GO/ LB Sk REESHENFHTEE (LER
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn September 25, 2014, 30(9): 1351-1361
DOI: 10.13345/j.cjb.130585 ©2014 Chin J Biotech, All rights reserved
o ap
SV

2R PR B HAE S W I B BB 5T R

LKRY, LR, HE, HHL

WIVTA8 B2 Rl b 5 A B 9T, WL Ao 310013

LR, BEIEe, BREE, 5. QKPR AR 2 e b i BESE o Ji. AR W) AR 2441, 2014, 30(9): 1351-1361.
Kong QM, Yao YB, Chen R, et al. Progress in nanobody and its application in diagnosis. Chin J Biotech, 2014, 30(9): 1351-1361.

W OB BRORTAERARSEEENGTERIVUK, AR ZERIURGTERFH R QIR LES AR, Bk
FAR (Nanobody, Nb). Nb #933RM Jf A% HAR 38 Ak LA — s g 4dd 48, oo BRI Aty 2482 M, KR
RREASNFRRBLEFTERS, BHRINE R I ARALEENSAT S, Nb 90 _EFrHAE 2 5 B M AR SRR I
b A LR BT . AE N 89 R IR S RBATR T AR 69 RT, BR B8 RA fFit—Fak, b e dEE ik
P ARIAR B FEVA B Nb B9 IR BAR T AT F AR, L F R824 Nb (9AF Rk, FEA Nb #1&-. fEsRm e AN
M VA BAK ) B IE T B RS W ARG B 3 A @, et —F 4R 3 Nb F 4 A Fe ARG 44K Nb o F
HFAEE) R, AT Nb LR A5 BT 5 R b A 269 ) #E, FR4R R — e R ey Lt 7 &

KB BIH, MRIK, SEren

Progress in nanobody and its application in diagnosis

Qingming Kong, Yabo Yao, Rui Chen, and Shaohong Lu
Institute of Parasite Disease, Zhejiang Academy of Medical Sciences, Hangzhou 310013, Zhejiang, China

Abstract: Nanobodies are derived from the variable domain of the heavy-chain antibodies (HCAbs) that occur naturally
in the serum of Camelidae. They are the smallest antibody fragments capable to bind antigens. With the characteristics of
their increased solubility, increased domain stabilities, nanomolar affinities, easy crossing the blood-brain barrier, easy
generation, engineering, optimization and tailoring, easy humanization, nanobodies have extensive application prospects in
diagnosis and detection. Although nanobody has demonstrated tremendous success, a number of practical challenges limit
its broader applications in disease diagnosis and detection, including construction of a phage library and selection of
nanobody fragments with high affinity and immunogold labeling technique. Here, we review several recent findings on the
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use of nanobodies in molecular diagnostics and suggest some practical strategies in resolving the current challenges in this
attractive research area, particularly to optimize the affinity, solubility, humanization of nanobodies.

Keywords: Camelidae, nanobody, diagnosis and detection
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TRE T B RIBUR S G RE AR —ER) VH /N3
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Fig. 1 Roadmap of Nb advancements and its application in diagnosis and detection.
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1 ARGAER &KL TR

11 HRIiRaH &

T SR R R T AR SRR, IR BRI Y

B H 85 PUIK  (Heavy chain antibodies ,
HCADbs), &I RNA 4 U SRRt . M4
HEEHUAORAY KIS 14, 4 PCR 4 154K
T AEEFEEHUATTAZXIER (Viriable domain of
heavy chain of heavy-chain antibody, VHH), )5
e b AR, AN RIB R & A Z R AN
Nb BT o W AR ST Nb b 22t 2
YR 3 B AT A B BT RS NP2 (18] 2). 59
MAGUARZERA L, Nb PERR S &8 A%
I A — X8 I 51 W e LAARAS % B
FEPURIIRE VHH SRR, 285 34 38w ik
J& BVR]AAr B S R LU RS B bt ik . Nb T
ARG LRSI, RIVFLE, Tt
R s HHARRMPURSS S RE T, BB
PG GEHTATC LU A Bk R AL B/ NR A .

Nb il 28 5 7 358 5 FH ) by Wt T 1A R SR ek
PEAHT B ) PP TR ZE PSS . Nb BRIy . 4
S A O3 1 REAE DG 25 B T I R AT AR 1Y

Immunise camel ' Generate library of VHH

A d Transformed into E. coli %ﬂ
M @@ > ¢

Isolate lymphocytes Select by panning

gﬁ. . Ligation to bacterlophage
b 000 d ©

Extract mRNA
DN Antlgen spemﬁc VHH

RT-PCR for VHH gen

G VR [vi]

B2 @RIk ry s &g
Fig. 2 The production protocol of nanobody.

JERMERER R E . RRIURIE MR L
FEMIESE B WL AN Py AR BB VX
S Iy g e R NG S AR A /IR N (1
SN HARRE AT AL, T H R R R R
(10°-10"°) H}A AT f ik 20w 6 A0 0 bidk . 3t
JEAGRE [ P e A 2 ) P 5 o B AR IR , (R B P
T RERS U E PR R D e IR, &)
Fo B m R0 B PR, e, A RIRE
FFEMZ# K (Botulinum neurotoxin serotype A,

BoNT A) #uyZ3EUN8E 5 K, BRkEIRE 3 . 2k
TR J5 A5 3 M RURE R 1Y Nbo WAHSS v SR
FERTHRIIRE AR Nb &8s &8l )12, i
PR R B i BUTE. 2.2x107-1.6x107"" mol/L Z ],

Mt mPRZS SR IA T A BRHEERIY
PR 07 A 5 A R A B TF R T SR, %k
J2E: 1) d5 SR 7 % B — AN BT i #4020 EE B
B, TAER KR, 9UKIUREZ RN 5T
FEREIR T IR e ERE V KRR BN B v, DALY
#£ CDR3 Z5 {3 LA S AL 2l At EEHE . X F
KR FEFNBSAT  HEGLAAR PE , FEHERN ] AR
S AN AT Ha A D R I o e P R AR AN R 1
KR, —BARMER B BA £ 5 SR BRI S
(10° IE) BIYRKPiARSE . ST BT R 2 A8
i AR (Trinucleotide mutagenesis, TRIM) A5 i
a1 B BT AR P2 LA R AR A B % Sy B i ) A% A
JEARPUARPERI I, vl T 5 FME DA AP IR PR 1Y
RS ZFERRR . HTPATRESRLER, H
AT AR R R A SORE (10"'-10") BOBHA SR
HAR AR L PCR 54 . DNA B4 FIsc 4 4 ff
LR PICRKEREINE, GTR 2t 5
O W R BT B T A% 1 B AR SR R
(10 7-10"° mol/L) #HH:, BMHARR R G AT LUK
PUARBISEM AR E 2 10" mol/L HI7KF-,
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1.2 HRIIREI 5 FHFE

IXIE IR EEEPUARY VHH A JEPTIARY VH 45
FEF AL, A5 3 S m B KON M Y 4 4~E28
X. VHH i 2 B R EEMEER, 3 M E
RS 5P R IEEGER VHH IR
FHEFHIFAZE VH3 i olm R, AN
ZAHET VHH B EAMEX 1 (Complementarity-
determining region 1,CDR1) Fl1CDR3 kb AfUFE K,
i HH: CDR3 JERUNE RIS, BEE L A5 A4t
Ji, IXAE— R EVRRh TR B R 1 BB A
BRI RS TR T RS A ks
SPEFEA) . VHH RHEA 10 DR S A
VH A, 534b, fEHEZRIX 2 (Framework region 2,
FR2) (EAT 4 MESFIRREIER (DA 37 .44,
45 . 4PV T VH AN AL A B K 28 R
(] 3) o X EE R KR FLRE M VHH CRA ™% (1) B Sh
AN A B SRS

Nb A LG HTIRm Fe Br, Mmituked T #h
PR T H Nb X AR S s, B9
FHZSPERCGT | PRI AT 3 0 BE P T AR R 64T CDR
At E RIME I, e 5 A BRI 5%
FEARL ) LR e AL . Nb R
BB, B FR2 v & 4 ME 5 2 R 1) 25 K

VH l\’trlr)[\
nggzg Nim
)
STon c VHH
AT
EmaO

CDR2 CDR3

3 VHH 5 VH &#REE
Fig. 3  Structure scheme of VHH and VH.
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I, 7E/> Nb SR o iRt 1, SE3Em
Nb J5A R KPR . R PRSP TG M

R T i Nb WEE, HAndR SRR,
FERAPFERASE AT DU E/INEREF S (Linker)
K Nb REFE—E, HimE N Zr 5
() NOBU, s RE AT BE 0 1 A A T A B 1Y
NP2 (18] 4), Z2Hr Nb S5 [ — P57 1 B
Nb (ERAY), FLEH Nb HA 3 s T EGE AT 5
ZHRERPE No BPHBIAFRRAMC AN Nb FRE
Y1, ReZs -G AN RIS H AR R —#8 B AR AR ZR AL,
RS Nb X HPE R ER AR, (2 2 A5k
DLl Nb eSS A S MPtRRM S S AT
F), BCOEHEGER TR HARRRERE T, ORI R AT
FZ M5k 5% N, (HAREE R @2
ZReSFE Nb B, N[FHRE 9 34 2 IR AR ir i 22
MIANIRI RO, Nb (RIS 7 )23 LR T R Y
Frreah ARe . a9 M H AR A Rk
JE O e 0 W GE A MK 5 B (Respiratory
Syncytial Virus, RSV) XURRFPE KA RSV-
D3/E4(9GS) 3 & H #il RSV i # MY fE /1 J&
RSV-E4/D3(9GS)f# 17 i, 1Cso 9 6 nmol/LP", il
A1 Nb S5 3 TR K Nb 5 H A 454
AT RINRLE S, . PUARK . RRERKH
T2 B B 0T B AR 27 vl AR 5 500 45
TEFRIBA S, Nb g AhRa 1, HH
flE HIFR AT R RE R FEAH R T RE o ek iRg IR
FERFHRESME Nb AR R K M T RS Nb
e, ek B B, R R TN
BT 4 BB o 8 A DT AR [ )
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Fig. 4 Types of nanobody.

2 GURGUERAE R AR A W o B R

2.1 YRIIRTE R AR IME T H aY Rz A

Nb ELA R 0iR ) 545 G met, Hiy
H R FR R E AT EA PR Nb /)
AIMA (BAE 2.5 nm x & 4 nm), HHEEWE LI
o % B A [ M 45 6 T A B A R P i . X
SR BT A R AR TN B o
I, ATRATEZN R HELL Nb Sy FERH A S il 7y vk
PR FE G5 S5 S0 s AR 5 XA M 1 3 A
PRI IF B R

Nb BB DA 2% 2 [ o 25 & F [ AR A, I
H AT RETF 5 Zepe A ip i T R 45 4 1 2Rk
MIRETT . TH, RIZSZEIR B Nb RS AR
WU . TS R R B E (Prostatespecific
antigen, PSA) XJHIIRIEANZIKIRE RIS 90%-97%,
Bz 0 RIS B I . 2 SRR
Wi, faFE M, BRI PSA W BEARAIC,
— % /NT 4 ng/mL. PSA FE Sk B 90 K K
cAbPSA-N7 (15 kDa) [EE7E A4 M EHE
B B ko T Y OZH B BRLZBE B VR T A
28 fmol/mm’, I3FH KT 10 ng/mL 1 PSA ¥J7[

Multivalent Nb

Bispecific Nb  Bifunctional Nb

BRI S . MRl FHB AR HEA T ARG
5| -l 2 3 IR A 4 R Sk 65, 1 — IR KR
ARG 5, Lh cAbPSA-NT RLRfif) PSA
RGN R AR REAS A F] 1 ng/mLPY, BEASSIBLET
G BRIEE HHAG I . 548, Saerens ZF &L PSA
FrSEPE Nb BEX AR FIE ARG PSADY dn wAy
B TS B0 730 . PR S ZR B IR RE R -1
(Toxic-shock syndrome toxin 1, TSST-1) J&fH I £
xR TR T A0 WA I B S b B R, R B
PINEER C AR F _EHNEFR. KEn
TSST-1 RIAl- &R Gefie 7313 B2 RS,
WIS AWAE . DA TSST-1 H55% Nb Ry 3Lhik i s
K, w DLy AS: H R AR . B L inA 4 ng/mL
) TSST-1, ZMPERG Qi r, Hil 96%HH
TSST-1 A LA H5 5 Nb S i LB, X kil
— W FE LR B W B 7 i, S BRI ILE 2 )
s M R PR, I TR AR
Nb il 85 AT LAk P DAL AR s i
ALR A BE 7 SR AT T B H e 18 R SR S
JE o Nb BN FHEE A H AR Ry S R4 G 3 il
A5V & 2 T T AR X PRSP AR A B A, 35X
SR I ERL T A K B e TR R JC T R Y
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Saerens &5 DL [CHE H AR B B 48 T RS B9 9N
KR, A H T IR e R AUE A T Nb
1K) 8¢ (57 PR S BE 138 R LS 5 4 @ R 4% Fib
[B] ) XA RS o AR U T A BRI 2Ry L JIE
JREAT 26 BURNSE PN 5 0, 3 N F . = Fpair R B S
EBCAARBIME LA Ay, IR B DASEAR 2R 0k A2
T AU £ B EE o T A I R EDK g R o e AR
ST DURE 5 TR b A I e R 2% L, SR A0 TG
P G HADFPAR X 5o HRIRZE HURE R ) Nb AT LR
TVEEIR 26 U SR Ts 14, A5 A0 kAt 2 i 25
S MR8 U™, Rl R S ) A 1R i
{1 2% U IO R ) 250 A AT RE A B K e by
SEPEBCIEATIN 8T T % o

J2 R 4 10 5 AR 2 0K I G T A 12 RIS
B BRI A5 Z J5 1) X — 3k R ) e P bt 4
AR, 1989-1990 4, Spielberg 1 Beggs 257 Hif A
WFFE AL b, 4 SIS T BE A 4 e B i M
TR G 2 SN, HdRe SE I FH R A I 3 B R
WPy HCGR Y, SR, o T HLBATTACR (9
T2y 150 kDa, K/NZ 15 nm), 54 0k
(R KN R 5-50 nm) (BB 1) 204 SR AH o 45
ik, FEEA R e bR g G ae
) Nb (4 F /N 15 kDa, K/ 3 nm) 4
BORMDGE , ME e AR G B ARG B i 15 3] 58
B R AR S AR iC AR — BoR AT
R R 0y W e K R o3 () v o
N LA Au-S Bl kR R ER /R B BT IV e
TE RS I 320 R fb 2 (e = 75 %
S URL B B R T A TR Ak 2B, Hean
G 2N KR R THT AR BB DL R Btk o3 - R T
(42 Db 2 R PP A 4 25, () IRE o 385 7 ) T g
Ao Nb (RAMER TRA = Hl st fi, ol Lok
554 R ORI A Bk B 455 | APUIR R B, D
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FERE ERET 2 7AW R & 7RI RCE, 1
4n, Hattori il FHE PCR $ 4 PikiEH: 2 K
(Gold-binding peptide, LKAHLPPSRLPS) HZ{ E
Nb JEPI 2, RS T Nb 554 M0k &5 53 70 )
FESPESS G, MR T Nb 4ifb i, [
LT Nb il bRt A

HAR R A IE Nb 456 AR R % B 5 3L
TEEAL A X —F JE Rl Nb A/ MAFH
TRE T HAS A B A /)N, BRI AT DA sy 2% B M 2
B T AR . 3 B AR A e 0 R B 4
=, SR, Nb FIX il s 25 BE 455 R Mt B fdi
Ehi R 25 A 14 50 CDRs S35 R4 R 3k i %5 B [
o AN, PSA FFRMANKIIA cAbPSA-NT fiE
%14 28 fmol/mm” (Y 5 BELE & T R AR &, LA
FOR IR M T PSA A G Ao I 39 (oI5 F
10 ng/mL. #R1M, E&EEETEMHTBA FAYE
IEAT 545 PSA MTEHENL A A 30%5Y . Jntiak
BAF AL PRI Nb 256 % B2 5 15 PR A Z A 1Y
KF, ME A RO AR 45 R 3

BE#E Nb il 55 He AR M H 45 B 45 FibRid
BHEARBAWTR BRI 583, RS LA Nb a1
TRER IR B 922 P SR B IR AR 4 S5 A MR A I B A, DK
FERBAFFEE M I 5 R iR (Point of care
testing, POCT) FL FPFF AR PRSEHL

2.2 RFURFERFIER T EM7IS BT o AR A

Nb SIS EHREES T, mEE R
R ZFERE ST, (AT LI AL ) s B2
TREA TR S B TR Yo AR e [ PR Y . A
I, DA Nb Ay BEA 9 A 2H 2R S 1) 38 1) 75 B
Ay IR B AT 5 5 1]

TRCE SR B S SR i U MR ol —
JrEpRCEIPUAR b, R PR S HTR I R As
&, R e MR —EPUR RS L,
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if A% Z R I I e HE AT MR R R T R
Gainkam 553 2 /Iy BURZ T $22 Bl B2 Jok 5% 98 240 i
A431 (REARK N FZREKIB M) dar g
R, T R SO A R AR I A R B AR KA
F3ZAK (Epidermal growth factor receptor, EGFR)
MG ORBLA P Te-7C12, WSS 1 h,
P0Te-7C12 AT LA BHFIE (e IR 4nie) 544
KBTI 7C12 147 51 45 A 2 vk SR e i Jed TN
o 38 A PR R S AL 2 R A LR
T RSN Z BUGE TR, M HIE
LU BAZ ) A AEL(1.16 + 0.14) %IA/cm’,
PhTe7C12 & OB A R OR bR B R M
(4.55 = 0.24) %IA/em’ . T Nb K FL/)N,
PMTe-7C12 M IRTIS B SR, IR R T,
DRI I AT 3 O RS B s 2 A e A
F % {K-2 (Human epidermal growth factor
receptor 2, HER2)/&12 4 A 1EFL Y th 5 50
BUREEZ —, BIAMEEAE L. WG
J PG PR ) B AR S . Vaneycken 45 1o iR
B RE RN, ZRTETAF B AR A it =X 4 A e R
BT R, HER2 FRSA40KPLIAR 2Rs15d AT LA
YRy — Tl 0 B2 AR R B o o TS PERZ R
9IMTe il 1 = RIS [P Te(H,0)3(CO);] 7E 50 °C
B8 90 min 15 FRIC 2Rs15d, 4ifb s bRic
B YE K AZLIR R RIAN, 1 h 5
LSS T R SR Z A5 e 1 SR 5
B4y Hr iR, 2Te-2Rs15d 7EA I LM 3 o7
LA 305 v 1 A S P 1 T 8 BB DA R e 1 1f
WIEBRAFE, /R 2Rs15d AT A — LN FL
FAE I R4 TR B2 W R R 240 10 AR
FERBAFSE Bn T LA Nb Ry FERH 4 5 S i e
Y5995 (1) LIRS 12 W R P T S o AR,
SERBBIF T R R SCBR N FHIR A —E 2206 . H AT,

T S Nb SO R bsicsoR, +
B KRB | RS R U )
IFRIC S T O A% R | PRic Jr i e
SRR BRI SEAERE Z2, TR T
A BARRIAZ RIS, S Nb BBCARIC A B
K, —MEFZEWANEE: 1) BRGEAYH
gl Nb EN B LUE —AEYd R,
L SR A S A v BURNTE 1E 6 2 2L 5
ZWikB R, FEE—EmnE, T Nb 1F
TR, — et Lo LB R4
G, R AR B, ke
I A% R 2 N R A R RS . —
NN, 2B WIFE 6-200 h LA GE . 2) BE
NEBIRIEA; Nb BRI — AL 140
A, HEERAGREMSAIR. Bk, 247
THATE X R A R 2 A & I bR
JOHR, xR R AT B R BT, P
Mn A1 Te ST AN IR/ 3 ME % i
ARk, T RIEBRELI Nb &/NrF ik
SIALLEH WARIE R, P e 2 A
Fa ) R T e i, B, HAERZ RS
MR 2 o PR R PRI HUAR R k5
N HAEMIA R . HAEPMCE R O AL R B
SHURD IR M B4 & TS ARC . X AR
TR, 5P, HReH T BiEbridik
MIRZ R AR o TR EEARIC TR ) 18 o R A R
PRCTEPUARZ b, (TS BRI EE R 4o 20T
FEFFRIRAS, W, MU Z PR (Ethylene diamine
tetraacetic acid, EDTA). .2 M =M T LR
(Diethylene triamine pentacetic acid, DTPA). =
L VU 7S R (Triethylene tetramine hexaacetic
acid, TTHA) &5; RIAEBMA, QnpuzEZesr
vSl L R

(1,4,8,11-Tetraazacyclotetradecane-
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1,4,8,11-tetraacetic acid, TETA). =& T%e
— & T (1,4,7-triazacyclononane-1,4,7-triacetic
acid , NOTA) . VU & Z¢ ¥ + Z ke U & BR

(1,4,7,10-Tetraazacyclododecane-1,4,7,10-tetraacetic
acid, DOTA) 5%; AR, =6 — %A NaS,.

DU 2 NoSs 55 o 7E 45 Nb Sesle FE M T i
FEARCREMbRC R EN B XREE, FINE
ELHSE WA bR iC Y A 43R AR RAS T i
Xavier 55K 68Ga #Ric 4 KPiik 2Rs15d, flifk
brida AV e sBAL BV RT 3L & 19 2
B 2Rs15d 5 NOTA #4554 % 68Ga
FIMEE 5 min, BEHESCILAKPTIR 2Rs15d (PR
WA RFRIC. (68)Ga-NOTA-2Rs15d fIFRICHEA]
5 97%LA b, O e S BEAE 55-200 MBg/nmol .
) R 75 1 R AR R R S LA B A 3
SRR RIE, AR 3 2 S AR |
FHRE PR B2 AR 0 25, - J R 5y
ARBIREEIEFAL ST AR B, DA A 4
SRR T A% . Hernot 2538 3o 35 A e Aby
T N B 20 HRL [ 431 1 (Vascular cell adhesion
molecule-1, VCAM-1) PR [a] A48
M uB-cAbVCAMI-5, RSN IR 52 5
ST RN, KPR cAbVCAMIL-5 AT LL7E
5 dynes/em’ 38 I 2745 S VCAM-1, KN
B 25 A SE B AP T uB-cAbVCAMI-5
kS MC38 IR A a S A /N B, 10 min J5ll
FE PRI AL B RIS, 2 T S s TR Ak g [ 7 B
DI, SRR EAT B2 RO i
WA IESE R um® AR AT LAZES 10° g8k
PilA, T ARGk R0 B /N A
T AR PR R A (A5 3 ot 5 791 7 I A9 2 v LA
KA1 Lanza 25 FHHE i 40 K 5] 2
B A BUEAR G Bishlik, &2 3t A
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(RIS B A A5 UL I s S i, 6 AL 7
FAE SO0 B, %45 R JHiEsE T 40k
T 0 ELA 2 I A PN B T Bl o S 2 41l
BREIRE SN R X T B JC R B AR AR
i 1) TR R M IS W S R I R AT R
A, AR ZEARTEMAFESE, i
] P R SR A B LB LA T S Nb (%4
BRIt 0 1) P 2 R LTI AR SR Sk
HAr, 2 3 USRS RIIMEZ A, R
JEWHH (29 1-3 nm), HHE S EM, gigY
Nb B 5 B ) R P 5 7], IR AT R de KR
JE FARREEI A Y E . RRERE Nb %
Fz 30 0 75 1 5 0 2R 1 1 0 3 BRI i
JESetid s, YR SEMBREMMKEE N TR 2
AR T, SN R N DA S BB A
e S i

A ) 76 7 1 2 T BE A5 M4 TP R U
HEsG TR, AT ARRERE, B
FIE S i 2 b B v 0 R AR 2 W RE T . DA
BB Ay Al RO DR 5 AR A 3
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