CAUSTI C STABLE CHROVATOGRAPHY LI GANDS Rel at ed
Applications [0001] The present application clains the
benefit of priority of U S. Provisional Patent
Application No. 61/203,664, filing date Decenber 24,
2008, the entire content of which is incorporated
herei n I\ vdECHFABEE CHROSATOERWPRY RYGANDSN [ 0002]
The preSent rnvention relates to chromat ography |igands
having inproved caustic stability, e.g., |igands based
on i nmunogl obul i n-bi ndi ng proteins such as,

h | protein A as well as chromatography
RelfY ﬁgﬁ&ﬁr|5|ng such Iigands. Background [0003]
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chromat ography matri ces have found a w despread use in
the field of affinity chromatography for capture and
FiW off the Bivietfiof anti bodies as well as in antibody
detection nmethods due to its ability to bind 1gG

[ogobhout  si ml préseiihvettiontelasté EgorhiegrapHyl lfgaﬁd/s Hafinghe
i mmunogl obul in for antigen. [0004] ﬁ%O&9LW§ , varlous
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ﬂPﬁd&@%¥r) VA Utra and ProSep(r) UtraPlus (MIlipore)
and Protein A SepharoseW MabSel ect TM WMabSel ect XtraTM
and MabSel ect SuRe(r) (CE Healthcare) and Poros
BatliePamndir e ATM (Appl i ed Biosystems). [0005] In order to
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Summary of the Invention [0006 pr esent |nvent|on

ligandyy ha@sbe@n fleyploned and ap) qomppACt aﬂ%btlﬁ BriudiBgfapmgmple,

ProSep®-vA High Capacity, ProSep® vA Ultra and ProSep® UltraPlus (Millipore)
and Protein A SepharoseTM, MabSelect™, MabSelect Xtra™ and MabSelect SuRe®
(GE Healthcare) and Poros MabCapture A™ (Applied Biosystems).

[0005] In order to maintain selectivity and binding capacity of the
chromatography ligands including, e.g., resins including SpA based chromatography
ligands, the ligand bound resins, referred to as chromatography matrices, have to be
cleaned and are typically cleaned under alkaline conditions, e.g., with sodium
hydroxide. For example, a standard process which is used for cleaning and restoring

the matrix is a cleaning-in-place (CIP) alkaline protocol, which typically involves



I i gands which, for exanple, are capable of w thstanding
repeated cleaning-in-place (CIP) cycles. Mre
specifically, ligands according to the invention are
able to withstand conventional alkaline cleaning for a
prol onged period of time, which renders the |igands
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attached to a chromatography resin at more than one site on the resin.
10009] In another aspect according to the present invention, an alkaline-stable
chromatography ligand comprises one or more isolated E, D, A, B, C or Z domains of

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



E, DD A B, Cor Z domain-glutamc acid 24 or aspartic

acid 24 E-D24M replaced with nethioni ne D-E24M A- E24M

B- E24M C-E24M Z-E24ME, D, A, B, Cor Z

domai n-glutam c acid 24 or aspartic acid 24 E-D241

replaced with isol eucine DE241 A-E241 B-E241 C-E241
arbin&44¢d r&siduld at'ﬁosn%n rghlq{mtée&j %57 ‘ﬁaﬂfa‘ﬂ %%&rl@dﬂn@ 4ci@Except

aspartic acid repl aced henyl al ani ne
cyl_s;emztﬁ) spieA 9 alasnEQ%)FglyenE@Faspzraezq FNEor @utammegQ) dnor

RGeSO My s B s

d@n&z 4E“xe@plaby liggndghavingoy mPtatiermatipnsition24eefian iselated Spa domain

B

donaln glutamc acid 24 or aspartic acid 24 E-D24W
replaced with tryptophan D E24W A- E24W B-E24W 3

Table 1

SpA domains including modifications Designation

E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 E-D24M
replaced with methionine D-E24M
A-E24M
‘B-E24M
C-E24M
Z-E24M

E, D, A, B, C or Z domain-glutamic acid 24 or aspartic ac1d 24 E-D241
replaced with isoleucine D-E241
A-E241
B-E241
C-E241
Z-E241

E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 E-D24F
replaced with phenylalanine D-E24F
A-E24F
B-E24F
C-E24F
Z-E24F

E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 . E-D24T
replaced with threonine D-E24T
A-E24T
B-E24T
C-E24T
Z-E24T

E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 E-D24P
replaced with proline : D-E24P

. A-E24P
B-E24P
C-E24P
Z-E24P

E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24 E-D24W
replaced with tryptophan D-E24W

: A-E24W
B-E24W




C E24W Z-E24WE, D, A, B, Cor Z domain-glutamc acid

24 or aspartic acid 24 E-D24R replaced with
D-E24R A-E24R B-E24R C-E24R Z-E24R E, D,

ar gi ni ne
A B, Cor

Z domai n-glutamc acid 24 or aspartic acid 24 E-D24V

replaced with valine D-E24V A-E24V B- E24V

C E24V

Z-B24VE—D; A B Cor Z domain-glutamc aci
asparti c aci d 24 E-D24L

replaced with | eucin

T-Bhwr
- 24524l

EF%%C
relp ac?d w1tl9

Z- E24Y E D, A, B, C or Z domain-glutamc aci
aspartic acid 24 E-D24H
A- E24H B- E24H C E24H Z-E24H _

e d

fi{fo in- gluﬁéﬁé—amd’iéﬂ:&r‘b%paﬁuc adid?d B L

E D_A, B,

acKnayr

24 or aspartic acid 24 E
tyr03| ne DE24Y A- E24Y B- E24Y

replaced with histio

1l

24
acta—2z40f
Si

ysine D-E24K A-E24K

E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24
replaced with valine

E-D24V
D-E24V
A-E24V
B-E24V
C-E24V
Z-B24V

E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24
replaced with leucine

E-D24L
D-E24L
A-E24L
B-E24L
C-E24L
Z-E24L

E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24
replaced with tyrosine

E-D24Y
D-E24Y
A-E24Y
B-E24Y
C-E24Y
Z-E24Y

E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24
replaced with histidine '

E-D24H
D-E24H
A-E24H
B-E24H
C-E24H
Z-E24H

E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24
replaced with lysine

E-D24K
D-E24K
A-E24K
B-E24K
C-E24K
Z-E24K

E, D, A, B, C or Z domain-glutamic acid 24 or aspartic acid 24
replaced with glutamic acid

D-E24D
A-E24D
B-E24D
C-E24D
Z-E24D




B-E24K C- E24K Z-E24K E, D, A, B, C or
domai n-glutam c acid 24 or

y4

aspartic acid 24 D E24D

replaced with glutamc acid A-E24D B-E24D C-E24D
Z-E24D 4 [0010] The single letter codes for the

natural ly occurring am no acids as well
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i 0GR SAIPL il RIS TR 815 g
folthe s¢iv@ aili@d aGds (C) TTC " TCC " TAC (TGC TTA Len (L)

TCA " TAA Stop TGA Stop TTG " TCG " TAG Stop |
(W CIT Levu (I

(
(

R CIC'

N) |

CGG!

Lys (K)1 AGA Arg )

GCT Ala (A),
cco

CCC'" Gn

ATT Ile (1) ACT Thr
AGTAGT S)~ ATC ACC' AAC' AGC'" Al ATA " ACA " AAA
ATG Met (M ACG " AAG AGG GM al
GAT Asp (D) GGT Ay (O
G GIG GCG GAG du () A " G&G
TSheppassed by the present
chromat ogr aphy matri x

(Q CEA ™

TGG Trp

)(I') CCT Pro (P) CAT Hs (H) CGTI Arg
CCC' CAC'
CTG CCG' CAG'

CTA " CCA r
(T) AAT Asn

CA

(V)
GIC' GCC' GAC
[0011] Also

invention is a
conprising a |ligand according to

one or nore aspects of the invention coupled to a solid
(Lt [ ¢ [ a | 6 |
TTT Phe (F) |[TCT Ser (S) |TAT Tyr (Y) |TGT Cys (C)
T TTC" TCC" TAC TGC
TTA Leu (L) |TCA" TAA Stop  ||TGA Stop
TTG " TCG " TAG Stop  ||TGG Trp (W)
CTT Leu (L) ||CCT Pro (P) |CAT His (H) ||CGT Arg (R)
C CTC" ccer CAC" cGC"
CTA" CCA" CAA Ghn (Q)|ICG
_ICTG ™ CCG™ CAG" CGG"
ATTIle ) ||ACT Thr (T) |AAT Asn (N)||AGT Ser (S)
A ATC" ACC" AAC" AGC"
ATA " ACA" AAA Lys (K)|AGA Arg (R)
_ |ATG Met (M)|ACG " AAG" AGG "
GTT Val (V) |GCT Ala (A)|GAT Asp (D)|GGT Gly (G)
G GTC" GCc" GAC" GGC"
GT GCA " GAA Glu (B)||GG
- IGTG " GCG" GA GGG "
foo11] Also encompassed by the present invention is a chromatography matrix

comprising a ligand according to one or more aspects of the invention coupled to a solid

support such as, e.g., at least one insoluble carrier.

[0012]

Additionally, provided herein are methods of using the ligands described

herein. Accordingly, a method of affinity purifying one or more target molecules (e.g.,
immunoglobulins) from a sample is provided, where the method comprising the steps of:
(a) providing a sample comprising one or more target molecules (e.g., immunoglobulins);
(b) contacting the sample with a matrix according to the invention under conditions such

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



support such as, e.g., at |least one insoluble carrier.

[0012] Additionally, provided herein are methods of

using the ligands described herein. Accordingly, a

nmet hod of affinity purifying one or nore target

nol ecul es (e.g., imunoglobulins) froma sanple is
reRSRYh S8R ondDEh 6re bhBEn I TRIBARLIEQMRIE. 81, M iiddRloBhRRFbPEluting

(a) providing a sanple conprising one or nore target

untist sdtable sonditiags such i fpioreBlsl 3 fidpble pHp) contacting the
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h u?sc, %ﬁgrr lSnlgoufr;] %T 8%? F@ 1 a@%lﬁ@ %oﬁ@ r§% elr%l h%ﬁxlél E?hcubatlon in
e.’g., i mmunogl obul’l ns by uting ~under suita
0SomtNaOHons such as, for exanple a suitable pH [0013]

[40;1146]2()”6 © Odm%gogﬁobut%ﬁe axle ?pa%ﬁeacglb?mgn nd, é/l d aphy
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after 10, . hou or, after 20 hours, or
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[0015] Also prOV|ded herein are nucl eic acid nol ecul es

cdhis sgrkgyatisécliar i ous 1 gands described herein, as well

[@3epost ¢ eAJi(ﬁtléﬂ&H% Yl &eseﬁuﬁbenﬁuﬁ Exlompazésch 11849 ol es.
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frﬁnggénts i&%ﬁlntﬁﬁ@:‘b ebt. Oﬂla}Je# é(notﬂep EmPSERER! thé Pré&aat in9&htion

asses a rar ypeptldes conprising one
pmwdem Gbraiydmdeleid @sid rmctb@dleh encefling oamer merpdigangpal

erécn%g)al n% EPE f:%g ?F]e\é&ﬁ H&Qﬁtﬁ) oli] %ﬁc%ﬁ[nig fl!lIﬂ)thI?dtl fi %}{e?ésrl?iﬁnld variants

resent I fvent ron provi brary
thefeofiucl ei ¢ aci d nDIecuIes encodi ng one or nore |igands

R s e ts R SR Y AL R E S,
ll%ﬁ’ﬂi@ g&@@dﬁlbﬁ aktaed @llinteaqucﬁgelaérezllsadbéjmdmgto [arFfab' pahhsn
ase anas exni alt
igeraulf it e Rl pereRoR T %mmg the
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ands Lrer al nin e 0 e e
3111%}4 agpording tq fﬁﬁﬂ%@t Eittion e%r hlt%%ér %?ngrf]‘iﬂgﬁ? aFah,
p§%n op%ﬁﬁndﬂogﬁﬁﬁinﬁc‘bﬁ@hﬁ:ﬂ ROwiI® t}rpb sgmr @p@dxelpMpnt i on

exhi bits decreased binding to partion of an
embpdimeah @b@lk@lweé@hﬁsah@awf%rWY ag%ngﬁécogang tothe pygsent
11%7&% fidfther n%lmﬁgihg%ﬂﬁno 14 ﬁjl'df&l dt ?851’0'?6@' Eplaced with an

hr omat ogr aphy 11 gand accordi n o the present
alamnenln mthmcrmbmlrmm(pm gleling fib %@hrwtggfp@ydlg%d georging

R IpHsQIR 1&%nt§0%%1@ﬁ:e? %CMdEbthg Biycine at position 29 replaced with an

amino acid other than alanine or tryptophan.

Brief Description of the Drawings
[0018] FIG. 1 depicts the nucleic acid sequences for the wild type (wt) IgG

binding domains of SpA, represented by SEQ ID NOs:1-5. SEQ ID NO:1 represents

6



al anine. In another enbodi nent, an al kaline stable
chromat ography ligand according to the present

i nvention further includes the glycine at position 29
replaced with an amno acid other than al anine or
tryptophan Brief Description of the Draw ngs [0018]

thte ngEClel% V\??Q c@éﬁetfa‘et QUECE gblﬁalﬁcﬁ]gb ?[?W AG&ResERE tHeMBchc! d

|ng onmal NS . 0 A, represented by
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sci,qg%nce %orq E dglggmt aCI gqg}g Sdnts R éch Iﬁlﬁd sﬁuence

he nucl ei quence
fdmmwB d(SEth |aRd NEQ IB N@pT epresinss thmmlcmcacsl sqeacelfor the
W?ﬁcéaiuence for the wt A domain; SEQ ID NO 4 represents
M3t ei ¢ acid sequence for the wt B donain: and SEQ

[00DONO 5 rip: 2 depidts the hecleiv atid sauanie dorshaZi domainfob BpAhe
w C.d ' 1] FIG 2 depicts the nucleic acid
r"é’éﬁﬁf&?fﬁ%’%%@@%& *domai n of SpA, represented by SEQ
d(lﬁoj\o 6. 151@?2 Q%]plﬁl; Eﬁle athitbeRiddequeh beeal pinbnts atthel gﬁédbqnen ce
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hrsEg?ﬁﬁvbDl cbéhtd BORAHORENR stdienRf iR va@ d
tﬁ%ﬁ%}gaof t ({)\Qp{)naln and SEIQS rIl\IO 11

dpmpinpandrHEQ EhNOa M repreaitsihe arpine Aeid sesienasef the v Crlnmaim

1] F QbretddgdZ
PR, T ShckSEpLE b AR Bt peuBen Sl

bﬁéﬁQstN@ Bechematic of the plasmd pJ56: 8620. [0023]

0031, S, Sepifl S gbGs AT A LS FURRERS: oD, L e

1"S= t agged onmaln o as the vari ous
(60231 t aggedFiGt 6 dﬁplt:ia Iﬂ‘te&mlﬁE@ld PqDcesifar the bisriesgehws Bt he

PSP FER IRl B 95, ofgmen o

réptesedts the%ﬁnnc?zﬁncbd&due&fie foe e dhésetngget] Ine Badvinrain efcSpd and SEQ

S el izl 14301, 28T B Ioialirianbhtinnasig
S £ e R o
]ir;"lﬁc Va2 %Iﬁmg Eg‘ﬁg%@ 3@ Eg‘ug’éﬁﬁ?g *encodi ng t he
[U@i4f ous hi s1d, @Qﬂﬁi@ts'ﬂﬁéﬂucm&a@ﬁﬂs‘équeﬁ&@fér[ﬁld\l@s-tagied wtB
represents the nucleic acid sequence codi nglst he ‘gﬁﬂ_

doagiend Sest a3 weH aanyrles aogb%qme@eeyqﬂts arioggllisjagge
ﬁantg’ 25E(§§D Nert27 ?b@resgtﬁs thd fucleid Boid %%uéﬁég eﬂ&bdfn @l{eﬂﬁ;ﬁnt

e nucl eic acid sequences encodin

tagped mt B depwiy of 8p4jand BBQHD NOw 78, 28 31 éﬁﬁ% 3@231§R36 éé’zw
ﬁ?ﬁd'and%é}'gpres%gt% nucleic acid sequences encoding the n+1 B domain

mutants E24M, E241, E24F, E24T, E24P, E24W, E24R, E24V, E24L, E24Y, E24H,

E24K and E24D, respectively. A

[0025] FIG. 8 depicts a bar graph summarizing the results of an exemplary
experiment to assay for residual IgG binding in the various his-tagged n+1 B domain
mutants, where n represents the asparagine at position 23, using the high-throughput

ELISA based assay described herein. The X-axis represents various n+1 B domain

mutants having a mutation at position 24 and the Y-axis represents the percent [gG



E24K and E24D, respectively. [0025] FIG 8 depicts a
bar graph sunmari zing the results of an exenplary
experiment to assay for residual 1gG binding in the
various his-tagged n+l B domain nutants, where n
represents the asparagi ne at position 23, using the

bi%]igg reﬁrﬁﬁrﬁl’r@myﬁ six %Bﬁ@%p@é%?@t@ l@]sﬁﬁ)ﬂ dﬁ§ SHowra# tHek/hn.

X-axisr epr esents various n+l donmai n nmut ant s
nHaly domaia mtanss Hasing aminessids v@whxantam@uﬂwldwb%n%at

szﬁBB%ﬁ QRHiBit fHIRa QAT QL?SH{: ﬁhﬁgté_'elghﬂzdtb N Bl RAiRg after a

SI' X hour exposure t hown i n the graph,
[0624] B dondilG. hdrpaats the resvlismd anmkemeplary experiwentct agsen o the

sl Sa Oy oAbk Pt LR o EABL R e R FR2TES,
DB[IBAAQX @BEH, OCE dnkde 2178 sullst@ientfto dmremémpﬂilaraytacémpeﬂb et

TSR L pBEp RSP, THALPE b IGPUR A SaamcLL

ofabsticBRFhsuCRhaa dacE£yle salisagiens ntinuté ébgjoﬂurmd @.5 poi nt

attac t.to an ar ose nPrA refers t wt
NGO TR S rmpetnis e BhEd T6R iR sure o SpdsgnddFpa
ligaRdS t A€shOWADS the @rale}BFIG eahH1igands McOIngCSdry. difmadn ﬂ:ﬁners
m nute exposure to 0.5 N NaOH, The Y-axi.s r res
are rughly eapwe‘anq iy @emcmﬁtlﬁ grabilifyaad age %?refﬂgtl%ft?bjg

litdn8 #AERinAB SRR triddrs HBicHaRRort Baustiéstalle thah thel lig@lﬁféd S

rncluding Cor Z donain triners are roughl y equival ent
inchidinge domaaiiy yimess, Sthighiarg myre gagstia ptablprag thedigandsdndydipg e

Bl ®Uokdd6h trikdefi@nds i ncluding B domain trinmers, which are
nDre caustic stable than the |igands |nclud|ng A
[Qﬂ)@ﬁhl n triker 0 deplintcthe sseltsad e exempdary experigisnido psran farhe

thf é)glgglg[%et%lﬂg({ %@ ]ﬁlgdlnézb g!m& FARL 1t1 'n@?z[c%ord gqgtﬂe FI G

e resu an exenp experi ment to
insigtaon, ctantalnmg]mqgéB&)emt fopie(Ba), e five R3) B| dﬁmang, dagwediviay of

h d
mélhﬁat%g}t etgaﬁ ?oe %n a?g%%;? 1de| fﬁg ]Alé%) 5({5@2&3& l[@éﬁ&tdoﬁﬁmz%veg

dotasanas msssv@tB dainenk andaddltmﬂaﬂy peiludingzt hatetionen teducﬂ Bab

o AR Bt R e B0 S LR RPN A S 2

tdﬂiﬁ& At BpA. The KestseeprEatis tHeinneibago fcEASNf caustic eg@ayre, where

ciBrarle constsuta e PR o o3 NIy L o e Rlfer

tiRfretaned B lﬂﬁdlﬁ@é&ﬁ)ﬁ&@ EXRQEER spherg@dsem RhéCinghe graph
~.consists of a 15 mnute, exposure, t fH The
in/E145 i Q, theslsyed gpgtent of grasticstabil{y i q‘@@lyﬁ?rﬂmrﬁ‘ﬁla odb%ity of
nﬁﬁ@er%tf B%Hﬁ%s%?tﬁe hlgegﬁﬁ‘ g is A6t SHERWBy ki 1Y ©h@#Hbh tol N

| evel "or extent of caustlc stability is
déﬂﬁéefﬂwmp®b$ortlonal to the nunber of B domains in
the ligands and is not altered by the &Q9A nutation to
decrease Fab binding. Detailed Description of the

Detniled Desariftidd 28 thelnkentionsent i nvention provi des SpA
[%%fd alk a’ﬂenﬁés%hﬂmre%tion provides SpA based alkaline-stable

chromatography ligands, and in particular, ligands based on one or more domains of

SpA. Previously described exemplary SpA based alkaline-stable chromatogaphy

ligands include, for example, those described in International PCT patent application
no. W02008/039141, which discusses alkaline-stable chromatography ligands based
on the C domain of SpA which are capable of binding the Fab portions of antibodies



chromat ogr aphy |igands, and in particular, |igands
based on one or nore domains of SpA. Previously
descri bed exenpl ary SpA based al kal i ne-st abl e
chromat ography |igands include, for exanple, those
described in International PCT patent application no

aﬁﬁ%}@%ﬁ)ﬁﬁ ?&ﬁﬁnséfﬁﬂl@&n@&%@y §iﬁ§§ s@é lﬁﬁ{g' aﬂ@rnﬁﬁa'fl l@!)lﬁ)hng éroup,

ography |1 gands based domai n of

anghthese degcabestipdb$.dateht Wo.rfefi3d g ol h@l%@s%@ﬁeﬁ Sph dassd alkahne
er

bR &ﬂ&qatsgrap@ 1@9@5}%&&%{% ffbrd ol lh@.iﬁehg Q&glg (r)%gﬁléé er

h&hm&ﬂﬁﬁdscr|bed in US. Patent No. 6,831,161, which

LScusses Sp C

Pp3inas arBeRepfai PSR o ARt b IRk ARl AR oo,
cdrfain tehmessare fiavdefimed | Addidonal dﬁﬁaﬁﬂons are sstdexth thivaghaut the
d%LE%ent désclosure may be nore readily understood,

U LeRPUNs are first defined. Additional definitions
are set forth throughout the detailed description. 1.
Definitions [0030] As used herein, the term"SpA" or
"protein A of Staphyl ococcus aureus,"” refers to a

L42KdpefiRitibds- domai n protein isolated fromthe bacterium
St aphyl ococcus  aureus. -SpA_is bound to %Q&EE cterlm
[Q0801 wal | A% used hereingthp orp “SpAT aF WAYtein &y ¢ PIoOEhti ng
alnSfll PR terd Bf0NKRH nfuti-8sndif ?ro%éndﬁﬂlﬁ!eﬂ' froftthé BRterium
am no-ter m nal region, i ncl udes five
Staprhylerserus iguteisn- e |bﬁ@ndd© thei basterigleplb plbyiatits carboxy- D, A,
6?11 %Q:ﬂ v%l]l(b%cf?ﬁ: %‘mn @férrécﬁo%g BeR d§§zﬁn 7§{ ) afhinb=t&%hinal
89 l'en &t 59(3) : 1695- 702
re(glc@usn)nch@as;ﬁveofnmwmeglebldmrkanm@g @@aﬂlm w&@ém di, fat'eBy 58
a d
algd"zn 09 ol bt ?w%%sﬁ B 78): Ao NBY ) gﬁggﬁ DY A
Fehnzﬁ %Ee%éﬂﬁ:_héll%@u @adf oftthese Bordamaq:cmtamts aﬁpmxmmlx_’ AE| udes
alalﬂrno a?gl%ﬁsu?u%@l aﬁﬁ ?hee? 65’a 9(9%) éﬁl‘ll}%ﬁag{ed?s%ﬁ&ﬂge\}‘g%gtﬁg S’hHOZD n 5 29
dd:@7in I SpA Mkﬁgln&éﬂmﬂfo gumf t& B Gpmin oB’sm dnCindlodesians  of

A tinct t f
BB PRRAT 0 i Rt 7P B P St
eR&iRENink, SV dl.O, NohE 1521130087 0IEach ofthe EADNA ) B adC domhiesof

(the portion of  the lIg that is responsible for a bkgen
SpAdeEsessditingt Ig1bendﬁs%sm5~°e e sEp & f %%WKW&PO@%?@WG&PHPE

cﬁgmlgﬁm‘a%&hé?% Ry @a@b&ﬁw&f c%ftzuﬁ g RN tHeohidadirng

porti is |located at ermnus and is
thedgithpn mreetponslﬂde for patigen mecegmls(orao Hﬁiahbeep@@%?d thaeeagh pitheg
p
L8RS, FHEEASISPAN A BESErAErh s Cokan
thaﬁ@mmuaamﬁis Wysignafed then ecgiraraeXpddmeint hei r entirety.

2] The esent v i -
[é‘g& li ne- st omn%%fl the nge{ﬁ% eg&dﬁg%f&gg ﬁﬁ?%dﬁésﬁeéjb ;. Patent
Nas pgast Ssmdm&nﬁlnemgntbms vhehiph s érwbrporaseiityi referenemherein in

their entirety.

[0032] The present invention provides SpA-based alkaline-stable
chromatography ligands. In some aspects according to the present invention, an
alkaline stable chromatography ligand comprises two or more, or three or more, or

four or more, or five or more, or six or more, or seven or more of isolated wt B or Z



al kal i ne stabl e chromat ography Iigand conprises two or
nore, or three or nore, or four or nore, or five or
nore, or six or nore, or seven or nore of isolated wt B
or Z 9 domain of SpA. In other aspects according to the
present invention, an al kaline stable chromatography

déﬁzgf? Bf’S]ﬁ‘Q rﬁ'ﬂrolt&gﬁsxga V\%&Brd tg tﬂe dsBhiGileioPan ﬁkalﬁre sfabRr

omai ns of ere e or nore isolated

cldommoglsplwdrgand sEnises ae onmoee la¢’mtnd>Eala4 4, B.Keel Zidamaing of
o) m t he

Sﬁ/?,o ereC i ﬁ one.o rrﬂfgrgisggtetd%oﬁl?lng E&ﬁﬁlsg ?g?%lﬁﬁéér@ Gl %ﬁ%eaggd? ne.

reisidod:selﬂ positéyn mﬁlmm.ﬂechmdm raem’m ami sekectedfremghagnup consisting

pr esent s..an ELi

oA e o S BRSPS A p BBl Shdh

m@hﬁaﬁaﬁﬂgmﬁmﬁmzllgand conprising two or nnre B donmi ns

attached to hr to r.esin t nor e
(@hakP one” Shegegiubrathediit e el R ERBRa byt he
clﬁbﬁ&t@@ﬂaplhyﬂl\{g%ﬁ&l E&pridinguivg @Bmaredh ﬂ@ﬁﬁhmﬂh yttdch@aa@l
onprising two or nore Z  donmins, oh% ﬁﬂﬁhed o a
c@ﬁmewg&aa@fraﬁwt PRISURnANE Rl (i EERin e ep SBPOGIRE, the
pfe@‘e?ﬂt RrvehtdnYpedvids @ e mafgReRy H@ﬁﬁ coBpidiigORRLod eoddn Yy

I gand_conprises two or nore domai ns of SpA,

d@zwawéw& aftaghedp gFRIBHERE)Y feégn ah mete thjt @%Sﬁaﬂn Be
ré¥int 8n Y& ah&¥er enfodltithend, 90B%hna t%lgl%ﬁlgef‘@%%&ﬁﬁt‘?s@s {Q’Vosérriﬁ)re C

preseht I nvention are am no acid variants

dowhiainhofrp, ditdched tofarchramakrergphy esin ahmorrothaong sife ara&ﬁc e
[omwhich they are derived, in the substitution,

(iéll etion and/or insertion of one or nbre am no aci ds

[@03¢Iher e wAlshiemcotripesspdibyethe peesént dvertion aseaionadd sarintr e
kal i

RS Reli DhPRUE: R P STRO TSRl e HRNBEEy ave

daﬁvedj i dlst subdtibution S étion lancﬂbr ihseatsin ofilooaidr rﬁ@%immo aatds| e ast

% .,or at |east .about 95% st ut
2Byt tpal i oot A P atkafle BT o O
emBedikeiity, a‘mmd']aoﬁchsbquqmaf eqtlansedlipossess bi least alvmlt BYA atatmai ns

LR ORI R RN R

at IRt bt 96% @ layehshELAEDTIR, oratietkt Bsit 08t idehtigositt then 29
. repl aced an am no acid resi dsje ot her, t han al a i ne

PRIy ERSH e WP St A OB, THEsR Sople varfeaisiarg qlgaline

s{aB83 7l a fh8clifeMbodikiRet VAR of 8pA Aitther Rtlude BE @Iy@in@ aff@RNs
herei n a vari ant tWg@oteln where the function, in
agidresidug 8t Rasition @9 ramlased Pxo# AP Akidiresislug pllagn thapeslanine or
| SEfthial tai ned. Functional

U%géphdr?f gvxﬁlenﬂg béﬁgsl an 1ar ‘Lémﬁgﬁ limted to, SpA variants
[9436] udi ng T tern Hainctipoatgviarians? ofppmotein means Higrpig pgyariant
pEJt&H‘%L e’re k&n‘cﬁa{ % dl%[aﬂ%ﬁ?{o tﬂéjﬁlv ﬂﬁ%éﬂ?&dgg alieh) ﬁe@fﬁglhﬁgﬁ
var I an Bstitution and/ or
esaédma:lllywetaméd Fomeloml VAMANES mciudﬁo argtare gotilimitgd ¢o, SpArveriants

d
I%Ctl%cgl?g 1%/1? g tha% & oal&nl o%§.2§pee$ ee{\’fr}lers trinfh D SARrRNKal 1 ne

domains of SpA and SpA variants having a deletion, substitution and/or addition of

one or more amino acids in one or more wild type domains of SpA, while retaining

the alkaline stability, as defined herein.
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10 [0036] The term "parental nolecule" is used herein
for the corresponding protein in the formbefore it is
nodi fied according to the invention or a nutation
according to the invention has been introduced. [0037]
The term "sequence identity" neans that two nucl eotide
[085612M NO ﬁfe'téin%gﬂéﬁﬂapﬁalecm@%u&a%@m Pthh@kbt%%F@hdl@UCh
as by the progranms GAP or BESTFIT wusing default gap
prptsinyintthe fogn Releredt is mpésﬁe@m%a@éhww%n ©F ¢ {putagipn ot
adcGR gtggqé’mv%ﬁﬂé%gg%ﬂﬁﬂMuEé’d or at |east 85% sequence

, or at 90% sequence identity, or at
[(]Oé’é]st 95%3@queﬁtsequem@nd¢mlyy”@neanwlet twppcleqitfig enameino

I
agg E%géﬂcéso El/heﬁ X&in‘fa"i‘lbr RS uatz gggﬁev)%ﬂ@? o@%ﬂ B &) ﬁ@éﬁfl’? hce
usmmdaeﬁmd@p wr@tscsim:mt @ast mfeswqmpmxgelaltse)q a@n@eSO%

sei%ﬁ ? r1 A tg qr ag% E“V‘ seque é 18511(3 %I ﬁrlgagg‘g}%g%ggh%gg%ﬁh@[ €

seq u nce coofr
ofke Seagitstegquénte 1damirg SE@MDIE, Famzbqscmqej emg@riady GpicaHyrpne

ram para ters are designated. The. se ce
SR A8 Bt RIGUFT PHAPIOR e ot et LD Baffpavences
aRLAMPACE Wlﬂemﬁdlﬁgya deqiientdconip@siton aﬂ@ﬂiﬁlﬁﬂ,ﬂ:&(ﬁ and fefdraice ve t o

the reference se uence based on the designated éfrogram
SqSHFIEABATE IPUL Hseausnp atesAreEyigREbd f or
n&R55aA8, hﬁipsféq&ﬂ&e | rﬁ%%t@?@ﬂpara@e@s arekdésighkﬂed Olfha|sequence

honDIo or|t mof Smth & vaternan

cwarqﬁlsmzala@s_t (theg@alrulatsy the percarfieAUSHSP | Iﬁtlafnf{%% A
( g&(@)SsS himiob (NeerreaRB s&;u@ﬁ‘b@s&@ed oh thé/@éﬁ%}]ﬁﬂe@ brografiB: 443

by the search for simlarity net of Pearson
p&ﬁ@ﬁ@ﬁnn Proc. Nat'l. Acad. Sci. USA 85:2444 (1988),

fnmout e@@&i ali @}ﬁ&%&&ﬁ@&%ﬁﬁ&%ﬁ cBh BOEdnltNIRY,

BEST TFASTA in the Wsconsin
e@e IbetthedgcaSbCﬁmm}’ealg@é]@k a@&mlthz&n%ﬁateusatcdd\p dippk Maghy di382

(ﬁ)%?)pﬁ% hl%gl(r‘(?gl ’alg%ﬁgen?iggom%‘-%f codtim aﬁc‘(ﬂlﬁ&alﬁf Mol. Biol.
4%@3 (0B0)s by the Matrahclot similBiity hrwgso)i of P@nwnek hipplas, Brfoc. Nat'l.
ui s abl e f. i ni .

A St 8T 80kl AR skl MBI M P RELE AR ipms

-(GAgOB]EQ‘_oTl?lI‘i[‘ IW&SS"KIZE‘} 5&316 THSSTAmb&!EI Wisconkih Ceinetics Sbftwhre J.
. ol ., . form n

Plgkager Cleneticg CORPIET Gl P PRttty R B ishal
iNNp&dtion fdee GEHREAlY Afu@tﬁbeBétQﬂ echnel: Q’@()’todd?@‘ R Mo dufiin Bécﬂb@b icly

accessi bl e throu onal Institutes of
Ouenrample ef ﬂ%‘iﬂﬂ?s‘% )Su‘t%p‘{%%?t?r?lmm%?‘éfﬁf TeIpFSH i‘gﬁ‘iﬁy

aﬁﬁe@ﬁ&{cs Eﬁnﬁﬁ@ lpﬁle 13 QB Tt B dRfRtirh G HTEH 19 @eBABEN PBtschul ef al.,
nBarlson | t hough custom zed paraneters can aI o be

Bigt A543 hk?%)c S@ft\g@a frs perdarmingRLART agstyseis pybli
?%EﬁleQﬁoggﬁf tﬁyﬁgﬁ%rﬁl(}‘%fﬁ%ls %&Qgﬁn\ggﬂ gg fnfBrmaABn ?ﬁﬁgﬁ@lﬂ/ ation

matri x (see
apeadiide firoughithaiNational, Infityges of Nealth Nﬂ@gdltel’gé|SerVerDJS7A‘/plcally,

dggluljf 8190:!;;511{ ﬂa?eﬁl%tgrs caribe used to perform the sequence comparison,

although customized parameters can also be used. For amino acid sequences, the
BLASTP program uses as defaults a wordlength (W) of 3, an expectation (E) of 10,
and the BLOSUMBS2 scoring matrix (see Henikoff & Henikoft, Proc. Natl. Acad. Sci.
US4 89:10915 (1989)).
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[0039] As used interchangeably herein, the terns "B
domain," "E domain of SpA " and "E domai n of

St aphyl ococcus protein A" refer to the pol ypeptide
whose amino acid sequence is set forth in SEQID NO 7
or that encoded by, e.g., the nucleotide sequence set

[JO§§]t h in SEQ&EPitithat eaim'ehereﬁ‘l AR B “El ormind 1 EdBntdéh of
acid ol ypepti de tha% ds into a three-helix bundle

SpAs aod uE domgip of &aﬂaﬁ)&m@s glptem pdirpfgr todhe ralypeplids Wipse on
aﬁaiﬁ% E cqu sl ?Arﬂ-ﬁﬁ SEd I@'T@Og’ or @Hat ErQ:oEe@tby\,/é 8, fngsi dues

ace O el 1 ces . I n sone
neakdxnoide mncxsve seirforth ig (G 1P Izi@cbr Bherf‘g“? dagainids f Al amino@aidi s

p(glgfpﬁp 189%55%&4 Jﬂ&g gp‘frée l?éhx bgﬁc%lg%trdé:gl?g‘ t Eg {%z{bijee&{b'ilﬁ'ﬁlg "FOr

eas
viadesidues an thie surfeg utindieest loandPe oziiFiab vacrmlchseqm@n cefaseof

f ' | D L £ 0
LT SRt QR 451 B SU
1éakd m%ﬁﬁemlcﬂf orSit makty;k)mdmml @faDleastr@O%, 1dentleéle1r at least 9!5%
uence

wh
obpos ki sl i e B oG e e e prE e M2
[@UﬂQ]J ence sgi usfe@ ﬁﬁté‘rclhalﬁgéiﬁ@ HeR2id\&he tBrms‘Fﬂinonﬁud’OﬂB Idnmams a

am no_aci d eptide that foqld

of Frbd sHo1S dortin el SUBE sescds eromin Arses ot elyeride

“h’lb&ddnﬁﬁo adlll §eq&@iRk BUBSHOAR irf $TRQ IDINCAGRr CHat fiRbiIES clg. ahel
or to Fab via resjdues on t he surface. of hellces 2

naélgpt@e sqayenss et ferbRERM NO: 2 BeidhAPmaint 8304 itRina 36“% he
bfggaﬁﬁlé B3t foldsito altlﬁ@esﬁel&%(ﬁléﬂg eficufral It iVap@le bfRYin

ntical, or at |east 90% identical or at |east 950
visrresidies oh dhersuifesgiof helicawbnshs er todiab iis rasiduss om thegurface of

hefrye Y @3 Sfalso fngr ﬁhodl&eég%ﬁ Borhh a&:ordl O&Q‘%ﬂé 1n€§1t1H§ %@t _

|nterc angea ereln terns onal n, domai n
leaft Eﬂﬂdéntaahl ot %I@WP/nldgftht atrﬁwdasié)@&’@dgnt}ﬁﬂldtr ét haSA95%

of FR ighRichilf BBk PPk AR dORREaRALING: B ) SEUSRRS 51 ©

[004a] eot i deAs emdernexehzsgeablwdrMn ithe SEGQ ‘IAdeln 9“A'ﬂhmaihA
l. L . i nt

B SPRy Bud 18 ofowR R SoBBuRPtty aREEN RE PRlF B A0 R B | M
vhioﬁkdalﬁhgo adlil Sequerke disesfonth i §ieQ $D NG Geor difat htﬁ:lod@ﬁgf dgatid

or. to Fab vj £S] n,t surface,of . hel.ices, 2
nate Srareats b o oLz SO g The SA R Raca i e
pbg:?eptigﬂé ﬁ{&t fdl’cll's ihtd a&ﬁree heaxsBund @ ¥ori e8! itGadapalidé oﬂic Hn&ﬁﬁg

i denti ca

t. least 90%i dentical or
ViR s Ofr U faReral Pelie | ﬁnds%@a%%@ NS antisou e et
RN OGS ShE sofrﬁreHBodhﬁlei%Ein Add¥din 3ccorc{n§§3lﬁ Zﬂe 1ﬁ«$enti51€£i at

I nt erchangeably herein, the terns "
legpst @&Aldentmqb or ¥ Iefsiih ldsmlcs{ abﬁwaéfc%e @gnt&ﬁlﬁré% }?a%%%
o&ﬁfog 1dE19ﬁ51hﬁ s@w&%@% qﬁumemese RNt AEthGh SEQUOINS, 3.s

or that encoded by, g.
[0042] nucl ectsused @@Q@l@ﬂ@@blyéprefrbﬂlerﬁemﬁ “Brgnpin, h@domamrhe

of %{)go’%{j by dbl% i o? §ta§{§3r€%%g&§ 'Ippotelﬁ) al-y@ {d tﬁ@ p%lg[gegh @J&/%«?Se

hr eac el ruct urfe t I's
aEBndJaqmﬂsquencmsaetrfesln dURRQ BANOh &0 suthftzneodstl biygld.obe |

and 2. or to F%[b A % t rfa
RebrEie el o8 ITE0 SER M Bodlthe G imno acd
pabpeptitienigat fuddd ihe a thicehtliobundle satictdi2. It is capable of Fc blndmg
via residues on the surface of helices 1 and 2, or to Fab via residues on the surface of

helices 2 and 3. In some embodiments, a B domain according to the invention is at
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| east 70% i dentical, or at |east 80%identical, or at

| east 90% i dentical or at |least 95% or nore identical

in sequence to the anm no acid sequence set forth in SEQ

ID NO 10. [0043] As used interchangeably herein, the

ternms "C domain,"” "C domain of SpA " and "C domain of
lesdt 2OMMEDEOMA L4 3t IRESD BEY idefticall @ helkast 00% hidenficd] yp@ MastEs %

whose ami no aci d sequence i.s set forth in |
orporg idepfice] INsREYASRLORYE angingac adid paquence setferg Mﬁgggqﬁ?%
[0dg3] forth Asrhsé’ﬁﬁ&ér@ah%aab@ herBlHE the GerlR FBidBiain’ ‘T Enad(bMO
aC|d ol ypeptide th fol ds |nto a three hel i x bundl e

SeALF aed (¢ domain of Yapiwfesprcas potebALirelaT iedhe RALPEPS vies on
argfrf]ig adid's (ﬁl@?ce% self'ﬁ:Jr’ﬂh9§§Eé IE'Nb 211 di"iha& Eth@é?l B‘&' 8gl gei dues

ace of i ces 3.
nm@dep seapense sei fathdn ﬁEQdDaI‘éQo-’r dI h¢g Ctdsmt 1$ ﬁ@%ﬁmn@ Acids

p(ﬂ%pelp 1&?@5‘(9%]3}((1&&5;? ﬁ)}ée hix bR RRS it §Qe(ﬁa'bg:q{f?ﬁb %ﬁ’ildmgo r

ntlca or at least 95% 'or
viadesituecar the surfee ofirelicest loand ReoraaiFab viaeésitluseenibn swtase pf

@y TE PR, o Rt A5oaET IR RGERFNGEED] Y

er ns
leds rfa%ndﬁftwqu ataelenst 80% idatieal, drat tehst 90Yoridentibad loi a(t 1e26995%

t hat. £ ,
RS SUREPA B A .
[obaaRi N i s A‘zﬁised ﬁﬁdréhahgbaﬁlg_z@eieﬁh NS terdid “ZAomaing 1l domairZof

dona 1, escribed in _Nss t Protein En c
o aderiioayoten s wfer s B8 Art iR o Poly e de
tHa’ﬂﬁ QVRARbEMe B}ﬁoﬁﬁfﬂ&ff@ﬁﬁﬁn e riie l&mﬂ{cﬂﬁﬁﬁdeqﬂ'dﬁee 6f&henZ
"al kali ne-stable," "al kaline stabi]
daaip e rth TSP NOIf ey dedarbinyisHERBpH i
Nﬂ%ﬁrealzzl ybrét@zfn%fngng or: tdve1 1BR1997h, ¥h¥ntite GREARRE A8 lcaRRY
according to the present invention, either

IWPWQ@tﬁrbY\KHéWHWﬁW lized onto a chromatography resin,
t hst thEPSAGHe- &hﬁ@m ﬂﬁalin@ sRb@6L” ‘(cgﬂal: stabte? 85 caustic

u3| al kaline  wash w thout losing its binding
stablﬂm'ci gsyosed hrergim rzenesglly rpferSi tg thesabiliteef a Crhmmaéosfr@igliy Aigal,

aécoiscﬁlll to the1 &Es%gm&lﬁ 2. ettheg ande @Ff@ﬂéﬂq{nﬁg)bhﬁe& Bgohnvention

cont utes ess an a 5% change
chmmtogtaphy tewnabtveﬂlsthmimep@tddsmnmealk-elaw (C1B) Gyclvs neim-hlkadine

For
B RIS RS ). AT TRy
offolvehi¢hoa lgahd Sctcaf&ihgcto mbentrdnnmais imhlobillizete cartrdtarngsrig lebothama 5%

roIo doftlrre e s t.h an

chinge Srfsto? Bhordult nen Mol 68 MR TS B o phdE S
ekziiﬁﬁ]@ i® §<ﬁﬂleﬁemﬂbdfnhefnts§ étirbraito gzﬁ;;hyﬁgam@gicabdnhg ttSthe inverigivnare

nbodi nent s, ?QE acc I‘dl ng to tlhe g f

aP‘ﬁ\‘i‘éWtﬂi‘%*}’ildé‘f%‘feBP?‘? al et prlenged BT fimg: Vhich,
réldka |tﬁé]%aﬁdk"dtt¥a‘éﬂ%hdld%§ @ibeﬂi&ﬂy R costleffedhioel lardecscale
“exanpl e, as that having an increased pH val ue sucq1
pgbﬁqp@oggﬁmm@@globqlmgplq sgmegg@eqlmlfgtsoarhgfgd according to the present

@’eﬁ@{] A Cib‘i’t@ hYimdrNRd %héﬁﬁl:él @ﬁbﬁlﬁ)’inraﬁ '&ﬁiﬁﬁﬁe &@Ho&ﬁen@ %Hlé]ﬂﬁay be

oncentrati on base, g. bout 1.
, dpﬁ@d, fop pxagtpdasas thatﬁlamnglamcrweda%wue@u@ Y ahambowrﬂ Opprgp to

B4R cf? FFéptAlte%a{ﬂg}alg Wﬁ% sikabe eh@l}{onﬁ%ﬁ{e an bb Qeﬁrﬁg b9 iEﬁel dohé/enﬁ‘gtlon

an a I'ne-sta romat ogr ap i gand according t
of hbasey es eaboui hY ¥hiNa@i, arabew O] MI\aOH,@aghOUB@%VI dieOHt In one

em%ag’l‘fnerslgts g/ﬂmhne sfh Blll e1%§et1‘s tthI%J’e ability of an alkaline- stable chromatography

ligand according to the present invention to retain at least 80%, or at least 85%, or at least
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90% or at |east 95%of its binding capacity after 5

hours, or after 10 hours, after 15 hours, or after 20

hours, or after 25 hours, or after 30 hours of

i ncubation in 0.5 MNaOH |In another enbodi nent,

al kaline stability refers to a decrease in the binding
9RA ARG [e¥st 95% A Rs bihdig@Bspablyy AfRE S hbliadr 7088061 0dbuds &f®r 1 kdurs,

O@b or less than 50% less than 30% ey
orARELR DR, B 7% 55 BoNh R e Pl how APl o 005 BV ofn
anbthep QMBC?dnﬁént :la'%_PkalT'iﬁéj §t§blﬁfy r@i@rsh@ B d&cr&ise indhe Hﬁ&ih@ capaciBlof the
hour s. sone nts, §pA based

h&mﬁl@mﬁswmaa 9 qrul%jaﬁ@g 69@@%rrlaﬁ8rﬁ1@ant58 Phigsshansilip even after

tréefﬂﬂﬂgrﬂtvshﬁ{m £y 313 Hoﬂl% a3 %@ut@ lor i OTRERY & 58lokiilor B hours or
stability as conpared wld type SpA. [0047]

27hdves 038 howrshi | ity can be readi |y measured by one of

[deaigl nary S[KIS!)I{IG bdlb énger:ntg @béggéeagzgfe gﬁtdgﬁghy hgands accordmg to

erimentation an S cri The
thee @rasent dihventivart exbyibi ph yncteases on sraproveskadatine stelflbws p@m@ared to
Wqﬁnan% separation techni que which separates the
tg of interest (e.g., an inmunoglobulin) from
[(m)tm]er nol eslithlés stabﬂitm@nrhexd:adﬂgnamﬂw@ll Hyons of ¢rdinarytskill in the

I sal ate raphy nmet hod, a
art BERg LOUpe ?%Qr ‘P?“éﬂ%& ag&o sd%’sctr lgg(ﬁéeﬁ%r ts a sanple
[0Dagt ai ni ngl"ltehernﬁ‘l’bhfoyﬂae)g@fphy,h thened herainf e&ss ora dyhamwiegh a

A N O IR

fioARAMeR Pl RrtRhixndd ahd/dlRsvs Wb beistakd) Fypibageincar ri es
the different anal%tes out at, different tine. %0049]

chrpmatogiephy methpch obilp phase {lisyides199S) traBPOIS & 3RS e n
06&511%1@ tHeQunAlyf¥od ﬁlter@it aGiBYs QP BirQLph ARRY oM plast (iR B4R S)éh@)

be se arated is isolated by its interaction with a
mediee IES aceg in pastition) ok affinif taihg BRAoTaRr RivR SBalE Hifierent
ahdrendite %&rgfa #gl%%blfrl'e§ﬁﬁla 'd}fferén'i‘ﬁrf‘a'lﬁé‘sto%t W differb@nanal yte.

I'n” one e finity chroratography involves the

[e048] t i on oTheate@a‘r‘ﬁéﬁ@tYG@mI@tW%@Y ag megél@reaheﬂfw to godg |
oﬁ&&%@%@%lr% ttﬁ%glﬁa%fté‘ SR b hratSHR F?é?ﬁﬁtt dvlg' %r}ntgﬂ{:ﬁdn%t}fm

Kroma ogr aphy
ad&ﬁ@ulebieg a@kaing stap1©©51©}nafﬁg@ph36hgﬁnﬂbwb@e specisicaltyt i ni ty

rﬁ%ra i g{[ it de oilrmj/'ies % aar%eue%eo%d %5? 6&{115[2 glflrgf‘nﬁtogntagh}; ?lves the

ion o ces us
additiG@pds o sampledsntainingla target ahhig&de gesrcnmiwm»glmbulm) g a whwr e

Sé&%ps * or r Ot Efgﬁ@raié%egsgqb? c}hgcfnlé m%;hlglfhlzggrgd fls dgc':ribegn a

h@hmpnatography nmedi a/resin known in the art include

t hose h th i bi lized ont :
BRE ol e e A pioies SRameiokgony. PeBefhosity sl

tEPROSERratiod M B8Ieki Jreshstintd¥luking BRSEN A dr ISpA QigaktRy4udl as
protein A inmobilized onto a polystyren olid phase,

ﬂ@sg describped hptorerrhers AP AuPrcPrseing's R dsapba 28 gt 2-» on @
uﬁg&? Stk RrpfRBE h@ekiBA ‘Bﬁﬁ% %Hﬁ)ma{dgﬁap)ly mR¥iE/ réshPERwWn in

14 protein A immobilized on an agarose solid

tlgqpp;p@qclpde thosg havinpthepRitein A igmmbilzegpnto a controlled pore glass
backbone, e.g., PROSEP A™ and PROSEP vA™ media/resin (Millipore); those

having protein A immobilized onto a polystyrene solid phase, e.g., the POROS 50A™

and Poros MabCapture A™ media/resin (Applied Biosystems, Inc.); and those having
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FAST FLOMM or MABSELECTTM col umms ( Amrer sham

Bi osci ences). [0051] The term "i mmunogl obulin,”™ "lIg" or
"anti body" (used interchangeably herein) refers to a
protein having a basic four-pol ypeptide chain
structure consisting of two heavy and two |ight chains,

p@?éi@AQ.ﬂﬁJoﬂﬁi Qﬁdr{% %EI%EE dolid 8hport! OF.. BRYTBING A PIPHAROSE

interchain élsu e bonds, which has the ability to

FABEELOWH arMABSBLEGHT cgmns ThmershamBioseipged. chai n

' nogl o IO QS = ehaj-n, . ang neeused
Mon erchanggggﬁglﬁ%?gﬁﬁ?gég?érgi?g gh%?%?ggﬁahaving a
intanchapgdablydhoteing eeferts & mproteinlavinge bagio fair-pplyneptide chaitheavy

an Ligh ' ' i i LLi ..far
sEPlnEednsIile SR) Reard BdoRBcHaRR] A ARACREME RN |
faalekdmily, by dntepkain fisdléité yonds,rwhichntas gerbilithte spenifically bind
"domain". refers to.a al obul ar..teqgi.on.of, a h »Or
afSieghy LRSS ST Rt HRnogloR g o ke el Padys dised
ilﬁ@clgmlgeablygﬁfdirgirﬂgrls% 4 prdothirﬁm'irigchetwlod/ qmp@}pt'ﬁleal;éih stnetyre f or
exa e - at e S t.an or ntr al n
LN Fadaberan AshER, SCCaR Do bl B inle by 1
irﬂ?cﬁ'a@rpﬁb‘i)ﬁwﬁﬁkeﬁ_[ whi¢R hasathd ﬁo'_i],ity bﬁq&digemy_tm@i am?ilgat. Ik térack
0 se”quencevrlatlo_n wtithint onmal Nns Of, varl ous
“dampdis” IR eﬁqbﬂlaf Fegion 94 & ey g ﬁ%‘& ﬁ%ﬁl%ﬂ&ypeasﬂf‘ampfﬁwg
p{:}gﬁ_e 162h8 Qél & oaplisinas ked bébt@iﬁé!\’ldobé) @tabgi%eﬂ ¥Rk &p1]by p-

if
: rious class ne&beps Inthe case of a "variable"
plbated street gndior bnsraghady digdfidetandi Bemains agifieher gafesregdfte herein
ef I I o B M ] o j
of SOFAEL g QoL PLEIPPEERINL ek DF s flingE SurRAOh Bk
demtinboitkaribusiidss olemibers irathe caseoéa Festers” demainchdregeabl y
as..'light chai.n. constant ' SR ¥ ]
SEBRse Rt oi SR i FORR I t SRS s mephliEhy B boray
“Vatiablt dorhdin dAmabady oopolgmiptitotipmaeat yre ofien refermd ¢o
.referred, to . interchangeabl y as.. K "heavy,chain constant
inteyghaggeably mﬁ‘é%&ﬂsc?ﬂti‘? Yé’BB‘ﬁ?(%?RPded JHEP Hs™ j,ﬂﬁle' épf‘s(%?n gi ons
dlﬁllhairr]lg @i}'ﬁltiﬁ&l}iﬂigﬂlﬁchaﬂ:lfﬁ are 'r\i%frb@’@i igferctiat gaah atg agrflighindthiaino Id y
i ght chaipns are referred to. |nkeschangeaply, as 'light

COMEH G AT o DD ph) ieant dofraigit A ebien g pr ey fomains,
THE "&nBant? domhs off BEbSHYhey chihs ard @érBirdtSto intbrehangéablyedzl e
domai ns of antibody heavy chains are referred to

heavs cadimeryean i eawirheingprriaphfeapire. g GHENS o
“CER AYMafn BT “ VAU RIofafie BRAdIBody lighchdiRGkORRerel to VH'
donmai ns. [0052 anug%g$obqllgg‘pr anti bodi es may be
intenebanigenblyl astighyshgia veriabie regines” ndighteshai varipbledera#iay i ¢ or
113 L’ i fc 9 j’ . 9 j h . h 1

O S4B O oo . Y€ TPl SO RS ney iy
agndiefstred to inorebangeldy asftheryyi ahaiorvarisghlt regiony’’ chepwy ehaimThe
R b AGTRRI LELEIS @raRflsOr Portion of an -
ant1body or’ antipody chain conprising fewer am no acid
[0@&R] dues t hamumrgldbnlimatr aotibod@aplag be moaedldriabokypodprclonal

anti body .chain. Fra nts can be obtai V] L cal
o5 g skl o Qsersd S AP BlcTic 67, B Ryl Tt afli b Sich
edi3t intpestymeric Bih ahdioylgahaiibodidsmadheissinaamoalesio, dirgeric or
Igv.ﬁ%q?llarn S ogg%Tﬂqe;tg%nnptlrz;g(r@Bn ant t”;TrE e?s?gg a %él? gp [Lo?tria/n g ara} %r%%%? ot

antibody chain comprising fewer amino acid residues than an intact or complete

antibody or antibody chain. Fragments can be obtained via chemical of enzymatic
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and/or Fv fragnents. [0053] The term "anti gen-bi ndi ng
fragment" refers to a pol ypeptide portion of an

i mmunogl obul in or antibody that binds an antigen or
conpetes with intact antibody (i.e., with the intact
anti body from which they were derived) for antigen

trd e Bgarﬂl tg@’c or cétﬂﬁﬁfe ahfib ?'%g htﬂ:ﬂ)))dy Siai F?&rﬁern%gﬁﬁ Rls§ b€ an

e pro uce reconbl nan echnlques g
o@mzmm@mm@h@m@a&m@wé@@nm inglude Fab, Fab’ F(a )2, Fe

*ﬂ%¥g%%k EH Lins. Binding fragnments include Fab, Fab',

singl e chains, and singl e-chain
[Oﬁﬁﬁ]l bod| esThe[t@@lS4]1tlgﬂh€omd®fr&:fmgpm;Bé@felz§rt@a pelzpeptidppastient ns

ol RamHDLPERGR AP A RSAY pfChipd AT of RRERG O Baf.

araibddy’ Qﬂu ¢ vith thedntiact anmibogly ditoe, Whicls thely WIemderlEtha figyeati¢op

her f |
b‘f‘g‘ﬁ% {zﬁ sgchtﬁ:el}mcf) 1943 bb%g e %étrsr%%n e producE? By AeSmOhatNY
DO stniues) O bearizisatic or'EhérﬁﬁaltoHamelolﬁ irtacd imraurmighdlikns,

Bits oranerenite by P ol e B, Pre e B e

aibddigy r i m di ne bases, or other natural, chemcally or
bi ochem cal | y nDdlfled non- nat.ur al gr derlﬁpé%zed
[58) eot | deAldersempaned 5 SREBREHPS P i3 AR AR

frﬁg’iﬂerﬁﬁﬁ%f%%ﬁ%ﬁ& f8416h &ﬁphat e groups (as may :
ically be found in C r modified or

[%)é ti t ut ekhedergur PIynysirosn a0 @Piﬁfp%cld nplegitsi ¥iedn,  a

indQuRh aﬁftyrh%fbgde ﬁjef&q) ¥819§1l3§9fdn9§ oSiiilchEdeR BE Mynathii, LaRsrt he

sl ng randed pol ynucl eotide product of chem ca

nbo;nwhetscles oedeokibopyclegrides Biesd tamnst ineudecigriple ndayblsr o
fd %&gdmﬁn&‘ﬁ%ﬁﬁ%}ah ﬁAr}@NQSDﬁﬁ%(IA%PG&P BF b Ab§mer

I ons synt esi zi ng’ the conpl emént ary
le”rm wﬁn‘ﬂm@}’umldlge basBiNer ghérymrasbemically etrbiochemically

"Wﬁ dio]n fnélglra? ?‘%watlzed lﬂHgléo% dg st%L drﬂgﬂrlaglgb%hg oxftﬁp t ake

rent
p@lpﬁlcd)srotldmcm oempn&e sugamamtphmphetel gntupo (&s ,mauﬂﬁ?}m;ally bb\lﬁound

SR HRE0, RRL B SO G PSSP i

a idS@l@Et@Lﬁd&%lﬁfuclamde&eﬁ] beﬂﬁanechﬁmh ehecslrgta sthapdedbes, and

prinmers. A polypycl eoti nodlfled
phber st sl HEsheaial sbsTariat PhereseRaLe and
cOMFTe BB thiS 8traTliang dneakiig@y btran@$ Wifler Wﬁte&ﬁﬁﬁﬂldﬂ’s}%ﬂw
groups such as fluororlbose and thloate

sYliasizig; threcompienantasy stiead de seyorisingp PN BNNnelaﬁe with an
apﬁgﬁr a@@lsbrhﬁlé? ASAMRRCGRI tholedurdas ta{k@tmaﬁ&‘ lMfehad® B¥mé)e.gla C,

ut al so includes any of their anal ogs or
gn@dirfgpmfrargmen% ORST OT{IPQEE BXASSIWE OF BQESHNtENSFRRNGY elPN 4
r&ld&hﬁlgﬁt éng%uclﬁdtf?%@ foEEAE eﬁﬁﬁﬂ(ﬁﬁclé@ﬂbg bﬁéﬂﬂd@ %ct@ﬂcﬁolﬁt@d

ages an tes use of sugar
Di‘héabf)gw secanucemsdlafed Mﬁaﬂfmyx [SeqUICRGSy ma:lqm/zt,cldo@r@mm

pﬁ%%c L n%o?iﬂucl%gt?& & gy @é&?ﬂg&ﬁed ﬁL[lleeof:}%ég asru'éfl Qéjllﬂéﬁlylated

nuc ecu nprises
nneledtidles andenuslectideraodlogs, 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
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encodi ng a variant of SpA. [0056] The term
"Fc-binding," "binds to an Fe portion" or "binding to
an Fc portion" refers to the ability of an al kaline
st abl e chromat ography |igand described herein, to bind
to the crystallizable part (Fc) of an antibody. In sone
r%ﬂ%g O FRY '(__ﬁ'led ahd/ Qxa‘{‘tgm? GEatk e Etﬂmﬁfﬂ@s chﬁ §§ﬁ(§lydnm'1€sn tthon
ds an Fc portion of an antlbo y uman
a pyGulayrembgdimentyi nclein agid fotrculy C@mpraies n é@@@otls!@ senumce or
or at |east 10" 9 M [0057] As used
Iﬁéﬁggﬁ§gyﬁ£0€§§4h"Fab bi ndi ng" or "binding to a Fab
[0066]t i on"  Thefigms Fedindirg, dhinds toarolfc pantic”loalbinding tozn|Fe
I oyt ogr h c a
(EE{BH S e ?tgefa%glt ity of a%)lgl‘leﬁe %[é}lﬁg %r?rggtg%rg%}rygl&]ﬁj Eri]éggnﬁeﬁ
héreineto Ublinal to ﬂffeer)tsmﬂlrmblé pext (Rcezdf dn andbotly. fiosend@ibodondnison”

f . bi b) 2
igr araniy Bt SRRarBUreBt PRI BRSO eot
hirh @G | ARCQ o8 gty Wath ah BEfinity @8 &treast 107ev} ommlem e Myer 4to

the wt SpA where the ligand further includes a
lﬁﬁﬂﬂQtPBn in one or nore am no acids. In an exenplary

(}@Igbpdl mMent As el h@didihe BB OFsh lﬁlﬁdlhgi’ Jrh‘Blnﬂan&EdﬂFab portlon
i nvention further includes the g C|ne re3|ﬂ8f
in. to

 rofess o theapibitgy of a@ﬂkéw@dtameﬁhromt%r Y Heand dgsc

bR ROH FABREion 8f 4 HABEYA: GR i BEbeldbulil oRL A £ Mhe term
invention further includes the glycine at position 29

“redysied bindingite hFdhpcamlﬁaefa@.t@ ayt degteaserip higdine 4 b GF
Fé@é h&'ﬂmgf an'i Eg%l&mﬁﬁ%cﬁ&me byl @gNlﬁsetd%gﬁnd: R0l Pglté ON

I MMuNog In nol ecul e’i's undet ectabl e usi ng
thegmesenttinvsniadn mb@?mﬁoqhﬁe\gt $oh, theredhe ligaag éurthhb@éluéi@% ri bed

b
nﬁg¥8h?ichﬁgbﬁQMﬁﬁ??aﬂnomn ?%%ﬁ%#%ues I nc agaphoge

acbesding toeltk ﬂresee'u invemtion ﬁmtdnbmdcvln@:s et glyvarte re$l<ﬂu¢|alt pobitian, 29f or
exanpl affi.nit onat, Qqs ‘

FGORERh oLt SOURTRLAHARTY DR g £ e

invienfioncgiedd uﬂcllmﬂebnhn glynge pt @isition 2@ mdmpxhwsle gh arbiyio tatid other

esent | entlon bi nds . a i,n nnle uIe W th
o3y SBRDe o (YPigag T grg s S e oy Bk ho RS, S
11[5318%%1(1\%%@ %ﬂﬁﬁlﬁﬁﬂn&l%ﬁaﬁs usihg @ﬁ\i&élﬁ@}ﬁﬂ meh:}dmk]u@am te art ;
ased.c ronato i gan coppasse
o hppsepsr e Rerin, BUCHE (A" Fa e RGP oy Seteeed
uSiHg Wl kBoviblehafitfuck HeMBink thdsé @esdribed heRADMN n'f_del@Qﬂiﬂﬁbte ,

as an initial step, standard genetlc engi neerin

limiter i, G esample,pifinigycheamagpeganhy pediSyrfrce R Sm%%?sag%&ce
ARRAR! Ines%Hetehﬁ)gmM%hﬁ Cadl 1ﬁ‘ﬁnu%él@ﬂnﬂﬁ blﬁldYngki%ot%rgﬁE&@dﬁssed

Frirtsch and Mani atis, may be used for the generatlon of
by tiest psesentanyention bindso imvpneglebulinanclpeale wighana e at es
191 ifged herein. [0060] In some enbodiments, a nucleic
a nol ecul e encodi ng one or nore donmins of SpA or
portions thereof can be cloned into a suitable vector

{ OF  CéRération 5f'SpA Based Molecules for Use as Chromatography Ligands
[0058] The SpA based chromatography ligands encompassed by the present

invention can be made using any suitable methods known in the art.
[0059] 7 For example, as an initial step, standard genetic engineering

techniques, e.g., those described in the laboratory manual entitled Molecular Cloning
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in an appropriate host cell. Suitable expression
vectors are well known in the art and typically
i nclude the necessary elenments for the transcription
and translation of the variant SpA coding sequence.
[ 0061] SpA nol ecul es described herein may al so be
bf@/ Ay Fﬁtgd%ﬁm@a ayf Eélﬁb@f&rﬂfé Rl RakISOR&dd OF
fragnmenis using dm known 1 n the art,
whinle Expaiéss theSoi; ltgapfhmgbclﬁeqﬁew@eéilﬁ?ﬁetl ¢ nethods such as
[Og)gﬁ f IB oc (e c;me% «?M%&é n%ﬁfscg Q&Q?%t)ld ﬂfole'éﬂiggncodlng one or more

uoreny OoXy carbony approaches (See, e.g.,
ddrhaths dP&PA oNpsmoﬁs tb@eoﬂ&% be dOJ&ﬂgnl@'ﬁsult@lel%ms@)IeXPreSSIOH
1n53§§'}?rbgrggg ]ﬁe : (ée(ﬂﬁ %%gzﬁ))f eex%g%%:l&pv?%iorﬁ mlkﬁﬁ\% ﬁlsth? art and

pidklagr eltdectht osksagetimants fpethe transcmptmcané trmslamamnfatlhs or
gokargngt ic host cells, e.g., bacteria such as E.
Va&’&P SqU"Some enbodi ment's. SpA nol ecul es or
[obsRgMENt S @mnumulamta@nbemme@ inasra;so be syentpsiessadmanlly he

surface of a bacterj ophage such .t ch phage
Frop A L NRCSU B s ineds el el At
inolRAinBROIRCHHaS: sbERS @Mﬁh@tl@l’ﬁeth&ﬁ sughagke Bou (teace. The
affinity of the SpA nolecule for an |nnuno%ﬁ§ ulin can

b%loxxce@enylyor dlupgspynethylpxy cahamiprpie &L-8n
Ut @atkibs. 380 59058798965, BRG 3 ey, Blosg0).€. 9., ELI SA and
Bi'acor eTM 2000 st andar’d set -up ?(‘?BI acore AB, Uppsal a
[086R&den) . |Exprqsgom@fs$na4amp1@cwl¢ﬁa%esqr d Berigicayb ea%GF?fﬁPltsye%f
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assayed using standard techniques in the art and those described herein. For example,
the alkaline stability of an SpA. molecule according to the invention can assayed using
routine treatment with NaOH at a concentration of about 0.5M, e.g., as described in

the experimental part below.
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the pH is above about 10, such as up to about 13 or 14.
[ 0066] The present invention is based on the surprising
and unexpected discovery of novel SpA nol ecul es which
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[60¥s) d su ppﬁlrstome embod1ments alkaline stable SpA ligands encompassed by

~ the present invention are attached to a support, e.g., a solid support or a soluble

support, to generate a chromatography matrix suitable for the separation of
biomolecules such as, e.g., immunoglobulins.
[0069] In some embodiments, a ligand according to the present invention is

attached to a solid support. Without wishing to be bound by theory, it is contemplated
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[00711 A porous material used as a solid support may be
conprised of a hydrophilic conmpound, a hydrophobic
conmpound, an ol eophobi ¢ conmpound, an ol eophilic
conmpound or any conbi nati on thereof. The porous
material may be conprised of a polyner or a copol yner:
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external and, if present, also on internal surfaces. In one embodiment, the polymers

may, for instance, be based on polysaccharides, such as dextran, starch, cellulose,

pullulan, agarose efc, which advantageously have been cross-linked, for instance with
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In some enbodi nents, especially advantageous for
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[0078] With respect to the format of a matrix, in one embodiment, it is in the
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can be used as a packed bed or in a suspended form. Suspended forms include those
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[0080] In another enbodiment, a ligand according to the

present invention is attached to a sol uble support,

e.g., a soluble polynmer. Exenplary sol uble supports
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e.g., a protein or a nucleic acid. In sone
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coval ent bondi ng, such as physical adsorption or
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)-|

epoxide group on the solid surface, thereby resulting in single point attachment of the
SpA to the solid support. See, e.g., Process Scale Bioseparations for the
Biopharmaceutical Industry, CRC Press, 2006, page 473.
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havi ng free hydroxyl groups, such as, for exanple,
serine and tyrosine, with a support containing an
epoxi de group via a ring-opening reaction.
Alternatively, nmultipoint attachnent can be achieved,
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thereof. Suitable examples of hydrophobic species may include a phenyl group, a
butyl group, a propyl group, or any combination thereof. It is also contemplated that

mixed mode species may be used. The associative group may also interact with the
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of a positively charged associative group, such as

gl ycidyl trinmethylammonium chloride. A skilled artisan
W Il appreciate that a plurality of associative groups
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conce

e a hydrophobi c speci.es
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di ment § ?%@gﬁ@é@vwoaﬂatﬁe?ﬁﬁ%a%ﬂ% frepgiigs gprofein
l%@ﬂpt% LAbES &iph&ER vstehazﬂthﬁptge capabifity dritRnk A Fartk s Sulthad

or less than C.. In sone enbodi nents the net hod

b@ffetls iclude aysepAn-asHng eon&ﬂaeg bufteg sueh agcarkapgier bisarpenatss
é\g)ﬁﬁte 4fd ackBteHultels, SHRALITERNER hbifistryRLEQM seﬁ’tf coh&%tratmn

ention Is practiced at a tenmperature of 2
ow&terbgéfgr WldirdeMsiam itheeasogiating gravn wred SFaiskamply, thﬁ saith e

cpfléeﬁﬁgﬁ)q nlralyg)@ nrgﬁﬁe range of SnM- 100 mM. Where a charged species is

used, the salt concentration may be at least SnM but less than 0.1M, at least 5nM but
less than 0.01M, at least 5SnM but less than 0.001M. In certain embodiments, the salt
concentration may be 0.01M. Where a hydrophobic species is used a high salt
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[0093] The increased al kaline stability of the Iigands
subsequent to their attachnent to a support can be
assayed by using well known techniques in the art and
t hose descri bed herein. For exanple, in sone
enbodlnents al kaline stability of nultimers of SpA
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RER PR BRI oh e SR gt oty o ety sargfE B g
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time and the results from resins made from different ligands are compared with the
wildtype SpA.

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

measured by static soaking of resins of interest. By soaking a measured amount of
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nonocl onal anti body or a functional fragnent thereof.

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

step (b). Conversely, in some embodiments, a low salt concentration, e.g., < 0.1M
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where n Represents an Asparagi ne [00101] In an

exenpl ary experinent, a synthetic gene encoding the "B
domai n" of protein Ais obtained fromDNA 2.0 (Menlo
Park, CA). The 5 end of the gene includes a codon for
an initiating nmethionine as well as six histidine
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solution in Tri's EDTA buffer. The nutagenic primers
have the sequence CTGCCGAACCTGAACNN SGAACAACGCAACGG
(SEQ ID NO 41) where NNS represents the three bases
encodi ng the ami no aci dExamplesition 24. PCRis
performed in 50 L reactl ons cont ai ni ng dI\I'I'Ps,1 0.2 nM

mmh%l (Génerationfof a ain Vaipn & L
pl asmi d,ﬁmﬂl_R_enmeﬂl_tﬂmAmszre PCR is carried out

according to the schene outlined in Table 111. 28 Tabl e
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transforned with 2 L of the Dpnl-treated PCR reaction.
plaginidgnagy of theveglopis shown wdigWar 2 L of the PCR reaction
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(S), alanine (A), glycine (g), asparagine (N), and glutamine (Q) by PCR-based
methods using the Phusion High-Fidelity DNA polymerase (New England Biolabs,
Ipswich, MA). Primers are purchased from IDT DNA (Coralville, [A), as 100 uM
solution in Tris EDTA buffer. The mutagenic primers have the sequence
CTGCCGAACCTGAACNN SGAACAACGCAACGG (SEQ ID NO: 41) where
NN represents the three bases encoding the amino acid at position 24. PCR is
performed in 50 pL reactions containing dNTPs (0.2 mM each), 125 ng of each
primer, 50 ng of template plasmid, and 1 U of Phusion enzyme. PCR is carried out

according to the scheme outlined in Table II1.
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are allowed to recover for about 5 mnutes on ice, and
then 125 L of SOC nmedia (New England BiolLabs) is
added. Cells are incubated for about one hour at 37 C
and then 100 L are plated on LB plates (Northeast
Laboratory Services, Wnslow, M) containing 100 g/ nL

Tﬁfl@iﬁi I1in and grown overnight at about 37 C. Positive
ones are identified by testing for the expression of
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regetigRnabiont ek pf Pprel emws fifde angihe @?rmle%inevlraitqd?fgraw&ut
,%qlolmsat@@ecpel l eted by centrifugation at 13,500 g for
m nutes. Pellets are resuspended in 10 ms of 20 MM
[aord4Hazol e E WOPBTEB(SQNompﬁatt@elﬂﬂlNﬁer@tglasé\BM@% Ipswiskd by

ni cat | and. c 1 f or,
e PR ALBiEE AL Gl s by ddraR Reafidn” GefiS R
ofRB] dn@¢ I fRIPER ﬂi‘actNln'lé\H_dﬂeﬂ es29ult bdells. SFollowmg about a 30
pre-equilibrated with col um_vol unes of

20
mlrmt@azléqaéon on ippSellygre bffat sheskadrgr 0 sepPrpalclphin “Co é?eﬂs
Iy PRS, I ed
o AT 1o ool Bt SRRAIEE o o a1 R TP e B OB e P
(Nﬁvvz)Emglandl Biotata) ig 2ddbdo Celsirg fricubedges ﬁqsabome toinrag 37’?@; ce

i e L0 gl YT ket SERETT Soryicb VLR
MiISicBskainliR 16% gg,%i Ahsici0RGHd assayoveright SEIBDUST °@L Positive

stored at [00107] The ami no acid and nucleic
clgppschraidgritfivd &y tesive ontherrpmisinos fisaotens Bdnal ¢olldrates he

]@%SBF%A@El mut ants are depicted in Figures 6 and 7.
e 2. ASS%I ng the Ex ressed Proteins for Alkaline

Irsomum' tb obtpin[roeifiecBPNAE fidividug mm¢Siawplvkerid@Wérnsahacweant

T e N

fioanQagdn @huleacia,afA)l N and i ncubated for six hours at room

rature. .Biora Cr in 6 I.i.rti
PRime o EnniucerrbD A PeqprisS? B in B s sdealiisR
cBhe QW @BMfech Mlt&ille kD). RBSresiitihgblaphidtiensed mfmm on
i s acconplished using the Pierce M croBCA assay and
celiNEBae campetefitcelisag dpssTibsdbRYS- i n PBS for | oadi ng ont o
[ (ﬂ@6 ELI SApq| o%r?%th@méﬁt@ﬂ@aﬁa{ ﬁl@651%09019&6@235%15%@erhfgﬁﬁt ed

s adsorbed 1o the wel
cultures are grown in Terrific Broth with 100 ug/ml ampicillin and cells are pelleted

by centrifugation at 13,500 g for 10 minutes. Pellets are resuspended in 10 mls of 20
mM imidazole in PBS (phosphate buffered saline), lysed by sonication and
centrifuged at 13,500 g for 30 minutes to pellet insoluble debris. Lysates are
subsequently applied to 750 pl of Ni-NTA resin that is pre-equilibrated with 10

.column volumes of 20 mM imidazole in PBS. After washing with 20 column
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an ELI SA plate for 2-24 hours at 37 C. Plates are
bl ocked in Pierce Superblock Blocking Buffer in PBS
(Super bl ock-PBS) for about 2 hours at room tenperature.
Approxi mately 200 | of Sigma human gamra gl obul in
diluted to 0.05 ng/m in Superblock-PBS (10 g) is

' [ d
PERELA RGN s0ted. SRk F o SR Ry b
irrlakadeninRB St lﬂuﬂﬁedlmfeess diatyhedRBSrmight algaatishPB@ usailg)ﬁbrc@ 05%

at es a ' ubat d. Wi t.h of a
TS 006 & PV S PR SRR, £R08 bt etiefiBel Thi Se
qagmitaieh idusoamplish<d Lfsimg theeltiera¢ MlcrbBOA assty,raadsamples are
E?anazéebt re. After the final three washes with PBS-T,
devel oped wth 100 | of Pierce 1-Step Sl ow

[JOMB7ELI SA ThH andiflo mlmaﬁdaﬁlcmc abﬁl%ﬂﬂluehtﬁbﬁmﬁl@d \utr}ﬁs-taﬁw B

reactli?r]ms stop ed b ﬁ% F of 1(82 of I'N HCL
dgmain agd } F"S}O"ISQ‘G r?@e epIc jetegs 847 4E absor bance
read at 450 nm Al sanples are assayed in triplicate

Bampitad:2 AGadiat réSed PtGRAR8 Allkalin® StabRity | 9G
b| ngl ng before and after caustic treatnment. [00109]

result of an exenplary experinent assaying for the

[&Qll%] ine AffEsypreifedovildiyie apd mubnisSai his tregeheansiTydth ant s

destripTBxhAEE 112k diftEedRath MN1BQWvated or xlx:liﬂgNﬁ@H%o a fifg
various constructs are depicted on the X-axis and the

ceusenieaipoedii Ngnd jpewbatedforeix haye abrasen tegperatves. iergd Mierer
B@b%ld@é{’fgk fiof? ﬁ’s_r dre ﬁ.ﬁd @%ﬁeuﬁgde a mf@r Eﬁ‘ﬂal?g‘% 58T bhe

XIS epl ct In t ar gr ap Fi gure
- egdvsamale intb PBle Tntalpmmracmastltamws a@omphﬂhb@slwﬁm&emu d

M BRP {8 g gl P TUACHR RS roPRRGREG 6810 ©
HLAYA phtet vikpporximaselg 280 plo@wighsf treated Pud isadsarpaddo hedmitaiohs
B TSP US98 BALL R pREAR) PlokeciShaRLbe

escCri another ex SpA
Bloqkﬁxtgdﬁxffeam IRp aShpeebio&-HBSDbermout(Bajurs dt eadm Bmpenwras

At o0 Sy i ioPuf R AR B B e §° "
Qupérbdck-RBS ARGy 1sdﬁlﬂf‘d ﬂot&ﬁgl xﬁebbofehet pl%t? thlilﬂldlhg'lls allowed to
BB oot bR el opp e e Smih s

caﬁtaﬁm%cab&ﬁlorw% TRechbd @ﬁsbﬁysgqtem mqbatéiﬁ@ﬁ}{ bdvad ohgr ei n
is as follows. The B3 |i %and retains about 79%of its

1 5004 ¢ilntiangEa chicken lay-HERHeanjuepterrapadagring haman leGhnr
ag?aq%{neattr éx”g}nly@tgﬂr t@@er % ﬁdagtﬁﬂag vJaﬁée@W‘tﬁ PB%DP 'fﬁat@%%@

its resi I gG bi ndi ng capacity l owm ng a six
dewaloped ¥yiih 0P gl ofPidrvé 1-Nee@ISlova il B g SBSor J0gnindtes aftradgm s

BRI ng reastoninarred Botanetioer T Ruba L apd o
prinGeNEG(HHRIIAY is qMnYitatea8 aPdrbaddavdd #4956 oh. Aul%amplss gual
akﬁ%}g‘?@ggr%lggte %I?CP ga(%all }s)glngl}?zlel:l ggmthg %haarllgg 1nXpr1mal1"I)E Ig%x n 1Ililf.§ l?efg)roe 1
and after caustic treatment.

[00109] The result of an exemplary experiment assaying for the alkaline
stability of the various n+1 B domain mutants is summarized in the bar graph in

Figure 8. The various constructs are depicted on the X-axis and the corresponding

ppercent of IgG binding remaining after six hours of exposure to 1M NaOH is plotted

30



Exanpl e 3: Attachnent of w |l dtype SpA and SpA variants
to a solid support. [00112] Subsequent to the
generation of the various SpA variants and
identification of those which are caustic stabl e using
one or nore assays known in the art and those

ortfiS QLxReAk de?lc@&mle %alzgraﬂ}hﬁ FiRfs 8, abvepdl bSthanel alutaatshed
to a suppor solid support In an exenpl ary

hasingartulkeAmindsd & SesitieLRibo (b Hemes exbjbf eigpsed calsti
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ddBdinsqBTy e addiyeddorchikali6d stabibey u%hgﬂthesxssilly descripett aiv;om e. The
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100 Eier “ovdh e By FBRPEUn s pbEear S e kRaig 2
a&h g offltﬁetl%ﬁﬁdi B30 B4 was BS ths \bksafed using eheEIA S Adbased | nueties! of

apempeiponis el (H 1 Tand 1T OitoRes O P BN o

bﬁﬂhﬁg cﬁﬁﬁbafoﬂb@ﬁg 43ix H@Shlse)@f)sm‘e RMMNNGDH; ffh@ﬂg&ﬁmfe&lmss
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mug&% PEifs et Ig@s'aym@&g capacifyfglerving g s hepsexppars © IM
Néﬁﬁﬁﬁgi R B?Pﬁ%an@ rét%s a&zﬂm% oP R eSidual Tg@blh&a? gapatigy t hen

r) water pore Corp
fobowvingrai S@ahour m)OSlaﬁéP B\imaﬂﬂbr é’ﬁ Sitliga @'Pfh\_) Qilfly r:E’E‘i‘“}?M
M
R e L A T RSl e
NaOHed to | Ok sol ution of 10 m\/l NaHCOB containing a
15g/L concentration of wild type SpA or an SpA |igand
according to the present invent| on. The mxture is

Ca.ggl%g;-i My @il it ¥pRVarigntd @Eo% sh %lt” N
b d (] 1 SI 1 S
[ddla/?fll eaofe @eq\gQﬁ'?@ﬁ glﬁllaégaat%g%&. Wy ((B\ed fs:pAt‘egf g%lt %}gtagr cake

u(emuﬁmgan pithesdcehichtase esustic stabdmsmgmnﬁ gr BOE@STRYS knomiptin die

f
2§ PR fsBibed i Bxaflolel D HBEMORKBhts AR nBh o subpditiblee!
aisslicsduppart. eid aaegkmddrp eREbrinove agar@shtbems (SapbarosecAdEht ur e.
Hyglfeaporns e T s SEa PR Yk e Rt Rordhg e, 9
vaIdﬂle d&éinMcNﬁéﬂloc( @bkatlﬁén,d/ Fbﬁlsgeﬂt AC@kmmat&gmnh)( pH429 5) ,
o, sodi.u sin
(75t ke diside Do pinSiaen o ok B ntog Rk RS 0
e8S c?tfldh's I dé&&;hﬁ@ Rﬁﬁ% fcgrow\ingl 1HlethdR 80 HOAI bZéils{aﬁHad&ﬁﬂﬁtolmOg afid
cont ai ni n ree onai
7é mlxﬁwg trimpgtlpdanpmeryigic H@ﬂ%&%@%ﬁ o Bﬂﬁgﬁ% water
t)@}b @oﬂg ﬁlhérﬁzﬁ MA) dR/ITRENS 50 H3wi DdiudPtydtdx@R0dhe reaction
c on

aining three A domains, C3 for SpAligand
is shaken v1gorously (> 100 rpm) on a rotary shaker overnight at room temperature.

The beads are then filtered and washed with three 100 mL volumes of Milli-Q® water
(Millipore Corp, Billerica, MA).
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contai ning three C domains; B3 for SpA |ligand
containing three B domains; B4 for SpA |ligand

contai ning four B domains; B5 for SpA |igand containing
5 B dormains; B5NF and B7NF containing 5 and 7 B

domai ns, respectively, and additionally containing a

(At at irgBral, {?@%gﬁx?c&eggakef&l: L itk ek 3 A BRI to

the vario variants are as
mLkaﬂ 4 G P@D&blﬂhﬁmxtuﬁxaﬂqu’n@d and thRasliord hk &F llmtmddmg

SERRG LB PRIES s B SR RLR R IR 3,6 YR s
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on t he anount of G | oaded when

I ted b d
fé@@@ac b T Or1od T BiEeT (OH B0 Wi 31 B Wit M Neth
)05l AtiE Rkidtphe 4ish IP‘BIS%H@})&M% ) o@@l?ﬁs%hﬁ% SRRSUr ement ,

hem&wals exposed of 15 mn, 0.5 N

[Rﬁthiﬂ (f 1 owRegR gmplrg celfﬁlwrwlthr @f[fwmv@mwrmm@ habeled &G
RAUSATHBrACRPRA fybe SpASYS fIRPA - hgg 5 oggﬁ&.% thise Eugﬁgﬂly %Ngt ly

contacted with another 10 c
fosPiss ligand cmﬁwnm\émee@dmsr@ fot\Pnarigend q@nmmmghmapacu ty

d
R RIRSp AU BRI X B AR (TR oA Bt °1s
qentaingngshre Nalomaing;B3$1{083pA ligaad centainipg tirae RedqueninsyBafar t he
f
oo gt 0 BUGmIREEB AN Yot SESs s BOAERS, ©

Inin
Rfo¥dnd B7NG K‘entsmnuﬁeméﬂ Badoineghst msmctlvagfammlsaddmmmlln and

ctonﬁinﬁn Caaé'fdA ﬁut?%%bit b(l)%lt}/onlﬁ ﬁaﬂ)%\lfl ag}/nbeggp anr1escué é}gl ndi ng

capaC| over €5 of " causty

\cagﬁellseSpAn@hardsargaaawﬁ fonn‘lkahhc&stz&xlmsur e to 0.5 N NaOH. As
summari zed in the graph in Figure 9, the nunber of
cycles are plotted on the X-axis and the |1gG bi nding
apgté 4y Resipledt biading eapsc d 80%3 testhbefore afiDaftdr@awstic
domai n tréyethigs exhi bit approxi mately the sane |evel of
caustic stability. The B donmin trinmers are nore

[o@uis] i ¢ st mnexémplary tekigerifhcli0 theivArious SpA constructs according to

the invention are assayed for the IgG binding capacity follbwing attachment to a
support. In one exemplary experiment, a standard method for testing resin/media
dynamic capacity using commercial polyclonal IgG is used. Briefly, resin coupled
with an SpA ligand according to the present invention is packed into an Omnifit
column (6.6 mm x 70 mm) in PBS, pH 7.4 and the flow rate is set at 300 cm/hr. The
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trimers, which are nore caustic stable than the E and
the D domain trimers. Therefore, the order of caustic
stability can be sunmarized as follows C and Z>B>A>E
and D. [00119] In another exenplary experinent, agarose
resins coupled wwth B domain variants: BBB (B3), BBBB
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present speci e present specification wll
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a{e a}tgéh%g tan grro% 1@5111 §ncpﬂ)1%1r sttlﬁsqmlﬁz 15019645&‘33 b Hﬁﬁmlc
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ressin t S [ £ ure,
B e e
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5patie. Tt 4F fgbe ips e PR B R g Sl evelot e

caRat sabilty. tThe Briehiain teifkrs apamhaeRnaEs stalsle thap freaX darrmln ons

EprsmAsiAre BopgRa Ty e BRuLBAD PRUBTERGE. tnl ess

TRER S MiIELorlidd QF EatbiRshtabilitg cdrBumidtizdder Féllowsregdi ng a
series of elenents is to be understood to refer to

ZePeryEanéRent  in the series. Those skilled in the art

. [ 1lib) recogp a%@theloerxeﬂﬁlaﬁmxﬁeﬁrﬁerﬁSa%%&atbﬁnékﬁ)'uﬁIGd A&h HTDr e
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ahwd: ty agsayafor égﬁsdsolfanmorhlsdmgwwmltymerc@ﬁ cméew&éustlwﬁm%wa
eg(gp cfe 1%&11(%%215’ 151?1 %%?(Fdshrqug S%Q%H a%s Wn&arfggd in the

ren ose 'S
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number of domains and further that, the G29A mutation to reduce Fab binding does
not affect the caustic stability.
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art. The specific enbodi nents described herein are

of fered by way of exanple only and are not neant to be
limting in any way. It is intended that the
specification and exanples be considered as exenplary
only, with a true scope and spirit of the invention
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(c) recovering the one or nore bound i mmunogl obulins by
el uting under suitable conditions. 12. The |igand
according to any one of clainms 1-9, wherein the |ligand
retains at |least 95%of its binding capacity after 5
hours, or after 10 hours, or after 15 hours, or after
20 hours incubation in 0.5 M NaOH 35 13. The |igand
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11. A method of affinity purifying one or more immunoglobulins from a sample,

the method comprising the steps of:

(a) providing a sample comprising one or more immunoglobulins;
(b)  contacting the sample with the matrix of claim 10 under conditions
) such that the one or more immunoglobulins bind to the matrix; and
(c) recovering the one or more bound immunoglobulins by eluting under
suitable conditions.

12.  The ligand according to any one of claims 1-9, wherein the ligand retains at

least 95% of its binding capacity after 5 hours, or after 10 hours, or after 15 hours, or
after 20 hours incubation in 0.5 M NaOH.

35



(e) detecting the amount of a signal fromthe agent,
wherein the anount of signal is proportional to the
caustic stability of the ligand, thereby to identify
the SpA based |igand as being caustic stable. 19. The
nmet hod of claim 18, wherein the nolecule is a second
i mmunogl obulin. 36

13.  The ligand according to any one of claims 1-9, wherein the ligand is capable
of binding at least 1.5 times, or 2 times, or 3 times, or more of IgG as compared to
wtSpA.

14.  An alkaline-stable chromatography ligand comprising one or more isolated E,
D, A, B, C or Z domains of Staphyloccocus protein A, wherein the one or more
isolated domains comprise one or more amino acid residues at position n+1 mutated
to any naturally occurring amino acid other than cysteine (C), serine (S), alanine (A),
glycine (G), asparagine (N), or glutamine (Q), wherein n represents an asparagine.

15.  An alkaline-stable chromatography ligand comprising one or more isolated
E.D, A, B, C or Z domains of Staphyloccocus protein A, wherein the one or more
isolated domains comprise one or more amino acid residues at position n+1 mutated
to an amino acid selected from the group consisting of arginine (R), aspartic acid (D),
glutamic acid (E), histidine (H), isoleucine (I), leucine (L), lysine (K), methionine

* (M), phenylalanine (F), proline (P), threonine (T), tryptophan (W), tyrosine (Y) and
valine (V), wherein n represents an asparagine.

16.  The ligand of claim 14 or 15, wherein n is asparagine at poéition 23.

17. A caustic stable affinity chromatography matrix comprising three or more, or
four or more, or five or more, or six or more, or seven or more B or Z domains of SpA
attached to a solid support via multipoint attachment.

18. A method for identification of an SpA based chromatography ligand which is
caustic stable, the method comprising the steps of:

€)] treating an SpA based ligand with caustic;

(b)  adding the caustic treated SpA ligand to a multiwell plate;

(c) contacting the SpA based ligand with a saturating amount of a first
immunoglobulin, such that the first inmunoglobulin binds to the
ligand;

(d contacting the bound first immunoglobulin with a molecule capable of
binding the first immunoglobulin, wherein the molecule is conjugated
with a detectable agent; and

(e) detecting the amount of a signal from the agent,

wherein the amount of signal is proportional to the caustic stability of the
ligand, thereby to identify the SpA based ligand as being caustic stable.

19. The method of claim 18, wherein the molecule is a second immunoglobulin.
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