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3t PCV2 JUR 4 K GURE 2 T 2o,
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Abstract; To construct specific nanobody library against PCV2 and to characterize its capacity and diversity, a

female alpaca was immunized with inactivated PCV2. Anticoagulated blood was collected after the fourth
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immunization, and peripheral blood lymphocyte was separated, followed by extraction of total RNA, and then
cDNA was synthesized by reverse transcription — polymerase chain reaction (RT — PCR) method. Specific primers
were designed according to literature data and heavy chain antibody gene sequences of alpaca published
in GenBank and were used to amplify variable domain of heavy chain of heavy — chain antibody gene segment
(vhh) by nested PCR. And then the vhh segment was cloned into phagemid vector pCANTAB 5E to construct
pCANTAB - vhh recombinant plasmid, which was then transformed into E. coli TG1 by electroporation. For
calculating the capacity of the nanobody library against PCV2, library bacteria monoclonal colony number was
counted after gradient dilution and positive rate of library bacteria was identified by PCR method. Positive
recombinant plasmid was extracted and was sequenced. The results showed that the positive rate of antibody
library recombinant bacteria was 92.0% and the nanobody library capacity was 2.75 x 10'°CFU/mL. Sequences
alignment analysis results indicated that the nanobody library contained abundant diversity of gene sequences.
This study successfully constructed a specific nanobody library against PCV2 and the quality of the library met the

requirement of subsequent research, which made it possible for further obtaining high affinity nanobody

against PCV2.

Key words: PCV2; Alpaca; nanobody library; capacity of antibody library; diversity

1 17 59 5 2 2 ( Porcine circovirus type 2,
PCV2) J& T [BIPR H5 R B BR 0 1 I8, o d b 5 —
TR R FR G AL, To e L PR 20 Sy B R IR 17
i DNA'Y . PCV2 25 K 4 B A AE W7 3
145 22 2 50 58 00 25 A5 1 R RE 3 55 0 I 1 250 4 O 45
SHERECRIR R PCV2 FIH & 51 K PR B 4E
R BE R Te i o |, 7= B BELAT 13K [ 55 5
PR S I BRI PCV2 AR B IR
XFFHRE PCV2 RIS Bfy T BA 2 X,

1993 4F | [L F 2% # Hamers — Casterman 55 4f
T B By FP AR KRB B B A PR RS &
UAE U R — S 3R 0 55 Sl ) R N AR 7E 28 LY
PR 4 o e A T AR 1 AT AR X AT A ) i —
A~ H A AT AR XA B Y B R BT 4K (variable domain of
heavy chain of heavy — chain antibody, VHH) "’ |
F VHH MXF 50 F B 29 0 15 kD, SR # AT Y
1710, UL Ry 9 KPR, B2 H ETR AR R IR
(RS 43 e de /N B AR gk A 3L
Ak R S T IR E e AR
FEGARIZ W, 431 K 0 A 36 7 45 7 T 2 3112 5%

PRGNS 11 Y N7 N S TR N R N T 5 3 NP
1 R PCR 1 LR A BT AR X
B JER H SO R B MR RO A BRI E. coli 14
L AN KBTI 4 TR BRE TR 47 AR S 5 il B ik
TR AR SR ) KR S8 J 8 TS, 5 A R L T
AR BTS2 IOk T AR BT AR SO, VHH SRR B 20
Wit PRI R T I A e AL 5 BE DR Y B0 R AE —
& TSR BIPUR I RE ) 5 W R A1 1 B ) 45
BAE N X R ERTR Y T 1E 5 Sy R 8 W T
PR P AR 5 2% 32 98 B0 v BE BT A H AR AR L 484
SE Ay 6, AT A A R Sl L i
ARESER 3 7Y R T PCV2 R R
QUK SCPE , I X SCEA G HR AR R AT 1 2852 43
BT, A kW T BT PCV2 45 5P g K A 28
S SR

1 ME5HZE

1.1 Ekzhd RS 1 B IEiR &
AT F2 B e (LU ZR R A M RHE AT IR A R A7)
1.2 FEZ&KHA E. coli TGl HFk pCANTAB SE
A HY L AR A T N F R BE BE O B U K AR A
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PCV2 2 8 K% 1 i mzﬁé%%@%ﬂ&ﬁ (F/N
AL Ficoll — paque plus W) H GE 237l ; & RNA
PR £ ( RNeasy Plus Mini Kit) Fl DNA 4fi{k 7]
Wk & H QIAGEN A\l 5 i % iRk ) & b FE R
KA F PR Eh 2 x Tag PCR MasterMix 4 #3237l
P Sfi ToNot TR PE N YD T4 DNA 3% 2 i 24
5 NEB; ZEHE A Biowest 7= i ; 7% R HE BUL ) |
Hme 7 &S AE YR A PR A R 2N VRN
BRI E W [ Sigma 23l ; Bk SR BGRF] &
FUEE ISR ) &2 OMEGA 28 5] 77 iy Hofd i 7]
S35 o R A S Vs T [

1.3 Bl 4%t AR¥E Maass Fl Harmsen %510 1016
SCHRAIE e FH 95 |9 o 208 2, BT T A S
PERS )9 S B B BRI R B, UG M
YERTHG g 1 proR, o VHHL - F A7 T4
PRGA XA HIT- 57 50 08 5F X, VHHL - R o T4 ik
CH2 S5 AR <1 X, 2o 51 P T8 R/ gy
5115 900 bp 4 vh — CH1 — CH2 J Bt 124 700 bp )
vhh — CH2 J Bt; VHH2 - F Fl VHH2 - R JI T M
700 bpHJ vhh — CH2 v Bt 4 3445 512 400 bp 19
SEEGEUAR TGS AT A8 X ohh FBE, WX S8 00 B AE
PriARZE T A7 BN 1 7R, VHH - Dete - F
VHH - Detc — R 2§ pCANTAB 5E #4& b 138 FH 51
Y, T SO A PCR %5€, 519 i HE sy
AW TRABRAFA B

®1 NEMEREESY

Tab 1 Primers used for library construction and

characterization
72 FIFHI(5" -37)
VHHI-F GTGGTCCTGGCTGCTCT
VHHI1-R CGCCATCAATRTACCAGTTGA

VHH2-F CTGGCCCAGCCGGCCGAGGTGCAGCTGGTGGAGTCTGG

VHH2-R ATTTGCGGCCGCTGAGGAGACGGTGACCAGGGTC
VHH-Detc-F CCATGATTACGCCAAGCTTTGGAGCC
VHH-Detc-R CGATCTAAAGTTTTGTCGTCTTTCC

CDR1CDR2CDR3

[N N]
FriFr2 Fr3 l<14
Leader! : CH2 CH3
VH [ CHI R R -0
VHHI1-F = 4 VHHI-R
VHH2-F 4 VHH2-R
'1|||||||||||||||||||||||||||| 1gG3
VHH1 F" 4 VHH
VHH2-F = & VHH2-R
[ VHH Ty 1g G2
VHHI1- F" 4 VHHI-R
VHH2-F= 4 VHH2-R

Bl1 vhh ¥ 18319 IgG R EHMELEREED
Fig 1 Diagram of the location of vkh amplification

primers in IgG antibody structure!"!

1.4 Jrk
1.4.1 FREZASA LK minnsE 4 PCV2
S BRI PE I OE o N 2 a5 e A i Oy 2O
aéEbL T AR 4 W R 14 d; BIR
FEFEEETXJ” LB S A B ST 15 L K% o B

@%Jk o A4 RBIESSHE 1 R R, R
ELISA J5 4 I e e BT AR B M, 3 2k 200 358 e ok R
EFELEAMA I 20 mL, 38 ik 2 BB 2.0 5 VR A B
SR I A, THEUS B TR IUS RNA
AAEUITET - 80 CIHAT .,
1.4.2 #HE @i RNA $2IRZ cDNA &% i ]
QIAGEN & RNA #& Hitia 7] & ( RNeasy Plus Mini
Kit ) $i2 bk TV 40 M3 RNA , ELAHRVE 2 IR & i
BB T, & RNA ff ] NanoDrop 2000 Il & ¥k Ji
), E%FFJ?&%%AEE“—%‘LO

i FH Thermo S &% s8] & 61T ¢DNA 55 —4%
B, VAR FR K B RNA 2 pLL\Oligo(dT)lg 1 pl.
nuclease — free water 9 pL;65 °C 5 min, %R )5 7 EI7E
UK VR AD; B DL B R VAR R A S x Raction
Buffer 4 pL. Ribolock RNase Inhibitor 1 plL,
10 mmol/L dNTP Mix 2 L, RevertAid M — MuLV RT
1 pL;42 °C 60 min,70 °C 5 min, 10 CARLE; S 45 W
J&i ¢DNA F - 80 CHRAES T RIFH 45 —% PCR i,
1.4.3  ohh AW 3 FIHHL PCR HE T W4e
PCR S 4 3% 2 5o FaE U iy o] A8 X g L [ 5
—4 PCR IV LA DNA E R B4R, 4/ VHHIL -
1 VHHI - R 51907 B SO, OB R ¥ 94 °C



"4 W P2 27 2019 4F 11 H 45 53 4655 11 3]

Chinese Journal of Veterinary Drug

5 min,94 °C 30 5,50 °C 30 .72 °C 50 s,30 MR,
72 °C 10 min, RN=YIZE 1% SREHHEERS LIS
YIELZ 700 bp A B, OMEGA Ji [al e 1) £ [m]
Weglifb H v R B,

S—%t PCR Wil Y75 B J5 7 0 5 % PCR
JNE RS, ffi 514 VHH2 - F il VHH2 - R 3
AT HE R, IR 2544 94 °C 5 min, 94 °C 30 s,
60 °C 30 s.72 °C 50 5,30 ME¥F,72 C 10 min, fiff
FH 1% By BEWEGER FL VK 2522 H 9 557, BT 4%l K
/NZ 400 bp, A A I ) 6 el i sk H i 2%
M, T -20 CHEERH,

1.4.4 HABTHARAME B ohh B F
Bt pCANTAB SE W5 P& R 244K 43 346 H Sf T A1
Not T BRI P U g BT , 28 By R W 68 Jsg [ o fefe
FH T, DNA JE 3 ERKE 24k 1 ohh B R SER R B 5%
it 1] b 3L (R W R 404K pCANTAB 5E 4%, 4%
B4 LR AFTHRI &Y E. coli TG1 2%
TSI AL E L R 1.8 kV, L FE AL
SERUE 37 °C 200 v/min HR%HEFE 1 h, U100 wL #F
TTRB EERR BT A A ROR TR TR IR A W Bt
PEEASEAR 30 Ct g,

1.4.5 ShRIUVKEM EER S HEET (I
LB 3535 v - p L [ 16 i T 7 T W 8R 31 250 mL
KEHETH T, B 100 WL B 7R FEAT 46 B i B I 14
AR NP AR s 35 5 TR R R Pl B
{18 T T 5, AR AT T 7 B S s A O T SR AR S 1Y
EAS ;s BEALPRHL 50 95 43 5 T 5 mL LB 8557
Ferh b G R , DAl 3R 7% 09 TR A S AR, (6
VHH - Detc - F 1 VHH - Detc — R 5|4 #£417 PCR
SN, %4 5 B s e L B8], BH P o 1 8 BT
Je ik AR T AR TR BRAA R | %8 Pk e
PERER P AN Z2 0, TR RO A 249K B2 2 20%
H I IR AR 53%, T - 80 CHRAT S

2 GER5HH

2.1 PCV2 K& 4 & %0 F ¢ 5 0 A s
55 4 RBPELE I 1 J 5 SR ML A3 B PUIi , $EAT A% 1L
Fike, LA PCV2 Cap R A8 ELISA 96 fLAR, LA
BE PCV2 A5 75 I8 B AT 43 25 0 258 11T 500 4%

i B J A A B of R 38 3 (162 ELISA 7 VA 45
FEJG FREIMG 1gG HiMAKF, SR IR 5 4 IR
FEIG BB PCV2 1gG HUARRLM AT 341 50000 LA
ECEL2) LB K75 & Al g K iR S
PRt

4.00
3.50 -~ PCV24L 1M
3.00 —o— BAMEXT R
_ 250
g* 2.00
1.50
1.00
0.50
0.00

L] L . a
500 1000 5000 10000 50000 100000
MR E

B2 PCV2 RiEF£&FEHRBEFRBELFBERELMN
Fig 2 Serum antibody level of alpaca after immunized

with PCV2 inactivated virus

2.2 SEMMkE 4o E &S RNA BRI A
PR E 20 0 B W 20 mL BT EES 1M rh 43 B
N 7.5 x 10" AR AL, i H] QIAGEN & RNA
FEBGRF S HE Y RNA BBl 25.9 pg, A260 nm/
A280 nm {H4 1.99 3 & HPEZR . Fol Atk 40 i
T -80 CHAAHH,

2.3 ohh HEFEEY LUK cDNA AR,
fdi] VHHI - F Al VHHI - R 5| #1755 —% PCR
P 1R, PCR =98 1 1% B fiE A e Jie v vk 04 7
R, &5 R LR 3, 55 —%6 PCR =448 K /Ny 5l
4900 bp 1700 bp AP EE S R B

Wil @il il o)

M: DI2000 Marker;ctrd; PCR BAMERFAE ;1 -2, 55—4 PCR =¥
M. DL2000 Marker; ctrl; PCR negative control;
1 -2 the first round PCR products
B3 %—% PCR =IRAEHERREIKER
Fig 3 Agarose gel electrophoresis of the
first round PCR products
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E) [0 5 — %8 PCR P28 9 700 bp F B,
Al b5 LA BN, 5 7] VHH2 - F fl VHH2 - R
SIYHEFTHE 48 PCR 8 SO0, BB W v e el vk
5 IR, H 48 PCR 72 R/IN2)h 400 bp (Kl 4)
50U A BERN—3,

M NI N2 1 2

M: DI2000 Marker; N1 ~N2; PCR B4R 5
1-2. 5% PCR =4
M: DL2000 Marker; N1 ~N2: PCR negative control;
1 -2 the second round PCR products
4 SFEZ# PCRFYIHREERKBXER
Fig 4 Agarose gel electrophoresis of the

second round PCR products

2.4 pCANTAB —vhh Z 4 Rty 45 % PCR
P Al G 5 R RLE A pCANTAB SE 43l 4
Sfi 1 #1 Not 1 BRI Ny DI B AL VI, £ DNA Zlifk
g 3 7] & [l Wi XA U0 05 0 ohh BB R B R
pCANTAB SE #f&, 7 5 J5 i T4 DNA i $ il i%
Bead B, RS 1% B S I e kR U, 44
A 7R A WAL S KN30 S 24 7000 bp Al
5000 bp M (1 5) . HiH 5000 bp %4 5 H
A BORL T K/ — B, BT F B ohh H S
pCANTAB 5E B4 EFE)

2.5 MAFEXEMMEE EREE KEE™
Yy ok B ZE FLEE AR A 1Y E. coli TG1 5275
A b, WAL R RIS AL T8O 1. 34 x 10°
CFU/mL, ALK 2 1.5 x 10°CFU/pg DNA,
PEF YA E R PR, 30 °C 3 7% 8 33 5 Wik
B LRIV, S 2GR A TR 241 740k 3. 01 x 10"
CFU/mL, MR TR A T A b R ALk

M: 1 kb ladder; 1. WAYIJ5 Y pCANTAB SE #fk;
2. vhh 5 pCANTAB 5E JE#7=4)
M: 1 kb ladder; 1; double — digested pCANTAB 5E vector;
2. ligation product
B s EEFYREERERKEIKER

Fig 5 Agarose gel electrophoresis of ligation product

HU50 A~ PABEVE UEAT PCR %552, PCR P91 28 1% B
BEBEEEIC HLIK , 25 3 s o A7 4 A I (B 6,
26 529 5 32 S H143 5) AR 1 29 700
bp YT K/ (B 6) , BIYER N 92.0% , 157
BAPER KN K 2.77 x10°CFU/mL,

2.6 HRAUERCSUE Z AR KT XA E R
PRV BUTTURL IS DU 1, I K I 5 45 2R 43 53] 5 NCBI
R EIEAT BLAST EL X438, 45 5 7R fn 43 DG i
JF 50 140 R 2 0 sl 0% B SR SR 0T AR X35 )P 8] —
M HRAE 79% ~97% Z 18], R IR SCFE &
BEPUAEE R SCEE . DY J 91 22 18] be X 435 2R an 4] 7
JIt7R 16 AN 7 51 34 Syl Sy ok HE CDR3 X
SRS & I F IR BRI A R 2 7,
FRZK TR SCESL P 51 CDR3 X & B 1R
FEa R R R I LY PCV2 4K i ik S e B
RGP Z R, Hob %52 01,02.,03 A1 10 B9 I
JPIP51, CDR3 XALF 20 LA b A S 3 IR AR 5, 7F
HYK PR BAT 3K CDR3 X [ SLEUARAE ; 55 4h,
A0 90 5 39 7 55 46 157 2R 47 (L FIES 49
I IR IR IE TP AT G R PR 1) S L TR 245 4 e
TR HE—2E B T ) A AR SO A Ol oK
PR
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13 14916 17 18 19 20" 21 22 23

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

M 4849 50

M DL2000 Marker;ctrl; PCR FIHEXT ;1 - 50 Bl PCR 2553
M: DI2000 Marker; ctrl: negative control; 1 —50: PCR products of randomly picked colonies
El6 MAMEITERRPCREELR
Fig 6 PCR identification results of nanobody library

Seq_1 MAQLOLVESGGGLVQPGGSLRLSCAASGFTLEDYALAWTRQAPE fiVSCISRSG-YTKYSDSVKGRETISRDDAKNTVYLOMNSLOPEDTAVYHC
Seq 2 +ovvnnnn s. R V.DY. .MC.[H. ...SA.RS.N .N........NT. .SG.K .Y,
Seq 3 ... veee.....R.AGDYH.I . ST.GS e KoL, .
Seq 4 -..... W ce....V...RIA.I.VMG.]Y. .. K... .T
Seq 5 ...... T....P. SDEF. I ..V .TQ.S .R...S .
Seq_6 ...V.. S..D...VG.[H. . ..N.K.D R
Seq_7 ...v.. FSNAYMT .[Y]. onin . ... .K.. ..F.N
Seq_8 ---V.. SIGSI.TMG.S. - . E.E..K....GE.Y..P
Seq_ 9 ...v.. T .SI . seisas R, AT 2 ..Y.N
Seq_10 ...... T...L.S . o K.....L.Y.
Seq_11 . V...S.FPF..IS.[f .N.....K.N..H.. R.K.. .Y,
Seq_12 . Ss oo N....L K.. ..K
Seq_13 ...v..... cececessecss®es +ST ...L. L.. ..K.. .N
Seq_14 - ...... ce...E...==.DY... e . . .K.. ..K.
Seq_15 ...v.... .. e SIFSI..M . N.K.. .NS
Seq_16 ...v.... o veeeeie.....GH.SIN .T K.. .N
Seq_1 TVR----- NTCLGFRDGGRV-=-=-~ TEDD QGTQVTVSS
Seq_2 DHER---PWSRVATMT--- . .
j(-(L3 ETPY----YRA.CSIAED
Seq_4 ---A---- SSWEPE.

P

“T RNV EIERR S AT AN S AR ¢ - 7 RN AL E IR B ; T SO R R R IR S AL B R R S AT 22
” represents that the amino acids of all sequences in this site are the same; “ —” represents that there are amino acids deletion in this site;
Letters represent that the amino acids in this site are different
B7 MR ERSISEESHR
Fig 7 Sequence diversity analysis of PCV2 nanobody library



R 2 %R 2019 4F 11 A 56 53 B4 11 11

Chinese Journal of Veterinary Drug -7

3 WitE&R

PCV2 E5RWT Y144 2 2R G0 B 25 5 E S5 AR
BRI BRI POV B S B £ A IR
PRI S ] J G 5 4F 25 R4l 38 L R 2 3 4 2k
HATRC A 45 2T 02 1 T PCV2 B,
R EE ST =50 PCV2 SR A 7 vk % PCV2 1
GAEVERERAEEZE L, EFERCHTZ
FEIN AN 2 F JF & T PCV2 B 5 [ Bt 1A B AF il
TAEP 2 5L 2 v BB R RN B T B AT L
GUKBTAATRT 53 T T/ e S R FIAR E PR AT
il 28 R AR O A AR R AR e iR JE 1 R A B
AL /N A Ty T HARS ARBERAE T
1o B AR BT IAR S , R i BE BT PCV2 R R R4 K
BURS AL R AR

HRAETAAR T R R U5 Bl ) 2 15 48 3 8, oK it
ARSC PR AT 43 SRy A P8 B AR SCPE AR B 8 it AR SC
JE P AT R e A S A K B AR SR Sk R T
28 PCV2 P E0¢, JB TR ik U, s
PE I MAEHRKE S e T 45 S5 B ROk e )
N7 R[] Ao, R ] 4 Sz Bl 22 4 S M 0 S A e 0
b IEFE IR AN H . AR5 53 B S R
ShJE AR LRSS @ 82X PCR 9734 5 ohh B Y
BN A B, IS H e B 2] pCANTAB SE £k I, i
B2 VB R M U I FhL T 5 S R B R 2R 4 I
FE AL TOR A8 G 25 55 SUOEE B I v 1) S R R
AFIPTEL,

AW AL (8GR OR TR SC R, SC PR T BH A
4N 92.0% A5 AURPUIRSCIE 2K 516 4~
BEHLIU 3 3 1 141 SR 487 s B, 55 NCBI $idls e A 7
BLAST HLXTor#T, Z5 5 s H i 56 R 34 5 22 5e al g%
T F B A L T AR X B REAE DE B, 3% BH AR5
JT R S P B AR SR Sy B BT R R TR SR 5 AE 2
T, KB B IR ARAE Z — R R A RK N
CDR1 #11 CDR3,CDR3 V¥ K B 16 ~ 18 424 Jk
iz KA CDR3 A Bh T2 Rr 9 K Bk 45 4
RS E Mk 38R R e T, 515G PR A
Lo, WK BURTE FR2 X AR AE 4 A RRAE PR LR,
Phe/Tyr39 .Glu/GIn46 | Argd7 #1 Gly/Phe/Leud9 , iX

DUANRAAE M 2 S TR A S B A BH AL VH 5 VL 454,
BEIMGCRBUR A PTIAE B IR A M > AHt
FEPBENLPRICY 16 A5 5w B 4 S 5L R P S 4 5 N
KRR B HE R 7 5 G5 F REAE , R BT SCPE L%
JPE 2R RAT

GUKBTAR S 1 P 25 R/ BU AR IR 2 e 1k
SR PR SO i ) B AR O XS SRV
H A AR S A K B A 14 5 0 T LA e e AR T
X RAR YUK BRI &, 1 V% 3 &1 2% F0 P Ak (K,
1075 ~ 107" M) BORIER XS] 10° P it
2 o ) T A X PR R 2 0ok I B 5 R g i
JE W E A, 5 AR S e PUAR SCRE A LL , VR e 3 s 2 A
TIPSR X B 75 B R A XAk, ASHIF ST A A
YA S PEZR3A F 2. 77 x 10" CFU/mL, 3CJ%
£ 5 KAF O A E S PCV2 Fr IR LA | 4t
e R ESR  AT B TR U R R R AL POV2 R
KB

g5 LTIk, A W 58 B R TS 5 ok TR Y
PCV2 FE S PR AOKR PR SCIE , I X8 SCPE PR FLT 57
ZREPEEAT T Y%0E , itk — L T PCV2 AH T
JE R e S AU KPR BE T il

SE
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