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DB RIME Z 18 FSHR234 KA N Bt K
% IR RYHI &
FHE AHe A% DFED REX' FXE' FI4T HEE"
(1. IR FREBE 2 M B RO SRR 92 [T A W A

JEEESEE LT E HON 22 730046)
(2. FrEE R APRORER TREEALRSE P S8 A5 830046)

B E: [#%])978R8 % 2R (Follicle-stimulating hormone receptor, FSHR)ZEAAR s A7 4m
JaB AT bl B R R, R A T IR k) F (FSH)E R 69k ¥e.5., #1&Ff 454 FSHR
FARER A Fe 8136 77 FSH AR X AR ed A . [ B 491 #E FSHR €4 &k FITA X TR 56T
whEa, #—FH &R % LETURR LA RIUR, [5E] IR Xho | #= BamH 1 B %
48 i 45 pET30a-FSHR234, H B 6938 1R fohr #32T pGEX-4T-1 H AR 847 R AR, F)A Western
blot & ELISA # | B #)& @ ¢4 Beik A48 ). 22 37 318 Sk e 4| &35 02 % F ik, 514
JH 2 AR R T K I i 3R AT FSHR 2 Rk, fa it %, 9% 10 32 054 FSHR #uik ££ coav-3 49
R, [4R]) MET pGEX-4T-1-FSHR234 £ i 42, #*1F 7 KA & 549 FSHR234
TEWEA; FFMET S M FSHR ARk, 528 —MESRAKZOMRIUIK, 74
4 VHH-3F9. [ 4441 #|4-49355¢ FSHR % %530 R 334 1:128 000, % 3K 4F49 VHH-3F9 44
KIS FSHR234 AR & eh4s a0k, B £ 48 kAT coav-3 ek .

FEHIA: AR E TR, pGEX-4T-1, JSPR, #ikiuik

Isolation and identification of follicle-stimulating hormone receptor
(FSHR234) nanobody and polyclonal antibody

LI Ling-Xia' WU Jin-Yan' CAO Xiao-An' FENG Qian' DU Guo-Yu'
YIN Shuang-Hui' LI Jiang-Wei** SHANG You-Jun'’
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Abstract: [Background] Follicle-stimulating hormone receptor (FSHR) is secreted by the anterior
pituitary cells which expressed in the cell surface of human mature osteoclasts and mononuclear, was
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regarded as potential targets for blocking FSH. [Objective] For the purpose of obtaining soluble FSHR
protein in order to acquire FSHR nanobody with high affinity for the treatment of related diseases
caused by FSH and bone loss. [Methods] Recombinant plasmid pET30a-FSHR234 was double enzyme
cut by Xho I and BamH 1, fshr gene was constructed to the pGEX-4T-1 vector and expressed in the
prokaryotic cell. Its’ binding capacity was determined by Western blot and ELISA. Immunized
Xinjiang camels were used to prepare polyclonal antibody. Phage display technology was used to obtain
FSHR nanobodies of high affinity. The expression of coav-3 was detected by cellular immunochemistry.
[Results] Recombinant pGEX-4T-1-FSHR was constructed successfully, and the soluble FSHR234
protein expressed with high concentration. Five FSHR nanobodies were obtained successfully by mean
of subclone. [Conclusion] The titer of camel FSHR polyclonal antibody prepared in the experiment
was 1:128 000. VHH-3F9 nanobody could combine FSHR234 at a low concentration and its binding
capacity enhanced with increasing FSHR234 concentration. In addition, both FSHR polyclonal

Microbiol. China

antibody and VHH-3F9 nanobody could expressed on the surface of coav-3.
Keywords: FSHR, pGEX-4T-1, Extracellular domain, Nanobodies

B (0 31 38 % 52 & (Follicle-stimulating  hormone
receptor, FSHR)JEHEARHTHAHHI -0, J& T G &
BRI AR K R R DR 5L, 2 —1
7 RESTEEER T, FES2IUAEE SN AE ) R AR AR
Ko FHSCHFFTUER ,, FSHR 5 RUAF Lot 4 28 Jn Ml %
FEARA R OIICER, BRI T8 BB ANAE 67 A
—ERCR, BT FSHR GPKGUATE IS B B A —
EVER]. FSH 2 IR —FRBE R MR, +
BN R AR N5 15 (R R 2 B R AE B I RE
FSH 532K FSHR #E5thasis, fEdtbinifi
FBVERG T A LE W R A dEde o3 e 3 2O H %
AP N2 e LA 22 i B A A 3 ) T % 4
EHEEAEN . FSH B4 3R HAE A ——
SR MY b4 S 32 R FSHR S seiind. B,
FSH ACHVENBERER AR b7 [ B B bA i R 1,
TESPYSLEs P T B B TR AR R T

FSHR MRS E AL R IR, 778
EABGMEZ A EAER X, i X-ray
AJLAM FSH I FSHR 2545 (4 iR SSH IS Fp il i
WEEEMNEE GO, AFEIEANX . N XA &
2% % M ¥ & (Leucine-rich repeats, LRR)[X &,
FSHR ¢S5k T B 52 3 R A i (Sertoli cell)
R, TR P B AR 10 5 s AR B A A R AR )
eRprh R HEEEVEAY. BT FSHR S AHHKZ i
e, EHAs g R 2, R FSHR &8 E

DML B A TE , AR - M B 5 JefEnT
AEFPs Feah matifh, Bk, ANt i g
YR ARAG RN S AL T, N e B A
4l FSHR ZKHTARZE e Befif

GNK BT 36 B K B SE R s IR N A SR A
(AT SE AR Ih R B/ NS S A v BEYY ) eRr e
B AP RN LA GRS LG AA
o, HASFa/N, fRbEsn . SERE . ik
FAFE RS, EA TIRERE S I
FIRRGE, IESEX B Az U S B — 1A
SrPEpUA, BRI &R A E". FSHR &
PSR ) T 0GR 7 REAE SR TSR A, FE %R
PEBRFA/NR T, FSHR 28 ) T 40l 44 4% R R il
FANH I g MR AR K, KW FSHR
SIS BN S SRy TR, TS LA
iF—ARZR FSHR ST XHRRAE 5 1 ity 7 ikl
WA EI, FSHR S0k T2 rERRS M
(JUFHIE A 43 D0 Mg ) 83 PN LA PN B2 A, 7 e
e RO S D e NS e RNV B A e
it A T 4 SR APT FSHR S sZ2 R E e b L
FEAN EASSESE™ . H AT SR Bl o
FSHR s ARSI A4, A a0 SR PRI DA 1 Jje 7
A TS e G SCPE i e il 45 48 ) FSHR 44Kt
A, LIASH A IS 0 L9 K Rt i2 W B A E 45
MRY T HRHE BT X 575 -
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1 RS
1.1 ##

KIHFF# DHS50. BL21(DE3)ESZAS4000, b
R EAEYHR ARG pGEX-4T-1 A8
SR RF AR ORI R TR E T S A BRI
UG, BRI EH IKSE, AR TROGE) A
FRNE]; Bt His br&s FER s PR . Anti-FSHR IgG
FATTEUAR . AP 1gGH&L)-HRP Hiik ., 117
P LE 1gG(H&L)-HRP HiiAk, Jtat G AP+
AATPRAF] o BEREBARANL . R FL KA . SDS-PAGE
HLUKIX, Bio-Rad 2AH]; B/ HUE RS FRAH ,
VBRI B A A R A

LB ¥ifid(g/L): REEFR 10.0, BEEHEERY)
5.0, k4N 10.0, pH 7.2,
1.2 FHi&
1.2.1 ZFHFRK pGEX-4T-1-FSHR234 2

PEPEFR P4 9 I Xho 1 . BamH 1 ¥ pET30a-
FSHR F 37 °C #47WH#Y) 8 h, 15%] FSHR fiFhIX
FB, VIR H 3R R B AR R A4 B i 1
NYIREXT pGEX-4T-1 YEAT AU, 16 °C 448 pGEX-
4T-1 5 FSHR i 7% , 44 E 4 ki pGEX-4T-1-FSHR
Ak DHSo, PRECRIEREDETT PCR FIEGYI %, #
S SE I B e B A 0 P LA A 2 A A R
1.2.2 ABER S ##EIRE FSHR234 ERMIER
BRI

# pGEX-4T-1-FSHR FikFHE 1% RS
PUPE(100 mg/L)y LB 1575, 7E 37 °C. 220 r/min 15
7% 4 h & ODgyo ik 0.6-0.8, HIAZIKIE A 0.1 mmol/L
% IPTG F 37 °C#%ES 4 h, F 4 °C. 12 000 r/min
B0 5 min 4025 BIEFINE, H 12% SDS-PAGE 4
ARG g FTTvE A Rs . P RBUEREE N
18, 20, 25, 30°C, IPTG Z&¥ N 0.05. 0.1, 0.2,
0.5 J 1 mmol/L, EAMREEFININLL L 5 AN
IPTG W& & LU 2 Fe A5 451 %38 120-220 r/min
BS 4-6 ho BONE LIEMDLE, VISR
6 mol/L FRE M Tris-HCl I AN, Lt BTl
[, I, IS 9EYE 240, 2 GST AR aifk |
5 5404 FSHR234 211, Bradford BRI Ik

1.2.3 ELISA X Western blot it 16

FSHR234 #5 [ WA 300 pg/mL, ELISA
il FSHR234 2 AR ¥ H FSHR 2 ik
BER 2. 5. 10 pg/mL, BAPEXTRE R 3% L4 5 H
(Bovine serum albumin, BSA), —$i &t FSHR L
FREDTIAR(1:500), 4T FEHTR IgG-HRP (1:5 000).
Western blot S50 H & H FAER 12 ng, RABURET
FALENE DAB A G2 6. ELISA Filjghk
HUAI4S A RE T FSHR234 A0k By 2 pg/mL,
—HU ok VHH-3F9, Rk 43910 0.25. 0.5, 2.0
PLJ% 10.0 pg/mL, FH:XT B 3T FSHR H gk
(1:1 000), —HUAFPLSE 1gG-HRP (1:5 000).
1.2.4 FSHR234 3[R 7F1E3R 58 VHH-X £E F51
VR il

FSHR #3075 VHH Wi A R SCPE , Bt
Ji FSHR234 G4k 43518 5. 2.5, 1.25 pg/ul,
AL 100 pL, 23t 3 Fevpkimigt, 43T 63 4~FH
PEvilE, HrhdEBEEER SN 2 75 VHH-3F9
5 VHH-3F19, FEEARH 1 4541 VHH-3F20 DA
e ok e g W ERIL 2 4751 VHH-3F8 5 VHH-3F 10
It 54~ VHH EH P, B e 3 # 2 pET22b
K, F 0.1 mmol/L IPTG 444 F 37°C #5F 4h,
F3RIK 5 PRPT FSHR 49K HTiAR, Ni i alifb ik i 1 .
1.2.5 MR ZLFRNIT FSHR IATE coav-3
REAMES

BB K coav-3 ZHEFE 2x10° 4~ /mL
BT 24 FLAk, 37 °C BigRid . Rk H 4% R P
LR, A 3%BAEYH T 37 °C £/ 2 h, &
JE A —HLRIBT FSHR 385¢ 2471 1gG (1:500)7E 37 °C
JCE 2 h, FIMA ZHTRI$T FSHR 49K$ii4& VHH-3F9
(1:50), 37 °C & 1.5 h, HAMEIFH PBS ¥ 3 IX,
K5 min, XTRAAARGRIETEL LN (1:500), —
PUMFEPLYE-HRP (1:2 000), =ikt DAB €4,
2 SR540
2.1 ELHFEHK pGEX-4T-1-FSHR234 K932

FSHR234 s X 4Kk 702 bp, FEEUGKE
pGEX-4T-1 5 pET30a-FSHR F{-r S EA 7T 00), M
1 RVE N, EAFREDIE H S K INER .
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1 pGEX-4T-1 5 pET30a-FSHR W E§1] LA K E4H AL pGEX-4T-1-FSHR HIEGTI & E

Figure 1 Double enzyme digestion of pGEX-4T-1 and pET30a-FSHR and enzyme identification of pGEX-4T-1-FSHR

7F: M: DL5000 marker; 1: Bl pGEX-4T-1; 2: XUEEY] pGEX-4T-1; 3: Jfiki pET30a-FSHR; 4: XUHF pET30a-FSHR; 5: Ji
HipET30a; 6: WY pGEX-4T-1-FSHR; 7: Jiki pGEX-4T-1; 8: W) pGEX-4T-1-FSHR.

Note: M: DL5000 marker; 1: pGEX-4T-1 plasmid; 2: Double enzyme digestion of pGEX-4T-1; 3: pET30a-FSHR plasmid; 4: Double enzyme
digestion of pET30a-FSHR; 5: pET30a plasmid; 6: Double enzyme digestion of pGEX-4T-1-FSHR; 7: pGEX-4T-1 plasmid; 8: Double

digestion of pGEX-4T-1-FSHR.

P2 W) % 2 AL Tk pGEX-4T-1-FSHR234,
R UK S5 R B 0l B/ NS A HE—, 16
B4 R
2.2 FSHR234 EEFREREFZHML
FSHR FEAIAMX 42K 702 bp, HHER/NE
52 kD, IPTG 5% 2 J5 A BB M 8 3k H R/
IEW(E 2). ME 3 LA, fEARERE X IPTG
MR, EARB AR, RAAE 18 °C.0.1 mmol/L
IPTG. #%# 120 r/min 550 Fi55% 16 h 158 A] ik
FIREE Y FSHR234, HREEMNE A 0.3 mg/mL.
2.3 FSHR234 & MM R EZ mEinitrEE
ELISA & Western blot 45 5%, FSHR234 &

AE5PT FSHR PR BEPUiAkr k456 . FSHR234 4%
kD M 1 2 3 4

B2 FSHR234 ZEEMIFESRIL
Figure 2 Protein expression of FSHR234

T M: 2P Marker; 1, 3: RFEFEM; 2. 4 BREEA.
Note: M: Protein marker; 1, 3: Uninduced proteins; 2, 4: Induced proteins.

300 pg HEESE, A2 Ak, b sk, 153
BT FSHR Zifehiik, 24 ELISA KllHiiAzu ik
1:128 000, Planeix 4¢ifi i RT-PCR L & ILFE coav-3
AN T HAT FSHR ik, ARG AI FH 41 63
ikt —20 UL & BT FSHR HLIARAE coav-3 2
MIF M)A . DAB B AL5REN, S mEH
o, $T FSHR234 3% 5¢ 2 se ik 1gG 7E coav-3 4
M I HA K= RIE (Kl 4D).
24 FIRREEARRFEARMNIEIE R BEINAE
FrifiEHT FSHR ZKiTik

VR HT A TR SR A P e 5 R DR T AR B 5K
WS HT T YRGE S BETUACSCRE , JEZS N 8.3%10° PFU,
ARIR R AL AT T 3 felfiie, /15 54
VHH £ FHIR T pET22b 2k, FHAIH IPTG
iAo sr Y 2 e = NS B E I N7 o - i
IS FIYE , KB VHH-3F9 0] DUAE b3 i A) 5
Wik, HUE KA R E SA. B), HARIK
ik B R E BRI, 4 ELISA RAF4 KPR
GrERWY, 5 RIKAKSTA D HA VHH-3F9
1 VHH-3F19 fit5 FSHR234 %54, H VHH-3F9
SEARE R E(E 50), 2w HR B e v S0
VHH-3F9 7E 37 °C AbFH 12 h AT 70% 9751
A S Ak 2 SR A5 R R B VHH-3F9 4Kt A
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— 35

— 25

— 10

B3 12% SDS-PAGE #&MZMHA1L/F FSHR ZR&RIL

Figure 3 Expression of FSHR protein under optimum condition detected by 12% SDS-PAGE

TH: A: 1,2, 3, 4705, 6. 7. 843318 37°C M1 30 °C M FARIET . BT, LiF. VIEERIBMEN; B: 1. 2, 3, 4H15,
6. 7. 84050 25 °C FI 18 °C ZMF FHARVES: . WS b VIERTRIAMIET; M. 21 Marker.

Note: A: 1,2, 3,4 and 5, 6, 7, 8 are uninduced, induced, supernatant and inclusion-body protein under 37 °C and 30 °C; B: 1,2, 3,4 and 5, 6,
7, 8 are uninduced, induced, supernatant and inclusion body protein under 25 °C and 18 °C; M: Protein marker.

B C
kD
-
100 — n
70 20+ - ok
i ——

55_ 5 15_ [

Q S uawh
40 — © 1.0+
35 — 05F Suutaah
25 — ey
15 —

BSA 2 ug Sug 10 pg

El4 #1FSHR ZREMAEESRNINEE

Figure 4 Identification of the binding ability of anti-FSHR polyclonal antibody

. M: 251 Marker. A: FSHR234 Ziifb 255, 1. 2. 3. 4 /MM . W . Vel 1. YEE 2; B: Western blot 255 ; C: ELISA
ZEER, e P<0.001; D: ANAIGRREALESR, a FBMEXTER, b A% FSHR 3646240, o o VHH-3F9 FPRHTIA(200%).

Note: M: Protein marker. A: Purification of FSHR234, 1, 2, 3, 4 are crude protein, impure liquid, elution 1 and elution 2; B: Results of

Western blot; C: Results of ELISA, ***: P<0.001; D: Cell immunohistochemistry, a is control, b is FSHR polyclonal antibody, ¢ is VHH-3F9
nanobody (200x).
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5 VHH-3F8. VHH-3F10, VHH-3F19. VHH-3F20 IAX% VHH-3F9 ZARIERRIELEE iGN
Figure 5 The expression of VHH-3F8, VHH-3F10, VHH-3F19, VHH-3F20 and VHH-3F9 proteins and identification of

binding capacity

JE: M: 21 Marker. A: 1: VHH-3F8 34#1; 2: VHH-3F8 JiRISi&1; 3: VHH-3F10 B3 ; 4: VHH-3F10 Al BAE 5
5: VHH-3F19 b3 115 6: VHH-3F19 MU[F#E [ ; 7: VHH-3F20 B4 ; 8: VHH-3F20 MElAIG&E M. B: 1. 4 HRIES VHH-3F9
M 2. 55 VHH-3F9 M 3. 6 o VHH-3F9 ] i 1. C: ELISA %55 VHH-3F9 5 FSHR234 551877, ***. P<0.001.
Note: M: Protein marker. A: 1: Supernatant of VHH-3F8; 2: Intercellular protein of VHH-3F8; 3: Supernatant of VHH-3F10; 4: Intercellular
protein of VHH-3F10; 5: Supernatant of VHH-3F19; 6: Intercellular protein of VHH-3F19; 7: Supernatant of VHH-3F20; 8: Intercellular

protein of VHH-3F20. B: 1, 4 are uninduced VHH-3F9; 2, 5 are supernatant of VHH-3F9; 3, 6 are intercellular protein of VHH-3F9. C: The
combining capacity of VHH-3F9 with FSHR234 by ELISA, ***: P<0.001.

Pt FSHR 3% 5¢ £ i DA 1gG 5 coav-3 4118 1
FSHR 454, HZ¥H 1gG 454681 T VHH-3F9,
3 5%

I I 1K J8 7R B R (Phage  display technology) AJ
DA ] S AN GR e R S e B, B B ' AR T LA
345 cDNA S e EHEAG A 1) )41, EAE YR
U T, R 2 ML A R S A
(77 o 38 3 10 B 22 AL s TR A B2 T A RAS L
A FHWshee K m a2k, BRnizdARe i+
PURRAL T . NRZER R . BT A Ak
FURREREFNRIEST . BEH 70099 07 158 LA K% B 1 22 ) A

HAERMWETE . KM DA TRVRE o 0 P W A R JR
BT AEGUR, A WE R R S /R SCE i, AT
PASRAS R SPUR R E TR ST, R
R B BT T

AR 5038 1K 0 S R A T R [ A R A T
BEARE, HEd KRS T Al ErERIA W
FSHR234 % [1. pET22b # ik N St 4 pel-B {5
SHKTA, RERSIGF A0 H Y M E AL F AR R
Ji, WRR MR [RIE AR5 A C G His #R2%%,
PME 2 A & mnalifk, e TR m iRk g
B, L FA K FSHR 40K Bt iR S i T pET22b
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AR ST R IR R . ACEH WSS
FiK T 591 FSHR 4Kk#Hi/k VHH-3F8 . VHH-3F9
VHH-3F10. VHH-3F19 U\ } VHH-3F20, ‘&A1)
FE b3 ML ] B A5 B ik, Hitp VHH-3F9
VHH-3F19 FikE8 R A SRS IPRPTASZS &
REJIANI], AT AR RS EAZ KRB R B S VHH R
TEEZ RGP AATENLH 22 5, FBERARIBIEOAS
S HAEVR Uit i F oo e AR R 25 A o™
A=, VHH-3F9 25 G R 15m, FERRLFYIhE
BB Z Wk, ARG T REE S & SRR
5454 FSHR WRBTIR . SR, J= A B s e
(4T FSHR HATA Rt —4R5% .

BRI SE e AR ) 2 e EUIARE S 2 L S,
AR5 TN R 94T FSHR Z el , 8@
T 0 TR AR Ji 7 BOR i e AR AR T 456 e 1 B T
FSHR 4K $ii& VHH-3F9, 3 HAE coav-3 4Hig ki
k. DA SIWSERAESE, FSH X8 A=A
B, SN HiAR (Leuprorelin, LE)J&— 1 ]
PP ISHURMEME 25, E A FEART st
A2l FSH. LH Bt 2hfg, LE X OVX KESE
B PEAR IR 1 5 A 1 2R A R YER], FSHR
BV 40 5 o 25 2 T R ELAT S AR e
FEIKr FSH 57 A& FSHR BY45 4 REMSHN B Bk
9o, AERIIRISSERHIFER, JroR F- R m £ Xt
FSHR [ e PR DMS o A& B AR T
& T —Fheidr, >k AEIEIMHE K UA R e 4
WA R/ NI REDUR S & B, BRI
FR RIS AR 2 T, AR IET X
S IR RIS M AR S 21
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