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Abstract: Protein A and protein G are two well-defined immunoglobulin (Ig)-binding proteins (IBPs), which show
affinity for specific sites on Ig of mammalian hosts. Protein A and protein G contained several highly homologous
IgG-binding domains which had been demonstrated to have function to bind to IgG. Whether combinations of Ig-binding
domains of various IBPs could produce useful novel binding properties remains interesting. We constructed a combinatorial
phage library which displayed randomly-rearranged A, B, C, D and E domains of protein A, B2 and B3 domains of protein
G. Four rounds molecular evolution of this library directed by all four human IgG subclasses respectively generated a
common arrangement of D-C respectively which didn’t exist in SpA. The dynamic loss of control phages and increase of
the phages displaying two or more binding domains, especially the selective enrichment of D-C and strict selection of its
linking peptides demonstrated the efficient molecular evolutions and the significance of the selected D-C arrangement. The
phage binding assays confirmed that D-C possessed a binding advantage with four human IgG subclasses compared to SpA.
In this work, a novel combination of Ig-binding domains, D-C, was obtained and presented the novel Ig binding properties
which provided a novel candidate molecule for the purification, production and detection of IgG antibodies and a new

approach for the further study of structures and functions of IBPs.
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JERIVRRY Tg 45-a 45kt B1. B2 fil B3 (X
BT SpA iy B, LAITFSMK G, G2. G3), 5
SpA AN[E), HEzgEtslt 4 A ERBCH B IS
1A o SR RN, W E T 1gGFe B CH2y
F1 CH3y (Bl 40 5L L, 5 SpA W45 &84
wE, NHTSEWEERE, Protein G 454
Fo {507 T HIZREfE 452 = -1 3 AR
X8 sk, Protein G A LAZE A 1eG fY Fab
B, HARBIFRAMLEN T v BEME 1 AEEX
(CHly), FFLVENESE 1gG, JFHATHE &R
JM L SpA HARERY IBP BB TR
Malifl . il 55 . B e W A I 5 12
Wi, GoBEUTIERES | I RIS e BHAYY , AR
AR A M ERRHIE ., 2 AE Ty TR
SpA il SpG (13 LE FAZE Sl A A% 1 IR T 1)
o AR AEFE AN 25 57,k 2 S0 A Xf
IgG NEE G HrE =527 SpA Fl SpG MAH AT
B A PR SR B AT 7k S ) R A I
B Ve AR N, A AT I AR
FARF A, RS PR E R R AL A
Ffr, Rt AT AR AR 2 PF BB . 2RI, A
ALY 1gG 73 F1E 0 SpA F SpG 1 HI AL
S A SRR, (HE b2 5 O B BAEAE, I
HEER YR b2 e 2P 250 1gG, A 1gG
WMAFAEDIEZE . FE, BHE BRI IBP HLghty
B E ] A B AR 2 A R AL A DL X
RS . AT 1gG 2 T X 2 FerE, A
Pk — S, FRATT S A 35 T R A R AR 1)
T AR TR R . e, A&
S A S IR VAR Sl RN IR N )
o FHEET- 5, XTWER A& /R Protein A, Protein
G Protein L % IBPs f{ BA2E F s AL & SC % 5

HEAT PR AN R O R AR S T A-G2PY L ALY
(Protein L 1% B3 £5fi). LD34 K LD52424
Z FhoT B E A e S BR BE F1 45 B - T (Novel
evolved Ig-binding molecules, NEIBMs), Hrp
LD3 Fll LD5 N KAR IBPs HHAFEAE [ BALE A 454
WG, XGRS A T KR IBPs ik
AP IRLS G FeE , RIXT 1g Fabk $24% A1 VHIITHE
RS BRI , A B R IR TR R & T
5 IgM 254G 1, I8 T HCV /Y IgM
R, FE53 R 7o B T T T
itk fEABEGE , FRATHIEE T LA SpA 19 A B,
C. D. E 545t SpG 1 G2, G3 Z5#hiek 7
A BAZERA IR BEAIL A 1 W P A R S, S0
A 1gG1, 1gG2. 1gG3 Fl 1gG4 DUV 2> T #EA 71k
HMEEETRE , RS T —Fh 5 A 1gG P2
HAE GBI A 5T D-C,
1 ®H57#
1.1 w8l
111 PUREAEFEE

Wk TE R 2K pCANTABSS M1 % K%
AW 2 A7 % pCANTABSS-SpA I T
ki, pMD-18T-G2 il pMD-18T-G3 JFukis) ] 55
H SpA B EDABC H 451K (GenBank
Accession No. P02976). SpG 1Y B2 Fil B3 £ 44,
AYFE (GenBank Accession No. P06654) A7
FEHEARAE; E. coli TG1 Flkl B B 1A M13K07
HAR BT
1.1.2 iR

Bl P VTS Xba T | B SRR (CIP) 1
HFEAY TR (BE) A, SA0EERE A
TOYOBO A #); Frkrfi#iiii] & A DNA Taq i

cjb@im.ac.cn



1096 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech September 25,2012 Vol.28 No.9

WA RE MR AR M A E s BRI SR
TEREHHEEE DNA [PISGRGR & W F RAR AR
dent) ARAF; A NEFRR (Amp) 5 RIBHE
% (Kana) Hlg HEEEY A NIgGl, 2.3,
4 PUE2EArF A Sigma A F] 5 FRBTE A AR I
Hifi mouse anti-M13mAb-HRP 4 [{ Amersham
Pharmacia /A A o

1.2 A%

121 3lyrst

HR AR 5 R A7 BB P 41 0t 12 255149,

FPAIILE 1, REHT 12 25519k PCR ¥ 354k 1%
WA 3 A @ BRI B AL 4 JIK G 5 ) 57
(NNSNNSNNS) 4 A, B, C, D, E, G2, G3 -t
AR IR DNA B, HoR Bz 451 A Xba 1

x1 EIMREXREAESEMERBRYTESY

VI 5 (TCTAGA) F1 53 bp f-FF51. BEAb,
T PCR 4" BRI W &k pCANTABSS H i
BNy B 35 14 pCANTABSS-1 35128 -
5-CAACGTGAAAAAATTATTATTCGC-3', i F
#5149 pPCANTABSS-6 J¥51 4 : 5'-GTAAATGAA
TTTTCTGTATGAGG-3', VL L5193 Z4E ifg A
TAEY) TR RS A PR A FlA .
1.2.2  SpA F1 SpG AR IRFENLA 5
1A 7 SCPE A

L pCANTABSS-SpA Wi B R AR, 43 51 LA
uA fil dAD. uB #1dB. uC f1 dC. uD Fl dAD.
uE F1 dE 2y I TS 14, PCR 9734 SpA ) A B.
C. D. E i#5Mi A Br; Ll uG2 M1 dG2 S EF
W59, 239LL pMD-18T-G2, pMD-18T-G3 i

Table 1 Primers for amplification of DNA fragments encoding seven Ig-binding domains of SpA and SpG

Primer name

Primer sequence (5'-3")

uA TCGTCAGACGCCGTACCTGCTCTAGA*GCTGACAACAATTTCAAC

uD TCGTCAGACGCCGTACCTGCTCTAGA*GCTGATGCGCAACAAAAT

dAD TCGTCAGACGCCGTACCTGCTCTAGA*SNNSNNSNN**TTTCGGTGCTTGAGATTC
uB TCGTCAGACGCCGTACCTGCTCTAGA*GCGGATAACAAATTCAAC

dB TCGTCAGACGCCGTACCTGCTCTAGA*SNNSNNSNN**TTTTGGTGCTTGTGCATC
uC TCGTCAGACGCCGTACCTGCTCTAGA*GCTGACAACAAATTCAAC

dC TCGTCAGACGCCGTACCTGCTCTAGA*SNNSNNSNN**TTTTGGTGCTTGAGCATC
uE TCGTCAGACGCCGTACCTGCTCTAGA*GCTCAACAAAATGCTT

dE TCGTCAGACGCCGTACCTGCTCTAGA*SNNSNNSNN**TTTTGGAGCTTGAGAGTC
uG2 TCGTCAGACGCCGTACCTGCTCTAGA*ACCTACAAACTGGTTATC

dG2 TCGTCAGACGCCGTACCTGCTCTAGA*SNNSNNSNN**TTCGGTAACGGTGAAGGT
Sec ATACCTAGCCCATTACCCTAGCCACCTAGTCCGTCGTCAGACGCCGTACCTGCTCTAGA*

Note: * Xba I restriction sites are in italic; ** nucleotide sequences of random linking peptide are underlined (N = A/T/C/G,

S = G/C).
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KL MK, PCR §714 SpG Y G2, G3 45kl
Br; ASER AR LA S IR, R Sec
J E RS, A BILL R 7 A saE s R B
PCR =Y AR , PCR #4445 I 76 M 43 31 5 | A
25 50 bp MEYBRILRY 7 LSRR A B, T
AR BEif) PCR F=4lifk )5 FH Xba T fgE 1k, 5[H
FEREY) I CIP Jilg 25 W52 fh b 11 pCANTABSS
B AL E. coli TG B Z AN (il &
ULSCHR[27])0 A 5IHL 0.1, 1. 10 uL % A4bjEr4n
ER A LB (% 100 mg/L Amp) “FIIL, 8%
2o BEHLPRE 23 N X SO Bl AT
HLHEFT PCR %28, Fridi A 2G5 H B BL i
T 24t BRI ARGRAE (LT
PR TEANZS) #EAT R IIGE o RIRTEIR ARSI A
10 mL 2xYT (Amp) K7#%k, 37 ‘C. 250 r/min §iz
SR . i 500 pL 1.3x10" TU/mL HY
MI13KO07 HiBIMERE A, 37 "C. 250 r/min JRi%E;
7 1 h, A Kana J5, 37°C, 250 r/min $E7% 5557
8h, 1000xg B> 10 min, 2 0.22 pum JENE
1, BIMREIR SpA F1 SpG FALEF I BENLA &
W TR A ST, TR R D R G R S G L SR [28]
2910
1.2.3 A 1gG1. 1gG2. 1gG3 Fl 1gG4 W&
SCPE RIS Tt AL i

BHN TG PP 3 i %F b AR e g g g 7
RSCEEHAT 4 ReIRSM o F kb, R4 LIRS
WLSCHR[23]0 ARAEASSEEG % TAESLRY, Gfiieid /2
HPSC B 258 0 TR AT o E A £ 2 N R T 2 254
B (=2 SRR R R 3G B0 W i
TE AR A FEEEAE AR, AL D A g R A S e
TAH AR AR LLEIR D, RO AR 1A

A7 A Wk T AT A ()3 BT S5 R R &) 1R Ay e
VERRIIA SO (4 PCR %5E , 2SR 5 74% ,
SR — G RIE R 5 9% , FeoR 245k )
WA 17%). MO, HIRA T itk
T I TR R R I S SRR B, ASBIFSR
M TgGL, 2. 3. 4 WL HIAARF-Hie b A BE A 2
TR ER N FIBENLBEE 10 AN A 45 A B
(B 5 P 24T IR 2RI TR A E 5 A A
ZEER I B BT RN 10 A4S, TIPS
PrRgy 5 ) 58 se B AT o
124 ELISA XEMBAEGH FREAENLEE

WRARF I T4 0L, i e SRAT LA &
D-C WP TERE, X LB ¥4 (Amp), 37 Cid ks
Fro HOEZS R ET TS, FRATREPLPRI 5 4
WAy IR T 5 48 2xYT 5355 (Amp) 17,
2 MI13KO7 K8, 4 5 & BA M R
153 1K AN [F) R Bt P Wk R4S, DO i s
VEPATH 5L . AH IR 5 5 % pCANTABSS-SpA
I B A pCANTABSS WA, 23 5I4E WA S5
FE: | B XS IR B 100 uL W AR I AR A 1gG1
FI45 ) ELISA M4, 37 ‘C. 2 h J5H PBST
5, I BRI R AR BRI BB 45 A, 37 CL 2h
J& PBST ¥ 10 YK, TMB {0 )5 13200 ODys KU 1H
Kl e e BEME TR AR S N 1gGl g A E M. [AlEE
B AN 5 N 1gG2. 3 1 4 455051k
1.25 SGiti2Ehabs

K SPSS 17.0 Gtk /4% ELISA £ 4%
HEATGETT AL 3, i R 22 4 ] LR TSR A
R 2500, MM ILECRH] g fidk, LA P<<0.05
HA G ERE L

cjb@im.ac.cn



1098 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech September 25,2012 Vol.28 No.9

2 &R

2.1 MEE{RRT SpA #1 SpG £ 451415 FE#14H
B X EE

2 PCR §"1475%] SpA ) A. B. C. D, E
1 SpG 19 G2, G3 3t 7 4~ IBP H&5#43k 1 DNA
HBL, difeia 2 Xba I Bk, 8Bk A
Xba T BEUINLASH 7 A Bgs kB Be (B 1),

¥ ik 7 A~ 1BPs PRSI A B S 42 R RERG
YIJf CIP 4b S W R pCANTABSS 4%, i#
B Wy AL R S AN E. coli TG, HE)
SpA il SpG HAZEFAIRBEALLL A SCI I 25 it R
FEARBCH 8.2x10° CFU, U I B 1A SC I 1y FiE
9 1.3x10" TU/mL,

MEGAL-A b BEALBEER 23 5641, XHEAT
SCPELER I R BeAl ALY PCR AR 25 5y . &

AFALTHD 5S #AK HIER N 34, Har bR
13% ; lAPASEHE T By 144, 5 61%;
A 2NN 44, 5 17%; A 3R 24,
M 9% (Bl 2). JEARSCEE M50 Sl v Beddi ARGk
87% . LA PCR ¥EEM 6 i A AL H ek A Bt
{1 F M e P 0 0 5 R SR« R A A B I R
At 14 s RS A B, A:B:C:D:E:G2:G3 M4k
bRy 2:2:1:2:0:4:3, HAK E RMH, (AARYEASLE
TR ILEL, SRR P AR5 R BE R B ALY ;
TE 14 FREER IR Beh, AR BORIE R In 2 [y
8:6, 5 1:1 FHITL, Eid A A By iE K ) L H A b
LM 7E 14 ZBENLEEIRTS] (NNS); 1, 2 1
fiN F A:T:C:GH 15:8:13:6,%6 2 i N | A:T:C:G
K 7:9:14:12, i S LA G:C N 26:16, HHA
BENLYE (R 2). PRIHIRATIH S 09 SCREAT & 1A Sh itk
i 2K

1 £ SpA. SpGlg & B 4513 DNA Y Xba [ B L Bk E

Fig. 1 Electrophoretic profile of Xba I digestion of seven DNA fragments of Ig-binding mono-domains of SpA and
SpG. M: DL2000 DNA marker (2 000 bp, 1 500 bp, 1 000 bp, 750 bp, 500 bp, 250 bp, 100 bp); 1-7: DNA fragments of A,
B, C, D, E, G2, G3 respectively; 1°,2°,3,4°,5,6°,7: A, B, C, D, E, G2, G3 fragments after Xba I digestion respectively.

1 2 3 4MC S5 67 8 910 1112 MC

13 14 15 16 17 18 19 20 C M 21 22 23 B

B 2 SpA. SpG BEMIBMIEESRAXERANFE X PCREE

Fig. 2 Identification of the size of inserted fragments in the original library displaying randomly-rearranged various
binding domains of SpA and SpG by PCR. M: DL2000 DNA marker (2 000 bp, 1 500 bp, 1 000 bp, 750 bp, 500 bp,
250 bp, 100 bp); 1-23: the number of 23 single clones; C: the phagemid pCANTABSS for positive control; B: the

negative control.

http://journals.im.ac.cn/cjben
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2.2 AN 1gGl. 1gG2. 1gG3 #1 19G4 A EEFE {4
FR7~ SpA #1 SpG B L5 ¥yt FEH 4A & XA YK
SMHEAL T I

HR 5 A 5 55 5 %o 7] 24 SC P Y 3 A 0 28 42
P2 1gG BHAT 2 4k Fe 8, WA 454
2 ASBEE RS, SCPE rp R N T 4 R SN R AR T o
B 5] 40 385 TR 235 I A A P 20 17 50, 2 AR ) 7 36

S AN EZAG bR A 3 FIHL BT N 1gG
VU R R PSR IR B e e BT o
4 LU RS R M, i SO v AR 4 ik
WAL G015 MO, F A SEREA
fl A A SSRGS R B e BT o5 LN TREARR , i
JRBEARPEHVEH K, XA AACTE I R T 0 e
AR

%2 SpA. SpGC BEMEMIESRRXEFREEKTER/ANRRFISHF
Table 2 Sequence analyses of inserted fragments on phage clones in the original library displaying
randomly-rearranged various binding domains of SpA and SpG

No. Combinatorial form of single domains Nucleotide sequence of random linking peptide
1 Bon-G2R6,-G20, GCG CTG TTC-ACG CGC GCG-AGC ACG TGG
2 G3,-DRg,-AR g, CTG ATG CTC-CTC ACC AGG-AGG CCG TGG
3 AR,-G2, CCC TCG CTG-CGC AAG TCG
4 Dy,-G39, CGC GAG TCC-AAC AGG GAG
5 Bo,-G2 R g, TGG ACG AGC-AAG ACG GAC
6 G3%9,-Cop TAC ACG CTC-CCC GTC CGG

R: reverse sequence of original sequence; 9n: the sequence of random linking peptides composed of nine nucleotides.

100% r

80% I 7 7 B 3 inserted fragments
’ 2 inserted fragments
60% [ [J1 inserted fragment
40% [ M 0 inserted fragment
20% Z
0% : : : . .
0 1 2 3 4 0 1 2 3 4

(A) Round of selection with hIgG1 (B) Round of selection with hIgG2

0 4

(C) Round of selection with hIgG3 (D) Round of selection with higG4
3 £ A 19G M 205k g ZAREE RS EH 23 N85 BE IR E IR B B B4 AY L5 22 1k
Fig. 3 Proportion of phage clones with different sizes of inserted fragments in 23 phage clones after each round of
selection with four human IgG subclasses respectively (A—D).

cjb@im.ac.cn
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RN T R AE R A A 7 v 7 45 4 B
FEHNVAEAAE L, A AN 1gG UMY 2 0 1 1Y) %
PRSCHEFER A M BEALERE 10 M6 A 2454958 A
By e A TN, N 1gG1 401 F1 4K \1gG3
HEY F1 A F2 48, IgG4 4HBY F1 A1 F2 ACH Hf
AZ G5 B e A H b, I S PRk
HiF . MpLEREmR: 1) 5 1 kS iy
KA 25 FhZE5MEH G+, HPERIE
T R 7 2500 I [l 4 AR 2S5 R S 50 17 Ff

A4 Dona-Cona (N 1gG2 4LAYE 1 480 1E) . 2) 26
2 F U v DU S B — RO LA T
Doni-Coni (VAR fRIFR D-C), SR AT (5 14 Lo 49 72 P
WP HIZERIAE R, 1gGl i, i 50%, 1gG2
Ml 1gG4 Wz, ¥h 30%, i 1gG3 Hfik, U H
10% . 3) A IgG WU RLHFEL 3. 4 it
HAR BRI LA G5 F, D-Co 55 4 Rk
Je IS ZE R E LR 10 4> e BERR 1eG3 4L T
30% 1) Agn-G3on, HARIIN D-C, W 3,

&3 A IgGl. 19G2. 1gG3 1 1gG4 B SHALFRERIKEGR T ERONFER
Table 3 Sequence analyses of inserted fragments on phage clones in the four rounds of post-selection libraries

with four human IgG subclasses

Phage

libraries 1st round 2nd round 3th round 4th round
higG1 D9n-D9n-A9n; C9n-C9n; Dogn1-Copn1 (5*); C9n-D9n; Don1-Cont (9); Dyn1-Copn1(10)
G3"9n-A9n D9n-G39n; B*9n-C*9n-E*9n; A®9n-E9n
A9n-G39n; A9n-C9n
hlgG2 A9n-G39n; E9n-B9n-C9n; Doni-Con1(3); D9n-CR9n;
A9n-G39n; DIn2-C9n2; D9n-G29n; E9n-CR9n; Dgn1-Copn1(10) Dyn1-Con1(10)
D9n-B9n; A9n-G39n; G2%9n-CR9n; B9n-D9n;
G3R9n-B9n; A9n1-B9n; B9n-C9n-G39n-A9n;
A9n2-B9n2; B*9n-A"9n E*9n-C*9n
hIgG3 C9n-A9n; BO9n-G39n; Doy-Cony; BX9n-G29n; Dou1-Con1(4); Don1-Con1(7);
D9n-B9n; G29n-B*9n; BR®9n-C*9n; G39n-C9n; A9n-G39n(5); A9n-G39n(3)
E9n-G39n G29n-B9n; G3*9n-E*9n; A®9n-E9n
CR9n-E*9n; D9n-BR9n;
D*9n-B9n
hlgG4 D9n-G39n; A9n-G39n; Dgn1-Coni1(3); D9n-E9n Dygp1-Con1(10) Dgp1-Copn1 (10)

A9n2-BI9n2; A9n-C9n;
D9n-E9n; A9n3-B9n3;
G3%9n-A9n-A9n

A9n-C9n; D9n-B9n

*: the number of phage clones with the same inserted fragment; R: reverse sequence of original sequence; 9n: the sequence
of random linking peptides composed of nine nucleotides; D9nl-C9nl: DGCGCACACG-CATGTTGTAG; Dgyy-Copy:

Drcceccare-Coacancaacs Aoni-Boni: Aacceccarc-Baactaceacs Aona-Bona: Acgecacaac-Baacacaaacs Aonz-Bons: Atactactes-

B TAGATGACG-

http://journals.im.ac.cn/cjben
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2.3 ELISA ¥ D-C BEEAS A 1gG1.
19G2. 1gG3 #1 IgG4 R & T

¥ D-C. pCANTAB5S-SpA #l pCANTAB5S
=LA 5 A TERENR R AA , IR R R
PH# R 1.0x10"2 TU/mL J5 AR R 44T 47
ELSIA H#g 3 ZHWE AR 53 1% N 1gG P2 (1 25
AT, ELISA 453 iR : D-C WER AR SpA I
FRXT A 1gG DU 45 G i P v T 11
YRR ; D-C WEPEAXT A 1gG PUMEZE 125 605 M
N T SpA BRI, AL 22 R A Zit#E X
(E 4), HAEN 1gG WIEZEH D-C BEFE X 1gG1
ALE A TEMERGOR, 1263 4.

08 Tpcg.01 zD-C
0.7 r B SpA
0.6 F W Negative control
- P<0.01 O Blank
205 F
S P=0.02
P=0.03

|
LRk

higGl  hlgG2  hlgG3  hlgG4

4 ELISA (b3 D-C BEE{KFD SpA EEEKXT A
1gG1. 19G2. 1gG3 1 1gG4 L&/

Fig. 4 Comparison of the binding activities of D-C and
SpA phage clones with four human IgG subclasses
respectively by ELISA.
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J& E-D-A-B-C, D-C A& ARfEAEH A, AT H
5 il SpA I EAZERIFN 2 F SpG [ EALE R AL 7
Tt 1gG Fo FRZE A 25 Sl b s B AR B LA &5 5C
J, REEEE b e A W IE Al 45 A Wi 4% 1gG Fe
F USSR I AE B A0 49 B (7x7), it K
SR SpA Il SpG FrEF=AE Hh R 11 6 Fl A~ 14y )
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G1-G2-G3, A=A 2 R &) A, SCEHH
AGER I B T 3 A S SRR W B BLI%E 1 ik
2, XFIT R T 1 R B 45 6 1gG
Fo RURETE HA s (BEHLZE 42 IR 5 51 0] 9 4>
SERIRAL A S A ThREA S, W E BT,
B, =AM 45 G e 1 i R IR A Z5 A3 4L A
53§t nl g, &AM AR FhE &
i, SpA RESZWIFN . WK 1gG 454, H 54
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SRR R F, RATHEN S0 T 1gG3 1Y
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7 A BAZERE IR BEALZH 5 W A SR B M i AT T

PRGNy T AT, 15 8] T RER SpA 43 T AT
TE) BA SREE S0 D-C 414, AMUAT N 1gG
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57 KTEPREEQYNSTY RVVSVLTVLHGDWLNGEEYKCKVSNEA «« APTEKTISKTAGIPREFEVY  hlgGl
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TO  sssssssns Foavevvaanannans R (GFea S5 ssusunanansunsnanaans hlgGd
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D49 seseses Foolererorasoscnrtsnscsasansnress Gesrsssnsefsass Jossvrosasassnsnns hlzG3
132 seeses QE-M .............................................................. Fose hlgGd
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5 A IgGl. 1gG2. 1gG3 #A 1gG4 MiF 2 Fc By CH2-CH3 EZ 751 bk 33 o 47
Fig. 5 Alignment of amino acid sequences in CH2-CH3 of four human IgG subclasses. The binding sites of human
IgG Fc with SpA are shaded.
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