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Construction of phage-displayed random combinatorial library of IgA affibodies and its directed in vitro

evolution
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[Abstract] Objective To construct a phage-displayed random combinatorial library of IgA affibodies and to analyze its
directed in vitro evolution, so as to study the relationship of IgA affibody structure with its function. Methods The coding
sequences of two affibodies, ZAl and ZA2, were generated by overlapping PCR. The affibodies with a random linking peptide
coding sequence in the 3’ terminal were randomly ligated and cloned into the Kpn | site of the phagemid pCANTABSS to
construct a combinatorial phage library. Totally four rounds of in witro human IgA directed evolution were conducted, and
selected phage clones were prepared individually to test the IgA binding activity by ELISA technology. Results  The
combinatorial phage library was successfully constructed;it contained about 3. 4 X 10" clones with a titer of 1. 6 X 10" TU/L.and
the positive clones accounted for more than 79%. Sequence analysis showed that the two single affibodies were randomly linked
by random linking peptides. The composition of the phage clones displaying three or four affibodies in tandem increased
remarkably along with the rounds of selection, which indicated the successful IgA directed evolution. Three new arrangements of
two, three or four affibodies in tandem were obtained. ELISA results demonstrated a significantly enhanced IgA binding activity
of three or four affibodies in tandem. Conclusion A series of new IgA binding recombinants have been obtained by directed in
vitro evolution of combinatorial phage library displaying randomly linked IgA affibodies. The three or four affibodies in tandem
have much higher IgA binding activity than others.indicating that the in vitro molecular evolution is an effective way to produce
IgA binding proteins with high activity.
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TgA J& A\ A H5 8 1Y) 4 328 Bk R 11 2 26 I A 0 1)
WET R SRR R TgA 456 0 T X 1gA 1)
R 4l £ A B 24 F o8 B A R . TgA
A Caffibody) J2 [ 4b 24 35 F H 5 1) 4 F dEfb 3
ARMULE O ERE A B (SPA)Z 45103800 &
(1% 5 735 A SC T P B AR A R R S M A A TeA 1 —
REEGH T RMLFZ RRMAE 1g 55 HA
an SPA SPG 1 ppL S & 24~ & 52 8K Y & JE [R]
TR Tg 45 & 25 M B0 0 TgA S5 AR HUAF 78 —
N 1gA G0, AT IER, 24254 45
14 5 B AT AR W G TR G R 0 2 A e T
SR Tg A S5 AR A3 7 H3 B 75 BB S I 1 4 7 Tg A
i A ThtEr TEZ A E ARG F BB B S T b
MW E TgA S5 G167 T [l 25X 26 n] B, AR 0 5%
DATGAS TgA S5 FA 53 F O JEAS Ty BE B 07, 44 £ 7 Ik
PR SRR 1 Tg A S5 VA B AL % B2 40 5 SO L IR 4%
IgA 6 AR Z (8] 5] A BE ML 322 BK 7 51 DL AR E H 45 A
IRE M IE & K s BN TgA X 2% SC P 147 3%
i e AR JLFR TgA 25 & B8 1 KR4 & 1) TgA ZE
RER BRI, BRI T,

1 #HEMTE

1.1 RmE##AsfBA4t pMD-18T FHMAKKF &M A
TaKaRa 2% #] ; pCANTABSS W B k% 4% 14 i 45 —
PR 2 0 A W 2 B0 % AR A7 pET 320" 2K 1 H
Novagen A #) ; E. coli ToplOF.E. coli TGI.E. coli
BL21 (DE3) Fifi B e i 4k M13K07 WA ZE - AE .

1.2 #HAAE A IgA.IgG.IgM Hi /K F Sigma
T RN T ARPUAR 1gG1Fe 43 P B Bk A4
W2 ey A BR 2 w4 43 s AE W) R W T 1 T A )
A B S T 5 BRI PR A B IEK B BT anti-M13mAb-HRP
W H Amersham Pharmacia 2y &, BR #l ¥ /N U) BE
Kpn 1 . Ligation High i # W F1 6% M % f& i W T
TaKaRa 2\ A] .

1.3 31445 RG]k R 1gA AR F
G, B g TgA sE MR ZA1,ZA2 JP 311 8 %45l
WEIFH R D, 5IA Kpn | BV 5 (GGT
ACO Y B 514 UB1-K.5'-GCT TGT GCG AAT
GTG ACC AGC GTA CGC ACG GGT ACC GTT
GAC AAC AAA TTC AAC-3";5I A Kpn 1 BV 7
SUABEMLE 2 R4 A5 )5 51) (NNS NNS NNS) (1 T i
1% DBI-K:5-ACG CTC TGT GCA CTC ACA
TCT AGA GGT ACC SNN SNN SNN TTT CGG
AGC CTG AGC GTC-3", T W B o B on 3% 1k
pCANTABSS H v B 7 B i) PCR 9738 & 0 7y iy 1
W5l ¥ pCANTAB5S1:5-CAA CGT GAA AAA
ATT ATT ATT CGC-3', T 519 pCANTAB5S-
6:5-GTA AAT GAA TTT TCT GTA TGA GC-
3", HT ke pET32a " KKK L1y BS54
B-S-U1:5-GGA TCC GAG CTC AGG CCT GTC
GAC GGT ACC GTT-3", Fift514¥ S-H-D:5-GAG
CTC AAG CTT ACC AGA TCC ACC ACC GCC
GGT ACC-3", VL BRI ZIE il R A Y H R
A RAF A,

F1 A IgA FMEHNSY
Tab 1 Primers for PCR amplication of two IgA affibodies

Name Description Sequence(5'-3")
Up-1 Sense terminal primer of A1/A2 GGG TCT AGA GTT GAC AAC AAA TTC AAC AAA GAA
A2-U-2 Sense terminal primer of A2 CGT GAA ATC CGT GAA CTG CCG AAC CTG AAC CAC CAG CAG AAA

CTG GCT TTC

GGC AGC AGA CGG ATT TCC TGA GAA GCC TGG ATG GTT TCT TTG

CAG GAA ATC CGT CTG CTG CCG AAC CTG AAC GGT CGT CAG AAA

GGC AGT TCA CGG ATT TCA CGA GAA GCG ATG ATT TTT TCT TTG

ACC CGT CTC AGT CTG CTA ACC TGC TGG CTG AAG CTA AAA AAC

GTT AGC AGA CTG AGA CGG GTC GTC CAG CAG AGA GTG GAT GAA

Al-D-1 Anti-sense terminal primer of Al

TTG AAT TTG TTG T
Al1-U-2 Sense terminal primer of Al

CTG GCT TTC
A2-D-1 Anti-sense terminal primer of A2

TTG AAT TTG TTG T
Al/2-U-3 Sense terminal primer of Al/A2

TGA ACG ACG CTC A
Al/2-D-2 Anti-sense terminal primer of A1/A2

AGC CAG TTT CTG C
Down-3 Anti-sense terminal primer of A1/A2

GGG TCT AGA TTT CGG AGC CTG AGC GTC GTT CAG TTT TTT

1.4 IgA FAhe LB AR LIFE1PIRK S &K
S1H AR, Overlap PCR B 7 9 1 1 45 1gA 3¢
R ZA1 1 ZA2 F B, %% Br PCR =49y [Wl Wi 4li 1k

J5 43 SR A pMD-18T #4415 & $2 IUBURE , %85

Fe i i
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1.5 HRARET IgA FhikMna s L E#H
& LIS T pMD-18T £k b il 3 % 2 1E i 1
ZA1.ZA2 HHEH, LI UBI-K,DB1-K N 5| ¥y, ¥
#r Kpn T BRUIGLS B ML EZ IR ZA1 . ZA2 |
Bt, PCR =W In 26517 K pn 1 B Y 10l i 26 4k 5
Wi K7 2R pCANTABSS ki Kpn T + B M
1% il 2 PR AL AL B B ZA1 \ZA2 WY IR R B 2k
fb pPCANTAB5S ¢ 1 ¢ 1 = 2 (9 I ] Ligation High
AR AR A U B AT M RN VT W e Ak
E. coli TG &2 75 41 Ml , 4 B Wit 78 4K M13K07 (2. 0 X
10" TU/ L) ¥R KL il 45 Wik P AR 7R Tg A 2 FIAR Bl L4
B SO L0 2R 25 kR T A B

1.6 F4 IgA FAe R H Ak LR KI5 Tt
& NIgA H pH 9. 6 BB AR Eh 2% 4l 200 . 9%
(MR 10 meg/L) THEA MR B H & 10% BLAR U3
#5.0.01%NaN; 0. 1% Triton X-100 ) PBS # H #&
FIREH 1 hJFFH 0. 01 % PBS PE% 5 W, HEA MR L
BEALAE N 100 1 FH PR, TR0 100 ] IgA 5% FlIAA LR
FRSCE,37°CE 3 h JF ek 30 Ik, HfLinA
100 pl AR EBXMEE KWIAY E. coli TGI,37°C 1 37
1 h AR TR L 43 5 10,1,0. 1 pl TRA T8N 5 %
F (Amp) U 2E ML 3H 50, 00 5 05 78 AR 19 Tg 25 A 1
B, HABMBY HZE 50 ml 2X YT (& Amp 100
mg/ L) B IR L 37°CHFE 1 h 5N 10" TU 15 By
W R M13KO7, 155 % 1 h JF A RIBE £ ZE 15
mg/L.37°CH L. WFRW IS 0. 22 pm JEHE
VgL BN TgA ZE IR BE 5 /Y TgA 2% AR I B 4
JB . B U R AN I B O R [ 25 0 i . b 34 O
WHBEL 45,

1.7 FHEEB R H S A ELISA X% BEHLPE
U ) i 326 %6 W 1) BRL B0 e TR V% 20 AN 2R T 10 ml
2X YT Amp 100 mg/I) R FF,37°CHiF# 1 h e
A 10" TU B4 Bime i A& M13K07.855% 1 h 50
AFEEFEZRZE 15 mg/L,37°CH itk . PEG ULHE
FIME AR S BT 2 ml 2X YT b, 43 500 <2 o o [ e
PR B . I LD3 WE R R 1 pCANTABSS W 1
A3 530 VB FE P o 0 B P ko R 7 R 0 ) s £
W R 10” TU/ml J5 & B 100 pl iMA IgA 2
B ELISA A&, 37°C it 2 h J5 ] PBST ¥t 5
UM BRI B R i BC B P 245 4 . TMB I8 68 )5 32
B D oo BUE L R T 33K 26 PR 57 38 MR TR AR 1) Tg A 25 G 1
P, FIRER IR 1eG 45 & 16 1

1.8 kLB FIl 50 PRIE ELISA B£E1

BH P B 5 [ L T DNAL il 482 328 700 5 il 2 4t b 4 i
PR L Z2 50 T YRR TR A ) B A BR A w43 A
LWE FF 51 % pCANTABS-S1 K& F i M /¢ 51 4
pCANTABS-S6 #F471E | 5 ] J7 51 22, W5 45 5
DNASTAR 345 #r .

1.9 it F 4@ R SPSS 11. 0 48t 4 14t
ELISA K ACHs 2E 47 Ge v h 24 b B, 11 5 58 kL £ 41 i)
FU A5 SR FH B R Oy 22 40 A 401 1) 0 G L SR ) g A
5, UL P<<0.05 WA EEX.

2 # R

2.1 IgA#FFHhg B &SR  H Overlap PCR 1Y
IEA W IgA SEMK ZA1,ZA2 F B, IgA 35 FlK
KNS E A 174 bp. B KA R & 8 ZA1,
ZA2 FUNS S E AT . B P R B il v B T
pMD-18T ZEAKIEAT P 51 43 M7, 45 5 5 SCHR 1] #2 41t
P9 58 4 — 3L,

2.2 HEABKRET IgA FARMALE S L EGH
i LAZA1ZA2 R B fisk . L UB1-K . DB1-K
19, e P Kpn 1 BV A (GGT ACC)
13" A 3 A BE AL B2 K (NNS NNS NNS) (#
ZA1.ZA2 FBE, R/ 195 bp, WE 1 B 1.3 %&
W Kpn T MEVIE R BER/NR 183 bp, WL 1 956 2.,
4 %45, it 5 DNA bRic# this. ZA1. ZA2 F B
BRSNS EUREA ST . ZA1.ZA2 F B Y]
LA, 5 2 R 48K pCANTABSS #8525 16
Bl 0 PR AR SR A T A S RV B AL 2H 45 0 o A S s
SO, 2 E RN 3.4 X107, EE 1. 6X 10"
TU/L, EEIRE AN 0, PCR Kl 8R4 A CER&H
0.1.2 5K/ TgA SEFARTER A R B, PHAE 5 B L i)
SATIR 79% (B 2) . FEA AT R TgA S5 R Bk Fifi
B3 4% L BEAIL % B2 KT 51 2 BE AL 20 A

1 2 3 4 M bp

— 500
— 250
— 100

1 IgA EF{K Kpn | B V1B 5k E
Fig 1 IgA affibodies with a random
linking peptide digested by Kpn [
1.3:ZA1/ZA2 affibody; 2.4:ZA1/ZA2 affibody digested by Kpn | ;
M:DL2000 marker
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1 23 4M5 6 7 8 C 1

234 M 567 8C

9 101112 M 13 1415 16 C 9 10 11 12 M 13 1415 16 C

17 18 19 20 17 18 1920 M 21 22 C

B 2

IeA FMEHEXEBANFRADE
Fig 2 Composition of phage displayed random
recombinant library of IgA affibodies

1-22;Clones in the library; C:pCANTAB5S; M:DL2000 marker

2.3 IgA FAR@a L EGRIN T A
IgA X TgA S FIA BEALZE & Wik 1 A SO R AT 4 B8 0%
AT , B 58 0t 16 rp B BEBAPEXT IR O T RESh AR
71 e RO L FATT X A e U 8 ST Y T A 25 T v
TR T TR JEE L 45 R/ AR BT SO P Y 4
JRCAE DL HEAT Bl 25 A I, A6 4 FE 077 08 SC A v Bt AL Bk
48 AL L BEHEAT PCR 7 HE A I 45 B R/ AR B
CHT A [) 280 1 ) B0 445 g e 3 T ) A S8 b ) AL
B0, NF 2 n] AW 3t 75 2, Bl 3 0 128 48 s
BH P 2 B K R BE 5w e (=2 domain) BT (5 9 L 491 15
St e MG B v b Ch #UR B % TS A R BO
L2 BAAS S AR FERE BT i 19 L BIAS W IR, 3 28 (R
T R A R

R2 RAFMEEEFXESRBTETERAEEENITHEME ST

Tab 2 Counts and percents of positive clones with insertion of different sizes in each post-selection

[(n(%)]
Selection round 0 domain 1 domain 2 domain 3 domain 4 domain Total positive clones
Fo 8(18) 26(59) 10(23) 0 0 36(82)
F1 5(10) 24(50) 19(40) 0 0 43(90)
F2 2(4) 20(42) 17(35) 9(19) 0 46(96)
F3 0 2(4) 8(17) 16(33) 22(46) 48(100)
F4 0 0 0 6(12) 42(88) 48(100)

F:Phage library;0 domain: Negative clones; 1 domain:Positive clones with single affibody;2 domain:Positive clones with two affibodies in tan-

dem;3 domain: Positive clones with three affibodies in tandem;4 domain:Positive clones with four affibodies in tandem

2.4 IgA FAefkPE L ERES> T8 IgA 446 7F
P e DO BE SCEE Pk e 1.2.3 F 4 £ KNI HL
SERERS 4 A~ 43 ] A% B T B R TR AR, ELISA 46 U
T AT R I T AR 1 Tg A 45 4 3% L T 15 1Y BH A
T8 LD3 Ry A< 2 i A B 52 b o] 45 3R A5 19 X Tg A
IgG . IgM A R4 A B8 1 45 A 4r . 11 X id
pCANTABSS 225 1) W BARL 40K , K il 25 2 i 17 42
TFERAb 3, % 1,234 B R/ B 5T B 43 7 43
AT B AR R 1 AF A 2 F5 R/ TgA SR A
RIS T 10 TgA S5 A1 2Z T TSI B X
(P=0.284) ;3 f5 Ml 4 f5 K/ TgA 5 R B 50 fe
ST IgA S5 AT R 20, 2R G2 E
M (P=0.089);3 fff Fll 4 fFR/INAY TgA & Fl A B 3
P53 F 45 GG PE ] W T 1 A5 AN 2 £ TgA SRR
BB S A SRR L (P<<0. 01, B 3A),
[ A 118 7 1k A ) sk S B B R W TR AR 1 1G4 & i
PE B R K B Tg A SR FIR J3 F 1 B 5o [ I 1 1A
BT 1gG &5 A0, S AR 2R Y LG I F8 X
(P>0.05,& 3B),

P<0.01

Daso

II234I11|234I1!234‘11I234‘1LD3SS
1 domain 2 domain 3 domain 4 domain

1.2 B

0.8

S

0.4

0
II234I11|234I1!234‘11I234‘1LD3SS
1 domain 2 domain 3 domain 4 domain

B3 IgA FMERRSFH IgA(A) T IgG(B) HATFEMHLE
Fig 3 Binding activity of representative molecules
for human IgA(A) and IgG(B)
1,2,3,4 domain: Represents single affibody, two affibodies in tan-
dem, three affibodies in tandem,and four affibodies in tandem, respec-

tively. LD3:Positive control; 5S:pCANTAB5S, negative control



51 ISR SR Tg A SR A A AL ZE 5 ek T AR SO ) A A A SN ) T R A « 5

2.5 TAMEEFE R oA DA R Ok S
TP 2.3 F A4 4G R/ T B AR 22 A AT R A
M52, M 45 5 ] DNASTAR #4538, KA 2
T2 A~ TgA 2% AUV BB BE AR (9 41 & 5 1 0 B0 0
A2-A2 I A1-A2, TR OB X B A & B Y %
FERF 551 B 3 A TgA SE AR B BRI A S 5T
P ROE 3 AT-AT-A1 (A Bl AL % 32 K 19 2 56 W 7
IV 2 FORRIE 1 Fl 4 A4S TgA SR FIA SR B Y
HETHMIER  A2-A1-A2-A1, 3 H I BE L % #
JR AR 5E 4 —F (K 3) .,

x3 IGAFMERAERERRS FRFEIISIN
Tab 3 Sequence analysis of representative

molecules of positive IgA affibodies

(N=22)
Size Number Arrangement Random linking peptide
2 domain 1 A2-A2 NPS -TCQ
2 domain 3 Al-A2 QIT -ICM
3 domain 2 Al-Al1-Al RSH-AGR-TGH
3 domain 6 Al-Al1-Al VKD-MKT-ADA
4 domain 10 A2-A1-A2-Al RHG-NLN-TKD-SRH
3 W it

FEFIAJE Nygren™ M protein A HLE5FIR-7 45
PRSI 13 A 2% 1124 3 198 5% 35 B AL 16 T B 1 SC 2
Mo Fib b F Bk kA & F N T8 58 AL ]
TR AW T IFIRGES RS G EAA
TR ARKNTFZAEBEINX A CD28 %4> F 45 &
Gy F XSS G Ay F A 4 R IR, IgA R RIE
VER —FPSE MR, R 5T g 28 Z 25K 300 1eG 45
BIEPE B R T 1gA RS EES . SR, pro-
tein A GLE AT 5 A HR K EE A 0 45 4 45 H L HL At 4
W 1g 45410 ppl A 5 A~ HBEE R 45 A 4
5L SPG 47 3 MM HREXE R M4 A 45k, A . g
3 R A P T IgA SEFURXT TgA B 45 4 fiE
T T ARG F B R,

NT ERWEE B AR SR TgA SE A
BEAIL HR B 2 5 e A A JR 7R SR LA LR R A (D K
ZA 1gA FERR PR PESS A TEER S AL Fl A2
VR hy 2 P 10 45 K 20T, AT LABA 5 7 A 85 35 Ik i 2
Gy F s ()5 B AURR 3 51 A 3 AN S TR KN 1 bl
ML 2 K, WE 9 K SC % v 41 00 1 RO 80k, HL B Ak
Z IR0 A e LA T 22 1 1 R ORI R Y 3 ML £
TE R 45 A1 M B F 0 AR . (3) BEMLIE $2 Ik %
WF B3R NNS(N K A/T/C/G 4 Bt g H 1T

BEMZITR.S N G/C 2 IR —) ., il LUk
o2 1k 5 S F 1 B, DR IE SO 19 A A R 2 R
PEOT L ARHIE g BT AL Y BE BIL 4L A SR JE 2 K E)
3.4X 107, BHME 5L B L S 33k 7990, A1 R A2 #B
FEAE I S BN B2 L Bl AL 7% B2 K7 51 o RAF 1Y
BEHLYE L 58 4 AT LA R AR Sh 2 F BEAL R X 1 25K

PRAI 5 ) 43 F BEAR R 6 — A 0 o TR
11 19 7Y A= ) ¥ 8 (biopanning) 1 B2 , AN 52 86 A ™
% 428 T S 06 45 1 o AR A L At b 3 o W T A R O ok
ST 1 &5 6 TR T8 B30 W TR A T R T B A S
X R SN 37 E Ak ik B AT 0 A M L 4 O kS
JIE B 45 A T VE T BCER IR B 107 DA W B AR B 34 3R
F 10", BEAA LN 0, UL B A 2 F i it
PR IE AR TG 1, 45 R FLSC AT & ZE b AR v W TR
ARSI i 7R 4 AR BRIV & 28 T B S 1 B
AL R EACEES 1.2 AASCERY 1 AN 2 AR TR
IR T R E AL RERE 3.4 ARSCIERY 3 AN 4 A
2 FAR H B A 5y

Sk 1RG0 e TR AR S T R AR A R BER /N AR
IR A RS, FRATT N 2 SCE P Bk ik 1.2.3 F 4
FE RN B 5 B A5 4 AN 43 S ) B e B W TR
LI TgA S5 AR B A FE 2R . ELISA &
SERMGHE BN 1SS 2 5 KN IgA 3B
VA I TR AR s B 1Y) Tg A 25 6 3% PR A O AR, 5 2
6] JC B 4 22 900 5 3 A5 A 4 £%5 KNI TgA 5 R G 45
A PR B R A B TR TE G 2 S H B
T A 2 A% IgA SERIMR (P<C0.01), % —45 53
ANAS UG BT I R R SR T SR A A R B R NI R
(B0 PR AR A LA AR 2 1 7 S0 T LR R 3 AN DA
I TgA FEFR ST 0 BB AT REAEAE 5 B A 26 R 43
TAT TR AR 1Y TgA g5 A HLH . B Er, IATIESE
X3k — A R B TgA 25 G AL HEAT 3 — 25 IR A
5% .

h T — 2 T SR K Sy T 254 5 T RE Y 56
BN AT 2 A% 3 AR 4 A5 R/NEY TgA SRR
FHPE e B E AT P 0 40 B . 25 R BR 2 A IgA M
RER IR R 1 4l & 5y F /0 BROE A 2 Bl 4 5k
A2-A2F A1-A2, 5 kg OB XL H A 25 A 2hRe 1) %
KA 5 100 A 3 A 2 AR BB AR 2 25 o [a] —
FIE N AT-A1-AL, Kooy F 22 [0 1 i it HA 2
FOE 20 IrA 4 A 26 FA B3 36 A 43 1 . 35 S [a] — 4
BUE R A2-A1-A2-A1, 53 8] 4 o [6] — Pl % 42 ik 3%
B, PO Hras UL LR oy R G TS
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