24K E.. D Cor Z

donmi n gl (BT EMERITREnSS fSHOrSSEA N FOPRRA T TS e POREA 1o A SPESRPA act d D £24D
A- E24D B- EQ3éinib: ERéhpldryHigddds hpdl0d Hinliteeios aty@kiéioh 24 dfan isdatesSpodomsie natural |y
occurring amno acids as well, as the cor ?‘%Iondi ng three letter codons

encodi ng f&he@%ﬁprgﬁnﬁ&ngma@gg}eélreos@ﬁwgtnbta% ‘Table 11. In general, due to the
degeneracy of the codon, nore than one three |etter codon can encode for the
sane am no acid. Table I TCAL GTrITTT Phe (F) TTC " TTA Leu (L) TTG"
TCT Ser (S) TCC " TCA " TCG " TAT Tyr (Y) TGT Cys (C) TACTGC

Table 1

SpA domains including modifications Designation
E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 E-D24M
replaced with methionine D-E24M
A-E24M
‘B-E24M
C-E24M
Z-E24M
E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 E-D241
replaced with isoleucine ' D-E241
A-E241
B-E241
C-E241
Z-E241
E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 E-D24F
replaced with phenylalanine D-E24F
A-E24F
B-E24F
C-E24F
Z-E24F
E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 . E-D24T
replaced with threonine D-E24T
A-E24T
B-E24T
C-E24T
Z-E24T
E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 E-D24P
replaced with proline : D-E24P
. A-E24P
B-E24P
C-E24P
Z-E24P
E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 E-D24W
replaced with tryptophan D-E24W
: A-E24W
B-E24W




TAA St opTGA Stop TAG StoplTGG Trp (W C CIT Leu (L) CTC " CTA " CIG " CCT Pro
(P) CCC" CCA" CCG" CAT Hs (H CAC' CAAGn (Q CAG CGT Arg (R CcC " CA
" CEG " 1ATT lle (1) ATC " Al ATA " ATG Met (M ACT Thr (T) ACC' ACA" ACG "
AAT Asn ( NfBAGHAAC—IACC AAA Lys (K AAG *—Ser () AG AW (R T AGO G GIT
Val (V) GIC" GTA " GIG" GCT Ala (A) GCC " GCA " GCG " |GAfxfwp (D) [GAC " GAA

Gn (B NG : — —
. D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 E-D24R

replaced with arginine D-E24R

. A-E24R
B-E24R
C-E24R
Z-E24R

E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 E-D24V
replaced with valine D-E24V
. A-E24V
B-E24V
C-E24V
Z-E24V
E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 E-D24L
replaced with leucine D-E24L
' A-E24L
B-E24L
C-E24L
Z-E24L
E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 E-D24Y
replaced with tyrosine D-E24Y
A-E24Y-
B-E24Y
C-E24Y
Z-E24Y
E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 E-D24H
replaced with histidine ' D-E24H
A-E24H
B-E24H
C-E24H
7Z-E24H
E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 E-D24K
replaced with lysine D-E24K
A-E24K
B-E24K
C-E24K
. Z-E24K
E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 D-E24D
replaced with glutamic acid A-E24D
B-E24D
C-E24D
Z-E24D
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support such as, e.g., at least one insoluble carrier.

[0012]

Additionally, provided herein are methods of using the ligands described

herein. Accordingly, a method of affinity purifying one or more target molecules (e.g.,

immunoglobulins) from a sample is provided, where the method comprising the steps of:

(a) providing a sample comprising one or more target molecules (e.g., immunoglobulins);

(b) contacting the sample with a matrix according to the invention under conditions such

that the one or more target molecules (e.g., immunoglobulins) bind to the matrix; and (c)



the nucleic acid sequence for the w E donmain; SEQID NO 2 represents the
nucl ei ¢ acid sequence for the wt D domain; SEQ ID NO 3 represents the nucleic
acid sequence for the wt A donmain; SEQ ID NGO 4 represents the nucleic acid

sequence for the B g = 5. . | eic acid
sequence féercoﬁwﬂélg&ﬁe ¢c° ggrlg%emou?g%iggr@?égll%'gﬁiné?@ﬁﬁ%ﬂ%g%% i%l(l:lﬂg i d sequence
for the Z dadeisnitabfe cBpditionsepcheseior exhiniple, 8EabD O 6. [ 0020] FI G 3 depicts the

am no acid ence alignnents.of the wil.d tvpe i ndi i ns of
SpA (E, D, [(i\ﬁg and C*n.Sg@ﬁ@"’l%ﬁhﬂaﬂs’fnragﬁp%eése%@%Ckﬁﬁ%gtg%g ﬁ‘@ﬁ %ﬁ%%%%ﬁgce of the
wt E donai g thSpfds¢rDirNentiod reteins etlesst 5% beitebinding cphdtysdigudhaes, of aftdnéOwt D

domai n; SEQ | D NO r epr esen t he am.no aci d sequence of the A domai n;
SEQ I D NO. gws’r%gf bﬁgéﬂ‘&rg"){ﬁger Ll e R T R %0‘\5&"11&%“%‘8%1“&? and SEQ
ID NO 11 npepueseH.s the am no acid sequence of the w C domain. [0021]FIG 4
depicts the amno acid sequence of the Z domgin, _represented by SEQ ID NO 12.
[0022] FI G [&01dbpi cts AhssiHuggirbuls Wik a5 o IHOfp‘aeE}%:bgé‘%gby B023]FIG 6

depi cts t h§aAdlisHRaiiidescRBSURAGS fcfua, etgh,qEG,l BAtaAg g, MtanBridaei n of SpA as wel |
as the various hi's-tagged n+l nutants. SEQ ID NO. 13 represents the am no acid
sequence f dfoteincomprisingpgijbeviand prybramant ofandpodyand SEQ ID Nos: 14, 15, 16, 17,
18, 19, 20’002135? 22, Zﬁlso%ﬂavid%éh&@ﬁla?@nﬁc‘l‘e%&‘?&ﬂble&&l@se%@bd?ﬁgtﬁ@krﬂio%@quences for
the n+l B domain nutants E24M E24l, E24F, E24T, E24P, E24W E24R, E24V, E24L,
E24Y, E24H ligarisidessribiedtmagin, as s eghosyedlly inuiespeh myclere atidhineleeileshe nucl ei ¢ acid
sequences f |dfis Jli%s!a ti08eISAA Mer URlddiht i hbgi ¢ aci d
sequences é%%%ng%]ﬁag}{dﬁ%é@%?ﬁgsaglh?§$?ag ed ne+1 m(J)t arnts. 1SEQ D NO 27

repr esent s cehé aubdrgotec ®lli d sequence encoding the his-tagged w B donmi n of
SpA and SE NGCs: 2§, .2 0 4, 7.¢ 38, 39 and 40

r epr esent Sﬂeﬂgﬂ\ucl ei cgggﬂglgnasl%q%%ﬁ%%%‘%éﬁ%% Pr?gct éj?gﬁﬁﬁlga oort;ai n nmutants E24M
E241, E24F,pobpéfideErimpyrisiigouy ofRdR lighikld WescEbetl herdii 4N filietdddal E24K and E24D,

conp! ar y g rant vghs Suifr & Fo durtBlsopBied MRS ek ot ous” © "
hi s-t agged padvideds adibrary 6f ridleirtckl, molbeiled encadéngroas entsretlizgendsspar agi ne at position
23, using the high-throughput, EL].SA base sa) cribed herein. The X-axis
1tﬁpr \e(senft s W&?‘?Rﬁ’g%edgﬁilieﬁg?fmpwn?ﬂ} ggﬁgquﬁ Vi ﬂﬁ%ﬁgﬁfgﬁtﬁ A" f?arlﬁ%tgi ti onh24 and

e Y-axi s ih@psresents the percent Ig inding remai ning after a six hour
exposure to IN NaOH As shown in the graph, .n+1 B don%%ﬁ n%%aegts havi ng am no
aci ds whi cHO®Jht ai n bif sPesmpedimertsnbe gresent vertion PHWIEs RPAPESencr eased causti c

stabi l ity nghadsiwifct &nivheiied BnélodmBa br dekRB2E] Fihding B dRBipeftnioien resul ts of an

exenpl ary experiment to assa%stf or the percent retained 1gG binding capacity of
the vari ousmspirogleringomparge fosthg prewouslykownriing, ligends, whiigretainng 8kq ™ z72)
subsequent f0:f D&iifd MEFL pORbAbS B HAGRTRNbulR RRndeRbABRedteH SpA NPrA refers to
the wt SpA.atb%iﬁ%&%laxqﬁg (gpresents t.ﬁg%rjl%un%e.r_of ncycI es gf caslg)sti C exposure,
wher e each teywl lgasbarspting tothepresentinventien exhibis dececases nding\jord@kl. The Y- axi s

represents t r kN i 'Q?s i fo t d SpA ligands. As
shown in trPé’ptgor“é’gtﬁﬂ“%ﬁE‘fdé%%ﬁﬁ"‘?‘ﬂ‘l‘ |dgg§g@téar%cﬁ%ﬁ&dilﬁgn %Eeg?)%donai ntimers are
roughl y equinvekizament, iam alkhl@ierstabeustongategrahy |ligand asnetding ¢o thopeeseiust i ¢ st abl e t han
t he ligands._incl udi B .d in trine whij.ch . cCAaUStdc stable than the
| i gands i nclpﬁgﬁﬂlbguﬂrﬁ%cfﬂg}l%gﬁe@g}%? ac\}\%g CHIGE os&gélgz%}a%hgf ic gﬁanbl e than the

| i gands i ncdlatthengn Enodtier Emtlediment, 4 dlkatins staple O dinbloGapiylighed paoslinghe resul ts of

an exenpl ary experinent .to say .for th ercent.retained,l bi ndi ng capacity
of attac heo‘%lﬂi‘e Frget ‘5@88?‘8@%‘5“? °W‘%§tl}er£y§ ei%ﬂ?“b"é’f#é?ﬂ?‘:ﬁ% “?ﬁra%e (B3), or four
(B4), or fianginé B8d ofBetairbdliifine @ttypbleh. vi a nmul tipoint attachnent to an agarose

resin. Also, attached ligands containing five B domains or seven B donai ns and
additionally including a nutation to reduce Fab binding (&Q9A) are used,

referred t%ﬂgﬁé#ﬁimtﬁnpﬁmé@specti vely. nPrArefers to the wt SpA. The
X-axi s represents e nunber of cycles of caustic exposure, where each cycle
consi sts of 081815 ni nutF&Celxqspistythe pesicic apidsaquences fopthe wildtyre (WdEEsent s t he
retained | | hgli sc(fﬁgg [ 1SPAHQ ORNOSE refesiown i n the
graph in Fl ali%&]dnﬁ%% ev%f ltegrregéen;%dgﬁlt@(g IE}%g?gtlis'gjg'%stQabi lity ?x? directly
proportional to the nunber of B domains in the ligands and is not altered by
the &Q9A nutation to decrease Fab bindi ng. Detail ed Description of the

I nvention [0028] The present invention provides SpA based al kal i ne-stabl e
chromat ography |igands, and in particular, |igands based on one or nore
domai ns of SpA. Previously described exenplary SpA based al kal i ne-stabl e

L B

- I R P e e - I Y T T |

DI P T P



[0029] I n order that the present disclosure may be nore readily understood,
certain terns are first defined. Additional definitions are set forth
throughout the detail ed descri pti on. |.Definitions [0030]As used herein, the

term " SpA" r ot A of. Sta I I r 42Kda :
mul ti - dorrallﬁr}??%tc@lc Se%ugfl 8H 9‘8% J[%ﬁ‘%%b Eeﬂtjllﬁ?ln St %‘re%ﬁé@%‘ﬁ:‘%tf? aureus. SpAis
bound t o t heidbagfitsscifad theet D dombain; SEQ IDINO: cSaejueseyltselnmmh:ﬁc ael | vval I bi ndi ng

region, referred to as the X dopai thea £ N i ncl udes
(e T mmun BB P DG SR NP P B A AR el 00 '

(Sj odhal , FthewBB @achein) andSEQY B ’RD: 4 febrd3ent{ the Audleic blill eyuedcedr, thd Bi ol Chem
Feb 259(3):1695- 702 (1984). Each of these donai ns contains approxi mtely 58
ami no aci d Wést¥#s, and they share 65-90% ami no acid sequence identity. The Z
domai n of $gAgis an epm} nerpied tNakRBULIdAEqche: Br the Taiomatf ofSPA, and i ncl udes an
al anine instead of a E@){CI ne residue at position 29 (N lsson, et al., Protein
engi neer i ngepregsnted by SRRIDNO:f97- 113, 1987.). Each of the E, D, A, B and C

domai ns of %possesﬁl(ﬁj'ﬁfeb@ﬁtthelﬁmm AL MuéicEQnganﬂ% ofitletvildtypedr Fey (the
constant regio lgG class o he other is for the Fab portion of

certain Ig (Wﬁllgﬁlblnéglg(dpmémp@fﬁﬁz%)ﬂg@ A Be’fmﬁé:)t RER IPNQ:IepisssnBItee f or anti gen
recognitio QfredrB&nd MBS &GNt ai ns a Fab

bi ndi ng si tyemndr%?lmgu&gggfbt ngsgglﬁh%%ﬁg% p'&e;frs nocat ed at the C-termnus
and is deSIsngh@betﬂl'ﬁeWt)D d@gmo;nSEQ IXN@o Rragpresets e pjmitpeactd ssaiange of t he gene
encoding S s heweptire contents of
whi ch are Rﬁ Wf‘%gra cgrlgrrte &@?g}eﬁnhosatc&géﬂég%lff’tety [ 0032] The
present i n\daﬂiairomndﬁmlmlels) $bﬁepbﬂsmslthalamiaid aigl-ssqubéeofchy whiatlogriaphy | i gands.

In sone as accor resen nyent tabl e

" chr omat ogrﬁgﬁéﬁl i gandgtcg%‘p‘iepgggﬁet m%?mrr%r encSrOk rZed(?:)ﬂlcaili}l E%késiaﬁodrs four or
more, or fipyeSBYIDMWOe]12.0r six or nore, or seven or nore of isolated wt B or Z
domai n of In oth spect s COr., nt invention, an

al kal i ne st[%#zé chro %3’ ‘%B’r‘f?alsi%ﬁeé‘?ﬁ&' Eﬁgﬁ,pfag fp&ﬁé&?)ﬁ) more isolated E, D, A
B, Cor Z dopmns of BpA.6 wbRtsehd &ikin6aeid sdquemteefor §elhid-ageedovtd ns conpri se one
or nore ami no aci d residyes at p03|t| 0

+1 nmutate an no acid sel ected
from the gréouindmepssivey aéfhetVF‘W}’tS ggegé‘? HREs- %Pho@gﬁpn i sol euci ne,

valine and gRLOLRAMEnindAEE Siqlerte T&@E&ﬁ@fhﬁggedaﬁt ma@ﬁélagfstmaﬂcﬂm@] In a
particul ar enbodi ment, the present invention provides a chromato ggr aphy |igand

conpri si ng OWOsH4nLY: &6 B7d P29, Bk, 2528, 2420 gbheQyreptssent e PBRR 454t aphy resin at

more than og ﬁue%l:és%ﬂﬂe theBrdSﬁblﬂ mdta{htsaE@tft\Jf'qsf24FlI€Q@1dlEmmthzﬁPhgz4Wesent i nvention
provi des a chromat ogr aphy %SéHE? risi ng two or nore Z domains of SpA,
i

att ached toEZJ.’chE?Jb‘ﬁﬁ?éQﬂé%ﬂYy angg24D; 1geecldYsd-site on the resin. In yet
anot her e aehr I $ERist g4t @ore C domains of
SpA, attagﬂggi 0 a chrlz?)(?raf&%%g% §Rr&gesl‘% érlt(gﬁ%qlrlr%?gg% %ﬁ lgr%&sel te on the resin.
[ 0034] Al so ckmamnqu&mteadwwlasheclpc edé mquenpeeencoding theeranershés-tagded nvhr i ant s of

SpA, which ma =T\ HERGS: m whi ch they are
derived, in P Eﬁb@tlp |oﬁep%%58€t gﬁgtgtﬁg}?d%%ugg%fe% on orégﬁe or nobre am no
aci ds anymg@dmtﬂudmdimefStpaﬁraaﬂtSEﬁmmOa(%dz%éq,tﬁdn&za 3&4”&311 ar.86at’kal i ne stable.

In sonme enbodi amn ence varia s at | east about
70% or at ggncg@o‘ﬁ?re%&;he?}?c %tfa g&%qtue%cﬁ%fﬂco@%g/heor at Oﬁ%glgt about 90% or

at | east abﬁutan@@%MQEmtEmasutanwm, F26%, B4R di24VeBML, DGVF EDIFR, or at | east
about 98% identity with the arent sequence (i.e. w SpA domains or Z domain),
wher e such E2H andtE24By eespacRyg Yne stable. In a particul ar embodi nent, variants

of SpA furtfagss)i ncl uderrheagiceed he gﬂdﬁh@ﬁnﬁﬁﬂxﬂng’tﬁékdﬂtﬂl&dﬂanlamﬁla@n 29 repl aced
by an am no aC|d resi due ot her than al anine or tryptopha % \g{glleretalnlnglts

al kal i ne st expetimest to 550357 reaidual dgGbinding dn Fhﬁﬂﬂlo"\?z?tsrtégﬁe ng B8t ei n neans
herein a V%PEF}H% Whepd ﬁte@res%@ﬂh@a§ﬂﬁﬁgfn@@%ds@1@n 2B Nistn@ it HigthkGughf@ | nvention
defined as I ne st I'Tty, i's essentially retained. Functional variants

i ncl ude, anBLESAcbasest asbdyrdesasiied hﬁrelspxhwgraﬁﬁﬁ?@eﬁeﬁéW@rﬁluﬁng}rBrd@mtaﬁlan domai n of
SpA, e.g. i and SpA

var ant o habBEdeght 4 FBlon EouS Falind e e R0 or “nore. ami no
acids in one or nore wild type domains of SpA, while retaining the alkaline
stability, as defined herein. [0036] The term "parental nolecule" is used
herein for the corresponding protein in the formbefore it is nodified
according to the invention or a nutation according to the invention has been
|ntroduced [ 0037] The term sequence |dent| ty" ~eans t hat two nucl eotide or




[ 0039] As used interchangeably herein, the terms "E donmmin," "E domain of SpA "
and "E domai n of Staphylococcus protein A" refer to the pol ypeptide whose
am no acid sequence is set forth in SEQID NO 7 or that encoded by, e.g., the

nucl eoti de, sequence set.forth in SE The .. [n.as a bl am no
aci d pol ypgwgﬁééer?%lgflg?%?r&s?lﬁmﬁfl Bexg’oéaﬁ?{é’e'\iﬁg%?% Eﬁ%&érg@trﬁr?é u% Iﬂﬂl’e. t is capable
of bi ndi ngn¥tBuomainasitahiesavorg antiso suidsfveldeh @htairebillgesdelchaimdat?, or to Fab vi a

residues on the surface of helices 2. and 3. SQ enbodi nents, an E domain
accor di ng PBS‘?CP@‘H %B@Hﬂ?céﬁs?ﬁcaﬁﬁlclsgﬁgﬁy LFE@%V? k’gﬁ? nggld?m%lfl “at | east 80%

i dentical, [@nept | easrFIPOYUepictetHeiresalts of anakerthplaytexPadhant tomsay fordbat i cal in
sequence to the am no i,d.sequence_.set forth in SEQ.ID NO 7 0040] As used
interchangé%?@rﬂ@Pﬁﬁgg 1h¢ling GEPRRLLY Off Hﬁﬂ‘i"ﬁ,SpA"‘%“HH‘Sﬁfnﬁrsyfg's%%%’"' and "D domai n
of St aphy! @y, UsA IBBB.EECC dad' ZZ B s8bschgent BehdOhIBesihi dachhase ani no acid
sequence is set forth in SEQ ID NO 8 or_that encoded by e.g., the nucleotide
sequence se@garessresn. iPrameiens i faewt SpAT Ee XrgxisgrRepspntsitie ‘Hy“é’fr cgﬁﬁyﬁlgs aci d

pol ypept i dertfiddkc ixpbsige, WhtR efcH djtRRoRkd of dyngihete skpodeles €5 Nt s capabl e of
Fc binding via residues on the surface of helices 1 and 2, or to Fab via

resi dues omaOe EherY-axigrepfeseidy the eetained g biidingapasihe obthpatrched®2® a D domain
accordi ng tligaI{dQ.eAF QYR ih P gra}g% Fl®aSthe T@%}dls GMIdireat or HoRkin kGGt 80%

identical, 6r at least 90%1 ntical or at |east % or nore identical in

sequence t eretheghdnmiquivaient i teaipaestisstabdity ansrarqmpre captic s@blRthanghe [ 0041] As used

i nt er chang . [ ; L eyt age : " and "A domain
of Staphyl g%%@é ﬁ%ﬁ{)dr?dcél%ﬂéﬁ%n hﬁlﬁég’(yr}fﬁ\’thgd?%ﬁg&pcgﬁt/lg\g%ﬂ%aﬂvﬁ%%ﬂgm no acid
sequence i $ncheling & domain trifS&e WHixiNGe n®raxaustisatablertbandbelligapds imclydingt he nucl eot i de
sequence S? ﬁﬁ)rth . g SGI%Q ID NO 9. The "A donain” is a 58 amno acid

pol ypeptid ¥ aiior?aé'il §%%to a three-helix bundl e structure. It is capabl e of
Fe bi ndi ng [8023] r esi duBKG. a0 depiets gierrésatteoftsh eehpleysxferamoit @ assuy foro Fab vi a

resi dues on the surfac helices . .I.n_sonme _embodi,nents, an A domain
accordi ng tRF REFEN rﬁ(?H‘ﬁ?F&bwglnﬁf’aﬂagéfs‘%na%é})eg h@?’ﬂﬁf 8%:Pr,£%rtoél%e | east 80%

i dentical , i@fenfidn, t&AGhindMed @SN ok Cak (BY), @tfive RSB S&fhiny, attaohel vident i cal in
sequence to the am no acid sequence,set forth in S | D.NO .3..[0042] As used v
i nt er changddBiigPIN&Hes ,e_mttﬁénf‘%’?% Tosg). d%lﬁ‘hiaﬁ?c?‘e‘h &aﬂg_??ﬁq“f%%‘?g By " and "B domain
of Staphyl qeeefdsr et BidBméins addeldeftiohQlytildudieg ¥ Pentibde refies Batam no aci d
sequence is set forth in SEQ LD NO 10 or that encoded by, %g , the .

nucl eot i de biwlitedig8Asare upcdy Keferich tos‘Ec?q'BFﬂ@B.ZfiNFrFFép“BVﬂ&n’éll)r refels o 58 ani no
aci d pol ypgpijed@ shRatrhf & 4ss defre@nd thdWdsseh6f dy¥lebbrvhuficekpoittelivierel t 1S capabl e
of Pc binding via residues on the surface of helices 1 and 2, or to Fab via
resi dues  oreagtheyclsispnsigeoiof 15Hainpie e¥pasurgrel 0.3 N NaOHo e ¥ryédFpressS, a B donmi n
according | ' ' fth@ABLhelOPA BRAY. G shof irfthe bapst 80%

i denti cal ,ttge'r}e%&eidg%%tgﬁlgglgﬁ)c%pggﬁ}%?cte_f or at @ﬁegggt 95%?0? ml)reelkdglflti cal in
sequence t dnFHKe lantheteveloir dxtsetopfiesnstic stahilityds ditectinpopantipml jgahe 10. [ 0043] As used
i nt er changeabl in. t.he ter " LD e I A" and "C domain
of Staphyl ongﬁnggh%r}eép(?%l?aé?sﬁgﬁfe"lfgﬁl erer %S%%Fﬁ??egoﬁy;}%e%?%gﬁ \t/&%télég’oam no acid
sequence i Slesehseffab binding. SEQ I D NO 11 or that encoded by, e.g., the

nucl eoti de sequence set forth in SEQID NO 5. The "C domain” is a 58 am no
acid pol ypeptide that folds into a three-helix bundle structure. It is capable
of Fc bi ndipgai¥ddDdsespiviest thaliveeticur f ace of helices 1 and 2, or to Fab via

residues on the surface of helices 2 an .. Ln sope.embqdi nrents, a C domain
accor di ng tl§%%3%e inver%g? B‘i‘?s‘?nélnéf‘fnt’IOBQEQV’d%ééglA%@Waia@(glln}egsg%qeat | east 80%
identical , @fondtodris g0 dnd @pdrcillarOligadds Haglisin b % Mbrendohinsdent i cal in
sequence to the am no acid sequence set for}h‘ in Q.ID NO 11. [0044] As used

d .
i nt er changeyy- \Pravdeushrdeserihed exsmplary Sp4 dasse 4 kalinestapleehromyeeraik and “Z domai n

of protein l%a'ﬁdsriﬁél@de, R ekdhp1d, MR dh8libet in BierAdtiond e shtdd@hppmieionde that is a
variant of the B domain of protein A. The am no acid secll.uence of the Z domain
is set fortue- WD2068J03H 4lovhigipdispsses ikptineastaplexcharsmaipgianhy ligadsbptsdd in Ni | sson
et al., Protej : j A ' ; : whi ch are

i ncor por at e%lech§cr% g] g%eﬁgéA@Z%ﬁ%c#%%gé%bllﬂaelﬁg‘g{ré%tah gﬁgﬁ%@?@?&%ﬁe, " "al kal i ne
stability,"” "caustic stable" or "caustic stability," as used herein, generally
refers to the ability of a chromatogra&hy |igand according to the present

i nvention, either alone or when inmmobilized onto a chronat ography resin, to

wi t hstand repeated cl eaning-in-place (CIP) cycles using al kaline wash w t hout
|l osing its binding capacity. In general, it is assuned that a resin, by
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[0049] The term "affinity chromatography,” as used herein, refers to a node of
chromat ography where the analyte to be separated is isolated by its
interaction with a nolecule (e.g., an al kaline stable chromatography |igand)
whi ch specifically.interacts wth the anal o e ' , affinity
chr omat ogr &phs/© F?m'%’é‘? 28" SRl G P acs)]fng% S}s%argrsﬁ]il%gtgglﬂnﬁ%llcm ﬂg{gg? (?J%f get anal yte
(e.g., an anmhosglesdribed i) U SoPaens dloi 6831iiowhichdiscissasaipAi basedartkaline an al kal i ne

st abl e chromat ogr aphy 1] gand described herein. [0050] The term "protein A
St finity creHarogRRgmyhy ity SRue AR PRRERC P HEURRGFA: | on br

i sol ati on @hvesubgifiences using protein A or SpA |igands, such as those

descri bed herein, where the SpA or protein Aljgand is..j bilized, e.g., on a
solid suppd®®?] Exanpl E‘s"réﬁﬂ}i‘rt @Feﬁe'ﬁdgfalf’?‘ﬁ? Wyb%fn(?ﬁ’ar?%'l?'%ﬁ SHXHi a/ resin known
in the art cpfgh s 4D e dbrmetl NAd8ienap B&rtrBlichs Arel TR tHrapdoanko a control | ed
pore gl ass backbone, e.g., PROSEP ATM and PROSEP vATM nedia/resin (MI1Ilipore);
t hose havi dgtapeddesstiptioni mobi | i zed onto a pol ystyrene solid phase, e.g., the
POROS 50ATM and Poros MabCapture ATM nedi a/resin (Applied Biosystens, Inc.);
and those having protein A immobilized on an agarose solid support, e.g.,

r PROTEI N A SEPHARCSE FAST FLOMM or MABSELECTTm col utms (Aner sham

Bi osci encey) . [ @QRLkibAe term "i mmunogl obulin,” "lIg" or "antibody” (used

i nt er changéabl y_g'ET"ETTé ref-ers to-a protein having a basic four-pol ypeptide
chai n strud0@0¢ consi 45 used hofein, the t¢raeiBpAZ ot “nrodoin A gh¥tarfivliceesus sai d chai ns

bei ng stabilized e =3y o \VANF j [ ' S, which has the
ability to ag’beé“g:’i ﬁf%:rgh @%ﬁgﬁ@%@ﬁ%ﬁfﬁgﬁogﬁf@ Ir%lla:gget% al n i nmunogl obul i n"
or "singl e-Sedpdylncants dvedy! SpA I sedundtoshe beategielbdsllywatloveitsdarhoagfers to a protein
havi ng a two-po tide.chain structure i.Stin .heavy. and a |ight
chai n, sai dergr‘l%:l %@Fﬁgl ?fﬁdlgg asitz eﬁr,ed or tgegg?riﬁ%tél,n' %ﬁﬁ{en é?oc%al 1rrllgipept i de

| i nkers, wheglbn, hdacliides fiablnhmiinogtobulipbiadihiy dahbiys, béfadedtnts B, A,Bie ter m "domai n"
refers to a glohul ar regjon  of r.light ain peptide conprising
pepti de Iod‘ﬁgc( .ogﬁefl’é‘ﬁr&ﬁ?‘?ﬁﬁgge\?h&g%%gg&dggg)’I@Ecﬁse)talg’?la%&le(ip}%"d, for exanple,
by f3- pl eategdssBRedosamad/ 0I84). rHacRGhthide ddirains todsinbaypeoximemises are further
referred to herein as "constang" or “variabl e’ based on :TEE el ative | ack of
sequence AR 3hresilyes; Mdihry shyREP 97 amipepiidrauence KentiXnhB¢ € i n the case of
a "const antdonfABHSBA i94n ddpfhedre Bhalld g8 0F thy & doddalrOsT SpiAt il includes gtlonai ns of
various class nenbers in the case of a "variable" domain. Antibody or

pol ypept i derlanintsripstad of aglycine residus atrnositiay 29 Nilsste pclafttéeiBl y in the art as

anti body org, ?Léﬁ* PYIOE Nd. 89i00NS 3, 1986 E&ARSHRM, D, A05BhAE dadRbEbody i ght
chains are referred to interchangeably as "light chain constant regions",

"Ii ght chaiSpAcmnssadistingbiggiinditg sitegl Ong sigiiofes For (thegonstes negionof [ake "const ant "
domai ns of anti avy chai.ns e 10 1 h o as "heavy
chain const9fit° gg%f%iﬁgc?t}'lerﬁseﬁo\;@l ec%é?ﬂﬁ§%§s§e§%{nIgtl)ﬂr%%cﬁfseg,aﬁl@% ‘mr%fgi ons or "CH'
domai ns. Thke Igwhatiisdebphsitliefai antigaf recghition)d it has hbén reparied shaheashoéfherred t o

i nt erchangeabl y as "I|ight, chain .variable regi.ons".. "light. chai n_variable

domai ns", g"‘%ﬂ"a}/nrséﬁl?t@%gg?b bigfing 8)E/?n&1ihﬁ£9n'%ﬂ1‘8%{}%??‘8%‘? %tl's%dolﬁa(?cﬁ%g% ant i body
heavy chai ﬁﬁe @rtanﬁlﬁfsgnd gdie_ﬁigﬁterdttgé Kh;egageabt-%omsin:' heavy chai{} vaa i abl e
regions", "heavy chain varia omai ns" . "VH' r.egi.ons, "VH' donai ns.

[0852] I rrrrur[@%?lé)t/)ul i ns 18f Clﬁﬂlpgﬁg@%gﬂeﬁ&ff’db‘@ %ﬁé?%ﬁﬁ?ds'aﬁf'ﬁ'oqag& onal and may
exi st i n mogeREEIsi 850 thdéHivd Bnichts fof Wiich bR in@xsirabeby legMmahébdiadh es whi ch exi st
in pentameric formand/or |1gA antibodies which exist in mononeric, dimeric or
mul ti meric hejfeRtirthe term "fragnent” refers to a part or portion of an

ant i body orjogsi body. of dleseATRichili Kol 03pAH:E0aIRMInd.slogR! dues than an i ntact

or conplete antibody or antibody chain. Fragnments can be obtained via chem cal
or enzymat i diromategxenhytigansts. Ehsomstaseactsgecadinpiodhepssmt HEeNfioBranant i body chai n.

Fragnments c L &H‘E’\E/ye HRROS tHrEI R fragnents

i ncl ude Fab@f@%ﬁ%l?%&%@?ﬂﬁ% lg%ge}gr ?t?%tgorrrent s’.%rf 0053] T(ﬁ%)é{ erm

"ant i gen- bi fodi ergndre,aq fime o' meref @rsix drancge, o baype pit ke o sselated vt & orah

i mmunogl obulin or antibody that binds an antigen or conpetes with intact
antibody (i.e., with the intact anti body fromwhich they were derived) for
antigen binding (i.e., specific binding). Binding fragnents can be produced by
reconbi nant DNA techni ques, or by enzymatic or chem cal cl eavage of intact

i mrunogl obul ins. Binding fragnents include Fab, Fab', F(ab')2, Fv, single

chai ns, and single-chain antibodi es. [0054] Al so enconpassed are fusion
proteins including an anti body or fragnent thereof as a part of the fusion

rsAar-rrtm @b o B o i e e 1 I |
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techni ques, e.g., those described in the | aboratory manual entitled Ml ecul ar
Cl oning by Sanbrook, Fritsch and Maniatis, may be used for the generation of
nucl ei ¢ aci ds whi ch express the SpA | i gand m)l ecul es descri bed herein.

[ 0060] I n Sq nucl ei e .encaodi or nore

domai ns of %‘Bﬁ}ng’? gﬁ%ﬁq %Ef‘g afwgtisg%cfor %mﬁg %rFse glavenﬁlf) (o aiskﬁg a(r%(la vector for
expression chﬂ@nﬁtbgﬁnlpby DghrndabmpMSbnmlnhore Sulated b, ®, A;(Br@ssZrdnmmﬁsbbr s are well
known in the ar r]}e é pi cal IQ/ m(ﬂ?ude t he necessaré el enents for the

transcri pt i8> ¥ARIC {1018 PHRPIEASofteq $PMalng cPRRHSCIA OE BG4t nce. [ 0061] SpA
nol ecul es dasdues RAsiied @+ INmiakd & Sunigo syMEdRsidZReh hBgriupabisystihg om am no aci d
precursors for fragnents using nethods weh%qug vvrhl n the art, including solid
phase pept |°§€Y@9E’haﬁe%rglémﬁ’é@}‘?8‘ﬂ§e diplayeige Ve Qetigis Bheiedd car bonyl ) or Froc
(9-fI uorenyéf;;@sgmg@g%aﬁgﬁponyl) approaches (see, e.g., U S. Pat. Nos.

6, 060, 596; 879, 378; 198, 531; 240, 680) L0062] Expressi on of SpA nol ecul es
descri bed H&#38in can B@W%Pmb?fﬁﬁemnthééﬁﬁ@ VeRHOBPKI4ES 8 ¢ hosts such as
yeasts, S host lttSohe@ick » bacteria such
as E colt%ﬁ&%ééﬁé{aﬁﬁgg%hz%g%?ﬂﬁent s&lﬁﬁ%é,&gtr(rlgﬁlgcgtj%essﬁ%r fragments and variants
t her eof mayhtoeatogpapby ssi abmorabamsenefsife en Bk resith do perthessimhedimspie et hat  each

phage cont Qﬁﬁ r pA nol ecul e
di spl ayed %Irél%ﬁqn IIfsséi}sur %gcg;%egg%??ﬁﬁ%@ycoo rlkl %tv@p%qﬁ% 2cul e for an
i munog]! obwlomnamsaﬁsm attached toya dm@wwamﬂematn@rsthandmdteméhmi ques in the art

and t hose descr be , rd set -up
(Bi acore ABS IU ga{jam%erenbojdlmﬁq’% acabﬁﬁ?%’%?/gkﬁ ﬁ.l}léu{g‘%bl n ng atfmty of an
SpA nol eculcbmfnsbhﬁpmraasc&md ta anaheorhatography resin atnmmclﬂghommiemnlt@ at | east
conparable wi.th that of the parent nolecule. Furthernore, it is desirable that
the al kali A&"%tability of the SpA nolecule is generally inproved over that of
the parent [ogd4gcul e. Allso.cASERIbdRG bj/ﬁfe p@éskﬁlmmtustzabaminb)amdfvmm SpA Mbl ecul es
[ 0064] Subsequent to the ratjion and purificatio . suitable SpA |igand
nol ecul e, Sadswhich gy ﬂg&“’éﬁﬂm theRrent RImO A SPAHSNGE; &[ gﬁlcfiﬂ“@ YABl ecul e can be

assayed Usiqflvéd andebbshit@GdH) HEIR and/of iﬁ@erﬂéﬂof&jﬁéoi iﬁ@&andaswidsbed herein. For
exanpl e, the al kal i ne stablllty of ., an SpA le;'[ﬂ(lag i(I:F(tjf:j]lltngtotheinvention
can assayedy¥heie Withinitherarent anineeaid sgauere nEHMEen 8P on of about
0.5M e. 9. enfRdARG! 4iR0 adifl s h@nc@&@ﬁd’n‘tﬁ%ﬂtp%kseﬁaﬁleaQ%b&l’WO%[91%5] I'n some
enbodl ments, al kaline stable SpA nolecul es exhibit an "incr eased" or

"i npr oved” leaskalionh¥0% oa B Ipast gbouradmion at leashibonh® %k atlgaskaboyt B%i%bl e under

al kali ne copgl,li,88% 9%%, o2 le%{ttaﬁ&ﬁ‘?‘i'%géﬁ dt@e%t%o&t@%% &R wietkO Wil d type SpA.
Previously, i1t has been reported nol ecul es based on the wild type C
domai n of Sprenbseqhenet fig- ‘at&m%éfnm@nﬁ @TZ ‘iﬂwllﬁrwh@¢ suchypagnsrpalkalisi dues provi des
an inprove t rate in

envi ronman'?ss \%nereﬁLlrtl ﬂgbénwoﬁgnea ove a S?A%gﬁﬁegz% ag%%pmdﬂgg%t 13 or 14.
[ 0066] The piceisreslduel aupmmﬂqncﬁ? rc:pfladgdbga dn aninpheidgenidueiogienthamaldninnexpect ed

di scovery otf no!{ “@QA nol .ec g elﬁ Al P . xhi bit increased alkaline stability
even when tWé’)P & %éeéal%lﬂg ofrai s °8 h I than the C domain or have nutations
in am no aC[IOdE]Ot her tlharnasfimctgiahesiantfof a pnomrpinaqnsmbmqnmntt i nvention

provi des B or mai.n ed al kal i ne_st abl e SpA nol ecul es
whi ch have BO{R gg?rBWel an AR éﬂfﬂﬁ%‘oaé‘? ‘i!?eéﬂve‘iﬂ)tboé’ﬁof%%ioaﬁfﬁ(ah ar%qqﬁ gepr esents an
aspar agi ne dsgonflally @ﬁﬁﬁﬂ&@h&ﬁm@ltvaﬁ@ﬁk incide, 284 are[ndDbftddtoSSprevagiatiedi nent s,

subsequent to the generation t he SpA i ands accordi to the present

i nvention, BfRENE H’@restfl%lb‘?qnfat“yo PRy B&- FRFEh é““?@ féfPEféngﬂr{j’gf ng a novel high
thr OUthUt dJHBMQr SPA GAd gﬁ!@$ﬁ~Yantsdﬁ$ﬁglala61@t1¢rﬂ subsfit@tisledndldr aliditiéhef Exanpl es
infra. The assay is based on-the assurrptl on that degradation of SpA in
response t cONSQr BRERAMiaa aids B opkpdBeIE &viiddynegiomaps F S, vhilegeainge r educt i on in
| gG bi ndi ngy,e Bl igk! S}ébﬂﬁ}play@gfgle@[qéelgased | igands are treated for about 6 hours
with either water or 1. NaOH. Hydrophobic interactions are used to attach
m crogram quantities of neut ralized candidate |igands to a solid support in
the formof an ELISA plate, e.g., a 96 well plate. 1gG binding is then
assessed for each candidate |igand before and after exposure to 1.0M NaCH.
Enhanced caustic stability is indicated when the amobunt of residual 1gG
binding to a ligand foll owi ng causticiexposure exceeds that of wild type SpA
or parental SpA fromwhich it is derived. IV. Supports Used for the
Preparati on of Chromatography Matrices [0068]1n sone enbodi nents, alkaline
stabl e SpA Ilgands encorrpassed by t he pr esent |nvent| on are attached to a




that any suitable solid support may be used for the attachnment of a |ligand
according to the invention. For exanple, solid support matrices include, but
are not limted to, controlled pore glass, silica, zirconium oxide, agarose,
pol ymet hacr, e, polyacr Ly 1 . I 4st%hERe. [0070]1t is
cont enpl at é%d3?i1at any¥%otF%+J?a%ﬁl{%%O§%&tht%ggcd§% eru?g)gtt%%oto eslggt han a 5%

change i n akdtah imibe Sirmbiefare i isohodified aterding éwithk inyantibnafr terutaivaki ng f or about 30

hours in 0.5 M.Na may be used as_ a.sqlid support. [0071] A porous materi al
used as a &8 “%icﬁ’]éﬁb%ﬁe"%ﬁg}ﬁ gbeg%l SOMEd of “a hydrophilic conpound, a

hydr ophobi ¢oa3gfpound, Thatemh Ewpitabe denttytraeand thattwoaiveleptide aramérmpound or any
conbi nation thereof The poro teria be conprised olymer or a
copol ymer . BYSHPERESaY egﬁptﬂ‘&gfyeaq%{}?%Ef?&lﬁﬁnpiﬂﬁeﬂosg,rarﬁ?%@‘ﬁﬁaé,ﬁﬁgﬁﬁar e not linited
to po: yet h@&inguéfaﬁm%\p v&?%lﬁ?@lﬁdﬂ@at 1@|sgm% m?qhame idem:itys(ﬁ(aﬁbas‘tiSF%S such as, for
exanpl e, agarose .and cellul ose, polyacrylate, po thacryl ate,.

pol yacryl aﬁ?ﬂ’éf}cep@ﬁ“;tt‘%f’haéé‘fﬁq 83%% ‘,lg/nﬁ%}‘%{lt&%r(ﬁﬁﬁﬁﬁ#gg@ﬁ%“é ‘if,‘&‘?i‘gf%sul f one,

pol yester, pol st 998k k&ipaRefidedtyi o rord) oY BERENe @BRparReh, Xty @he ,

pol ycarbonate, a fluorocarbon, e.g. poly )

(t et raf | uorseBensAsHas 8 sfperceisediescdr Be prrentispiienesdHe mich gt sguencey | j ca,

Zl rconia, ta#et Sl Ared C HRALSing 8 RubRE 8bmpdr81 AbIMEmPREQHS rdi&ERE! 2l My be
conprised of an organic_or Tnorganic nolecules or a conbination of organic and
i norgani c rFedusaees et inpd infey corepusngybsegBence Foasdinatey arpdesignpleddf i onal gr oups,
e.g., a hyg 'ﬁ%m h R GhsRred TRARRAYL group, or a
car boxyl i C%g%{éé%%ﬁ%ﬂugﬁf%gg e q%fr?éf?rg %?fr%g,}sr%?g.sggform ng eglts)y\l}al ent bonds for
further cheninpaifisomelgpfithoethénoealdutates thfeperdeot ssaneareidentiyy fomhe ted a protein. In
anot her enhodi nent h r teri ctional group but
can be coatsg%}le\r}\fe?ﬂT%{gtfvgﬁgglegéﬁrrem esr{ldaeﬁéef H%tgdglg{ahre ;Iﬁgﬁ%ﬁc%e?ipgoa groups such as,
an hydr oxylpagietges. a thi ol group, an am no acid group, a carbonyl group, or a
carboxylic i.d group, [.O073]In so enbodi ments.. a ¢ i | affinity
separ at i on [ﬁ@‘{sﬁ]i X is geugal ai‘].g&r.“?lﬁc???eg}‘l%na?ﬁsl %’r %%I?puarhéonacr?g%%géﬁe Q%ﬁ pol ymers t hat
expose a hylr. aphthd local humbpgealgorithinerf Senith & Waneniiig Ads.ethpl.iM@eh. 224830se hydr oxy

(--OH), carbo - ,_carbonyl (-- ) 0F  RCO- car ).do (- - CONH2,

possi bly i r{?@it}’&sﬂ?‘i ﬁ%’%‘%%gyfaﬁ)‘g% nta ﬂ’ilﬁ%g'q(f-l\?eﬁﬂﬁlparbgs@fl%ﬁc@ fr)%g?ﬂgti tuted form,

ol it90- IOr m}gmgt(mjm?rbs»w sgér%ﬂﬁ _siﬂﬁlafiﬁﬁitu}.‘;ch@(dfl@feﬁl@én &llﬁbmzin]l:, Pmc_esre{n , al sg og ;

internal surfaces. In _one enbodjnment, e polyners. ma or_instance, be base

on pol ysaccifari e IS4 a4 61988 by %H?Puéir&l:‘?:ﬁr,'pl ffnlt*ﬁ‘loﬁ%éf,th‘?fﬁfﬂ!gm‘éﬂ‘,s. agarose etc,

whi ch advanagegesiyiThaxSTREAA THASTR thitkkWekcordsti GériésHoRevad th  bi sepoxi des,

epi hal ohydrins, 1,2,3-tri hal o substituted | ower hydrocar bons, to provide a

sui tabl e pd%ébﬁgﬁgﬁ%ﬁﬂcsﬁcgﬁmgzﬁmqfﬁmmﬁ Dén%%??;gﬁ‘f‘?-)’;&@ §‘é‘l‘4:]d suppor%

conpri ses 7 Y BURPH MsiettasdBibBephe presen

i nvention gg%g enﬁ%g(#ﬁél re g?eeld.gég%rﬂé?ﬁr?go_tp standar d melt.h%}gs known in the

ﬁ_rt ,tsucth;@r,le éfxempbﬂggsm mjt &W@Q’g@%éggngi&?fwmfmi%@f’ eig' , bi n
jerten, Bi . ; : e : e base
matrices caaglﬁgédyggdr#mr %:lail 311 ‘avai Iz;%)lge Br bgglct S, scl?(l:)ﬁé asji_%gp‘g\gireol}sfeTM Fast Fl ow

]SGE :—Ieal t hcawjﬁ)z. Bipp2tt403 (B0 Snjiwaterforgmnierneind BHASE nelyses sypabdliely | _yt advant g_gteous
or |arge-scal e separati e _.Suppar rease its rigidity,

and hence raé(ﬁ%ag’ est%{)%éﬁﬁﬁ?\?aﬁgnat}rgre rétersig)??g%ﬁcgé%l%gﬁﬁfog‘ﬂath%ébv%ﬁlg@es.

[ 0074] Al t eraeeadskivieltyroughhthe Satiord] Bistitpies of deaith DNCHI drteiletosarvey) nfgitally, pol yrer s,

such as pol yvi nyl al cohol , pol droxyal L cyl, acryl at es ol yhydr oxyal | cyl

met hacryl at‘é\é‘,“ TR P?P‘&ﬁﬁegégl}/p% eg %ﬁ?%%&%f}?%ﬁ%%&%e cé’frg).mq?oﬁ’ case of

hydr ophobi calpehghngatemiAd phramstefSRbi hl6Ebe 13a6.Fdr oindiavidRyduendes, the

nmonovi nyl -substituted benzenes, the surf c%] of. _ the matri x\(/'%)s g[)ten

hydr ophi | i S%ASBP%ng@@élsmﬁs%ﬁltW&w@r% {MOF Gty RFLIBB Y ¥3% surroundi ng
‘aqueous | i oigdhe @@mmhyma%]nfaaﬂg (& BasUIy& PleatteTERP 0 Al dibaf stio st andar d
met hods, see e.g., Arshady, imca e L'Industria 70(9), 70-75 (1988).

Al ternati veV§4 gglé%ﬁrﬁb‘%@})al |y avail abl e product, such as SourceTM (GE
Heal t hcare, Uppsal a, Sweden) and Poros (Applied Bi oSystens, Foster City, CA)
may be used. [0075]1n yet other enbodinments, the solid support conprises a
support of inorganic nature, e.g. silica, zirconiumoxide etc. The surface of
inorganic matrices is often nodified fib include suitable reactive groups for
further reaction to SpA and its variants. Exanples include CM Zirconia

(G phergen-Bi oSepra (CergyPontoi se, France) and CPEr) (MIlipore). [0076]1n
sone enbodi nents, the polyners may, for instance, be based on zirconia or

. e 1 c " 4 b O e Y T
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menbrane could be in flat sheet, spiral, or hollow fiber format. [0080]In

anot her enbodi nent, a |igand according to the present invention is attached to
a sol ubl e support, e.g., a soluble polynmer. Exenplary sol ubl e supports
include, b e not Limt t 10-0ol » &g . rotein or a
nucl ei c aci%ﬁ@jn sorr\e\‘A‘(%u eggﬂ%n%ng%bgg%t@%t% es&%&(;b Zl?; a g% U Pg pol ymer,
e.g., as deparidnddEidomuls dPatepht/oddudilsipoatin dyi’ feifer t2BO 8AyPPOESwWhéser exanpl e,

biotin may be bound to a. li d n, SRA . has usti.,c stable |igand
accor di ng BN PFESERT lsisﬁ%ﬁh inﬁ(?%%ﬁ@& %rt%@asteerdﬁ@%% g)?g'gbgl%ng bound to the
:ci gand ;:atn r?laeleatfiedecﬁﬁﬁceisstcfoah int'ﬂﬁ@ﬂp)N(m eid ThefE ;:lasman’etsta,stlearr@qacah_ ant:cb_od%/ or t
ragnen ereof, e. prese .a crude mxtyre a e protein of interes
can be i soIPS[YQ‘EPt@F t‘?g&é‘?se{?t@&t@?ﬁhgl"e%&“ﬁlueﬁ%ﬂ“im‘gﬁ- ﬁf‘s ?aﬁgbq?)?gtfl?(ﬁgg #“gandpr otein
pol ynr:sr cgrvm @&dﬁe{aﬁﬁitﬁawffac% df?Mﬁié§}bﬁ£2,@ftd Falﬁ&l\!aﬂfe' s?dmsenmsshTfmquhle g_ol yanrt
may al so be a synthetic soluble polyner, suych as, for exanple, including bu
not |im tedl,eh?eé%gimﬂ)éi yhsé?Fnet?B‘%Pg‘F“r‘? gar;%eéfﬁ‘ﬂarl%%‘wrd&%&?g?dn s % car boxylic or
sul fonic), 1pRET% ¥Rhitcal BREAGH: GRPIRSAT BRLIQENFVY ideRidAFor at RadtoBYy am ne,
secondary or prinary groups), th%l/1dr ophobi ¢ groups t(ptﬁe,ngrlg or. butyl groups),
hydr ophi | i ©rgrosidenticalia sesdgice tothe amitoRcisy SaHsaYe St B RBRABNGA of "t he above.
Exenpl ary gypjofeti c SALUBlEnBRRMFEISy RaSinbie DD tomlift epNBkisgnal _PCT
Publicatio . W2008091740 and U.S. Publication No. US20080255027, the
entire teacHiSpgs ad “Balomaisfol Waplbroaceusiprien por wfestp by pelep@iidnce herein. These
pol yITers,  UpRle SRRGIH SeABNRIiE QL (RN IER IDNOCorPhart U RBeFOEL L NS, Such as pH
conductivity or tenperature, can be used to purify the protein of interest via
preci pi t at inwnleptidessequzace sat foeth ér SE@ 2 N&¥: 2adhe i'‘Pelowpini’ i a0 lfaming aiid  Synt het i c
sol ubl e pol rs. U ne,. V. o] i . tic stable
| i gand acco&rggf%ﬁ%“{gg]yatt E‘gdsplﬁégaetﬁ{eg?glééﬁ%ng%ﬁﬁgﬁﬁéugg% Sér% %ﬂ%‘?‘f}?@# %uri fication of
a protein qfiaie_ﬁl‘ﬂwsgmtﬁhessmclhceecsfheﬁxgegl,andalh, ca i Faboaky residyesloﬁlnlmﬁureih. te ths/r (:/gf,h \éi af
precipitation in ei r a reversible Qr.an.irreversi i.on. V. Methods for
At t achi ng a{leﬁfﬁ;ﬁﬂdéo?ﬁsoﬁfp ofim %O%@]dﬂwmsaﬁ?({r \OF go %gv%rlﬁg)gelé_)ér}my be used for
attachi ng aedst gm0 ttehticad o8 BIPRT 80% &leftical, @r stdbdsto0sw pleotidal omut leastioity t hose wel |

known in the art,K and described herein. For exanple,  i.n bodi nents, the
li gand may &5t idgptira ntsf)quﬁn%el}ﬁﬂl‘}tafn“\‘ﬂ 3t %ﬂ\‘ﬁé’ﬁ‘%ﬁ)ﬁoﬂh lﬁéﬁﬁﬁﬁrgg?ée)chni ques
utilizing, @od1] am no AaREédintefRhiRMDly BEOMPHe RiHAS eAdombint e dongénd. For

exanpl e, bi s\%ox”i des, epichl orohydrin, CNBr, Nhydroxysuccinimnm de (NHS) etc.
are wel | - kriRfWRAE G PrigMeER P&y logaseus SR8 i ORI EIE POYPERYidE er i s i nt r oduced

bet ween t heysi4pBRio aéﬂaqecﬁ]deﬁcé i SR RsHh iYMSEQh_DiN@fﬁéﬁﬁﬁaﬁeh_&)d@&’g}",'e@gitﬂld ty of the
ligand and facilitates the chem cal coupling of the_ligand to the support.

Al t er nat i vetugleotideeseqyegemist fosth ibSEQIP NI The “Arflomeins pot 18 #YinAsed coval ent
bondi ng, s . i . 11 j Cirfi hiQ 0082] I'n
g né?&yp%étﬁ%mﬂa? rGiad 1n%dast‘l:li(:§39 g&@%h@fdle@n‘a&ﬁﬁ. i ik Ea;ﬁglé QF P& bialing [ 2]

vari ous e s enconpassed present invention, the Irgand is
attached t oviarssih¢sconghoppuiace efihelicesd and 3roréx Batptieresiduesmnghatsigeagthy resin at
nore than on [ t thg | &ggj ARLEd -

[ 0083] Attagthe‘r%rlﬁ%tztﬁlgg'agﬁéq %ﬁébﬁgﬁﬁé#gsb%elkggﬁa@gge %%%ﬁg?%arapﬁy ligand to a
sol i d suppolesst Zet ideaticed,hir et/leabt §0% ideatigal,dir f lease PA% wdepticak poateastfids of which are
wel |l known in the art..as well as those. [ r.ei .€.0., Hermanson
et al 1 et Heiidy e ed SR Ar R Re Rt S LR sBoaRERe: £, (115G
(1992). [OO@diHor exanps esedpita@tiginpeablyderds ticatarniz<‘Bodvupling’d“B doraaisol i d support

via active ps on.ejther e surface of. the solid support or the protein
| i gand, suc%rsg’ > ?'@r e‘i?% (gl,‘sj?%?{?g#?ﬂcﬁ'fflﬂr(’tf”ﬂi%l fe%egﬁ%%egg%g%dﬁ& °Far bonyl ,
epoxi de, orafiab Beld ¥équencRGd @t QAP SEQTD AT BNk tiaaehcbéedayhe. gythd usi ng known
chemistries including, but not limted to, usﬁ f g%{,anog?n bromi,de (CNBr),
N- hydr oxyl Ruskeotids serdroceset &rth ip SEQUD NP <o xilea ég‘)’m& ia0T YAMCAHE r educt i ve

amination. [HORBlidOhat@s@IMEa thiddiRlix ShddRedReuRY. Of BicipabRWIPFE Bldihgs been
described in the literature. See, e. quist, et al. E Bi ochem

; > g., Ljun r. J.

Vol 186, ppviasssgussn tha gabipe offielicestl@d i ofie Fanya pskyespudis %H!igmofippl ied for
coupl i ng SPRy 0 Rari0), i1 SGHPBMddimhE B dbnlath d¥RGinSRANIAREndAIs ONt ai n thi ol
groups, the attachnment is achieved by reconbinantly inserting a thiol
containing cysteine at the Cterm nus of SpA See, e.g., U S. Patent No.

6, 399, 750. Several commercial productd2such as MabSel ect TM MabScl ect TM Xtra
and MabSel ect TM SuRe are produced via this nechanism It has been reported
that this termnal cysteine only reacts with the epoxide group on the solid
surface, thereby resulting in single point attachment of the SpA to the solid

i i e ™S M"Y o~ . 1 - e 4 . fr 2 . ™" - bl e A



by reacting a functional group on the solid support with a functional group on
t he associative group. Suitable functional groups include, but are not limted
to am nes, hydroxyl, sulfhydryl, carboxyl, imne, aldehyde, ketone, alkene,

al kyne, az b RO IS8 800YADRYENS: ARG 304 u@rﬁego@ah%m(wc acid groups.
As an exa ?iagwggag%rggab&nags cont all n hyd roxylsgro1 whi ch be reacted with
t he epoxi der fareadéntinallin soguasice to thoshinoweid pediagege éhmﬁﬁ%ﬂ? :dPoup, such as
g yel dyl tidguet ! am@@httmrﬁatﬁnggatl lérét'ttt{t@gnaea Y hofiiREEC] ate that a
plurallty soci ative groups be cdu to the solid support provided

t hat at IeSsA “aind “Gidbmaintof Smahylmsmmmwmé, orefeu po the pelyregtideTwieseassoci at i ve

groups may be coupled in tand p r g]’u may be
i ndi vi dual |a§t1“t§’oaﬁi)é| SS%PCHF%%E‘%% rﬁ} ts%ﬁgéllfjglg i df %ﬁﬁé{gg{z}d&i%g %e some enbodi ment s,
t he pr esenhuctlét\tﬁlB'Sd:qilﬂnqarset\fbmlem SEpHrNat 5vEhgOdpsaighida Sarammocrtcei n |igands

whi ch may be couj a solid via, an nt er aker. The |inker
may conpri p In noi ety. The

Y Siviotie et fofidnp S s BHHBRGs SbRuB o B pAROON puldh
:c' nki ng mlolvetrmmylgﬁmmfae oﬁﬁt}hcﬁ@l aﬁml ertb&taabia&eﬁdueben ﬂ@lsmgaqaloéd t]? a ol
unctional grou or _exanp the |i include any of an al ky
an al kenyl b elé“resgﬁn%? k]%s;‘?meﬁ?]g&‘ﬁmeﬁ"ﬁé’ ;5 ‘i(‘;‘hﬁc %"%ﬂ%ﬁ e a carbon
chai n rangiigg: fovOniedtichiD o3 16280 90981 d8{REE or dtllbam% idefdl orenksst o5 | i nker may be
conprised of nore than 30 carbon atons. The llnkh@% m)$§§¥ % (I‘orrprl se at
| east one I9emeredeitisrhis sRAMenEs tibe AREIORCIASIIHGRTE STHPTE if DNE i nki ng noi ety

may be compgdsapd of aabnaAGRELh&REIY heddin URDEARCHEGA? FZ @6man ey cl i ¢ chai n.
The |inking noi ety may be substituted with two or more functional groups.

[ 0091] ChoosipAj aneZ écpml@@fwratewb referrto ghertbriee helixs 5% yyning 8eig IPPIYBEP4dpr ot ei n 1§ gand
to a soli dtl?a??snaoxyahaﬁt%fgﬁlﬁ dd‘fﬁeﬁﬁ"bfbrgﬂaﬁt £2PRbinhihd Xm@geqhé]ﬁe Skinklzed artisan.

Sui tabl e buffers i1 nclude any non-am ne contai ning buffer such as carbonate,

bi car bonat elompimosmhﬁtréllaSEQdBeN@t@ mefxemslar}\/%ém%lésﬁﬂﬂs@tbﬁﬂl@ chemistry is

used, salt ncen h ¥ ciative group
used. For JSENEA! TR Plenk FIBKY LEOB e BRRERMA N Aot 2 T 205
nm V\here anabhmrzgaﬂbmﬁamneshersmused the salt concentration may be at | east
5nM but an 0 1 hut » »l nM but

| ess than 38%%? i%?fgp ngl %Saﬁ%ht lkaf Statbqﬁ\? chﬁ%tgé'nstta ti%g'ft |Ogﬁt§‘ﬁhsté be 0.01M .
Where a hyd;fdbﬂiﬂy)bhS:usScﬂ)E@‘blﬂ,Sgen&‘alllyS&&rﬁtohh@ibﬂst&Iof a chromategntaplatlugandl s usually

desirable. Thus the. salt concentration than 0.001 M greater
than 0. 01 I\ﬁcc%&népta?@rreseflﬁ%e 108, er[aéﬁ?é’?iwﬁe%%ﬁ@ 88P nts, when
associ at i veheaiidgsdphy rdsth, toS@ithstahl eepeadtlbanmg-ia-phee t@IrPDteﬂ:lamsmg hkkmﬁmr at ure

ranging fromOC.to 99C. In . certain. e the reaction neth
practi ced a‘t’ash“t“éﬂ‘ﬁé?%‘tglﬂsé’“}dé‘%at’%nglﬁ?nerlagétés tsﬁ‘é{hede'g@arFsé"s§yftﬁ§ﬂ 20C, or

l'ess than 1fie whibh §ﬁﬁ@ld%@&ﬁﬂh@ﬁﬁh&ﬁkf&ﬁlomﬁlﬁ%bﬂfzed RentkiBitedoil€e8 tha appact i ced at
a tenperature of about 4C. In other enbodi nents_the nethod of the invention is

practiced ahangetinppiligtadechaymebom soghed ivBSH QeOELor W 070 1erss 8P Al kal i ne
Stability Oefxaﬁlgrg HsbAE BRsbdith S0 dBrokaR %&bﬁhﬁ%dnaé:t&aaﬁ@ t&tHeahveRGorsdrabi 1 i ty of

the |igands subsequent to thelr attachment to a support can be assayed by

usi ng wel | ablemeequm@onai atkhleneeqktan@ﬁdortarmglengfés)éwdo%fdlmf‘eWétctt For

exanpl e, LA b o-cB tWé'lér JelLg of SpA domains
attached tge%d%g%}s]?g&%é ;QEEE&]%e C&Ig@ e el%r?spo(%rr gpAe a(ttach d tao a chromat ogr aphy
resin, as ctmsuﬁcatbm@f hmnmqglobulam limscmmffmqumhntﬁya ligand tapgendingfo thhpreseatin wi t h
0.5 M NaCH., e under st C i t hat the
initial Ig énmnﬁan %xélqbég an (1:r|n roved 0?1819 thlps?ab dlﬂg 1ﬂ4hgll&?i§1§%h\érg§ﬂ%{et?\|&z%a]m?§'tﬁe B than
what can beadefiaéd, &xredaryle tahﬂlat?\hdvdlgtaylpmr&séﬂ pﬁ)lv:due.ldmh afghovexampl & or imtocase of
the present .inventi afte each |n n t ment

W th 0.5 NREEHD ahe pLfeufekptaR ettt iiR o itiue. . o..
t hose COWprdetIHag: H‘gl htbcﬁlteoﬁvlmaoﬂ cioabait 57 M SaGH, drehmtt 05.M NaO¥eslnmoe e, 2.0
times nore, re _th tha fW|I SpA. In one
enbodi nent semltoﬁgneé‘F l@ﬁqa]"ﬂFeSt‘g’ﬂl%Felf?rts 9)”%? abi %Bﬁagalmed ag%gél%@gd by the
retention Ofgah@b2cBidh t0 theGRdkR ihvenBMElo réthifRt lehst 0BAGHL edstsz%t ol dtouast. The

bi ndi ng capacity, referred to as Qd 50% is neasured by obtaining the vol une
of 1gGloaded to a I N280111i, of 50% of the initial 1gG concentration. Qd 50%
of the initial virgin resin packed inld colum is neasured first. The resin is
t hen exposed to about 10 cycles of 15 min exposure of 0.5 N NaCH at 0.8
m/mn Q 50%is neasured again. This process is repeated until the resinis
exposed to a total of about 100 cycl es of O. 5 N NaOH. Qd 50%|s rreasured one
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may be used in step (a) and a high salt concentration nmay be used in step (b).
In still other enbodinents both the pH and the salt concentration of the
buffer may be altered between step (a) and step (b). [0099] One skilled in the
art can reggil y deh r9€%r6§‘it% *Bﬁldﬁx%ré%atcit%@er%%hﬁp&%ﬂﬁﬂo RiuRdh®g 18 nb@sget
mol ecul e to a l'igand, and thereby alter the conditions to dlsru;i)t t'he bi nding
of the nol ecaftes 20 bourh@r hitey2Adrours.0n ey 3PHiogrsiohinspbdtion in &5 MiNe@Hy In | | ustrat ed by
the foll ow : ' t W dindmelchici Be The contents
of all ref 3?%%‘%&%@%&%%@%82%3&%% |Fsﬁ§et8g§’§t&g%t§ appl %nca icoé?sc&%?%ea t hr oughout
this appl i digarddry,lesashangl0%, aslessianFiOgu oeksss thae5 %m0 tesothan 2@s kwaneifier by

ref erence. anp| e | el (ge]Q rati %JIF@ hi Havi ng an
n+1 Mutati g%é te‘?”gn @%?@Eef% S g‘ﬁsag,&s%()%sl 0?1'2()%%@6?5 n'rg;onr\ég%g?rﬂpltogry

experi ment 25 a&owy ot 3elidues. gene encodi ng the "B donmai n" of protein A is obtained

i 11 at i ng RN oni nelaemsgnbodlieds, S Bor e fofng bR R Ra°0r (TC "

gene. The gef\Redest ipvedrbledititanisgtased @limprod6@Elkiline mabiNg &.compdétpar ent vect or
pJ56 confers resistance to anpicillin, kanamycin, chloranphenicol and

gent ar ni ci il Aﬁ?r iate restriction enzyne sites for the subsequent cloning
of the gengojari 0 exprA&iiRNstabRaY eabereRlilyHidaadetCiBtorenf ordifey géibin thé bot h 5'
and 3' ends. A plasmd map of the vector is shown in Figure 5.

[ 00102] Sat @rtal@msm%?%ﬁ@@%@@@@b%ﬂfé@#ﬂ@ﬂﬁ@ed to nutate glutamc acid at
posi tion 24pig1al | ot PR AR RhAYgrQS s bl HRFGiN) fefas ks d@umapt cysteine (C),
serine (S), alanine (A), glycine (qg), asparagine (N), and glutamne (Q by
PCR- based venamiion taghniaue vhieh wm@teéa*eﬁpglﬁtepf a’gqrﬁt (¢-nan ipgupegleidie) (New Engl and
Bi ol abs, | g3y Gler MNculeSid B nixtieGn@ WiGHABRbe fidoPild. HiplMly, dpral ville, 1A), as

100 1. 1M solution in Iris EDTA buffer. The nutagenic priners have the sequence
CTGCCGAACCEanGKrpEAnehadaindticphasEDUidbonas) wanspofis asempRIS r epresent's t he

Feacti ons. SOTRERE Ak A THERy ekl Fnlaitd uRbnad priEidrafieiRy S50 NP0 1
t ﬁrrpl aL e plmlind, Diffecengeslin lpairtifﬂrl?si arﬁr‘_llpi'eflrtz yhlcmtatim plase maﬁa@dilffmr_llfaccor ding to
the schene out]in in_Tabl e . ' i.pt i on Tenperature
Time # of (ﬁl}%ﬁﬂ@% Wﬁﬁ? ?llobé\l;{e R 3Srleactaﬂr%e5tﬂ}eod§:§e§§n&£ %ﬁ%"g‘lé gtn(ﬁgé'%ﬁﬂct ;BI{I:JI e Denaturation 95
C 30 secondso4bd cycl eThe term “affinity chromatography,” as used herein, refers to a mode

—t

of chromatography where the analyte to be separated is isolated by its interaction with
a molecule (e.g., an alkaline stable chromatography ligand) which specifically
interacts with the analyte. In one embodiment, affinity chromatography involves the
addition of a sample containing a target analyte (e.g., an immunoglobulin) to a solid
support which catries on it an alkaline stable chromatography ligand, as described
herein.

[0050] The term “protein A affinity chromatography,” as used herein, refers
to the separation or isolation of substances using protein A or SpA ligands, such as
those described herein, where the SpA or protein A ligand is immobilized, e.g., on a
solid support. Examples of protein A affinity chromatography media/resin known in
the art include those having the protein A immobilized onto a controlled pore glass
backbone, e.g., PROSEP A™ and PROSEP vA™ media/resin (Millipore); those
having protein A immobilized onto a polystyrene solid phase, e.g., the POROS 50A™
and Poros MabCapture A™ media/resin (Applied Biosystems, Inc.); and those having
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Anneal ing 55 C 60 seconds Extension 68 C 6 m nutes [ 00103] PCR reactions are
treated with the restriction enzyne Dpnl (New Engl and Bi ol abs, |pswich, MA) to
reduce wild type background To each 50 aL PCR reaction, about 1 aL of Dpnl

enzyne is adde n at 37 C
[00104] E c8f‘iqelﬁé5‘§1£‘°tbthm§ R et g"“ﬁﬁﬁ#f‘%ﬁ £, QIR 58 g@ﬁh MA) are

t ransf or rrecFA&I‘tHLOZWE\Loﬂf/IABISELBﬁWM d:oimnﬂtse(@krrl%%amdhcﬂcneoms) Cel I s are thawed on
ice, and 2 of the CR rgactl 0 ad L of, cells. Follow ng about
a 30 minut é&q%m:ubatl oﬁ S A ‘5182110@5]1’ %e%lr antho %e%lsefdor 30 seconds at about
42 C f Og&Sntaﬂgﬂa@bdl\lebw\l&iﬂeE 1ﬁ);1efe§mgjdqbl‘otegﬁ)ha\aﬁg)mgagﬁdfnmr?:}bﬁﬁptﬁd’e chaie, gn? E:] h](can 122 t
pi, o medi a w Engl a i oLabs). .i s, adde s. are i.ncubated for abou
one hour aﬁ“@ef“récg’%?ﬁ&ng ﬂfgtﬁ’o B 34E By ég}ﬁlcﬁﬁl%s%%ckaglsﬁ%é?b]&’ﬁﬁcrt heast

Labor at ory f§esxMinpRsby iMlershhiaWisulvd: beiRt whioh R tAO4bilRy g5 sqﬂeclﬁeanymlﬂd in and grown
overni ght at about 3},7 C.. Positive clones are ident|fied, é festing for the

expressi on aﬁ‘l‘gephgh?ﬁeﬁ?e?lﬁ@e'lcha"? grgpnglobplin'yor singleaain gnibpdy’ Hated  'n order to

obtai n purifiteg ng%l hedelhe fHAb 2 GRUGR hSEnRE BvdbdliRBtidcdhaetdtinght cul ture in
LB cont ai nllng 1a i/ ) icil a?)n DNArllg;‘é u(ﬂ)f%ﬁ%g using spin mni-prep kits

fromQ agerﬁ‘IOY(lﬂlr’:}illlﬂéﬁﬁ%1 beaVEN} a light clgssn), Mlﬁlch%il%%?ﬁwtqbﬂﬂﬁe JOrX@Rcd to confirm
the identity.Qfa; 1d9 hignes, WM hBL Bk GGy tli"s'}tﬁktcﬁiéhlllyl' Eindhdtiged end @yl ting plasmd
is used to trans col'i NEB5a conpéten |I's as descri bed above.

[ 00106] Fol |“dwinaig” tetﬁ@s tocm@buﬂaramqrmf adieayosilightchaig|pelypeptidg Somprésing, er ni ght

cultures are wn_ i n Tel‘l’lfl 0] n and cells are
pel l eted b)})eg% ?(i’ﬁ‘sls t YO %fgggé?BPtme?&P})lgabllnngéj@rs g@éﬁi@t% are resuspended
in 10 m s qficad shd aﬂﬂ/(daﬂtﬁichaln distlBSe ()cp:dnlomlnmnrfs atmﬂhftkmecfelsal uorluex)em | ysed by

soni cation and cenfrifu A 0 m nutes t i nsol ubl e
debris. Lyt e¥sifte %% ‘@g‘@gﬁeﬁﬁ’ﬁeg Oaﬁ’&f%&tav %l '/‘qgﬁeqa'fmcc?fva %O%'TNAW%% Pn that is
pre-equil i Rjoatapd ofWdrldud Olag@hdniBersvia kherase @fa “2&sﬁiM”ldﬂmdfmzmithel n PBS. After
washing with 20 colum val unes of, 20 nM i m dazol nples are eluted

from the r Ss¥HIGRRY3TIBES Hifhin the d9Paing of Rripgslaspe Fréé“ %8‘[‘5& ﬁ is dialyzed

over ni ght agajidbk’ dORBSinY HnfiBodyl RHER pPtide eddndink? @fe otieh rdiMEdA tdi al ysi s cassettes.
Followi ng dialysis, total protein quantitation is acconplished using the

Pierce M crig a%%kéX/mtB%W asapbedy o pelypentide dregions”sdhe congignio 7] The ami no aci d
and nucl ei gy gﬁhﬂ o?%ﬁiﬁ%ﬁ‘f%@t@ﬁ%ﬁnstd?@re‘ﬁrreh'tc?mte@cglgﬁééaﬁyQQﬂI?ghﬂclﬁtﬂﬁ the various n+l

mutants are depicted in ures i campl e Assaying the Expressed

Pr ot ei ns f crongthrk a¢giane”, ShalmcmltlyonS[aomcma]lm’f,f iChi” wggigng or T‘Weddqma}“éft ype and nutant
SpA hi s-t aggad: Gop; {”r(fd fafhs S8R HD a{f}pcﬂmmﬁ he@foEEanclhhﬁgf%Q)l%st h M11iQ water
or with NaOH'to a |na concentrdtion of glncu bat ed Tor” si x hours at
room terrper‘&mayrye:halﬁlcmsmt vgions, Eleassmhalrﬁzogﬁantfdpm@mat ‘en” tagionpds are used to

et ars of Pl TREAAAINE: S s Rl BREDIBR TR Jl Gl TOt 2 prOLe

quantitation’is acconp asin cro assay and sanples are
diluted tohﬁteggéﬁgeablynaPB@hfmamlwaaablmgpgwms b“hglmdﬁm Maplleaipmalnﬁbpr oxi mately 200
pl(2 ng) of“ reat.ed PrA i,5 adsorhed. to ELI S Iate for 2-24
hours at 37 é TR QF a?)rflﬁ)lg?(eﬂ‘ Harlg’lL 3?)8% tlb o |ﬁlg Buf fer in PBS

( Super bl ockarBrrelias intddcHahgedblyas Fiscany clraﬁo\mnhﬁlawmsm‘heavﬁplpmmm mately 200 gl
of Sigma human mra, gl ebulin. dilu o 0.05 ng/nm in Superblock-PBS (10 jig)
i s added to"aé'ﬁ*&l%%%Flpgo?&ﬂhéeglﬂnaf’rep\g%d‘soﬁ?%‘&r ng is allowed to proceed for about
1 hour at OSEter'rperdﬁlﬁfuﬁoglﬁiﬁhlhﬁwdﬂﬁbdd’é’s&ﬁay%&ﬂi‘tﬁﬁcl‘@hdlbr Rﬂ{ﬁ:l@mlm ai ni ng about
0. 05%Tvveen 0 (]PBS-T), pl ates are |ncubated with a 1:10,000 dilution
of a chi ckedmpy-sKiRbingRHORGHS et Rolyractis fariforexan b? jesWHelit 1 hour at
room t enper gt 'irﬁpenémeﬁé for@nioPBIA 4niEbEReRIT DS Sxibirt llaofcﬁ&rm, dipleaé g5 are

devel oped wth of Pierce 1-Step Slow TMB ELISA for 30 m nutes at room
t enper at uremuflll*lﬂ@rlia 8&@1'5 Thp tars “Gegped drebys ordag @ pettiomoiym antibodyiorof 1N HCL and
primary Ig ans kbRt Shind Scid PERIBARGEad Bt GlopRtenm Al 1 sanpl es
are assaye(?‘jl @r‘@gﬁ ?g g%gh%at aml smana l'yzed: aas 1t he chgnge eI n primary 1gG

bi ndi ng bef atibodynat aaﬁbOdlY chaiuskiagmenteeanrhepbtained via chemical ot enzymatic
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[ 00109] The result of an exenplary experinent assaying for the al kaline
stability of the various n+l B domain nutants is sumrarized in the bar graph
in Figure 8. The various constructs are depicted on the X-axis and the
correspondl n ent .o G bi ndi t f exposure to
1M NaCH it gg‘g?to anglﬁa CE ?1“% pgﬁ %ntlﬁgd ydoef l%béiggha% ﬁlragfgé&s &?%}Eosﬁ b|9n Fi gure 8,
several of obthmedhb)lrenmrhhnarﬁ nfeans. Eyemplenyl ﬂ(aygn&nismwlmbleb dabpoe&bt)edic 24 of the B
dormai n exhi b‘k v%a anced caustic stability. [00110]In another experiment, SpA
| i gands haff @fﬁe g¥Sore B domains or two or nore Z domains of SpA are

assayed forgombkal i ne Bhcabint ¥dnyigdnshinging hregnasisayfeckars apoblypebtbpurgion | N yet anot her
experinment, SpA |li gan S haV| domai ns four. omains (B4), five
B domai ns PBY)Immynesly @B’rﬁilaﬂg OCIBE‘W E‘F'E%*E\/aélﬁg@?f ﬂ‘ﬁ%’ﬁgs ‘(’%ﬂngﬁfe assayed for
al kal i ne staddody tie., WwaihiBe infhet MG fEles Ghich @ty ey deriveddddahliken an exenpl ary

experiment, the percent of residual |gG binding cg&sﬁlty of Ihe l'i gands B3, B4
and B5, as H@%}ﬁé‘ﬁ spes g bingige)e B inging, Hagmentseap B¢ P DR EFOMBINER, | s as

fol | ows. Tlﬁﬁiﬁécﬁdlﬁiﬁg%r'B?Eﬁ’éyﬁfatlélgp&km?c%%l@ivagéﬁ 1ﬁt§‘<§|1ﬂﬂ1@hoélcﬂﬁhb§ ndi ng capacity
following a six hour exposure to 1M NaCH, the B4 ligand retains about 86% of
its resi duﬁmdlwﬂtﬂmmtsri@ch&ﬁﬁ&bﬁa? F@bolhir-siyels chpigs, HB@IFIH%‘?ﬁ%ﬁre to | M NaCH;
and the B5,| zagﬁ retains about 83% of its residual 19G binding capacity

fol | owi ng a SI X hour exposure to 1M NaCH The wt SpA |i nd (nPrA) only
retains abd@A5449% of Atss eneogipdssad arediGion moteing inchudingian yni dy i ng a si x hour

exposure t &@gﬁnt of wildtvpe SpA and SvA variants to
a solid sugpéll}{lf3 i tffﬁ?@lb‘gfég%%ﬁ"}l?o t he generation of the various SpA

vari ants afabssglent i f i Tl teoms ‘Pblynindeidethandlineglec ecidiswojeguls’abdde usi ng one or
nore assays_known t he ar h he SpA
variants aﬂ%ergﬁz{nggar? %n de Sert% ryﬁne?%?orgﬁ%?ﬁﬁc?ﬁ%ﬂgés%f %ﬁféﬁéﬁle@nﬂlaﬁ] exenpl ary
experi nment rlbag&ﬂdoﬁéeshﬁdem(yﬁﬁﬁmhlamﬂke Zl]B:)se {eGihs inelati¢ hsingle-, dRibkeat away NJ) are

crosslinked S|n | or oh re usI escri bed net hod
(Por at h anc.‘l”;—i B‘fbﬁ?‘ Fﬁ?r@hggaé%%y%])}’%%éflﬁ ty?gpagar ose beads are
reacted w tcbmpﬁﬁng purRle Yin® paingidile as@g@r ambtvteltlgﬁlptlﬁﬁucaﬁy gr biodrmiatig, accordi ng
to the follow ng nethod: 50 nL of, bead %re a;ilﬁ %cﬁ( f 75% wt gl yci dyl
trimet hyl affRsHf! rRQIHIAGFRI S derepfifge)nuc 6“4‘(1 a1 | §)° BE (M1 pore Corp.,
Billerica, JNRhyadadidd cﬁicoﬂlp'él@e Sooies aﬁa)ﬁadapnalfwgb@ﬁI(ai,enayTtbpicmjaﬁtfbm i s shaken

vigorously (>.100 rp a rotar aker over ni gat at 3 é erature. The
beads are timBNA Qrﬂ?@ﬁ ar @ﬁ@!fﬁ%@}fé stiffitedysugp & @haphatgeroypy Jraddie v | 1§ - QC wat er
(M1lipore a%ﬁﬂe-s&ﬂd'e@bbl?ﬁml%e can[b@gﬂﬂiﬁn]ea- h@mbﬁ‘@ﬁﬁglé sknfdd filtered cake) are
added to ajar containing m xture is slurried and then
19.5 L of p@bmacriemdenorqsip@oﬁehwwéﬁmesxsewﬁxgey SY@hf‘éaa@d € This nmixture i s shaken
at 356Cfr ./ of MIli-@8
water (M |%I p &o%Slaglé&ﬁdeaﬁﬁ%gﬁgﬂl\/%%trarﬁug%?ﬁ)&@ﬁ%ﬁ?%h?ﬁ g‘lgb nm. of 10 niM
NaHCCB. [ocsymh@shmgathe atneploméntdry sindgie ineo w&@ﬁémomermwsth@p 10 mL of the

fil d bead
150/ L concanPPRiroR Be i FioatPEbicEl vl Ol iy I B S L6 o pr esent

i nventi on. gtheomgexnt fragnens, ooappmdrmemorw, gleas mové mfromnohRNAe cl)Naly, is rotated in a
hybri di zer at 37’ Cfor Af t er Lo hoyr h ds are washed

wi th 30mLs 8ot oarf“f (tje rbr?"ﬁﬁ?‘ﬁ?‘%‘/&%‘ale‘éodes aéfnluré‘?e;d@trs %R/ﬁfe% The filtered

bead cake (BNAlY ahysseqaties idotated RINA 0O aiyasequence, audéc adid pwbed, kioh conpri sed of 1

mL of thioglycero n of a buffer lLution with O HCO3 and 0.5 M
NaCl . The rﬁr%eﬁﬁ'e*i’ y%“r"?ﬁ"%ee 2RPRRT5E g‘togﬁi%g{}'é‘?l‘?ﬂtla?& S%?P a Bﬁmyl\lgﬁper ature. The

beads are thgRoH®S Bﬁﬂnﬂ&ebhd@&al’&gs Qfac&h@thfeﬁlu Q‘d\/hﬁtglnﬂkﬂfgfg%@s stthlasM Tri s Buffer

(pH 8, 0.1 MTris Buffer with NaClOé %L SOS%Acetlc Acid (pH 4.5),
PBS (pH 7. 4Juoygribgseang dizioass. %@PW%@? ganchey 013 BeRAEFR: | &5 coupled with

different Smﬁcw&fdb@&fuén@ﬁ ﬁlclua@serl&enmaie@A 96; anBer, Buf Mo iMdlhdbs hpe SpA; Z3 for
SpA ligand containing three Z domai ns; E3 for SpA | I}@%dnd containing three E

dommi ns: Dfitesir amplags orguerifieddarmas aiithege bases such ag Bistivladed nngleptisles,SpA i gand

contai ni ng A 6616 ARty rg%u&pa{s u%%réédgi%ﬁ e§9fm~tﬁioﬂﬂe§‘glsé & 8g.rC donmi ns; B3
for SpA |igand containing t%r ee B domai ns; for SpA I'igand cont ai ni ng four B
domai ns; B5 for SpA ligand containing 5 B domai ns; BS5NF and B7NF containing 5
and 7 B domai ns, respectively, and addétionally containing a G9A nutation at
position 29. Follow ng attachnent to a resin, the various SpA variants are
assayed for alkaline stability. Exanple 4: Resin 1gG binding capacity (CQd 50%
tests before and after caustl C cycling [00116] I n an exerrpl ary exper| ment, the
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exposed to 10 cycles of 15 nm 0.5 N NaCH (flow rate 100 cnmihr) foll owed by
anot her 1gG dynam ¢ capacity neasurenent. The nedia is subsequently contacted
with another 10 cycles of 15 mm 0.5N NaOH exposure, followed by another

out ai ter dntnisdreied BPRRALEIREL ook IF RSP Ut OB TRG,, T o518y T

an exenpl ara)pamé@lef enimidtment helucle&ubiHSncﬂécuWuoniprmse ndlelpoteleseluenceFi gure 9,
trimers of E, g%ﬁnd Z domai ns containing natural B domain |inkers
are attachéﬂch@gélnvaggﬁro SR resin and their caustic stability is measured by
dynam ¢ bi neis8y capacThe/teMy &ffc- BiRGAngY chinds t0fn Bapation’ @Xpodinge ach cycl e
including a 15 mnute ex u ri.zed. in the graph in
Figure 9, ®PRBIOAUIREES tod*‘e?@? @ga%?cj@q‘&f? 8%188hr8ﬁ1a¥°ﬁ’é‘p§@' %Q dﬁsﬁﬂb?‘ﬂe | gG bi ndi ng

capaci ty i $eRiQid 18l @Nhd dfstaltizbieSpart (R o€aMlibbe 14 selaeBhboditemEr s exhi bi t
approximately the same | evel of caustic stability. The B domain triners are

nore caust |11€aI§jtaéEB<PfémgF%WGPWHAIYHW@‘%‘#S%F%POW efanantibodiegeausti c stabl e
than the Epand, idf, Qcﬁ%}ﬁgm)twlwnsdfﬁa raf RE® 10T Moo L 107 Mawst i c stability
can be sunmmari zed as follows C and Z>B>A>E and D. [00119]In anot her exenpl ary
exper i nent Jeasigdi'dde resins coupled with B donmmin variants: BBB (B3), BBBB
(B4), BBBB (§ BBB S ek 1, BRBRBBE: Nmdi 4o Nehb nérfignconpared with
w SpA (nP im ng tﬁg"%gé‘gg descefmﬁq% ﬁﬁlovgBto anssrgyofor Fgé dynam ¢ bi ndi ng
capacity O\rderslﬁﬂle@yld:lt}ed apfalke hnesstable ahxqrontegraphy digand deyeribed h@rémutsh ng a 15 minute
exposure t {gg&; t he extent of
caustic stg)bdltggfayal Sg&% rec? y pro%%agswgﬁgﬁg&@hw%d&%bg?go dOfTB.I ns and
further thatedutddebifE2@ytomithportinn’t sfereidaoe décadasbinrviiding tdedsb (st af f ect the

caustic stabilit 01201Th eci fi ot t| on understood in
light of t ﬁ)éaﬁ‘ﬁ‘i"ﬂgga‘b‘fm’%‘w&g‘#’gﬁ nrné(r)l1 %3”%“ éd)% m%hré ?ﬁg&éigglgtﬂ cation which
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following claims. [00122] Many nodifications and variations of this invention
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dormai ns of Staphyl ococcus protein A (SpA), or a functional fragnent or variant
thereof. 2 An al kaline-stable chromatography Iigand conprising two or nore B
domains or two or nore Z domains of Staphyl ococcus protein A (SpA), or a
functional fragnment: or variant thereaf; wherein the two or nore B domains or
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6. A chromat ography matrix conprising a |igand according to any one of paras
1-5. 7. A nethod of affinity purifying one or nore i mmunogi obulins froma
sanpl e, the nethod conprising the steps of: (a) providing a sanple conprising
one or | i nsy cang act matri x of para
6 under coﬁﬂ%?@@ﬂ@gi:ﬂguh?@é Lsma %‘rlseflrt?)(gréﬁl gr%g&iéo?fbwf]%%gk ?nd to the

mat ri x; and'h(cﬁ)exlﬁleiscﬂvﬁﬂmggembmmalemdesnmkd homimd i mrunogl obulins by eluting

under suitabl e conditjons. cor. any aone of pans 1-5,
wher ei n thgoopg]gand r 5?‘?1%6‘3304“88% §'g el(‘iiaa'ﬂ%tr%(ﬂ%cu%% i (}/ngm V' after 5 hours,
or after 1Q@oMsiHg & SpAr orgbotths therebbeande clhedintoes su?:ﬁblélmut(ﬁ' fompmmmn in0.5M

NaCH. 9. The ligan accor ng.to any one of aras ei.n he ligand is
capabl e of TANPPIIgUIAE hpgt g pitgble %SSIOBrve‘ﬁo Pire GHJ]S‘PW\‘%“H%% more of 1gG

as conpar ediQ1yinoRhe thleQece%r;aél&ﬁéﬂt@ﬁn &Ieiiiah@ngmtmmtt@gﬂawhwkhegand conpri si ng
one or nore isolated E, D, A, B, Cor Z domains of Staphylococcus protein A
wher ei n t haatianeSih coingsedsat ed donai ns conpri se one or nore am no acid

resi dues afyjgepi tion épkAqomeﬁlést&edcrmadﬁaxmnﬁéms%lﬂexy&ﬁ&%ﬂ tighiediyno aci d ot her
than cysteine (c), serine (S), alanine (A), glyeine (G, asparagine (N, or
gl ut am ne @om amm@ﬁféﬁl prepurpasp fos Sagmentaysingspehodsivved known mheplbal i ne- st abl e

chr omat ogr E, DD A B, Cor Z
domai ns of %%ltﬂ:)(l S\%ﬁg oagg lhé%};ﬁg}eﬂ@ﬁle&\%\)ﬂge@g?#?ﬁg&gﬁ?or nore isol ated domai ns
conpri se Otbetyhmycmmlvcmyam Emoe&-ﬂhor@ylm@éomcaﬂmsﬂb prpmoaghes|(saud-&t ed to an ami no
acid sel ec u ml 0 ine (R, aspartie acid (D),
glutam c atéfg Pf(lﬁw hé@t()?%g ‘PS( § %lﬂélzﬁ%&( | encine (14, lysine (K),

met hi oni ne [0d] phenyEsgiressionef SpA nmﬂetcukls dl@cné@)iheltemcaolbﬁ aompligedphan (W,

t 12. Th
I Y{:}g?\:jngf ( &f@n%@%@i{?ryo%;tg PR raglygasgsslﬁlgér%gsg&%{e]‘l 3?%8@‘ T ong’%gem A caﬁstl c

stabl e af f ihgiticyllss Big o batvigrsaghas Aresli.i x conprising three or more, or four or
nore, or f|ve3£r nore, or Six ven .or Z domai ns of SpA
ol

'
attached t 899350l d s{]ﬁg@ﬁﬁ@?&“ﬁﬁtﬁ §pﬁbl?1f’|]te° ?S[Oéérﬁﬁ]@?‘ﬂsa%i4vani\mrrel thoti for
i denti fi catphpebrafaydB epéssEbsitle ahm&mﬁomanbm@ gﬁhdlambuchlphzl@ caust ic stable,

the nmethod conprising the steps on. (a), treat and with
caustic; (yntaiasryl4 ?F@“‘Ei’ﬁﬁglaf)‘if’ Fsr@é?%:’(’}dg é%‘a‘ﬁglef‘ﬁ leﬂf’ﬂegl pl ate; (c)
contact i ng phhg é&é’eebq%gfﬂnhﬁaﬂﬂe WhA Maclech RULY Al infGin lblﬂin cafi b first

i mmunogl ohnlin, such that the first .inmmnogl obulin ﬁ)@ég the hand; (d)

cont act i ng readély Besayed oy ysing Sfaﬁﬁﬁﬁﬁgh@ﬁ%ﬂsl%tmﬁftﬁn‘éthﬁﬁﬂ q?é‘ﬁ %{E)‘ébl e of binding
the first whajopl AB! HE&heden) tth a detectable
agent; and g ;q%’é?g%?liagmet e@ggﬂﬁ%gg@gﬁg?lglﬁgﬁ f?gﬁngst he agen\r):nt ' wherein the
anount of d§ desahble ﬂlavhobmdmg @ffallltYPf)aft BirA malestl ef the aresert fnyemiondpan | | gand,
thereby to hﬂ%ﬁ&g&% mﬁ*}&@%@ﬁ@% Qﬂat%?th@?hﬂ%ﬂt HANSHd. Fusth@floge, 15. The

nmet hod of para re ecu I's a second I nmunogi obul in.  SEQUENCE
LTSTI NG <111t1@:aeMab1bmmE alBEMRCRATIitY afithe $pA s alywuR TS ©NSARBIEPIOHFROA 1 A2 OGL

. GANUS <13 %@r t}{%f %}Pe%%rente molecule.

III.  Assaying for Alkaline Stability of the SpA Molecules
[0064] Subsequent to the generation and purification of a suitable SpA

ligand molecule, as described herein, the alkaline stability of the molecule can be
assayed using standard techniques ih the art and those described herein. For example,
the alkaline stability of an SpA. molecule according to the invention can assayed using
routine treatment with NaOH at a concentration of about 0.5M, e.g., as described in

the experimental part below.
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“increased” or “improved” alkaline stability, meaning that the molecules are stable
under alkaline conditions for an extended period of time relative to wild type SpA.
Previously, it has been reported that SpA molecules based on the wild type C domain
of SpA or having a mutation of one or more asparagine residues provides an improved
chemical stability and hence a decreased degradation rate in environments wherein
the pH is above about 10, such as up to about 13 or 14.
[0066] The present invention is based on the surprising and unexpected
discovery of novel SpA molecules which exhibit increased alkaline stability even
when they are based on domains other than the C domain or have mutations in amino
acids other than asparagines. For example, the present invention provides B or Z
domain based alkaline stable SpA molecules and SpA molecules which have a
mutation in an amino acid at position n+1, where n represents an asparagine (e.g.,
asparagine at position 23).
[0067] In some embodiments, subsequent to the generation of the SpA
ligands according to the present invention, alkaline stability of the ligands is evaluated
using a novel high throughput immunological assay, described in more detail in the
Examples infra. The assay is based on the assumption that degradation of SpA in
response to extended caustic exposure is reflected as a loss or reduction in IgG
binding. Briefly, soluble SpA based ligands are treated for about 6 hours with either
water or 1.0M NaOH. Hydrophobic interactions are used to attach microgram
quantities of neutralized candidate ligands to a solid support in the form of an ELISA |
plate, e.g., a 96 well plate. IgG binding is then assessed for each candidate ligand
before and after exposure to 1.0M NaOH. Enhanced caustic stability is indicated
when the amount of residual IgG binding to a ligand following caustic exposure

exceeds that of wild type SpA or parental SpA from which it is derived.

1V.  Supports Used for the Preparation of Chromatography Matrices
[0068] In some embodiments, alkaline stable SpA ligands encompassed by

the present invention are attached to a support, e.g., a solid support or a soluble
support, to generate a chromatography matrix suitable for the separation of
biomolecules such as, e.g., immunoglobulins.

[0069] In some embodiments, a ligand according to the present invention is

attached to a solid support. Without wishing to be bound by theory, it is contemplated
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that any suitable solid support may be used for the attachment of a ligand according to
the invention. For example, solid support matrices include, but are not limited to,
controlled pore glass, silica, zirconium oxide, agarose, polymethacrylate,'
polyacrylate, polyacrylamide, and polystyrene.

[0070] It is contemplated that any porous material that contributes to less
than a 5% change in alkaline stability of the attached ligand after soaking for about 30
hours in 0.5 M NaOH may be used as a solid support.

[0071] A porous material used as a sblid support may be comprised of a
hydrophilic compound, a hydrophobic compound, an oleophobic compound, an
oleophilic compound or any combination thereof. The porous material may be
comprised of a polymer or a copolymer. Examples of suitable porous materials,
include, but are not limited to polyether sulfone, polyamide, e.g., nylon,
polysaccharides such as, for example, agarose and cellulose, polyacrylate,
polymethacrylate, polyacrylamide, polymethacrylamide, polytetrafluoroethylene,
polysulfone, polyester, polyvinylidene fluoride, polypropylene, polyethylene,
polycarbonate, a fluorocarbon, e.g. poly (tetrafluoroethylene-co-petfluoro(alkyl vinyl
ether)), glass, silica, zirconia, titania, ceramic, and metal.

[0072] The porous material may be comprised of an organic or inorganic
molecules or a combination of organic and inorganic molecules and may be
comprised of one or more functional groups, e.g., a hydroxyl group, a thiol group, an
amino group, a carbonyl group, or a carboxylic acid group, suitable for reacting, e.g.,
forming covalent bonds for further chemical modification in order to covalently bond
to a protein. In another embodiment, the porous material may not possess a functional
group but can be coated with a layer of material that bears functional groups such as,
an hydroxyl group, a thiol group, an amino acid group, a carbonyl group, or a
carboxylic acid group.

[0073] In some embodiments, a conventional affinity separation matrix is
used, e.g., of organic nature and based on polymers that expose a hydrophilic surface
to the aqueous media used, i.e. expose hydroxy (--OH), carboxy (--COOH), carbonyl
(--CHO, or RCO-R’), carboxamido (--CONHp, possibly in N-substituted forms),
amino (--NHp, possibly in substituted form), oligo- or polyethylenoxy groups on their
external and, if present, also on internal surfaces. In one embodiment, the polymers
may, for instance, be based on polysaccharides, such as dextran, starch, cellulose,

pullulan, agarose efc, which advantageously have been cross-linked, for instance with
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bisepoxides, epihalohydrins, 1,2,3-trihalo substituted lower hydrocarbons, to provide
a suitable porosity and rigidity. In another embodiment, the solid support comprises
porous agarose beads. The various supports used in the present invention can be
readily prepared according to standard methods known in the art, such as, for
example, inverse suspension gelation described, e.g., in Hjerten, Biochim Biophys
Acta 79(2), 393-398 (1964). Alternatively, the base matrices can be commercially
available products, such as Sepharose™ FastFlow (GE Healthcare, Uppsala, -Sweden).
In some embodiments, especially advantageous for large-scale separations, the
support is adapted to increase its rigidity, and hence renders the matrix more suitable
for high flow rates.
[0074] Alternatively, the solid support can be based on synthetic polymers,
such as polyvinyl alcohol, polyhydroxyalkyl acrylates, polyhydroxyalkyl
methacrylates, polyacrylamides, polymethacrylamides efc. In case of hydrophobic
polymers, such as matrices based on divinyl and monovinyl-substituted benzenes, the
surface of the matrix is often hydrophilised to expose hydrophilic groups as defined
above to a surrounding aqueous liquid. Such polymers can be easily produced
according to standard methods, see e.g., Arshady, Chimica e L'Industria 70(9), 70-75
(1988). Alternatively, a commercially available product, such as Source™ (GE
Healthcare, Uppsala, Sweden) and Poros (Applied BioSystems, Foster City, CA) may
be used.
[0075] In yet other embodiments, the solid support comprises a support of
inorganic nature, e.g. silica, zirconium oxide efc. The §urface of inorganic matrices is
often modified to include suitable reactive groups for further reaction to SpA and its
 variants. Examples include CM Zirconia (Ciphergen—BioSepra (CergyPontoise, |
France) and CPG® (Millipore).
[0076] In some embodiments, the polymers may, for instance, be based on
zirconia or silica or controlled pore glass, which may be modified to eithér contain
reactive groups and/or sustain caustic soaking, to be coupled to ligands.
[0077] Exemplary solid support formats include, but are not limited to, a
bead, a gel, a membrane, a cassette, a column, a chip, a slide, a plate or a monolith.
[0078] With respect to the format of a matrix, in one embodiment, it is in the
form of a porous monolith. In an alternative embodiment, the matrix is in beaded or
particle form that can be porous or non-porous. Matrices in beaded or particle form

can be used as a packed bed or in a suspended form. Suspended forms include those
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known as expanded beds and pure suspensions, in which the particles or beads are
free to move. In case of monoliths, packed bed and expanded beds, the separation
procedure commonly follows conventional chromatography with a concentration
gradient. In case of pure suspension, batch-wise mode will be used. Also, solid
support in forms such as a surface, a chip, a capillary, or a filter may be used.

[0079] The matrix could also be in the form of membrane in a cartridge. The
membrane could be in flat sheet, spiral, or hollow fiber format.

[0080] In another embodiment, a ligand according to the present invention is
attached to a soluble support, e.g., a soluble polymer. Exemplary soluble supports
include, but are not limited to, a bio-polymer such as, e.g., a protein or a nucleic acid.
In some embodiments, biotin maybe used as a soluble polymer, e.g., as described in
US Patent Publication No. 20080108053. For example, biotin may be bound to a
ligand, e.g., an SpA based caustic stable ligand according to the preéent invention,
which subsequent to being bound to the ligand can be used for isolating a protein of
interest, e.g., an antibody or fragment thereof, e.g., present in a crude mixture and the
protein of interest can be isolated or separated via precipitation of the biotin-ligand-
protein polymer complex in either a reversible or irreversible fashion. The polymer
may also be a synthetic soluble polymer, such as, for example, including but not
limited, to a polymer containing negatively charged groups (carboxylic or sulfonic),
positively charged groups (quarternary amine, tertiary amine, secondary or primary
groups), hydrophobic groups (phenyl or butyl groups), hydrophilic groups (hydroxyl,
or amino groups) or a combination of the above. Exemplary synthetic soluble
polymers can be found in International PCT Publication No. W02008091740 and
U.S. Publication No. US20080255027, the entire teachings of each of which are
incorporated by reference herein. These polymers, upon specific physical changes in
one or more conditions such as pH, conductivity or temperature, can be used to purify
the protein of interest via precipitation in either a reversible or an irreversible fashion.
Synthetic soluble polymers may be used alone or may be coupled with a caustic stable
ligand according to the present invention and used for capture/purification of a protein
of interest such as, e.g., an antibody or a fragment thereof, via precipitation in either a

reversible or an irreversible fashion.

V. Methods for Attaching a Ligand to a Support
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<212> PET hydroxysuccinimide (NHS) etc. are well-known coupling reagents. In some

embodiments, a spacer is introduced between the support and the ligand, which

improves the availability of the ligand and facilitates the chemical coupling of the

ligand to the support. Alternatively, the ligand may be attached to the support by non-

covalent bonding, such as physical adsorption or biospecific adsorption.

[0082] In various embodiments encompassed by the present invention, the

ligand is attached to a solid support such as, for example, a chromatography resin at

more than one site, thereby resulting in a chromatography matrix.

[0083] Attachment of an alkaline stable SpA based chromatography ligand

to a solid support can be achieved via many different ways known, most of which are

well known in the art, as well as those described herein. See, e.g., Hermanson et al.,

Immobilized Affinity Ligand Techniques, Academic Press, pp. 51-136 (1992).

- [0084] For example, protein ligands can be coupled to a solid support via
active groups on either the surface of the solid support or the protein ligand, such as,
for example, hydrolxyl, thiol, epoxide, amino, carbonyl, epoxide, or carboxylicb acid
group. Attachment can be achieved using known chemistries including, but not
limited to, use of cyanogen bromide (CNBr), N-hydroxyl succinimide ester, epoxy
(bisoxirane) activation, and reductive amination.

[0085] For example, thiol directed protein coupling has been described in
the literature. See, e.g., Ljungquist, ez al. Eur. J. Biochem. Vol 186, pp. 558-561
(1989). This technique has been previously applied for coupling SpA to a solid
support. Since wild type SpA does not contain thiol groups, the attachment is
achieved by recombinantly inserting a thiol containing cysteine at thé C-terminus of
SpA. See, e.g., U.S. Patent No. 6,399,750. Several commercial products such as
MabSelect™, MabSelect™ Xtra and MabSelect™ SuRe are prpduced via this
mechanism. It has been reported that this terminal cysteine only reacts with the
epoxide group on the solid surface, thereby resulting in single point attachment of the
SpA to the solid support. See, e.g., Process Scale Bioseparations for the
Biopharmaceutical Industry, CRC Press, 2006, page 473.
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domain. The attachment of an SpA domain to more than one site on a solid support,
e.g., a chromatography resin with epoxide or aldehyde group, can be achieved by |
reacting the amino group of lysine on SpA, via epoxide ring-opening or reductive
amination, respectively. In certain embodiments, multipoint attachment can be
achieved by the reaction of one or more naturally occurring amino abids on SpA
having free hydroxyl groups, such as, for example, serine and tyrosine, with a support
containing an epoxide group via a ring-opening reaction. Alternatively, multipoint
attachment can be achieved, for example, by the reaction of naturally occurring amino
acids on SpA having free carboxylic acid groups, such as, for example, aspartic acid
and glutamic acid, with a support containing amino groups via, for example, N,N’-
carbonyldiimidazole. Multipoint attachment of the ligand to support can also be
achieved by a combination of all the above mechanisms.

[0087] To achieve caustic stability using the multimers of B and Z domains,
this invention excludes the single cysteine mutation that leads to single point
attachment. |

[0088] SpA based chromatography ligands may also be attached to a solid
support via an associative mechanism. For example, an associative group may
interact with a ligand of interest non-covalently via ionic, hydrophobic or a
combination of interactions, thereby to attach ligand of interest onto the solid surface..
This facilitates the high efficiency coupling of ligand to the solid matrix, for example,
as described in US Patent Publication No. 20070207500A1, theréby resulting in
ligand density higher than that without the associative groups. Associative groups
suitable for use in the invention include charged species such as ionic species, and
uncharged species such as hydrophobic species. The associative group may modify
the solid support, e.g. by covalently binding directly with the solid support. Suitable
examples of ionic species may include quaternary amines, tertiary amines, secondary
amines, primary amines, a sulfonic group, carboxylic acid, or any combination
thereof. Suitable examples of hydrophobic species may include a phenyl group, a
butyl group, a propyl group, or any combination thereof. It is also contemplated that

mixed mode species may be used. The associative group may also interact with the
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associative group. Suitable functional groups include, but are not limited to amines,
hydroxyl, sulfhydryl, carboxyl, imine, aldehyde, ketone, alkene, alkyne, azo, nitrile,
epoxide, cyanogens and activated carboxylic acid groups. As an example,agarose
beads contain hydroxyl groups which may be reacted with the epoxide functionality
of a positively charged associative group, such as glycidyl trimethylammonium
chloride. A skilled artisan will appreciate that a plurality of associative groups may
be coupled to the solid support provided that at least one bifunctional associative
group is used. Thus associative groups may be coupled in tandem to the solid support
or they may be individually coupled directly to the solid support.
[0090] In some embodiments, the present invention provides associative
groups and/ or protein ligands which may be coupled to a solid support via an
intervening linker. }The linker may comprise at least one functional group coupled to
a linking moiety. The linking moiety may comprise any molecule capable of being
coupled to a functional group. For example, the linking moiety may include any of an
alkyl, an alkenyl, or an alkynyl group. The linking moiety may comprise a carbon
chain ranging from 1 to 30 carbon atoms. In some embodiments the linker may be
comprised of more than 30 carbon atoms. The linking moiety may comprise at least
one hetero-atom such as nitrogen, oxygen aﬁd sulfur. The linking moiety may be
comprised of a branched chain, an unbranched chain or a cyclic chain. The linking
moiety may be substituted with two or more functional groups.
[0091] Choosing the appropriate buffer conditions for coupling a protein
ligand to a solid support is well within the capability of the skilled artisan. Suitable
buffers include any non-amine containing buffer such as carbonate, bicarbonate,
phosphate and acetate buffers. When associative chemistry is used, salt concentration
of the buffer will depend on the associative group used. For example, the salt
concentration may be in the range of SnM- 100 mM. Where a charged species is
used, the salt concentration may be at least SnM but less than 0.1M, at least SnM but
less than 0.01M, at least 5SnM but less than 0.001M. In certain embodiménts, the salt
concentration may be 0.01M. Where a hydrophobic species is used a high salt
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than 40°C, less than 20°C, or less than 10°C. In some embodiments the method of the

invention is practiced at a temperature of about 4°C. In other embodiments the

method of the invention is practiced at a temperature of 20°C.

VI. - Methods for Assaying for Alkaline Stability of the Attached Ligands

[0093] ~ The increased alkaline stability of the ligands subsequent to their
attachment to a support can be assayed by using well known techniques in the art and
those described herein. For example, in some embodiments, alkaline stability of
multimers of SpA domains attached to a resin, e.g., B and Z domains of SpA attached
to a chromatography resin, as described herein, can be confirmed by treatment of the
resin with 0.5 M NaOH. It is to be understood that an increased stability means that
the initial IgG binding capac1ty is retained during a longer period of time than what
can be achieved by the wild type SpA molecule. For example, in case of the present
invention, after 100 cycles, each including a 15 min treatment with 0.5 N NaOH, the
percentage of retained capacity of the SpA ligands, e.g., those comprising multiple B
or Z domains, is at least 1.5 times more, 2.0 times more, 2.5 times more, or 3 times
more than that of wild type SpA. In one embodiments, the alkaline stability of the
bound ligand, as assayed by the retention of IgG binding capacity over time, is
measured as follows. The binding capacity, referred to as Qd 50%, is measured by
obtaining the volume of IgG loaded to a UV,gonm of 50% of the initial IgG
concentration. Qd 50% of the initial virgin resin packed ina column is measured
first. The resin is then exposed to about 10 cycles of 15 min exposure of 0.5 N NaOH
at 0.8 ml/min. Qd 50% is measured again. This process is repeated until the resin is
exposed to a total of about 100 cycles of 0.5 N NaOH. Qd 50% is measured one last
time and the results from resins made from different ligands are compared with the
wildtype SpA.

[0094] In another assay, caustic or alkaline stability of the resins is

measured by static soaking of resins of interest. By soaking a measured amount of
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resin in 0.5N NaOH for 25 hrs with gentle rotation and measuring IgG binding
capacity before and after the NaOH soaking, the alkaline stability by way of retention

of binding capacity of the resin can be determined.

VII. Methods of Purifying a Target Molecule Using a Chromatography Ligand
of the Invention

[0095] In some embodiments, the present invention provides a method of
purifying a target molecule from a mixture using the alkaline stable chromatography
ligands described herein. The target molecule may be any molecule which is
recognized by an alkaline stable chromatography ligand provided herein, where the
ligand is coupled to a solid support. Examples of target molecules include
immunoglobulins. The immunoglobulins may be polyclonal antibodies or a
monoclonal antibody or a functional fragment thereof. Functional fragments include
any fragment of an immunoglobulin comprising a variable region that still binds
specifically to its antigen while at the same time retaining its ability to specifically
bind to a protein ligand coupled to a solid support.

[0096] In some embodiments, a method of isolating a target molecule of
interest using an alkaline stable chromatography ligand described herein includes the
steps of: (a) contacting a solid support including an attached SpA based alkaline
stable chromatography ligand with a mixture comprising a molecule of interest under
conditions such that the target molecule specifically binds to the ligand; and (b)
altering the conditions such that the target molecule is no longer bound to the ligand,
thereby isolating the target molecule. '

[0097] . In some embodiments, the altering step includes altering the pH,
such the target molecule is no longer bound to the ligand. Ina particulér embodiment,
the pH is altered in a manner such that it is more acidic than the pH conditions in step
(a). For example, in one embodiment, step (a) may be performed at a neutral pH, or a
pH ranging from about 6 to about 8 and step (b) may be performed at an acidic pH,
e.g., a pH ranging from about 1 to about 5. |

[0098] In another embodiment, step (b) comprises altering the salt
concentration of the buffer in use, such that the target molecule is no longer bound to
the ligand. For example, in one embodiment, a high salt concentration, e.g., > 0.1 M,
may be used in step (a) and a lower salt concentration, e.g., <0.1M may be used in

step (b). Conversely, in some embodiments, a low salt concentration, e.g., < 0.1M
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may be used in step (a) and a high salt concentration may be used in step (b). In still
other embodiments both the pH and the salt concentration of the buffer may be altered
between step (a) and step (b).

[0099] One skilled in the art can readily determine the conditions suitable
for binding a target molecule to a ligand, and thereby alter the conditions to disrupt
the binding of the molecule to the ligand.

[00100] This invention is further illustrated by the following examples which
should not be construed as limiting. The contents of all references, patents and
published patent applications cited throughout this application, as well as the Figures,

are incorporated herein by reference.

Examples

Example 1: Generation of an SpA B Domain Variant Having an n+1 Mutation,
where n Represents an Asparagine

[00101] In an exemplary éxperiment, a synthetic gene encoding the “B
domain” of protein A is obtained from DNA 2.0 (Menlo Park, CA). The 5’ end of the
gene includes a codon for an initiating methionine as well as six histidine codons at
tﬁe 3’ end of the gene. The gene is provided in vector pJ56:8620 from DNA 2.0. ‘The
parent vector pJ56 confers resistance to ampicillin, kanamycin, chloramphenicol and
gentamicin. Appropriate restriction enzyme sites for the subsequent cloning of the
gene into expression vectors are introduced into the gene at both 5° and 3’ ends. A
plasmid map of the vector is shown in Figure 5.

[00102] Saturation mutagenesis is subsequently used to mutate glutamic acid
at position 24 to all other naturally occurring amino acids except cysteine (C), serine
(S), alanine (A), glycfne (g), asparagine (N), and glutamine (Q) by PCR-based
methods using the Phusion High-Fidelity DNA polymerase (New England Biolabs,
Ipswich, MA). Primers are purchased from IDT DNA (Coralville, [A), as 100 uM
solution in Tris EDTA buffer. The mutagenic primers have the sequence
CTGCCGAACCTGAACNN SGAACAACGCAACGG (SEQ ID NO: 41) where
NNS represents the three bases encoding the amino acid at position 24. PCR is
performed in 50 pL reactions containing dNTPs (0.2 mM each), 125 ng of each
primer, 50 ng of template plasmid, and 1 U of Phusion enzyme. PCR is carried out

according to the scheme outlined in Table III.
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Cycle description - | Temperature Time # of cycles
Initial denaturation | 95 °C 30 seconds 1 cycle
Denaturation 95 °C 30 seconds

Annealing 55 °C 60 seconds 18 cycles
Extension 68 °C 6 minutes

[00103] PCR reactions are treated with the restriction enzyme Dpnl (New

England Biolabs, IpsWich, MA) to reduce wild type background. To each 50 pL PCR

reaction, about 1 puL of Dpnl enzyme is added and the samples are incubated for about

one hour at 37 °C.

[00104]

E. coli NEB5a competent cells (New England Biolabs, Ipswich,

MA) are transformed with 2 pL of the Dpnl-treated PCR reaction. Cells are thawed

on ice, and 2 pL of the PCR reaction is added to 25 pL of cells. Following about a 30

minute incubation on ice, cells are heat shocked for 30 seconds at about 42 °C. Cells

are allowed to recover for about 5 minutes on ice, and then 125 pL of SOC media

(New England BioLabs) is added. Cells are incubated for about one hour at 37 °C,

and then 100 pL are plated on LB plates (Northeast Laboratory Services, Winslow,

ME) containing 100 pg/mL ampicillin and grown overnight at about 37 °C. Positive

clones are identified by testing for the expression of the proteins in total cell lysates

using SDS PAGE.

In order to obtain purified DNA, individual colonies are picked for overnight culture

in LB containing 100 pg/mL ampicillin. DNA is purified using spin mini-prep kits

from Qiagen (Valencia, CA).

[00105]

Mini-prepped DNA is sequenced to confirm the identity of each

clone (MWG Biotech, Huntsville AL). The resulting plasmid is used to transform E.

coli NEB5a competent cells as described above.

[00106]

Following the identification of positive clones, 35 mls overnight

cultures are grown in Terrific Broth with 100 pg/ml ampicillin and cells are pelleted

by centrifugation at 13,500 g for 10 minutes. Pellets are resuspended in 10 mls of 20

mM imidazole in PBS (phosphate buffered saline), lysed by sonication and

centrifuged at 13,500 g for 30 minutes to pellet insoluble debris. Lysates are

subsequently applied to 750 pl of Ni-NTA resin that is pre-equilibrated with 10
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volumes of 20 mM imidazole in PBS, samples are eluted from the resin with 200 mM
imidazole in PBS. Purified protein is dialyzed overnight against PBS using Pierce
Slide-A-Lyzer 3.5 MWCO dialysis cassettes. Following dialysis, total protein
quantitation is accomplished using the Pierce MicroBCA assay, and samples are
stored at -30 °C.

[00107] The amino acid and nucleic acid sequences for the wt his-tagged B

domain and the various n+1 mutants are depicted in Figures 6 and 7.

Example 2: Assaying the Expressed Proteins for Alkaline Stability

[00108] Affinity purified wildtype and mutant SpA his-taggéd constructs
described in Example 1 are diluted with MilliQ water or With NaOH to a final
concentration of 1N and incubated for six hours at room temperature. Biorad Micro
Biospin 6 gel filtration columns are used to neutralize and buffer exchange 50 ul of
each sample into PBS. Total protein quantitation is accomplished using the Pierce
MicroBCA assay and samples are diluted to10 pg/ml in PBS for loading onto the
ELISA plate. Approximately 200 pul (2 pg) of treated PrA is adsorbed to the wells of
an ELISA plate for 2-24 hours at 37 °C. Plates are blocked in Pierce Superblock
Blocking Buffer in PBS (Superblock-PBS) for about 2 hours at room temperature.
Approximately 200 pul of Sigma human gamma globulin diluted to 0.05 mg/ml in
Superblock-PBS (10 pg) is added to each well of the plate and binding is allowed to
proceed for about 1 hour at room temperature. Following three washes with PBS
containing about 0.05% Tween20 (PBS-T), plates are incubated with 200 pl of a
1:10,000 dilution of a chicken IgY-HRP conjugate raised against human IgG for
about 1 hour at room temperature. After the final three washes with PBS-T, plates are
developed with 100 pl of Pierce 1-Step Slow TMB ELISA for 30 minutes at room
temperature. The reaction is stopped by the addition of 100 pl of 1IN HCL and
primary IgG binding is quantitated as absorbance read at 450 nm. All samples are
assayed in triplicate and data is analyzed as the change in primary IgG binding before
and after caustic treatment.

[00109] The result of an exemplary experiment assaying for the alkaline
stability of the various n+1 B domain mutants is summarized in the bar graph in
Figure 8. The various constructs are depicted on the X-axis and the corresponding

percent of 1gG binding remaining after six hours of exposure to 1M NaOH is plotted
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having a bulky amino acid at position 24 of the B domain exhibit enhanced caustic
stability.

[00110] In another experiment, SpA ligands having two or more B domains
or two or more Z domains of SpA are assayed for alkaline stability using the assay
described above. In yet another experiment, SpA ligands having three B domains
(B3), four B domains (B4), five B domains (B5), six B domains (B6) or seven B
domains (B7) are assayed for alkaline stability using the assay described above.
[00111] In an exemplary experiment, the percent of residual IgG binding
capacity of the ligands B3, B4 and BS5, as assayed using the ELISA based method
described herein is as follows. The B3 ligand retains about 79% of its residual IgG
binding capacity following a six hour exposure to 1M NaOH; the B4 ligand retains
about 86% of its residual IgG binding capacity following a six hour exposure to 1M
NaOH; and the B5 ligand retains about 83% of its residual IgG binding capacity
following a six hour exposure to IM NaOH. The wt SpA ligand (nPrA) only retains
about 49% of its residual IgG binding capacity following a six hour exposure to 1M
NaOH. ’

Example 3: Attachment of wildtype SpA and SpA variants to a solid support.

[00112] Subsequent to the generation of the various SpA variants and
identification of those which are caustic stable using one or more assays known in the
art and those described in Example 2, the SpA variants are attached to a support, e.g.,
a solid support. In an exemplary experiment, agarose beads (Sepharose 4B) (GE
Healthcare, Piscataway NJ) are crosslinked using epichlorohydrin according to a
previously described method (Porath and Fornstedt, J. Chromatography, 51:479
(1979)). The agarose beads are reacted with positively charged associative groups,
e.g., cations, according to the following method: 50 mL of beads are added to 40g of
75% wt glycidyl trimethylammonium chloride (GTMAC), 10 mL Milli-Q® water
(Millipore Corp., Billerica, MA) and 1.67 g 50 % wt sodium hydroxide. The reaction
is shaken vigorously (> 100 rpm) on a rotary shaker overnight at room temperature.
The beads are then filtered and washed with three 100 mL volumes of Milli-Q® water
(Millipore Corp, Billerica, MA).
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[00114] Immediately following the BUDGE activation step, 10 mL of the
filtered bead cake is added to 10mL solution of 10 mM NaHCO; containing a 15g/L
concentration of wild type SpA or an SpA ligand according to the present invention.
The mixture is capped in a glass vial and the vial is rotated in a hybridizer at 37" C for
about 2 hours. After two hours, the beads are washed with 30mLs of Milli-Q® water
(Millipore Corp, Billerica, MA). The filtered bead cake (10mL) is added to a jar
containing a 10 mL solution comprised of 1 mL of thioglycerol and 9 mL of a buffer
solution with 0.2 M NaHCO; and 0.5 M NaCl. The mixture is slurried and rotated
overnight at room témperature. The beads are then washed with 30 mL of the
following buffers: 0.1 M Tris Buffer (pH 8), 0.1 M Tris Buffer with 0.15 M NaCl (pH
8), 50 mM Acetic Acid (pH 4.5), PBS (pH 7.4) with 0.002 % sodium azide.
[00115] Resin samples coupled with different SpA variants are labeled as
follows: nPrA for wild type SpA; Z3 for SpA ligand containing three Z domains; E3
for SpA ligand containing three E domains; D3 for SpA ligand containing three D
domains; A3 for SpA ligand containing three A domains, C3 for SpA ligand
containing three C domains; B3 for SpA ligand containing three B domains; B4 for
SpA ligand containing four B domains; B5 for SpA ligand containing 5 B domains;
BSNF and B7NF containing 5 and 7 B domains, respectively, and additionally
containing a G29A mutation at position 29. Following attachment to a resin, the

various SpA variants are assayed for alkaline stability.

Example 4:  Resin IgG binding capacity (Qd 50%) tests before and after caustic
cycling

[00116] In an exemplary experiment, the various SpA constructs according to
the invention are assayed for the IgG binding capacity following attachment to a
support. In one exemplary experiment, a standard method for testing resin/media
dynamic capacity using commercial polyclonal IgG is used. Briefly, resin coupled
with an SpA ligand according to the present invention is packed into an Omnifit

column (6.6 mm x 70 mm) in PBS, pH 7.4 and the flow rate is set at 300 cm/hr. The
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on the amount of IgG loaded when UV xg0,m reaches 50% of the initial IgG

concentration.

[00117] After the initial dynamic capacity measurement, the media is

exposed to 10 cycles of 15 min, 0.5 N NaOH (flow rate 100 cm/hr) followed by

another IgG dynamic capacity measurement. The media is subsequently contacted

with another 10 cycles of 15 min, 0.5N NaOH exposure, followed by another dynamic

binding capacity measurement. Dynamic capacity measurement is carried out after

each sample is exposed to 100 cycles of 15 min 0.5 N NaOH.

[00118] In an exemplary experiment, the results of which are depicted in

Figure 9, trimers of E, D, A, B, C, and Z domains containing natural B domain linkers

are attached to an agarose resin and their caustic stability is measured by dynamic

binding capacvity over 100 cycles of caustic exposure, each cycle including a 15

minute eprsure to 0.5 N NaOH. As summarized in the graph in Figure 9, the

number of cycles are plotted on the X-axis and the IgG binding capacity is plotted on

the Y-axis. The C and the Z domain trimers exhibit approximately the same level of

caustic stability. The B domain trimers are more caustic stable than the A domain

trimers, which are more caustic stable than the E and the D domain trimérs.

Therefbre, the order of caustic stability can be summarized as follows C and

Z>B>A>E and D.

. [00119] In another exemplary experiment, agarose resins coupled with B

domain variants: BBB (B3), BBBB (B4), BBBBB (B5), BBBBB-NF (B5-NF), and

BBBBBBB-NF (B7-NF), are compared with wt SpA (nPrA) using the assay described

above to assay for IgG dynamic binding capacity over 100.cycles of caustic exposure,

each cycle including a 15 minute exposure to 0.5 N NaOH. As summarized in the

graph in Figure 10, the extent of caustic stability is directly proportional to the

number of domains and further that, the G29A mutation to reduce Fab binding does

not affect the caustic stability.
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scope. The skilled artisan readily recognizes that many other embodiments are
encompassed by this invention. All publications and inventions are incorporated by
reference in their entirety. To the extent that the material incorporated by reference
contradicts or is inconsistent with the present specification, the present specification
will supercede any such material. The citation of any references herein is not an
admission that such references are prior art to the present invention.
[00121] Unless otherwise indicated, all numbers expressing quantities of
ingredients, cell culture, treatment conditions, and so forth used in the specification,
including claims, are to be understood as being modified in all instances by the term
"about." Accordingly, unless otherwise indicated to the contrary, the numerical
parameters are approximations and may vary depending upon the desired properties
sought to be obtained by the present invention. Unless otherwise indicated, the term
"at least" preceding a series of elements is to be understood to refer to every element
in the series. Those skilled in the art will recognize, or be able to ascertain using no
more than routine experimentation, many equivalents to the specific embodiments of
the invention described herein. Such equivalents are intended to be encompassed by
the following claims.
[00122] Many modifications and variations of this invention can be made
without departing from its spirit and scope, as will be apparent to those skilled in the
art. The specific embodiments described herein are offered by way of example only
and are not meant to be limiting in any way. It is intended that the specification and
examples be considered as exemplary only, with a true scope and spirit of the
invention being indicated by the following claims.
[00123] Embodiments of the invention may include the features of the

following enumerated paragraphs (“paras™).
I. An alkaline-stable chromatography ligand comprising two or more B domains

or two or more Z domains of Staphylococcus protein A (SpA), or a functional

fragment or variant thereof.
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3. The alkaline-stable chromatography ligand of para 1 or para 2,

wherein the ligand comprises three or more B domains or three or more Z
domains of SpA, or

wherein the ligand comprises four or more B domains or four or more Z
domains of SpA, or

wherein the ligand comprises five or more B domains or five or more Z
domains of SpA, or

wherein the ligand comprises six or more B domains or six or more Z
domains of SpA, or

wherein the ligand comprises seven or more B domains or seven or more Z

domains of SpA.

4. The alkaline-stable chromatography ligand of any of the preceding paras

further comprising at least one amino acid mutation to alter Fab binding.

5. The alkaline-stable chromatography ligand of para 4, wherein the mutation

comprises substitution of glycine at position 29 with an alanine.

6. A chromatography matrix comprising a ligand according to any one of paras

1-5.

7. A method of affinity purifying one or more immunoglobulins from a sample,

the method comprising the steps of:

(a) providing a sample comprising one or more immunoglobulins;

(b) contacting the sample with the matrix of para 6 under conditions such
that the one or more immunoglobulins bind to the matrix; and

(¢) recovering the one or more bound immunoglobulins by eluting under

suitable conditions.
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10/ 17 Ala Lys Lye Leu Ass. Asp Ala Ga Ala Pro Lys Ais Hs Hs Hs H's 5055CC

FLs 05 <210> 23 <211> 65 <212> PET <212> Artificial

Sequence <22C. > <223>

Description of Arstlﬂeqsg%hd &%@Mﬂ%qsanﬁﬂet&%aﬂag190¢vu&ammedﬁ'%aﬁé\%m2§ Met Ala Asp

ASl. Lys His Ass Lys Ga G Ass. Al a PheGan 13

| al5 e Lea Hs Lea Pro

Ass.. Ma Asn Tyr G kqaseaﬁ%mf gs Wadingpapagipeatier & hoge s efie 1R hapss, erafter 82 Aso Asp

Lea Lys leu WMn Asp Al a

S0 Her Gn Her Al ayfisnoban, b Buffy ATACIENAYS p
Gn. AlaProlLys Hs ﬁourﬁgls tgbgn%o 6.5 <210> 24 <211> 65 <212> PRI

<213> Artificial Sequence <220> <223> Descrl pt| or of Artificial Sequence:

am e Pre Ty o o el o el oleBrppts K3 WHERR Mafg g 2L 2 e

|l ea Lee Ala G c 40 tiyding etdeadshS Aisps, Ak A tiGick or3¢1das Rrrmotcye?lg[}sas Ebwpdre Hi s his

55G0 H s 65 fo WtSpA.

10. An alkaline-stable chromatography ligand comprising one or more isolated E,

D, A, B, C or Z domains of Staphylococcus protein A, wherein the one or

more isolated domains comprise one or more amino acid residues at position

n+1 mutated to any naturally occurring amino acid other than cysteine (C),

serine (S), alanine (A), glycine (G), asparagine (N), or glutamine (Q), wherein

n represents an asparagine.

11. An alkaline-stable chromatography ligand comprising one or more isolated E,

D, A, B, C or Z domains of Staphylococcus protein A, wherein the one or

more isolated domains comprise one or more amino acid residues at position

n+1 mutated to an amino acid selected from the group consisting of arginine

(R), aspartic acid (D), glutamic acid (E), histidine (H), isoleucine (1), leucine

(L), lysine (K), methionine (M), phenylalanine (F), proline (P), threonine (T),

tryptophan (W), tyrosine (Y) and valine (V), wherein n represents an

asparagine.

12. The ligand of para 10 or 11, wherein n is asparagine at position 23.

13. A caustic stable affinity chromatography matrix comprising three or more, or

four or more, or five or more, or six or more, or seven or more B or Z domains

of SpA attached to a solid support via multipoint attachment.

14. A melthod for identification of an SpA based chromatography ligand which is

caustic stable, the method comprising the steps of:

(a) treating an SpA based ligand with caustic;

(b) adding the caustic treated SpA ligand to a multiwell plate;
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<210> 23 <211> 63 <212> PRI' <213> Afti Aal Sequence <220> <223>
Descripl:.Lon Il Attifi-ial Sequence:nthetic polynec tlcs <401 25 1> L Al dLys

Irhe Ascq Lye G u G Ry cSactinfah SﬂA%aE’Mg%nd—whh@sAt@ﬁtlﬁg smB@oP% ArsdsA u A > Arg-
As> Ay phe Ile 20 G n See Lee Lys AspLa_See Al :-t Lee Ala Gu 35 Ala LyslLee

Asla3 -A Gn Ala Fr omLWOBﬁOELﬂMSwhé@tmesﬁféomwoombwﬂmﬁs bpthefigand; 65 <212> PP:

<213> Artificial Se ence:
Synt heti c pol ypecti 3@?\@{ A% e bﬁgﬁf’i”rs nb%lbblgmaﬁfﬂi/aé%legmk %%Pag%%\f Asn Al a

-She Tyr Gu 1 lle L@admﬂheeﬁrsietamumgcbobubu, whereimthg mdgsulslisiponjegatpdheth a3 y 7he
lie 20:2530 12/17 C%é?ecﬁ%f’eragbﬁoand'-ys AspPro-Sea G n Sea _|la Asn Leo Lou Ala

Sip 4045
(e) detecting the amount of a signal from the agent;

wherein the amount of signal is proportional to the caustic stability of the

ligand, thereby to identify the SpA based ligand as being caustic stable.

15. The method of para 14, wherein the molecule is a second immunoglobulin.
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Tv Lys Lou Ash Asp Ala Sir Ala Pro Ly[us Ills Hs H's 53 Hs 65 <210> 27 c211>
292 <212> DNA <213> Artifi 'cl Sequence <220> <223> Description of ArtificS
-:!-ti.encet Sy. h Ic holynucl eoLi <490> gaaat caaaa acgact cttaacgcgtc
caoaaoqott Lcectcttaqcc aataattt:q 60 g}fpacttta agaauci agat atacat al gg
cacracaat aa qutcaal : aad gaci cagaa. ga 120

SEQUENCE LISTING
<110> MILLIPORE CORPORATION
<120> CAUSTIC STABLE CHROMATOGRAPHY LIGANDS
<130> MCA-1032 SG

<140>
<141>» 2009-12~14
<150>
<151>

61/203,664
2008~12-24

<160> 42

<170> PatentIn version 3.5
<210> 1

<211> 159

<212> DNA

<213> Staphylococcus aureus

<400> 1
gcgcaacaaa acgctttcta tcaggtactg aacatgecta acctgaacgce cgatcagegt 60

aacggcttca tccaaagect gaaggacgac ccgagccagt ccgcaaacgt tetgggtgaa 120

gctcaaaaac tgaacgacag ccaggcaccyg aaagctgac 159

<210> 2

<211> 177

<212> DNA

<213> Staphylococcus aureus

<400> 2

gcccaacaga acaaatttaa caaagaccag cagtccgegt tctacgagat tctgaacatg 60

cctaacctga atgaagaaca gcgcaacggt tttattcagt ctctgaagga cgatccttcet 120

caatccacca acgtactggg cgaagcgaag aaactgaacg aatctcagge tccgaag 177

<210> 3

<211> 174

<212> DNA

<213> Staphylococcus aureus

<400> 3

gccgacaaca acttcaacaa agagcagcaa
aatctgaacg aagagcagcg taacggtttce

tcecgegaate tgctggegga ggctaaaaag

aacgctttet
atccaatctc

ctgaacgaat

acgaaatcct
tgaaagacga

cccaggetece

gaatatgcca
tcegteccag

gaaa

60

120

174



acgcatttta cgagatcctg ctotgacgac cctgaacqaa gaacaaccfc :teat tcagagactg aaaulL
a pggcggaag caaagaagat 240 gaacgatgca caggoqcoa aatca. pc99 ccatcaccac

aat aagga: cc. 292 <210> 23 <211> 292 <219> DNA <213> Arp
2/17
<210> 4
<211> 174
<212> DNA

<213> Staphylococcus aureus

<400> 4

gcagacaata agttcaataa agagcagcag aacgcatttt acgagatcct gcatctgecg 60
aacctgaacg aagaacaacg caacggtttc attcagagcc tgaaagacga cccatctcag 120
tcecgetaace tgctggecgga agcaaagaag ctgaacgatg cacaggcgec gaaa 174
<210> 5

<211> 174

<212> DNA

<213> Staphylococcus aureus

<400> 5

gcggataaca aattcaacaa ggagcaacag aacgcattct atgaaattct gcacctgceg 60
aatctgacgg aggagcaacg taacggettt atccagtcce tgaaggatga tcegtcetgtg 120
tctaaagaga tcctggcegga ggcaaaaaaa ctgaatgatg cacaagctcc gaaa 174
<210> 6

<211> 174

<212> DNA

<213> Staphylococcus aureus

<400> 6

gtagacaaca aattcaataa agaacagcag aacgctttct atgaaatcct gcacctgecg 60
aacctgaacg aagaacagcg taacgcgttt atccagtccce tgaaagacga cccgagccag 120
agcgcaaatc tgctggcgga agcgaaaaag ctgaacgatg cccaggcgece gaaa 174

<210> 7

<211> 51

<212> PRT

<213> Staphylococcus aureus

<400> 7
Ala Gln Gln Asn Ala Phe Tyr Gln Val Leu Asn Met Pro Asn Leu Asn
1 5 10 15

Ala Asp Gln Arg Asn Gly Phe Ile

20

Gln Ser Ala Asn Val Leu Gly
35 40

Gln Ser Leu
25

Glu Ala Gln Lys

Lys Asp Asp Pro Ser

30

Leu Asn Asp Ser Gln

45



i cia9. Secuence <220> <223> Description. of Artific'al Sequence

pol yaucl epti de <400> 28 gaat pct aaP acgactaac: ataacc-cacaaalL tccc- c4
tttaaattta. agaa7gaga: atecatatcg cagacaa saA gag
3/17

Ala Pro Lys
50

<210> 8

<211> 61

<212> PRT

<213> Staphylococcus aureus

<400> 8
Ala Asp Ala Gln Gln Asn Lys Phe Asn Lys Asp Gln Gln Ser Ala Phe
1 5 10 15

Tyr Glu Ile Leu Asn Met Pro Asn Leu Asn Glu Glu Gln Arg Asn Gly
20 25 30

Phe Tle Gln Ser Leu Lys Asp Asp Pro Ser Gln Ser Thr Asn Val Leu
35 40 45

Gly Glu Ala Lys Lys Leu Asn Glu Ser Gln Ala Pro Lys
50 55 60

<210> 9

<211> 58

<212> PRT

<213> Staphylococcus aureus

<400> 9
Ala Asp Asn Asn Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu Ile
1 5 10 15

Leu Asn Met Pro Asn Leu Asn Glu Glu Gln Arg Asn Gly Phe Ile Gln
20 25 30

Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu Ala
35 40 45

Lys Lys Leu Asn Glu Ser Gln Ala Pro Lys
50 55

<210> 10

<211> 58

<212> PRT

<213> Staphylococcus aureus

<400> 10
Ala Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu Ile
1 5 10 15



120 rcgcattcta cgagatcctga. ggaa aaA acgutttcat |SO tcagagcctg aaagacgacc
catctoag:c _g 'rag caaagaagct 240 atgca caggcgacga dacahcat ca ccatcaccac
ta@ aaggat ac <210: 29 <211> 292 <212> DNA. <213> AttiftcAal Sequence <22 C
<223.> DesorlLpttict of Artificial Segv? nce: Synt heti c pol ynucl ecti de <40Cg 29
uaa: t ot aat acgactcact ataacgcgtc cacaacggtt tccccotaga aataattttg60 tttaacttta
agaaggag%teu a}}i%cgéuatpgg }Ss%gggua%gg%l%t &fua%%&r?'algfg sarg %?39 Cﬁga}geo Gln

20 25 30

Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu Ala
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> 11

<211> 58

<212> PRT

<213> Staphylococcus aureus

<400> 11
Ala Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu Ile
1 5 10 15

Leu His Leu Pro Asn Leu Thr Glu Glu Gln Arg Asn Gly Phe Ile Gln
20 25 30

Ser Leu Lys Asp Asp Pro Ser Val Ser Lys Glu Ile Leu Ala Glu Ala
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> 12

<211> 58

<212> PRT

<213> Staphylococcus aureus

<400> 12
Val Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu Ile
1 5 10 15

Leu His Leu Pro Asn Leu Asn Glu Glu Gln Arg Asn Ala Phe Ile Gln
20 25 30

Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu Ala
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55



acgcatttta cgagatcctg ctctgccgaa cctgatagaa gaacaacqca acggtttcat 180
tcg.ga. 7. cctg aaagacqgacc catctcaqtc cgctaacctg ctggcggaag caaagaagct 240
gaacgat gca cagcfcgca aacatcatca cgFtcaccac taal aaggat cc292 <2:0> 30 <211> 292
<212> DNA 442131, Artificial Sequence < %0> <223> Cescxiption cl ArtitThlal

c

Sequence Synthetic polyntclgotj.de <100> 30 gaattctaat acgactcact ataacgcgtc

cacgacqggz 55 tctaga aataattt.tg ttcaacttta agaaggagat atacatatug caqgacaat a,
gt _caat ot %ug%éeaggaga 1. 20 acgcattha cgagatgctg

<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 13
Met Ala Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu
1 5 10 15

Ile Leu His Leu Pro Asn Leu Asn Glu Glu Gln Arg Asn Gly Phe Ile
20 25 30

Gln Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu
35 40 45

Ala Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys His His His His His
50 55 60

His
65

<210> 14

<211> 65

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 14
Met Ala Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu
1 5 10 15

Ile Leu His Leu Pro Asn Leu Asn Met Glu Gln Arg Asn Gly Phe Ile
20 25 30

Gln Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu
35 40 45

Ala Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys His His His His His
50 55 60

His
65



ctotgccgaa cetgttcgaa gaacaacgca acgitttcat 180 tcagagcctg aaagacgact;

cat ct oagtc cgctaacctg ctgggggaag caaagaagot 240 gaacgatgca caggcgccga
aacat cat ca ccatcaccac taataaggat n2 292 <210> 31 <211> 292 <222> DNA <21. 3>
Art:ifi cl IL Sequence. <217:0> <223> tiptict gf Atificdal Sequence:

Synt hetic polvrtJclectide <100> 31. gadttctaat acgactcact ataacgcgtc

<210> 15

<211> 65

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 15
Met Ala Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu
1 5 10 15

Tle Leu His Leu Pro Asn Leu Asn Ile Glu Gln Arg Asn Gly Phe Ile
20 25 30

Gln Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu
35 40 45

Ala Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys His His His His His
50 55 60

His
65

<210> 16

<211> 65

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 16
Met Ala Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu
1 5 10 15

Ile Leu His Leu Pro Asn Leu Asn Phe Glu Gln Arg Asn Gly Phe Ile
20 25 30

Gln Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu
35 40 45

Ala Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys His His His His His
50 55 60



cacaacgutt tuccgc:aga aataattttq (1 tttaaotha agaaggagat atacatatgg cagacaat aa
gttcaa7aaa gagcagcaga 120 acgcatt.ttla cgagal cctg ett2lJgccgaa cctgacagaa
gaacagcgca acqgtttcat 18C caga.?..cct.g aaagacgacc catctcaggc caccaacctg
ct ggoggaag caaagaagot 240 gaacgat qca ca?gﬁgccaa aacabgat ca ccaa. caccac
t aat aagaat ca292 <210> 32 211> 292 <212> DOA <213> Arcificaal Sequence <220>
His
65

<210> 17

<211> 65

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 17
Met Ala Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu
1 5 10 15

Ile Leu His Leu Pro Asn Leu Asn Thr Glu Gln Arg Asn Gly Phe Ile
20 25 30

Gln Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu
35 40 45

Ala Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys His His His His His
50 55 60

His
65

<210> 18

<211> 65

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 18
Met Ala Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu
1 5 10 15

Ile Leu His Leu Pro Asn Leu Asn Pro Glu Gln Arg Asn Gly Phe Ile
20 25 30

Gln Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu
35 40 45

Ala Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys His His His His His
50 55 60



<2231 Description of Artifiai.al Sequence: Syrthetic polynncleatige <400-2 32
gaattctaaa acgactcact ataacggqtc cacaacggtt t.c.cgtotaga aataattttg60
tttaactta agaaggagat atar=latgg .:e.gacaataa 0_2-2623taaa pgacaq_c4"2.120
acquat tta cgagatccag ctctgacqac cctgig?@gaa .,a.0.2-aacgca acggttt,-at.180

t oagaci cct g aaagaccacc catctcaqgtc cgctaggcqg ctqgcggaag caaagaagct 243

gaacgat gca caggcgccga aacatcatca ccalLcag_ac tanta2Aagat cc292 <21.0> 33 <21i>
292 <) 122> DXA <213> Artificial Sequence <220> <223> Description. of
Artificial,Sequence: Synthetic polyul aci euti de <400> 3.3 gaattcaaaa
a2:!gactgact ataacgggtc cacaacggat tccotclLaca ad],aat-ALg 60 fttaacttta
agaaggagat ag_acat at gg cagacaat aa gtgcaat aaa

<210> 19

<211> 65

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 19
Met Ala Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu
1 5 10 15

Ile Leu His Leu Pro Asn Leu Asn Trp Glu Gln Arg Asn Gly Phe Ile
20 25 30

Gln Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu
35 40 45

Ala Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys His His His His His
50 55 60

His
65

<210> 20

<211> 65

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 20
Met Ala Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu
1 5 10 15

Ile Leu His Leu Pro Asn Leu Asn Arg Glu Gln Arg Asn Gly Phe TIle
20 25 30

Gln Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu
35 40 45



gagcagcaga 120 acgcatttta cgagatcatg c:ctqccgaa ectqgtgggaa gaacaacgca

acggtttca-L 1280 tcagagcgtg aaagacgacc catct.cagtc cgcgaacctg stggcggaaq
caaagaagc7. 241; gaacgatgca caagat.:ccga aacatcatca ccaacaccac taat aaggat
292 <2102, 34 <211> 292 <21.2> DNA g. g/]_” ?.> Artificial Segaience <220>

Ala Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys His His His His His
50 55 60

<210> 21

<211> 65

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 21
Met Ala Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu
1 5 10 15

Tle Leu His Leu Pro Asn Leu Asn Val Glu Gln Arg Asn Gly Phe Ile
20 25 30

Gln Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu
35 40 45

Ala Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys His His His His His
50 55 60

<210> 22

<211> 65

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 22
Met Ala Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu
1 5 10 15

Ile Leu His Leu Pro Asn Leu Asn Leu Glu Gln Arg Asn Gly Phe Ile
20 25 30

Gln Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu
35 40 45

cC



<223> Description of Artificial. Sequence: Synthatic polynucl eotide
tttaact2ta. agaaggaat atacatatcg cagacaata c:ttcaat.aei a uaqcagcoa 12: 0
acgcatt:ta cgac-atoctg ctctgccgaa cct]gcgcgaa gaad 0 a gtcat 183 tcagagcctg
aaagacqgacc catc7cagtc cgct2iacctg ctgqggg;az caaagaagct 240 gaacgatgca
caggcgc. cga ccatoaccac

Ala Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys His His His His His
50 55 60

His
65

<210> 23

<211> 65

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 23
Met Ala Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu
1 5 10 15

Ile Leu His Leu Pro Asn Leu Asn Tyr Glu Gln Arg Asn Gly Phe Ile
20 25 30

Gln Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu
35 40 45

Ala Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys His His His His His
50 55 60

His
65

<210> 24

<211> 65

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 24
Met Ala Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu
1 5 10 15

Ile Leu His Leu Pro Asn Leu Asn His Glu Gln Arg Asn Gly Phe Tle
20 25 30



t aat aaggat cc 202 <2:2> 35 <221> 292 <-212':- -32: A <213> Ani flLcL.ai <220>
<221> Desc.:Tiption of A=tificial Secicence: Synthetic pclynucleotide <AG>> 35
gaattctaat aoqaotcact ataacgcqtc tttaacltta aqg.a.aggagatacata7gq acgcat-2tta
cgagatcctg ctctgc tcag aaugacca, - caccteagitc. cacaacggtt tccctct cacao a.aoaa
g-2tC'taaa cctggt. ci a. gaacaqea cgctaacutgaLg .7.12L.Fgntttg gagcagcaga
acqgt. |t cay, ¢ gggla%gio%pg %% 15%9 240 :923693( 2, 2.AaKCATE], Geat cace- , ©

taataagga 45

Ala Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys His His His His His
50 55 60

His
65

<210> 25

<211> 65

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 25
Met Ala Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu
1 5 10 15

Ile Leu His Leu Pro Asn Leu Asn Lys Glu Gln Arg Asn Gly Phe Ile
20 25 30

Gln Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu
35 40 45

Ala Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys His His His His His
50 55 60

His
65

<210> 26

<211> 65

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide
<400> 26
Met Ala Asp Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu
1 5 10 15

Ile Leu His Leu Pro Asn Leu Asn Asp Glu Gln Arg Asn Gly Phe Ile
20 25 30



<221> 292

<212> LATs
Derscriptict 0.1 Artificial
gaattctaat a(cTcact atarcccgcc cac acqctLTccot ataatilitg

<223> ALtifLci al
pol ynucl ecti dx:

12/17

Segnence
Sect, ence; Synt heti ¢

<220>

Gln Ser Leu Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu

35

40

45

Ala Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys His His His His His

50 55 60
His
65
<210> 27
<211> 292
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic
polynucleotide
<400> 27
gaattctaat acgactcact ataacgcgtc cacaacggtt tccctctaga
tttaacttta agaaggagat atacatatgg cagacaataa gttcaataaa
acgcatttta cgagatcctg ctctgeccgaa cctgaacgaa gaacaacgca
tcagagcctg aaagacgacc catctcagtc cgctaacctyg ctggcggaag
gaacgatgca caggcgccga aacatcatca ccatcaccac taataaggat
<210> 28
<211> 292
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic
polynucleotide
<400> 28
gaattctaat acgactcact ataacgcgtc cacaacggtt tccctctaga
tttaacttta agaaggagat atacatatgg cagacaataa gttcaataaa
acgcatttta cgagatcctg ctctgecgaa cctgatggaa gaacaacgca
tcagagcctg aaagacgacce catctcagtce cgctaacctg ctggecggaag
gaacgatgca caggcgceccga aacatcatca ccatcaccac taataaggat

aataattttg
gagcagcaga
acggtttcat
caaagaagct

cc

aataattttg
gagcagcaga
acggtttcat
caaagaagct

ce

<223>

<40(2> 36

60
120
180
240

292

60
120
180
240

292



bU tttaactLy_a agaaggsgat alacccatoq cacacaataa gttcaataaa g.agcagcaga 120
acycatttta cgagatecTg ctctqccgaa cc7.tgttgga. a gaacaacgcd acggtttcat

7: 00gagect g aaagacgacc catctcaqtc cgctaacctg ctggcguaag caaagaagct 2=2
cfaaccptcca caggccTTJ2ga aacatcatca cqhyfaocaccaa caaggatcc 202 <210> 31
<212> 292 <212> -1)2:JA <212> ,=YrtJf i1al Sclur.Hace <220> <223> Descr!.pe_or
cci Artifhejal,oSecueace. Syrtictic colyruclectide <40G gaatic:ilat
accfacti caefs apaai : gc; gt c cacaac:Jgtt tccctotaga detaattt: _gCO tttaactta
agaaggagabiat agklt ot gg cagacaat aJ3 gttcaaaaa gagcagcagal20 Ficicatttta
cgaqcccciketscheticciergaguatigt acqaa gaaccl acqoa acggn, Ltcatl en tcagagoctg
anacacgacc catotcagtc cqctaacetg ctgcoggetag caaagaagct 240

<220>
<223>» Description of Artificial Sequence: Synthetic

polynucleotide
<400> 29
gaattctaat acgactcact ataacgcgtc cacaacggtt tccctctaga aataattttg 60
tttaacttta agaaggagat atacatatgg cagacaataa gttcaataaa gagcagcaga 120
acgcatttta cgagatcctg ctctgccgaa cctgatagaa gaacaacgca acggtttcat 180
tcagagectyg aaagacgacce catctcagtce cgectaacctg ctggcggaag caaagaagcet 240
gaacgatgca caggcgccga aacatcatca ccatcaccac taataaggat cc 292
<210> 30
<211> 292
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic

polynucleotide
<400> 30
gaattctaat acgactcact ataacgcgtc cacaacggtt tcecctctaga aataattttg 60
tttaacttta agaaggagat atacatatgg cagacaataa gttcaataaa gagcagcaga 120
acgcatttta cgagatcctg ctctgccgaa cctgttcgaa gaacaacgca acggtttcat 180
tcagagecctg aaagacgacce catctcagtc cgctaacctg ctggeggaag caaagaagcet 240
gaacgatgca caggcgccga aacatcatca ccatcaccac taataaggat cc 292
<210> 31
<211> 292
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic

polynucleotide
<400> 31
gaattctaat acgactcact ataacgcgtc cacaacggtt tccctctaga aataattttg 60
tttaacttta agaaggagat atacatatgg cagacaataa gttcaataaa gagcagcaga 120
acgcatttta cgagatcctg ctctgccgaa cctgacagaa gaacaacgca acggtttcat 180



gaacgat gca cagacgccgc aDcat catca oc, 9t caccac taataaggal cc292 <210> 38 <211>
292 <212> <2:3> Axilficiaj. SectlLence <220> 223> Cesc:iption of Aficial.
Secuence: 3<nthccic polyninclec7,tide <41)(2)), gaattctaat aogattcaca:
acJaacgcgto cacaaeggtt tccc.cctaqo aat;gattttgq60 ttaacTAta agaaggagat
ay..catatgg cacacaataa g7.tcasta.aa gacicr:gcagal20 acuc, 9tctta cgagatccty

O Ot 90C00Ea, £EL 07 A00AR.0BA6ARCCRA - AGAGELLEG! 1S oo 0 000420, BRA02C G50
catc7.caglc c(ictaac tg c/.ggcggaag c. E. agaagct. gaacgat gea caggccgcoga

1 300. =1- heatezta Gt ERCEAG daataaugahie6292 20239 211> 292 <2123y SAA
<213> Anificial Sequecce <220> <223> Cescefirtion CT Pxtificial Sccence.
polynilcleotide 400> gacttc:accqgactcact ,taacgcgtc cacaac.tccatc.: la

aat aat . Lt<€¢0t t’Peact tt a acaaggagat ataceTatgg caq: cao: oa gttcaal i aa gagcagcaga
acrcatt: <?to ¢dagatoctg ctotgccgaa c claarl gaa gaacaacgca acqgttv: cat 180
tcaga?' e @Zég %a_ acc catctcagtc cgclLaaccl q ot guoggaag caaagaacct 24e
gaacl at qca tacy %@gd%léﬁgﬂﬁgftaa ccat caccal ¢ t HEt 3aggat cc292 17/17 <210> 40
<211> 292750-

<223> Description of Artificial Sequence: Synthetic

polynucleotide
<400> 32
gaattctaat acgactcact ataacgcgtc cacaacggtt tcecctctaga aataattttg 60
tttaacttta agaaggagat atacatatgg cagacaataa gttcaataaa gagcagcaga 120
acgcatttta cgagatcctg ctctgeccgaa cctgccagaa gaacaacgca acggtttcat 180
tcagagecctg aaagacgacce catctcagtc cgctaacctg ctggcggaag caaagaagcet 240
gaacgatgca caggcgccga aacatcatca ccatcaccac taataaggat cc 292
<210> 33
<211> 292
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic

polynucleotide
<400> 33
gaattctaat acgactcact ataacgcgtc cacaacggtt tccctctaga aataattttg 60
tttaacttta agaaggagat atacatatgg cagacaataa gttcaataaa gagcagcaga 120
acgcatttta cgagatcctg ctctgccgaa cctgtgggaa gaacaacgca acggtttcat 180
tcagagectg aaagacgacce catctcagtce cgctaacctg ctggcggaag caaagaagcet 240
gaacgatgca caggcgccga aacatcatca ccatcaccac taataaggat cc 292
<210> 34
<211> 292
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic

polynucleotide
<400> 34
gaattctaat acgactcact ataacgcgtc cacaacggtt tccctctaga aataattttg 60



<212> DNA <213> Artificial Secuence <220> <223> Description O Artificial
Sec-lien-0e: Synthetic polynucloctide <4.0C 40 claa_1:ctaat acgactcact

a, :aacgog.tc cacaacggtt tccotctaga aa.taatfttg 60 ttfaacttta agaaggaga.:1
Fcacat at gg cag. Eci 9a7: aa. at.:Jcaataaqﬁgggcagoacia 120 acycatttta cgagatcctg
c-,:ctqcoc, :aa ccigg::cgaa gaacaacgca acgu:lttcat 180

tttaacttta agaaggagat atacatatgg cagacaataa gttcaataaa gagcagcaga 120
acgcatttta cgagatcctg ctctgccgaa cctgcgecgaa gaacaacgca acggtttcat 180
tcagagcctg aamagacgacc catctcagtc cgctaacctg ctggecggaag caaagaagcet 240
gaacgatgca caggcgccga aacatcatca ccatcaccac taataaggat cc 292
<210> 35
<211> 292
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic

polynucleotide
<400> 35
gaattctaat acgactcact ataacgcgtc cacaacggtt tccctctaga aataattttg 60
tttaacttta agaaggagat atacatatgg cagacaataa gttcaataaa gagcagcaga 120
acgcatttta cgagatcctg ctctgeccgaa cctggtggaa gaacaacgca acggtttcat 180
tcagagcctg aaagacgacc catctcagtc cgctaacctg ctggcggaag caaagaaget 240
gaacgatgca caggcgccga aacatcatca ccatcaccac taataaggat cc 292
<210> 36
<211> 292
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic

polynucleotide
<400> 36
gaattctaat acgactcact ataacgcgtc cacaacggtt tccctctaga aataattttg 60
tttaacttta agaaggagat atacatatgg cagacaataa gttcaataaa gagcagcaga 120
acgcatttta cgagatcctg ctctgccgaa cctgttggaa gaacaacgca acggtttcat 180
tcagagcctyg aaagacgacc catctcagtce cgctaacctg ctggcggaag caaagaaget 240
gaacgatgca caggcgccga aacatcatca ccatcaccac taataaggat cc 292
<210> 37
<211> 292
<212> DNA

«213> Artificial Sequence



t cEl gagcc7 dai acgacc catccacjtc cgcta=9cctg ctggcggaag aaaacaaccc 240

gaacgat gca caggegccga aaea7.caWa ccalcaccac taataaggat cc 292 <210> 42.
<211> 32 (212> DNA <213> A-rfl.t.i.cHal Secluc..e.nce <222> Description of
AzstificialL Seccence: Syne:hetic <223>,5221> nodified _base <2712> (16),.(17)
<123= a., ¢, t,lir:known or other <40,0> 41 ctgcogaa.:2c tgaacnnsga acaacqoaac
c;c] 32 <2103 42 <211> 6 <212> Plzif

<223> Description of Artificial Sequence: Synthetic

polynucleotide
<400> 37
gaattctaat acgactcact ataacgcgtc cacaacggtt tccctctaga aataattttg 60
tttaacttta agaaggagat atacatatgg cagacaataa gttcaataaa gagcagcaga 120
acgcatttta cgagatcctg ctctgccgaa cctgtacgaa gaacaacgca acggtttcat 180
tcagagectg aaagacgacc catctcagtc cgctaacctg ctggecggaag caaagaagcet 240
gaacgatgca caggcgccga aacatcatca ccatcaccac taataaggat cc 292
<210> 38
<211> 292
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic

polynucleotide
<400> 38
gaattctaat acgactcact ataacgcgtc cacaacggtt tccctctaga aataattttg 60
tttaacttta agaaggagat atacatatgg cagacaataa gttcaataaa gagcagcaga 120
acgcatttta cgagatcctg ctctgecgaa cctgcacgaa gaacaacgca acggtttcat 180
tcagagecctg aaagacgacc catctcagtc cgctaacctyg ctggeggaag caaagaagcet 240
gaacgatgca caggcgccga aacatcatca ccatcaccac taataaggat cc 292
<210> 39
<211> 292
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence: Synthetic

polynucleotide
<400> 39
gaattctaat acgactcact ataacgcgtc cacaacggtt tccctctaga aataattttg 60
tttaacttta agaaggagat atacatatgg cagacaataa gttcaataaa gagcagcaga 120
acgcatttta cgagatcctg ctctgccgaa cctgaaagaa gaacaacgca acggtttcat 180
tcagagcctg aaagacgacc catctcagtc cgctaacctg ctggcggaag caaagaagcet 240
gaacgatgca caggcgceccga aacatcatca ccatcaccac taataaggat cc 292



<212> ilntifi cant Sc-cuerce <220> <222> Dciscription of Arti2l..ci/il
Sequence: Synt' AeLf ¢ Exiis nag <40(3>12 His Hs Tiis Hs Its 1-1s 1 Cains
1. An alkaline-stable affinity chronatography |igand conprising two or nore
domai ns of Staphyl ococcus protein A ( ),attached to a solid support via

mai ti poi nt attachment, wherein at | east one C domain conprises a substitution
of glyei Bosition 29 with an am no acid other than alanine or tryptophan.
2. The aliq? ng,stabl e chromat ography |igand according to claim1, wherein the
extent ofcpgausihc stability of ligand is in the order of three C domains (C3)
is |less than feurriCidonrigisn{cC4) is less than five C domains (C.5) is less
than six C domains (C6) is |less than seven C donains (C7), foll ow ng exposure
of |igand2®>0.5M NaCH for at |east 5 hours. .The al kaline-stable

chr onat ogitdphy ek gandoacéobdiingctd etaionrd: S Ehediim 2, conprising three C
donai ns (CS) @Oli’%ﬂﬁleﬂfld’@rral ns (C4), or five C domains (C5), or six C donains
(C6), or C domains (C7). 4, The al kaline-stable chronmat ography Iigand
accordi ng t&%t %a&fca%laaéﬁ%ﬁ& <@ §aca‘é’@§5tec' '@cé&%t%aq%@aat%tg%pab' €

bi ndi ng east tinmes or nor e of as conpared
to WtSpA-ttm@;takkadgiaa@g@taabmcgbé@@a&w@aw bigand.accereifgqt o anyione of
clains | to wherein the ligand retains at |east 95% of its binding capacity
after 5 hours titheubatiiontynct@®tbedMaNa@H ggbcoaFheaalakabine<st@aylcet chr onatogr aphy
I igand according to any one of clains i to 5, wherein the C dormain conprises
t he ami ndcagiwesequente6f @E@t‘F@tNO?gCtiaﬁc%ﬁg FH@%Q@?%iCéa%aﬁc’Sequen%@ SEQ I D
NO. : 5, gpart fromthe substitution of ci ne osition 29. T

Al kal | ne-Br &1 8 L NP GRRE-SGr Aty tH ganc-HEeor T hy vao%ny Bne of cl ai Mol to 6,
wherein the solid support is selected fromthe group consisting of controlled
pore gl ass;opahyvi nyl al cohol, zirconium oxide, agarose, polynethaerylate,

pol yacrylate; spol yacryl am de and pol ystyrene. 9. A nethod of affinity

puri fyi ng2ome cor nore i mmunogobulins froma sanple, the nethod conprising the
st eps of <213X &rtpriovedirguensanpl e conpri sing one or nore i mmunogl obul i ns;

(b) contacting the sanple with the matrix of claimsS under conditions such

t hat one “6f%#ore i mrunogi obutins bind to the matrix; and (c) recovering the

one or rm?é%ﬁ’ﬁﬁ‘drllpﬁﬁ‘ffhé’ﬁl OHUE e by S BIGETF ng YN Csui t abl e condi ti ons.

<220>

<221> modified base

<222> (16)..(17)

<223> a, ¢, t, g, unknown or other

<400> 41
ctgccgaace tgaacnnsga acaacgcaac gg 32

<210> 42

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
6xHis tag

<400> 42
His His His His His His
1 5



Claims

. An alkaline-stable affinity chromatography ligand comprising two or more
domains of Staphylococcus protein A (SpA) attached to a solid support via
multipoint attachment, wherein at least one C domain comprises a substitution

of glycine at position 29 with an amino acid other than alanine or tryptophan.

2.  The alkaline-stable chromatography ligand according to claim 1, wherein the
extent of caustic stability of ligand is in the order of three C domains (C3) is less
than four C domains (C4) is less than five C domains (C5) is less than six C
domains (C6) is less than seven C domains (C7), following exposure of ligand

to 0.5M NaOH for at least 5 hours.

3.  The alkaline-stable chromatography ligand according to claim 1 or claim 2,
comprising three C domains (C3) or four C domains (C4), or five C domains

(C5), or six C domains (C6), or seven C domains (C7).

4. The alkaline-stable chromatography ligand according to any one of claims 1 to 3,
wherein the ligand is capable of binding at least 1.5 times or 2 times or 3 times,

or more of 1gG as compared to wtSpA.

5. The alkaline-stable chromatography ligand according to any one of claims 1 to 4,
wherein the ligand retains at least 95% of its binding capacity after 5 hours

incubation in 0.5 M NaOH.

6. The alkaline-stable chromatography ligand according to any one of claims 1 to 5,
wherein the C domain comprises the amino acid sequence of SEQ ID NO.: 11 or
the nucleic acid sequence SEQ ID NO.: 5, apart from the substitution of the
glycine at position 29.

7. The alkaline-stable chromatography ligand according to any one of claims 1 to 6,
wherein the solid support is selected from the group consisting of controlled
pore glass, polyvinyl alcohol, zirconium oxide, agarose, polymethacrylate,

polyacrylate, polyacrylamide and polystyrene.

8. A chromatography matric comprising an alkaline-stable affinity chromatography

ligand according to any one of claims 1 to 7.

38



9. A method of affinity purifying one or more immunoglobulins from a sample, the

method comprising the steps of:-

(a) providing a sample comprising one or more immunoglobulins;

(b) contacting the sample with the matrix of claim 8 under conditions such
that one or more immunoglobulins bind to the matrix; and

(c) recovering the one or more bound immunoglobulins by eluting under

suitable conditions.
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