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B A% % X (complementarity determining region, CDR)#9 3% 3+ 4F T4 MR 4A Kk L dg %500, H 38
Ao AR AR T 698 2k . S AR B CR A M 2 ik Fe i KA ah, KRR T RAA R IR
SEEMAFLER, ALTT 1 MFFHIELRAGHVIS65*01-IGHI4*01), &3 CDR ¥ &A% B R4
EIIAE, o5kt 8314, @i F L4 PCR (overlap PCR)Y& A K TR AD R B, it 40 K
WAL, RIFT B4 6x10° A F 489 oA A R FAR L% (single-frame synthesized nanobody library,
SS-Library), 23814 E 4k MI3K07 45, BT AEHEAH 10° PFU/ML. FALPLIR 48 AN H %
YATH % PCR 309E, 4HAFIL 95.8%, Sanger MA LR E T 38 NLBEFAI T, HANLFRAR
B BT, BRBIATAMEG AT, RTXE SR, A4 ik &% & (bovine serum
albumin, BSA). Z®tA2 kA B4 (acetylcholinesterase, AchE). & IgG (immunoglobulin G, IgG)% ¥
AR, IR MAT IR AIRIE, 2R KAFT 2 ArAHf BSA. 10 #4t3t AchE VAR 15 #r4+af 1gG 9 4 k
TR, BB AT | AN BT E AR, SREY I RIURY A TEEELIX.
SRR 18] 5B BX 2, 95 R M 52 B4 (enzyme-linked immunosorbent assay, ELISA)#= 24 4% i F #F $2 K (bio-layer
interferometry, BLI)* & 28 & X A R AU Mt AT 7 msE, 4R KM, 4L AchE #= IgG #4940 Kin
R AN I AR BLAUR . F A2 A F 4 3] A 294 nmol/L A= 250 nmol/L. AAFRAR 69 4 R4tk
BRI H G T R B AT ARIFHEAR, A ERA —Fr B A AR IAARLITF 6, AT AFHFH
MRIARGFE 5T A
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Abstract: This study is designed to address the development, synthesis, and screening of
non-animal-derived nanoantibody libraries. Furthermore, it seeks to elucidate the impact of
framework region selection and complementarity-determining region (CDR) design on the
characteristics of synthesized nanoantibody libraries. These investigations aim to establish a
robust theoretical and technical foundation for enhancing the efficacy, diversity, and practical
applicability of synthetic nanoantibody libraries. In this study, a new framework
(IGHV3S65*01-IGHJ4*01) was identified based on the high-throughput sequencing results of
natural nanobodies, and degenerate primers were designed based on the frequency of amino
acids at each position in the complementarity-determining region (CDR) region to synthesize
the coding fragments of nanobodies by overlap PCR. After 40 times of electro-transformation, a
single-frame synthesized nanobody library (SS-Library) containing 6x10° clones was obtained,
and the titer of the library was demonstrated to be 10'* PFU/mL after rescue by the helper phage
M13KO07. Random 48 single colonies were picked for PCR, which revealed an insertion rate of
95.8%. Sanger sequencing results showed that 38 clones had complete sequences, none of which
showed cysteines or stop codons, and no identical sequences appeared, suggesting that the
library had higher diversity. The library was screened and validated with three antigens,
including bovine serum albumin (BSA), acetylcholinesterase (AchE), and immunoglobulin G
(IgG). Finally, 2 nanobodies against BSA, 10 against AchE, and 15 against [gG were obtained.
One positive clone of each antigen was singled out for recombinant expression, and the results
showed that all the three nanobodies were expressed in a soluble form. The binding activity of
recombinantly expressed nanobodies was evaluated using indirect enzyme-linked
immunosorbent assay (ELISA) and bio-layer interferometry (BLI). The results demonstrated
that the anti-AChE and anti-IgG nanobodies exhibited specific binding to their respective
antigens, with affinity constants (KD) of 294 nmol/L and 250 nmol/L, respectively. The
nanobody synthetic library preparation method proposed in this study is simple and easy to use
with low preference, and it is expected to be a universal nanobody discovery platform for the
preparation and development of lead specific nanobodies.

Keywords: nanobodies; fully synthesized libraries; phage display; antibody design; design and
construction

Z&: 010-64807509 . cjb@im.ac.cn



1502 ISSN 1000-3061 CN 11-1998/Q A:# T #2~44k Chin J Biotech

20 K i 44 (nanobody, Nb)4& 1993 4 Hamers-
Casterman 55 YCTE S SERL 50 ) 1) 1385 v & 30
SR U oF T NE /IR N (R Sl | W S RN E = <]
56 4% )R8 H AR E 1 AT R IR AR T i i /DA
S g piikAE e, HE AR R
PEBL SR e T R B EE NS &
FERE Gy Rkt NEA R R 5
FokaE SR T BRI, AR A
TEAED AR 2 reE U by it PIL
KA 5P E G AR T N . e
ZHJL TR, 8 S PO R R
RIAKPUIRSL, SR Se A BRI A 43 162 DL
Fe i T P R AR T T hUA L B, B H T
Wk PR AR Je s SCPERARATI IR ) 2 A B v

AR HUA LR BRI, BT ST 3 R A
RESCIE . RIRSCIE DL B A SR, o, 4
PE L Je FAR SO R 5 T e sh W s s, i
HEAE T RS . B 3P0 DL RN
BT G328 SR T IR BT G iSO i il s ANV
KBy, Ret s ik sh Py TR SCPE Y — e
i, BRI R T R —FhEE AP, &
BOCE HAH 5y . TR RS R SR, 3¢
JE () Z2 FE P AT P A B TR, S a AU
T HA A F e RO, R BT SO
5t . G BUE BT IR & s Y s RGN
ik , DS AT R DA o 0 2 A ) — S e 2
FEE DU A B30 ) 32 A B RRT3r
AR, R SCHRIRE I T A O E X — R
W ] T G R B AR (9 0 3k 55 A =090 e
B 18 FHESE 7 ) S A0 5 AN K B SO i
SRR, SWiEMERUASCEARR, A RCUE
N Y T B A0 K A S SR ] HE B2 7
Saerens 55 UOVHE 1) B AN 4 B TR R AE B2
cAbBCIIIO0, i F Bk g e SO AEHE SR Y R 4F
W, 2016 4F, Moutel ZEBHEH T 55 — M HESE
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Hs2dAb, JEBIAT 4 FOR[EK BEE 1 B AN E
[X 3 (complementarity determining region three,
CDR3), #itM#E T NaLi-H1 3CJ%, 2018 4F,
Zimmermann Z5CIETF 3 FlE HGE B9KLIA R
B T 3 FOANRIAHESE Al 1 3 AR SO

BT RIRGAS A ST 1 ey o P2 SR,
PRAALHTIIN 88 4> VIR RILIN 5 7 4> TR R A
WA G RHfE T | NME Hmd s
(IGHV3S65*01-IGHI4*0)/E A HHESL, LU HE
Bl LA, H4E CDR3 RS G L T 30
S-LibraryP%, FE{dF 5 Fhai o xd SCE AT T 0
WEYGIIE, SR RWITE R IR AR PR ST & B
YRR X SCRE BT A RGP i 5 S TR
BLfl b AR IE T RIRGAHTIK CDR1 . CDR2
I CDR3 XA 2 3L MR 7 5 dp vk, Rt 17 2
T BAHEZE (1) 4 B B8 K BT 44 SCE (single-frame
synthesized nanobody library, SS-Library), Ff{#
F 3 BAS R BT SO0 328 AT Ui e B 1IE

i R

1.1 M5

KI#FT i (Escherichia coli) TG1., BL21(DE3)
FIWEFRL pComb3 XSS AA S % R AFPY; &
A5 UM L g B P Rk pUuCsT-
IGHV3S65*%01 1A= TA Y TR (L) Bedn Ay IR
NWA I R AR E PCR i PrimeSTAR® HS DNA
Polymerase . FR il N UIEF(SA I. Not I, NcoI).
4R T4 DNA Ligase ¥ H 549 TR(K
B BRA F s 5N B -B-D- B ACE B
(isopropyl-B-D-thiogalactopyranoside, IPTG) .
3,3,5,5"- P4 B 3t BX 7K j (tetramethylbenzidine,
TMB) & % . 4 1L ¥ 1 & [ (bovine serum
BSA) Z Bt BBk BE A
(acetylcholinesterase, AchE). /M 1gG T 87
(immunoglobulin G, IgG). 3 £ —fi% PEG 8000,

albumin,
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m 3 -20 B30 B A6 5t RIR E R IR ] 5 High
Affinity Ni-NTA Resin I [ 4 3% P RHE B4y
AR/ . Anti-M13 Bacteriophage, AlpHcAbs®
Rabbit antibody (HRP) ., Anti-His tag, AlpHcAbs®
Rabbit antibody (HRP)X Iy H % # b i 52 A= 4y
B AR Al 5 96 fLEFFRARIA H Corning 23 Fl
2xRapid Taq Master Mix I H § 5 i5MEEAEY)
FHOBR A RA E s BARFLIE A A4 TAEY) TR
(FitE) ey A7 BR 2 W) s SOZEM i B2 BT A 5 19 ih
S W I AR WU RHEOR A A IR A BB 8GR 1),
1.2 NBF5EE

NanoDrop 1000 fdif4ttE . £ YihE
PEEAYL AR RO PR I R B A
wl)s UKL A S — AR )5 B 40 L
T A AR A E); PCR AL, BE
W RLABAL . RFANL AR AR i B 2 i (1) A BR

/A\ﬂ]o

1.3 F&
1.3.1 PRIMEERNCENHEERERE

i1t 3 % PCR 345 56 8 i B g BT 1A ] 22 [X.
(variable domain of heavy-chain antibodies,

VHH) 2 KA B, BRSSO mE 1 fiR. 5
*1 KHRFAS4

1% PCR (PCR1)AIZE 2 # PCR (PCR2)LA-E WA
FEH pUCST7-IGHV3S85*01 kit , {514
SyF1 F11 SyR1 %} CDR1 #7284k, 514 SyF2
1 SyR2 %} CDR2 117 Z#E4k .5 3 % PCR (PCR3)
PLalifk 5 B PCR1 H1 PCR2 =0k i, i
FH514% SyF1-Sfi 1 1 SyR3-Sfi 1 #47 overlap
PCR, FR1S WIS A S 1 BEYI07 500 VHH F Bt .

o FHBR HPE NI S 1 3 lEY] VHH A
BX DL K WE TR pComb3XSS, i [l i 71 £ 1]
W H B 467, T4 DNA JEHEBF 16 °Ci%4% 16 h,
62 ng ELY 4 40 WHLEEL A KBTI TG1
2SN, 37 °CKF5 1 h, B 10 pL FKH]
TICEEREWE , HARD AT 30 hER
150 mm [ 2xYT EARFEH [ 100 pg/mL %
T % 2 (ampicillin, Amp)], 30 °Cid & {8 & 5 57 .
] 2xYT 3 AmIpe e r il B, R
SR IMALHIE ] 25% R Hh, 2R E T
—80 °C. BEHLPKHL 48 A~ FATA 5 1T 7% PCR B
TE, B e bk 4k T AR TRE( i) B A B
S ERT o KB MEGA 11 5812565 I 5 45 5 ik
TP e X oM LA UE 2 Ak . T SO
My B IERY PCR 45140 L35 2.,

1503

Table 1  Primers used in this study

Primer name  Sequence (5'—3")

SyF1 CAGCTGCAGCTGGTTGAA

SyR1 CTGACGGAACCAGCCGATNGYGTARKWATCCAGNGWGAAGCCGCTCGCCGCGCAGCTCAG

SyF2 ATCGGCTGGTTCCGTCAGGCGCCGGGCAAAGAACGTGAAGGCGTTAGCTGCATCAGCRSNAGCGR
YGGTASCACCAACTACGCGGATAGCGTT

SyR2 TGTGCCCTGTCCCCAATAATCATAWTCAY YASBAMBAMBRDNNNBNNBAMBACBACBNNBAMBAS

BASBABSAKCCGCCGCGCAGTAGTAAAC

SyF1-5fi I CATGCCATGACTGTGGCCCAGGCGGCCCAGSTGCAGCTGGTTGAA

SyR3-Si 1 CATGCCATGACTCGCGGCCGGCCTGGCCACTTGAGACAGTGACTTGTGTGCCCTGTCCCCAATA
Omp AAGACAGCTATCGCGATTGCAG

gllIF GCCCCCTTATTAGCGTTTGCCATC

R R s BRI A DD R AL . B TUPAC R4 S AR & B B IR A4, Hob R=A/G;
Y=C/T; M=A/C; K=G/T; S=G/C; W=A/T; H=A/T/C; B=G/T/C; V=G/A/C; D=G/A/T; N=A/G/C/T,
Underlined bases indicate restriction endonuclease recognition sites. The set of nucleotides occurring at a given position is

represented using the TUPAC concatenation notation, where R=A/G; Y=C/T; M=A/C; K=G/T; S=G/C; W=A/T; H=A/T/C;
B=G/T/C; V=G/A/C; D=G/A/T; N=A/G/C/T.
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SyF1

18 bp 18 bp 18bp 18 bp 18bp SYR3

PCRI ﬂSyFl/Sle PCR2 ﬂSyFZ/SyRZ
Overlap PCR
SyF1-Sfi 1
[ |
\l SyR3-Sfi 1
PCR3 | | SyF1-Sfi I/SyR3-5fi 1
Sfil Sl
] Fri FR4 | 1 |

1 VHH KR EAEREE
Figure 1 Schematic diagram of VHH full-length fragment acquisition.

T2 NEWER PCR £#%

Table 2 PCR conditions for library construction

PCR Template Oligos Enzyme Denaturation Annealing Extension Cycles Re-extension
concentration

PCR1 pUC57-IGHV3 SyF1 (10 pmol/L)+ 1.25U 98°C,10s 65°C,15s 72°C,15s 30 72 °C, 5 min
$65*01 SyR1 (10 pmol/L)

PCR2 pUC57-IGHV3 SyF2 (10 pmol/L)+ 1.25U 98°C,10s 54°C,15s 72°C,20s 30 72 °C, 5 min
$65*01 SyR2 (10 pmol/L)

PCR3 PCRI product+ SyF1-Sfi I (10 pmol/L)+ 1.25U 98°C,10s 54°C,5s 72°C,30s 5 72 °C, 5 min
PCR2 product SyR3-Sfi I (10 pmol/L) 1.25U 98 °C,10s 50.5°C,5s 72°C,30s 20 72 °C, 5 min

132 REARRXENRIZESHIR

Wk B /AR J s SC e A SR T 100 R [ A
2% Liu &P ik 7. R 3 A
(BSA . AchE . IgG)X SCEMEAT T 4 %8 [ AH TR &
BUF ALk B YR 100, 50, 25, 12.5 pg/mL,
A 5%Mi s FL B 4% 50 % 1 2 [ (ovalbumin,
OVA)ZZ & B4 , 4 Fe b fir F ik i -20 ¥R K T
}0.05%. 0.1%. 0.15%. 0.2%. B 10 pL M =E
Tris-HCI (pH 8.0)H Fl5 (e B i i, HiAx ik

W AT e T — e ik .
1.33 [EEEFEAEBEKEERMSIIEEE
FH 4 52 fZ

b W TR AR e 2 W B 5235 (phage enzyme-

http://journals.im.ac.cn/cjben

linked immunosorbent assay, phage-ELISA)% &
PR S 1 0.01 mol/L W2 £k 2% vl
(phosphate buffered saline, PBS)¥Ht )5 B £
5pg/mL, 4 °Cil R E . HHE 0.05%0:-20
B9 % IR £h 2% vh i (phosphate buffered saline
with tween-20, PBST)VEAR 3 )5 A 5%t figF
B 2 he JIA 100 pL Rbg M mER 4, 37 ocﬁﬂ%
H 1 ho PBST Btk 6 JG I ABUMR i A ALy il
(horseradish peroxidase, HRP){HEX A HT M13 —.
FL(1:7 500 Fk)PFH 1 he e 8 YU AMA 100 uL
) TMB A%, 5 6-8 min, JiIlA 50 uL H,SO4
(2 mol/L)Z1FJ v, Z RN E ODaso H.,
P54 e (signal-to-noise ratio, S/N)ENSZE64H ODaso
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{EL/BI X B2 ODaso {E>2 #0A FH I 5l .
1.3.4 PRIMEWREGUSEHELERE
FEFPPLIR A BIPE 1 ASBHME A e 2 Rk
# 1A pET-25b, $5%:4k E. coli BL21(DE3), #kH
WM 5 mL LB WAREFRIE(E 100 pg/mL
Amp), 37 °CilEFE, #IGFYILL 1%0 3R it
2% 50 mL LB AR 75 3( 100 pg/mL Amp),
37 °CH; 3£ & ODepi=0.6-0.8 . Tl AL ¥ FE Ny
0.1 mmol/L ¥ IPTG, 16 °Ci#S 14 h, B.0J5, fii
FH 1/5 PAFRTA 9 0.01 mol/L PBS (pH 7.4) T & H
A, R P R I 4% BR AT A3 4T F Ni-NTA SEFIZHr
Ak HAREE 1, SR NI TR IC I8 e H Uk (sodium
dodecyl sulfate polyacrylamide gel electrophoresis,
SDS-PAGE) /1 8 FH #&k A K alifb i, i %K

f Quantity One FHATKIEE fE 34T, 8t (A3
16 A0, 2% W [ 5K 56 (enzyme-linked immunosorbent
assay, ELISA)Y e 2 TGk o (0 FHAE PR T- 0L
A (bio-layer interferometry, BLI)X}$HtJ5i -5 H X}/
YN AR BT Z 18] B AR B A T 5E o Al ik i 4h
KA T3 7 5 11 7 A 5 — ARG LA I A ) 1 Ik
##(amine reactive second-generation, AR2G) =4
R b, [ W1 mol/L, pH 8.5)%H &I
i ERGE G AUORBUIAR BRI AT R AT, Bl VR S
MPRAE AR2G BHATES AR AT, S
11 B EER HEAUG I Z T 1T 26 F0 ) KD fH.

2 ERE54M

2.1 VHH 2K EARIFKEL

i 3 % PCR #1556 88 1 VHH 2K A B
WK 2A i, PCR1 Al PCR2 ¥3R75 T 5Hi¢
F/INFHAF /) 25417 (120 bp i1 270 bp). Lhalifb )5 Y
PCR1 #l PCR2 J*WIVE AR IETTE 3 & PCR
KU, A€ VHH (¥ 38 5% 5| B &S S 1,
gELNE 2B FfR, PCR 72415 BG40 K/
(440 bp)—3%, F£WH VHH &K HBAY 3 A~ A
Ut %€ X (complementarity determining region,

Z&: 010-64807509

CDR)¥ M) ZHE 1k
2.2 SS-Library HHERRELE

WK 3A fir, pComb3XSS 28 S I )5
W 2 SRR A5 B IRDSCH RN R 3319 bp
W 5% T IR 22505 . Kl 3B B VHH &K H
BR8] T KN 400 bp 95547, 5
AR A o AR e (SR o) H B9 47 A T
ms, g5 anE 3C, 3D Fras, BN S B
— . KUNIERA, FEWAT OB TG 2k 00 B i
W WY TS RS T
6x10° N YL Y SS-Library (3 3).

7% PCR 5 RN 4 s, 7EREHLERE )
48 M IEkE, 46 AREY 1Y H 5 HEIE K/ 640 bp
MFFHIAH, THARIE 95.8%, WIHERSCE
it K. Sanger M P45 R 5 fias, Hp

Bbp

2000

1 000
750
500

250

100

2 Overlap PCRY 1 VHH £ K | ER 37 A5 HE 5
FREKE  A: 55 1. 2 5 PCR WISt WEBERL
HLJK &l . 7kiE M: DL2000 DNA marker; Jkifi
: PCR1™¥); Vkii2: PCR277¥). B: Overlap
PCR W BRI HEBE B IK I8 . JkiE M: DL2000
DNA marker; ¥kifi 1: VHH &K H B

Figure 2 Agarose gel electrophoresis of overlap
PCR amplified VHH full-length fragment. A:
Agarose gel electropherograms of the first two
rounds of PCR products. Lane M: DL2000 DNA
marker; Lane 1: PCR1 product; Lane 2: PCR2
product. B: Agarose gel electrophoresis of overlap
PCR. Lane M: DL2000 DNA marker; Lane 1: VHH
full-length fragment.

X: cjb@im.ac.cn
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2000

2 000
1 000 1 000
750 750
500 500

20— 250

100 100

3 NEMBOFERERKREIXE  A: pComb3XSS MHUIHUIRMIEE K HIKIE . WKIE M: DL5000
DNA marker; ki 1: pComb3XSS W¥]/=#). B: VHH EEUIBIEHHEERS kA . WKiE M: DL2000
DNA marker; JKif 1: VHH F§VI™4). C: BB BUIE ML -k 8. PKiE M: DL5000 DNA
marker; JKiE 1. WERECRLEL ™90, D K BIOR Be B iE B BE I LIk 181 . JkiE M: DL2000 DNA
marker; ¥KiE 1: VHH &R FEY)

Figure 3  Agarose gel electrophoresis of library construction. A: Agarose gel electrophoresis of
pComb3 XSS digestion. Lane M: DL5000 DNA marker; Lane 1: pComb3XSS digest product. B: Agarose gel
electrophoresis of VHH. Lane M: DL2000 DNA marker; Lane 1: VHH digest product. C: Agarose gel
electrophoresis of carrier recovery. Lane M: DL5000 DNA marker; Lane 1: Phage gel recovery product. D:

Agarose gel electrophoresis of target fragment recovery. Lane M: DL2000 DNA marker; Lane 1: VHH gel
recovery product.

#=3 BEBRBEINEXEERES . 38 M yEREIFAERE, B E IR A S
Table 3  Gradient dilution method for library WA, Sanger MU FF I8 5% 191 ] (9

capacity determination

Dilution factor 102 10° 104 10° R IR #% M % 2 8 (Pearson correlation)y 0.979 9,
Colony count - - 4000 500 YEMIEITE AR N 75.8%, FEHAS RN )F
—REBRHEKRZ, %Yiiﬁ’ﬁ(o 5']5&%%’]@%%0
“~” means too many colonies to count.
bp M 1 2 3 4 5 6 7 8 910 1112 13 14 15 16 17 18 19 20 21 22 23 24
2 000
1 000
750
500

250
100

bp M 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
2000
10

90

500

250
100

B4 &% PCRIZASTESACHIKE  Jki M: DL2000 DNA marker; ki 1-48: 481574 PCR %%
Figure 4 PCR agarose gel electrophoresis of colonies. Lane M: DL2000 DNA marker; Lane 1—48: PCR
results of 48 monoclonal colonies.

http://journals.im.ac.cn/cjben
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40 60 80
I ) |
Clone 1 scaASGETEE NEANGWERQA Eclisc WSSSGGTTNE SHBENAENTEN
Clone 2 SCAASGETEE SHTHGWERQA EclsSc WMSESBGTTNE SHBNAENTM
Clone 5 € SCAASGHTEE sSETNGWERQA Eclsc MSASGGTTNE
Clone 6 € SCAASGETEE SNAEGWERQA EcNSC WSSSGGSTNE
Clone 7 SCAASGESEE NETHGWERQA EclSC MSASGGTTNE
Clone 8 | SCAASGESE BCWERQA
Clone 10 € ScAASGETEE NEANGWERGA
Clone 12 G SCAASGESEE NEAEGWERQA EcEsc WSGSGGSTNE
Clone 14 SCAASGETEE SHANGWERQA lisGscGTTNE
Clone 15 QF SCAASGETED B
Clone 17
Clone 18
Clone 20 (
Clone 21 ¢
Clone 22 SCAASGETER NITIGIIIGA WsGSGGSTNE SHBNARNTEN
Clone 23 @ SCAASGETER NIT.G..IQA Eclsc WMSHSBGSTN sl|NA|NT||
Clone 24 { B sHTE Eclisc WSGSBGSTN SH
Clone 25 € Eclisc WSTSBGSTNE
Clone 26 @ Eclisc MsTSBEGSTNE
Clone 28 @ Eclsc MSTSGGTTNE
Clone 30 @ KEREGNSC WSSSGGTTNE
Clone 31 PGEEBEcNSC MsHscGTTNE
Clone 32 PGEEREGNSC WSASGGTTNE
Clone 33 ¢ K Cc WSHSGGTTNE
Clone 34 HBsASEGSTNE
Clone 35 HsTSGGSTNE
Clone 36 ¢ HSGSGGSTNE
Clone 37 ¢ SCAASGETEE THTHCWERQA WSESGGTTNE
Clone 38 SCAASGETEE NEANGWERQA lisAsBcSTNE sH
Clone 39 SCAASGETEE NE |G|||0A SIlNAlNTl
Clone 40 € SCAASGlSll SllNA.NTI
Clone 41 SCAASGESE SEBNARNTM
Clone 42 SCAASGETH SHEBNARNTN
Clone 43 { SCAASGESEE THTHGWER SHABNAENTH
Clone 44 SCAASGETEE THANGWERQA NsGcsBGSTNE SEBNARNTHE
Clone 45 G SCAASGETEE ENTEGWERCA HsGSBGSTNE SRENARNTNME
Clone 47 ¢ SCAASGETE NsAsBGSTNE
Clone 48 SCAASGETE NSTSGGSTNN
Consensus QLQLVESGGG SCAASGFTLD ISXSGGSTNY

100%
Conservation
0%

Clone | BomMNSERPEB
Clone 2 §aMNSEEPED
Clone 5 BavNSEKPER
Clone 6 BaMNSEEPEBR
Clone 7 BavNsSEEPED
Clone 8 §aMNSERPER
Clone 10 gaMNSEEPEBR
Clone 12 gauNSEKPER
Clone 14 goavnsHEPER
Clone 15 gaMNsSEEPEBR
Clone 17 laMNSEEPER
Clone 18 §amMNSHEEPER
Clone 20 BaMNSEKPEBR
Clone 21 BavNSEEPER

Clone 22 BQUNSEKPEDR

Clone 23 QVNSHEKPEB
Clone 24 BQMNSEKPED
Clone 25 BQMNSHEKEPED
Clone 26 BQMNSEKPER
Clone 28 BoavNSEKPER
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