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Construction and Structure of Anti-ribavirin Single-chain Antibody Gene
LU Shaopengl'z, YUE Minz, ZHANG Xinxinz, LI Danz, WANG Wenkui' *, QI Yonghuaz*
(1. College of Animal Medicine, Shanxi Agricultural University, Taigu, Shanxi 030801, China; 2. Henan Engineering
Laboratory for Molecular Diagnosis of Animal Diseases, Xinxiang University, Xinxiang, Henan 453000, China)
Abstract: [ Objective]l The ribavirin (RBV) single-chain antibody (scFv) gene was constructed, cloned, and
physiochemically analyzed to establish a model for the detection method development and molecular modification.
[Method] Using the total RNA of the hybridoma cell line secreting RBV antibody as a template, both heavy-chain (VH) and
light-chain variable (VL) regions of the antibody were amplified by RT-PCR. Then the short peptide (Gly,Ser) ; was
employed as the splicing joint to construct the complete scFv-RBV. Bioinformatics methods were applied to predict and analyze
the physiochemical properties, protein structure, and functions of the gene. [Results] The constructed scFv-RBV encoded
240 amino acids with a relative molecular mass of 26,162.27 Da and a theoretical isoelectric point of 8.57. The secondary
structure of the protein consisted of 39.17% f-sheets, 45.41% random coils, 5.42% a-helices, and 10% f-turns. In the tertiary
structure, the VH and VL regions were pulled close by Linker, forming a typical pocket-like spatial configuration that conforms
to the structural characteristics of a single-chain antibody. Theoretically, it could bind specifically to RBV antigens.
[ Conclusion] The successfully constructed scFv-RBYV in this study afforded the utilization of bioinformatics methods to
predict and analyze the secondary and tertiary structures of scF'v gene paving the way for further studies on the expression,
purification, and directed evolution of the single-chain antibodies.

Key words: ribavirin (RBV) ; single chain antibody fragment (scFv) ; bioinformatics; protein structure

Wis AR 2021-03-10 HIFE: 2021-07-12 f& Xk

EE®EY: B (1995-), %, LWL, FENFAGYRB S5 (E-mail: 1309909741@qq.com)
FEEEE FOCR (1962-), B, L, #, FENEFFMME FHA (E-mail: wenkui2009@yeahnet) ; F¥kHE (1977-), 5,
Mt #Bud%, EENFANE 214 K7L (E-mail: qyh@xxu.edu.cn)

HEE&WE . EEXESHKITRIE (2018YFC1602900)



910 I R F IR

936 5

0 7l

[#F52 5 XY FIE AR (Ribavirin, RBV ) & —
F RS HUR RS, ROV TIRIT S
VR, TUBRRE . MATIERRYS . O RIES R K
994 H = T S B sh W ML X i BE R BT ) BEAIR
[ 25k B T ah vk s b, Bt, FREZE R
BBt R RBVY Y s 2K R AE
Ny ARG RN T F Bz —, HAz iR
e N PE AR BTAAR  FRLEEHTIR (single chain antibody
fragment, scFv ) J2& M B 5 [T ATT A= T i — F S5 K]
AP, KAMUA BRGNS Z—, BEA
AT S AR B S A s sy TR
Y2707 35T LUK S SE BEBTIR B VH A VL R D] il i 2R
PR RIEAT DR, PHEmM R EHESRA 0T
FrdE /N RS o i D) s AL, T EL AT RAAE A3
TRV X LA 1) ke, DA 4 ey S R ) A
SR NI B E K7 =@ R LA VAST ¥ il A N
TG 5k B ARy i 0 N7 4R AR T A A 0 IR
L S BT T LR | (SR
RE2ERZ —, TEE A B | 259 8it55 07
T HE T REAERT SRR B R
PO P I HEAT S5 DR o0 A, I I AE e ) s A
HRRAS R R A ) A R AR ) s bR . ORISR
HEEY HuqEr o 3R Y 5k B A Oy ik A
RO AH % (HPLC) . B4 UKL . bk
BEW R M (ke ey A gk e
A1) VNS 4 & e T i R N SR TR 3 7 ¥
o [ARFRUIA LY HHGOCT A I 5 bk 55
BRI 25 ) 5% B A A DG B e /b, BN S A

nu\:

BB BT AR S5 48 4 i BT e T BB 5 Y 4 T D 22
Ao LR DR SC B[R] 8 ] ASHE 98 AE 4R 15 53 W A1) 12
AR e 28 98 At M Ak B Ak B, R PCR B0AR Y™
WU VH IR VLR, SR 5 BHE AL scFy-
RBV, #ATEMABR A E ., FEMMHEWE BT
B, WO A BT scFv-RBY WY 3RALE it S — R 4548, IF
I I] PR AR AR DL = G 4 0 . ISR 4 SR ] o e
IHEAT R 2 AR BE TR By S A B . BUiREE
ik R aifb it —E i s =%
1 MkE7*
1.1 R AR

B scFv-RBV B 5w BT A4 4 28 988 40 I ke Hh i 2 2%
Bt SR 4> 2 Wil p A LR e 3 it e
B 40 BT AU A 28 F Beckman-Coulter 24 ) 5 #5 i
PCR S 0 S 7 AR 25 0oL H 52 [ Thermo Fisher
awls B EETR & F 9SE OMEGA AR5 5 RNA
PEHGATR & . cDNA & A7 & . HS DNA Polymerase ,
T, DNA % $5: Ji 2 K AT 18 DHS o J8A7 25 40 g 140
K% Takara A ; FREIVENLIEE Not 1 F1Sfi 1T H
New England Biolabs 23 7 5 HAAH 5G] 12724 [ 7 43
Mrati
1.2 54igit

He R ScEk ™ B g vH R v R RIY, IF
SIAAE BV Sfi T A Not 1, Linker 25 ££45
I (Gly,Ser) 5 B, BARB W F 553 1
fiw (519F 5t Bl A TAEY) TRABRAF A ) .
13 ZEMBEHE TR

h B 1k A0 R AE TG AL IR B TS g, iR TR R
B T B A S B B AR A B AT 43 A R S ARB AR Y 4%

&1 Y18 scFv-RBV EEBISIHF 5
Table 1 Primer sequence for amplifying scFv-RBV

CIE/ BN s3I (53
Primer name Primer sequence (5'-3")
VH-F AGG TSM ARC TGC AGS AGT TWGG
VH-B TGA GGA GAC GGT GAC TGT GGT TCC TTG GCC CC
VL-F GAC ATT GAG CTC ACC CAG TCT CCC
VL-B ACG TTT GAT TTC CAG CTT GGT GCC

VH-linker-For

VH-linker-Back

VL-linker-For

VL-linker-Back

TTTTGGCCCAGCCGGCCCGGAGGTGAAGCTGGTGGA
TCCACCGCCAGAACCTCCGCCACCAGAACCTCCACCGCC TGAGGAGACTGTGAGAGT
GGTGGCGGAGGTTCTGGCGGTGGAGGTTCG GA TA TCCAGA TGACACAGT

TTTT GCGGCCGCTTA GGA TACAGTTGGTGCAG

7¥: VH-linker-For I RIZe AL S T BEVIAZ 25 VL-linker-Back X2k &b yNor 1 BV A ;  VH-linker-Back M VL-linker-ForXl £k 4t N Linker/7 51 o
Note: The underline in VH-linker-For is the Sfi 1 restriction site; the underline in VL-linker-Back is the Not | restriction site;The underlined VH-linker-Back and

VL-linker-For are the Linker sequence.
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SERAAMIRE , IF G E T 37 C HH IR KA 218 R
2y foft LTI AR VR o iR VR S R 4 28 9 A i A 10 mL
DMEM 5S¢435 TR, 1000 r-min ' 25,0 5 min,
F B, PREUIE. ARSEHIMA 10 mL DMEM 58
SRFRIETEBAMMYITE, BT 37 C HEH /R
FEAML (5% CO, ), F B RN 4l 1547 45 4% LA AR TIE
ANTE 1o YRR AR K F) 8 X 10° A, BEHR
A RORAS BT A 40 B4R B RNA
1.4 /2 RNA B9$2BUK cDNA & A

Sy G A SR ERBE T YL T A RNA, FIG, 7E#
Hr AR & e IR RNA R EGR ) & 106 0 5 i R 30 08
IS RNA, SRR H U 5k cDNA (#2),

=2 R¥F DNAWRMIEER

Table 2 Reaction system of cDNA’s reverse transcription

B R
Reagent Volume/uL
5 X PrimeScript RT master mix 4
Total RNA 10
ddH,0 6

T BiZAE: 37 °C 15ming 85 °C 5s; 4 CIRATS
Note: Eaction conditions: 37 ‘C for 15 min; 85 C for 5 s; Storage at 4 C.

1.5 VH 0 VL EFE B 18

LI cDNA M#AR, 2% 1) VH A VL B &R ilE5|
Y1, R PCRECAR G54 B Hr ik iy vH 1 VL 5
(£3). VHAEWIE, [ 1% HUIEHHEE S i Uk %
SELR, RJE B £F & H R/ v By vH #l
VL 3P, 4lifb )5 0= F-20 °C RAFEH .

#*3 PCR¥ I VHF VL &
Table 3 Amplification of VH and VL genes by PCR

b B
Sample Volume/uL
2 X Taq master mix 10
cDNA 1
VH-F/VL-F 1
VH-R/VL-R 1
ddH,0 7

T RBIZAE: 96 C 5mins 96 C 305, 55°C 30s, 30MER: 72 C
10 min; 4 CHR7F.

Note: Reaction conditions: 96 “C for 5 min; 96 ‘C for 30 s, 55 C for 30 s, 30
cycles; 72 “C for 10 min; Storage at 4 C.

1.6 scFv-RBV BREHIHE

Gy A VH R VL SR R B R RbR 3 i E A A
f#i PCR 4% A ¥ 1 VH-linker 1 VL-linker (% 4); §"
WA S, LR RN YR AW AR, R L
H1 i VH-linker-For Al VL-linker-Back 4 51 %), "%

scFv-RBV 3 (3£ 5), KRG B 1.2%350 B A 5E Ik
HE K AS I PCR P38 45

4 scFvEE PCR RE{EFH (stepl)
Table 4 PCR reaction system for scFv gene (step 1)

it LA

Sample Volume/uL
2 X phanta max buffer 2 X phanta max buffer 25
dNTP mixture dNTP mixture 1
HS DNA polymerase HS DNA polymerase 1
VH VL 1
VH-linker-For VL-linker-For 1
VH-linker-Back VL-linker-Back 1
ddH,0 ddH,0 20

#H: PCRYIIFEF: 96 °C 90s: 96 C 30s, 63 °C30s, 72°C30s, 104
fiG¥R: 72 °C 10 mins 4 CLRAF.

Note: PCR amplification program: 96 ‘C 90's; 96 'C 30's, 63 C 30,72 C
30 s, 10 cycles; 72 “C 10 min; store at 4 C.

*R5 scFvEEPCR KRR (step2)
Table 5 PCR reaction system for scFv gene (step 2)

i R

Sample Volume/uL
2 X phanta max buffer 25
dNTP 1
HS DNA polymerase 1
I8 [ N4 Among all above 10
VH-linker-For 1
VL-linker-Back 1
ddH,0 11

¥E: PCRYIEFRFP R %4,
Note: The PCR amplification procedure is the same as table 4.
1.7 F4HEHK pCANTAB-5E-scFv IES L E
FIH Sfi TF Not 1 NI scFv-RBV %5 [H 1l
pCANTAB-5E i ki g 17 X EF Y], SR )5 fff F T, DNA
4 4% W B V1 )5 Y scFv 5 pCANTAB-SE it f 2 17
A (3R 6), Mmits 240 ikl pCANTAB-5E-scFv,
K LS AT SR 4 PR % A DHS o SR SZ 254, 4R
JE¥SIRAE S E T EHER (AMP) ditkny LB [k
Figedt, BT 37 CHRMEF 14~16h, H PR
3N BURA YA AT R PCR 2658, SRJE B B B R 15
FE RN .
1.8 scFv-RBV & H RN
FIH DANMAN #4440 7 153 2 1Y scFv-RBV #%
IR 7 4 B B LR )P 5, AR5 14 F NCBI 43 B &
FE R 7 9 i T8) 8 M RN 1gG 45 M sk . R FH ExPASy
ProtParam ( https://web.expasy.org/protparam/ ) 1 & H:
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Table 6 scFv gene linked with pPCANTAB-5E vector
¥ fm Sample fRF Volume/puL
2 000
T, Ligation buffer (10 X) 2
. 1000
T, DNAZE T | 750
T4 DNA ligase 500
scEvlg 4G~

scFv enzyme digestion purified product

pCANTAB-SER Y 4lifk =)
pCANTAB-5E enzyme digestion purified product

ddH,0
e KA 16 CHA
Note: Connection conditions: 16 C overnight.
BAS TR, Sl AERANSESHY, IFU
SOPMA 2 ( https:/npsa-prabi.ibep.fi/cgi-bin/npsa_au-
tomat.pl?page=npsa_sopma.html ) il Jll 5 #7 scFv-RBV
B 945 H) . 7 SWISS-MODEL ( http://swissmodel.
expasy.org/ ) " Hi A scFv-RBV [\ & LR /¥ 51, il
scFv-RBV 25 [ /1) = G &5 1) IF- A 7[R P At

&R 5o

scFv AT X B E R 45 R

e IR RNA $2 U500 5 150 B 45 458 U2 52 988 400 it
RNA, Z5SANE 1 F7R . RNA B4 A B3R 251
Jp28 . 18 FI5S, MUKW LHEREIS, R RNA
TSEEE L DL SER ) cDNA R, 23 BIY Bt

JLIE o

13

2

21

R VHR VL, B 24558 K0, Yn vH Al
VL A Be R/NEIHE 350 bp Ai 47, H.Y 1645 2] Y 45407 B
—, SR

1 2

288
188

58

VE: JKIE 1~2: RNA.
Note: Swim lane 1-2: RNA.
B 1 B RNA ZRBEHESRAL f ik
Fig. 1 Agarose gel electrophoresis of total RNA
2.2 FEE K pCANTAB-5E-scFv IR FHLE
#HR

B VH R VL FE R S EE R IR RS, R ESE

250
100

#: M: DL 2000 DNA marker; ¥KiH 1: #738# VH IR kil
2: PR VL B .

Note: M: DL 2 000 DNA marker; Swim lane 1: Amplified VH gene;
Swim lane 2: Amplified VL gene.

El2 VH# VLEREH PCR i BER
Fig. 2 PCR amplifications of VH and VL genes

fiff PCR #4J % scFv-RBV 3£ [l ( VH-Linker-VL ). [¥] 3
SESRRH], YRS AE 750 bp A2 A A WL A H 1)
5 o A Y T 4 Bk pCANTAB-SE-scFv Hi i 71k
i DHSo @& 2 AL f5 , T PCR %8 45 R K W]
(Kl 4), 7750 bp ZE 4 A W 19 H A5, W1
WY 2 B A B o R P TR % 2 R TR
W F 445 SR TE Bl 1) BB 29 B2 Oy 40% 14 H i AT £
B, —80 C 1#17

bp M 1

2000

1 000
750

500
250

100

3: M: DL2 000 DNA marker; ¥Ki& 1~2: HHEH) scFv K,
Note: M: DL 2 000 DNA marker; Swim lane 1-2: Spliced scFv gene.
3 scFv EREMIZBETE R AR B Ik R

Fig.3 Agarose gel electrophoresis of scFv gene
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FIIH DANMAN F AR 77 45 545 2 i A% 1 e )y
G BHR R E HE R, 2 IMGT R 2» 743 (181 5), VH
M VL JFFIh ¥4 3 A~ B AR E X (CDR) il 4 M HE
JLX (FR), HIFFIHNELIE#WS T, H, vH 3
N4 118 A2 Hef, T Linker L{iF; VL JEH 44
107 N & MR, 7T Linker Fiif. VH Fl VL K%

23
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#: M: DL2 000 DNA marker; ¥ki& 1~3: pCANTAB-5E-scFv
W PCR %45 0 .

Note: M: DL 2 000 DNA marker; Swim lane 1-3: PCR identification
results on PCANTAB-5E-scFv bacteria liquid.

4 F4HRK pCANTAB-SE-scFv BE % PCR £ E4 R
Fig. 4 PCR identification on recombinant plasmid pCANTAB-
5E-scFv bacterial fluid
Linker ( Gly,Ser) ; fHi%E# .
24 scFv ERBUMREESEHTNER
2.4.1 scFv-RBV & & 8 /7l b 94748 % FIH
NCBI 7E £k 43 #7 % 5% scFv-RBV 3 A ) & 3k W2 7

VH

G, ZERKIN, scFv AFFEHUIR iy B0 ] AR 55 1y
(IGV), HAFE B SREEHLIAR TS XY BT RRAE, JF
55 2P A B8 SR BV B EE BT R A K Y )
TPk, Hp, Y Igheavy chain V region ( PR1) -mouse
(pir|A47329 ) [RIJEPE =R 70%.

2.4.2 scFv-RBV & & U 3ZAL W i B — 28 45 4 7 ) 4
A4 % F| A ExPASy ProtParam X scFv-RBV {9 #f
M4BT AT A1, scFv-RBV 4t 240 M R, 4%
T3 Cy y70H) 795N3110564Ss, BTN 3 657, AHXS
Iy FJRECN 26 406.57 Da, HLEZEeL & (P1) Ny 8.76,
AHE REN 37.79, FEAKVEVEAL(E N -0.372, HED
ZE AR T HREAKMMRRER A R Es g5

FW (El6), ZEA KD ICHE (45.42%)
BT E (39.17%) i AL, o-SRHE (5.42%)
-5t (10% ) AHXFE /D

243 scFv-RBVE AR =S AMBREE &5
PDB %4l 5 #4715 4 L Xt & 8L, PDB ID Skov.1 JIi %
T (0 28 58 S5 91 5 scFv-RBV T 4t i i 22 3 2 7 91 A5
e R YE (68.20% ). iz HIFEZ 1.2 SWISS- Model
#EAT scF-RBV [ [RlIEA A A g, (5] 7 45 %W, VH

—
EVKLLESGGGLVQPAPSLKL SCVASGFDFRRY WMVWVRQAPGKGLEWIGEIT

FRI1

CDRI1 FR2

PDSSMINYTPSLKDKFIISRDNAKNTLYLOQMTKVRSEDTAFYYCARPVYYRYL

CDR2 IR3

CDR3

SYWGQGTLVTVSAGGGGSGGGGSGGGGSDIQMTQTTSSLSASLGDRVTESCR

FR4 Linker

VL IRl

ASODISNYLNWYQQKPDGTVKVLIYY TSKLHSGVSSREFSGSRYGTDYSLTITN

CDRI1 FR2

CDR2 FR3

LEQEDVATYFCOQOGYTFPYTFGGGTKLQEK

CDR3 FR4

5 scFv-RBV REBRFFSHTER
Fig. 5 Amino acid sequence of scFv-RBV
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& 6 scFv-RBV i) Z R 571
Fig. 6 Predicted secondary structure of scFv-RBV
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VL EZ R TG T B, 4K Linker {774
HARPGEL, R — A TS5 i MR Z5
Mg b RA AR A S 1

Linker

7 scFv-RBV &R BR=REMEIFEE
Fig. 7 Homologous modeling of tertiary structure of scFv-RBV

3 itk

FIE A 1972 45 5, fENRIK L2 TR
Wz, FERESESY R REEH
25 5% B A sk e E A UYL B B TN AR AR
B, BT RCRTEFIRA, AR T IRRE DY)
FRE R E R . Rk, TP RERE. mak. R
SR ARSIy ik 3 AE E I o TE AR 22 24 W 5k B K O ik
b, BT YRR R RS A S e b s,
T EAER R, SR EIRE ., wEs, Hird
kSR S T R B I R TR —,
Herp A R S e oy bk Az Lk

PR S W 7 vk B A, R T ARG
A EEFE, F7E 19 2058, KOHLER 2
R BE D AR O il A TR T BE PR, A B
AR B AR AL ) A v A S L B R BLR R R
TR, AU AP R EE WS 4TIF T it ik
[T, R B2 T 5 36 7 A T R SR i
THFCREYUARI SRR e, HiigMitkm i, 78
— TR BRI T L R A B N TR AR
ORI & e, BT LB 5T BT IR AT A2 9 19
By BB TR . S5 Tk AT Ik,
BEPUARA AR B 5 R AR YU AR R R B 45 A
FebE, O EH AL, R E . 5 HAMAEA RS
¥ A BT RE M PLik 7+, BAtC BT 2 W,
T RN A Ak A K 45 D i e e B2
YIS LU R /N (CPV) 11 2458 T8 240 JH
FEA Al R EE A T SRR PUIR B S R AR PR
G S e i, SRR g 10205 WRAS 265 ok Tk

MR A8 ) B 470 A S 7 1 ok g e ) R ARG T L A A
T 2 7 10K g e ] . T R e A R ) R T 9 R A B
o R R RS E T, HR RO EE (1Cso ) {HH
13.01 ng'mL ', & FRM 128 ngmL . MeAh, FEBE
B FAEWFEMAEDGEBFEARAW KR, EH
JO0 455 ) T K B AR JBI4)  20 AT A AR A5 Ok R
Gy o b, (AR A VA 2 HETH T AR A A B
W k2 —, FEREEL S PDB ¥ & 4 B A
L HT A B X 4 AR A SO He i A e e S
M EL A R B DR ST ) S S R T A R M B A A
PR T =SS A AT R AR AR, R P A ) —
HEREDRT 30%, HIFFIAHLUE RS, Z5HmIi6e
R A B T AR R R Y 9 R0 T 45
X — BB g o B A A SRR E AT ) R AR ] H TR
POV A AR T . kT PR C e
(ORFV ) Hyg ettty g i seFv JE, Rzt
SERHEAT I M, R — 2D TR I B R
X (CDR) 5 ORFV (¥ B 40l il 477 Jit & 07 116 5 S 4 4%
A T ARBIHLED 5 T 250 S a4 T A A i
P Vb B R EE BRI P B S 5K, T A R PR Y
YRR I SIS Y AT oy A, R
{0 TR M = IR R PR S 25 /N A M EAER
SRR AUILIR ;W=7 T X 1 4 W o i 2
RIEAT P8 AT . RS ST Ry X I, R o
FHRR H 2R M RAS R NEAR, DUk REE
BRSBTS T 3.9 4% Bri AR WAE > Wi b
B P R SLBE BT AR %) 2 32 98 A i A A T SR A BT
i, Gl R AEWAE B2 ks kIR e, R
HaE AR E X (CDR) L3 A9 K% FE R 2 H R E
W] GEAE R R A BERE FIA AR, 45 R R R AT R
SO R T 2.2 5 M 2.5 4% . 28 BRI, Ak
PR YRR E R ) R R, nT AN AEYE B
TEATF, BRI E F 5 AT 58T, SR JE X
PR IEAT HE— 2 0 Feak frali e K atb 4k o M i e g A
Y5 B B BRI R SE I 5 25 A mT LAHS BY Ak 95 2 5
AR TEARNEER, it —2 Wiz
A 5 IR OC FR S LAY A G PR 2 e T e AL

4 %t

B FE SR IR BT scFv-RBY JER B4 T 43
Mrés R EoR, schv 3L 4t 240 &0, HXT 5
TR 26 406.57 Da, FRIGZEHL S (pI) My 8.76; 1E
ZHEERh, BITE (39.17% ) FITCHEER (45.41%)
b E S AL, o B8R (5.42%) A BFE A (10%) A
M FE = RS R, VH A VL XA B 28 7
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FOA) € AR 4k FUAR AR B AR 3 RS 2 A 5 AT 915
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