CHROVATOGRAPHY MATRI CES | NCLUDI NG NOVEL STAPHYLOCOCCUS AUREUS PROTEI N A BASED
LI GANDS Rel at ed Applications [0001] The present application clainms the benefit
of priority of U S. Provisional Patent Application No. 61/494,6 701, filing date
June 8, 2011, incorporated by reference herein inits entirety. Field of the

I nventi on [0002] The present invention relates to chr onat ography natrices

i ncludi ng |igands HCGHBOMATOGRARHWMAT C ul i n- bi ndi ng
proteins such as, SEABHNYIQGOQCCUS AIREUS PR BASSINLIGANEYS | as net hods of
using the sane. Backgr ound [0003] Li gands used in affl nity chromatography
typically confer a high selectivity for the target nolecule, thereby resulting
i n high yiel HelatkdQpplivatidng and fast and economical purification of target

nol ecul es. Staphyl ococcus aureus Protein Abased reagents and chromat ography
][ratrl cef havwogqund ? w‘rhe@&@mfapbms@odmaimhmembedfdob;srimﬁy oSy chr omat ogr aphy
or capture an urific no nt i L es d,Fccontal in roteins as well
as in anal yt Pr@&‘lsm%la\]la?“h‘%\?‘ﬁﬁﬁw @%éé@??%‘ﬁ @?%ga&%ﬁﬁﬁga%(ﬂ "g%(ﬁg%rﬂ flty to bind

1 gG wi thouty O)sfe&mé,{ckg@@hluyn@éﬁtﬁggl ng the affinity of the imunoglobulin for
antigen. [0004] Accordingly, various reagents and nedia conprising Protein A

| i gands have been devel oped and are commercially available, for exanple,
ProSep(r)VvA LE.@BLC&H&E&M ProSep(r) vA Utra and ProSep(r) UtraPlus

(M LLIPORE) and Protein A SepharoscTM MabSel ect TM MabSel ect XtraTM

I\/abS(eI ect SuB®IM (GE | Themrepent@nmution wiaissiy deematogphy maices incpyings MabCapt ur e
ATM (LI FE

ligands based on one or more domains of immunoglobulin-binding proteins such as,

Staphylococcus aureus Protein A (SpA) as well as methods of using the same.

Background

[0003] Ligands used in affinity chromatography typically confer a high
selectivity for the target molecule, thereby resulting in high yield, high purity and fast
and economical purification of target molecules. Staphylococcus aureus Protein A-
based reagents and chromatography matrices have found a widespread use in the field
of affinity chromatography for capture and purification of antibodies and Fc-
containing proteins as well as in analytical-scale antibody detection methods due to its
ability to bind IgG, without significantly affecting the affinity of the immunoglobulin
for antigen.

[0004] Accordingly, various reagents and media comprising Protein A-
ligands have been developed and are commercially available, for example, ProSep®-
vA High Capacity, ProSep® vA Ultra and ProSep® UltraPlus (MILLIPORE) and
Protein A Sepharose' V', MabSelect™, MabSelect Xtra™, MabSelect SuRe™ (GE
HEALTHCARE), MabSelect SuRe™ LX and Poros MabCapture A™ (LIFE
TECHNOLOGIES).

[0005] In order to maintain selectivity of the chromatography ligands
including ligand bound solid supports such as SpA bound chromatography matrices,
matrices have to be cleaned and are typically cleaned under acidic or alkaline
conditions, e.g., with sodium hydroxide (NaOH). For example, a standard process

which is used for cleaning and restoring the matrix is a cleaning-in-place (CIP)



I NOLO@ ES). [0005]1In order to naintain selectivity of the chromatography

| i gands i ncluding |igand bound solid supports such as SpA bound chromat ography
matrices, matrices have to be cleaned and are typically cl eaned under acidic
or alkaline conditions, e.g., wth sodium hydroxide (NaCH). For exanple, a
standar d pr oglRslte\whit6dol, ivthidhsgslcdlgrinwieantagertrd thedighat bangd tragixwith i X is a

cleaning-in-place (ClP)., alkaline protoc i.ch. typical | nvol ves treat nent
of the Iigan a@H@ﬁaceﬁggtﬂn)gan}gﬁ?qqé 1}46%8&%{%@{1%}? W&%%ngﬁ %’02%94). 05Mto 1M
resul ting i nTpikdi§NG@oskde dt dnQfhity@hromaRigfaphy YhatrBxp epdited OFP @pleaf finity

chromat ography matrix to repeated C1P cycles results in siqgr&iﬁ%i cant | oss of

bi ndi ng capatasylis ippispifieaniinss Phbipding eapaciy pétheatde (or & tasgeim OVflequiring the
use of a gre MreQTHEH I QB8 S thOfro@kd, 8Nofv& Y¥reXpensi ve

| i gands whi cﬁ&g’rrg bounde %l% dgg%%%g%%ﬁ%&@bot% uneconom cal}eand undesi rabl e
as it result sxpensivenligapdsrwifiphcare boundde seBises. peiois Pl UagroBoBiEpdi ve as wel | as

| engt hy. Su . LQn. i : t.agr aphy

mat ri ces have e}élé%iep%sgﬁ\he%ﬂ\éﬁ{/%%g@gﬁci E@gﬂrlﬁ)%eg% ﬁégggﬁggﬁ?%&g%%r@]o show a
reduced | ossaolengthndi ng capacity for a target nolecule follow ng treatnent

wi th al kaline conditions. See, e.g., U S. Patent Publication No. 20100221844,
whi ch describes affinity chromatography matrices incorporating wild-type (w)
B or Z donui Semafarppftheilbventivht i pl e point attachnent to the matrix, which show
up to 95% of the initial binding capacity even after exposure to 0.5M NaCH for
5 hours or nmpoes] Al so, RiofSin RhbsedthiBublop@ply watribis. haOiB0 k8B NElydescri bes a

chr omat ogr ap trix incorporating wld C dagmai.n of SpA as well as a C
domai n cont apgﬁcﬁgeddnﬁﬁla&‘ﬁﬁ acPPeadrli‘? oW rie@alcggg’lsﬁ%@bsmdén%%alp %"dgh‘”& whi ch appear
to show up t eur@hotdcule fisllowing trekmdnit Rath akaliepmaditipnsafSeare. X pSskatentt o 0. 5M f or

about 5 hours. These |i re [mmbilized via a cysteine directed

si ngl e- poi nt P&?]tcéﬁ‘?i‘r%%@%?@%h@‘ln’ﬁb‘r" eSCHbRS AFupty CEFP?P}'S‘?%’&PB )r’%ﬁ{?esmat ri ces have
been descri bafomiatig Wil8yHRAWBIRFL 8drkdins o SPAWItNAulCPRpalnnateghmeitas | ons at one
or nmore asparaginc residues of the Erotei,é{] _r;gnere the matrices §leepéaear to show
a reduced | o mairipiishiow apae 1% of e dtitia) bindgecaraclly PYFRATFESEBRIC £ ol | owi ng
exposure to & KaliNoE diHoLRRS nARd ARNERS. PaknbRublitaiRRNG. Z@WovisR76
single-point attachnent to the matrjix. Sec¢c, e.g., U S. Patent No. 6,831, 161.

[ 0007] Al t hougescribese chfamatqastRhYy GHEH BEFPTAHRE ‘&lﬂf?f@jﬁf‘a%@%‘ﬁrﬁ Shats Yels appear to
show a reducgd, LQRmalnboliaMH WaSRRASE dfinb @Eid FestdRbEOBihrdlizh 8CWhigh higjehOW Ng
exposure to caustic conditions, some of these matrices appear to show a |arge
degree of fr &yshentupttd 8% f thejigitiplcdhindingcapacily afprsapowir Q9 fsBRRYWAGE and/ or
size excl usi ﬂeurg.h*rﬁézéiig&géa!axmg.lﬁfﬁa@led Jioh LoV RURPSHEE-pbit SBkfhbg condi tions.
Such fragnentation 1's tndesirable, as a |arge degree of fragnentation of

| i gand r esul tsth magira|Hugherf ehagnatagraplofmatiierahaee tven degcpbadsdrieh which are nore
difficult to. . ; . I reby increasing
the | i kel i hodifofpie @ﬁ%ﬁ@?@%ﬁ‘?ﬁ“ﬁ@@%&ﬁ%&%@%ﬁ‘é’“ ra'g‘?rrgﬁtﬁ’ém%hﬁ co-purify wth
t he t her apeutéstdubsofghe prowing ebbe thduattibeappraeio shov arrgluceiblgssaa bnklingr agnment at i on
results in an increased. |oss.in bindi C | g f a target
nol ecul e. [O(SME[' ree?%ty%%oetﬁ? Will%\?@ﬁtspgh%%?g{%gggé&é?ﬁ {) ﬁllth l;ﬁ] e@ﬁ&%ﬁ‘;ﬁsggé aphy |igands
and mat ri ces appranfoeridaimobilizédnaa 8 ainele-paine agachinentlto gamoeriar®ehaged.Son one or
nore Staphyl g)cocc#s ne f) Protein A (SpA) domains having a deletion fromthe
N-t er mi nus, ?’ﬁP‘tl%é&;ﬁ’ g )sition 1 or position 2 of the dommin. These |igands
and matrices [giigy I educatthdughome Bloddmeatiordd faffiiity phironfaiogedphp mattives appsareyi denced

by SDS- PAGE and/or SEC techpjques, relative to so L t.he previously.

descri bed | i §anYa reduprelagsyn H‘HE&“& GPRAABN%RB Pégeém"?eéiggif@‘ ORI i Butic

candi dat es f @bndifghsi ddnRfdfiHREd YiatGibEsQUFPE® & ik large degree of fragmentation of
ligand, e.g., as observed using SDS-PAGE and/or size exclusion chromatography (SEC),
following exposure to caustic conditions. Such fragmentation is undesirable, as a large

degree of fragmentation of ligand results in smaller fragments of ligands being present



[0009] I n one aspect according to the present invention, affinity
chromat ography matrices are provided, which includes one or nore B domai ns of
SpA having a deletion, one or nore C domains of SpA having a deletion or one
or nore Z domai ns of SpA having a deletion, where the one or nore domains are
attached to whishhiconse pifideuit.to [ed®YOpmchseparate drobotie taegst molgaulefthgretiyt y

chromat ography matr.i x,. or i {0 r W)Y I InCl L .1 i gand
attached to erse%ﬁl?%t'h% Ug%@??“,dt'h%%é?hep‘%%g‘aﬁ ban'%ltogéonplr%ﬁl eeggo%lg%é}qﬁ@r‘gm{é domai ns
of Staphyl octgeflufqpamrca?tgetm\?jécmiatn ?rthsm)re, avilirge degnte dfémgmgmm?)naewmt h. ﬁ |
conprises a deletion of .at. |east onsecutive amn ids fromthe n
anot her enbol’.?f’rﬁéﬁ‘?fi?oséﬂ" lﬁ?#‘?%?atpﬁc'@lﬂfﬁmagﬁ’f g?ﬁﬁfr%ﬂo?e)‘(‘g%bcor ding to the present
Conpri 565 ona of Mo 6 C qom: e of G Ay oocaUs aur eus Protel n A (SpRy.
where at | eag‘ﬁtriﬁ?ﬁei“@r%ﬁtﬁlgﬁh%@f?ﬁrwgeégﬁ‘ﬁl%@?"ét“ﬁ%“&fmé’f‘e PLB8E 3 consecuti ve

ani no aci ds §omidcdecubat Rl NPoRE A (D Lbhainy Bividnoddiaionesaode MeRiminad) af finity
chromat ography matri x according to the present 1nvention conprises a |igand

t I ti
attached to #Hawigs picPositiph et posirare teeomaiardeted e Ssaég mgH e shogEdiced gomai ns
of Staphyl ocgg tﬁ%ﬁﬁhﬁné{aﬂuﬁh&tfbn'ﬁs&%@iden&ﬂﬁlﬁ-ﬂ\@@%ﬁd@ﬂ%@t&ﬁﬂiﬂhé&,

conprises a defetion of at |east 3 consecutive amno acids fromthe

N-term nus. [eddive]d semstof te pseviraislysietsaibipdrbzands, thereby makippthent megsirastvaphy
matri x accor gj : : ] LR hEERRs ~a ligand attached to a
solid suppor%%%%E%]E%ﬁcﬁgﬁggdégﬁp%ﬂ@&htvvo o%rras&rrlgre B domains, two or nore C
domai ns or t{0%F nore 17 odoamiedsscontingintheprisnhiavindan offiry coromezaphiy mai ns,

where at | east e VA i oln) T4 i .l east 3
consecutive gql%tr%gs egghz?gi dF %ﬁﬁkﬁggﬁﬁ%gﬁ emgnus. BS(F%&%%?E%Q?‘PS%& d@%%(lgdi ment s
accor di ng t oonch@ npreSaiomaingveHitA bayingrdadetiohanomme nyire 8 domainsehSpA bavin i s
attached to a

o L ached 0 SRR ARRER e O B A 00111 v v
fragnentatiomolels deter i srecdnibpdiSos:, BAGENDY cliyymsatogreplexciius henerdig tortiet ogr aphy
(S5, el oL Loy S BTSS0S SARORML Rl Gy gand o Lhe
enbodi ment s RCaMlira 8 domalni @f Pruphdstvcdunugiais Broteint A€SpA)gahdle at least one B

domain comprises a deletion of at least 3 consecutive amino acids from the N- In another

embodiment, an affinity chromatography matrix according to the present invention

comprises a ligand attached to a solid support, where the ligand comprises one or more C

domains of Staphylococcus aureus Protein A (SpA), where at least one C domain comprises

a deletion of at least 3 consecutive amino acids from the N-terminus.

[0011] In yet another embodiment, an affinity chromatography matrix according

to the present invention comprises a ligand attached to a solid support, where the ligand

comprises one or more Z domains of Staphylococcus aureus Protein A (SpA), where at least

one Z domain comprises a deletion of at least 3 consecutive amino acids from the N-

terminus.

[0012] In still other embodiments, an affinity chromatography matrix according to

the present invention comprises a ligand attached to a solid support, where the ligand

comprises two or more B domains, two or more C domains or two or more 7 domains, or

any combination of B, C and Z domains, where at least one of B, C or Z domain comprises

a deletion of at least 3 consecutive amino acids from the N-terminus.



conprises a deletion of 3 amno acids fromthe N-termnus, a deletion of 4

am no acids fromthe N-tenninus or a deletion of 5 amno acids fromthe
N-term nus, where nore than one site on the ligand is attached to a solid
support, thereby to forman affinity chromatography matrix. [0016]1n a
particul ar efioozi ment, Iavhdicguaﬂbdsrammma@nidmfg tadiethrssenjueveoeors gtord et bnd n any of

SEQ I D NGs: 13-42 | D. NOs: 5 d SE 93-.9 017] I n anot her
enbodi nent , %{telqnﬁaﬁ’s'fg%éegﬁra&i@‘%éfooa ¥ ST)‘?@& qlq\'l'ﬁs%%?t agﬁé'f?e[lgt he fol | owi ng
ZtrUCt Urfe S[ ,KA(\%) (Y),,ihv ﬂOUSﬁiﬁMB&Ilﬁnﬁﬁfs ﬁ@]?fdﬁfgetd otig ;ﬁeantdﬁmiatldm, thee lZgadaDrralhn or ha C
omai n of SpA, n represents the nunber o an zero throug
(m1), 'V reprhéismdiced fipemsniation a5 defermingd M%ﬁ%ﬁgﬁﬁ %6?1%? ﬁF'ngA havi ng at

| east 3 Consaﬁ%wgra@m(Becﬁ%lsmed@ttﬁve@ﬂouhfemtmomgemsms@faﬁdlgamd@presents

t he nunber of Y domains ranging fromone t roug‘g ei ght, where nore than one

site on the thegmfmwogtaav%@ﬁéaan@éo & SYNeQH Sorgh At SMEUS.  a chr omat ogr aphy
matrix). [Oofdé]l&n SOMe If @aﬁgbmrﬁelﬂ&&%m@qomptwéa@mmmt theMg@Rf i on, the

| i gand conprfises two B omsu ns or two Z dormains or two C domains of SpA, or
one B and oneonprijedatetionof d aming a&td@lfréméhtZNd@maw%;a@'ﬁ4€tt§>ﬁé’f€a@r‘iﬁ> i Z domai n,

where at | eaz%)mQHeeNQe @ 'opa%let‘?&n Jr8a5tin PRGs G APIE NYehin@ whER%hor@HanC domai n

i ncl udes a deletion o ree consecutive amno acids fromthe Ntermnus or a
del eti on of bmmteooﬁsdtgand s ettantichty assolid supppisrtherply tRHerey an ailisityor a del eti on of

five consecug}llr\é%at%rrrla Q rggtlngs fromthe Nterminus. It is understood that the
vari ous domalns ma§ be arranged in any order. [0019]1n another enbodi nent, a

| i gand accor ¢iong] t o t henprpagientar émivelirhéntra lganghdssie sminwragal Bqwkopasehrir t hree Z

domai ns or three 0, domai ns in any
order, wher emaatnylogégﬁqﬁrﬁeﬁ%nd%?ﬁgﬁé I@%? glfgas'% on%ﬁ%N@orr%?’l %4 or at |east one C
domai n conpr [®e%] a del elhlaﬁmhérfentbbdmncemlgaaimccoremgm tho p&esdéntl mvEmtem Hak the

N-term nus or del etion aci.ds from.t he t er m nus
or a del eti off! @W‘W&V@Ctﬁﬁngg&&%bﬂ‘a ?{8 (‘?Pr&e“ﬂ (r}%d?rﬂ%nlﬁ- ARSI G52 El-[0020] I'n
yet another aahgidoM8p), n @prebc@ifinble AGEHRF 6f dighaird ridptngfre@s ead thironpdriin-DnYconpri ses

four B domains or four Z donmains or four ,C do or conbi nati on of B, Z
or C domai ns "SPEESE2 BrigBpin QiR gomgin ?ré’aéfjorﬂ?igngéﬁgh% aétl&/‘ét@ (Ot e Z

domai n or at ohfR%LId B8 HORMBhEINGOHMIsSES nArepi@bcdisitRnudibet b edoainsecut i ve
am no acids fromthe N-term nus or a deletion of fo%hconsecutljve am no aci ds

fromthe N t&ngingf@ngneshrqughesighinvisre motedhangngsiteipn (he ligsAddd 2 oRr om t he

N-term nus. LOQZLLAIM 4L, a@nm%gr@ﬂpggh@nt a ligand according to the present
i nvention conprises five B domains or five Z domains or five C donains, or any

conbi nati on 018} Z or ]@SQGﬂrﬁiﬂh@dliﬂﬁ“taﬁ‘&ﬁoff%EetP thepigseat igyenfiemdhe liga8d B dommi n or
at | east one cénﬁr‘?s%? dl@'a?lﬂamé Sash o0 SnsP RS & JORERE b, 2r 6 Bhh®mmeaf three
acl ds

consecutive am romthe N-termnus or a deletion of four consecutive
ami no aci ds fewant dreniBtaad ehhddowpingordat £1dnd enef dpmgia, whrig aldeast 9 Bini no aci ds

fromthe Nt %&%‘H &% at least one Z domain or at least one C domain includes a deletion of three
consecutive amino acids from the N-terminus or a deletion of four consecutive amino acids
from the N-terminus or a deletion of five consecutive amino acids from the N-terminus. It
is understood that the various domains may be arranged in any order.
[0019] In another embodiment, a ligand according to the present invention
comprises three B domains or three Z domains or three C domains, or any combination of
B, C or Z domains in any order, where at least one B domain or at least one Z domain or at
least one C domain comprises a deletion of three consecutive amino acids from the N-
terminus or a deletion of four consecutive amino acids from the N-terminus or a deletion of

five consecutive amino acids from the N-terminus.



[0022] I n yet another enbodinment, a ligand according to the present invention
conprises six B domains or six Z domains or six C domains, or any conbination
of B, Z or C domains in any order, where at |east one B donain or at |east one
Z domain or at |east one C domain conprises a deletion of three consecutive
am no aci ds f002¢h t he N-Ihgetranother cprbodinthet, etliigami wtorfliog to the peatinvesticam no aci ds
fromthe N-termnusfor ? del etgo eﬁﬁ fi.ve 13€ 0%&{11}/5%% no g‘l%tﬁjsnoff m t he
N-termnus. POUBSTY QUL RECTRHE: ¢yt %I&ﬂl%(ﬁtou gand aceordrng 1o the present
invention compF Csie&aﬁleueahyBrd&leerhsatdﬁast&meo&aﬂmmt kegstone BeumninGrdonmai ns, or
any conbi nation of B, or C.dommi ns i order., where_.at one B dOITB.I n
or at |east l?ﬁ%oie ggﬁﬁf“ﬁ CBWpﬁiesggﬁ@?o (ﬂrél%(‘;g hv%ad%? P%‘ZS fr%[nglfl%tl on of
three consecihings &8 ddRtidk bfiouf dRBACUING dMih@adidsTetin e NateflRings drande®dioh @ar
consecutive am no acids fromthe N-term nus or a deletion of five consecutive

am no aci ds fiYosAnseeEtivg amdpeRgididron Be MierRingS-f ur t her enbodi ment, a |igand

accordi ng topgohg Present ybinieMtd dboaRaaE, 'asl%ﬁn(?dcg&ﬂlnEt@ﬂl@@kd@&t(ﬂ{veﬁﬂl&ht yA
dormai ns or el ght” C donai ns, or any conbination of B, Z or C donmains _in any

order, wher eceimprisesite BAemEngs rﬁafPrZ demaips or fxgt dgmaing, Oﬂé%‘fqmlﬁ‘?atlat‘ of Be&t one C
dormai n_conpr bﬁ@a%rﬁ?lﬁﬂn%y Ohte ?thuya%amné BGhhMEr TP 0RO §Smdbih BPAIOE!

N-term nus or etion our consecutive amno acids fromthe N-term nus
or a del eti opneof déinain comprisss aiti¢lotéonafithres compagytiveranting #radsnrane thegiNrtesminus

0025] Addi t1 002 onRE B S5 ABLELBRAATEL RIS Ml D Bliichlop 0L Y

chr omat ogr aphy rces. cor a net Inity purifying one or
nore target n@ismﬂk@&nmeagdsfrommtmﬁ)@rmmmlsl ns or Fe-containing proteins) froma

sanple is pr d, where the, et r oviding a
sanpl e conpr f(}f):zg]g one g[;n vet anotheli emhb ((ji{me%% 11 %ﬁéacc?t%m%ttg e I%%ent(uﬁ)egﬁf Us or
Fc- cont ai ni ngornprﬁbesm§)don(ab1)s octhatotnamg ot ie Csdonpilins, eviahj canbmzttrqn)of BcZording to

the inventio nder.condl S one tar cul es
(e.g., i mmn§g4%5‘8msi1$§‘1yoof n}&eé?"l? j?aﬁ §HG Bp‘ﬁod?aé‘? s a)t?et%sm © Ofnﬁgl ™ C?SE and (c)
recovering tbge Odemsih coMmpisebadeldtidroofgiate covkeativeanife agds frormmhendgirmbuki ns or

cxanpl . o Sl L EmoHouf BySedie el sShm B e S a1 # G S S ogr aphy

mat ri X accor dpmiecutive Ao REIAS ROH tho &R, retai ns at | east 95%of its initial
bi ndi ng capamt for a targat nol ecule after hour s, g{e after. 10 hours, or

after 15 houi‘g’ r af t el YSPRNQEGF embogimentradfgand agegiding to Hie pRgspRhinvsgtiony iy s of

i ncubation i BofprkeMdVaBldomaRe 8l deRerAz Behiihé ot sBYentlTBEHAiAS BF anyaBmdfnkliod &fy
chr omat ogr aphy rratrl x according to the present invention retains at |east 95%

of its initi& ZIF kioRging dpatyiarderayiess atéeaﬁbctﬂesB doneaibakat SAstione 6. deme Nt

least one C domain comprises a deletion of three consecutive amino acids from the N-
terminus or a deletion of four consecutive amino acids from the N-terminus or a deletion of
five consecutive amino acids from the N-terminus.

[0024] In a further embodiment, a ligand according to the present invention
comprises eight B domains or eight Z domains or eight C domains, or any combination of
B, Z or C domains in any order, where at least one B domain or at least one Z domain or at
least one C domain comprises a deletion of three consecutive amino acids from the N-
terminus or a deletion of four consecutive amino acids from the N-terminus or a deletion of
five consecutive amino acids from the N-terminus.

[0025] Additionally, provided herein are methods of using the affinity
chromatography matrices . Accordingly, a method of affinity purifying one or more target
molecules (e.g., immunoglobulins or Fc-containing proteins) from a sample is provided,

where the method comprises the steps of: (a) providing a sample comprising one or more



[0028] I n yet another enbodinent, an affinity chromatography matri x according
to the present invention retains at |east 95%of its initial binding capacity
for a target nolecule after 25 hours incubation in 0.1M NaOH, at |east 85% of
its initial binding capacity for a target nolecule after 25 hours incubation
in 0.3M NaG-targét’ malbcdlﬁé(sg Gﬁl%uﬁfgldbhﬁnsid’rlinicalhtailnimgqb'rmgnsja(;baccbrtt@ctiﬁg)thea t ar get
nol ecul e after ourSJncu t|on in 0.5M |mTunoIobuIins

whi ch are caﬁﬁm 2 IrHGeEs H%itotﬂ}e WN%‘“\?QHI}%%\{‘:O'T({“QO&‘HH%ES@% 06'88 R&F%i n

i ncl ude, e. Giarget filecl1@/e. %rnﬂnﬁl&Mgldbth FE448ht@ininpadtEihg) bﬁmirtplthesnmgx amdant i body
and any fragnent of anti which is ca abI e of binding,to % [ 0030] Al so
provi ded her € fEcayeaing theogs ef raeredrom fag e%éﬁgnﬁnmwgg’gmﬁf@ Fi gands

descri bed heggidinin@SroWls) b)aéuth%%d&eshlt%lé Ol HBhdGicB B orRugh Sk G satthifle Mol ecul es.
In sone enbodi ments, a host cell is a prokaryotic cell. In other enbodiments,

a host cell pPH. a eukaryot| c cell. [0031] In sone enbodi nents, the present

i nvention prﬁm es SpA- 9@&@9&@&% rﬁ aﬁQﬁﬂ@m%%@aépmm&%&omhga tgxhi bi t

altered (increased or decreased to" a Fab port’ion of an inmmunogl obulin
conpared to pieenhinvesian ritgjasd deastiive @f ltsemlaﬂlrhmﬂgn& qapacilyifer a threglon@lpeide t he Fc

portion of t Qi%ﬁ SW@O@ ﬁg lldfﬂyu L& aq}t@fa Tr20 ﬁ(ghr§%ail?@f@§qtoﬁ@t<fr' X

according to presen i nventi on ex ecreased binding to a Fab
portion of amfterﬁaﬂ’mmrsgfmbuhahm m(ﬂrﬁ)MrNﬁDHo vvt SpA In a particul ar enbodi nent,

o e 00 AR T ERERREN S MGl e, bR o1 o 2
i nst ead of atv tht priesaneinfemion asanodt [dakied 5% dfGtsanitialdfindBpeAdapaddyiafér Desiey i pti on of

t he Draw ngs LOOSZ%‘%&A%O&gpl cts the am no-acid sequence alignnents for the
wild type (wiFuhay mai ns of SpA as well as the Z domain, represented
by SEQ | D NOm028p. [ 0038lykt dnothdr ehetiditit,sa héfimity ichrodiasgraphy mafrixtdeeorpingsm d pET
| 1a contai nlto tﬁe present invention retains at least 95% of its initial binding capacity for a target
molecule after 25 hours incubation in 0.1M NaOH; at least 85% of its initial binding
capacity for a target molecule after 25 hours incubation in 0.3M NaOH; or at least 65% of
its initial binding capacity for a target molecule after 25 hours incubation in 0.5M NaOH.
[0029] The immunoglobulins which are capable of being bound by the

various ligands described herein include, e.g., IgG, IgA and IgM, or any fusion

protein comprising an antibody and any fragment of antibody, which is capable of
binding to SpA.

[0030] Also provided herein are nucleic acid molecules encoding the various
ligands described herein, as well as host cells including such nucleic acid molecules.

In some embodiments, a host cell is a prokaryotic cell. In other embodiments, a host

cell is a eukaryotic cell.

[0031] In some embodiments, the present invention provides SpA-based
affinity chromatography matrices which exhibit altered (increased or decreased)

binding to a Fab portion of an immunoglobulin compared to the wt SpA ligands,

while retaining the ability to bind the Fc portion of the immunoglobulin. [n one
embodiment, an SpA-based matrix according to the present invention exhibits a

decreased binding to a Fab portion of an immunoglobulin compared to wt SpA. In a

particular embodiment, a chromatography matrix incorporates a SpA ligand, which



the nucleic acid sequence encoding the dineric Z domain ligand with a A29K

mut ati on, the am no acid sequence shown in SEQ ID NO 85 (control), and plasmd
pET1l a containing the nucleic acid sequence encoding the dimeric Z domain
ligand with a A29K nutation as well as the second domain including a deletion
of 4 consecuintiudesartysice @pbggont 29 mstelkoNd-glharimg (rusase offkandh domains of sequence
shown in SE NO. he | 1. nd co r include a His-tag
sequence at Q?‘?{g%msgeﬁ?jo '%g P&’ ei%lﬁa %Fg@gje st ai ned SDS- PAGE gel for
anal yzing the fragrrentatlon pattern of free and i mmobilized dinmeric Z and C

| i gands wi th_aor_w thout cagsilc soak in 0.5M NaOH for 25 hrs. The description
of the vari o8& gel is as follows. Lane 1. nol ecul ar

galr ker; Lanek 321di mer i qué d@émdmthlsa@amchcws‘etqudnee dausitits fexhiposild §pé A29K with no
el etions 0

wn in SEQ | D NG 85, V\hlﬁhlsgz%ed asthe%g %&ésndlncludesa
His-tag); Laf¥) BG t'ﬁ@neﬁ%%m%ofﬁpé&wie ap thg £rPmagh fP5ised F% to 0.5M NaOH
soak for 25 heyns, Lane 4: the dinmeric Z domain |ligand control inmmobilized
onto an agarose chr omat ography resin, which is subjected to 0.5M NaOH soak for
25 hours; Lal¥3: the oﬁ%e%fiwczs srbermtic disgpirertiag R ipgnid PRE| Wsopiingie 4
consecutive ﬂt@nﬂ&et@%ﬂ%a{u&%@e&t&ﬁ Ay th@(‘ilmeﬂéli dBhainRaseeang Adorai n (A29K wi th
the second domain having a deletion, shown in SE%ID NO. 78 and a His-tag) with
no caustic exytsonshe ananeadid sagkence sl is SEQIBMPRS (s4A 498 PREMId D NO 78 wit h
aHlstagsu imeric Z
domain |i gangtﬁﬁt%@agqtg%h%%%mcﬁﬁ%ﬁ%%er%édlﬁgrfr%%l‘m%r?eﬁ d%%?%h%wqagar ose
chr omat ogr apwyth r@g9K rautaticsjwet e thetsecodd émwa@qltsimt@ detstiop8f hours; Lane 8:

dimeric C donmain l.i aci d
Cequence shonmsrulik ARt 608 (S b Hoff 358 ﬁgé’t‘te%“%%@@"aus e
exposure; Laﬂ@N@) 7&. Hihediganet donstmctbdmlien 1ﬂcltglaad|{1$>®gt8¢®len®wb}tec3t ea.t o 0. 5M NaOH

soak for 25 Lan the di ner. |zed onto an
agar ose chroﬂ&ggraphye@%& ?18005% Sflgéttalnagsggm% %grg}{ ggg%g‘ﬁ 25 hours;
Lane 11: di mewgmenGatidapaitain bf fyeeruhd nhmvsmeedadnmeﬂlceZathﬂlgmdtst“hEdN-term nus of the

second domai n. (am no .aci S NO, us haV| ng a

H s-tag); LaWétg“i‘ﬁ caygtigagak dn @gﬁﬁ[ﬂ%@h%&gg‘ﬁd%‘? Egﬁré’%oﬁ RI% ggrloqs €' Hi s-tag
subi\leocg ed Itoc)f)théwbsla&mgeks af)sqlbllcﬂﬁsdhﬁuéts m@&dlldrmﬂ(ei,&andmmmleﬂcz | i gand of CSjEQ
| D 5pusaH|stag|mTD||ze ont n r chr.onat.o resin an
subj ect ed t odeMmaMligERdVitRaCApElC eggoqqu\g‘)l%[\’ﬁ%%iﬂgfgms Slﬁ)w“smgﬁﬁﬁ%rmt ogr am of
an SEC anal ysssRwhidhas GHedgs ihe cént@nehdGntlu@3ndsis-sdgimhe 2ete dimetibe descri ption
of Figure 3 above. The x-axis denotes the rent ntlﬁn time in mnutes with

smal | er ol eéomas ligand segtrolsHbjesied ©ileM MR SoA% oyrirdangf e | ar ger nol ecul e.

They-axi s repmRSRH fontdih ﬁéhﬁ@"c&ttto@ﬂm%blﬂ% ORtY dnMgPbkd chidiatedthshgRestn, of reduced
fragmentation for the dinmeric Z a C donain | |gargd§ﬁ21?w ncg%a N-t erm nus
c pert

del etion in thichdesbitgted sneM, N%Qﬁi P%knf?rgz5é3@t1€3nh@t? den3ip e 0.5M
NaOll soak f (H%’arﬁ%abiﬂg'21%Eletlbrﬁoﬁl%‘%bcmve%ﬁn&&cIA%QK%?th@'N LehRingheanat ogr am and the
presence of s ragnents for the dineric Z and domain controls is shown
by way of ar seved dfrooe6AFkgwite ths spepnd dapeirheynga deletianeshogndn PRRADge| f or
analyzing th ?Eﬁm t t enmadfnd ﬁ@&inﬁd Zesgentanmeric Z
domai n Ilgang\g 3&‘3‘ or @&égﬁ%ﬁ%%gﬁ%s@g?%po?@%ﬁ%n&% t_h@ﬂ 3 Tor 125éjdt]110urs The
descri pti on of SEQEDWN: V&wﬁhlaérhemgeﬁbjtdt@@D@M’N@Hgieﬁkf0§2éb0#ré)lua0w§ Lane 1:

nol ecul ar vve| h r i,pg the A29K
mut ati on and %(%I ?ghm%lkﬂggcdgdrfssgc Ive 7|a8(r;n)vurztloadlfeftc| oé]nﬁ om t Bﬁ%— !t?er m nus of

al |l but the fagerrSste odmmtoyamheesamndcsulamtcﬁ ts@cﬁhéNe@H@balV\fw@hholss daheforth in SEQ
:B % gj subj e%no C?UCF“ i e%ﬁ%ﬁﬁéggﬁ!a Pl 3 hourgﬁq_éﬁm 398 %I#%??gdzogogggn
| i gand of SEGhdvia iNQESHID Nmﬂmﬂlmszlﬁdmglattm-mg) ﬁgmmsatsnchemrmtrmgma@%yhaf esin and
subjected to OH .sqak for 25 hour n dorral n |igand
of SFQ I D Nodglier‘ctgl\lg%{“aalgﬁ%a“é'(?ﬁ'?tfoﬁls“m%‘?ditﬁ 0%3/' ﬁ&&HsSg%f fgg?ihoqra #8usti c soak;
Lane 6: pent QU'ethé Qm%n@@'@n{htﬂ ll%ﬂﬂ'%ﬁ@lﬁﬂlﬁ&l'on&ﬂb’!égﬁﬁoedcﬁr@nﬂogr%ﬁ‘)l&% soak for 25
hours; and Lane Eent aneric

dormai n |igand control bi, | onto an
agar ose chr o @i@ﬂe& Ayo P-&¥ NaQid goak By ecaves: Lanco! sl ‘@d@?&“fl‘w 25 hours.
Further, Lanes 8, 9 and 10 relate to the results seen with subjecting rSPA to
a sim'lar treatnent, where Lane 8 represents rSPA which is not subjected to
any caustic soak; Lane 9 represents rSPA subjected to 0.5M NaCOH soak for 25
hours and i nmobilized r SPA subjected to 0.5M NaOl1ll soak for 25 hours. The
bands represent the fragmentation, as depicted by arr ows. [00371F| gure 6 is a

D P T o L eSr~gs~ - - -1 .. - AI 2 . I T o DI L I P |



[ 00391Figure 8 is a chromatogram of an SEC anal ysis of the free dineric Z
domain |igands foll ow ng extended caustic soak, where the |igands include a N
terminus deletion of the first one (SEQ ID NO 87), first two (SEQ I D NO 88),
first three (SEQID NO 69) or first four (SEQ ID NGO 78) of the second donain
of the di nerhavirgiagkietien fréingheN deringnud efitie escondhdomaim{aring and sdqrencen mi nutes with

smal | er nol equl es i r.retention.tine.than t . . r nol ecul e.
They- axi s re%ﬁpggémggéﬁ}@%%ggggf e 'ﬁ’gﬁg)h]fﬁnf%E’nﬁlﬂ?ﬁ#ﬁgoﬁéwgl%@&?or reduced
f ragment at i OSEQ ND OEESS Pilis § HEs-dg sodjdered ltd gandSaGthvoahdor 25rturst frddeaner first four
am no acids deleted fromt nnus of .the. second domain follow ng

ext ended cauk%:idE“"srt?éjk{@aé‘dBEgE@?égk%QéB%% .‘S't‘?%BmB&@EZeeH(,QB%aoaP EPYent ati on
observed f ol &m%agg@m{eﬂeﬂﬁ%dc@@s&twtmNabumk dirrehbes) i gands havi ng no

am no acid deletions (SEQ I D NG 85) or the fjrst mn? el eted or the

. acjd d
first two am%laci ds ddguse &é F shamategsamol ekl S0 ft}?éfl@%ré 8"Yomain, is

shown by waycQfoqais s@WRaRR4R 1R AcdcAplid I RSENSRVES Thd ASTEMNGeO thet e
chromat ogram [ 0040] Figure 9 conpares the retained binding capacities of

i nmobi | i zed Enigoie tmpisrtianes With pngknmeleapleehavingpenecetri Rt tne ekposur e, where
one pent amr{étgc%fa%%gg hélCduttd e f‘-ﬁxigl{)ekge_rséntﬂﬁ? A Sidn 0280 nitti mp acids in each

domai n, the ation in each domain as well as an al anine as the very
first amino &b evidance dfaedreed frgmentatine forherdbmerdq 4 ardgdenzia ligpishin in SEQ I D

NO 93); and {he ot{e t Fom Lfb S RRANLEIRRL M th the G29
K nutation (f‘*hvg“ arr]1tj ?\%mﬁ@{gg@lgg(édulgﬁlﬁ:éesgg#}'q\&gﬁgﬁ’ |f0|s swm In é:EL(lQ D aNQ 95). The
X-axis repregensSM Na@Hobalciond bdrs)eis ehapashyreaysff bokes optireorierediegiphy matri ces
to 0. 7M NaOH over 16 cycl es,of. 30 m [ S:af nts the percent
retained bi ndin 683%658%/?@@ At emens rstge?(i?'pefl%%gg Ctadﬁléa\nnc?gﬁ(??& [ 0041] The
present i nvestawarbypraywifdeswaf finity chromat ography matrices which incorporate

| i gands base one or_.nore.dopmi ns .of S re. the |i ei t her al one
or when immg]ogglzed ont%glﬁegéﬁ@?m?ﬁ&%awg(ﬁﬁlgg%%ﬁe% erlrgor{tagg?%lﬁgsglﬁri ng use in
puri fi cati onfipgRERaHe pattdre bebdtly fed andtimemobidizedspandiing dotmathdigandsswidf SpA.

[ 0042] Previ ousl y descri bed exenpl ar A:- based, chr omat ogr.aphy .l i gands i ncl ude,
for exanple, O'EWE‘;'&J” BAVSIAG Sole it QWLI)?‘”’QL' gg@%ﬁ?urbﬂ'w pﬁsﬁggtdﬂ?g(ﬁg& %836%221844, whi ch
descri bes chrasasag SIPEYAGH del BaS foMdiveLdnB ¢ Ompletadrevalght ehatkepd aBe 2nd Z donai ns
of SpA, where nore than one site on the |igand is attached. to a chronatography
matrix (i.e. Pemaricgoiamaintigand hpdpg she Atezﬁgégmﬁ&‘c?f‘fj Baglerion ‘%.48. Pat ent

Publ i cation Nehse@ORRMB8LiAs frhited N MrEGs S8 Bt Rt aRmaphhelah@@nds based on
the wt C domain of SpA, which are caggbl e of binding the Fab lgpgti ons of sone

ant i bodi es afid sgauercs 9pPEEh tosehlorth i BFQ BP N & M IdnofRuUiC ERpRSING: 53 using a
term nal coupl jAG@HEYRonANidRPSESHR A N ubjRcfek & 0. FAtNTH Mak £6r 831, 161,

whi ch di scusses SpA-based al kal i ne based chr onat Oﬁl’ agh_y Iig_ands where one or
mor e aspar aghbownilaoe dalcdtamess ddemadiganbdSTEQEINOrEdmapBirs] poar scussed
above, while,thesepl) g({égaylfmlnb«fnﬁs tiéc?éélL{S@gl\/i R§SHIsBaldioP gl RArE ARRACT LY

foll owi ng exposure to I'ine condi Tions, some of these |igands show
fragment at i of: phutanregic dstemiain ligand of YR IR NQ? losesslars agogrol, witieh isinglands descri bed

in US. Publigatlon, %g@g%g&%%gﬁ%’ma%gg ? adoﬁ*lam @by cidesivjeakli®% The |igands

descri bed herern, on r nore attractive candi dates for
protein puri DisdANEOH sodnfoa? & bours andbarprie perdasdric Zéaeain hgandicpefemdds, in t hat

E:In(ra%/nght?\fllver ?g@@ﬁ@}%{dﬁ c%nggazgﬁ] T E\rio(s)é] cgrgrlrlalltgél}‘ia&g/ r&t Qéﬂugjegtgd ‘?(J Kaliny@gondi tions
soak for 25 hours. Further, Lanes 8, 9 and 10 relate to the results seen with subjecting
rSPA to a similar treatment, where Lane 8 represents rSPA which is not subjected to
any caustic soak; Lane 9 represents rSPA subjected to 0.5M NaOH soak for 25 hours
and immobilized rSPA subjected to 0.5M NaOH soak for 25 hours. The bands

represent the fragmentation, as depicted by arrows.



cl eaning-in-place (CIP) protocols that are routinely used in protein
purification processes. [0044]1n order that the present disclosure nay be nore
readily understood, certain terns are first defined. Additional definitions
are set forth throughout the detailed description. |I.Definitions [0045]As used
herein, the [0637Fh " SpA, 'FiguRr @iseichroifatagrant of s anebeis wsthapeetase bt ein A, "
refers to a 42Kda.nul ti -domai(p

. Pr ot ein. . f t i
St aphyl ococc aé'hp%aﬂgs. Sug‘ﬁ‘}‘frﬁz%, %‘gﬁ%ﬁ%@“{’ﬁg*@g@?é“ (5;{9, g@?fcta&/féltdﬁﬁé}%g; its
carboxy-ter n‘iihlﬁadnte(hﬁbﬂtimald minuteslivitty smeltpr orolecnles kavirgdonger weentibetidedomai n. At t he
am no-termn regi o it i,ncludes fi.ve i | pbul.i n- bifndi ng. domai ns,
referred to 9ana %,aqéi,gerél,ml%ﬁ‘fk‘ %E?%F’Sﬁwgfe?g%uqﬁgfgﬁr%h 3%@&)%8( 2):471-90
é 1977); Unl temAex. Tk eviddick G rlalﬁéﬂ8frfghibn&’ﬁeﬁ B cadBIFhTRAtaMbA84)domaach of t hese
omai ns cont ai ns appr oxi mat e . am aci d. resi due and they share 65-90%
ani no acid s%%@‘@&%‘fﬁ@?‘.ayf%@‘ﬂ?ﬁf%‘agwgﬁ%ﬁéio ainpfollgwing exigded” 4o hmi ns of ’
SpA possess giysid Rsk, id BowRbPdiaPer Bdxe&n thOdombiograhSantidlic fréy¢ndetdte const ant

region of 1gG class of Ig) and the other_is for the Fab portion of certain |
nol ecul es ( t Heallspiragnesatsoren wigh thg perHanerics? ?‘?é%%‘b?@ﬁ“ﬁﬁé SE‘BY‘P‘%?’n‘f’?yg%fr?nr ecogni ti on?.

It has been fepordifitheiBale RAMGOT F&&}fér,@%ﬁdi\r&m&m@mmamm Remhrng site. The

non-1g binding portion of SpAis |ocated at the CGtermnus and is designated
the X regi onrS®A cin e akap absevodAFNIHECZ domai n of SpA is an engi neered anal ogue

of the B dongjyrei0f SpA bE 1N EQ@ d Fhheamndbfinkde at position
| and an al a |028<a] insteaﬁag?vé%qg‘fhsééﬁaﬁggr?egrgﬁse a?ﬁag%sidt?i on Zgb?%ib(:psson, etal .,

Protei n engi pemianig Z dépiain ligandiosummarizeyin thelesarpgon pf Fipgodgpavee TbEoni ng of the
gene encodi ngﬁggﬁer{g?es%srgﬁtkﬂ%q éf[rﬂe% Jygéﬂutg%i%alﬁgr méh]:éu'r[’e'ls’léa(ﬁ% 1dnid€ entire

contents of € I ncor por reference herein in thelir entirety.
retention time than that of a larger molecule. The y-axis represents UV absorption at

280 nm in mAU. The evidence for reduced fragmentation in case of the immobilized
pentameric Z domain ligand having an N-terminal deletion in the second domain,
following extended caustic soak, is shown by way of a box on the chromatogram and
the presence of smaller fragments seen with the pentameric Z domain control is

shown by way of an arrow pointing to the fragments. Further, extensive amount of
fragmentation seen for immobilized rSPA can be also observed using SEC.

[0039] Figure 8 is a chromatogram of an SEC analysis of the free dimeric Z
domain ligands following extended caustic soak, where the ligands include a N-
terminus deletion of the first one (SEQ ID NO:87), first two (SEQ ID NO:88), first
three (SEQ ID NO:69) or first four (SEQ ID NO:78) of the second domain of the
dimeric ligands. The x-axis denotes the rentention time in minutes with smaller
molecules having longer retention time than that of a larger molecule. The y-axis
represents UV absorption at 280 nm in mAU. The evidence for reduced
fragmentation in case of the dimeric ligands having first three or first four amino acids
deleted from the N-terminus of the second domain following extended caustic soak is
depicted by boxes. The presence of fragmentation observed following extended
caustic soak of the dimeric ligands having no amino acid deletions (SEQ ID NO:85)
or the first amino acid deleted or the first two amino acids deleted from the N-
terminus of the second domain, is shown by way of arrows pointing to the presence of

fragments on the chromatogram.



10049] The present invention provides affinity chromatography matri ces which

i ncor porate SpA-based |igands, where the ligands (both free as well as

i mmobi li zed |igands) exhibit reduced fragnmentation, as observed by SDS-PAGE
and SEC, follow ng regeneration and CIP protocols that are routinely used
during prote[084@uri fi cdtigwa9 peropresthe repd@8 Gjndingsepasities peismotalizsdi(di ng to t he
present inveptiaon fini i i mai NS or one
or nore Z dorr%r?ar%répeon?&%%{ec lfg?ﬁ&%ﬁtéﬂ%@%%ﬁ%?%@g E%’%&gg’?& cegern%n:g%g?tla@ﬁg t hereof , where
at | east oneliginddrchidas ar Naérmlireia geletboneofZ agommacaidson eah dbmaist the29K donmi n
conprises a deletion of 3 consecutive am no,acids. fromthe N.termnus, or 4
consecutive H'H’*aﬁfin chaggd(fr?ad%ﬁ‘ﬁ%fj NP Janing gxthg ¥ e@%ésé g‘éncou 480G no aci ds from
the N-term npsitansdr @tht hifhoatidgegichdedhown tr SEQ [[PBISI:93)0ind Zhe GtRH51] I n sone

enbodi ments accor dj to the present inveptiao re.th one site of an
affinity IigBﬁEP‘?%“CQ%P'Hj&WH@ SVt OUHTTBRAY Y F‘*ﬁé%? ‘ﬂﬁ‘ﬂ‘%“?“ ?Fe gminogeidy § i nt
attachment ) . sdqilerRe BEWhick W sBbw @ THEED BR0:93) hehdf-86€ Rpreséiitetithe on provi des an
affinity chromatography matri x conprising one or ﬂ\gre domiléns of SpA
attached to QU%H?WB‘&PEfM@er?HEW%gr%éI“@trf?ﬁ?@Ot N_a OVET { @oxsfes he ligand is
attached to g RS ich. BRD-NEEMBredintd tREBrcANRtEhed BRI dApkitg. del etion of 3
consecutive amno acids fromthe N-termnus or 4 consecutive amno acids from
the N-terminus or 5 consecutive amno acids fromthe N-term nus, starting at
position 1 o A L L f thtsh, B domai n sequence. [0052] 1 n anot her
enbodi nent , tbﬁ%hﬁ'r'@%ctﬁ! %n%fﬁw'? m_l vides an affinity chromatography matrix
conpri si ng off®4tk nor e TheduerantrisvenfiorgpAvides addmdhtamatogsanhy matiicss aphy matri x,
where nore t i . i i 0 thxi.and where at
| east one Z %%?ﬁr}%@g&gh%épﬁhs%dn&g@%r:I:T%rﬁégaeégﬁat%?\?gs gﬁ%g@%{cr?é{ghﬁs’om t he
N-term nus oeither elonsecutteniemahilinal etd amafrixpshowtreduded Gagmentasionduingonsecut i ve

am no acids fromth termnus t i Lt : sition 2 of the
wt Z domain ls‘seeqlrl} H%eqa%%glj’g&isfeﬁ’ ?E@L%gbg%rr%éprﬁgﬁkk’ég@?&p ﬁgef%(r}‘e’sent i nvention
provi des an #fE2hity chrrovimtshgdapibedrrémplary SpAprassi ahgpnotegraphyrigrelsC domai ns  of
SpA, attached chr ompt ogr aphy..mat r i x, ,where .e th jte of the
ligand is at ﬂ'ﬁ@ﬁ&?"'ﬁ%‘a{“ﬁ ’ﬁgf‘er ¢ %g’gglr\/\%)ér %at%{ﬁiafltgg:g{lonoﬂ%az ! o%la%ﬁ# ‘has a

del eti on of Shivhriseeibés cheonsatdgiaphg Giatiscel malchtifverpurdtewitd typs Bomd4 consecuti ve

am no acids fromth term nus or 5 consecutive.an no.,acids fromthe

N torm nus. SPRRD Aol “BEEIITo g ofs Sigpngnererok R R e | dormi n
sequence. [ 00&dihidgRappPambirkyl af melipsifl Alciment)ogrdeseided inly SnPdatan provi des an

al kaline stable affinity chr t ogr aphy |igand whi ch j.ncludes five C domai ns
of SpA, wit h PBREAlHNG GO W lcgaﬁé‘?%égcﬁ{?ﬂﬁﬁg&?gé g3dp pasgd onthgni no aci ds
del et ed fromyt beiobalEspAYShich bl dapdhle Sitbilasd thé Pab dorti@iR@f tdige pent aneric form

including an extra ' _ _ L .
antibodies and are coupled to an insoluble carrier at a single site using a terminal

coupling group; and those described in U.S. Patent No. 6,831,161, which discusses
SpA-based alkaline based chromatography ligands where one or more asparagine
amino acid residues have been modified.

[0043] As discussed above, while these ligands exhibit a reduced loss in
binding capacity following exposure to alkaline conditions, some of these ligands
show fragmentation during use in purification process, e.g., the ligands described in
U.S. Publication No. 20100221844, which is highly undesirable. The ligands
described herein, on the other hand, are far more attractive candidates for protein
purification compared to the previously described ligands, in that they show reduced

fragmentation following exposure to alkaline conditions during the regeneration and

10



alanine as the first amno acid to facilitate honbgeneous post translational
processing of the protein. [0055]1n sonme enbodi nents, SpA |igands descri bed
herein further include the glyeine am no acid residue at position 29 repl aced
with a lysine amino acid residue (in case of B and C donmi ns) or the al ani ne
ami no aci d resaningeingtacp¢SIiP) potocd® thag picacusiielniusdd ia propeiin perifinaiiono aci d resi due
(in case of Zroge%gmr n). [0056] The term "parental nolecule" or "wild-type (w)
counterpart™ P it protein” or "w donain," as used herein, is intended to
refer to a cmonquondi ng opieothet the piSieA) distlosarcdoahermat radipy otderstioode. g., B, Z or

C domains of SpA) in its s tive for chrs neraIIy used as
a control he?eé'{%ﬁ?terﬂ‘s\ﬂ{eﬁr%%? ‘gd%datéo P'tlogssarﬁgegg‘)%mr%ﬁu ch cor r esponds

to a SpA donadtsilededctiptigibst antial |y natr ve form may incl ude one amino acid
change fromthe correspondi ng SpA donmain to alter Fab binding; however, is

ot herw se identical in sequence to the corresponding w domain. The |igands
accordi ng torthe p¢m3gsds | nvention exhibit reduced fragrrent ation (in case of

both free and i mobiTTrzed forns) relative to their w co nterparts (Le.,

conpl et el y wt008¢] i ncl udMniggedhsitinehe Mt 8P t BIOWHRH ™ BY ngé‘? cocqus evi denced by
the experi rrea&;%m@bréferrﬁ&e%fe@urb@zr@ﬁ%ﬁmh%maﬁrp%tan idotutdatdnPtie enbodi ments, the
wt counterpart of a B domain or C domain based |igand according to the present
i nvention i stquelumeB’@lmﬁicﬂS @irespApdris hrundtieibhngierist cetppall ¥igEs ami no aci d
sequences of n%@%&hera{lﬁal%gi wgl@ﬁﬁqﬁm%?eg%QrelereH%g’stﬁ@Q d%l%gnl '%t"el@ zﬂ’nt espect ively.
In certain e ment s counterpart of domai n based and is the Z
domai n ami noteavingl rseqmeﬁnelueﬁetﬁ\/fsmmhnqgrlprE@blﬂ@mM@O@amF nefgeed @Mﬁ mbodi ments, a
wt counterpa i a t he
sequence. of Pha- B MRSty EulkBBLRy, 58 SERLAT Gk OB bR pbe ot
position 29 beralﬂeerQS?(B)al@éblobr(rﬂthEauh of thesedtormaing comgioprmprexghgtelyi n certain

enbodi nent s nt er part | udes the am no
acid sequencgggrgrnor“wlzi r%sdu@ %&Fba]ﬁg %@éﬂ@% %qj V\;ﬂlgg%ﬁﬂ%@?part of a C domain
based i gand (0a6] udes tEmzhaﬁrhacE EcAdBamqaeinmmsefSﬁ/bpdzshess dis&&QI4-D NO 46 (029K)

and the wt Ier art of. a. based I.i i ncl ude no acid
sequence set 'I“ Sn%ﬁ@“ﬂﬁ cﬁhf FgRY re@ﬁ&?ﬂ%pdarsﬁo § J}ET’ P§8nd accordi ng
to the presentiol thY e hdtior GYekHaR S mereenémré PRARNGP IR 18 that Recsporisi@s pondi ng wt
counterpart will include the same nunber donmi ns; however, nmay include a

mutation to HrABYHEeRAEFOBRIHANY. haAé%earren%*gri W fa5h ebthe domaIBhERSEIREtl, a2 wt
counterpart @indfgRROUAEEOhg Qn%g%bﬂloh 98Pl isABERIdd e d-Rrminl€addrigsent

invention includes the am no acid sequence set forth in SEQID NO 95 or in
SEQ | D NO: 96deqigasdtirneragiondr Xs¢aadhce identity” means that two nucleotide or
am no acid SfR4ences, WhRY, S’cﬂﬁdrﬁ@réﬁ’/x %lahgﬂg%el&i%\qglog@ Mind BaoMEipYrams GAP or
BESTFI T using de ault gap weights, share | east % sequence identity, or at
| east 80% seég/é aodincliderd vajine Bstead of anatanigBypasilipndried an aleping ingteadel at | east

90% sequence,| %me}r(fs}/dueg{ o@&lohéagﬁns%éﬁeﬁgzq%&%ehgﬁwrrngymgrz WRrg. For sequence
conpari son, § ically one’ sequence act’'s as a refefence sequence ‘(e.g., parent
sequence), t@SOM{i:WWe)St sequences are conpared. When using a sequence

compari son agag) thm LA SHEIAIERARILBAIE R B inBI phidhO @ computer,
subsequence coordi nates are ignated, 1 essary, and sequence al gorithm
program par aivet EﬂSl ,Hilethd esting nateds of higcis &g irengperataiitpyacicsoee ldrgoin t hm t hen

cal cul ates tl{])1 {51 nt sequence identity for the test sequence(s) relative to
the referenc gea ene based on the desi gnated program paraneters.

[ 0058] Opt i ma[ooal)] gnrrent Taé p&e@ume&ﬁmfp@crvmb@ﬁffmnt'ysmnm@grabhy oonderct ed, e.g., by

t he | ocal or .t hm of, .Sm & Appl.. Math. 2:482
(1981), by t%“ﬁg 3@} 5?25%?8#@'5%[ ?ﬁr%/\ﬁ’&?‘émboﬁréﬁ%%‘%“\ﬁﬁnsch J. Mol

Bi ol . 48: 44311{1648819)@(1 1tgundsbrexrﬁrﬂaremhbeﬁmgmmtioarastqbsmdrm@mf-mearaaon & | .ipman,
Proc. Nat'l. Acad. Sci. USA 85:2444 (1988 by co err d. | enent ati ons of
t hese al gorr Shfrslofleipg regeasrpiion a“ﬁ@é‘fﬂmt%‘f 'thet AU "ﬁyttﬁé r?@é’ AFR Geneti cs
Sof t war e Packa@foatibepetdsss Computer Goup, 575 Science Dr., Mdison, Ws.), or
by visual inspection (see generally Ausubel et al., Current Protocols in

Mol ecul ar Bi ol ogy). One exanple of algorithmthat is suitable for determning
percent sequence identity and sequence simlarity is the BLAST al gorithm
which is described in Altschul et al., Mal . Biol. 215:403 (1990). Software
for perform ng BLAST anal yses is publicly available through the National
Center for Biotechnology Information (publicly accessible through the National
Instr tutes of Health NCB1 i nt erne server) Typr caI I Y, def ault pr ogram



whose am no acid sequence is set forth in SEQID NO 1 or that encoded by,

e.g., the nucleotide sequence set forth in SEQID NO 7. The "E domain" is a 51
am no acid polypeptide that folds into a three-helix bundle structure. It is
capabl e of binding Fc via residues on the surface of helices 1 and 2, or to
Fab via resi f068] on t helrsumkasgcoiactvedingoshprasedt iBvention@o pAuitydigand

i nterchangeably herein, the,terps " in,- - D.domai ," and "D domain
of Staphyl ocsﬁwe%%nee"w"ﬁ?%fi %rfq%'n%?r%ngg@éj %tzod%r%é%pdgﬁbég%ﬁ?rgy whose am no acid
sequence i s d&haifiQbi dnyicomBm@idnd tiNEdB, velrerd dtddastame Bddethapyoret past onb@ nucl eot i de

sequence set forth in SEO 1D NO.1 1. The D dompin" is.a 61l am.no acid

pol ypepti de fi%?'“f”b‘l‘tggas"f%f %f’“%aﬂﬂ%oé‘lpﬁié‘r‘%&de@ﬁ‘ﬂ?jg@%‘f‘?ffé‘{‘berae“i““?f"‘ c'qus capabl e of
Fe bi ndi ng viamrtesNdergsneortdh@nsdiitihvaamins achilfionethe N-amtind ordr to Fab vi a
resi dues on the surface of, hfel ices 2 and 3. .00(?1;31%,9\5 ulsed i nt er changeabl y
herein, the FRPHRULIVOABIGAASIAS from Mcigmipugstagyg at PaiPm LOT b REHP"

St aphyl ococcygsapr eus AnQbak Bmbodime@f &icoldtgtth ehepbsymGplehtich, woas@aam no aci d
sequence is set forth in SEQ ID NO 2 or that encoded bxéige'éﬁli t.he nucl eoti de

sequence set ORgiteref pmaf8ity ligonfids attached do a phrgyptgpraphy raaty Iiepintci o

pol ypeptide thahmtR) df o AkRuRr EbSREMR] theprRitneinGer®ibh Yo ide&an dffinky capabl e of
Fe binding via residues on the surface of helices 1 and 2, or to Fab via

resi dues on ehremgiegtaplemaitixisenpisrs gieanmos: B donsiny AsSpMsERChadii@Rchangeabl y
herein, the Eﬂoﬁﬁtoé@gﬁgpmﬂ; whe'&gmg Mo fsithA éli?&f;\g is dRatlRARb The OF

St aphyl ococcus aur Protein A" refer to thehpo cptide whose am no acid
sequence i s setriXandhcicrat BEQonOBNMOMBindtas & Heletiasrd ddeisepytiveamino acidse nucl eot i de
sequence set r i > I . FNhe NSe@hi ino acid

pol ypepti de tﬁ{?gitk?gl't ééﬁr?toégél%‘?ue“ev-lﬁ@mogc Sr@ gh%ﬁﬁ‘?%'ﬁ%e"?@]t i s capabl e of
Fe bi ndi ng vicanseagivelaremoanids fremshr Naoaink, swetingapogitiemborat pesitiens? fab vi a

resi dues on tthe ngrface of helices 2 and 3. [0063]In sonme enbodi nents, a B
dormai n based lPe’l%jt 8"%‘&8?‘48?‘}%& to the present invention includes a deletion of
three am no @@i5ds from InheotNeit eabiod muesit, te. esentiawintign progidemdnradiizii d sequence

set forth in SEQ ID NO 13.. In ot.her enbodi ts,. a onal ed |igand

accor di ng tocaﬁgaﬁﬁ@h‘&?‘aﬁfﬁ\?gmlﬂﬂg ?chrﬁl?égggoﬁgﬁn%?&oon ) °€°§3§§am no acids
fromthe N-tehiinatbgrapRy Gatrixhaléra ghotdiharantiersite afthe ligagjieatehesiad tfeorth in SEQ | D
NG 28. In anot her embodi nent, a_B domgin sed li.gand according.to the present
vent i on | ndAIGAR T BIRHPE PIGR TR AG e e PRI TR B nus
(sequence notfor ¥A¥N)termih@QG4]cBbsetsBd ainMaicel drngehbNytcmtingi o5 the terns "C
domai n," "C domai n, of SpA " and "C domain of St aphg.l.oc ccus, aureus Protein A"
refer to the SPEESHRpEMYE asamAhs Noearny: SalteHPesan 28‘5 PEEPR 9 SEQ 1D NO 4

or that encoggdyydoaifsequidte. nucl eoti de sequence set forth in SEQ ID NO 10.
The "C domain"” is a 58 amno acid Bol_ypepti de that folds i,cpto a_three-helix

bundl e structl@5@] It i sincsbanather gmbedimpntnle ARt HVPRIONRIRYI AN BRI ur f ace of
helices 1 an@hl%magfé_ratpﬁy E@Qixvcjoﬁlpgiﬁiﬁé HES nifte CRmatshasEA QltadiRlike£s 2 and 3.

[0065] I n sone enbodi ments, a C donain based |i %an_d according to the
chromatography matrix, where more than one site of the ligand is attached'to the
matrix and where at least one C domain has a deletion of 3 consecutive amino acids
from the N-terminus or 4 consecutive amino acids from the N-terminus or 5
consecutive amino acids from the N-terminus, starting at position 1 or at position 2 of
the wt C domain sequence.

[0054] In a particular embodiment, the present invention provides an
alkaline stable affinity chromatography ligand which includes five C domains of SpA,

with each domain including a G29K mutation as well as 4 amino acids deleted from

the N-terminus, starting at position 1, and the pentameric form including an extra
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present invention includes a deletion of three amno acids fromthe

N-term nus, e.g., having the am no acid sequence set forth in SEQ ID NO 14.
I n other enbodinents, a C donain based ligand according to the present
invention includes a deletion of four amno acids fromthe N-terminus, e.g.,
havi ng t he a&tivmnﬁ adhaliseamienadd wefcifiiethemosensme Hop tRaslainal progastrher

enbodi nment ‘Sjr f|i n based ligand according to the present invention

i ncl udes a deI eef on of five amno acids fromthe N-term nus (sequence not
shown) . [006PPAY used |Imscen¢:¢1ab®en¢3ﬁwsh@ﬂlemds dededibedeheragn futhefonediide, " " Z domai n
of SpA" and A 58 am no acid
pol ypept i de Ehﬁgfycmg arélm\?aa‘llgnldé“%s[u?ue c?]smogﬁé?%ﬂpa&cgd %ﬂﬁaﬁ%ﬁn%%nnﬁl écfﬂq amino acid
sequence of tebidue/(itleasebfB asd Gdbmﬁms)tdnthemla‘ﬁE@ahﬁhd\i@uﬁreadmi: dtjpesitierc2%i ¢ aci d

sequence i s se for | D .NO 12. An_ex ary.Z domain is described in
Ni I sson et af® pac‘fgr%'&rb? b(S'Eﬁ no a‘i'.hlioﬁ’f’-%ﬂ@ ce$§§%)(fom[aﬁ% entire contents of which
are incor por giossj by refﬁewme‘pbhemei rnolem@ﬁ)?} bvndsypmwen:bmdérmﬂta“m Z domai n

based ligand accqording to.the pg(e ent inve nc udes a %el etion of three

ami no aci ds PP (HKeVREawityg fssed Bergin, is fugs ﬁ tOtrF’l rofRgeRerY"&8equence set

forth in SEQDHOQIA\{@pAi&addﬁqmmpr@t@ma:grrenmrcaiozxam@fmsmbaaed ligand
according to the present inventiaon includes a deletion of four am no acids

fromthe N-t@pgapiply nativg form aiichgs gensrallivupid aeicanted fereitc @ Wet forth in SEQ ID
NO 30. I'n an&ﬁdﬂ%‘i‘paﬁ%%l”&%@%ed Rerdn m&r@%ﬁ&tb'a@?ﬂchoﬁﬁﬁﬂh%ng to the present
invention includes a deletion of five amno acids fromthe N-term nus
(sequence notubstagtiolly naf\Gde®) may e entrseineracid shangey framithegorgspondinge of t he
|igands desc Rr b5 RhAIAS HOH el idomeivich ideHRRANA sdqlierie (o fRUI t i PO Nt
attachnent) gﬁggﬁéﬁi@éﬁé ?ngaangé sh Sw rleouceci flr agrrerllt ?;{ql %neggn case of both
free and attemrﬂenbﬂkilrgaﬁdsl)lamuﬂhﬁggajldeaqcnrdﬁmtpFhecrmsplﬁinn‘fﬁﬂb@e@@ as evi denced
by SDS- PAGE P'Elu(%ﬁq;r Qr@[gtg n-lmleca &motl{ %Lﬁ?lg‘iirmfnf)ﬁg%%@iﬁs‘)?é?atlve?ogthlﬁ:'ﬁed herein,
refers to a decrease e nu and/or intensity o ragments of a Ilgand
as seen on amt SDSRA@sgezI compbsplﬁEG;r imcdddang wmutaboratomtelclhbrbnreinmra@ of the

1 gand Lo R EPRS R Rkt BRafSAn AR IRhEEN: f BlrchDe | 1 gand ol ecul e
i mobi li zed on aline conditions during the

purificati onepbaiiesss, tﬂdwmnﬁe@afmoﬂa Belntsin dr Redoniagelrded lsgandmabidingzed onto a
solid suppor |a mul tipoi nt hent afion i usyally detected by
the pr esence % %@%}‘“%ﬁl?@emt? ggﬁag‘%ﬂféﬂ vcrawtt%j PRé" nit ghl H‘r%m ecul e on an
SDS- PACE gel acid s@seﬁe&bﬂvﬂﬁ&h qre 8dt Sorttaiv iSEQ i WOSraad SEQEDENOidon ti nes on an SEC
chromat ogram [0Q7Q] The nds accordi n t ent, .i nvention exhibit
r educed fragFFéi[ﬁ‘i"Hi"?q;ﬁ P Bﬁmbg‘i\lmﬁ%ts’d‘e‘?’teccﬁ’t“etﬁ‘%ﬁé f"b?%&%g R By ligdiSi e, the free
l'igand can bﬂle%ﬁ’faﬁdarﬁiﬂnbeﬁﬂlsc}(]ublﬁbe@et]tthcﬂ'ﬁLQIDBIM MNalde@ain 0. 5M NaOH for 25
hrs, foll owed by a pH adjustnent Tfﬁ agd can b ubse 1 c#(llcieentli(1 @nal yzed by
SDS- PAGE or QE@"U@F'H@; as“ftéﬁﬂﬁ?raarb? %’CQ)P%Z AN¢Br IR A S@Btl'ajy Y InHei mobi | i zed
onto a chr omdgaedcaRMhe MLIJrZ dafaidaeRRasSdvE, ®ubfol MuiNatbh athosioMagH or 0. 5M
NaOH for 25 hrs. The caustic supernatant is subse uently separated fromthe

matrix (e.g. (o dicr beiFa)-bindmeebthedampine deperdingly, tn certpip smEddBENS1%Mt can t hen be
anal yzed by %Téa PO B %ﬁ&s@@ liBhd HARLRHE aRiRf ReNc§uentdiset RPthGRse of

SDS- PAGE, the relative optical intensity of the fragnents can be observed
vi sual |y andSE@MPa¥@45 (G240 )sumt emmnerrasifif p 8l dqnaainbasedliggnd ipshidenthet  SpA or an

SoA dorel n Rl @0l R ALAkl @M B0 RINGAOTRR) sAUASChirhephrlorey 1) - 1 the

case of SEC, e rel |ve intensity can be observed and conpared to a
suitabl e contioroam(oeseg ligargl lmluwﬁmamlmf a@bwqmncasptﬁpm iSRRI R WeiBai ni ng a
mutation a.t ggfdlé) rtl%e? m%g e%q de&%&dﬁ@"tg{h@ res[:&%?v%b&rﬂ)ﬁﬂh&%lmdw” fication
process usin Ity ch togra I X I nvolves regeneration of the
mat ri x aft er thmaohe doroding tiodf cqusspoadlpgwlcmgltapara\mlldndudﬁrthawnml nalbene sol uti on,
the latter bein refe abl e. naddlt A 0Ce o involve CIP
steps, whi chg%rpr%f]g RSN S ‘%Imgtac')?n tglaﬁféﬁaﬁgmdﬁ) C%gr%ﬁl & §§.1nl tize the
mat ri X, al kakérgn anbadirmanns a becomtgppaf (Q‘Taaiehﬁmeﬁceailodiamglgymd amodirfgitoi t y

chr omat ography matrix is expected to be exposed to several cycles of
regeneration and ClP steps in its lifetime, thereby resulting in a significant
| oss in binding capacity for a target nol ecule over tine.
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[ 0072] The chromat ography matrices incorporating the |Iigands according to the
present invention are alkaline stable in addition to exhibiting reduced
fragnentation during use in purification processes, in that they show a
reduced |l oss of binding capacity for a target nol ecule over tine, follow ng
ext ended expths presertt nvahtical indheles thedininoorsl squenergset BgbneBEQIIDMNGRS o€l P st eps.

[ 0073] The terrg C?w(ﬁbl e-stable,"” "alkaline stability,"” "caustic stable" or
"caustic stalilf ) "used herein, generally refers to the ability of an
affinity |igpoe7jaccor diTwg tértn ‘shipeiveadaiity” inftdssthatowo necle¢dide ondroine or when

i mobi | i zed onto a chromatography . matrix, to W thstand r egener ati on
and C P cycl &4 $rapsiigesa el ¢ '@’é\ﬁééhgw’t% gs biyc}é\% ngrlapg(aﬁf ‘?rie%?ﬁ%iltdi ng

capaci ty. | nyggn@fraltgap veightsashareiedadt1a% saquentd identiny ot htdedst 80%nt o which a

| i gand according to tghe invention is imrgbi,l ized, contributes.to.less than a
5% change i nSCRESE qenyty efrak leas §91orgAusaesr %%Qﬂatilq?sbgwm%@qef Pi%p to 30
hours. For exafplag.95tdscg@iBe RIBRAAbLIMRBES Foddefidntd dondagigdrl§pratpesd ng to the
invention are able to withstand conventional al kaline cleaning for a prol onged
period of ti pRAvenshpehaTaighramee saqEercR fratharret sqaHenchly 0 MR e ae@encesspeci al | y
for cost - eff GelbiBarbdl Whad Gy Riffcnbd GlHaAln Ml eor AITMIOIhRNIckcAEe and

Fe-contai ning proteins, nany of ich are therapeutic nolecules. [0074] I n sone
enbodi ment s, sauksks are inpuibiol 4 qopppief, svbsequsnearoomliatas aie dspigaated, fand according to
the present | i X i ki I to the
present i nvelrll‘%l\é%%%y’ ?rgi S?é%egf{l@%{rlt%gg)%&rgg%r%%tagta %Idggg?ﬁ%()g?gg%cﬂ}g{t?&l east 75%

or at | east B8@8parison ggoritkrashien®Blylates thapeicen stquodyideptitydor theggst 95% of its
initial binding capacity after.5 r ter fter 15 hours,
or after 20 R g?@?@grreiay? %’r&ez’fgfeﬁ%ngggg,q%%r}cg’atfa?%jroeﬁégé%g 9%%? rolg%gﬁbati on in 0.05M
NaCH, 0. 1M Na#thinetors3M NaOH or 0. 5M NaOH. | n anot her enbodi nent, al kali ne

stability refers, to a decrease in the initial bindin acity of the |ligand
by | ess thani®é§/% or Ie@%m?"ﬁﬁﬁgm Ofﬁsfq%eggeg%?rhcgrr?p%ré%g C%ﬁra Ceoggé{ tGf‘1dfém 40% or

| ess than 30%gegbeheabdabhondlent aigonithinbf $mdh &SWaiaid, 4. MbN&aH:. 2@83M NaCH or

0. 5M NaCH for hours or 7.5 hours qr 10 hqurs. or hour,s ;0 .hours or 25
hours or 30 ﬁlc?gllkgyfhﬁhamﬁg’lg%’F‘@%ﬂ"ﬁPt%%Bl&Fﬁgﬁf?dleén%‘ m%{%ﬂég%trl X

i ncor por at i ngg:a43 {1920)dby2he SdadinTor diMilirkte nf2EtRd &N Pedrsoviat.iparans Bioai MBT.Up to 95% of
its initial binding cagaci%after exposure to O. 5M.Nag§ for 15 hours. In

anot her embodFéferes Usd 8h2 it 881 ptrpmpaierized mplesiepBHANS M §iese $1YHNE® accor di ng
to the preseqpgapYMENtAIPIFALLAiaRS TERSTA iD8¥0wihkcdntis Genbtids 8bfilaadi ng capacity
after exposure to 0.1 M NaOH for 25 hours, In_yet another errbodiﬁggnt, a

chr omat ogr apRyckiea: (eretichEoMpBEBTINE 4 ISeEatd ac kY Th Ot eV Blesent

I nvention r e‘irﬁg&%ioft‘@eé QerBry MusiteBeriad] Elndbnt @’Vﬁ@’éo’l&@n%&@!&ﬁiﬁ&é)ﬁr exposure to
0.3M NaCH for 25 hours. In a further enbodinment, a chromatography matrix

i ncor por at i n§na exdnganef Agasish thayis switablefopdesamifing pRieHE seoHeCeidsNHY up to 65% of
its initial bjng it USRI WifctPis BNBQn 16l 2R hour s.
[0075] I n songhd;%l‘gg%ﬁcgrgﬁ?%{lgys%%yggggg C r%“rrdt c_)g? aégg crnatt rinc_esS altl(.:cor ding to the
present i nvedtMohB@xilbit03 61F99)n8efeease tr oerformirolletS Brnedysehie pybliahy | i ty as
conpared to 'y i I i i : i n other

cnbodi ment 5, TeR btk ShBhat o R AT R RS R Y ' D, esent

i nventi on ar ecmssibletraighlthedNativaaldosiibites affibealth NEBhintorng eerverne Iydéatly, wi | d- t ype

count er par S o6t P el ARRue 08 RUEly SRR Pl Al agpguhazed on. the

pentaneric C Sales I's not "nore al kalI ne st e than its
wi | d-type penttkongh castdidehmairametas odneal paretused. Foi aninmead sdqoerdes, et i n certain

i nstances, b e wld-type t he [ SpA._d i include a
(29K mutatio PR B aﬁp%ﬂﬁd;w%gmgf\?ﬁgu%ﬁn%x A a|H§nn gggdnot itself
have an ef f eahd e BAUOSNI6EscE @Dinhtiik Yset BRh koff& Hehikodi)Prod. 0076) Aldksdii ne

stability can be (eadilg neasured by one of ordinary skill in the art using
routine expeﬁsﬁﬁt@??%ﬂ 8"/ or as described herein. [0077] The term "initial

bi ndi ng capaghdsy] " as ugedsdashteicRangbdiElicteihhd REMSMEH2iQP “E domain of
SpA,” and “E domain of Staphylococcus aureus Protein A,” refer to the polypeptide
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a target nolecule (e.g., an imunogl obulin or an Fc-containing protein) that
can be captured by a unit volune of an affinity chromatography matrix (i.e., a
matrix including an affinity ligand) prior to exposure of the matrix to

al kaline conditions. [0078]1n sone enbodi nents according to the present

i nvention, abhdsmbminoahidoeqcogriagph forthen SEQED NG lonthahencodrd byi ganths descri bed
herein (i. aining o r. %Rfﬁ MO /e C ing NNterm

i nal del eti olr’ﬁus??eag‘i Sreﬂlbegge ﬁgﬁ)&gn gEQEPb Fgg% ”g&é%pg‘r‘“'ieds?,’s*vﬁan 6% or

| ess than 7%olgeplidesBattféldanin8P4 theee- hbké:sburtdlta;tru&%e dms b@elslebﬁhlndm@%; or less than
12% or less than 15% ess. t 20% | ess than 25%
or less t hanv’gfﬁ%%luﬁss‘g‘ th‘?rsﬁr#‘f X ?frhe[] igeg)! aBﬁ{?\’cﬁr %r#ag) vr.’)‘éEeS ues t?'e ?urfraﬁee?fsrml ecul e
relative to icafXdnaizty chroMat ogr aphy matri x cont ar n| ng a correspondi ng w
SpA domai n count er part as descri be rein, foll 9 e>;,t“ ed, exposure to
caustic condi%®Wns. ‘Assdﬁ%‘ﬂér?ﬂ@a?%% Y ere’t“h@eéef'f“?n ‘Hr oi?a‘? B hphy matri ces

accordi ng tOoﬂSﬁﬁ\ ’Dirﬁs‘ﬁﬁorﬂam/&mtdgﬂﬁloé&&ﬁddwr@k Pr&aﬁh’%%rt@ﬂrw at | east 90% or at
| east 85% or at | east 80% or at |east 75% .or _at (gst 70% of the initial

bi ndi ng capakqlysgridge \ahqsar@ep apig|seugnes is et frthye SEQ IQH‘I P f Hiet sneedidonat ogr aphy
matrix cont abyréggthén&aé&ﬁeeéquwceget%mﬁ% MRNO: 1GOURE ep RB#hin 0l 410w ng

ext ended exposure to caustic conditions. wever, in some, other enbodi nents,
the chrormat ogniaphsid pelypentide thatlolsks dnthg thres-hahis bundle erteturiié iftcreablesthi bit simi | ar
bi ndi ng capag| Bl}{dlhgvzg%srrduggén HOR fyc@bﬂ%lr\‘,‘és I%HQt &rtQ@EE vrﬁfresﬁcﬁ'l@s bi @and foll ow ng
ext ended exposure to caustic conc{ t1ons. such exenpl ary chromat ography
mat ri x i ncl usecaoflicersd anthdt i ncl udes 5 or m)re C donmi ns of SpA, where each
dormai n inclu (14 amng I f tger Ss < he ligand is
not nore al k I%| e stabl'%qfshgrﬁrlte? aﬁ%ﬁ?ﬁé he{oih {hg?er%t)nérdﬁ}ng}gun%e%%@arl{i Both the
del etion for of $pAg” ardle‘ Anddnahin gﬁﬁaptmiamoeuweusmelodnf wifer tath€2 9K nut at i on.
Further, in vario i nents, descri.b r.ei bhg? may further
i ncl ude a sif Ypepyiﬁvﬁleosggﬁndm SHER® ue?cel geqfé}%llﬁeSEQl va ?%tl{éilrtgrgc%g ycine, at the
N-t er mi nus oby,enl, yhetr{uelebudeﬁequbuamasenfmh imSPHQ D IN@B., Thek dorndie” 'Es>at5r8a am no acid

facilitates honpgeneous past,- sl ati,ona ssrn [ i ndi ng
capacity of gﬂmggwﬁapf&ye@ﬁ?ﬁwﬁ{%wggﬁwﬁ é)al%c?ufl f Sucpie: lg? c%é%%g%%ff)e can be
readi |y measp¢ biddiug viagesidich olthe kingwe of elicésel ardit2, and Flahemeesatﬁmon thed herein,
e.g., as descrjibed ip U.S. Patent Publication No. 20100221844, i ncor por at ed by
reference he?%faﬁe?fﬂlerfesc‘zé‘ﬁflﬁr ety. [0080] The term "chromatography,” as used
herein, refe[meto a dynaguseds@p@hdigtadly i@€hharenstB ddmagPaB dboesina t ar get

mol ecul e of I nt er est ‘%ﬁ. g., an i nogl obul i n, or, 3{1 Fag-corétéai ni ng protein)
from ot her ndl ¥yl @y Brdgnadn of Sienw "%Fﬁlfi?%rf‘(‘i otpin LY ated. Typically,
in a chromat ﬁ&&&@ha{e WESsB @fhinodac R deBeddid 8 FortH i GWQUIDON OGS thd: eadERPrt s a sanpl e
containing the target nolecule of interest across or through a stationary

phase (nor maby-y gséll‘q npeleqtidn sgavenes fof Ertbrie eBQiTR APt iTh¢ o dgpadt sigmidty to the

stationary phase aa%aryaéﬁldklﬂﬁat £Hidsf 1ﬂ6%@rreérﬁérs<0drh@1§ siidre. [TPiapgbipbAse carries
the different noleculées out at different tine. [0081] The term ‘affinity

chr omat ogr apRybindiag viegesiduse pe i sutfase of Belices bandrder B abmicgRutSePAEKY where a
target nol ec céQfﬁ%ﬁc%%ﬁ%t ed is isolated by its interaction with a nol ecul e
(e.g., an al I ne stabl'e chromatography |igand) which specifically interacts
with the tar ﬂ@&]rml ecul lg somp cohedimptis dithdemain bgsed Hgang aetprdingtodhe aphy i nvol ves
the addition ggen?m%gmlnqncq&gég ?h&étﬂgl q"?tﬂ nggﬁho %hﬁ%%eﬁ@t&mmu@@é mrunogl obul i n
or an Fe-conPaifi ng prot a s port ich carries om it an

SpA- based | i gaviag thasmdmesrcrdrsbrudncteesreeﬁorth u[ &mmmli enrethepembagimens.af f i ni ty

chr omat ogr aphy. re Q I tion of
subst ances u qgalaﬁsb ngar&c?acco@i i eode %19[ 1111\Q:§t1(§n @gl%gé J&le éns éf@grgcr bed
her ei n, vvher Emtnbacrﬁpﬂromrtheﬂ\laéﬂuﬁmpe g; lgpaving thesamnrmadud Iscqzlente set.fgrth inon a sol i d

support. finity r omat ogr.aphy, nedi.a/ in known in
the art incl ggéeiﬁﬁ\géég "Gt ‘H’gbqgr‘”&et“eriargg S%fi?g?e% aSC({r%m%{Oc%nt rol | ed pore
gl ass backbopgsen®inentionRe&ikRs Addk @b PROBRM o\wsiliMorcthaNresiims( M LLI PORE) ;
those having Protein A imuobilized onto a polystyrene solid phase, e.g., the

POROS 50A FMSlUEher ‘lﬁﬁﬁl&w%bCapt ure ATM nedi a/resin (APPLI ED Bl OSYSTEMS,
INC.); and those having Protein A imobilized on an agarose solid
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support, e.g., rPROTEIN A SEPHARCSE FAST FLOMM or MABSELECTTm nedi a or resins
(GE HEALTHCARE). [0083]In addition to the aforenentioned nmatrices, Protein A
may al so be imobilized onto a hydrophilic crosslinked polyner. See, e.g.,

U. S. Patent Publication No. 20080210615, incorporated by refer ence herein in
its entirety[006#i ch des%ﬂrus%mte@d@ngﬁabwewmemﬁ ‘€ demaigg] | imef yners.

W t hout W shipgs» e |igands
enconpassed Eé}gt hfe?d tvr?g%{e?%ﬁgf Arﬁb %g{]cﬁ%ur%@eﬁ?t%@mbl rg{)jﬁ%r{)to !};B h%ﬁopm lic
crosslinked ]wbbsprwnm acglrehuease Ehcﬁeﬁldaaﬁﬂq ltbbNO;%rUla&end@d@fblm eRBulthd cati on No.
20080210615. L[IC(P ? -I<-ahe tceegemfor%lLLIS%QthﬁBtlbl he‘% orﬁ‘; L’-”giat% ﬁ1hr§00 ogr aphy
matrix," as USed | hteren re ers fj chromat ogr aphi ¢ support
onto whi ch apolgpeptidd thyt foldsmacbgafeakmhy blndiasidic{uee. gt is c&‘;m&lemf Fabdxdngl n t hereof)

R R L Wt s A A
protein) whigflicks2 il e purified or renoved froma m xture. Exerrpl ary Protein
A based afflnlt chromat o trices, for us n Prot ej ased affinity
chr omat ogr apHPowhi ch ar8S&'ﬁ%gﬁ%’?ﬂ'ﬁ?‘ﬁ%a§‘ﬂ°@%\”{§8‘ﬁ‘$ﬁ8ﬁ%‘i"#'%‘? bilized onto a
control | ed ppfesend|nd&ftioR AHRRNE del&id-of tHrEanRORER fA)FMIﬁMteﬂRﬁGEB HNATM resins,

H gh Capacit Utra and PROSEP Utra Plus (MLLIP ProtelnAlmmblllzed
on a pol ysty?{%t@%ﬁmtﬂ‘oﬁﬁ‘é%‘%“e%"e@et forli ﬁ@W‘MIP@ ChembdliPenes MabCapt ur e
ATM ( APPLI EDCBlofahphEMRica n@éccgfdﬁtg b theArdsBATRRIchfiGaifc1ades e RAS OS@Busol i d phase,
for instance the rPROTEIgN ROSE FAST FLOMM or MABSELECTTm resin (CE
HEAL THCARE) . anB08siiy fremits Nitermitsnog! kspingithe aming geid grquenes s¢tiiprdyin (used

| nt er changeakly |RGLY) Inrﬁgﬁ$§e$%dﬁné?1§ AtcelidndiRYisBg1i ng%&!o?dlf@ﬂ)rthepm ypepti de
chain structure consistin heavy and two |ight chains; said chains

bei ng st abi | presaf invertionszatysieea d¢igtianraf éive praing adldsﬁpmuthl%Nﬁ@'ﬁwws whi ch has the
ability to Sﬁs &d e t%lYo )nd antigen. The term "singl e-chai n i mmunogl obul i n"
or "single-charn an (used interchangeably herein) refers to a protein
having a two{(96blpept i d/ées cladinersltangeablyrhereim tiwi tetnisrid dofmam, h&adgmaamef a | i ght
chain, said gh n I|lZd I hai n peptlde

i nkers whi g ‘Qt]?a%d t On%b ﬁg Ote%nﬁsregggéfhgg}ﬁgpﬁ% @;ﬁ{;ﬁé{r}] The term "domai n"
refterzI t?) a gdalgabaphdethaﬁgaaanamt oﬁthaMy]amrof![prcgdnn lAcﬁ“ehuelampwl' ag slespuieaiee ]E:orrprl Si nlg
pepti de | oops i.S ept i,de ps or exanpl e,
by [3- pl eat 8’(3&1 %3'8{“3 forihrfﬁﬁégh®]ﬁ0§ ot |nd'8l%1§ R Brcnﬁlrsléqu?réhfurther
referred to hﬂsmmmlz.mnsteatpnary Ardomwiaris ddatrided ibbNHesdn ern/t Reoreigl ati ve | ack of
sequence varl atiaon w thi e _domai ns_of i pus .cl ass nbers in the case of
" Conat ant » T 107 05 (el TrCRTR i LR B oo R AT B iR e of
various cl asaermanbers in the case of a "variable" dOITB.I n. Antibody or

pol ypepti de "dopmi ns" are ofteg éeferred to.i ter eabclléF n the art as
anti body or B¥0ybepti delmspRgrBRadimentifd 4 dosain Based %Fé‘ FepLding todht i pody | i ght

chains are r9fe§érﬁmeﬁtmnllmlwegBaawmh@@amﬂnbg&ws ﬁb\ﬁltl{b m@aﬁﬁ@@tegegl ons"
"l'ight chain constant donmins", " mai ns, The ' constant

domai ns of ah#VisHy AR IdsRAHeRALe S5t @“Fé‘? %‘?Qé]a I‘{Q)l? n@é‘@ﬁ&‘i‘ib‘é‘ﬂﬁ?’&”’é‘s 'heavy
chai n const a-@‘dofn"a&I B&Eb?i llganéﬂ%&ﬁu{'gh@'t% &&@ﬁh%ﬁu&lﬂmw@ adelefibh of @G Ons or " CH'
domai ns. The "vari abl e" donmai ns of anti bod ght chains are referred to

i nter changeabmgnoa@lds frogtthe NHeiHNYsae- gabaveﬂgrtg@arawg acidrsgqugpie seHfarth inyar i abl e

domai ns”, " Vkgg rI@%?@@ B anotfler ergﬁ)dﬁ‘ﬂhéﬁ aﬂ_@@nalﬂﬁﬁée@lﬂkzﬁld HAv@hpe @E anti body
heavy chalns are referred to interchangeab “heavy chai n vari abl e
regions", "heeegsnat oﬁantmnvmlu@bbéeldmfrfm amlwmdﬁ dgimohe Ngermingd' donai ns.

[ 0086] | rmunog;ng WLL DS SRS Iﬁntl bodi es may be nonoclonal or polyclonal and may
exi st in non ric or po yneric form for exanple, IgM antibodi es which exi st
i n pentameri 0068} m and/ lnrsomgAmandlmbmd,lreereWan@he gitci f thei ligandsrigsazibed, di meric or
multimeric form men refers. 0 i f an

anti body or ARFId y‘ac{1 datf)r%s%lb(fr% ]’Ef‘n frewey Omttgtta%hggmﬁ @JWIPC?%I{&egg%I}%an an intact
or conplete allrtiw fedoked drag@aithtiond jh @hﬁofrhotlﬁrr@gmélatta;:hecahgdnés)dbtmg mednvi a chem cal
or enzymatic at.nment of an intact,  or te ti body or antibody chain.
Fragnent s caﬁuré I@H O BB %@d‘dﬁveﬁé?&é%o‘%‘h‘? gﬁ Exenpl ary fragnents

i ncl ude Fab, Fab', F(ab')2, Fe and/or Fs/ fragments. [0087] The term

"anti gen- bi ndi ng fragrrent " refers to a polypeptide portion of an

i mmunogl obulin or antibody that binds an antigen or conpetes with intact
antibody (i.e., with the intact antibody fromwhich they were derived) for
ant| gen b| ndi ng (La, speC| fi c b| nd| ng) B| nd| ng fragrrent s can be pr oduced by



fragnent thereof as a part of the fusion protein. [0089] The terns

"pol ynuci coti de" and "nucleic acid nolecule," used interchangeably herein,
refer to polyneric forns of nucleotides of any length, either ribonucleotides
or deoxyri bonucl eotides. These terns include a single-, double- or

tripl e-stranf869IDNA, gélﬁ@mr@ ‘Drdacedcragrosntaripgs asoiged IRgn.isrsite 2 or a pol yner
conprising p R AiRen | usak sl ly or

bi ochemi cal | ggch%lg ?’ r?gﬁanﬂgdt?ﬁ}t%ﬁﬁﬁﬁﬁ ev{e%t ?zclgémucs e%qtl de ases The
backbone of PAGEpsl grrbwéiﬂébtalaiefe@amWCmmpterr@eOﬁdgélg@%ﬁdlowhwhmuee ¢roups (as
may typicall or DI\(lﬁa sugar or
phosphat e gr%ﬁ%&ei anla ?Ctulgg)ﬁthe hgg Pleag p}gﬂhgﬂlfc‘l&ggﬁ{?n%gﬁg%%ptpgéetgan be

obt ai ned f r oatkilime csmm@dre daftlm@thdemf‘pmhgmmmeemlndenpcrobmthtlem tichiggand al synt hesi s

ei ther by synt hes ng the enent ar nneal i.ng .t he strands
under appr opti'8f"€ 'ﬁ ?‘fg‘?"tt(? %h‘g@%g?poﬁv’%% %‘g a?{]dlb "ﬂeﬁa%meqtaethen? ary strand de
novo usi ng audubiy gadcydiiyatepradehde @Movadpiicdpiiadbandpralaise totAenﬁlzmlt eic acid

Tor o exons. | BREStE SRB SOBTACIRER o ARt eI SR AL RA 0Py HORT cot i des.

branched pol yhacsEOthdRgogindsm ds, vectors, isol ated DNA of any sequence,
i sol ated RNA of any seq‘l:Jence nucl ei ¢ _aci d probes, and

pol ynucl eot i H97%¥ay” conprhies@Ankigangs aserréing F(etﬁ? prgeit ‘“é(ERfW“% WF‘Qt ed

nucl eoti des angndGioROIAiSEcAMRIdC—Sed b BANYs. MRk B@rmpw%rffeea@dnd dallkNg groups
such as fluororlbose and thi oate, and nucl eoti de branch used herein,

"DNA" or " nuernesd dscibeigfei daOHn 83 YhNaOH of 0.5M Ty}a%&@/&rs folloeedahd G but
al so incl udeg ﬁr}&ﬁ u%ehmwro a%@%h;?GésdBEe malyhag-didy ThsobaGRes Spbases, such as
met hyl at ed nuf i nternucl eot| (§1e nmodi fications such as uncharged
| i nkages andusing Yandess! pr@tg@lbfAlmm?éWelarﬁalll@gé immplkilizad dinfo sedhremipEiaPtyl t er nat i ve
backbone st HGHHES be SHERA3 0N XAALdESN iR oPRSH IR Eor oTAdiTREN . @ nuc eic
acid nol ecul e conprises a nucl eoti de’ sequence encodi ng a varil ant of SpA as
descrl bed hermistic supODS@ihtThaibsauentlyFepdvatedifrom the magiin (esg.taresin) ¢ port i on or
"binding to I [ i j gand
descri bed hermélftrrzilia e@% ého]nTPls glfﬂ%ensa}:a%ﬁ%# nat}% ah lg%élq% s@%@ %(E%El[‘ F%S%t In sone
enbodi nent s, using stayadacd pactomlsjllmgletcansetdﬁSDﬁrl@siﬂhtthe nelaemwmalbhtnntstya)ﬂi Fe portion

of an antl bo W, L.h it f at |east
10-7 or aﬂy f%&@gmiﬁaré’el\ﬂbs%?e a‘{lsﬁag%\%?‘]o?al pgr%ﬁ/lo i %@H‘?E@'ﬁtd h%\l}’vgl n, the term
" Fab b| ndi ngdoradin obBpvlongh S\ dorkid cdininga mutaerbeaSpdsmlon R® aaldedcribgd of an

afflnltyllgnd e i bed 0 bin regi on of an antibody or an
i munogl obul Izlcf{‘ﬂ @se q@(‘?el?erhe{ap‘éeoﬂfégﬂ"‘t%ﬁs etog%évellaa%d B%Ip?qr%% refers to
any decreasetd zﬂsditlalﬁlébdilﬂroﬂ Q.4 d-_\athioér&ﬁn cﬁ(@b\)&)an|SpAtdiomaino:fontammgrmunogl obulin

nol ecul e by a SpA- based, llgg"ﬁg (6‘0({/9(‘E to the present invention relative to
a control (eMytationaposiggn 2 Py§y10e “the ligand further includes a
nmutation in QRgIPr noreAapick® p@dicon procesOiinganPEh iyt dnatégraphgand accor di ng
to the present invention and its w counterpart {used as a.contro Jﬁ% i ncl udes
the glycine fasidaelys regeasratio ke mapK aerach leh UsHRMIOMRS 3 Hidier t han

al ani ne or t bygt ARNAB solliffordthe Aditel Gath@pre RHBRAIINBM itior2 tylpi@PfiEcedssarsdi ng to the
present invention includes a |ysine residue at pgosition 29. |n a particular

enbodi ment,  bivatie §3P stepsa Whigh epiplayiusnolom asidiq anllabet whtion i ??Blt@ﬁhee by a |igand
descri bed hegﬁ %aﬁanm@emﬁsﬁ@&t@ maglecgey&mhglg%l afﬁﬁﬁm&&% Sorhghyt e art and
t hose descri J erein. Binding to an |1 nmuno ulin | ecul e can be det ect ed
usi ng wel | kmawix is expenied trele dxneded & seyerehysles G‘%@%@ﬁ%‘éé“ we#‘éhl’rste@ﬁw itsncl udi ng but
not limted 0 4 Hod fd ssubdiace pl asnon
resonance angfeysfé{he%ﬁﬁgggwan%ﬁh g(.!]é}II %&émﬁl&sﬁﬂ’%ﬁﬁ ltgu in %ﬁt ndi ng protein
enconpassed mpldchie opcrement i nvention binds an i mmnogl obulin molecule with an
affinity of ast 10s 0921The f.erm her ei n,
refers to anﬁlogkfer m nughe Mr?'ﬁzgo%{%?]h omaglté mco%)léagég} 1Ef tEgn déaic i t|0n starti ng
at positi on theQiresaiit ipatidn ard akalide stabé: 1aradahnoram|edh1bemgmiueedof each of the

donmai ns, icted in Fi nderst 00 e first

am no acid |g‘gm§'3€ﬂ?é‘rﬁ@8“¥rg§7 ‘BB”rbfr‘w'é'_“g%‘B%r&(’éBf/es mrtﬂi’:att e?ﬁﬁ]i‘(ﬁ’ve Y °he %élg resi due or
another amno acid to facilitate honbgenous post transl ational processing of
the protein such as, for exanple, an algnine, a glycine or a valine. The SpA

| i gands descri bed herein include a deletion of at least 3, or at |least 4, or
at least 5 consecutive amino acids fromthe N-termnus (starting at position 1
or at p05|t| on 2 of B, C or Z domai n am no aci d sequences shown in Figure 1)



[00931The am no acid sequence of the B domain of SpA containing a deletion of
3 consecutive amno acids fromthe Ntermnus is depicted in SEQ ID NO 13,
and that containing a deletion of 4 consecutive anmino acids fromthe N
termnus is depicted in SEQ 1D NO 28. Additionally, the am no acid sequence
of the C dohiafling efpagipyafor atargst motegulg oves|tiste, fHlowingZxigndpdexprsitedoani no aci ds

fromthe N't%’kﬁﬂn’%‘&ﬁn&iﬁon@%mifﬁtnﬁgenieﬁxigf%d ApNR,s 14; and that containing a

del etion of consecutive a aci romthe N-terminus is depicted in SEQ
ID NO 29. F{07Bler the HBwiterm ‘abdatinssahieh takadine sthllily, doaustio steblat e ‘isaustic a
deletion of 3 cpnsecutiwve am no i fr h I I | in SEQ
D~ 15: angoiRa e L SR st uf B b Yo SR Rl bRl S T o
t he N-tcrm npsdnsindepioat etier alorBbwWhEh NiholBlzed pBOIthtomatrephg imatrig tcase  of

mul tinmeric for of SpA-based ligan descri.be erein,  the anina acid
sequences of Wt‘tﬂﬁar}‘fiﬂﬁ%?pﬁéfii“‘cge?%?tf?é‘ Bfi%?%‘éw?‘isdlgﬁﬁglk%?ng V%%S%tho?ti?f%‘gd, as
desirabl e. HxeN Bindinglcapagity. Onlgendislf @t asdimied thana aae Wiitsslraatowhich aeri c forns
of ligands according to tH?nglere_sent, ion, .not all g]omai y need. to have a

i i nyent .
del et i on fr or#dNHECQT{ing iy tagiventigp isd ﬁ@,e ’icﬂmé‘g‘ﬁﬁs QiES HitfantschaNgYAnds do not
contai n a dek@biligflePhdviig thkrt £AKEdTHS.58f NhOB fbi upsth 30 @6®E.NFdrexihipleMlsbheer i C
formof |igand; however, subsequent domains in the || %and contain a deletion

] .Sul q , |
of at |east Smbesh@erseffinitydgpis ageordiag Prbsminyensionateapleiin yithsiandgonyentigpal 4

consecutive aghi Rah#lg fcfrra%lﬁ)%d[?éﬁ&f&itm&?wﬁfch@énd&t@@ﬁtligﬁncﬁ%&_ﬁa%ﬁ%i ve anino
acids fromthe N-term nus. [0095] The SpA-based Ilag_ands accordi nIg to the
n

present i nvertidisiatchasprsiolly fgepstaifeativg laaespteonedcgiion pé pmewglabelins andduced
fragment ati op. dyfehing gfo‘%eihéj'ﬁﬁl-f% b Wsiad 50 theRlpeGtRSRAsoul®S evi denced by the
Exanpl es herel n. Notg y, the teachings in'the prior art appear to teach away
from the not i8¢} on to Imekee ambodiments athaling siahilits refems fo g abiptyeof aljggnd pat ent

Publ i cati on . . di e |- i Whi, &b, Janctdigia pdel etion in
am no acid r[g%o{fﬁgégg%ﬁﬁg%ﬁtglﬂ‘dégﬁgr?&ts%@a%x3%%%;8%% hsg%\; howengd:jt gased on the
t eachi ngs of ptebing invemsionctatretain af ket 65%, ¢r.at leRstJ0ve oat dfastJ 5%, oPaitleast 8Wpilsiri cat i on
No. 20100048876)., odof & I hat . th | etjon. ' rejin

per forms. pootd i FREERA PoteoPhas R o3 o T AN SABRRY MASDHIE 6" 6 ¢ e
wt C domai n efterSpApuny@naftextsantdadorcdics2( ove posfter @5 hdos or diterg0yhousased on t he

cachinge of 0k EDSN i b PO PR S Syl o1
relative to kibodiinkat; dlysime cabifityerkfeas tb a de€OB6 jiFbe iithe bmdlog copactpoftbai ence, the
var o s eSO UL, OPLLEAHL O G R ST To01 €

30% even after treatment with 0.05M NaOH, 0.1M NaOH, 0.3M NaOH or 0.5M NaOH for

5 hours or 7.5 hours or 10 hours or 15 hours or 20 hours or 25 hours or 30 hours. Ina

particular embodiment, a chromatography matrix incorporating a ligand according to the

present invention retains up to 95% of its initial binding capacity after exposure to 0.5M

NaOH for 5 hours. In another embodiment, a chromatography matrix incorporating a

ligand according to the present invention retains up to 95% of its initial binding capacity

after exposure to 0.1M NaOH for 25 hours. In yet another embodiment, a chromatography

matrix incorporating a ligand according to the present invention retains up to 85% of its

initial binding capacity after exposure to 0.3M NaOH for 25 hours. In a further

embodiment, a chromatography matrix incorporating a ligand according to the present

invention retains up to 65% of its initial binding capacity after exposure to 0.5M NaOH for

25 hours.
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AA - Amino Acid; NA - Nucleic Acid; A -having a deletionNO w E domain AA1 wt
A domain AA2 wt B domain AA3 wt C domain AAA wt D domain AAS5 Z domain AA6 wt E
domain NA7 wt A domain NA8 wt B domain NA9 wt C domain NA1O wt D domain NAll Z
domai n NA12

[0075] In some embodiments, SpA-based chromatography matrices according to

the present invention exhibit an increased or improved alkaline stability as compared to
matrices including wild type SpA domains. However, in other embodiments, SpA-based
chromatography matrices according to the present invention are not more alkaline stable
than the matrices including wild-type counterparts of the ligands. One such example is a
ligand based on the pentameric C domain of SpA which is not more alkaline stable than its
wild-type pentameric C domain counterpart. It is understood that in certain instances, both
the wild-type and the variants of SpA domains may include a G29K mutation to reduce Fab
binding; however, such mutation does not itself have an eftect on alkaline stability (data not
shown).

[0076] Alkaline stability can be readily measured by one of ordinary skill in the
art using routine experimentation and/or as described herein.

[0077] The term “initial binding capacity,” as used herein, refers to the amount of
a target molecule (e.g., an immunoglobulin or an Fc-containing protein) that can be
captured by a unit volume of an affinity chromatography matrix (i.e., a matrix including an
affinity ligand) prior to exposure of the matrix to alkaline conditions.

[0078] In some embodiments according to the present invention, affinity
chromatography matrices including the ligands described herein (i.e., containing one or
more SpA B, Z or C domains including N-terminal deletions described herein) exhibit less
than 5%, or less than 6%, or less than 7%, or less than 8%, or less than 9%, or less than
10%, or less than 12%, or less than 15%, or less than 17%, or less than 20%, or less than
25%, or less than 30% loss in the initial binding capacity of a target molecule relative to an
affinity chromatography matrix containing a corresponding wt SpA domain counterpart, as
described herein, following extended exposure to caustic conditions. In some
embodiments, the affinity chromatography matrices according to the present invention
retain at least 95%, or at least 90%, or at least 85%, or at least 80%, or at least 75%, or at
least 70% of the initial binding capacity of a target molecule relative to an affinity
chromatography matrix containing a corresponding wt SpA domain counterpart, following
extended exposure to caustic conditions. However, in some other embodiments, the
chromatography matrices according to the present invention exhibit similar binding
capacity to matrices containing wt counterpart of the ligand following extended exposure to
caustic conditions. One such exemplary chromatography matrix includes a ligand that
includes 5 or more C domains of SpA, where each domain includes 4 amino acids deleted

from the N-terminus where the ligand is not more alkaline stable than its wild-type C
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B domain A 3 AA nononer13 C domain A 3 AA nononer 14 Z domain A 3 AA nononer 15
domain A 3 AA di ner-both domai ns having deletionlé C domain A 3 AA di ner-both
domai ns havi ng del etionl7 Z domain A 3 AA di mer-both domai ns havi ng del eti onl8

domain A 3 AA diner-only second domain has deletionl9 C domain A 3 AA
di mer-only séapdcaoieaan. et thefldetiogfom anddbsyildrtyre JoymterpartBay emitain econd

domai n has d ' : Lk ; = Al g | etion22 C
dommi n A3 Ak el ERTRY T ey R AR oo AGUR e SPR Ry A
pent amer - al | fudtberdingledetveping|ckahiae acih uth asl@nalaning, Bvabine prarglraies; afthe Bt domai n does

not have del %E‘l% ﬁuszg’r' o%nggﬁrlspd&a%n i3 rRSlH&%Whélfe itﬁeséxtrg QMo e 91%(?1 1ifaR% have

del eti on26
homogeneous post-translational processing.

[0079] The binding capacity of an affinity chromatography ligand for a target
molecule can be readily measured using methods known in the art and those described
herein, e.g., as described in U.S. Patent Publication No. 20100221844, incorporated by
reference herein in its entirety.

[0080] The term “chromatography,” as used herein, refers to a dynamic
separation technique which separates a target molecule of interest (e.g., an
immunoglobulin or an Fc-containing protein) from other molecules in the mixture and
allows it to be isolated. Typically, in a chromatography method, a mobile phase
(liquid or gas) transports a sample containing the target molecule of interest across or
through a stationary phase (normally solid) medium. Differences in partition or
affinity to the stationary phase separate the different molecules while mobile phase
carries the different molecules out at different time.

[0081] The term “affinity chromatography,” as used herein, refers to a mode
of chromatography where a target molecule to be separated is isolated by its
interaction with a molecule (e.g., an alkaline stable chromatography ligand) which
specifically interacts with the target molecule. In one embodiment, affinity
chromatography involves the addition of a sample containing a target molecule (e.g.,
an immunoglobulin or an Fc-containing protein) to a solid support which carries on it
an SpA-based ligand, as described herein.

[0082] The term “Protein A affinity chromatography,” as used herein, refers
to the separation or isolation of substances using Protein A or SpA-based 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 Protein A immobilized on an agarose solid
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Z domain A 3 AA pentaner-first domain does not have del etion27 domain A 4 AA
nmononmer 28 C domain A 4 AA nononer29 Z domain A 4 AA nononer30 domain A 4 AA
di mer - bot h dormai ns havi ng del etion31 C domain A 4 AA di mer-both domai ns havi ng
del etion32 Z domain A 4 AA dincr-both domai ns having del eti on33 B domain A 4
AA di ntr - onl $APBEE 6%l RRABEIN £ $EPHARQSFIHSST H-QWHHiohMABSEAK i Hcr - onl y second

domai n has dglLg&l boRIRs @ﬁﬁgggtﬁHéAﬁEﬁg di mer-only second domai n has del eti on36

domai n A 4 AA pentaner - ~donmai ns have del etion37 C domain A 4 AA
pcnt aner - al | [088Hai ns  hdw edditédndo thsrad8emerdioned matrices, Matepehtmay@tsode| donmmi ns have

del etion39 Mil&e@‘oﬁ]to%y@r%%iﬁgaroésflihﬁe%tpomi §6e99§§Ur§)tPa‘Jaﬁtve del etion40

Publication No. 20080210615, incorporated by reference herein in its entirety, which
describes exemplary hydrophilic crosslinked polymers. Without wishing to be bound
by theory, it is contemplated that the ligands encompassed by the present invention
may be immobilized onto hydrophilic crosslinked polymers, such as those described
in U.S. Patent Publication No. 20080210615.

[0084] The term “affinity matrix” or “affinity chromatography matrix,” as
used interchangeably herein, refers to a chromatographic support onto which an
affinity chromatography ligand (e.g., SpA or a domain thereof) is attached. The
ligand is capable of binding to a molecule of interest through affinity interaction (e.g.,
an immunoglobulin or an Fc-containing protein) which is to be purified or removed
from a mixture. Exemplary Protein A based affinity chromatography matrices for use
in Protein A based affinity chromatography which are known in the art include
Protein A immobilized onto a controlled pore glass backbone, e.g., the PROSEP A™
and PROSEP vA™ resins, High Capacity, Ultra and PROSEP Ultra Plus
(MILLIPORE); Protein A immobilized on a polystyrene solid phase, e.g. the POROS
50A™ resin and POROS MabCapture A™ (APPLIED BIOSYSTEMS); or Protein A
immobilized on an agarose solid phase, for instance the rPROTEIN A SEPHAROSE
FAST FLOW™ or MABSELECT™ resin (GE HEALTHCARE).

[0085] The term “immunoglobulin,” “Ig” or “antibody” (used
interchangeably herein) refers to a protein having a basic four-polypeptide chain
structure consisting of two heavy and two light chains, said chains being stabilized,
for example, by interchain disulfide bonds, which has the ability to specifically bind
antigen. The term “single-chain immunoglobulin” or “single-chain antibody” (used
interchangeably herein) refers to a protein having a two-polypeptide chain structure
consisting of a heavy and a light chain, said chains being stabilized, for example, by
interchain peptide linkers, which has the ability to specifically bind antigen. The term
“domain” refers to a globular region of a heavy or light chain polypeptide comprising
peptide loops (e.g., comprising 3 to 4 peptide loops) stabilized, for example, by B-

pleated sheet and/or intrachain disulfide bond. Domains are further referred to herein
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C domain A 4 AA pcntaner-first domain does not have deletion4l Z domain A 4 AA
pentaner-first domai n does not have deletion42 w E domain AA non-Fab (029K) 43
wt A domain AA non-Fab (029K)44 wt B donmai n AA non-Fab (029K)45 wt C domain AA
non- Fab (029K) 46 wt D domai n AA non- FangOZQK )47 Z domai n AA non- Fab ( A29K) 48

wt E dommi n RACARAIELS “YORRS-4osefonAhessipty hlasbolegicnesyarisdoRy Son it B dormmin NA

non- Fab ( 029}Qmtn e varidlR %kﬂn&lﬁbé?éjﬂ tf@&sé b Rtan™ ddRafiOBRINE NA non- Fab
((129K) 53 Z domai n NA non-Fab (A29K) 54
significant variation within the domains of various class members in the case of a

“variable” domain. Antibody or polypeptide “domains” are often referred to
interchangeably in the art as antibody or polypeptide “regions”. The “constant”
domains of antibody light chains are referred to interchangeably as “light chain
constant regions”, “light chain constant domains”, “CL” regions or “CL” domains.
The “constant” domains of antibody heavy chains are referred to interchangeably as
“heavy chain constant regions”, “heavy chain constant domains”, “CH” regions or
“CH” domains. The “variable” domains of antibody light chains are referred to
interchangeably as “light chain variable regions”, “light chain variable domains”,
“VL” regions or “VL” domains. The “variable” domains of antibody heavy chains
are referred to interchangeably as “heavy chain variable regions”, “heavy chain
variable domains”, “VH” regions or “VH” domains.

[0086] Immunoglobulins or antibodies may be monoclonal or polyclonal
and may exist in monomeric or polymeric form, for example, IgM antibodies which
exist in pentameric form and/or IgA antibodies which exist in monomeric, dimeric or
multimeric form. The term “fragment” refers to a part or portion of an antibody or
antibody chain comprising fewer amino acid residues than an intact or complete
antibody or antibody chain. Fragments can be obtained via chemical or enzymatic
treatment of an intact or complete antibody or antibody chain. Fragments can also be
obtained by recombinant means. Exemplary fragments include Fab, Fab’, F(ab’)2, Fc
and/or Fv fragments.

[0087] The term “antigen-binding fragment” refers to a polypeptide portion
of an immunoglobulin or antibody that binds an antigen or competes with intact
antibody (i.e., with the intact antibody from which they were derived) for antigen
binding (i.e., specific binding). Binding fragments can be produced by recombinant
DNA techniques, or by enzymatic or chemical cleavage of intact immunoglobulins.
Binding fragments include Fab, Fab', F(ab'),, Fv, single chains, and single-chain
antibodies.

[0088] Also encompassed are fusion proteins including an antibody or
fragment thereof as a part of the fusion protein.

[0089] The terms “polynucleotide” and “nucleic acid molecule,” used

interchangeably herein, refer to polymeric forms of nucleotides of any length, either
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B domain A 3 AA nononer non-Fab (029K)55 C domain A 3 AA nononer non-Fab
(029K)56 Z domain A 3 AA nononer non-Fab (A29K)57 domain A 3 AA dinctr-both
dormai ns havi ng del eti on non-Fab58 (029K) C donain A 3 AA di nmer-both domains
havi ng del eti on non-Fab59 (&9K) Z donmain A 3 AA dintr-both domai ns havi ng
del eti on nonritleab@6otidé28KoB rithomeiaotides3 These tirme incbidk ¢ swelcodduldenai n has

el ot i on nonFRLRRE 830 SEBRAN AR AR S b RSSO GUER s

del eti on noncon@iidg purine and pyrimidine bases, or other natural, chemlcally or biochemically
modified, non-natural or derivatized nucleotide bases. The backbone of the
polynucleotide can comprise sugars and phosphate groups (as may typically be found
in RNA or DNA), or modified or substituted sugar or phosphate groups. In addition,
a double-stranded polynucleotide can be obtained from the single stranded
polynucleotide product of chemical synthesis either by synthesizing the
complementary strand and annealing the strands under appropriate conditions, or by
synthesizing the complementary strand de novo using a DNA polymerase with an
appropriate primer. A nucleic acid molecule can take many different forms, e.g., a
gene or gene fragment, one or more exons, one or more introns, NRNA, cDNA,
recombinant polynucleotides, branched polynucleotides, plasmids, vectors, isolated
DNA of any sequence, isolated RNA of any sequence, nucleic acid probes, and
primers. A polynucleotide may comprise modified nucleotides, such as methylated
nucleotides and nucleotide analogs, uracyl, other sugars and linking groups such as
fluororibose and thioate, and nucleotide branches. As used herein, “DNA” or
“nucleotide sequence” includes not only bases A, T, C, and G, but also includes any
of their analogs or modified forms of these bases, such as methylated nucleotides,
internucleotide modifications such as uncharged linkages and thioates, use of sugar
analogs, and modified and/or alternative backbone structures, such as polyamides. In
a particular embodiment, a nucleic acid molecule comprises a nucleotide sequence
encoding a variant of SpA, as described herein.
[0090] The term “Fc-binding,” “binds to an Fc portion” or “binding to an Fe¢
portion” refers to the ability of an affinity ligand described herein, to bind to the
constant part (Fc) of an antibody. In some embodiments, a ligand according to the
present invention binds an Fc portion of an antibody (e.g., human IgGl, [gG2 or
IgG4) with an affinity of at least 107 M, or at least 10® M, or at least 10° M.
[0091] As used herein, the term “Fab binding” or “binding to a Fab portion”
refers to the ability of an affinity ligand described herein, to bind to a Fab region of an
antibody or an immunoglobulin molecule. The term “reduced binding to a Fab
portion” refers to any decrease in binding to a Fab (or F(ab),) portion of an
immunoglobulin molecule by a SpA-based ligand according to the present invention

relative to a control (e.g., a wt SpA domain), where the ligand further includes a
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(A29K) domain A 3 AA pentaner-all domains have del etion non-Fab (029K) 64 C
domain A 3 AA pentaner-all domains have del eti on non-Fab (029K) 65 Z domain A
3 AA pentaner-all domai ns have del eti on non-Fab (A29K) 66 B donain A 3 AA
pentaner-first domain does not have del etion non-67 Fab (029K) C domain A 3 AA
pent aner - f i r sutatiorinione domsrenatind@uB. dedoatel earbodiorenB Fgbd (G28K)g @omai n A 3 AA

pentaner-first domain doe t h del et i - 69 .Fab 9K). d in A4 AA
nononer non-%ﬁBre(sﬁ‘ﬁWflﬁbmsé“@ng %S/uiteﬁp% u%ﬁ%ﬁ@&"trﬁﬁﬁqﬁdﬁg% mho;a hgmai n A4

AA mononer negdiek poddsQ9RplaskanfitianAnfindsidibthe thdrclidnirdemedypopliwayi ng del etion

non-Fab73 GlzngaKgartiCcu?a?gl%Ibgdirﬁerﬁ, zﬁﬁ\gacri\li ggc%; 1r?gF tg tlgeoprrrglsieQts‘ln\t]e%%/ig)nn910Iclilgel:seat lon non- Fab74
lysine residue at position 29. In a particular embodiment, binding to a Fab portion of
an immunoglobulin molecule by a ligand described herein is undetectable using
conventional techniques in the art and those described herein. Binding to an
immunoglobulin molecule can be detected using well known techniques including
those described herein and including but not limited to, for example, affinity
chromatography and surface plasmon resonance analysis. In some embodiments, an
immunoglobulin binding protein encompassed by the present invention binds an
immunoglobulin molecule with an affinity of at least 107'°M.
[0092] The term “N-terminus,” as used herein, refers to amino-terminus of
the amino acid sequence of a SpA domain, starting at position 1 or at position 2 of the
amino acid sequence of each of the domains, as depicted in Figure 1. However, it is
understood that the first amino acid in a sequence may be preceded by a methionine
amino acid residue or another amino acid to facilitate homogenous post translational
processing of the protein such as, for example, an alanine, a glycine or a valine. The
SpA ligands described herein include a deletion of at least 3, or at least 4, or at least 5
consecutive amino acids from the N-terminus (starting at position 1 or at position 2 of
B, C or Z domain amino acid sequences shown in Figure 1) of a SpA domain. In
other words, such ligands include a deletion of consecutive amino acids 1 through 3,
or consecutive amino acids 1 through 4, or consecutive amino acids 1 through 5 etc.,
of SpA domains B, Z or C or such ligands include a deletion of consecutive amino
acids 2 through 4, or consecutive amino acids 2 through 5, or consecutive amino acids
2 through 6 etc., of SpA domains B, Z or C (amino acid sequences of wt B, C and Z
domains are depicted in Figure 1, which are modified to include deletions from the N-
terminus). In a particular embodiment, a ligand according to the present invention
includes 5 C domains, with each domain including a deletion of 4 consecutive amino
acids from the N-terminus, starting at position 1.
[0093] The amino acid sequence of the B domain of SpA containing a
deletion of 3 consecutive amino acids from the N-terminus is depicted in SEQ ID
NO:13, and that containing a deletion of 4 consecutive amino acids from the N-

terminus is depicted in SEQ ID NO: 28. Additionally, the amino acid sequence of the
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(&9K) Z domain A 4 AA diner-both donai ns havi ng del eti on non-Fab75 (A29K)
domain A 4 AA diner-only second donmai n has del eti on non-Fab76 (& 9K) C donain
A 4 AA diner-only second domai n has del eti on non-Fab77 (&9K) Z domain A 4 AA
di mer-only second domai n has del eti on non-Fab78 (A29K) B domain A 4 AA

pent arer - al | C doiminrs SpA ¢entaiaing tiideletisrost-3Fa@bsoc MR KnintCacidsdomatha NA 4 AA

pent amer -2l | ol A5 REXE ISR S NS0 (RBe SO, " Ay

pent amer - f i r &dns&dQfivd dniAORSds T thawetettaingt isa@spited mISEFHDNOO29KFurtheelomai n A 4 AA

pent aner -1 rtshE: a%?nrcr)%llc{c]i s(<::i<f1:)u(?erslce:nocl)°tthe:hZa g(?mgr? lcc?r}tziiir?i?lg Q(aglét?o% of 3 consecutive
amino acids from the N-terminus is depicted in SEQ ID NO:15; and that containing a
deletion of 4 consecutive amino acids from the N-terminus is depicted in SEQ ID NO:
30.
[0094] In general, in case of multimeric forms of SpA-based ligands
described herein, the amino acid sequences of the monomeric forms of the ligands are
simply repeated, as desirable. However, it is to be noted that, in case of some
multimeric forms of ligands according to the present invention, not all domains need
to have a deletion from the N-terminus. For example, in some embodiments, ligands
do not contain a deletion in the N-terminus of the first domain in the multimeric form
of ligand; however, subsequent domains in the ligand contain a deletion of at least 3
consecutive amino acids from the N-terminus or at least 4 consecutive amino acids
from the N-terminus or at least 5 consecutive amino acids from the N-terminus.
[0095] The SpA-based ligands according to the present invention harbor
superior and unexpected properties, i.e., reduced fragmentation during use in
purification processes, as evidenced by the Examples herein. Notably, the teachings
in the prior art appear to teach away from the motivation to make and use such
ligands. For example, U.S. Patent Publication No. 20100048876, discusses a ligand
which includes a deletion in amino acid residues 3 through 6 of the C domain of SpA;
however, based on the teachings of this publication (see, e.g., Figure 2 of U.S. Patent
Publication No. 20100048876), it appears that the deletion mutant described therein
performs poorly with respect to retention of binding capacity relative to the wt C
domain of SpA, over extended caustic exposure. Accordingly, based on the teachings
of this reference, it would be less desirable to use a deletion mutant of a SpA C
domain, when it loses more binding capacity over time, relative to its wild-type
counterpart.
[0096] For the sake of convenience, the various sequences referenced

through the application are summarized in Table I below.

Table 1

Brief Description of Sequence SEQ ID
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Fab (029K) Z domain A 4 AA pentanctr-first domain does not have del etion

non- Fab (A29K) Z donain dimer non-Fab (A29K) 85 His tag NA 86 Z Domain A 1 AA
di mer-first donmain does not have del etion non-Fab 87 (A29K) Z Domain A 2 AA
di mer-first donmain does not have del eti on non-Fab 88

AA — Amino Acid; NA — Nucleic Acid; A —having a deletion NO:
wt E domain AA 1
wt A domain AA 2
wt B domain AA 3
wt C domain AA 4
wt D domain AA 5
Z domain AA 6
wt E domain NA 7
wt A domain NA 8
wt B domain NA 9
wt C domain NA 10
wt D domain NA 11
7 domain NA 12
B domain A 3 AA monomer 13
C domain A 3 AA monomer 14
7. domain A 3 AA monomer 15
B domain A 3 AA dimer-both domains having deletion 16
C domain A 3 AA dimer-both domains having deletion 17
7 domain A 3 AA dimer-both domains having deletion 18
B domain A 3 AA dimer-only second domain has deletion 19
C domain A 3 AA dimer-only second domain has deletion 20
Z domain A 3 AA dimer-only second domain has deletion 21
B domain A 3 AA pentamer-all domains have deletion 22
C domain A 3 AA pentamer-all domains have deletion 23
Z domain A 3 AA pentamer-all domains have deletion 24
B domain A 3 AA pentamer-first domain does not have deletion 25
C domain A 3 AA pentamer-first domain does not have deletion 26
Z domain A 3 AA pentamer-first domain does not have deletion 27
B domain A 4 AA monomer 28
C domain A 4 AA monomer 29
Z domain A 4 AA monomer 30
B domain A 4 AA dimer-both domains having deletion 31
C domain A 4 AA dimer-both domains having deletion 32
Z domain A 4 AA dimer-both domains having deletion 33
B domain A 4 AA dimer-only second domain has deletion 34
C domain A 4 AA dimer-only second domain has deletion 35
Z domain A 4 AA dimer-only second domain has deletion 36
B domain A 4 AA pentamer-all domains have deletion 37
C domain A 4 AA pentamer-all domains have deletion 38
Z domain A 4 AA pentamer-all domains have deletion 39
B domain A 4 AA pentamer-first domain does not have deletion 40
C domain A 4 AA pentamer-first domain does not have deletion 41
Z domain A 4 AA pentamer-first domain does not have deletion 42
wt E domain AA non-Fab (G29K) 43
wt A domain AA non-Fab (G29K) 44
wt B domain AA non-Fab (G29K) 45
wt C domain AA non-Fab (G29K) 46
wt D domain AA non-Fab (G29K) 47
Z domain AA non-Fab (A29K) 48
wt E domain NA non-Fab (G29K) 49
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(A29K) A Domain A 4 AAdinmer-first domain has a N-termnal deletion 89 D
Domain A 4 AAdiner-first domain has a N-term nal deletion 90 Z domain

pent antr non-Fab (A29K) 91 C donmin diner AA 92 C domain A 4 AA pentaner with
the first domain having N-term nus al ani ne non-Fab (&9K)93 C dormain A 4 AA
pcnt amer wi t¥t AkiemhinNA nalePabi (G29KY h N-term nus al ani ne 94 &0donmi n pent aner

non- Fab ( 0294 B A&Q%n ® Adeoreliad (gegkpmer wild type AA96 51
wt C domain NA non-Fab (G29K) 52
wt D domain NA non-Fab (G29K) 53
Z domain NA non-Fab (A29K) 54
B domain A 3 AA monomer non-Fab (G29K) 55
C domain A 3 AA monomer non-Fab (G29K) 56
7 domain A 3 AA monomer non-Fab (A29K) 57
B domain A 3 AA dimer-both domains having deletion non-Fab 58
(G29K)

C domain A 3 AA dimer-both domains having deletion non-Fab 59
(G29K)
Z domain A 3 AA dimer-both domains having deletion non-Fab 60
(A29K)
B domain A 3 AA dimer-only second domain has deletion non-Fab 61
(G29K)
C domain A 3 AA dimer-only second domain has deletion non-Fab 62
(G29K)
Z domain A 3 AA dimer-only second domain has deletion non-Fab 63
(A29K)

B domain A 3 AA pentamer-all domains have deletion non-Fab (G29K) 64
C domain A 3 AA pentamer-all domains have deletion non-Fab (G29K) 65
7 domain A 3 AA pentamer-all domains have deletion non-Fab (A29K) 66

B domain A 3 AA pentamer-first domain does not have deletion non- 67
Fab (G29K)

C domain A 3 AA pentamer-first domain does not have deletion non- 68
Fab (G29K)

7 domain A 3 AA pentamer-first domain does not have deletion non- 69
Fab (A29K)

B domain A 4 AA monomer non-Fab (G29K) 70
C domain A 4 AA monomer non-Fab (G29K) 71
7 domain A 4 AA monomer non-Fab (A29K) 72
B domain A 4 AA dimer-both domains having deletion non-Fab 73
(G29K)

C domain A 4 AA dimer-both domains having deletion non-Fab 74
(G29K)

Z domain A 4 AA dimer-both domains having deletion non-Fab 75
(A29K)

B domain A 4 AA dimer-only second domain has deletion non-Fab 76
(G29K)

C domain A 4 AA dimer-only second domain has deletion non-Fab 77
(G29K)

7 domain A 4 AA dimer-only second domain has deletion non-Fab 78
(A29K)

B domain A 4 AA pentamer-all domains have deletion non-Fab (G29K) 79
C domain A 4 AA pentamer-all domains have deletion non-Fab (G29K) 80
7 domain A 4 AA pentamer-all domains have deletion non-Fab (A29K) 81

B domain A 4 AA pentamer-first domain does not have deletion non- 82
Fab (G29K)
C domain A 4 AA pentamer-first domain does not have deletion non- 83
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Gener ation of SpA-based Mol ecul es for Use as Chronmatography Ligands [0097] The
SpA-based affinity chromatography |igands enconpassed by the present invention
can be made using any suitable nmethods known in the art. [0098] For exanple, as
an initial step, standard genetic engineering techniques, e.g., those

descri bed i nFdbl{&2bkpor at ory manual entitled Ml ecul ar O oni ng by Sanbr ook,
Fritsch and Maomaihias AAs¢ntalendfisdddnmin ddeengeaer éiéton nof- nuddei ¢ aci ds which
express the &pAabdaNd nol ecul es described herein. [0099] 1 n sonme enbodi nents,
a nucleic andmﬁmhem&haoemg@gtmg)one or nore domai ns of SpA&shaving an

N-term nus dglseid QR can be cloned into a suitable vector f®6 expressron in an
appropri ate AppafieA I AASMeARsEd A 8&SineMhavedélaich madFavel 1Ig7known in the art
and typical | padorgl ude the necessary el enents for the transcription and

transl ation @fDo & N 8N AMineSRAL §RUIRN BoS ABHURNE BelefiRbAGREPA 830l ecul es descri bed

herein nay s0khe synthesized chemically fromamno acid precursors for
fragments USA RQ%AWJr-ﬁmgmalh'ﬂastahﬁ-taﬂmalHﬂ@tlldthd' ng sqjoi d phase peptide
synthetic mef, rﬁktfa M 2Tt Gir BAGmAIH Bhd PNIvL AN QaERANY| ) - orggFmDC

(9- quorenyI Mmﬁér q¥v4AgﬁBroaches (see, e.g., U S.gjPat. Nos.

6, 060, 596; 4 5,240, 680) . [00101] Expr esgi on of SpA

mol ecul es deé% ar yofAeﬂeﬂﬁt Pw %Qrﬁglﬁhﬁhﬁ@n N t@rnY1ﬂu§ fnnHond8bl s types

such as, q s such as ye st cells, 1ggect cells and
mammal i an Ceiﬁ ndAlPA n%t t tﬁrgt% }‘nﬁmvﬁt Jterpt?rﬁlts?tfahlzre§¥'Ch as E. coll.
[00102] In so doman e m 0 mm es nmay be expresse the surface of a
bact eri ophag ﬁf hlt § e contarns a DNA sequence b at codes for an
i ndi vi dual Wﬁté@ﬁ?@eﬁt W yed on the phage surface. The affinity of the
SpA nDIecuIe for an |nnunoglobulrn can be readrly assayed for using standard
techni ques i the art and t _ _ el pA and Bi aeoreTM
2000 st andar i set Sepgratignotans-based Vol L r%5“ pHAtogrARLY; 1 abl e that the
binding affinity ‘”sSpA mol ecul e of the present invention to an

|nnunoglobulr is at npa e with that ar ent l,ecul e, where
the mol ecul el®RA bi ts r édbaﬁrcé%ﬁmﬁr%ﬂ%tm ﬁ 'ﬂfg@ngé%paasgggorlﬁed her ei n.
|11, Suppor t spldsdinketiohRen ¥ QR Rink @Ry gflta@bmwmid@@m(ﬁ@hyi thddrt. i ces [ 00103] I n

sone enbodrnents SpA | i gands enconpa ed b resent
[0098] P Fo? example, as ar?ﬁutls step, s%émctiar(? g netGi\c engineering

techniques, e.g., those described in the laboratory manual entitled Molecular Cloning
by Sambrook, Fritsch and Maniatis, may be used for the generation of nucleic acids
which express the SpA ligand molecules described herein.

[0099] In some embodiments, a nucleic acid molecule encoding one or more
domains of SpA having an N-terminus deletion can be cloned into a suitable vector
for expression in an appropriate host cell. Suitable expression vectors are well-known
in the art and typically include the necessary elements for the transcription and
translation of the variant SpA coding sequence.

[00100] SpA molecules described herein may also be synthesized chemically
from amino acid precursors for fragments using methods well known in the art,
including solid phase peptide synthetic methods such as the Boc (tert-
butyloxycarbonyl) or Fmoc (9-fluorenylmethyloxy carbonyl) approaches (see, e.g.,
U.S. Pat. Nos. 6,060,596; 4,879,378; 5,198,531 5,240,680).
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invention are imobilized onto a support, e.g., a solid support or a soluble
support, to generate an affinity chromatography matrix suitable for the
separation of bionolecules such as, e.g., inmmnoglobulins and F c-contai ning
proteins. [00104]1n sone enbodlnents, a Ilgand according to the present
i nvention i s[oonomgbi | i zeﬁipfmsnm ﬁmmdemlqsplamibednietrﬁmmn i astim)ishesl be bound by

theory, it is conte d that any suita u used for the
attachnment of" aa"af'f’tégﬁﬁeqﬁ(é@’ﬁ Eﬂchﬁs £ eHléarY(ﬁ\(/;Zlﬂfs[l ollrllS Su?—h Qy}%&%nﬁ%ﬁ%m?%él id support
mat ri ces i nctdiidend Mbkhmaligh 5304 addlmlia@d)tlb ﬁostcﬂrsw 2l Ibaettrlpsulcxh aglFasdi. silica,

zi rconi um oxi de titani um oxi de nmet hac I at c, | yacryl at e,

pol yacryl ani B! 020l yvi A FEPHER OdﬁB gﬂ&mogff%%ﬁmayﬁ pﬁ%????s‘fr{}ﬁ%ne and
derivatives {hgtesfa faSicBophagd 4R that éh@ﬁ Qﬁlfgb coaifi®d DN ASKRRMEE thabyodee a por ous
material or a non-porous materi al 05]1In so@%"d ﬂgag#rrents a solid

support is afopen ideiduat 4 mplecyle SEPISXF? "r‘?é?eel?}la%? sy iy 9t fissupport may be
comprised of gg %Wcﬁ’l@%rlet'n(?mﬁﬂﬁw&%ﬂn céh Wr@éd?lﬂ'&@@&éd foPMULIshdain ol eophobi c

conmpound, an ol eophi'lic conpound or anﬁ/ nmbi nat i on thereof The porous

mat eri al naytebeniqusapy the aig awst thesesgsoyined %?ln,e?&iddﬁér?‘ﬁii BiagoreMpPUY of suitabl e
porous mat er Rt AR Gopgh shvbdnd e iR PRATRY bisdlhg one.

pol yam de, gt%dﬁrd éeP(&jﬂ &ﬂgol ysa/?:[ghlgprpg@es sug% S Slor exanpl el, a%ar ose and

cel | ul ose, p@ﬂﬁylay:p’r}/d &lkmommlyn‘éﬁlhatﬁsw fventionde %@W‘I‘@Biohlé'm fs@8t gt hacryl ani dc,
polytetrafl Uowpeatr*w Fe, halp&ltp{e p&alréni)n]%]efmw 4 L moRQLY N depeq f1uori de,

pol ypr opyl en€; a[ pol yvi nyl et her, pol ycarbonate,
pol ynmer of afrhgmmttamardbnmg use ag degpabsd Hera.r at | uor oet hyl ene- coperfl uor o( al kyl
vinyl ether)), glass, silica, zirconia, titania, ceramc, netal and alloys

t hereof [00106] The porous material may be conprised of an or gani c or inorganic

mol ecul e or &#AICOoNRippdiss Wiedfordh thi raiod of Khrgamiogr and may be
conprised of gn nor e funct r.0 ( oup, an epoxy
group, a thi Bq% E%]oup, af SaRF ﬁ‘3 8‘89 ng@h%aﬁ%ﬁafdn&agﬁeﬁ%y%%ydresgér boxylic acid
group, suit aklventfodrard i@aedbilRgd oo suppoetf ag ng scﬂtd\sai)mjmtorla(suhiblefsmppoﬁutot her

chem cal nodification, in order tq coval entg% to anp(ﬁot ein. In another
enbodi nent , gﬁgr%q)@rba(fﬁm%({i@m%{?gr pabx seklg ot sfea?{g?q al group but can be

coated wit h Blohﬁﬂ/&ﬁle%ucﬂﬁﬁ Q. %mhh@éloﬂmﬁﬁé’ éhdfflt%hiaﬁﬂiﬁ prguemslps such as, a
hydr oxyl grou a thiol group, an am ng, acid group, .a carbo roup, or a

carboxyl i ¢ ati®@ogr oup. T’GG‘I‘G?]“PP@‘%‘SW% ad igBRAIRGERAdING 1O H‘e@&%d‘ﬂ%aﬁ Saffinity

separation mahhb¥iliked dh&EHsoli@ sGpportOWVithb@anitind @b beurding thasgdt ion pol yners t hat
expose a hydrophilic surface to the aqueous nedia used&%chms%é pose hydroxy

(--OH), car bexyernplaiehii anyeuitadnsplid suppeFMaydie URRIGORNS 2 fi do (- - CONH2,
possibly in N‘Mba%{:drglﬂé%ﬂthg HvBRion. #6F 8@mbte; M supRsShAdesiintlldPsif i t ut ed for n')

oligo- or polyethy enoxy groups on their external and, if present, also on
i nternal sur feowslimjted oneongatirsdioneglass, il EEPIO?WEW%‘I%Vta“*FJB‘rOWq?stance be based

on pol ysacch S laffle! pHI lethd] | agarose etc,

whi ch advantg Aergs%é? ﬁﬂ%@%@%a@ﬁ%@; @rglatﬁs k&hy af ore IE|wn§§t§ftyne(:te ;&dﬂ%}@g}: sepoxi des,

epi hal ohydr i lakcphcdlah@polwmmd dativajiyes therayfl (c.gt, Rkeys therafB A palidakpPosiubst i t ut ed

| ower hydrocarb ns rosity and rigidity. In another
lpo%)% &:Ylh qa%oﬁ h&bltoﬁ GteRS

enbodi nent, tHe S I Ses porous agarosc beads. The various
supports usecﬂOGmS} he pr B&ente emvéntenﬁsmwadswortesadpdryum@g&ledmwér ding to

st andard net ho n,the art uch r e suspensi on
gel ati on des@'D @Eusegm%)a solid,su [?aé'flb %ﬁﬁ cddt |hg%r§€ﬂs:” A%%@%g?%) , 393-398
(1964). Al tempabph&ﬁwqontpbmdaaﬁ;elenratobncmempomd dueolccmhr'rf@rooinablllqd cvay | abl e
products, such s Sep M Fast Fl ow ( GE ,HEA Sweden). In
some enbodi nEATE! “até%‘dg 68%95%‘315{5‘&% ayfbgrcoﬁngrlschs%% %{ggglgépg‘r ations, the
support is a@a[w ﬁﬁert (Ethplreemltaﬁlé;pdrb@ rilateiyals, &rrtdldhetﬂmeremenldﬁltezitbhe matri x nore
sui table for flow rates. [00108] Al ternati v. the.solid Support can be

based on syntPI‘ibe'il"‘Er %95P9’?T891§am§’ﬁc‘1'1g %P?}Waﬁﬁ}‘lang?%s&ﬁlbﬁ‘s fon§¥ARRIGy | et her

pol yhydr oxy alkyhseamt SEIRI&S, pdhRlciis] o wtnayly ke pblgasythdides, pol yacryl am des,
pol ymet hacrylamides etc. |In case
polymethacrylamide, polytetrafluoroethylene, polysulfone, polyester, polyvinylidene
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of hydrophobi ¢ polyners, such as matrices based on divinyl and
nonovi nyl substituted benzenes, the surface of the matrix is often
hydrophi |l i zed to expose hydrophilic groups as defined above to a surrounding
aqueous liquid. Such polyners can be easily produced according to standard

met hods, seefl@rie, polypsdpaidyie, poliethyieae, @olyvﬂnythlaihbi polyGia@pther70- 75 (1988) .
Alternatlvely a conmerci al | vai | e uct, .suc ) SourceTM (CGE
HEALTHCARE, R§i}sarhogate, aw@a&ayy%ﬁborma@g ‘(gxﬁﬁ Y (e iy ° Foster Gity, CA)
may be used. &rﬁ%@(@h{&ﬂvlﬂﬁ%tf@ﬁ)h%[asﬁ RiviesliziFedHis titahAEceparhic dnﬁhlmﬁdratloﬁ;orrpr ises a
support of inorganic nature, e.g. silica, zirconiumoxide, titanium oxide and

al | oys ther e®frethe surface of |norgan|c matrices is often nodified to include

sui tabl e reagjiyg 9rOupﬁ]epefou£Hxafeharmdﬁ&%ingnse%f&p brgam@of inSrguici ant s.
Exanpl es i nclude CM Zirconi a (C phergenBi oSepra (CE YPCNWC)EE France) and

CPG(r) (M LLmPEREY or § guibigliph obyanieHisdneraY BoleeHes a6 may bg GpmBrsedmy, * f or
i nstance, be, &g%gmgn: hcftf&ﬁcﬂ gf"”g Li tga'yl@dﬁ)&ylsgrl)dpcénéﬂbxy E,%u[,o‘{tlmo(pf controlled

pore gl ass, I ch may to ert contal n reactive groups and/ or
sustain causmwumgoakmmxgvmnab@b@UMQbem(ﬂ@cwaQWGgmd@U@mmwré%@ lary solid

support for rrlaeta n:gr g%\fu%?rgmg%gva%n? thglg el ilutlef ghetnﬁedal ﬁlogﬁﬁ?t idnS ﬁmﬁ&ér(%@l or

irregular), a so |be nbrane, a
cassette, a amh&nmybmduhippwalQhamnmnan@banemowcaommﬁmhmvﬁrn@OU&12]VVth

respect to the.f OWEB"(?HOI}%?OB% 1’1 bé coa%)eiae\zvﬁlnq%%' gﬁ%&t’erléltthdt %ee{r the formof a

porous nonol PYH®® 8e°Usng 'an ‘i mor gani ¢ nateriral such as, e.g.
silica, or annmmgﬁngﬁmﬁanﬂfmﬁihﬁh@@lg@ugaigmlp@hyn&hMaomywarwﬁhpolyacrylate,
pol yacryl am de | ymet hacryl ami dc. ontetraquoroetherne pol ysul f one,
pol yester, p&F?VBﬁ?%”?d@ﬁéa ?ﬂ@??ﬂgg(381ypropylene pol yet hyl ene, pol yvi nyl
al cohol , pol yooiroyl et her Irﬁ%ﬂlemib)édla’feb@rw&(mvedtmnﬂaﬁﬁan@fse;mrafmn(niaitﬁi)hi,s it may be

formed via polynerlzatlon or coatln substrate. 13].In an alternative
enbodi ment, #¥& G Pfikeang ‘}aﬂ‘r‘b gpﬁg'r“ﬁrsc g GF‘B?%athﬁg @l{ﬁsﬁ #“Bor ous or

non- porous. Raht hgile8Ss MENa BRd sph@prs“ealydwxy QOOHR l@hhﬁbbx)C@JC(HSH)Neh:bom magnetic or
non- magnetic. Matrices in beaded or particle fg;nhgl& s a packed bed
or in a suspérfddd: rRGR-REu spboatdg GIGRNER BPTRE NAGELSIHIS mH§ ‘expanded beds

and pure sUusp&RRi(QNS,, ﬂo@sﬂ‘{g u%hb%th@te@%rfn’) QJI@& &r;)ot?@ﬁwl%n@d’yﬁgr@@@@n&&lmve In
case of nDnollths packed ed and exp anded beds, 't he separati on procedure

conmmonl y fol Pﬁma'&ﬁﬁ,\/‘éﬁﬁ%é‘lm@ﬁﬂ@?f’ﬁ%lég?f%ﬁhyln\ﬂ“? rmiodipRtethe PAYIMSIS gradient. In
case of puregy gSfBPiﬁ ] b@@atsmnvﬁo?}%aé@%e‘é“sh&h RS Ad starbh 3RIUISY, 1 d support in

forms such as surface, a chip, a capillary, or a filter may be used.
[00114] The mathiilan, egudsd et whichadvyantageausly havs sen ﬁ@ﬁﬂokrdwé foringfapsgryith dge. The

bisepoxides, epihalohydrins, allyl bromide, allyglycidyl ether, 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.

[00108] Alternatively, the solid support can be based on synthetic polymers,
such as polyvinyl alcohol, polyvinylether, polyhydroxyalkyl acrylates,
polyhydroxyalkyl methacrylates, polyacrylamides, polymethacrylamides efc. In case
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menbrane could be in flat sheet, spiral, or hollow fiber format. [00115]In

anot her enbodi nent, a |igand according to the present invention is attached to

a sol uble support, e.g., a soluble polynmer or a water sol uble polyner.

Exenpl ary sol ubl e supports include, but are not limted to, a bio-polyner such

as, e.g., a pifytmiphotic paymers,|settcasatdtdees based omdiverybardi mewvsyl-bi ot i n maybe used

as a sol uble pol , _€e.qg., as.described i.n US Patent. Publication No.

20080108053. S Btftgggé?ﬂﬁ‘éﬁg’ By Jtriane ?r“é@e ‘E}%”'Bd%%"“théﬁgr&&l”}‘@eéiﬁ%?"peo.s"g., a SpA-based

| i gand accor gjdagphilR drfips RS &FRBA aboe &Y duerdundiy sfnecisbigeidusandh padybes ng bound to

the ligand, can be used for isqglating a protein of interest, e.g., an anti body

or fragnment taEastily prodyced %F‘(‘Jg'é‘ﬁfo ?t%‘dﬂrdd?‘ﬁ?féilsfﬁe%ﬁr g\rsiﬁ ’gl(lé’mﬁ‘?ﬁt ein of

i nterest canybguisglatgdoors ($ERR Ali@datWed, PEGEMPIAY hallaglf pidaact, _

biotin-li gand-grotel nﬂﬁolérrer conplex in either a r(gvera ble or irreversible
.

fashi on. TheSysBRyRHC HER I CARE I mpetln SwedeuBnePYst WWeL-IERBuch as, for
exanpl e, | ncg}&?mmg FaQker CityTiiBGhayitR uBedP0! ymer contai ni ng negatively charged
groups (carboxylic or sul foni?c), positively charged groups (quarternary am ne,
tertiary am H910Y9econddnyetotheseinhedipenss.dbgio)id seppart spRBIICE 2 GIRPAPST (phenyl or
butyl groups r L 1,Co@l, 0. (DY AE QXYL a1 Alox RITARP 218 O HR S0 £ OFhed  CONbi nati on
of the above?mg%gl{rérﬁl?[g%L'gysﬁl%é#ﬁémgglO&Lc\(eéty%lgryr%r s.acaerl] t}),e_ found in

| nt er nat i onaburRGTofHodariamawieesNe oftsR0E Bebtd Fadudgrsuitablegeactivp Biogas foon No.
U52008025502 funbeadilh i o SRONVAASO - RRBIES HodRICARZRLRid RegARRat ed by
reference her'éin. 1hese Hb ynmers, upon specific physical changes in one or
nmor e condi t i BiSepra COERESYPEINTEOIIE Urarice) 4nd (RG® eVildABORER, can be used to purify

mor e condi {1 BhuScauchiRG YBENTOSSKancy) g (GG & .
rrover si bl ot PALGH on-  3pibRe PRECUBHLBMuh Bt Wik Br RSB 7 e

coupl ed wi t homzikdoganttagia cositi¢ang thedfoinh ef qheslédtporerglasstwioch magbeised f or

capture/ puri fig thon .%f a Frot ein of int %rest tsuch Aas, el.g.toban anti body or a
fragnent t hef@gtied { Sithgr cofag) Ve RrouRs {0 dystaln Faus UG SR QP an i rrever si bl e
fashi on. [ 003dfplddno sgards.enbodi nents, |igands are attached to a nenbrane in a
multi-well plate format. In yet other enbodinents, the |liga are

i ncor por at ed 40 U a capiPremplary splidsuppogtigimat ‘BFIBée’Blé'\ﬂr%léo.t l‘ﬂ\lﬁg/z‘f’ﬁods f or
Attaching a b&aﬂqmeiti&lariﬁugm?{ta hol10@ ¥ibél, AsylidShitict, alpag, d @¢hnhamteanspy be used for
attaching a |igand described herein to a support, e.g., a solid support

i ncl udi ng t heaseetRed $QlwpR@rehipna slfls: aplpteora mese!Ehi bed herein. For exanple, in

sone enbodi "Ecmm] the |\waancpERYo 16 fitnhesTAashitif iRofdpibliment, a: i€ awent i onal
coupling techniques utilizin am no and/ or .carboxy groups present in the

ng, e.g. (
li gand. For &xambleordyp wp@m&d@wh BAY bhmatearipgRn orgaRis Aty ¥ Bdsucci ni m i de

(NHS) etc., areiel lor KNGS RRkLINGCK 2388 NohymdihcAMIB pBRGIaENt S, a spacer is
i ntroduced be v’vglen ’toﬁe supp;ort alnd %he Ilggancﬁrl ng ch iprrgPoggs the availability

of the |igandolxaadylpmis wam@hacmi@n@h@ﬁ}éﬁiaﬂe@éﬁhylﬁ@ B@Pl)’%“ilmf@“ffsipgb(ﬁﬂert o the
ort. [0O0 N Y ! e i ; resent invention,
supp [ éa'lg%lthgha\éﬁé hQ#ﬁSééﬂﬂ?bﬁW&%%O%gW@,%%lﬂyalt:&ﬁ)l,p S Inv I

nore than on on a s "attached’to a soli'd support such (i.e., via
mul ti poi nt apolaeinpethe) andtpobcabynate dolcaseredja monalithaf manbe fprived vaat ogr aphy mat ri x

whi ch shows r g f i he |igand upon extended caustic exposure
(both in casd ?’%ﬁ‘%‘é‘oé ?ﬂ@pﬁagﬁ%ﬁ%@a&% | as the attached |igand).
[ 00119] At t achotent] of a BpA-abasetivccmbodiatcoy tephatrik isgmberdedorpagiesld d support can
be achieved via n ifferent ways k 0, . JTOST LiC nown in the
art - as el | 1 b S Bl D Rl MR TR by ot B Sl ol
| mrobi | i zed Mefliapinaynctic gamnsh-mhegrtic.qMasicestia deeiei or pPreéds forppan B uskd6s ( 1992) .

a packed bed or in a suspended form. Suspended forms include those 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

31



[ 00120] For exanple, protein |igands can be coupled to a solid support via
active groups on either the surface of the solid support or the protein

| i gand, such as, for exanple, hydrol xyl, thiol, epoxide, am no, carbonyl,
epoxi de, or carboxylic acid group. Attachnment can be achi eved usi ng known
chem stries dapebimhraxgispesion, atchiwise et with be usd. dfisocsadidogeortin Gorinde ( CNBr) ,

N- hydr oxyl sucgcinim e est.e ﬁo§y ;bf$OX|r§ne% activation, and reductive

ami nation. [¥613%9 #5 C%ﬁﬁhﬁfﬁmp RPYOPEHITFE A2 HC Bt ei n coupl i ng has been
described inbhe! it er ahyhirixa@ald asobe ,in ihjelﬂdirgmﬂrﬁdmbrzeie imh carfridge. TheBi ochem Vol

186, pp. 558-561 (198 Thi s techni qu ee reviously applied for
coupl i ng SpAé“F‘Bbrén%‘Eﬂ“?‘ipes‘ﬁﬁlﬁttﬁh?et %frﬂlc%rw t{f)?bf[ér A does not contain thiol

groups, the ghtaghnent 1 sncidhecRBEAmEM, iﬁgdﬂﬁ’@bdﬁb&diﬁét)étlhd}ﬁwehﬂ iRgendioh B ol
containing cysteine at the C-term nus of SpA. See, ogl.},btl U.S. Patent No.

6, 399, 750. Sitpelhodito 2 sotle sypRPTtsr RIS W&ﬁn%§rws’8éff R REbSel ect TM Xt r a
and MabSel eCEJé}{%ﬁHf olu@{@%bﬁéilhéﬁ%esﬁlﬁearéﬁ%t%ﬁte@E&Q%e&ly&h@ shéH &, mechani sm It
has been report hat thi's term nal cysteine onl é reacts with the epoxi de
group on t hee.goh pigteiuerfaauisleictagisy dbyormeaiohodimeyts, hiodn AgyYe ysed #t2  at t achnent of
the SpAto t uppor t IPAGGESEorREl o 1086RarmL | onsj hr the
Bi ophar naceu%hﬁ}%bz(ﬂ)q ﬂg@f P‘? 8 d&{cﬁgr glgégpazt?)lggg pa g% 473. [00122]1n sone

enmbodi nent s aeopkedbiotn maybhbomdé@ehganrim/@m Piorkrbased fieandiseprding ishe e on t he
SpA- based chrg e, Vi a

non-di scri m %rerr% l?lgeq%%n Wh'&?&gget%' Frogéle% G[F)ng%{éﬁ}é?g h cqn%%:lg%tg aﬁ’rns abundant
free am no grsollamngpromrmfmﬁemusegym mbodymrélagmelmﬂm%egméeﬁtﬂtla@hrrent of a
SpA domai n t solid s or mul ti poi nt, at.t ,

chr omat ogr apf‘fﬂ?ger’gg‘iuﬁe\?&ﬁwﬁﬁg E)ex“ mtgfeSta 35% i lea%éirogg ,gm(}gr‘lmgprgcl la|?18'\1/ed by
reacting theof nletlg-mgajﬂ [ﬁlif)teiln)p@lylft&r O(IﬂmﬁﬁmAm either aefpv:exsiibieor lrmtgerelpbnl ng or

reductive anm.natio r ectiv mul_t i poi nt
attachment c2ngR 3(7‘5 Sﬂi’e Pé%{glﬁ%fiﬁo 8?‘ 8§Pm8? SLr'r%‘raé AR Pﬁ y occurring
am no aci ds [RIudpA baenst ngntfadl e€a PYIelinoxaohtagiing iegativelycthagsd goops exarrpl e, serine
and tyrosine, with a support cgntai an epoxide group Vvia a ring-opening
reaction Al t@@’fﬁ’&ﬂlifé%rﬁm?(mﬂ)’tﬂoﬁ‘é‘l"ﬂ%’ Cgﬁrg‘% qu@%m?fg aH‘é%’ B PP exanpl e, by
the reacti ons@bndagt é#rp?-llrﬂaYy SOGPLY, ﬂiyﬂt@pﬁdﬂldﬁg}o&}ﬁl(ﬂl&nQTbrSMI bavps)g free carboxylic
acid groups, such as, for exa , aspartic acid and %uk}amc acid, with a

support cont Bydiorkificgrpyns (gprdseny %?'alnofgﬁf’ruf’%ﬁﬁf"é‘b'“m“ MNREYA-di i mi dazol e.

Mul ti poi nt aE&éiﬁJlS@@% t@éfnctsbﬁblle pgsfﬂférstdanwmaatn Rffnalibsd) PO Fashidagived by a
conbi nati on of all e above nechanisns. [001 23&2,?%'6\_ based .chromat ogr aphy

| i gands may hlpsWQ?QO%WﬂMdQ%Pa‘bB@F‘P@N%BW 27 fheLatsdraghings mschanl sm
For exanpl e, 0%61@5&9&&@5&\{&0 opit'&i BW%feke’ﬁE@ﬁé‘&B PhdsB pdlymb@aidnQpecifit er est
non-coval ently via i1onic, hydrophobic or a conbination of interactions,

t hereby to apltl)é@hl dhangen i ofe oF oes eonitiont ek AEPHSEPNEHCHYIBF HERNPETHITS, f aci | i t at es
the high eff RO pteid bARRR (% pl& ﬁeRi h%a%me &Ble gxanpl e, as
descri bed mkz%“%q% g)ldﬂk){ot o eéAS% ﬁtrzéSSan%I)? ° 682, mco?/%or aet ed by

ref erence heatenrwvemlh@rfeéﬂilyonr éguﬂh@tumlubiﬁ nql)g@ﬁﬁﬁmébh%PQGQal?F@ﬁ@ﬂa}t bfan that wit hout
Lhe assoct at Ly eiQlHPSiedS SASIAN o B URSnSlibRRRt@for uSe 10 the [nvention
i ncl ude charge Speci es” such as 1 oni c specles unchar ged speci es such as
hydr ophobi ¢ smne/@snﬁéﬁhen aﬁusmoiemtdf\inﬁergst@qul avpg/g-nadintipodyres adindntsupport, e. g.
-by poval ent | é1 ?dlah@ éal((:)ltlll elt\p{'ertahre'{/ehrgblse Iaugj r?e%)lg%[ tfash%ﬂ' tabl e exanpl es of

i oni c specie PO gl at er'Rat VY am am nes, secondary

ani nes, pri mpooy 16m nes, lnaoﬁlaleﬁqbadlmegs dlgpndsmmfd:rtaxh/dd|t@aarchﬂbrancrin any conbi nation

thereof. Suitabl hydr ophgbi i d heny!| ,
e o R oSBT el PGP R e EE APepulpry o7 ov

cont enpl at ed cigiddry b6t X@étromA@cserees may be used. The associative group may
also interact with the protein ligand. Thus the interaction between the
associ ative group and the protein |igand may be conprised of a m xture of
interacti onsye. gpekiiak forod@adhiid Poizakd to £ jo#6. [00124] The associ ative group
may be coval ently coupled to the sol1d support by reacting a functional group
on the solid support with a functional group on the associative group.

Sui tabl e functional groups include, but are not limted to am nes, hydroxyl,
sul f hydryl, carboxyl, im ne, aldehyde, tone, al kene, al kyne, azo, nitrile,
epoxi de, cyanogens and acti vated carbok&fic acid groups. As an exanpl e,

agar ose beads contain hydroxyl groups which may be reacted with the epoxide
functlonallty of a p05|t|vely char ged a5500|at|ve group, such as egC|dyI

1. 1! -4 D T L . Y TR P P L I | D - T

IR T P . P P | .



[00125] I n sonme enbodi nents, the present invention provides associative groups
and/ or protein |igands which may be coupled to a solid support via an
intervening linker. The linker nay conprise at |east one functional group
coupled to a linking nmoiety. The linking noiety may conprise any nol ecul e
capabl e of b@dhiF]coupl edytsoitable techniquemaly bgnwed for dftechireealigahé deschibed i nki ng

[ incl. f L kyl |,k I I . Th
ki ng moi el Bt a6 naoupint BerRE Mgl RPuf B o Carbon at o,

I n some enbodbsertat Sertine Fbi éXsmplenysome embodimests dhciigand mey béaracB&] toar bon at ons.
The |inking noiety gﬁé conprise at | east one hetero-at og) sucB as nitrogen,
oxygcn and sHPPIF Ve seiyeRtiqaRh Gogplingi et idHe M IAINE dnp ARAEPT E B nched chai n, an
unbr anched C%ﬂ@iqﬂ psert i 36 libndC PR EkampPle bisépakideg cpiphleioftydrmy ChiBraubstit uted with
two or nore functional groups. [0012 LChoosi ng,.the appropriate buffer

condi tions fBrArexyeHsEnERidaHiDed 17§ WefhRPWIocosP g rEageiSp ot s wel | within the

capabi l ity ofyngdagnakd h588edl Inbrd@Red BtivbaRhEsppbik 8bthé NEdnO@hice. 9., sodi um
acet at e, sodi um phosphate, potassium phosphate, sodium carbonate, sodium

bi car bonat e, inpevgs e aneilehiliborabelisapd arkiapilipiostheshpimisal courlagdif the chi ori de,

pot assi um chforh dene ‘BBN.m sul phate, etc, or any conbination of the above,
with the concéntration ranging from10nMto 5M I|n sone enbodi nents, the

concentrat i oif0bf8]sal t ramygess fmbedidemtsencompassdd by thopesnamettiosnapresui t abl e
buffers incl am L ni h at e,
bi car bonat e,Mg'ﬁ %ggﬁ%?ggﬁgéngﬂg?%gg%ﬁbgé@?iaétag%rﬁ%ufcgk’%j’ v%ﬁngﬁ%ﬁﬁgi nation of the
above. Wen amslooén), theeeby snltisg inyani affinityetironsadgrapbp matriv wiaeh showsf t he buffer

wi |l depend on t associ ati.ve aro use, E X . salt «concentration
may be in thré:g?caeagrgg%?rg i Oﬁ%r%%f’ n#ﬁ’é’? eex%ﬁdgﬁ%%gﬁng@%%%@%@o%fg cgéseeo, the salt
concentr at i othe ey lifedd at wkk asthe bttdvh&lligahd)ss than 0.1 M at | east 5nM but | ess

than 0.01M ast 5nM but |l ess_.than Q.p01 In certain enbodi nents, the
salt concent @Q”gjn may CWWW&W@%&“QCHVH%}%W&?BY égaggé%&ll Seorsht()iisgp%osrted a hi gh
sal t concent ¢atbe@thiéved watadrdy\ifdesitmals enowhhmsstidfievh&hlate wahlaemtnriaticon may be
greater than 0.001 reater, than 0.Q1M or greater than Q.. 1M [00128]1n sone
enbodi rrents,a‘%ﬂéwe@/lé%%e?eé{ﬂ?%@e@ﬁgﬁf‘sg?‘ije'igs P‘f‘lgﬁaﬂ‘,sorl‘ﬁé’l}"rwi’lgﬁdi[s perfered at
a tenper at ur ggmangiehrtl Tdchmyis, AddRe.Préss, pest-asgy1e9dodi nent s the reaction
method is practiced at a tenperature |ess tth%n }EJS'@C Iesg t han 40C, | ess than
b ean i onRlehig

20C, or |esslWhHH 10C Honexge. ertdn i @ sgHd $4RROT Ki%ent i on i s

practiced at@ivt eronsy & dithér Bé sidResibt thSsolidRusHoReS: HRIPIQEI RIS sidhas et hod of the
invention is practiced at a tenperature of 20C. V. Assayi ng for Reduced

Fragment at i ofer xamike hygrghb hioloeppaigp-mmeng cademtl, sPAYEHT 6HOPNYGPees affinity

chr omat ogr aphy,iYeh fid GRSntth 68adhiS0d BQF AR waRAehisGRO el esht ap; one or nore B,
Z or C donmi hs, where one or nmore donai ns include a deletion of 3 or 4 or 5

consecut i ve Hmiterbtoaese @6 cyanegpntbiremite {@NBH) Midiydrexdsieciymige eples £Pn 1 or at
position 2. g%oagﬁn%%m%n%t@ducﬂpggn%w_one site on an SpA-based ligand is
chro

attached to tography matrix. [00130] The Pr esent invention is based on
an unexpect e0ddid sur priiosexagnple, 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 the 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, MabSelect™ SuRe LX are
produced 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
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di scovery that the |ligands described herein, both in free formas well as when
i mmobilized onto a solid support (e.g., a chronmatography matrix), exhibit
reduced fragnmentation followi ng exposure to extended caustic conditions during
use in purification processes. As discussed above, such fragnentation is
undesi r abl e amchrhent efitis SpA tqtht sulidi sappoyt. Sewrago fenies Saladisenaatois BA domai ns

ending up with th otentially t eut | ar protein. Further the
fragment at i ot?‘fe Mgg%ﬁgglﬁﬁﬁq%%mqpﬁ%gg%%paﬁ%{rﬁz&cost ly due to the need to
use nore |ig@o2guri ng I kenpemiaisentd 20k 3ih} kr thg presdaainventioof mafefthani ty | i gands

can be readily detected ysing, net hods kno in the art d those descri bed
herein. Such tﬁBH@e%Hé%ﬁg,Chmat%r@hﬁgﬁ%fFﬁetﬁéawfjg?agﬁg-smg V4hd SEC.
[ 00132] Sodi ugandasieEMhats W uldott GRiMhentP O Yenery,|SpAi d@atae bbiekiaatifcophor esi s ( PAGE)

is commonly used for nol ecul ar wei ght anal ysis of proteins. SDS is a detergent
that di ssoci #Pi8g geyes {ipih G1aerops Weiarsa .ea"l“Hjé’mSBSTE‘Fﬁg%“%F‘Smﬂ%Q BB ypept i des to

form conpl exgsinith 1 Joftli Shppoft ORSh@RboiRNARGEchO ¢ BB ShioAatoRfphyl FeginaligCt r ophoreti ¢
mgration rate jthrough a gel is therefore determned only b{ the size of the
conpl exes. Mioxidaoapldehyre royp. sprbejtahisved bregagsipe shaamipagraBrief ysipgidthi ng nar ker

rot ei ns of ] | | G i i ined and the
P ﬁ@% %ﬂgié@g 'gih%'bpé’l\ﬁﬂg?gtreduzﬁ% ¥hatiof, eyREGAN. Mn S&rim

presence of : ~of different nolecular weights can be visualized.
[ 00133] Si ze- erbddiméntn mulkipointritaghmpiiyal BEChicved by the taaelépn i ophPIRO8DI ecul es i n

sol ution ar eneﬁ&ﬂ@ g!fcﬁﬂin?%mti%eéc"ds sh régA hLi@ingg ?reé'ﬁ&ﬂ%iyl/%l%gﬁg, 5iRf 2k God arge or

macr onol ecul ar conpl exeS 'such as proteins”and 1 ndustrial polymers. Detection
of di ff er ent exapipls sdrime aspyoisas, Wish 4 sypporaonjaipieg o epaxiielgyoup\yias §nor by | i ght
scattering. In the case - V1S vV, Lbibsed! BF edetget i on of
certain spec&d"MESE l%us'e‘%lfterquar\ﬁé’e%’rﬂ%‘?g%naﬁmp%%&?%nl ol ecﬁ%arp speci es

el ute, as obbsgtheechciom dfimetucly @natrogy anino asdwel $pAakavitgdidervabnsylicyacif

correspondin eaks rovi des, i nf or.mat.i on t he speci e as well as
rel ative quagrtoﬁ?sg’/.sucfﬁgf%rﬂxﬁgplge%?é? Py at @lgta?hceacédggﬁ%?éggeéﬁcl uded herein, the
SpA | i gands aqtgiidg Bginb@rdupevips fos etain pie) Wenitdachongld fim hiazole.edubtipdinf r agnent at i on
relative to theLr wt ﬁﬁi.nt ed[ arts, follow ncﬂ exposure Lo .cau tlit% condi tions.
In an exenpl &asasHef hedigand 1§ swpstl cru i REAP YR SR anéapA Fi gand havi ng
an N-term nughfiehRthadiimsas descri bed herein, and its w counterpart, are both
exposed to 0. 5M NaOH for 25 hrs. The sol :jtion is then ne tr?lizgg with an acid
B hs B

to pH 7. Thel®&el al i zetPAshaset Fupmatgeraprhyyisapdsdhay Hi0PegEEcnsH 19 330084 on to an
SDS- PAGE gel sﬁﬂﬂbn@i&al'n)é%oﬁiaﬁfhdn@&ﬁiﬂﬁﬁj _F&%xab@@ﬂﬁ@lséd&ia&n@grhe;ﬁ maxenpl ary .

experiment to show reduced fragnentation, an affinity chronmatography matrix
including a Intgjastovithaicard efrintkiestaiopicavalentiy it iepif IYAfREPRIG %D a sol i d support

(i mobi 1§ zed cyh@ndTidh o Rdridtiofd, Elﬁ%?ﬁ@ﬁﬂa&:h #gard@F Gitd bR dntd @ieolld s@fackel | as an
affinity chromatography matrix including its w counterpart attached to a

sol i d suppor tThisifzathisaies the bigheflicienay equpbingef ligandiiorfhesplid malie fgrpmelénosed to

0. 5M NaOH f o &R:kled in TREPEANRDE. G, 838153 hQiy, 85t soNBcdBéraded bi Roflrencel N the form
of a resin) are separated and i mediately neufralized with an acid to pH 7.

The neutral i hedinsbbigby agltiag i lianddansity highes topdhay withgd diechseiiative an  SDS- PAGE

EFLjaT’lgg anal %i%iuﬁs. %&o&ﬁm%l}duﬁg Riitabfle ARG tﬂginfvgl{tioﬁ‘lill@&der&ﬁargé@éﬂeéigst y of the

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 protein ligand. Thus the interaction
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[00136]In addition to exhibiting reduced fragnentation during use in
purification processes, the |igands described herein are al so al kaline stable.
Subsequent to the generation of the chronmatography natrices incorporating the
SpAbased |igands described herein, the alkaline stability of the matrices

cont ai ni ng tkewédngRdudsocindine @mulamﬂyeplrotm' Ignd tap e campriseth nf pmeduren the art and
t hose descri bed herein. &00135 gr e rrsg)l the alkaline stability of a |igand
i mrobi i zed YrPErAEHMEL4§- JONANdy rgglé(g&/c 0% ng routine treatment with NaCH at
a concentr at jopmqQf abOUlthers5Mhtl\% @ouprﬂéyIﬁeﬁedlenbl@/dohmécetonhmlmsh[ipoas in US

Pat ent Publication . 201820221841ﬁ h(g entire c gnt of whi

i ncor por at ed Wa?t@gérf@?%‘én group AN g spidsugRert ik g u'lc @%gﬁofl‘ﬁog enbodi nent s,

al kal i ne st aXJs's@cla‘fEﬂé\gmabesmta%& fasciiOR]l lgrdps Bfulié, bRGart AGIINTIRHE6 amhes,he sane
exhibit an "I ncreased" "i nproved” al kaline stabili , heani.ng that the

mol ecul es anbydigyt: |SE]§§dDﬂ,d‘<9’fbﬁé)‘l alin ifgy aldgly de diptong ke B RIS kal i ne
conditions f Yoxfld, &Eﬁ%@%d%@ﬁ\’a@a ook TR CIIYSHph.V RS Eﬁ)e)lahﬁ:}ler apdroseount erparts.
as n

Previously, It reported that chromatogra matrjces i ncorporatl ng
SpA | i gands beadecbntain hyseox gBupsgvigeh lzaﬂb?r@iﬂlﬁe(bwlﬂs ACB‘PXI‘Ilf’af\‘}Pﬁ@“é Wut ati on of

one or. more BEPR ﬁﬁ%l@%llf{ B RRRE %h?%ﬁcl@zﬁg‘ Chywﬁmat@lmbrn@mstabl lity under

condi ti ons as up to about 13 or 14.
However, somnehlofidet wesl@llddlag&nmsyllhmcmtatettba@hmmlﬁtb’a@#ﬁé@ﬁlﬁt"ietﬂfpuﬂﬂm@hg use,

especi al ly f 8' Wng(b ﬁ%ﬂ%&ﬂg@h&hgﬁgﬁ pRsRhiYRHaRYciithe presence of

fragments on af n some enbodi nents, |igands
accordi ng tOgltohelsprsedséf‘massvealiwe(gmtmsmmbt caplaten tandens tq th@sfrlplcwamqrhg the sane

| kal t h t hel th
i bt eaubsior PRORS R Faly Clald Blisile BRANEBRA Do Terein e a

pentameric forgf the igsdagamnbodimgasdhd predenidnvegtiampiividey assovissiveel etion in

each of the domains and includjn GZQK mJta 19 eac of the domai ns. Such
a ligand rmay 8P #Wf o Hﬁ%tF'd}g'éa%{Jﬁ cé’u?lﬁ(i erydfsuPrpsF V&i™o acid in the
pentanmer to fr@@r\/émﬁgaﬁrﬂtelhOﬁmgﬁla@u&aypﬁ&tprlﬁd‘aiMEtafr\E dnetiomi groes souplid th 00140] The

present invention is based on the.surprising and unexpect scovery of novel
SpA |igands @iliRKiBgMRIstY- glhes! B‘FWE&?‘%W”&%‘“Q\'&W”W c?lgrﬁ?ﬂ?gﬁ' gé&‘ "¥nto a

chr omat ogr apyugttb b ¥unchibiat Bro8 NFdtiekarh §16] liﬁ@ﬂnld‘iﬂig’:\lgme@trﬂdy ia¢ludbniyrpfanise i n
purification ﬁ)‘r ocesses relative to sone t he previously described |igands,

in addition elyhatakenvhgr ap alkyyd groggod b l“ikh‘ég MAE;NgY BMREFHL AW aci ty

fol T ow ng extrpded ﬁél%ﬁluf £ 30Ribbh &@ms daswhicRAtboligicaisihe ifker hay get nol ecul e
may be any nDIecuIe which is recognized by an affinity |igand quV|ded her ei n,

where the |i gempriged oﬁmem than 30gaghog glopy- ) hﬁb@#ﬂﬂg fpicty maYaC%er%% &5t aphy
matrix). Exagpl f&e0] totn‘?‘gLﬁﬁtas H‘E}bgéh%%%eﬁ R udfer. '”["Hé‘l'l'ﬂf(’ﬂ% ety may 8ad

Fc-contai ning proteins. The i1 munogl’obulins may be polyclonal antibodies or a
monocl onal anrtmpuasgyd oba b@ﬂfﬁhﬁﬁéhal@@alunbfﬂ%@ﬁ@ﬁhaﬂt e yelic chajmn dihe Hinking £ r agment s

i nclude any fy %ag&qgag}ub%{emmq%gpmuerruﬁ&mugmg a variable region that

still binds spec ts antigen while at” the same tinme retaining its
ability to spediéj cal l bewqxdlgttl@ appppotte brffer cgaditionsdoptosslings Ro€H i d support .

ligand to a solid support is well within the capability of the skilled artisan. Suitable
buffers include, e.g., sodium acetate, sodium phosphate, potassium phosphate, sodium
carbonate, sodium bicarbonate, potassium carbonate, potassium bicarbonate, sodium
chloride, potassium chloride, sodium sulphate, etc, or any combination of the above,
with the concentration ranging from 10mM to 5M. In some embodiments, the
concentration of salt ranges from 0.1M to 1.5M.

[00127] Additional suitable buffers include any non-amine containing buffer
such as carbonate, bicarbonate, sulfate, phosphate and acetate buffers, or a

combination of the above. When associative chemistry is used, salt concentration of
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[ 00145] I n sonme enbodi nents, a nmethod of isolating a target nol ecul e of
interest using an affinity chronmatography matri x descri bed herein includes the
steps of: (a) contacting a solid support including an imobilized SpA-based
chromat ogr aphy |igand having an amino acid sequence sel ected fromthe group
consi sting omeSE@rl\@lINIéI&nd mﬁ%tmassoSEﬁ}'elgﬁowﬂGscd SEor@4angpiel SE@ D NOs: 93-95, with

a mxture co a nol ecuyl ndi h the target
nol ecul e spe‘E: r@rg{]ﬁym ﬁdg%ﬁ ra%?eo(%lgplglaf@; an%f '%) g?@éd éplé&g% ﬁeugécdéndl tions
such that thgekar @atenmdlmuh@ela least Sndhigie tesbtaml. 1 M) at lhast Bnl‘qzbndl,eSSt her eby

isolating th ] me th altering step
i ncl udes al t@F‘? ﬁa%}/’ ﬁ@’&@ﬁt I%Sﬁg‘ 20821}/15&5 %@m %nqi genﬁeé]%sr g’ﬁé%? bound to the
ligand. In gcd?@fr{rt]ﬂaﬁbl{ ﬂﬁy @dfl_Tfﬂ)()m/ldHWtﬁere dlﬁ},&lrdﬂt?lb@s@bte@tsgded ahigh sAnner such that it
is nore acidic an the pH condjtio or e in one

enbodi ment, SANSEtEHEIN Fraytaly degablgy ?'FE‘&F th‘“t Sai‘ Eiéi?%ﬂonﬁlﬁy bSﬁregPeﬁﬁaPangl ng from
about 6 to a@@@'iMegrédié?t%leﬁ\Jp)o MicP@apenformed at an acidic pH e.g., a pH
ranging from about” [to about 5. [00147]In another enbodjnent, step (b)

conprises al {08128]g t he 1gapme eB ¢}t e A PCIALHE Chemiser isiuedu e such that the
target nol ec}élaﬁdnsis E@folng&gﬁ 1k Parlg h%ﬂdngmo 95% weephe, in one

enbodi nent sal t concentratl on, e.g. K be used in step (a)
and a | ower sabadimenedarqagijnonsthed lgpracmdmwwe%m@ed PPOSEelss( b) .

Conver sel vy, oS a 0 .1M may
be used in s hgn ﬁﬁ? Ie@g@%jbwhﬂgiasq}tla{ngl\gn%elrﬁsro g@:&gﬁe%ﬁghﬂsg&uﬁg&} Onfﬂg% ep (b). In
still other ewbﬁdmnepm@;ced)dtahemmatpltel ofinbbut AXC. slalothee enbastiments then of the buf f er
may be altered.,b 8]One skilled in the art
can readily H’e%h §%¥‘ﬁ%§ Bet?og]dég%ft?cgggéastgﬁPég%’ee#or )inding a target nolecule to
a ligand, and thereby alter the conditions to disrupt the binding of the

nol ecul e to whe | Agavidg fo] Rélix8] Fragaentatiah of ilte liiganglsnt enpl at ed t hat t he

| i gands descri bed herein can be used in any purification process or a

purification_pr esstr in wherentlve A ec are typically
used. In ot hé@l rds, & REesg i {Ryeaf ?“ypfa)élg Saﬁﬁ?gyc‘[ o’ n?agg) r%’%g lgélslatl ve SpA
(e.g., isol awad:hflm&mo&te Sk Egnts bandd b cedrinnanB, BPAC demgins, wiecoorei nant | y

expressed wt n the rrent sses.in th i gands
descri bed hePe ffe ‘*’ﬁ‘aB‘P&f@uléf’ﬁdF@H‘S’b‘g%oneroéISICOI&SS%@VS%”’V{E’Iﬁc‘ditfm?ﬂ fgate the risk
of potenti al wtetnﬁrﬁhm@ﬁmg@t &@Aoﬁﬂfwﬁﬁi&ﬁloﬁ() Dwohfe)enﬂfgdwehh moRahant i al

t herapeutic nol ecule. [00150]|n sone elng nts, e b esent invention
rel ates to a°Metissd a5§pA -based ligand is attached to a ¢ romatograp trix.
[00130] The present invention is based on an unexpected and surprising

discovery that the ligands described herein, both in free form as well as when
immobilized onto a solid support (e.g., a chromatography matrix), exhibit reduced
fragmentation following exposure to extended caustic conditions during use in
purification processes. As discussed above, such fragmentation is undesirable as it
leads to potentially immunogenic fragments of SpA domains ending up with the
potentially therapeutic target protein. Further the fragmentation makes the
purification process more costly due to the need to use more ligand during the
process.

[00131] Fragmentation of affinity ligands can be readily detected using
methods known in the art and those described herein. Such methods include, but are

not limited to, SDS-PAGE and SEC.
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purification of antibodies by affinity chronatography, where the nethod
i ncludes the follow ng steps: contacting a process feed with an affinity
chromat ography matri x according to the invention in order to bind one or nore
antibodies in the feed; an optional wash step; adding a suitable elution
buffer for r@0éxyi ng t HeadboudweahsilbediSOS)-fpobmrety erideeget elgstraphoresiecoveri ng t he
one or nore tihodies fromthe eluate. The affinkty chr t.ography matrices
descri bed he%%ﬁ%@onﬂ%{gy Bsgd %rérépl?%liar ﬂg@?g nlahélséﬁr?l?li\égbn&i §;ﬁ%f1? %m culture
| i qui ds, supédtergémitiasdiasbciaek hndunfblds prorinat Thers ¥ Whdsso tHerpoby@sgtides tdf er ment at i on

broths, the use of affinity. chronatography nmatr.ic enabl es t.he separation of
anti bodi es. f FomeRmelxesarin HirGaria CHiesay Moy s EBETORIRIEIE ox i no

nutrients, ORGr&lonTRE Enr6URRORER tiserdfbrede@BhineCoHly by tie BRE LI cOmpPlexesant i f oam
agents and anti biotics, and gr oduct-rel ated inmpur,iti e%{e such as ni sfol ded
speci es and Xfcegareights psalesamingd by dpalianepushaiieiag Maker PrekEsréed is subj ect ed

to mechani cajndvid héBsulR vt ame ghitis lypicaNtAREMdI WS fredeh® Af finity _
chromat ography matrix descri bed herein, and consequently the nobile phase is a
clarified cebiomelerylgyef diffese mossnlenipights saba Visibzedor adsorption are wel |

known to thor(fgt]fr’j] skil lSii:e:Je)&n@ioﬁ'éBmm[aQ@l]aﬁl%]l d@@ﬁ%rﬁ@tﬁo@ﬂhﬂgél{mm: the present

i nvention re es to a nulti-step process for the purification of antibodies,
whi ch pr ocesBokewpy inselytien ara peparateddrydkrinsizenli isysualhfapaliedtodaigoet ogr aphy matri x
described hefrein fall EAE BEIvRERPDefcRfiod &t er medi at e
purificati onﬁ‘g%@?‘S?Li‘)‘gﬁ'@gﬁ%ﬂggh ?%%Qgﬁtgfﬁ&jo@?es. P_nya par tefecd ar enbodi nent,

t he capture diffepnt molkallironenieshytyhigalhopsmobhes bhynt ¥r\de o1 nlighheiatieriigon exchange
chr omat ogr ap nd/ e ! c . i.n hined-and elute or flow
Ehr ough mode 808 BEVEFHE R0l dBRUAR R W och bl 2y

mul ti modal achoen. Ghe oaltisdmwaick hertdremolecdarespemesahlis aaniohered wetie partition

chr omat ogr ap in bind-andselute or. flow through de. .[100153]]).n anot her
enbodi nment , glﬁ?/m Qe 8 %%hqsﬁges&?nﬂygoﬁa"?sp %%"%rpeeggﬁ’ P for\ﬂd §/mc rp%irlr%l} ogr aphy

matri X can ben therpaced typ¢ at hell auletsigeiguintigur i fi cati on steps to acceptabl e

| evels e.g., t evel s deened acceptabl e for .natj Protei.n, A |igand.

[00154] I n gehoé)?%fh, it i‘gs ‘geér?ﬁ“étrcfaﬁ?‘g@et e?’ﬁ‘H‘tp?etsﬁ'éC?Lfaji%gﬂa@’ %‘8?8%1@3 herein may be
used in any pecORRESoWY fEsehlyipventibl yxhibipkdicsd Ragh@itdlioArdlathand theird@0155] Thi s

invention is further 'llu,strated by the fol]l ow Hg exam) es whi.ch shoul d not be
const r ued asc‘P‘I“Fﬁ“fqrﬁg{O leiag exppswhfScaypticopdifignss IR AL SCMPRRY BHCEMENY publ i shed

patent appli gahbRReduetd Sshnidnf@u@RMHA lidahs hapid dn0rtdr@thus asleti®], bs as the Fi gures,
are incorporated herein b{_ ref erence. e 1; GCeneration of SpA

_ por at ed, Exar’rL)I es Exanpl

Li gands W t hdessebegrhergiyh andishidi spuntegpaitrige Bofh kerasschio e DaPe fop s bF- 4

consecutive qfd &utlhiifhen neutralized with an acid to pH 7. The neutralized solutions are
injected into SEC or loaded on to an SDS-PAGE gel for analysis and comparison.
[00135] In another exemplary experiment to show reduced fragmentation, an
affinity chromatography matrix including a ligand having an N-terminus deletion
attached to a solid support (immobilized via multipoint attachment), as described
herein, as well as an affinity chromatography matrix including its wt counterpart
attached to a solid support (immobilized via multipoint attachment), are both exposed
to 0.5M NaOH for 25 hrs. The caustic solution and the matrix (e.g., in the form of a
resin) are separated and immediately neutralized with an acid to pH 7. The neutralized

solutions are injected into SEC or loaded on to an SDS-PAGE gel for analysis and

comparison.

VI Assaving for Alkaline Stability of the Ligands
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[ 00156] Synt hetic genes encoding the foll ow ng proteins were obtained from DNA
2.0 (Menlo Park, CA). A SpA dinmeric protein containing two Z domai ns, each
dormai n containing the mutation at position 29 (A29K) to reduce or elinmnate
Fab binding (am no acid sequence shown in SEQ ID NO 85); and a SpA dineric
protein containing two Z donmains, each domain containing the A29K nutati on and
t he second Z[086¥di n codnadmilmgtoaxlaibltleg reghceddragmpriptiongugipg ¥¥dnt i ve ami no aci ds
fromthe N-t C 78). [00157] The %'
end of each g‘“ﬂ H(?ll F(&%%g t?enlg%q n@ls &gg%gaérm%rm%naﬁléﬁ’% %P%%}Png nmet hi oni ne and
the 3' end |ﬁuﬂseq1est telthe genaatlanlqﬁﬁ\embdmm@gtmﬂamcwaﬁporamg Hebséquent
purification

usi ccont ai n Ndel
and Bam | | gassf(} F @E%%esgrl'qeggerelrnetshﬁgc ivel %”%{I'ﬂﬁﬂg%ag cﬁ?l&ﬁ i neés as well as
t he expressi figandecintic akdagdd ushgumedard tcehmq@ETrfLﬂhaan(tEhd))lpseaies:rﬁbe@baemd wi t h Ndel
and Bantl | NGLAND, Bl OLABS, ) ts are separated
on a 0.7 %a@@% e TAE 'géfx f%@mﬁyﬂ?gﬁq}{\moymdfpﬁl@% ?% exci sed and
purified usi pg@trixR@n 8€hss@el usih tdﬂﬂnektlréatrflérﬂ)mthN‘é@Nit(a‘éathﬁ‘@atﬁm o€&hout The purified
inserts arc ligated into th ackbone o ET or a other sui tabl e
expression v@égbf?guéﬁiﬁcrﬂ? ”‘I‘isd‘é?g Né%/%ﬂ@.k ‘céﬁ‘ 8S, | pswich, M.
[ 00158] The | b@@bbDiR44 Ql’b?&édh%dnﬁmicﬂf&ﬂﬁélﬂﬁ iR6rpbiated birbRref@mRASiL NI isE.  COi |
(I NVI TROGEN, Carlsbad, CA), as per manufacturer's instructions, and plated on

Technova LB E‘Itﬁﬁtés cont ai ni ng 100 ug/nL anpicillin and grown overnight at 37C.

In order to gm a4n purifhisgdle NGudidBd \élkguﬁésta%wm@slean@sa@lv@f@@ for overnight
culture in LB containing 100 1.1g/nL arrp|C|II| DNA is purified using spin

mni-prep ki ﬂ@trfcr:s)m@%m tbwl‘@ﬁ‘éh@“ agAincregygd” ?rdé‘HProt"ifi @*ka}‘@“conbl nant

plasmds is nd BanH (NEW
plasmds | OL%%E\ lfy[ feshi Jp%maﬁﬁ%&bﬁfm&%%aﬁgks ﬁ\g@bgﬁfﬁp&lggﬁ&d@@%t&@udl Bant

i nserted genemder @lkalme:ouzdlﬂ@wéownmxmdddmen%gﬁtrmme@tlwt@thfhb‘o(h in Figure 2.
L 00159] Addi 1L g bafes. SROBLUNGE fas BYBT € &ea%a@crn&ﬂh@g%@ﬁmmép of SpA I'i gand

containing 5 I ns, eac dorral n c ntainin nutation (amno acid
sequence set 1IfcolrpbntmgIS]$‘E@¢rDS h@e@ﬂzr) thearg Ba€l dr Za@h)ﬂ@lfp@“rﬂt)ér@ﬁlﬁtlﬂ% arm of SpA

| gand contai I mor asgara ihd res%ccg p‘Pm In é}%?édrylﬁgn%%}% 9K nutation

as wel | as afl"@0 Of?n I'nS conttai ni ng a tion onsecutive
am no aci ds hnmmddmdﬁs Whermthmﬂ{ (sabvweabawi 1€, sielyeeuypcte abatt 18orth in SEQ I D

NO: 84 d 160 h i |
cont al) ni ﬁgr;ec g"%eia};sg’mﬁrokgﬁ lbéaai tpgatréo &O&Efraa:g Ao 4t n%lsecgg]j St S

P onsSeriec fexpressing a C
domain i gan(ﬂollo&n@,eﬁpd’awdaglcleidf@lﬁlﬁsﬁbse&fﬁdd)ysl&queseﬁm offfragiethon sn set forth in
SEQ I D NOG 92 S a g meric construct expressing a 2 C domain ligand is
gener at ed, wﬁg’ eP §elt°ﬁ8y§ tond C domai n includes a deletion of 4 consecutive

ani no_aci ds foaByt he N fngbhik BRSodinbats alaim a&@rdn@&ﬂhem&nofnvwhioﬁlasl s set forth
in SEQ I'D NO 35. These C donmain dinmeric |ligand gﬁ arrutatlon at
posi tion 29. Yl anprEices inesrperaling thesaFreRs P'iec’i?i st e@ 'é§véd Li gands

[00161] As di $6BEEHtsRMBeledMhe$ bkHiBiDleBud2a GlaghbrAtioaX p)’nEStithIgaﬁd/St em can be
described herein is a pentameric form of the C domain ligand including an N-terminus
deletion in each of the domains and including a G29K mutation in each of the
domains. Such a ligand may further include an alanine as the very first amino acid in
the pentamer to facilitate homogenous post-translational processing.
[00140] The present invention is based on the surprising and unexpected
discovery of novel SpA ligands (in both free form as well as well when immobilized
into a chromatography matrix) which exhibit reduced fragmentation during use in
purification processes relative to some of the previously described ligands, in addition

to retaining at least 95% of the initial binding capacity following extended exposure
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used for expressing the various SpA |igands described herein. For exanple, the
protein may be expresscd in an Escherchia coil strain such as strain BL21(DE3)
(PROVEGA, Madi son W) using a pET vector such as pET | la (EVMD). [00162] A

single colony is selected froma plate and grown overnight at 37C in LB nedia
cont ai ni ng 1fkripesi dghanbedingéioi Thd targedineleauiemny hhanyoudleawteewliich @i | ut ed 100- fol d

into fresh LB rredl cont ai ni 00 u o a cell
density sucheoEaZed R %a'b?f? quﬂaéﬁg‘wi dgL re%lggher{%]l}esl@?@g %(P%moé\n ng the

addi tion of donlsisROPY chh&ﬁa%og}hﬁhblInmyﬁ»l)aﬁkmpylewfmargdmolmlels:mcatde grown for an
addi tional two hou%g Exg gsm on s confi rgma ¥ E%”E nal ysis and Western
blotting. [ tonespleRylins and Ec-rortajuing protains. JOR{PPIIREEOMIN TH0%0 rpm 4C, 5

m nutes) andpg f‘@&ﬁpﬁms&ied&a?mcm@c@ﬁalrahtmpat@f@uﬁd@rmn&aﬂhe‘eomnt ai ni ng 20mv
i m dazol e. s are |lysed by sonication, and cel ebris js pelleted by

centrifugat i Blﬁﬂc('@l!@d)ﬁagfmﬂts igcliede anyy fiagmeRtod g0 ‘“@B‘ngloa FYOmAnsingdr i £ ed usi ng

Ni NTA resin %Won tﬂﬁ’t%'nwbnﬂs gp%t%al[?{o(?ﬁlaﬁtléeﬁ%ll@atﬂﬁé sagretlme ol uim.  Col umms
are washed wt sphat e buffered saline contgci ni ng,.20nM | m dazol e

twi ce, and SRinisg éﬂhﬂémq spegfipallyfbindce ip praieipfie @ a5pfid ehgftsal i ne

containing 2 i mda I a- Chm
MITi-QS \gllvat gﬁﬁ’%ﬂ LLI Pg%é&n%éﬁfbgr@ggé %ni/e%kﬁ)‘a &Ys%faﬂlagbiargeﬂme@ﬁgg Protein

concent rat i oimtdrest semg arr%dwmwgﬁ@hwm%m@smh?éﬂ@f@mb&‘éwsé‘h? sewéor et i cal
extinction C?Ff‘g éﬁt&&%gé?@?fsugg ort ﬁnl:ludmgﬁghﬁhgblﬁ’féd ACpafef411 (1995)). Exanple

3: Attachnen nds to d Sup rt [00164] Subsequent to the
generation anldomxmgmshy lqgand)hawwancam;nd aqhmgencaselﬁéﬂsi(frqnb‘@d gravpExanpl es 1 and

2. hey were g #@?@@’N@I i@ﬁgﬂbﬁé&%&!mné gﬁg 18 N bl w@r}

[ 00165] I n an® arose resin harose 4
| EALTHCARE) & mmnm&sinpmd@a tasgenglotepmle bhder omdtit'rdnm sigb tlot thetgygetancdequieevi ousl y

descri bed net ho n t r (1979)). The
agar ose resi ﬁpefgicélgbolg'é‘if[}%ﬁ}qug ‘i@ga\‘}ﬁri"ﬁ peocs? |n :hglgsl s@%g{rtﬁ‘%@f}%gsom ative
(FZJT{OU]EJS,EGE)/Q- moi‘elatlllew;&)l,loﬁgbﬁbmdidm@tﬁedngﬁﬂtet}fefdm/ dm/laggg tie trdrged mala@ulk0 Rr/ILI Iof 5(e3|) n, 5
(6] 0 W cirayl trinet nium.chl or | -Qr
water (M LLI 1B ensere eWﬁ?‘?’gﬁ%sdh%§ Hep W&Ewﬁﬁawﬁ%%’r oxide is
added. The r@@&tm@targw Iabneme rscabadfger bdﬁnditoTtﬁchmdllrﬂeBpalﬁldembddlmnt (BI BBY
SCI ENTI FI C, Burl i ngton, overnj gﬁ‘t_ roomdtgl%e{lr atﬁj di The.resin is then
filtered andthﬁé%h'ééltwqwat‘ﬂ?"é‘ér Jucl thg it {SINQrRagdls hq RH eiditions " T L1 PORE,
Billerica, M@Q FoOQ3R61 TiRQnE BboihdM, Mp (af inky B gslfoertéd)t ainsutedd geidot:o aj ar
containing 3 , of 4.6M NaOH. The m xture is sIur{#ed and then 4 nL of

but anedi ol dmalrwlwﬁr@vﬁ@wtémmsw@%f‘d’déhmaw‘?ﬁ%ﬁf medatan pddicpHat ed at 35 C

for about 2 (g,u %Hr}ﬂ{&ﬁn %Qbélﬁ 1ibhesbuyneshed with 5x 10 nL of MIIli-Qr) water
(M LLI PORE, Blllerlca ) and equilibrated wwth 2x 10 nL of 10nmM NaFI CC3.

[00167] | medi@kidfly f ol Imnﬁ@eltfﬁ@oémS&él('i’)\ﬁﬁfr‘ipﬂ??%’tt"éﬂlgé]b“o% to 5 nL of

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., > 0.1M,
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
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).

[00148] 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.
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the filtered bead cake, 10 nL solution of 10mM NaHCO3 containing a 2.5 and 2.3
nmg/ mL concentration of dinmeric Z domain |ligand containing A29K nutati on ( SEQ

| D: 85) or the dinmeric Z donmain ligand containing N-term nus deletion in the
second Z domain (SEQ 1D: 78), is added. The mi xture is capped in a glass vial
and the vi al [00&% ot at edn geneBd} is epnterraied thahipe Figandageseribed\isreiiande t he resin

I's washed "“B dﬁ%g%ﬁﬁ&ftﬁop rjoges'gnor QBurMc% 16& %‘%S t%lrl @'Bere-};%efgp&ﬁllaed bead cake

(10 m) is a aj ar Rta nin utton conprised of 1 nL of
t hi ogl ycer ol reamﬂblﬁamﬂp@fareetyﬂuwﬂlfyelsedsdhuthleowond/s titis @zl iNalefd@Bledpd 0. 5M NaCl . The

m xture is slu d and rqtated I ght re Thc resin is

t hen washed WP(a % ?at Spg(fﬁ ?BB?/T?“"FQ? au?%’c}lalggvp\%chglg@gét%%(@go IM Tris buffer
with 0.15M |\h:62bml61p&ﬂtl&9\)exlﬁrﬂﬂed5®ﬂ&fbﬁa)0ethemuaentqbr((cpédesdfin?ol)e arfMmitls the digérals| owed by
rinsing the resin nd 10 et hangl water solution
(v/iv). The ff‘%&ﬁ'beﬂggﬁeﬁ‘ i"s"f%"tfé‘? %eﬂu‘ier?v%&cgﬁt&%wg} a%/fvﬁit‘é?teihc?ﬂﬁ 8 (v/iv) before
further use. pdibiRialBiniachdgénic Sp lffapigeritheo-plirling oit agporential thergemits t o a sol i d
support is SI mI r to what is described herein for the dineric Z domain

|i gands. [00MEKFWEt hod of coupling of 5 domain |igands described above (SEQ ID

NGs: 91 and nﬁmsd]o agargsémdanbodiR&its) teSpresemiihantisroreakes 4 medss onbove, except
that 15 ng/ gand is used during the coupling ste The Z domain

pent ameri ¢ IP@&'WGBOIUQfaHWOd&éﬁYéffW“&cﬁpg‘a@gfaﬁby viberehy method BeldesAre Ana| ysis of

Super nat ant, o Rkde8dhedoMhlifi %&gm SoRkaPirmFEearehabgmihiAed Li aands
[ 00169] SDS- PA(\)GE ar%gféymg can > used ?‘or d%t ectl}ﬁgpfra mentation of free and

i mobi | i zed h4cguingso d@sm‘f@b@fdmmeéimblw B B\Qsg e @ﬁﬁ'@dh%f&%tal‘ c exposure. An
SDS- PAGE pr 0519&)915[ wadh gt%ﬁ Ca{glh{ﬂgq s&?b%\’glut[oq(mxﬁﬂ] fgpr%lebﬂnéwht: lbbﬁtﬁaﬁl)lb(y@éser

neutral i zed caustic soa gand solution, and neutralized resin soak
sol utions (e&om thometaiknand-recoSering/the onsfor post aitiydies feoratheeluste- Bhe 1: 1 ratio with

I, aenmii buff .at 70C for 5
aemm i bu é}(",%lln SRAD ra gkt ?%udlegal)oa% %?E Irngag aEB%e h&%@&&%&&k 1y or

mnutes to ensur prote wer e of each sanple is
| oaded to Anyﬂ([boget fr()IBIc(DRABqutHés, @unees‘lyan@/ay we as_@marrt@tpnﬁmthﬂéaéysegel ( BI ORAD,

but 1 or _( rHERREETSeRoR Sl R AR St SR MEIF ) Bl MBEEIE SRS T 6 Then
stai ned i n Gedpamadien 8 aneibsdies front kmgmt préfEHERH@ISI)SDNERylrMéH tirkfxingih) ~for 1 hour
o oo b 8 e LR TR SR QOB 0o

antibiotics, and product-related impurities, such as mlsfolded species and aggregates.

[00151] In a specific embodiment, the feed is subjected to mechanical

filtration before it is contacted with the affinity chromatography matrix described

herein, and consequently the mobile phase is a clarified cell culture broth. Suitable

conditions for adsorption are well known to those of skill in the art.

[00152] In another embodiment, the present invention relates to a multi-step

process for the purification of antibodies, which process comprises a capture step

using an affinity chromatography matrix described herein followed by one or more

subsequent steps for intermediate purification and/or polishing of the antibodies. In a

particular embodiment, the capture step is followed by hydrophobic interaction and/or

ion exchange chromatography and/or weak partition chromatography in bind-and

elute or flow through mode. In an alternative step, the capture step is followed by

multimodal anion or cation exchange chromatography and/or weak partition

chromatography in bind-and-elute or flow through mode.
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[00171]In addition to SDS- PAGE anal ysis descri bed above, SEC (size exclusion
chromat ography) can al so be used for fragnentation analysis of the free and

i mmobi I'i zed I'igands follow ng extended caustic soak. An SEC experinent is
descri bed bel ow. [00172] SEC i s conducted on an Agilent 1100 HPLC system
I(AGI LENT I Sal0a5 ar a, ITapothagsmbedimentornyi lpashedspA-hasad Hgand Fom bsust i ¢ soaked

i gand sol ut S arc
centrifuged %‘?%%E%S‘gﬁg%{awm?fgg%ﬁﬁ E@%érd i g?h‘{%ﬁéeguél@g%ﬁghy étgﬁﬁs Sanpl es
are inject edtqacccsp@ibid lbyelsong. aotidvels SEMaiiccrptabledBPIRt v Brotein A I@apgn X 300nm  SEPAX

TECHNOLCOQ ES : | .awar i 0 H7.0
is used as n{)%)l 5% phasen\f%ﬁl:”%ell%{Ei l?lsv?/()lr%aTgégﬁ k@m%ngmg%ﬁng a}{e?%%&s%gf '[Twarg from)
Agi | ent is uBeokefl @ anSptoodsitvehietctypiicallyt angrioya Pdotein 2 lygnés at both 230 nm and 280

nm Exarrpl e ustic Soak of. Ligands. 0 ssion of the

| i gands, B)é)égﬁl bed iﬁ‘%‘(‘é‘f%‘f’%‘%ﬁ“lﬁ’igh{s? J%’] frgs réfg’&%&% 'E‘S 5 afc aline

condi titontS- BrQﬂ]gdﬂle@cohsmedqﬁ limairg. The thigentd ¢fal defedess/falrat aatiove (at a

concentration Q concentration

of 0.5M NaCHP4High @@%?@?ﬂcﬂﬂio@%ﬂﬁd thfﬂ‘éghggrﬁb‘ﬁépﬁq‘é’at@"é‘nﬁ ‘?jeéhr"“l?tt@i“ialL '§U%dr 25 hrs.

Thi's sol uti oBrelifcotfbedRIdiA BY tef@6hckO pH ~ using 32 'IL of glacial acetic

acid. [00175] The fragmentation analysis of the Z domain and C domain dineric

l'i gands using SDS-PAGE following with and without caustic soak, is shown in

Figure 3. As observed in Figure 3, the dineric Z domain |igand (A29K with no

del etions, shown in SEQ I D NO 85, whExsmples sed as the control) shows

significant fragnmentation foI | ow ng caustl c soak in 0 5M NaO—| for 25 hours, as

denonst r at ed Exgmpled : prenens of SpAdiiga Vith Qe ox )7 %2

fragnents at around 7 ; nuscDelefnn of ¥

ligand having the A29K nut at| on as well as deI etion of 4 consecutive am no

i’iCl dsI in the[@éé@]nfl don%xﬂﬁl%lagﬁmge@@dmgﬁ@iewlég protegEQVarerMangdiromppear s to be

argely inta ee Lane 6
A%@%@%&ae A4 dsg,s&adﬁmwcgg Mg&am PvoZRI S o ).

[00176] Sim | a imeric mal n ving no deletions (the
domam containing the mutation at position 29 (A29K) to reduce or eliminate Fab

binding (amino acid sequence shown in SEQ ID NO: 85); and a SpA dimeric protein
containing two Z domains, each domain containing the A29K mutation and the
second Z domain containing a deletion to delete 4 consecutive amino acids from the
N-terminus (amino acid sequence shown in SEQ ID NO:78).

[00157] The 5° end of each synthetic gene includes a codon for an initiating
methionine and the 3’ end includes six histidine codons (SEQ 1D NO:86) for
subsequent purification using NiNTA column. The 5’and 3’ ends of each gene
contain Ndel and BamHI restriction sites, respectively. These synthetic genes as well
as the expression vector that is used, i.e., pET11a (EMD), are digested with Ndel and
BamHI (NEW ENGLAND BIOLABS, Ipswich, MA), the DNA fragments are
separated on a 0.7 % agarose TAE gel and the appropriate DNA fragments are
excised and purified using the gel extraction kit from QIAGEN (Valencia, CA). The
purified inserts are ligated into the backbone of a pET11a or any other suitable
expression vector using T4 DNA ligase (NEW ENGLAND BIOLABS, Ipswich,
MA).

[00158] The ligation reaction is transformed into DH5c. competent E. coli

(INVITROGEN, Carlsbad, CA), as per manufacturer’s instructions, and plated on
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am no acid sequence set forth in SEQ ID NGO 92, used as a control) shows the
presence of a snear as well as smaller fragnents around 7 KDa on an SDS- PAGE
foll owi ng caustic soak in 0.5M NaCH for 25 hours (see Lane 9) relative to the
dimeric C donmai n construct which includes a deletion of 4 consecutive am no
aci d del et i oficdhnova l[thhplates t@tainingi $000ig/ mhaenmpedbndndgman nyernight 24d7H%o aci d

he- i meri ¢ B ol a4 Ohoe o bis? Ay Gy hRREerdbly i Jo 500

| i gands that 1@@0&@&1mﬁg(ﬂ)@5@@mLanpﬁiﬂlﬁhl DNS‘Dlalpuﬁﬁ@] L&h@mnlnﬂmL@ﬁ@kﬁ’s (dl meric Z
domain control), Lane ﬂdl meric Z domain |igand hayi Egda N—term nus

del etion), LEAE YAGEMSMICcE Gdheihs ‘%ﬁfyrﬁlrﬁcoﬁ‘ﬁﬂlaﬂté’r\@ S(yFRtimed ¢ domai n

ligand havi ngy I%sMcﬁﬁ{ﬂk&H%ag@is%EthWhel %@%MI@QQWWGLAMMI@&BQn of the
dinmeric Z and C donami n_|igands havi nq N-term nus _ del etion, follow ng

ext ended caulisivichsA. Plagmidunaph & team M%GCIWHSE@ inpréedregngn fosthe . o
representati RsBow{MWied2 Figure 4 in the formof an SEC

chr omat ogr am Mgﬁﬁgﬁﬁsﬁhsﬁ%%?e (,) ﬂe C(gntrol s for the Z domain |igand
(having the 6l aci d Adtuealy cg@@ttru{:t@lcxmeﬂsmgSFP@JltaltDem@OBEPf%@A\Idéfmd as the C
dommun. L 9andoddimil 8 ddiiRTLORIAELT SEAHERBE ARI hAREN (finkAd D MO 92) show
significant Tragnehfation y arrows on the romatogramin Figure
4. | n cont r asdquerichsetdonteini SEQIDENG:9T);do el as b peeanaziciavi efprhlégandt er mi nus
deletions in _the se donmai omal N a ce is set
forth in SEQ° ?'B‘ngn‘%ﬁﬁl MSpglt 169?03?1%1%6?'8&9 ghrﬁ'&]n%d%;rgl {%e%ﬁ‘gﬁg% is set forth
in SEQ I D NOalbyt thstievdanethscentahinggrdefetian bdhconasuticemting aads fiogm iexes on t he

chromat ogr a n Figure.4. [00179 on 1e..pent aneric forns of Z
domai n | i gamtea%‘g@%éﬁéﬁ’ aﬁkjos\?‘é“ee'%e Sgg%ortbérh%g@ I\}&%)d%rﬁé?nne ”’ﬁ.‘gand havi ng t he
am no aci d semusnice of SiQet, EﬁnNQc%Awlrgaﬁmcdnetmmntammghédmmhwrb and
pentaneric Z domain |jgand havi n t he am no id.s nce of | D NO. 84,

whi ch represélﬁ? §erlef?éedpé%f“81‘?€? F?:“S NG SHRICHT L6 r@g%{“ad“ E%@éﬁ:@f’@g no acid
N-term nus demeola@id sequedtd oftwHichtif et Forthsih SEQTRI N():9a] & vaJlISR aalitatrkzed f or
fragmentati on by SDS-PAGE, follow ng caustic soaﬁ in 0.5M NaCH, for 25 hours.

[ 00180] As evFefs E%G"Hﬁsst"@é‘ 2pdorpaipizgd s geperptede WHerP H“"F‘flﬂbetﬁ’e%o t he pentaneric

form of the éoﬂgmdmdlesgaash&aa)\mr&gns%c&we@ﬁmcautdkmmamNQth@ ghel etion from
the N-termnus in all but the first donma mno acid sequence of which

i s set forthaMNoJEid speyenes @Mhlc%lﬁéﬁﬂé(’ffha}ﬂ SIEQSI? NQ&Qm@H?SStq NAD| | owi ng | i gand
soak in 0. 5Ng[}l?éﬂ'|llg9ﬁds%§nB%&éaGﬁ;@ﬁioh@ﬂﬁos@%nZ‘)e' ative to the pentaneric Z
dormai n |igand control he am no aci d sequence of which is set forth in SEQ ID
NO 91 (see Lane 6). to caustic condltlons (e g 0. 1M NaOH for 25 hours or
more). |n sofzampleddi néxnressionand HuifieatiencofSpA=Basediliigands gands i s attached onto
a solid support and these |ligands are based on B, C, or Z domains of SpA,
where the |i have f cids from
the N-term ng@]gﬁt arti ngs g%%%)ég%tg (l“%n %Suﬁa@lé b%(t)egﬁapé%&%w Os%% Ibﬁ sone

enbodi nent s, uaa‘dtferrexb&@smg/mbear,lowéph liggmdsalesonibédilatireiy. Boresample, the

protein may be expressed in an Escherchia coli strain such as strain BL21(DE3)

(PROMEGA, Madison WI) using a pET vector such as pET11a (EMD).

[00162] A single colony is selected from a plate and grown overnight at 37°C
in LB media containing 100 pg/mL ampicillin. The overnight culture is diluted 100-
fold into fresh LB media containing 100 ng/mL ampicillin and grown to a cell density
such that the optical density at 600 nm is ~0.8. Following the addition of ImM
isopropyl-beta-D-thiogalactopyranoside, cells are grown for an additional two hours.

Expression is confirmed by SDS-PAGE analysis and Western blotting.

43



mn treatnent with 0.5M NaOH, the percentage of retained binding capacity of
the SpA |igands described herein (e.g., those conprising one or nore B, Cor Z
dormai ns, and any conbi nations thereof, where at |east one of B, C or Z domain
includes a deletion of at |east 3 consecutive amno acids fromthe

N-t er m nus), [00$6Ht | eastells aRatviestedbyneentrifugatibn (400@ eprndf @, 5 Rindtes} ands nore, 2.5

tinmes nore, or 3 t] t . GO I 0 2] I n one
enbodi nment , feﬁléSpglﬁs r}:ﬁrlg‘ﬂ st(:% 3@0 Py Q&%mtdh'élﬂ?en%?o alml%llglzﬁeb&q\f' ?ﬂfd&zc?lé age]lgssayed by

t he retenti oaredfsed gﬁdmdadomgnctammbmyls pvlmtetdlbmsnt'riﬁlgamas(M@Hpas 46| | ows. The

bi ndi ng capagjty, rred to as peasu obt ai ni the vol ume
of 1gG | oadeg6 F%;’ué oﬁ’@blr‘ﬁaf‘ Sﬁ%ﬂ”ﬁ?@é‘& #@B’%? @Q‘G%) M% of 50% of
the initial hgGenopReRPES RILABIuMNEClithisiatd wiebBith 86 thhﬂho@;Jhamnat ography matri x
(e.g., resin packed in a ¢olum) is, measur.ed é(L,\%P‘Atlf The .chr omat ogr aphy matri x

(e.g., resi nb%féer%%evqw&"a%%})@w “§'d@ P8 eliifestip > 1o B cycles of 15 min
exposure of ﬂaéi‘&&\l@Qﬂo%haQ b%ﬁ@ﬂe& Hife cmalmgtm@nmmdama S@Risialyzdds process is

repeated until the chromato ap y matrix i S exposed to a total of about 100

cycles of 0. Swrmglyinto 18megadhmsMp® pagr GE-LIBQRE. BiffericanMA) dllavedyl t s from
the affinity,e hémﬁfﬂé@p fwot@atceheénﬂrm)h%ddomgrdlémn@%e(@vgpect@meemt ogr aphy
resin immobili1zed with |1gands) as described herein are conpared with the
respective twédmtl@m%hsxtmptlcsmeff[cwm@aqq% i Brokedt Sgiesag:24thusti ¢ or

al kal i ne stapll y of the matrix is nmeasured by static soaking of the matri Xx.
By soaking a rreagured amount of an affinity chronmatography matrix (e.g., in
resin format) in 0.1M NaCH, 0. 3M NaCH or 0 5M NaO—| for 25 hrs with gentle

rot ati on andEmempler3i: nA tkapiimg A -baned diigapd$) tof pd aftt er t he NaOH soaki ng,
the alkaline stability by vvay of retentlon of bi nd| ng capacity of the matrix
for 1gG can[(ge6dlet er mi Subsequifitito thwgtrirmajs)n@ﬁ@mnrefsmpm0ﬁvaflaus liga@ly, osrat a2ra i b
Matrix of the |nvent 0144 sone. .enb vention
provi des a ng?sﬁgge%ofltpﬁm'igl'fz ylllerllnéj] j6‘1 “ar ﬁre ) %qlz Wa ngln) %t%ﬁ%%ﬁ“gé“ﬁ% ng the
affinity chrestatsappaphy As di scussed above both forms of pentaneric |igands

have t he A29 ation.. The |igands that, are not .s to be intact
(Lanes 2, @Oggg] [0018]f]al'3§ﬁ%28§y FOPGENSTL AET RS r??%@?r@?{osf ﬁ?éFbserved with a

r econbi nant S@AUTIPQBA(REl Y(i§ g’aéklmke&fum@ ebﬁlﬁlbﬂihydirﬂﬁcymﬁmgdoaprepla)usljll cation f
rocesses. The r.SPA | t w an e r egree o

1I‘O r agnent Zti oHeSFBW‘QWth‘gja@ﬁﬁg{?“g%S 2 4 QW’RE@QPX 3?@% 1§2®SST€e?atl ve to the

Z donmi n conbgRbse résin Q@@&Eq{%ﬁtl)bbéa@ed”!@mﬁ p@ﬂlt%@ﬂfﬂ@ﬁgé@@ﬁo@éftlv%lgﬁ)upﬁ @tgin on the
SDS- PACE (see Lane 9). The r SPA |igand not exB ﬁed tﬁ E l}lzél conditions is in
Lane 8. [00183]orhiagcording fqthe fllawing meshads igl0apl phegsing hl» "h based Iigands

havi ng glycidyl trimethylammonium chloride (GTMAC), 5 mL Milli-Q® water
(MILLIPORE, Billerica, MA) and 0.258 g 50 % wt sodium hydroxide is added. The
reaction vial is rotated in a Techne HB-1D hybridizer (BIBBY SCIENTIFIC,

Burlington, NJ) overnight at room temperature. The resin is then filtered and washed
with three 10-mL volumes of Milli-Q® water (MILLIPORE, Billerica, MA).

[00166] The resin (10 mL, filtered cake) is added to a jar containing 3 mL of
4.6M NaOH. The mixture is slurried and then 4 mL of butanediol diglycidylether
(BUDGE) is added. This mixture is rotated at 35 °C for about 2 hours. The resin is
then washed with 5x 10 mL of Milli-Q® water (MILLIPORE, Billerica, MA) and
equilibrated with 2x 10 mL of 10mM NaHCOs.

[00167] Immediately following the BUDGE activation step above, to 5 mL of
the filtered bead cake, 10 mL solution of 10mM NaHCOs; containing a 2.5 and 2.3

mg/mL concentration of dimeric Z domain ligand containing A29K mutation (SEQ
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the N-term nus deletion, as described herein, are far superior candi dates than
the routinely used SpA |igands such as, e.g., rSPA. [00183] A reduction in
fragnentation follow ng caustic soak in 0.5M NaCH for 25 hours observed with
the pentaneric Z domain |ligand having the N-terninal deletion is further
confirmed usIig)SEe dimeria2denais liggndsaetaigingiN-feapinas daletioniin thessgoad Zment  ar e
shown in Fig . ] f t . Figure 6, the
pcntancric f%r%uggschgi%aﬁﬁn%%ﬁngg%h%\%%S%é)%dgﬁng%%%vaﬂfgFl&rr?(;élgsm no acid

del eti on showtatedsdt B7 f@fohbad2 peaksAfer tvolewrs it weinliswasihed whh 3 timedi cati ng t he

presence of spmller fnagn e e t rLe. formof the Z
domai n havi n&ﬁﬁr‘]@%&p%fé‘?‘ﬁ% l@tﬁa er ghggﬁg%g%dlcg(h%egﬁf%;%gé\cgtosﬁjérm ficantly fewer
di stinct peakmtading @\ mLisolueins cdryprisediai icat.iofi thigglfcarol hrekSmiledn deffaf

fragmentation, relatiyv c . 185].The routine sed SPA |igand,
r SPA, shows f%&'oﬂﬁ’g{h %@mtﬁ‘@ﬁ%@{f‘“%@ﬂe &BUHY' YIRS 'fmr#t%'&a?edrml ecul e Igeft
gtD Sa:glb\.GENot aFJ@YnigchﬁroSE@elﬁb&’rﬂm]E e esdini isthepnaihet eith 3winida withel oreisuf t s of t he

- anal ysis i.n Figur Further . evi denci at the rSPA |igand has
degraded so Wﬁ%ﬂﬁ’t"‘ﬁlﬁb%%r%ﬁégﬂ Tﬁ‘%ﬁngftgéﬁngﬁa(ggﬂﬁ B)aa'}ﬁib%m&?t‘fin gn SEC
chr omat ogr amydi@ (o ) arhexit eNdedd BX ARSHY Me kinGALSTN BL 6PNMilitd@meatdi . ., soaking
in 0.5M NaCH for 25 hog)rst). Exanpl e 7: Caustic Soak of Li gangos | mobilized On
Resin [ 0018®)dTi0eml, aF 7450 &thpiod igtes sdwinyBe d he Aingliesit S stoisith gV %xanpl es are

eval uat ed f ofcHoR@ARPIGA AN PhfQWifiithe £ @S ThE mBhBOSLERpHHAEAMRAL (1 O t heir
attachnment to a solid support (e. an agarose chromat ography resin).

[ 00187] For egemain Hgands tra sofdl synpert Is simpar tp @diptds descnibegiheiginstopthy idirgeric
chromat ogr apfyi,6QhUigandsEVERGREEN SCIENTIFIC, Los Angeles, CA) is measured
using MIli-Qr) water. The resin is conditioned in a colum with 2 CV (2 nl)

of 0.5M NaOHO§Uo&K| y, rMetspdipfrdorplingred SWamainrtigands Apscaiped ahoua(SEQYIR he NaOH
condi tion on e, b V ¢ LI | erred to 4 nmL
Coot tubos (TRt 87 bl AR MO, My SO sPloct GBI LEPUANTEEL PO {he

mg/mL of ligand is used during the coupling step. The Z domain pentameric ligands

do not contain a His-6 tag.

Example 4: SDS-PAGE Analysis of Supernatants Collected After Caustic Soak
of Free or Immobilized Ligands

[00169] SDS-PAGE analysis can be used for detecting fragmentation of free
and immobilized ligands described herein, following extended caustic exposure. An
SDS-PAGE protocol is described below.

[00170] SpA in Milli-Q® water, neutralized caustic soaked ligand solution,
and neutralized resin soak solutions (each contains ~0.5 mg/mL of protein) are diluted
at 1:1 ratio with Laemmli buffer (BIORAD, Hercules, CA). Samples are incubated at
70°C for 5 minutes to ensure proteins were fully denatured. 10 pL of each sample is
loaded to AnyKD gel (BIORAD, Hercules, CA) or 15% Tris-HCI Ready gel
(BIORAD, Hercules, CA). Gel electrophoresis is conducted in 1X Tris-Glycine-SDS
running buffer (THERMOFISHER, Waltham, MA) at 200 volts for 30 minutes. SDS-
Gel is then stained in Gelcode Blue stain reagent (THERMOFISHER, Waltham, MA)

for 1 hour and destained in Milli-Q® water overnight.

Example 5: SEC Analysis of Supernatants Collected After Caustic Soak of
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colum (bottomis capped) and i mediately transferred into the test tube with
the corresponding resin. Place capped test tubes onto a rotator and rotate the
test tubes for 25 hrs. At the end of the caustic soak, content in the test
tubes is poured into a disposable colum and the filtrate is collected.
Filtrate in 1.5 nL isFneagrImmotakizediliigamds p 1, of glacial acidic acid and is
ready for further analysis by SEC and SDS- PAGE. &)00188] The SDS- PAGE anal ysi s
of the i nmmobibiZdd di ndn kdditren §DS-RivhEawelysisglesaibed ghaveibsg(sErt ended causti c
soak (e.g., 0.5M Na K r r i | i general , it
i s expected ?’ﬁgutsmlnfc gg)‘nﬁ%&ggﬁgﬁicﬁggﬁgﬂ%a g%@%?@%ﬁ“%\?mﬁkgy?iﬁgéfr%i l'ization
onto a chr onmirmgyiligel yigamas folbowire extendairaagmsose AeSEQyxpetimant ist wi | | not show
any significant .fr% nmentation. [00189] As observed by the SDS-PAGE gel of
Figure 3, bofgictised gllo?%ri c Z and C donain |ligands i mobilized controls (am no
acid sequencp®lsit for tSEd 8 cHXtEd pn NOAGFenahtDOIPLC espacAiGIBENTand r epr esent ed

by Lanes 4 and 10Q of the _ SDS-PA | espectively) as. well as the dineric Z
and C domai n>¥¥hbhra £ ds‘?“? W&%&@ﬁ?gé\”ﬁ k ﬁﬁmﬁﬁ%e\ércﬁ’ilsi‘ﬁgoa&g?g T in the
second domai g§RRI(NM5 HE/HL)S BAURNEATes Blsinf 05K fdlitlonSQcdiRifged78 1a5ad 35,
respectively and represented by Lanes 7 and 13, respectivel ?-b do not appear
to show any BBMder Ebminutes peasasECIORLE aralysis mgmolesiengiesfS 84 Hor 25 hours,

i mplyi ng that, b hRSed &bt @E@%%Zén@x fs ﬂgxl}] &-300RR1 80P AR P BAGEIRal ysi s of

the inmobilized pentanerie Z donmain |i ds foll owi ng extended caustic soak
(e.qg., 0.5M N&OiNewadk Dewars. Heslivs phosphait buifer (AP0mMyure7-8) s psedBser ved by t he

SDS- PAGE gel _ip., Fi . i co=T] j kN an
N-t erm nus dgﬂogg{%}%y{ﬁltlﬁﬂ?&lgﬁ? Qfﬂltélﬂﬁﬁ?st% hé(g%gﬂl%r? g%%%%%%@asygﬁ%e set forth
in SEQ | D NOfB4ECatath acgpsitsenmdedalsis tdoth 280min and288DBPAGE gel ), shows far |ess
fragnentation as conpared to its type wt pentaneric Z domain control (SEQ ID
NO 91 and Lape 7%} Thii rﬁssl t! sfttqg%@tss that the i mobilized pentanmeric Z
domai n |i gan&*H8 Eer?g 1R |l etions is nore caustic stable conpared
to the i mobjdoiizgd pentkilwing the cprasion vfthe higahds ss dotritedvie Esaraple del et i ons.
[00191] Further,. the fragnentatjon of a.routinely used ligand (i.e., rSPA) is
al so investi g%itl'@ﬂ“‘%)?r 3 giﬁlka&n%%cﬁ[bonl&t s i nmmobilization on an agarose
chromat ogr aphgo174si N antb ] Fehdhn thidiggandssdescribed hbdvh et kicgamedtrdtonah ext ended
soak in 0.5M NaCH for 25 rs, .As, seen in Lane 10 of = P, gel of
il qure 5, ¢ hamBidl MAd N SEAIHES S Far e g TS T ow ng 0. SM
NaOH soak f Ofmg2BlL NEAHdS Thi B RGehtnalotatdd foS25¥as. Vs Yolmiunsis ihen st abl e, rel ative
to the pentaneric dormai n | i gands éLarjes 4 and 7). [00192] Based on the
SDS- PAGE gel newwlireddo gH ~F ginee3 5l pheleci] agrdic@gificl uded that the i nmobili zed
pentameric ZIL&)? i n i gpn0e WinBratifieaddnsRIoMHRYSd MRl RAddAN Gorhas dingic| east

o)

fragnentatio | ow ng extended caustiic exposure, and therefore, is nost
caustic st abligandaysiopfP&PAdh bllowimgiwithosd Witheet cpesie s0aky ischaViigFagHe cont r ol

ligand and t ee#smp\i/eld!ill%?%uf: Sfﬁ’te FfOHOB UM hgz{nd(igﬂélk Wil ARleRbnst he SDS- PAGE
results with the I mobili zed
shown in SEQ ID NO:85, which is used as the control) shows significant

fragmentation following caustic soak in 0.5M NaOH for 25 hours, as demonstrated by
the presence of a smear as well as presence of smaller fragments at around 7 KDa (see
Lane 3). In contrast, the dimeric Z domain ligand having the A29K mutation as well
as a deletion of 4 consecutive amino acids in the second domain (amino acid sequence
of SEQ ID NO:78) appears to be largely intact following caustic soak in 0.5M NaOH
for 25 hours (see Lane 6).

[00176] Similarly, the dimeric C domain ligand having no deletions (the

amino acid sequence set forth in SEQ ID NO:92, used as a control) shows the
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pentaneric Z domain |igands and the rSPA ligand is obtained by SEC anal ysis.
The results of a representative experinent are depicted in the chromatogram
shown in Figure 7. As seen in Figure 7, the inmmobilized Z donmain |igand of SEQ
[l NO 84 shows reduced fragnentation foll ow ng extended caustic soak, as
shown by a bpgsengedfatsmear asovelltas smelles Hagmenpapendot KBEon ppSIRBPAGE whi ch shows

resol ved | owg il e6uliato NGh 851 S5 For2B HolE (&BY GRS QaEA o i t her,  as
r’rm%bl |zec?r h \se F“

expected, the i shows ext ensi ragrent ati on foll ow ng

ext ended caudiriedc Soknabscoofiset wkidh ngludesadtlesiod olh easesiutivciempiaakeidon t he

chr omat ogr am | e, 8; r f i i ndi j

Chr onat ograpﬂ%}%ﬁ/a%m tggy'tt%/%]?@ﬁsoo(%ﬁegshe:f%!d'dgb%#“bﬁlgg}gnﬂ% ag?] tsg@% g% %%ﬁlﬁ%a 5 NaCOH for
25 hours [ 0034 fdhieine§HQ ) NO:hs@iahod?2)aphy matrices (i.e., resins having the

i mmobi |i zed ins thereo ia nmultipoi attachnment ). desgr.i hed above arc
further test @ﬂﬁr theiEreach’gtth?S' ‘ﬁgiaﬂa%f: Oﬁ%?én?ﬁ%?qgse glrtlém%Fﬁ' mg ?eesra exposure to
0.5M NaO—|( f OHis2(5ta§.01D1:ieSligahﬂHlﬂ;&5}d 1ot exy@s@Xip eiistie idak acashbwoin iLdme 2chr omat ogr aphy
matrices (in m_ ume) i ilized w t he di ic or,.pentarneric Z or C
domain Ii gan@mﬁ&%g‘?"%ﬂC%{Bmga"éist(ﬁ‘é‘?erw %“@%blb@ﬂn&havt"@ao].\] 'Y or 0. 5M NaOH
or W thout eyq&mmy,e.aho8 Mafttc € JomEd ohtRPandQUnsd Wimprid @ dbbihilighdd ) wat er
(MLLIPORE, Billerica, MA). 1 nL of each slurry is added to 15 nL of

pol ycl onal  1BinesERARmigsSs deleliyr )) in 10mV phosphat e saline buffer and

rotated for folgyrs at gQAEIRERCHBLH &theldiRcFiedUrd CABmeh liddat 280 nmis used
to calculate capacity before and after caustic binding capacity.  The

percentage ohavirg i Nrsumingedelpting Rfovingsaiengedicqustig ek kifwdhengvidingrdi ng the 19G
bi ndi ng capagj §¥cafh&fesHRYSh kHrEERQRRISE AV pLAIALt WelsROME indBLLRE U Gn g POSUT €.

"Fable || sunfarizes the results of one such experinment. AS sunmarized in
Tabl e |1, théraiofen SECZhortvigrant. i Arassen ¥ FigEeH the peoirpl fapedrdemay exhibit a
hi gher retai i neli naci: I i o8y i.e., the
dinmeric Z do%&ﬁ?ﬁ’%}g{gﬁ%’ %@ng%ﬁ}(ﬁﬁﬁé%‘r@mﬁ@]%%% ext ggnﬁélg%:%fjgti c soak in
0. 5M NaOH f odor&in higandghavji@0th® &h®p miid aedugncezst fatth o SEOHRANOED shew Tabl e | |

bel ow, the di.neLic d i.n L . xfpi bit a higher
retained bi n?fgﬁgc%né%g%t?%&{&ﬁﬁﬁg?@gd% a'c?%&;%n%@rh %g}rtg é%t?B‘%@gRI%ﬁ%KgQ , follow ng
ext ended causdtrit@stsihakinienic?. HWMN&OHif bgan@Shdvingrtbe NFerblieusideleBeplinthee of

Li gandRet ai ned. | 9% 57 fol ke ahTRRIA 0 AN HQRRPS AT ot i X (99
and the C domain ligand amino acid sequence is set forth in SEQ ID NO:35), show
reduced fragmentation, as identified by boxes on the chromatogram in Figure 4.
[00179] Additionally, the pentameric forms of Z domain ligands described
above (i.e., pentameric Z domain ligand having the amino acid sequence of SEQ ID
NO:91 which represents the control, and pentameric Z domain ligand having the
amino acid sequence of SEQ ID NO:84, which represents the pentameric ligand
having a 4 consecutive amino acid N-terminus deletion in all but the first domain) are
also analyzed for fragmentation by SDS-PAGE, following caustic soak in 0.5M
NaOH for 25 hours.

[00180] As evidenced by the SDS-PAGE gel data seen in Figure 5, the
pentameric form of the Z domain ligand having a 4 consecutive amino acid deletion
from the N-terminus in all but the first domain (the amino acid sequence of which is
set forth in SEQ 1D NO:84), shows far less fragmentation following ligand soak in
0.5M NaOH for 25 hours (see Lane 3), relative to the pentameric Z domain ligand

control, the amino acid sequence of which is set forth in SEQ ID NO:91 (see Lane 6).
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SEQ ID NO 7870 SEQ ID NO 9265 SEQ ID NO 3570 [00197]In a further
experinent, the 1gG binding capacity of a pentaneric Z domain ligand is
eval uated fol l owi ng extended caustic soak in 0.1M NaCOH, 0.3M NaOH or 0.5M NaCH

for 25 hours. The results of one such exgeri ment are summarjzed in Table |11
bel ow. [ 00198TFawtie conditiogh tas. ¢ HE NaHEBRZ2Burser erehiin&eng gebasiimenthg capacity

of a matrix Rguimg dnBeRbid til@ﬁganﬁpﬁraﬁ%eéoﬁgQ‘é@ﬁ@srubﬁor{zﬁlﬂrmé%é ligardoBRI N |1 gand
whi ch contains an A29K nutati on and all but the first domain include a

del etion of based orcBis et dtdomeinanf S adicepsthe Hgands e pdeletion ofds 4 0aki no aci d

X011 or 0. BRF A A A e bR SRR b R vl St amer 1 € 2
domai n N-terifdhtig del etlh somd éngamdingitmagerdpl tyl@sHsbeydeioclbdingndb bi ndi ng
capact 1Y ol B Qubl NS SRE AT 2R OHE o M8 R B oL i no
bi ndi ng capaspA jigaatis @gsciibedMetdaz k., stwak cdnoprisizig oneurr more rﬁaq-d?rtiodunajii’tsr ation
Coh ol 3 e b Bgn b Rartind Eheftd, SRR o She B & 2 BIRRA Il 11 SFQ 1D 84

deletion of at least 3 consecutive amino acids from the N-terminus), is at least 1.25

times more, 1.5 times more, 2.0 times more, 2.5 times more, or 3 times more than that

of the wt counterpart.

[00142] In one embodiment, the alkaline stability of the immobilized 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 concentration based on absorbance at UVagonm of 50% of the initial

IgG concentration. The initial Qd 50% of the chromatography matrix (e.g., resin

packed in a column) is measured first. The chromatography matrix (e.g., resin as

described above) is then exposed to about 10 cycles of 15 min exposure of 0.5M

NaOH at 0.8 mL/min. Qd 50% is measured again. This process is repeated until the

chromatography matrix is exposed to a total of about 100 cycles of 0.5M NaOH. Qd

50% is measured one last time and the results from the affinity chromatography

matrix including ligands (e.g., chromatography resin immobilized with ligands) as

described herein are compared with the respective type wt domains of SpA.

[00143] In another assay, caustic or alkaline stability of the matrix is

measured by static soaking of the matrix. By soaking a measured amount of an

affinity chromatography matrix (e.g., in resin format) in 0.1M NaOH, 0.3M NaOH or

0.5M 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 matrix for IgG, can be determined.

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

[00144] In some embodiments, the present invention provides a method of

purifying a target molecule from a mixture using the affinity chromatography
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65 Exanple 9: SpA capture of 12G Before and After Exposure to 0.5M NaOH
[00199]In this experinent, purification of a polyclonal inmnoglobulin in null
CHO S feed using a matrix inmobilized with a pentanmer of Z domain ligand with
all but the first donmin having a_ 4 consecutive amnm no iddeletion is

exam ned al ofgdisgussediahenc, beily fasgps af peatasiene Hgands Yarsy h@f%&t'%ﬂﬁ SPA) in
order to denﬁ%ﬁ%ﬁ&@&réH@an{k@@aﬂp‘e%@%ir@é‘c@&raﬂés%aﬁd)S)t he present invention work
just as well as the reconbinant SpA in renmoving inpurities. %80200] Resin
sanpl es i moB0I$Aed wi tllanesSPH) deriRpEedRRIMCHALiQ rvoghyyith gregombigant donai n
pentaneric || ! 1o A | )4 arc each
packed into g&%ﬂg%@g{ggésa‘gﬁsﬂgz uMm%?\%mg%Qﬁn?ﬁ\Qfﬁgag?a téeséf)s'awgE gﬁcém packed bed
hei ght . Af t eligaad appeatsrtastiomnansiveh fap Besiohdagecesd Magracritaiion dellowingwaustesdi um

phosphate), the. i r Lec r CHO feed with
pol ycl onal hfoﬁglf @Mfor? r}rlgl}r%{e;ﬁ{g%?%&g ?od\t/?/%re1 g{%g)ﬂl?) ’%00%(E:ewrﬂ.y Mter |oading
at 90% of 5 feabdealpeirnmelithetphetein esihe SBS-MAGSHdste Wanh9)PBBe A Bgandnd 50V
NaOAc, pH 5.5. The (sc)ound | gGlgjﬁs subs?gueén ly eluted with 50mM NaOAc, pH 3.
Fractions ar BOESPPELREA SR GOHNE 248 “#8F*i mpurity anal ysis. The packed resin
is then expopmdsi)o 0. SMHNaEkIf ppeatStorsugusttabat (lid Duomain bastdOgawd havindef or e
contacting again with | yclonal hlgGi.n null CHO feed. Resins are then washed
with PBS buf rN'§HH'"B?)ﬁq?ﬁtéﬁ(ﬂ&@?s“ﬁ'gi&hﬁr@“’éﬁ%ﬁf B cé?(ﬂ%%fﬁﬁ%}tﬁ?urt her assay.

[ 00201] Thi s gauRdlY Gse@spAIIafdsaneh 4seegl, fPA. cycl e is repeated to collect enough

| gG for the subsequent cation exchange st Leached protein,A is quantified
usi ng n- Prot ElI0A8H EL| st (WLQ“GE@%‘V%@W&%&M‘)‘% %g&sﬂ?%'ﬁié}diﬁ‘?@ uctions from

t he manuf act y,ek holiidSbseA@l it Rhmcsic dQbR@inathabEhdVehgltheNIeenfthal | 0 HCP ELI SA
kit (CYGNUS TECHNOLOGQ ES, Sout hport as per the manufacturer's

AING { NC) ,
i nstruct i onsdelgign is Sirder contirpd sing § B R resPHSTNOPE SUBERSFFeRIE Vs DNA Reagent

(LIFE TECHNOmgéLi t O ifFiohre A . The results of one such representative
experiment are shown 1 n Table V. Exanple 10: C earance of Leached SpA Ligands

and Further M¥iBdlal of Dnemametratesshy tiephroppiogramin guree. theneaiimesiehange and
Ani on Exchan %&ﬁ@&@%@@ﬂ@ {s%‘gfﬁ?ﬂ@bq)%ﬁtﬁ%%% agfddaelaaoﬁ gamied |igands as

wel | as further renoval o proteins (HCP) and DNA fromthe el ution
pool of chrometlogohlphyeaks itilesverynoleratar veigst, indéetipihapresence pf seallet he SpA | i gands

e L
deletion (SEQ ID NO:84) shows significantly fewer distinct peaks at lower intensity,
indicating a far less degree of fragmentation, relative to the control.
[00185] The routinely used SPA ligand, rSPA, shows the most fragmentation
or breakdown with no intact molecule left at all. Notably, the SEC chromatogram is
consistent with the results of the SDS-PAGE analysis in Figure 5, further evidencing
that the rSPA ligand has degraded so much that no significant fragments can be
observed on an SEC chromatogram following extended exposure to caustic conditions

(i.e., soaking in 0.5M NaOH for 25 hours).

Example 7: Caustic Soak of Ligands Immobilized On Resin

[00186] The various ligands described in the foregoing examples are
evaluated for fragmentation following caustic exposure subsequent to their attachment
to a solid support (e.g., an agarose chromatography resin).

[00187] For each resin of interest, | mL resin in 5 mL disposable

chromatography column (EVERGREEN SCIENTIFIC, Los Angeles, CA) is
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[ 00203] Conbi nati on of elution pools fromseveral repetitions of the experinment
described in Exanple 8 provides the feed for further clearance of |eached

l'i gands and other inpurities using cation exchange chromatography.

[ 00204] Fractogel SO03- (MLLIPORE, Billerica, MA) is packed into a colum wth

bed di mensi omeshired u@mgM1(ll—Q® “)ater Theonsi be‘dnm@m@bltlr)acﬁmen wéhdreV (3 equil i brated

with 50mM Na From Protein A
elution at 153@3:8&1#}44\] i}l—{ %lflc c\él F‘rﬁrr%/gg Q%QHM’H_& %‘Q? ?p%%gletgﬁklggiel uted with

0. 5:\I NaCl i nf&ﬁmvhlﬁa@ﬁoream ttﬁ@ammim:fnvevcﬂkanéreelhnmteansfegc@tsh emt.test The el ution
pool s are collec in ti d,a d ligands, DNA,
and host cel }ugﬁ@'?&wo%@b{%ﬁaﬂﬁa &gé‘? a%ﬁ‘é‘ Q{r}ﬁtﬁ%ﬁ?g{é e&gog%% colgunn are
further pool gdudn o&dlnll%a@ged) @nd)khrﬁecfﬁatay tri:&férﬁﬁdmtb tHEhbﬁtLl‘DeQ\dthltBe | oaded onto a
pre-equilibrated (Tris, ce (0.08 nm,

M LLI PORE, BPPITESPanding raa) %l%cefCEERRF fest %lb%“fO“FO %{}aﬁ?rﬁngﬁl"i% *Fé?? tUIQFSe col | ect ed

for every 18?or99'hl=§nntbﬁ@bhHT@rtE@étuEtwsi‘oElerco@aﬂlwme@bsfmbesl@p@iﬂadmtdagand and host
cell protein, as described sumari zed in Table 1V

bel ow, both Hisposp el 6HwEIn AGHAC ﬁit@éﬁﬂa%&ecw Fllfé?ée tﬂh‘e5 Pént avErlizedMgihm of Z domai n

with all but 6E18 oifgl%éial AR Shavd ﬁgdﬁfo}\kufnﬁémnal §is9§i‘bE¢3|aQ@SDS piagr. consecutive
am no acids no aci d sequence set forth in SEQ ID:84), can be cleared to

l ess than I Fﬂﬂl‘l/B@f ter cHri E&Gﬁanﬁﬁlﬁ?ﬁh%mwl@@éﬁmﬁ Zeyddhat ogr aphy. I n
addi ti on, ﬂorﬁ% géﬂds ?Jllou@@tex :ﬁhé ﬁfc%béks(e%n@ %a@ﬁ%&ﬁc foRdsIgbry) st andard

and i s nore equi val cases, as al so summari zed i'n Tabl e
bel ow. Tabl eisisbown galﬁgur@ﬁ fregeingral, ntSP%pSE@i 1he if gigandAxepweticniablei n A Protein A

pool following its immobilization onto a chromatography matrix (e.g., an agarose resin),

that it will not show any significant fragmentation.

[00189] As observed by the SDS-PAGE gel of Figure 3, both the dimeric Z
and C domain ligands immobilized controls (amino acid sequences set forth in SEQ
ID NO:85 and 92, respectively and represented by Lanes 4 and 10 of the SDS-PAGE
gel, respectively) as well as the dimeric Z and C domain immobilized ligands
containing an N-terminus deletion in the second domain (amino acid sequences set
forth in SEQ 1D NO:78 and 35, respectively and represented by Lanes 7 and 13,
respectively), do not appear to show any detectable fragmentation following 0.5M
NaOH soak for 25 hours, implying that they are both caustic stable.

[00190] The SDS-PAGE analysis of the immobilized pentameric Z domain
ligands following extended caustic soak (e.g., 0.5M NaOH soak for 25 hours) is
shown in Figure 5. As observed by the SDS-PAGE gel in Figure 5, the pentameric Z
domain ligand containing an N-terminus deletion in all but the first domain (amino
acid sequence set forth in SEQ ID NO:84, and represented by Lane 4 of the SDS-
PAGE gel), shows far less fragmentation as compared to its type wt pentameric Z
domain control (SEQ ID NO:91 and Lane 7). This result suggests that the
immobilized pentameric Z domain ligand having the N-terminus deletions is more
caustic stable compared to the immobilized pentameric Z domain which does not have
such deletions.

[00191] Further, the fragmentation of a routinely used ligand (i.e., rfSPA) is

also investigated by SDS-PAGE following its immobilization on an agarose
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| oading) 0.6 1.0 Host cell proteins Feed 25568 25568

chromatography resin and subjecting the resin with the ligand to an extended soak in
0.5M NaOH for 25 hours. As seen in Lane 10 of the SDS-PAGE gel of Figure 5, the
immobilized rSPA shows significant fragmentation following 0.5M NaOH soak for
25 hours, implying that it is not very caustic stable, relative to the pentameric Z
domain ligands (Lanes 4 and 7).

[00192] Based on the SDS-PAGE gel results on Figure 5, it can be concluded
that the immobilized pentameric Z domain ligand with the N-terminus deletions has
the least fragmentation following extended caustic exposure, and therefore, is most
caustic stable, as compared to the immobilized pentameric Z domain control ligand
and the immobilized rSPA.

[00193] Further confirmation of the SDS-PAGE results with the immobilized
pentameric Z domain ligands and the rSPA ligand is obtained by SEC analysis. The
results of a representative experiment are depicted in the chromatogram shown in
Figure 7. As seen in Figure 7, the immobilized Z domain ligand of SEQ ID NO:84
shows reduced fragmentation following extended caustic soak, as shown by a box,
relative to its wt counterpart of SEQ ID NO:91, which shows resolved lower
molecular weight peaks on the chromatogram. Further, as expected, the immobilized
rSPA shows extensive fragmentation following extended caustic soak as observed by

broad and unresolved peaks on the chromatogram.

Example 8: Measurement of Static Binding Capacity of Chromatography
Matrices to an Immunoglobulin before and after exposure to (0.5M
NaOH for 25 hours

[00194] The affinity chromatography matrices (i.e., resins having the
immobilized resins thereon via multipoint attachment) described above are further
tested for their static binding capacity before and after exposure to 0.5M NaOH for 25
hours.

[00195] In one experiment, each of the chromatography matrices (in 1 mL
volume) immobilized with the dimeric or pentameric Z or C domain ligands described
above, either with exposure to 0.1, 0.3 or 0.5M NaOH or without exposure to NaOH,
is made into 10% slurry in Milli-Q® water (MILLIPORE, Billerica, MA). 1 mL of
each slurry is added to 15 mL of polyclonal 1gG (SERACARE, 1 mg/mL)) in 10mM
phosphate saline buffer and rotated for 4 hours at room temperature. The reduction of

UV at 280 nm is used to calculate capacity before and after caustic binding capacity.
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The percentage of retained IgG binding capacity is calculated by dividing the IgG
binding capacity after caustic exposure by that without caustic exposure. Table Il
summarizes the results of one such experiment. As summarized in Table II, the
dimeric Z domain ligand of SEQ ID NO:78 appears to exhibit a higher retained
binding capacity relative to its wt counterpart (i.e., the dimeric Z domain ligand of
SEQ ID NO:85), following extended caustic soak in 0.5M NaOH for 25 hours.
[00196] Similarly, as also summarized in Table II below, the dimeric C
domain ligand of SEQ ID NO:35 appears to exhibit a higher retained binding capacity
than its wt counterpart of SEQ ID NO:92, following extended caustic soak in 0.5M
NaOH for 25 hours.

Table H
Sequence of Ligand Retained IgG static binding
immobilized on matrix capacity of matrix (%)
SEQ ID NO: 85 64
SEQ ID NO: 78 70
SEQ ID NO: 92 65
SEQ ID NO: 35 70
[00197] In a further experiment, the IgG binding capacity of a pentameric Z

domain ligand is evaluated following extended caustic soak in 0.1M NaOH, 0.3M
NaOH or 0.5M NaOH for 25 hours. The results of one such experiment are
summarized in Table III below.

[00198] Table 111 shows the percentage of retained IgG binding capacity of a
matrix having immobilized thereon a pentameric form of Z domain ligand which
contains an A29K mutation and all but the first domain include a deletion of four
consecutive amino acids from the N-terminus (amino acid sequence shown in SEQ ID
NO: 84), after soaking the matrix in 0.1M NaOH, 0.3 M NaOH or 0.5M NaOH. As
summarized below, the matrix with the pentameric Z domain N-terminus deletion
ligand shows up to 95% of the initial binding capacity after 0.1M NaOH soak for 25
hours; up to 85% of the initial binding capacity after 0.3M NaOH soak for 25 hours
and up to 65% of the initial binding capacity after 0.5M NaOH soak for 25 hours.

NaOH concentration (M) Retained IgG static binding capacity of
matrix immobilized with SEQ ID 84 (%)

0.1 95
0.3 85
0.5 65
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Exanple 11: Effect of the Nunber of N-term nus Am no Acid Deletions on
Fragmentation of Ligand Followi ng Extended Caustic Soak [00207]1n another
experinment, 1, 2, 3 or 4 amino acid residues were deleted fromthe N-termnus
of the second domain of a dinmeric Z domain |igand, starting at position 1, and
the effect of the 1, 2, 3 or 4 amno acid deletions on the fragnmentation of
the ligand foll ow ng extended causti c soak Was det erm ned as conpar ed to the
control di meExample@omdpA daptyaedf (ghoBeford anioafedrilipos 0 0. !
experiment are depicted in t he chromat ogram shown in Figure 8 As denonstrat ed
i R Fi gure g |00t99] ef f ectlndris éxpagmenit atrifieaticofof & pelyplond énmghogietiukio imci d r esi dues
that were de t he N-t e dinmeric Z
domai n Ilganaqégﬂ §1‘%e serke t? q']flgl\'é\n&rlll%d \Llﬂ?a %c%gggtg?@h%ggfa%¢ each of the

| i gands in Ow&h/bNaMef st aﬁaahohavmgfam dommdtnkryanﬁmcahdﬁlgtwnss exagimkdscri bed in

Exampl e 5. [00209 t er soaking,the I r 25 hours, each of
t he control P@%WW@E*@VI%W%M“P% ea‘&%dé}w Wﬁﬁgﬁ{ F}g first am no acid
del et ed fromiédienshhtt @ratihd Uiganab adcbﬁllrgetﬁd{b(brebemﬂh\ren(lmlﬂ(ﬁlld’t\lﬁh 8@) as and t he
ligand with the flrst two am no.acids .deleted fromthe N-term nus of the

second donai Her&eBbBNNG S8 YCRNINEMP Yl ent s at | ower nol ecul ar wei ght, as

]gepl ftfﬂ by tdogoo?rrowa Rﬁiﬁ:éﬂf{ﬁp%k Pﬂnémaﬁﬂammsmmmmemsyalthm Mand with the
I rs ree am no _acl as elete romt.he term nus o donmi n SE
| D NO 69) an@d heZidppaidenpnRit ‘r‘ﬁé‘“gﬁ"%‘f‘o P FeayereR sha '8%%?9@@@&% rom t he( o

N-term nus Ofieteh@h eERNAo ARARIAdzRER) EEMRWIR)1 hh@imeteSar@IS dnh paktd ¥ T educed

fragnmentation at | ower nol ecul ar wei ght as depicted by boxes i1n the

chr omat ogr anbedhaightnd fiergauilibagore with p h%?l%aé‘f‘? Byffer (B GparHBse resul ts suggest
that the aff h]msgyatégl %@B%e@%ﬁ%x@@u@é@ecﬂB eBRYsBre GO RN CISIOQfeed:)\Mﬁ‘i ein A and having

at least 3 a [eted fromthe N-term nus of one or nore donmai ns

exhi bit redupeliclpna§leeniSERASH Rb 15 ey atesdanimtari S8 gavire Adigploadirg atand
accordingly, Wof%%g%wﬁﬁit’hr&gnghg RLfSs Lo fin BB Bl ikl YoRR QABAGIT aphy

|'i gands. g Capacity Conparison of N-term nus
E)eGlzet |) on andeﬂiﬂTﬁypwn@Igﬁmumepwlm’elﬁesi wiotdmM MNaOdyg, BH Ao fractiens nut at i on
9K

are collected and analyzed for impurity analysis. The packed resin is then exposed to
0.5M NaOH for 15 minutes (flow rate 100 cm/hr) before contacting again with
polyclonal hlgG in null CHO feed. Resins are then washed with PBS buffer and
50mM NaOAc, pH 5.5 and IgG is eluted for further assay.

[00201] This caustic exposure and feed run cycle is repeated to collect
enough IgG for the subsequent cation exchange step. Leached protein A is quantified
using n-Protein A ELISA (REPLIGEN, Waltham, MA) according to instructions from
the manufacturer. Host cell protein is detected using the 3G CHO HCP ELISA kit
(CYGNUS TECHNOLOGIES, Southport, NC), as per the manufacturer’s
instructions. DNA is detected using Quant-iT™ PicoGreen ® dsDNA Reagent (LIFE
TECHNOLOGIES, Foster City, CA). The results of one such representative

experiment are shown in Table IV.

Example 10: Clearance of Leached SpA Ligands and Further Removal of DNA
and Host Cell Protein using Cation Exchange and Anion Exchange

Chromatography

[00202] The clearance of the leached ligands as well as further removal of

host cell proteins (HCP) and DNA from the elution pool of chromatography affinity

52



[00211]In this experinment, the retained binding capacity of two C donain
pentaneric ligands i mmobilized onto a pol yvinyl al cohol based chromat ography
matrix i s exam ned, one ligand having an N-term nus deletion (starting at
position 1) of 4 amno acids in each of the 5 dommins, an al anine as the very
first am no melrigesohcarppsatingeitherndind /s bepndmreeodingse te PresentiENN9 At e honogeneous
post -transl ag| : e I mno acid
sequence of %%hﬁa@qﬁgﬁﬁ@%@%ﬁ %#@%%L)h@g%%ﬁt%’?ﬁé?% ié)%gﬁr(lje%cor respondi ng
toits wt comfodewart with the G9K nutation (the am no acid sequence of which
I's shown in @%%]D NO. Q;Smbilga%gggjfzél;l—t}ﬂ)% ;JOBQ%Q‘FSC%I‘E]IJQ i QIIIS!df%I‘?ed onto polyvinyl

al cohol based atfinity chromatography resins via multipoint attachnment (see,
e.g., Her manegarietntalkscribédindixiinp e @cbre¥idds et fped fog unttlerTeerance aklsachg¢ ademi ¢
Press, pp. 51-136 (1992 nd tested for retain m ¢ bi ndi ng capacity
upon repeat eég%iﬁq%eilgéirﬁl?ug%ef ojopai Ihexgh%nggfﬁré)?ﬁ%g%%@t he chronat ogr aphy
matri ces are[gpaeked i ntlractadecld0s (MO.IGBORA) Billdricax MIA)Os pavkdakidtdwei ght) and are
subj ected to st andar d chr amat aphic run with equilibration followed by
appl i cation ‘E)Cfe}”r%Wﬁg%ﬁgﬁwp%ﬁ’fhﬁ’ﬁ%ﬁﬁg“ﬁ)ﬂ f‘ﬂ\l%%;}leg%Bg-h%?ﬁqW}m “After extensive
washi ng- out  gfuilisikednth BORMENAA NI h.5eq isldnbiritibaed bith frier pdolartdG phosphat e
buffer saline), bound 1gGis elut gd /‘Q‘t h el uti OB btgf er f&g?'[lﬁy'd tric acid, pl
3) at 60 cm AP™ Prefeia A4 ¢urgn at dbemBy cltaLRlAg-YapraBEQ BT 8P 0. 7M NaoH for
30 m ns. TheegRHWHR 05N NECEAYDMMNAD £6o@Rd0 tHBmA WBIung (ikpegkeidnt.or 16 nmore
times (a cumul ative exposure to 0.7M NaOH for hr s) et al ned bi ndi ng

_ | 8 .. R
capacity is mbaeuiaPony aFstodesirhindd nlptragtiognydrinalyseddpiieasded §esndel uti on vol une
mul tiplied bynNAQGERREEM Jrékinon Measured at UV280) over time. Relative
retai ned capaci tj\é Is plotted against the first run with O nm exposure to NaCH
and i s shown[00A0Hi gur e Bhe frtiensdiopelstelge! Q& edyrmpredirthet Porded fidt h si il ar
resul ts. AS QEUROSDRA Al 13 b/ 0! Bidfoe® Rillb GAURIR RENIGAIRI (16is! | gands, w th

and wi t hout tion, show simlar retained binding capacity follow ng
ext ended expdyuMeptld.tad iS/awethremafiorb davice@P8 niln MHhbt Silsichnent , retai ned

bi ndi ng capagjdy, ﬂgwgﬁgﬁﬁ QR Fpa%g&?s%agéo?leclzti:cg?)pg%c% i $0Uudh D Eigheni ne and

havi ng t he nut at i amno acid sequence of wnhitch is shown in SEQ ID
NO 80) is conmpbfueblertacalytes fort leasberhligang and hast ¢ehl profeinGRAKsambedin xampleni no aci d
sequence of ich is shown in SEQID NO95), with a simlar result (data not

shown). [00214] The specification is nost thoroughly understood in |ight of
t he t eachi ngf0ab6]t he r eAesuencaied int Eathlevivt deiaw, bhih thpleadhtd A logandkas ch ar e

her eby i ncorporated by referenc The enbodi nent i,thi.n,.th ecification
provi de an i?’le[ﬁéf &‘Stpf'ﬁﬂ“%rfc %%8@%%[}1?@ “fq'?' aﬂt%msathf’ﬁ\rl%mﬁ?rp%ﬂhgvﬁﬁgiﬁéul d not be
construed t otdrinffut délétfonSTd@e conkbaitisk ihinedcids tantanadiesdiidnge s@dagninzes t hat many

ot her enbodi t e enconpassed by this.ipvention., All bl.i cati ons and

i nventi ons aggailﬁ?'cggg*ﬁﬁ? g‘f ‘élgBB toﬁ%ﬁsé’{a@ﬂ?ﬁ\fl ﬁ&trﬁ%‘i'?“ eéﬁ%“ﬁ%?@fa“fod‘ the extent that
the material cidhaRicRAFALSErApyy, B £KIRDEHE AMOVAIIfObS coll pioginsnadMNst ent with the
present specification, the present specification wll supercede any such

mat eri al . Thé‘eé‘ist“éjﬂlﬁtﬁh“%da%&'rﬁ?dI‘Se‘P%rFé?ﬁ@é%eqHB’ra Ph‘”ibgthrfﬁfese?g a&am ssion that such
references aggnRidiRH iR Tibld Beidie present invention. [00215] Unl ess ot herw se

i ndi cated, all nunbers expressing quantities of ingredients, cell culture,
treat nent cod@blkeil¥ns, and so forth used in the specification, including
clains, are Qe A MNdghstood as being nodified in.gdd instgpeem:By the term
“about. " AccQLihB@b¥teirRl esprdif@rpyope i ndi cated tprthe contragy, the

nuneri cal pagw} ers are ap@g@@g&@ﬂdnggﬁo(gnd may vajy dependi ngjupon the
desired properties sought taq,be QRtalhedi@y the prggent invenfigon. Unless

otherw se indicated, the tep 'Lall;)?dig S eceding a series of elenents is to
[y ele

be understooglotstocen%;oet\éin oe nt in the sejdsgg. Those,s4ggl I ed in the
e, or

art will recogil e a O?ei{l% sfertain using 549 nore thapyoutine
experinmentation,” many equiv NIl sx(f;ql Eggolspeci fic g%bodi ments (gf the invention
descri bed herein. Such equivalents aFc Pt ended to qpe enconpassed by the

followi ng clains. [00216] l\/lalrllmlOn e(’fcﬁa’lné%?oo(l)ns and variations of this invention
can be made without departi ﬁ@ %?%fm(ia $8&pirit and scope, as will be apparent
to those skilled in the art. The specific enbodi nents descri bed herein are
offered by way of exanple only and are &pt neant to be limting in any way. It
is intended that the specification and exanpl es be considered as exenpl ary

only, with a true scope and spirit of the



i nvention being indicated by the followng claims. CLAIMS What is clained is:
1. An affinity chromatography |igand conprising one or nore C domai ns of

St aphyl ococcus Protein A (SpA), wherein at |east one C donmain conprises a
deletion of at |east 3 consecutive amino acids frgmthe N-termnus, starting
at position PNey(PEMRi tion 2Feed 2. An affinit{-Shromatogr&phy Iigand
conprising one or nore B doﬁ"ﬁfeﬁ‘sA(BPOlSt aphyl ococcu@%Protei n A0O4pA), wherein at
| east one B domai n conpri seSatigngEthenscairobt at | ea®P33 consecdt¥ve amino acids
fromthe N-termnus, startifgonexqhargetioai@1 or p&sloi on 2. Below 3. ap
affinity chromatography |igbsieiLdending) si ng one dstecton bmit ddetegtien ligrit

St aphyl ococcus Protein A (SpA), wherein at | east one Z domain conprises a

del etion of at |east 3 consecutive anino acids fromthe N-term nus, starting

at position ]12)(0r E:qi' t]i.t?ercllto he 1\‘1'11'1mbe1r f)"fNu}?mﬁuAR‘I&JA&HW[@I&)RQ&?phy l'igand

. m
P oran S on ol at | JEaPpe g EHERARY SR SR 0 )
for at |east urs. 5. An affinity chromatoar.gphy matrix, conprising
an affinity E@?@ﬁat ogr alﬁﬁﬂ}(’tf’?rgeéﬁedm%f‘@g()lr i3n% g %'?ﬂgil,g%sﬁer%ﬁ%{?tf%ched to a
sol i d suppor from the N-terfinubhg thefsédond dymaih bOmrdinegic Apioyhairaligand; saifitingd i m 5, wherein

ol ative to BOVRCoBGF pit of BRIt buchd et 4B RatiF¥aPns nour o

7. The af fi npf e GRnATBIBYh@INded GaBEE Rak dadidgmiedCdsabipdred & thor 3, wherein
one or nore domains of the |igan furSher conprise an amno acid nutation at
posi tion 29 P@trPé@%8°Z£8“BI"Htﬁa §A29K ~ 8. The affinity chromatography
l'igand of cl gjogng], Wherpicteduts oPéHeRAcHPGbE iMtH: Bfel dPic@ iDiht SdmafRlaci Ng a
gl ycine am no acid residue or an alanine amno acid residue with a lysinc
ami no aci d r e Figure 8. As demonggatedt inFigurq S, dh Siret SuFaepiediahier PitRe of cl ai m 5,
wher ei n af fi QiyhyerPhQIRBLORNERAKs 1hhOR0E déiSe@ibAGRER-tbmitRRf 8Rlstébnaupport vi a
mul ti point attachment. 10. The affinity chromatography |igand according
to claimil, dperigiohthedimerict4 ¢antajn bgand qen brpbapmsd follgwing ctishgsdicaestict wo, three,
four. T1ve. Slaor SRR uRIighRGn b:s SOTRYD T2 hohRRANRAGG BUE aRLEIR A (SpA)
wherein at | east one C or%al n conprises a deletion of three cdnsecutive am no
aci ds from t Heschbaddn fixpragle6r a del eti on of four consecutive ami no acids from
the N-termn a del gkl ' tN ' [ t he
N term nus, SPARE Bo e KhiaBlthe bl e RRESNAR RELSRoAC e ST

control ligand (SEQ ID NO:85), the ligand with only the first amino acid deleted from

the N-terminus of the second domain (SEQ ID NO:87), and the ligand with the first
two amino acids deleted from the N-terminus of the second domain (SEQ ID NO:88)

—t

shows fragments at lower molecular weight, as depicted by the arrows, evidencing
fragmentation. Whereas, the ligand with the first three amino acids deleted from the
N-terminus of the second domain (SEQ ID NO:69) and the ligand with the first four
amino acids deleted from the N-terminus of the second domain (SEQ ID NO:78)
showed significantly reduced fragmentation at lower molecular weight as depicted by
boxes in the chromatogram, evidencing a reduced fragmentation.

[00210] These results suggest that the affinity ligands based on one or more
domains of Protein A and having at least 3 amino acids deleted from the N-terminus
of one or more domains exhibit reduced fragmentation following extended caustic
exposure and accordingly, are superior candidates for use as affinity chromatography

ligands.
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11. The affinity chromatography |igand according to claim 3, wherein the
affinity chromatography ligand conprises two, three, four, five, six, seven or
nore Z donmai ns of Staphyl ococcus Protein A (SpA), wherein at |east one Z
domai n conprises a del etion of three consecutlve anlno acids fromthe
N-term nus oExamplell2t Refainx I ADA PAIiSOf ¢ ninus Deletion or a del eti on
v IR int e 8. rhi '~ nen-Hab at position 1 or
at position 2. nibita fidne( GO Ennlty chronatography I|gand according to claim
2, wherein the affinity ligand conprises two, three, four, five, six, seven or
(rjmre B domai [e8201f] St aphytlrbs:mpenhsed?,rtbt e:taMeAb@ﬁghﬁg)capanﬁtep‘étwo @tlohgiast one B
omai n conpris el etion nsecut i v n i.ds fromthe
Nt ermi nus of®" ganﬁ’é'f’ Egngls irgiprof Iﬁﬁd O&fﬁ yvérfygglc?rtogr?ﬁ@f%roﬁgn PO a del etion of
five POHSECUTM{@ IMag@ﬁC?@S?g?dmh@@n Nmﬁeﬁﬁlﬁumbﬂiqtloﬁtmmmg]g pasitipo$) tion 1 or at
position 2. A nmet hod of affi urif one or e target .nol ecul es
froma sanpl 4 qrpiBo AR gAY é@&;@%@l ?5 aﬁﬂcvq%ﬁp ?BW?&%ﬁ@fa sanpl e
conpri sing th@ pBitafi®H S &eh ofiRl BCtiBRite HoRgeRBiARSI-tRghshatienasanpl e with the
matrix of claimb5 under conditions such that the one or et nol ecul es
bind to the Wﬁ?ﬁﬂﬂga%ﬁﬁl%ﬁ?e@%%%V@FWH@“F%@“@H@“@P“W%W@Oﬁggﬁﬁ‘i%W 8t nol ecul es

by el ution. {Msédfﬂﬁ) RO the BiheBlafd ERREYordRi b ¥s @f couh@igirSvithvher ei n the
matri x retains | east "95% of its initial binding capacity after 5 hours

i ncubati on i §28K Bvataofthe aming aqif seqyengepif ipich iy Seud dyPEBAY NEP?X x of claim 5,
wherein the E@Efﬂ X ret al"HQSh’%IQﬁds aﬁqﬁﬁn&ﬁlé‘é@gntb b@lg/hﬂ%ltdlc%lholbja%dﬂ dtgnigapaci ty after

25 hours incubation in O fini I gand conprising the
structure: chromatography resins via mult1pomt attachment (see, e. g Hermanson et al.,

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

tested for retained dynamic binding capacity upon repeated NaOH exposure.

[00213] In one experiment, the chromatography matrices are packed into
columns (0.66 cm i.d. x 1.0 cm bed height) and are subjected to a standard
chromatographic run with equilibration followed by application of 30 mg polyclonal
human IgG (hlgG) at 60 cm/hr. Afier extensive washing-out of unbound proteins
with equilibration buffer (10mM phosphate buffer saline), bound IgG is eluted with
elution buffer (0.1M citric acid, pH 3) at 60 cm/hr. This is followed by Cleaning-In-
Place (CIP) with 0.7M NaOH for 30 mins. The column is re-equilibrated and the run
is repeated for 16 more times (a cumulative exposure to 0.7M NaOH for 8 hrs).
Retained binding capacity is measured by determining total amount of eluted IgG
(elution volume multiplied by IgG concentration measured at UVg0) over time.
Relative retained capacity is plotted against the first run with 0 min exposure to
NaOH and is shown in Figure 9. This experiment is repeated 3 times with similar
results. As demonstrated in Figure 9, both C domain pentameric ligands, with and
without the deletion, show similar retained binding capacity following extended
exposure to NaOH over time. Further, in another experiment, retained binding
capacity of the C domain pentameric ligand without the alanine and having the G29K
mutation (amino acid sequence of which is shown in SEQ ID NO:80) is compared to
its wt counterpart with the G29K mutation (amino acid sequence of which is shown in

SEQ ID NO:95), with a similar result (data not shown).
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[(X)," (Y),1]] n m where X represents a B domain, a Z domain or a C domain of
SpA, n represents the nunber of domains ranging fromzero through (m1), Y
represents a B domain or a Z domain or a C dormain of SpA having at |east 3
consecutive am no acids deleted fromthe N-term nus, and m represents

t he nunber of Y domains ranging fromone through eight, where the ligand is
attached to a solid support via multipoint attachnment. 17.An affinity

chr omat ogr apl#§214lgand ddwppdcdicagon nmositherpralBurdeirisioAdn bght shlicor two or nore C
domains Of SRakos bihe NichRIE oifed MR AE s RhifeRibn WicPRY her€QTDI AL} oNs <013, Z
or Cdomains In fny order, erein at least one of BC or drum i ns conpri ses
a del etion ofcapotaeddy refSeami Toe awbamémawnithih¢heNpeasfigptipuprovidsarti ng M

position | or, al .position.2, .1.S,.T ffi ni r Jdbpeid of claim
2 wherei n i WaraiBE e Tl Bfedish ph inbufieP RRCAAERE M i S’ 0 P 23
wi t hout any slepet Tienkilled aftisdnreadily recopmisesrtiat ntapy OtheMnNadindntfage 5 hours, |

9, The affinity chronpt ogr aphy.maty,j X accordi to..claim r cllaim9, wherein
the solid sufF8PPa¥s etﬂgdrﬁ)vgéthnr éAf"H RYPLC ‘rOBTJ?)"%gB‘ﬁeglt'%r%Siaﬁegmo(frg%%%fj %eﬂ | ed pore
gl ass, sili caferdrice GOtheid Bty AFo tHelckht thintixmalesial acarposacd pakfermthiaer yl at e,

| R . .
Bg| 52;: ;?/ Lﬁtees%gélgﬁasﬁg Lli?({pglggtgrﬁ ég\gtgg%/g ||3r2 elnte stpggﬁéatigﬁ),ltp{ev ]!)rg%lnt s%le&%pé%]onand

will supercede any such material. Tt,le citation of any references herein is not an
admission that such references are prior art to the present invention.

[00215] 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.

[00216] 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.
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20. An al kaline stable affinity chromatography ligand conprising at least live
C domai ns, wherein each of the donains conprises a nutation to reduce Fab
bi nding as well as deletion of | amno acids fromthe Ntermnus., starting at

position
CLAIMS

What is claimed is:

1. An affinity chromatography ligand comprising one or more C domains of
Staphylococcus Protein A (SpA), wherein at least one C domain comprises a deletion of at
least 3 consecutive amino acids from the N-terminus, starting at position 1 or position 2.

2, An affinity chromatography ligand comprising one or more B domains of
Staphylococcus Protein A (SpA), wherein at least one B domain comprises a deletion of at
least 3 consecutive amino acids from the N-terminus, starting at position 1 or position 2.

3. An affinity chromatography ligand comprising one or more Z domains of
Staphylococcus Protein A (SpA), wherein at least one Z domain comprises a deletion of at
least 3 consecutive amino acids from the N-terminus, starting at position 1 or position 2.

4, The affinity chromatography ligand according to claim 1, 2 or 3, wherein the
ligand exhibits reduced fragmentation, relative to a wt counterpart, following exposure to
0.5M NaOH for at least 5 hours.

5. An affinity chromatography matrix comprising an affinity chromatography
ligand according to claim 1, 2 or 3 attached to a solid support.

6. The affinity chromatography matrix of claim 5, wherein the ligand exhibits
reduced fragmentation when attached to the solid support, relative to a wt counterpart,
following exposure to 0.5M NaOH for 5 hours.

7. The affinity chromatography ligand according to claim 1, 2, or 3, wherein
one or more domains of the ligand further comprise an amino acid mutation at position 29
to reduce Fab binding.

8. The affinity chromatography ligand of claim 7, wherein the amino acid
mutation comprises replacing a glycine amino acid residue or an alanine amino acid residue
with a lysine amino acid residue.

9. The affinity chromatography matrix of claim 5, wherein affinity
chromatography ligand is attached to the solid support via multipoint attachment.

10.  The affinity chromatography ligand according to claim 1, wherein the
affinity chromatography ligand comprises two, three, four, five, six, seven or more C
domains of Staphylococcus Protein A (SpA), wherein at least one C domain
comprises a deletion of three consecutive amino acids from the N-terminus or a
deletion of four consecutive amino acids from the N-terminus or a deletion of five

consecutive amino acids from the N-terminus, starting at position 1 or at position 2.
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11.  The affinity chromatography ligand according to claim 3, wherein the
affinity chromatography ligand comprises two, three, four, five, six, seven or more Z
domains of Staphylococcus Protein A (SpA), wherein at least one Z domain
comprises a deletion of three consecutive amino acids from the N-terminus or a
deletion of four amino acids from the N-terminus or a deletion of five consecutive
amino acids from the N-terminus, starting at position 1 or at position 2.

12.  The affinity chromatography ligand according to claim 2, wherein the
affinity ligand comprises two, three, four, five, six, seven or more B domains of
Staphylococcus Protein A (SpA), wherein at least one B domain comprises a deletion
of three consecutive amino acids from the N-terminus or a deletion of four amino
acids from N-terminus or a deletion of five consecutive amino acids from the N-
terminus, starting at position 1 or at position 2.

13. A method of affinity purifying one or more target molecules from a
sample, the method comprising the steps of:

(a) providing a sample comprising one or more target molecules;

(b) contacting the sample with the matrix of claim 5 under conditions such

that the one or more target molecules bind to the matrix; and

© recovering the one or more bound target molecules by elution.

14.  The affinity chromatography matrix of claim 5, wherein the matrix
retains at least 95% of its initial binding capacity after 5 hours incubation in 0.5M
NaOH.

15.  The affinity chromatography matrix of claim 5, wherein the matrix
retains at least 95% of its initial binding capacity after 25 hours incubation in 0.1M
NaOH.

16.  An affinity ligand comprising the structure:

[y (V)mnem,

where X represents a B domain, a Z domain or a C domain of SpA,

n represents the number of domains ranging from zero through (m-1),

Y represents a B domain or a Z domain or a C domain of SpA having at least 3
consecutive amino acids deleted from the N-terminus, and

m represents the number of Y domains ranging from one through eight, where the
ligand is attached to a solid support via multipoint attachment.

17.  Anaffinity chromatography ligand comprising two or more B domains

of SpA or two or more C domains of SpA or two or more Z domains of SpA, or any
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combinations of B, Z or C domains in any order, wherein at least one of B, C or Z
domains comprises a deletion of at least 3 amino acids from the N-terminus, starting
at position | or at position 2.

18.  The affinity chromatography ligand of claim 17, wherein the ligand
exhibits reduced fragmentation relative to a ligand without any deletions, following
exposure to 0.5M NaOH for 5 hours.

19.  The affinity chromatography matrix according to claim 5 or claim 9,
wherein the solid support is selected from the group consisting of controlled pore
glass, silica, zirconium oxide, titanium oxide, agarose, polymethacrylate,
polyacrylate, polyacrylamide, polyvinylether, polyvinyl alcohol and polystyrene and
derivatives thereof .

20.  An alkaline stable affinity chromatography ligand comprising at least
five C domains, wherein each of the domains comprises a mutation to reduce Fab
binding as well as deletion of 4 amino acids from the N-terminus, starting at position
[
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