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犬冠状病毒大熊猫株纤突蛋白全基因的克隆与序列分析 
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摘要：在国内首次对犬冠状病毒大熊猫野毒株 (CCVDXMV)纤突蛋白基因进行了克隆和序列测定。该基因全长 

4362 bp，编码1453个氨基酸，N端前l8个氨基酸为推测的信号肽序列，后1435个氨基酸构成成熟蛋白。与GenBank 

中已发表的 l1个 CCV毒株 s基因相比，s基因核苷酸序列同源性在 40．2％~99．5％之间；推导的氨基酸序列同源 

性在 15．9％~99．O％之间。DXMV株s基因变异区主要集中在该基因前 1／2处，其中350．370、439-478、1718．1818 

三个区域碱基变异较大，而 1060．1700区却十分保守。基于 s全基因及其蛋白的聚类分析表明，DXMV株与K378、 

NVSL和US patent株亲源关系最近。推导的DXMV株s蛋白氨基酸序列潜在的N．联糖基化位点与CCV强毒V54 

相同，为 34个，比Insavc．1弱毒多一个；其中第 566．568位糖基化位点为多数强毒拥有而弱毒没有的。另外， 

DXMV株 S蛋 白疏水性及抗原表位与其它毒株有一定的差异，这些差异对 DXMV株致病性和免疫原性等影响尚 

待进一步的研究。 
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Abstract：Spike(S)geneofCanine coronavirusgiantpanda’Sisolate(CCV strainDXaVIV)was amplified 

andcloned intopGEM—Tfor sequencing．1[1lecompletelengthofspikegeneofstrainDⅪMV was4362bp
．  

which encoded 1453 amino acids．Tlle initiative 1 8 amino acids were signal peptide．TIle homologies of 

nucleic acid and amino acid of spike am ong strains of CCV were 40．2—99．5％ and 15．9—99．0％．respectively
．  

Tlle variation mainly exist in front half second region of S gene，especially in the regions of 350—370
， 

439-478 and 1718—1818 nucleotide acids。while the region 1060—1700 nucle de acids shows high 

conservative．Phylogenetic tree based  on S gene an d ded uced  amino ac id sequence of 12 different swains 

ofCCV showed that sU'ain DXMV had closer relationships with wild sU'ain K378，NVSL and US patent． 

There are 34 N—glycosylation sites in ded uced  S protein of strain DXMV an d V54．but 33 for strain 
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Insavc一1．Noticeably,the potential glycosylation site 566—568 was owned by DXM V and most virulent 

sn ns but not for weak virulent strains．M oreover,there were some differences in the hydrophobicity an d 

an tigenic index between DXM V an d other strains of CCV．The effects of the differences in S protein on 

pathogenicity an d immunogenicity should be further studied． 
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According to serum proofs of neutralization test 

and an alysis of phylogenetic tree，coronaviruses can  

be divided into four serogroups．Canine coronavirus 

(ccv)， an important causative agent of canine 

enteritis，is subordinate to serogroup I．It can infect all 

kinds of dogs，resulting in diarrhea，loss of appetite 

and weight【1．21
． W hat’s more．it even infect giant pan da 

fAiluropoda melanoleuca)and others wildlife animals 
[3-6】

． In 1997．our laboratory isolated a cOronavirus 

from the liver of acutely died gian t panda of Wolong 

Reserve with CRFK cell1ine．and verified that it was a 

strain of CCV by RT-PCR an d sequencing．However， 

so far,no one had sequenced the complete spike(S) 

gene of gian t panda’s isolate of CCV．In order to study 

the novel molecular biological characteristics of giant 

panda’s isolate an d relationships with other strains of 

CCV the following experiments have been carried out． 

1 M aterials and Methods 

1．1 CCV giant panda’s isolate(strain DXMV) 

The strain DXMV was isolated from the liver of 

an acutely died gian t pan da with feline kidney CRFK 

cell line by the culture of monolayer cell and adapta— 

tion of continuous passages，which had been identified 

by conventional methods，RT-PCR and sequencing． 

1．2 M ain reagents 

M —MLV,RNasin，T4 DNA ligase an d dNTPs 

were purchased from MBI compan y．RNA Extraction 

kit was from QIAGEN company．Taqplus DNA 

polymerase，DNA gel extraction kit were gained from 

Shanghai biotechnOlogical Co．Ltd．pGEM—T vector 

from Promega company．Restriction endonucleases 

an d other regents were obtained from Tak ara Co．Ltd． 

1．3 Specific primers 

According to spike gene sequence of CCV strain 

V54 reported by GenBank，a pair of specific primers 

was designed and used to amplify S gene of strain 

DXMV．Upstream primer：5’一CAGGTACCACCATG 

AITG I’GCTI1ACAI I’G，rGCC-3’：Downstream primer： 

5’一GA Ac ITr1TGAATTCAGTGAAC 

ATGA一3’．In order to further clone．rpn I and NotI 

sites were added in the 5’end of upstream  and downs— 

tream primers，respectively． 

1．4 lsolation of total RNA 

Strain DXM V was cultivated in monolayer cell 

Of CRFK．W hen cells appeared cytopathic effect．the 

culture was harvested and used to isolate the total 

RNA．RNA Extraction kit was used as described as 

the kit instruction of menu to isolate total RNA．Th e 

isolated RNA was finally dissolved in 20pL RNase— 

freewater． 

1．5 Reverse transcription and PCR amplification 

Reverse tran script was carried out according to 

the reference[7]．PCR volume was 50pL with RT 

product 2BL，10×PCR buffer 5BL，25 mmol／L M gC12 

4pL，25 pmo L upstream  primer l pL，downstream 

primer l pL，2．5mmol／L dNTPs 4pL，H20 32．7pL and 

5U／laL Taqplus polymerase 0．3 L_The condition of 

PCR reaction was as follows：96℃，200s；94℃。40s；54 

℃，50s；72℃，280s；35 cycles；then 600s extension．The 

PCR products were detected in 0．7％ gel electrophoresis 

and photographed in UV 

l-6 Cloning，sequencing and sequence analysis 

The PCR product was recovered by DNA gel 

extraction kit an d ligatured with pGEM—T overnight． 

Th en the ligatured products were transformed into 

competence Ecoli JM 109．Th e recombinants were 

screened by blue／white plaque，PCR and restriction 

enzyme digestion reaction．The correct recombinant 

was named pTS an d delivered to 【ara Co．Ltd for 

sequencing．The sequencing result was analyzed by 

molecular software of DNAstar and DNAM AN． 

2 Results 

2．1 Amplification of S gene by PCR 

Th e electrophoresis results showed that the length 
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of PCR product was 4362 bp．which cnincided with 

the expectant length(Fig．1) 

Fig I Amplification州 S gene 

M D L．1 5l 2( l1 l CCV n ln V54；2 CCV strain DXM、 

2．2 Identification of recombinant pTS 

The fragment amplified from the template pTS 

were tallied v．．itb expectant results The interesting gene 

fragments were also gained wilh restriction enzyme 

digestion reaetkm．Two recombinants were screened 

from 12 white plaques(Fig 2 1 

Fig 2 Identification of recombinant pTS by t~nzyme digestion 

M D L一15fXR)+20[IO：1 P rsi竹ml+Ne,ll 2．p'TS,'Haldn【． P FS／M- I 

2．3 cDNA sequence of S protein gene and de- 

dueed amino acid sequence 

The sequencing results showed that the complete 

length of spike protein gene or strain DXMV was 

4362bp and encoded l453 anlino acids fGenBank 

accession humbeL AY436637 1．The lnitiative I 8 amino 

acids were signal peptide(Fig 3)．Compayed with S 

gene of other strains of CCV．the variation parts mainly 

existed in front half region of S gene especially in the 

regions of 350—370．439．478 and I 7 I 8—1 8 l 8 nucleotide 

acids．However,the region of 1060一l 7I)0 nucleotide acids 

shows high conservativeness There aye 34 ~)tential 

N-glycosylation sites in deduced amino acid sequence 

of S protein f(1r strain DXMV and V54 but 33 r 

strain[nsavc一1 Noticeahly，the potential glycosylation 

site in 566—568 amino acids was o~ned by giant 

Panda‘s isolate an d most CCV virulent strains but not 

Ior we~ik virulent strains．The potential g Lycosylation 

sites on 537—539．557—559．566—568．1 4一l 6 and 94—96 

amino acids，respectively，played inlpoi~tnl roles in the 

fomaation of the subsites Aa，Ab Ac B l mid B2 according 

t【) the jnterrelated analysis based on S protein o【． 

transmissible gastroenteritis v1n (TGEV)Additionally 

the sequence MKRSGYGQPIA in 537—547 amitto acid5 

0f N—lenllinal of deduced S protein was und．which 

was entirelY same as the~quence fomling the subsite 

Ac of 艇  

2．4 Analysis of phylngenefie tree 

Phylogenetic tree based 0n S genes and deduced 

amino acid sequences of I 2 dilferent stl ains showed 

that there were P,VO di rent serotypes for CCV． 

respiratory'-type (CrCV1 and enteron—type Tw0 

serotypes showed low'identity．Enter1)n—type CCV Call 

also be divided into genotype I(DXMV，US patent． 

k378，CCV6，Insavc—1．V54，582I， VSL and BGF10) 

an d genotype 1I(Elmt~')2 2303) The Stl ain DXMV 

was subordinate to gcnot
．
vpe I and had closer 

relationships with high virulent strain K378．NVSL 

and US patent．bnt far distance v,,ith VIrulent sll ain 

Ehno02．2303．Compared S genes v．'ith other strains． 

the homologies of nucleotide and amino acid of spike 

alnong CCV strakts were'402％ ～99 5嚼 an d 15．9氍-～ 

99．0％．respectively．(All strains were gathered from 

GenBank．All sequences‘accession ntlmbers were as 

lbllows：CCV DXMV．AY436637：US patens．AIR206 ll 7： 

k3 8．A2273m CCV6 A22882：CCV Insavc—I_D 13096： 

CCV V54．A22886；CCV 582 1．AB0 I 7789：CrCV． 

CQ772298：NVSL．AFl】6244；BGF】()，AY342 I60： 

Ehno02．AY307020；2303 AY30702】1． 

2．5 Analyses of predicted hydrnphobicity and 

antigenic jndex 

H
．
vdrophobicib,and antigenic index of antino acid 

sequence of spike protein of DYZMV strain weFe analyzed 

by DNAM AN and DNAsIm ~fftv,．ane．The results showed 

it had two apparent hydrophobic regions l—l 8 and 1405一 

l425 amino acids．which possible consisted of sigmd 

peptide and transmernbrane region，respectively(arrow 

note)．1n addifion．there are some di[。r亡fences jn predicted 

antigenic index of spike protein belv,'een strain DXMV 

and Insa,．．c—I．which possiblv results Jn difierences n 

their pathogenicity and immunogenicity(Fig 6) 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


譬华华哗华半萼墼殴盯I盯TTT笋t̂c峭t愕’叩‘iTT”铲’F峭嘴’嚆盯8TGj掣 pMT。Pĉc台̂’TG甲警MT
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t}T从c峭TT。GG’，TT̂．TGC!T̂附 ĜT警‘铲’PGTT̂GT警‘铲’P。渺甲从T。台̂。队TT̂’：略矿峭TT铲’TGT俨妒?。。口ĜF’TT
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。I岬呵愕’I喈峭’从TTrT~0GC—CAiT̂熊 TT蝌 T̂矿铲 iTT̂T从。俨 I’嚆’掣 IĜ孵 t％t叩铲TT警馏GcIe
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’}’c{狲TcI‘％’。6。傺’}cT}TTI嘶’甲 l̂p}T̂jGT̂Tĉ哗T̂RGAGvTTGĈMTC’絮TTg’队T’}’呵’％MT’掣Gĝ’cGTGDATGvTGTLTG

’TT。p智。掣̂cT。p1’警’w 岬‘TT̂1‘甲。∥ T̂‘1’哪‘1’智。訾岬e矿。铲伊T̂Tpe訾咐tp管c铲咐tP甲

咿咋’掣 I叩。I’铲iTT矾 TGc从铲’̂c’p铲N 叩掣1’肾咿p叩tp一肾t辨 喈tM 肾种 驴

雠 呷 T̂’cT叩 G6’MT̂1’MT肾 铲’p洲 。r掣 俨Tc肾‘州’唧 TAYTGTvAAAKATC-．,47~CPTTG-GTAYT。TvGTG-GCTLACTLA

‘i’叩I唧鲨I!!!矍I!鲨登!!兰!：翌：!!!竺：望簦：：墨：型酆’警’哪舳∥2TT8̈8’ci{丌哥‘i‘
’眇GT̂∥g∞铲’FT’。p2丌YA’GAEACCPAACICGAE／Lk,AKAGrTGC,开__ATGrTTC亓ACT~

Fig．3 NucleotidesequenceofSgeneofCCVstrainDXM Vanddeducedaminoacidsequence

The initiation and stop codon were shadowed．Th eupstream and downstream primers Were underlined in nucleotide sequence
． Signalpeptide an d

transmembraneregion Wel'eunderlined in deducedaillino acidsequence．Potential N-glycosylafion sitesWel'enotedwith boldfacetype
． Th enecessary

glycosylalionwhichconsistingofantigensiteAandBweremarkedbyitalics．Th ededucedsubsiteAcWaScovel'l~[with bo x
．
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Fig．5 Phylogenetic tree of CCV based on homology of 
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Numbers in figure 4 and 5 denote the homology 

of S gene and deduced amino acid sequence of 12 

different strains． 

3 Discussion 

W ith the rapid development of canine and 

wildlife animal industry,CCV is seriously imperiling 

the security of canines and some precious wildlife 

animals such as giant pandas．Mainka et口|fL (1994)， 

who carried  out serological survey of giant pan da in 

theWolongReserveinChina，foundthatthreein eight 

giant panda’s sera are CCV antibody positive,which 

indicated that CCV may infect panda and induce 

specific neutralization antibody．In our study,we found 

that the variation region chiefly existed in the front 

halfofSgene，especiallyinthe regionsof350-370，439． 

478 and 1718．1818 nucleotide acids which encoded 

the globe ofS protein，while the sequence ofback half 

0f S gene exhibited Iligh conservativeness． 

J．L 
113oo 110o 1200 1300 14oo 

Fig．6 AnalysisofhydrophobicityandantigenicindexplotsofSproteinofCCV swainDXMV byDNAstar software 

Spike．a main structural protein of CCV which is 

on the surface of virion，can induce body’s immune 

system toprodu~ neutralizationantibody againstCCV． 

Swine TGEV,another detailedly studied member of 

serogroup I comnavims，had close relationships with 

CCV in antigenicity ' ' ．Correa et al 0988)verified 

Ⅱlattherewerefourantigenic sitesA，B。CandDonthe 

spike protein by identification of monoclonal antibody 

againstTGEV[ 
． Falima tal(1991)furtherfoundthat 

antigenic site A was composed ofthree subsites Aa．Ab 

and Ac and the alilino acid residues 534，591 and 543 

po ssibly played important roles in the formation of 

these subsites，respectivelyL ．Moreover,the amino 

acid residue 586 can also influence the forma-tion of 

subsite Aa an d Ab，which denoted  that antigenic site A 

had complex threedimensional structure．Delmas et al 

(1990)found that the subsite Ac of TGEV can be 

signified by 537-MKRSGYG QPIA-547u ．Our studies 

on spike protein of DXMV strain coincided with 

Dclmas’s studies．Additionally,Simpkins and Christine 

falfoundthatglycosylationwas necessarytoform the 

correct structure for an tigenic site A and Btl3,14】
．  

According to present studies on TGEV,spike protein of 

CCV was deduced to have similar antigenic structure 

and functions．It not only can specifically recognize 

host-cell receptor(Aminopeptidase·N，APN)，resulting 

infusionofviralenvelope wiⅡlcellmembrane，butalso 

can induce specific neutralization antibody for carrying 

antigenicdeterminantof B cells．Meanwhile，itpossibly 

plays an impo rtant role in pathogenesis because it has 

close relationships wiⅡl viral virulence and cell tropism． 

Althoughtherewas onlyoneserotypefor enteron- 

type CCV。genetic differences had been found among 

different strains．Pratelli et al found that there existed 

two distinct genotype s of CCV in pups and two 

genotype s can be sim ultaneously detected in the fecal 
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samples Of dogs with diarrhea fl6．1 
．
Two prokaryotic 

expressed proteins of S gene of genotype I can only 

stmngly react with the sera—positive for genotype I， 

whereas the seFa—positive for genotype II showed low 

there exist in reactivity in the ELISA assay ，which 

denotes that an tigenic differences of S protein between 

genotype I an d genotype II．In our studies，phylogenetic 

tree also indicated that there was distinct genetic 

diversity among different strains．W hether genetic 

variability of S gene may result in the chan ges of host 

ran ge need s to be studied furthen Gian t pan das are 

precious wildlife aninlals in China．Although govemment 

has tooks effective measures to protect giant pan da in 

breeding an d reproduction，prevention an d control of 

infectious disease，especially virus disease，is still a 

arduous．and pressing task． 
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