£ T R ¥ N SEBBLAREOATILE
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Jun. 25, 2020, 36(6): 1069-1082

DOI: 10.13345/j.cjb.190460 ©2020 Chin J Biotech, All rights reserved

XNE, W

WY BEMBrS TR, R 1 570228

R, BRAF. RIS B S . AR T REAEHR, 2020, 36(6): 1069-1082.
Liu X, Chen Q. Progress in shark single-domain antibody. Chin J Biotech, 2020, 36(6): 1069-1082.

W OB PEAMRRLETEZNAEANKRS T, ERBELAN. WIS B AR LT L FMBIHRIF 2R, 22
PABERARGSTER. SMELFEAREBHED ZRAFNAH LG —FT L RGKXEREL. A, SaTanEE
TR E A SRR HERTE ., BREBIARE BRIIWRZIRT E R (Variable domain of immunoglobulin new
antigen receptor, VNAR), ZATZ ¥ 8 & X XA K E69# 4R <4 (Immunoglobulin new antigen receptor,
IgNAR) St it A B TARB R EKF OB LSRR, L4 TFMH 12 kDa, £ B AT SsnHMsh4h F R+ & 694n
RSB, BREBRRAEA ST EN. FhAG. FBAMKZR, BHRELF. ARFEEBART IR BRIRLR
FALERE, ERBRFNARGY I L FARZE T 2 kiE., X PSR T ERIRIKRG LM A fedd .
H & BANRACHER A F Ao )RR BVABE AR, St RRMSI T EREBIARGRER S, REXHEL
FA w#ATT A,

D EEHE, BREBIUVEK, FIRAK, FARARTER

Progress in shark single-domain antibody
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Abstract: Monoclonal antibody (mAb) is an important biological macromolecule and widely used in immune detection, in
vitro diagnostics, and drug discovery. However, the inherent properties of mAb restrict its further development, such as high
molecular weight and complex structure. Therefore, there is an urgent need to develop alternatives for mAb. Various types of
miniaturized antibodies have been developed, among which the variable domain of immunoglobulin new antigen receptor
(VNAR) is very attractive. The shark single-domain antibody, also known as shark VNAR, is an antigen-binding domain
obtained by genetic engineering technology based on the immunoglobulin new antigen receptor (IgNAR) that naturally exists
in selachimorpha. It has a molecular weight of 12 kDa, which is the smallest antigen-binding domain found in the known
vertebrates at present. Compared with mAb, the shark VNAR exhibits various superiorities, such as low molecular weight,
high affinity, tolerance to the harsh environment, good water solubility, strong tissue penetration, and recognition of the hidden
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epitopes. It has attracted wide attention in the fields of immunochemical reagents and drug discovery. In this review, various
aspects of shark VNAR are elaborated, including the structural and functional characteristics, generating and humanization
techniques, affinity maturation strategies, application fields, advantages and disadvantages, and prospects.
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Fig. 1  Schematic diagram of different types of
antibodies.
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A Higher vertebrates
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Fig. 2 Comparison of transposons and cluster
arrangement of immunoglobulin genes in higher
vertebrates and elasmbranchs.
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Fig. 3 Schematic diagram of different types of VNAR. The characteristic diagrams of VNAR are on the left. The canonical
cysteine residues (black dots), non-Canonical cysteine residues (white dots), disulphide bonds (solid and dashed lines), and
conserved tryptophan (W) are shown in their relative positions. The three-dimensional structural models of different types of
VNAR are on the right, which are obtained by homology modeling of reported VNAR sequences™**? using Pymol software.
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Name Target Species Library type Affinity Application fields References
T43 TNFa Heterodontus francisci Immune library NR Drug [66]
V13 VEGF 65 Heterodontus francisci Immune library NR Drug [69]
VNAR1 ICOSL Ginglymostoma cirratum  Immune library 1-11 nmol/L Drug [53]
5A7 HEL Ginglymostoma cirratum Immune library 20 nmol/L Drug [48]
E06 HSA Squalus acanthias Immune library 200 pmol/L Drug [62]
D01 Aurora-A Orectolobus maculatus  Naive library 2 umol/L Drug [67]
12A-9 Kgp protease Orectolobus maculatus ~ Semi-synthetic library 130 nmol/L Drug [70]
H6 HBeAg Orectolobus maculatus ~ Semi-synthetic library 53 nmol/L Drug [68]
12F-11 Tom70 Orectolobus maculatus ~ Semi-synthetic library 2 nmol/L Drug [71]
A05 BAFF Ginglymostoma cirratum  Semi-synthetic library NR Drug [72]
653 VHVS Triakis scyllium Semi-synthetic library NR Drug [73]
H8 PfHRP2 Orectolobus maculatus ~ Immune library NR Diagnostic [74]
12Y-1 AMA-1 Orectolobus maculatus ~ Semi-synthetic library 200 nmol/L Diagnostic [57]
NR EpCAM Chiloscyllium plagiosum  Semi-synthetic library ~ 0.02-1 pmol/L  Diagnostic [60]
DSTL096 Ebolavirus  Ginglymostoma cirratum Immune library NR Immunoassay [75]
SP1 Cholera toxin Squalus acanthias Naive library NR Immunoassay [41]
PE38-B6 PE38 Ginglymostoma cirratum Naive library 10.1 nmol/L Immunoassay [42]
NR SEB Squalus acanthias Semi-synthetic library  0.1-0.4 umol/L  Immunoassay [76]

TNFa: tumor necrosis factor a; VEGF¢s: vascular endothelial growth factor 165; ICOSL: inducible co stimulator ligand; HEL: hen
egg lysozyme; HAS: human serum albumin; HBeAg: hepatitis B e Antigen; Tom70: human mitochondrial translocase receptor;
BAFF: B-cell activating factor; VHVS: viral hemorrhagic septicemia virus; PfHRP2: histidine-rich protein 2; AMA-1: malarial
apical membrane protein 1; EpCAM: epithelial cell adhesion molecule; PE38: pseudomonas exotoxin 38; SEB: staphylococcal

enterotoxin B; NR: not reported.
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9.1 VNAREHYFAXTHINLA

NI IRBER T TNFa (rhTNFa) &2 i e
) R R R VN R = B T T B =
BUAET 2377 A4 3 5 19 thTNFa, AT 5] & itk
SO, B BRI E SR . UL, rhTNFo 46
FIFF K 4% 2 W58 B9 e 3F . Camacho-Villegas
2618815 Bl [ 2 % Heterodontus francisci il £ 1
ARG SO, 25 4 BV Bk B AR A5 At
rhTNFo () VNAR, 44 T43, i i 4 i 52 55
WESZ T43 HAA A rthTNFa BB 7. [RIE R FIRE
Z W TN B E R/ BUBRITESE T43 e %
FEAR/N BURZE T3, T43 30 i RIG-HA YT
BUR VA H BB Em A, A W S iR

9.2 VNAR {E J3 g Hll 1l 37 B9 |z FH

BOAARAE A Tl o) S0 B, O DA 3 2ok el 7 gt 7
NG B HE LS A WS PR AL A O S X il
TEPERAMEI U Aurora-A SRR — 2L I B
RPN R IR VLT, 2 5AMEA 225y 34,
IR, S SFECE PR Y Ak, (1540
YT S, s RIEAE. Ik, Aurora-A ¥
WA 300 09 FF % 32 302 Fe0E . Burgess Z: 705
U5 VNAR SHHEZR A U, ARAG AR
PR3 Aurora-A I H) VNAR, 44 D01, fafAk
2Ef B R DOL AR Aurora-A 4§ Lys-Glu
EIN AR B G N 1S e i

Dooley ZB7H| HIXG BRI A HilE (HEL) #uys
AR B S AR R T AR G SO, I e 15 31 22 vk
5 LI HY VNARSs, 3% 5A7 28| 5 Stanfield
ZEd 5A7 5 HEL Mg, REMEVR
T VNARSs [ s IR 258 L I 5AT 5 HEL 454,
&P 5A7 1 H4 CDR1 fll CDR3 X445 HEL
fili, H CDR3 X Arg'® 5 Tyr'® 2% A #| HEL
T P s, AT HEL B4 16 35 4 o

9.3 VNAR{ENMEA IR
LT R I 1F BT AR R (7 PN B IR B T

% : 010-64807509

W ORI R EEBUR (HBeAg), Ja & nl 5l
18 LY . Walsh Z: %811 BELL i % VNAR Sy HESL
Tl g A BUE, JFEES] 1 MREES LG ORI
RIGHERIATE 1 VNAR, i A H6, N T PEAG
H6 AF A 4l it Py BT S5 A 2 B R 90 2 A IR 2R
PAVgZ> HBeAg -l FRLR, H6 L 1 i A 2
PCMV/ER ik #ilk, JF46 A pTRE 4, @it
HEEEPIL AT KRB H6 REMS 5 PR AR AT AR 1 &
HBeAg 1% i, W] VNAR BE7E FLAZ 4H il P (118
SRR IR BE T I REME KB KRN, BRT
VNAR 1 248 il PR BT AR B 7

9.4 VNAR 7ERR 2+ a2 A

YIS W 505 1 S i & BB IR T BEORTE
B, JUHIRX TR S E O . TR XS Z AN
FAFREMII VNAR B INIT 4 o Zielonka 25901 4
LB % VNAR HHEGLE 1 4320 A BEHL G B CDR3
Xl CDR1 X, A& T WERER/RSCHE, A0 il ik
FPH] 3 Ak bR B (EpCAM ., EphA2 LUK
HTRAL) 1 VNAR, HIEFIHRNZEIRD, A5
ST e R I 5 VR B T S
9.5 VNAR ZEBURREN a9 A

Goodchild 2 25 R 14 S (/N LR
Pt T i A W R A S BE SO, ek [ ARV i 15 5
2 MREFREVOINNFEAZ I (Viral nucleoprotein,
NP) 1 VNAR, LK 2 B SO 5 by v 5
AR (Viral matrix protein, VP40) (1 ScFv, Hr
NP E[15%58: RNA TR & Y80 di i
B, EAXELLE AN NP LGSR, FikvEik
ZE0UEH VNAR (5[] TR SIE GpT A LR i)
iR EN . 1E#H &K VNAR 5 mAb & ScFv ML,
X AAR P HAT R 1. VNAR 7E 80 C4&fF
TALIE 3 h IR AEIRBE 29 50%F4 A= Wi 1, T mAb
& ScRv U 43 4E 70 ‘C LA 50 C FALFE 3 h J55E 4
FRAEYTEYE . VNAR DR PR e P HEA B
MR G BRI T 77 -
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9.6 VNARERMZERERFHNFPHILA

Liu 2SI 1 8E A 3 VNAR JoHE 4858 1t BEpL A
AR FE 1Y) CDR3 X A4 T WE R A A S, Fl
AR, PAFE R Ak 8 R B
(SEB). HFf#Z A (BoNT/A) FINEFFEEZ
(Ricin) ) VNAR. 1E# &8 VNARs %1%f SEB.
BoNT/A L) & Ricin i EeAIA I FR 43512 10 ng/mL .
40 ng/mL LA J% 1 pg/mL, JE/R T VNAR B T
/ey AT ey ol TR A S

10 VNAR 1Bk &5 5 A #3657 25 4 o 41
P

VNAR J& H i 765 HE s & 3L RT /s
MIBTRES A5, LA BRIl LA o S e il R 5 25
Pt AR 1) IR FE N R R4 1gNAR
JE A8 0. 49 1 24 3 O 1 e 8 7R B ) T A R
O3 o 18K B AL R DL R T I Y A B R {45
VNAR JE BURR (S5, HA5 s iy ge e M DL e
FEYrSART) . [ BFE SR e R IgNAR 4
PR 2% AR A AT 3R A5 R SR ML VNAR, 2) RSE/
DL ZE i Ve . i THk= CFI CIY B BE, 2
#H VNAR 4> FHAUHN 12 kDa, /NRH#EFR
VNAR 15 25t , HAT B ) 4 4 28 s 1 20
3) WU BRI AL - S55ETR VHH 2541,
VNAR [/ CDR3 X EE 48 254, UGSt
PR TCHER SR BRI R0 . 4) VNAR 4k 24
PEK: R IS PTAR I VHH AR LT
17 VNAR %54y, R H A #4% CDR1 1 CDR3
B ik, 1 VNAR 2] HEih 1L 2= /DAE7E 5 FiR
25 R 257 . R, ZHEM0R VNAR 2544 R 3L
PUIAR RIS T () 8 43 F- 852 T Jk At . 5) 5 Ak
fEHE B . h T8 s H a2k 5 A A vk e
B, AT R SRR ST B i 2L 3 A 1 A
SUBUIARZY) o 4RTE AR H f0E iY) NDure™
FERL 5y RCA R SF I LB R 1 HAS.6) & T
KEEAE = VNAR Z5F 1 5L, B R 3Rk
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A DL 5 Rk R AT RAREA 7, B RT
FEARIIAS . 7) Bk sadb: M+ VNAR 1
o b, WA T ™% % FI R .

AR, VNAR 15 g il siib 97 25 P
FEAEE 22 AN [BE A ) A . 1) 3 ff ) 5% PRI M - 3
A S G 3 R 5 M S B AT K N . 2) g
JHK . & RN (4-6 H), M55
e R 3 M A A . BRI mi&
B0 SR A DA R BTARTT & SR . 3) S IR
K: HFELHAIEG AR RRE, Hit
TEFF R IET VNAR 25951, VNAR A BEAF TR
R G S, T AT AR s

1 ER5RZE

VNAR Zi24 R IETEFHESh ) b & B RST
B/NPURZE G BT EESE R, HATE
AN HFTERAD, RSN, S BT AR
KA, AR, MELIE VHH FE4540E H
PZEIRA, JEHSRE A VHH 254 (Cablivi®) g
JE 8% EMA F1 FDA #itii BTz 5, [FlJ&E flldiikny
VNAR L H &5 BCHPURGUR AT #4055 VHH
AL, BARETRT Z A1 VNAR B IE15 2],
ERZHEIIE T VNAR BRI | 2 F T Fik
EMESEMERE, AR e s 25 W i 1
FEMEE A, SR VNAR BA& G5t R Bri A i R~
AN RETESR . SRR ROIBRGEHTR ER A D
Gy FRMBEAE =8, 1 SR e Rl Fy R Y7
G HA ) Z N TS ST, OB, HETH
T VNAR JF A By AR 2] 10 F,  HR DGR
VNAR (38, T BLAF AR S8 49 2 2ok T4 Fh
(& 5 H% 450 Fh, %05 H 24 560 #1), BETZ 4 VNAR
PR SR AN R = E AR, A ELHARLE, FEDE
FETRAREDS & B VNAR B 2 12510 S ST ReE,
TEHiE VNAR SRIER [RGBt — 2 FE bk
RIAL BRI TR
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