£ T RO¥ MR %/RERES CDOV-3 hERMRRIINRS SR
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn Jan. 25, 2021, 37(1): 178-186
DOI: 10.13345/j.cjb.200248 ©2021 Chin J Biotech, All rights reserved

- VIR EBEEEHEA

CDV-3

N, FEE, REE, FEF REF, BRa

P ER R E B TR F BT, HAR KF 130122

M, FEIE%, BE%E, % REHVKNEE COV-3 MR e 5 % E. Y TR, 2021, 37(1): 178-186.
Bu Y, Yan XJ, Zhao JJ, et al. Construction and identification of an infectious clone for CDV-3 strain of canine distemper virus.
Chin J Biotech, 2021, 37(1): 178-186.

B OE: BN SRR KR R 5 PR Sk CDV-3 A4, ME KB #mELRLEME cDNA L%, A K
95 R R B R R R G AR BRI AR R R AR R ek, & 13 APAl xR AR R A PN, AT —BE s
& % CDV-3 ¢9 2K 54~k B#AT RT-PCR 3¢, Z8inst4E, ¥ 5/ H BORKIEN B B dnfs b Bt B o9 A Az
#H AR pcDNA3.2 49 % & B dnis 54, BT FL & 3% F= F5 Rk Rl i N4E Sk RAL B A= T RLUAT K A BG 5 5], RAF
CDV-3 #h#g4 K cDNA /i #i (pcDNA3.2-CDV-3). ## 4 ik CDV-3 N. P. L & @& 3/ N 4sh i, #8448
#| Lipofectamine™ 2000 44 4 K /& #i f= 3 AN#H8h A L4534 293T v, 3d /5, ¥ Lik4E44 %) Vero aafie, MR K
B AR RS OAR R R, AT E R FHRAT RE R AL T AATE L. KB, B WtCDV-3 f= rCDV-3 #9 £ K4
M. SRFEAEHB) R AL B 5 A5 2 M A ¥ A . R FL R AR Vero 4ot LT s A 69 A Ak R
%, % RT-PCR. 3% & R A BEINEL T, BRI EHE TH%EF rCDV-3 #k. rCDV-3 ¥l AR S
2 %) 10"%7 TCIDso/mL, tb WtCDV-3 #93% & 10°%%" TCIDso/mL % #9 10 4%, rCDV-3 &4 Vero fafe /s, ik X &
Wt, TREBhZXBRZAEFHE. W WICDV-3HA-F4%, REE N2hiRassFRAIRK., X FELH
%3 CDV-3 MR G A RAE-F &, A KRB w37 A 5 W b Ao BUR AL AT 50 32 52 A sl

. REB#HmE, CDV-34k, BREMLE, ROEHEEL

Construction and identification of an infectious clone for
CDV-3 strain of canine distemper virus

Yan Bu, Xijun Yan, Jianjun Zhao, Haitao Li, Chuanfang Zhao, and Xianghong Xue

Institute of Special Wild Economic Animal and Plant Science, Chinese Academy of Agricultural Sciences, Changchun 130122, Jilin, China

Abstract: In order to establish an infectious clone for CDV-3, a commercial vaccine strain of canine distemper virus for
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mink, to provide reference for the studies of pathogenesis and novel vaccine development of CDV. Thirteen pairs of primers
were used to amplify the full-length genome of CDV-3 strain. Five long fragments were obtained based on single restriction
site analysis of the whole genome of CDV-3 by RT-PCR. Five fragments were successively inserted into the multiple clone
sites in the modified eukaryotic vector of pcDNA3.2 by restriction enzymes and splicing. Meanwhile, the hammerhead
ribozyme and hepatitis delta virus ribozyme sequences were added to the beginning of F1 fragment and the ending of F5
fragment, respectively. Then, the full-length ¢cDNA recombinant plasmid of CDV-3 was obtained and named as
pcDNA3.2-CDV-3. In addition, three helper plasmids, expressing the N protein, P protein and L protein of the CDV-3 strain
respectively, were constructed. The 293T cells were transfected with the full-length cDNA recombinant plasmid and three
helper plasmids by Lipofectamine™ 2000. At 3 days post transfection, the supernatant was added to the monolayer of Vero
cells to observe the typical syncytium of CDV. Indirect immunofluorescence and artificial label identification of recombinant
virus rCDV-3 were conducted after the occurrence of lesions. Finally, the growth characteristics of wtCDV-3 and rCDV-3
were compared after passaging of rCDV-3. The identification of the full-length cDNA recombinant plasmid and three helper
plasmids by restriction enzyme digestion and sequencing were consistent with expected. The Vero cells infected with the
recombinant rCDV-3 showed typical syncytic. The identification of indirect immunofluorescence and labeled marker, and
observation under electron microscope proved that the rCDV-3 was indeed rescued from the recombinant plasmid of
pcDNA3.2-CDV-3. In comparison of the virus titers of wtCDV-3, rCDV-3 replicated massively and rapidly and reached the
maximize virus titer of 10"%7 TCIDso/mL within 36 h post infection (p.i.) in Vero cells, while wtCDV-3 grew gradually to
10887 TCIDso/mL at 72 h p.i. in Vero cells. This reverse genetic system of CDV-3 strain has been established successfully, to
provide reference for the studies of pathogenesis and novel vaccine development of CDV.
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112 FERH

37 DMEM | 5 5% R AN I FBS,
B B Gibco A ] ; HAZKILH A pcDNA3.L Iy
H Invitrogen /A l; FLREZ K pEASY-Blunt If
PEASY-Simple-Blunt . = & EL/i} TransStart FastPfu
DNA RA A FITC Frid PR 4l At at
B EYHARARA T AR N U
T4 DNA #H:0 A Thermo /Al ; %% Y5
Lipofectamine™ 2000 #1f %% %17 & SuperScript
I1I First-Strand Synthesis SuperMix 4 H Invitrogen
ow] s Bk BOA & . DNA BEEE [t
&, WWH AXYGEN Zt#]; RNeasy Mini Kit #il
EndoFree Plasmid Maxi Kit ) H QIAGEN 23 &l ;
/& CDV-NP I H Veterinary Medical Research and
Development 23 F] .
1.2 AH*
1.2.1 CDV-3 BrR&H:FHH 5k K& P50

BUARAT B KA 5 B CDV-3 M 4 Jif % R 2
200 uL, 4 RNeasy Mini Kit #2/E 68T, H2HC
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RNA . HI SuperScript III First-Strand Synthesis
SuperMix i1 & S % sk G il cDNAG R R GenBank
EAAIH CDV-3 ¥kZ% 5, HIHE A Primer
Premier 5.0 %31 T 13 Xf4# 2514 (€ 1),
AETAY TR (B#) BROARAE S8, M
TransStart FastPfu DNA R4 HEFAF &1 PCR
i, X H R B T A, EER
PEASY-Blunt /A, 5L % Trans-T1 &Z A, WA
BEA A NIRRT, T 3 DL E R B sepE
TRAETAY TR (Bifg) BhARA R #1T7)F
G 5E o

F1 2EFBIEASIMFT
Table 1 Sequences of Primers for the whole genome
amplification

Primer Position of
name Primer sequences (5'-3’) the full-

length (nt)
1F ACCAGACAAAGTTGGCTAWGG 1
1R GAGCCGGATACATAGTTTCAAT 957
2F GAAACAGGATTGCTGAGGAC 766
2R TACCTTCGGGATTATGTGGG 2 455
3F GGATTCTGGCGAAGATTATT 2259
3R TCTGTAACTTCCATCGTCTG 3947
4F AACTGCAGGTGTCAAGGAAC 3739
4R TGAGAGCCTGAGTTGATTGC 5278
5F CGCAAGCGAGGATTGAGGGT 4503
5R TGACGGTTTCTTGGGTAGCCTC 5787
6F GTTCCAAGGCTCAGATACAT 5329
6R TCTCGTTTAGCTTTTGTGGC 7418

TF AAGAGGATATGGAGAAATCAGAGG 7301
7R GGTTACATGAGAATCTTATACGGAC 8 888
8F CATCGCCAACTCTACAACCA 8 829

8R CCTGAGGCATGAGCATTTCT 10 312
9F CATTAACGGTTATCGGGATAGACAT 10 217
9R CTCGGGTCTCATCCACTATTGTT 11 625
10F GCACCTGGTCCTATGCCTTG 11 383
10R GATGAGAGAGGTCCCTGAGTATTTG 12944
11F GGCCTATGGTGATGATGACG 12 770
11R CTTTCTAAGCATCCAACAGCATC 14 128
12F TGCAACCTGATCTATAACTGT 13725
12R GACAATCCTGGTAATTTCGT 15 392
13F TGGGTTGGGAGTGTTGATTG 14 595
13R ACCAGACAAAGCTGGGTATGAT 15 690




Rt F/RBEHRES COV-3 HRERMRIENNESEE

1.2.2 CDV-3 k2 H4H cDNA EAH TR AWE

FIF#4 DNAMAN 7087 1.2.1 1 FrdR15H
CDV-3 #k4 3k 241341 i) s — PR VI 5, X
5 Y AL EAE B4 . R Primer Premier 5.0
iR (R 2), A TRETHHE, 518w
Uity $ s AH . DI A7 55 . A 1.2.1 HA AR cDNA
AT PCR 471G, ™ 1 7= K Ik 5 44 4y : F1.
F2. F3. F4 FI F5. Hpr, 5% FIF B9 5% f0A
T Spe I FUIAL s (RHA) R SK RAZ B 51
(FBIAR). B1%) FER Y "6 A T 8640 T B R 4%
H 75 (BRAIK). ZJ5, dtE#iA pcDNA3.L (£
TERENL S, N YIEE Pme 1 B§Y) pcDNA3.1, %

AT AR AEE DNA (E#518: 5'-GGC

CGCATTTCGTACGAATTTTGTACATTTCGGTCC
GACCTGGGCATCCGAAGGAGGACGCACGTCC

% 2 CDV-3 #k cDNA =E#ERSI 5T

ACTCGGATGGCTAAGGGAGGGCG-3'; 5l
¥). 5-CGCCCTCCCTTAGCCATCCGAGTGGAC

GTGCGTCCTCCTTCGGATGCCCAGGTCGGAC
CGAAATGTACAAAATTCGTACGAAATGC-3"),

2 pcDNA3.1 ()£ salEfi 545 & Nhe T -Not T -
Bsiw I -Bsp1407 I -Cpo I -i#43 T B4 BT %4 4% B e
§, ik 5 pcDNA3.L F7 pcDNA3.2, # F1 %
$:% pEASY-Blunt, k43 pEASY-Blunt-F1, Spe I
F1 Not [ XUfi§]) pEASY- Blunt-F1, [Ellziifk F1
Bz; Nhe I #1 Not [ XUfi) pcDNA3.2, [ ziifb 2%
&R Bt; Spe I #l Nhe I J& F[A]J2F, T4 DNA &
e F1 A BEA pcDNA3.2 sk H B, k15
pcDNA3.2-F1. ¥ F2 1 F3 43 5il3% 525 ve fE 4044
PEASY-Blunt Simple { pEASY-Blunt [ 3k7%
PEASY-Blunt-F3 il pEASY-Blunt-F2., i Not I #

Table 2 Primer sequences for construction of CDV-3 cDNA clones

Primer . . Position in o

name Primer sequences (5'-3') full-length (nt) Tm (°C)
QF1-F ACTAGTIGTTAAGCGTCTGATGAGTCCGTGAGGACGAAACTATAGGAA 1 72

AGGAATTCCTATAGTCACCAGACAAAGTTGGCTATGGA

QF1-R GATGTTTAAACICAGTTTTGCGCCGG 3 385

QF2-F GTTTAAACATCGCTTAAAAGCAATTATA 3364 55
QF2-R  TCTGCCCAACTAATTCACATGACAT 5871
QF3-F CATATGTCATGTGAATTAGTTGGGC 5844 57
QF3-R  CICGTACGTTTTCTGCTGCTGTT 10 142
QF4-F CAGAAAACGTACGGAAACACATGAATCAAC 10 129 58
QF4-R  GGATTTGTACAGATATTTCTTGGTATGACGAC 13 216
QF5-F GAGTCCCAGGGCTCAGAAATGTCG 13 165 72
QF5-R  T|ICGGACCG|ICGAGGAGGTGGAGATGCCATGCCGACCCACCAGACAAA 15 690

GCTGGGTATGATAAC

N-F GGGTCAATGATIGGTACCITTAGAGA 74 60
N-R GCGGCCGCITTAATTGAGTAG 1684
P-F GACICTTAAG[TTCTATCCCTAAATGGCAG 1788 59
P-R GCGGCCGC[TTAAGCATGAGTA 3 326

L-F CAGGTACCTTTTAGCCATGGACTCTGTGTCAGTGAAC 9014 72
L-R GCGGCCGCTTAGTGATTTCTAATCAGTGCACTATAACCTAAC 15 592

The box is the restriction site carried by each primer. ACTAGT Spe I, GTTTAAAC Pme [, CATATG Nde I, CGTACG
Bsiw I , TGTACA Bsp1407 I , CGGACCG Cpo I , GGTACC Kpn I, GCGGCCGC Not I, CTTAAG Afl II..
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Nde I %3 %] XU Y] pEASY-Blunt-F3 #l pEASY-
Blunt-F2, [Eliaiifk F2 FBEFI F3 #4384, T4
DNA #3542, 1:45 pBlunt-F2-F3. ¥ F4 il
F5 J Bo il i 42 3] v e 2k 1k pEASY-Blunt |-, 3k
5 pEASY-Blunt-F4 #il pEASY-Blunt-F5, Not I FlI
Bsp1407 I 43 5| X Y] pEASY-Blunt-F4 il pEASY-
Blunt-F5, [lyzlifk F4 H BRI F5 ik B,
TADNA % W i% ¥, 315 pBlunt-F4-F5. H]
Bsiwl F1 Cpol XU fiff ] pBlunt-F4-F5 i
pcDNA3.2-F1, [l 4lifb F4-F5 F Bt &6 43 fil
pcDNA3.2-F1 #% & # 43 , % 4 W % 2 3% 14
pcDNA3.2-F1-F4-F5 . Pme I A1 Bsiw I # i 1)
pcDNA3.2-F1-F4-F5 #1 pBlunt-F2-F3, [mi&fifk
F2-F3 Bl pcDNA3.2- F1-F4-F5 2K 4, T4
DNA &£, 3515 CDV-3 KL K 4H & 41 ok
pcDNA3.2-CDV-3. /5 M Pme I #1 Bsp1407 [ XX
fiff U0 % fE A K AL ROk, Bk IE A A AT
pcDNA3.2-CDV-3 (K 1), #1 EndoFree Plasmid
Maxi Kit BYHEAEULIT, K S B4 K 8 40 Bk
pcDNA3.2-CDV-3, W&k E f5mn%, F-70 C
TRAFRE
1.2.3  CDV-3 ¥4 Bl Bk b

EI Xt CDV-3 #k NP A1 L &[5 A4 ik 2] 2 HfE
X3, FIH Primer Premier 5.0 &it4: 519
(% 2), A 1.2.1 EBUY cDNA St , 17
PCR Y1, RGP ™% N, P Fl L. [Elkaift
hBe NL P AL, 43944 % pEASY-Blunt-Simple
|, #k1% pEASY-Blunt-Simple-N. pEASY-Blunt-

Simple-P Il pEASY-Blunt-Simple-L, Kpn I A1 Not I
Y] pEASY-Blunt-Simple-N #1 pEASY-Blunt-
Simple-L, AfIII 1 Not I XX[if+] pEASY-Blunt-
Simple-P , [R] B} FH AH [W) 9 VI il 41 & WD) 254k
pcDNA3.1. [FElfkziifb N, P, L J BtHl pcDNA3.1
B B, T4 DNA MR . ik HIEs
# 41 T pcDNA3.1-N .pcDNA3.1-P il pcDNA3.1-L .
i 18 EndoFree Plasmid Maxi Kit FU#E/ETEH], K
R B B Bk pcDNA3.1-N . pcDNA3.1-P il
pcDNA3.1-L, WM&k E %, F-70 CLRAF
.
1.2.4 rCDV-3 BREFER

EEYLHT 24 0, F 6 fLAR AP 2x10° 4 293T
YRLAL, 55 2 RAiMIA: K% = 80%L I, JFin
Begv . BASFR R R 2Kk pcDNA3.2-
CDV-3 5 ug, fiBh ik pcDNA3.1-N 1 pg,
pcDNA3.1-P 0.8 pg 1 pcDNA3.1-L 0.5 ug, #E4¢
KA 22 uL., # MR Lipofectamine™ 2000 i B 43 4
TrHfE S YL 3 h, B4k % 10% FBS ) DMEM
MWL, 37 C. 5% CO, £ F i3 72 h,
WA B, B 300 pL ZEHJZ Vero 408, W
UMM S o BRI A 7 MUY (9 5 B A 2
AR B, RS VR AR BE o

1.2.5 rCDV-3 %4 &

PR rCDV-3 Y s iR 2P 2 Vero 4l ,
iR 72 ho FH 4% 5 FYRE 6 400, 0.5% Triton
X-100 i EAMML, —HT CDV-NP /E/H 1 h, A
FITC FricHiPi i 19G 980t Pyt ta . fie) , DAPI

Hammerhead Hepatitis delta virus
ribozyme .._ribozyme
: : Leader Pme | Nde | Bsiw | Bsp1407 1 Tr,acl.;)e; I
Spe | /Nhe 3370b 2500 b 4300 b 3100b 2500 bp /
P “--_s\‘_\\l P ]L P ’L B ’L = J‘ L i /

’—-lNIPIMI F [ H | L []

pcDNA3.2-CDV-3

1 CDV-3 #£ 4 cDNA S EHEER

Fig. 1 Construction strategy of CDV-3 full-length cDNA clone.
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Yk, FEDOL B MEE N MER LR ue . 43l $RE
WtCDV-3 HI rCDV-3 ()5 RNA, 2% 54 Uk
K40 cDNA, I P-M k%514 (D-F.
5-TGGTATTACTCTGGGCTCA-3'#il JD-R: 5-CTT
TGAACATGCTCAAATTA-3)), LI%& H 1Y cDNA K
iR, #E1T PCR ¥73%, 1%35t BRI Fa UK )i [l
R B, A Pmel B§Y). rCDV-3 T34+
BAHATIA Pme T 28, HLel I BIEIAF; i
WtCDV-3 743500 Pme 1 v 55, JoiwibE),
I3 SEUEEE wtCDV-3 1 rCDV-3 | 3i§# 100 pL,
BRAESIR Ty, T B AOBE LA R L 5 VP s
FIEE KN
1.2.6 rCDV-3 A KBRS

# rCDV-3 7£ Vero 4 4448 10 ¥k, Budg—
A EEM 300 pL, I5E TCIDso. 7E Vero 40ff I
Ay W B (MOI=0.1) :Fl wtCDV-3 il
rCDV-3, 35 C. 5% CO, 555 5d. T/RYL)5 12,
24, 48, 72, 96, 120 h, 4 HIBUR B _E T A4l
L, WE b A4 S EERY TCIDso. LA BiES
FOEH 3.

2 BREMM

21 CDV-32EERFIINEERSERF

i CDV-3 bReL N4 13 M HM R B,
FH RT-PCR Hi:¥ )5, 4 1% R MHEERS Ik
ATLUE S 13 A~ H #4670 1 R/ NI T 45 51— 3
(E 2A). BHERAG T ARSI T CDV-3 423k [H 41
41, 5 GenBank CDV-3 (&3¢ 5 : EU726268.1)
(P8 Xt 2 B . e FER A3t 5 MIRSEEARTE, 4>
FEIEPEA LN HEA 2 MM LEA 21M4E
R K g
2.2 CDV-3 £#HF4H cDNA EHFRRIMEE

CDV-3 #k4: K4 5 Bt PCR wil, 345 5 A
Bt, R/MKWH: 3400bp. 2500bp. 4300bp.
3100 bp 12500 bp, HHEAK/N—3 (&l 2B).
J5iki pcDNA3.2-CDV-3 %4 Pme [ il Bsp1407 1 X
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i, EEVIFEYIZ 1%IAE MRS Tk, 3R
/NZJ 9 900 bp F1 12 000 bp ¥ H i 554 (&l 2C),
s R—a.
2.3 HHEIRNEE

4 B i ki pcDNA3.1-N . pcDNA3.1-P #lI
pcDNA3.1-L 4 5 M I 4% 3 B R 51 2
) B — 1k BRI P DDl A T A V) 45, D))
2 1%BEREBEIC HL VK, 23 A% 32y 1 700 bp.
1600 bp. 6500 bp F1 5400 bp H (4%, 5 il
#i R —%(8 2D).
24 rCDV-3ERRSHETE

4RI YL S, BN E Vero 4 f, WiER
F M A5 R AR AE (B 3A),  [RIE AS Ex
0840 Vero LKA (K 3B). M T # —4waE, H
P EDICYEE , FTLUFE 31 & £ 05728 1 240 il rg 45 55
PE5 CDV-NP #iikZi 4G, RIAMEFS (Kl 3C),
2% IR o BAYE (/1 3D). WX %) wtCDV-3 5
g RIS ESY) ID-FIR PCR #7344, 4f
bS5 B = B N Pme T YD, wTLA
F#| rCDV-3 REREVIHITF, 1M wtCDV-3 Aig#i ]
(& 3E). HE T UWEE rCDV-3, AJLIE F| HAE
2974 200 nm ., A FER RIS IR EERL T (K 3F).
2.5 rCDV-3 B94 K451

A7 rCDV-3 HE K%, Al
ERRTERWN TCIDs (K 4A), KT
rCDV-3 4 Fa & J5 , #% MOI=0.1 $F Vero 4iljiEg,
FAS A o B S 6 EiE A4, 2 TCIDso, %4
Hil AR K4 . [FIAE2: ] wtCDV-3 iy At i 2k,
JEEAT A (K 4B).
3 itk

2 1) 3 AL AR R IRARFFE RNA Sl #E 4584 5
NRERFR . B Gl . AR B i 1A
NTFBe. EAEK, RIEHINTE A RIRGE EAM
PR, MATEEHRART LS, FhhAHmRY, x
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A 1 23 45 6 7 8 91011 1213 M bp bp

15 000
10 000
4000 7500
e 2500
1 000
C bp bp D bp NPLM bp 750
15 000
150
12 000 1(5) 088 6500 ; 05880
9900 7500
5400 5000
5000 5900
2500 1600
1 000
1 000 750

2 REHRFRS CDV-3 B2 KELH cDNA FiHENIRF B EE

Fig. 2 Identification of full-length recombinant cDNA and helper plasmids of CDV-3 canine distemper virus. (A) The results
of CDV-3 strain whole genome amplification; 1-13: amplification result of 13 fragments covering the whole genome of
CDV-3 strain, M: trans 4K DNA marker. (B) CDV-3 strain segmented amplification results; 1-5: amplification results of
5 long fragments from CDV-3 strain, M: DL DNA 15 000 marker. (C) pcDNA3.2-CDV-3 identification results; 1: recombinant
plasmid pcDNA3.2-CDV-3, 2: Pme I and Bsp1407 I double digestions identification results of pcDNA3.2-CDV-3, M: DNA
15 000 marker. (D) Identification result of the helper plasmids; N: Kpn I and Not I double digestion of pcDNA3.1-N, P: Afl 1T
and Not I double digestion of pcDNA3.1-P, L: Kpn I and Not I double digestion of pcDNA3.1-L, M: DNA 15 000 marker.

A AT R : ? )

E bp

994
718

75 100 nm X -

3 EiHFSZ rCDV-3MIETE

Fig. 3 Identification of recombinant virus rCDV-3. (A) rCDV-3 cell pathology (x100). (B) Negative Vero cells (x100).
(C) rCDV-3 immunofluorescence (x100). (D) Negative Vero cells immunofluorescence (x100). (E) Pme I label
identification of rCDV-3; 1, 3: RT-PCR amplification results of the P-M region of rCDV-3 and wtCDV-3, 2, 4: Pme [
digested products from lane 1 and 3, M: DL DNA2 000 marker. (F) Electron microscopic appearance of rCDV-3.
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Fig. 4 Growth characteristics of rCDV-3. (A) The passage stability of rCDV-3. (B) The growth curves of wtCDV-3 and

rCDV-3.
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