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Abstract: [Objective] This study aims to investigate the genomic characteristics of mink enteritis
virus (MEV) in Shandong province, China. [Methods] A total of 109 fecal samples were collected from
mink farms for the isolation and identification of MEV strains. Biological characterization of the
isolates was carried out based on hemagglutination and hemagglutination inhibition tests, multistep
growth curves, and protein structure prediction. The genomic DNA sequences of the isolates were
amplified, cloned, and sequenced. MegAlign was employed for multiple sequence alignment and
DNAMAN V6 for the prediction of the inverted terminal repeats of 5’-untranslated region (UTR) and
3'-UTR. The neighbor-joining phylogenetic tree was constructed in MEGA V6. [Results] Five strains
were isolated and identified as MEV by electron microscopy and indirect immunofluorescence assay
(IFA), which were named as MUTQS-1, MUTQS-2, MUTQS-3, MUTQS-4, and MUTQS-5,
respectively. The genomic sequences were submitted to GenBank and got the accession numbers
OK275645, OK275646, OK275647, OK275648, and OK275649, respectively. The 5'- and 3'-UTRs
consisted of long palindromic sequences with a typical stem-loop-like structure at the end of parvovirus
genome. The deduced amino acid sequences of NS1 and VP2 genes had several nonsynonymous
mutations, among which E/Q545V in NS1 protein and F267Y and Y3241 in VP2 protein had not been
reported. Biological characterization showed that the above mutations did not significantly alter the
hemagglutination and hemagglutination inhibition titers, growth trend, and spatial conformation of viral
particles. The phylogenetic tree suggested that the five MEV isolates shared the same clade and were
closely related to the Shandong isolate SDNH. [Conclusion] We reported the genomic characteristics of
MEV strains containing novel mutation sites and confirmed that the presence of these sites did not alter
the hemagglutination, antigenicity, or proliferation in susceptible cells.

Keywords: mink enteritis virus; genetic variation; biological characteristics
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K2y 5 kb HUZRIE A1 5% DNA, 8% 2 F %
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B 4L 2R (crandell reese feline kidney, CRFK) .
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175 FITC ARic il £t/ 1gG (H&L), HRP
FRCHIIIEST/ N 1gG (H&L) W H Abcam 2%
n]; DMEM ZHAEs5 3R . Iad-mig . RE i
17} Gibco 7 fh; MiniBEST J5#: DNA 2GR
& . D1000 plus DNA Ladder. D2000 plus
DNA Marker . 2xPrimeSTAR Max Premix .

PrimeSTAR HS DNA Polymerase with GC
Buffer, pMD19-T #{A. DNA 4. DH5a

A2 A I F L A W) (TaKaRa) T A
FRAH]; 0.22 um €280 H Millipore 23 A ;
PEG-8000 & F{ Sigma 7\ #] ; pEASY-Blunt
Cloning Kit Il§ H It 5t Transgen /A Fl; QIAEX II
Ji TR & A g A R A FD R
N PR B B G B SRS A R
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TGRS AKGRAAEAE Sy, 2t 109 iy, L
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W] MiniBEST J#; DNA $2 Bt & 32 i
DNA. MEV # I 2 BX 4k 4 55 @ A&
PSRRI ] PCR 2 AR U AT
1.3 H®ENS

VR 10 PHAERE S () 38 WGE L 0.22 pm
uEaR it ug, LR B B 4 (CRFK) L,
AT BE A B o 2 WL 2] ML T8 A4 Jif o A8 2500
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3-4 IRE CPE FUE L. 5 X 40 s it
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T SERCH PEG8000 ¥ 4Rk, FREL PEG8000



TR | UEW 2], 2022, 62(5)

1835

25 g, NaCl 5.0 g i f#AE 100 mL#B4KT, &
JEZEVRRHG, BUS mL YRARWR, HeMR 1:3 il
AR 3 ARANERE R B, 4 °C W4k,
8 000 r/min &5.0> 10 min J5WEETIRE, £HF K
b K2 L AR = AT R e

1.5 [EERERALIREIFA)

B3 B AR DL MOI=0.1 432 Fl i Jik e CRFK
g, FEREYLISE 36 h JEfT TFA %58, HLARHE:
fE4NF : CRFK #iig Y% PBS (pH 7.4)¥Ei%
3 W, FRETEV A E W (PSR - =3 1) Hp b
10 min, RFHAEA 1%4- 1035 F1 & 1 (BSA)
i) PBS £ 37 °C FFH] 30 min, PBS V¥
3WE, A S5 MEV-VP2 B Hi IR
37 °C FIEE | h, R HSMEARILE
(FITC)fH ¥ 1L BT/ 1gG HURTE 37 °C R
FE 1 h, FEH PBS ¥R 3 G, HZOLEM
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1.6  IMEEAN I £EHD I 36 (HA-HI)

L5 R 0 B S T A TR 2 B SRR [12]
P17, HA RIGE5RAE . DSR4 4
(A6 R R e M B E 1% MEV ZERRAY ML 5
HI 50 B e R s i BT %, 28 1 FLmA

®1 AARFAASIMIFINIER

MEV TRl L3, 14515 B RATESE 2 1L,
WRAE AR 25 22 fL, 56 23 Lo MEV BHM:
XTHE, 55 24 FLFELT M BAMRT RE
1.7 ZSHEKEZLRS T

BB Rl MOI=0.1 48 CRFK
Y, 7ERYLSE 0. 12, 24, 36, 48, 72 F196 h
W, W A5 R I] G005 B2 10 B2 (TCIDso) o BT
HRAFAS [ sf 18] 5995 7 TCIDso BB 44 K
M2k, TCIDs, Ml 03RS BSCHR[ 131317 -
1.8 =EREY &S| ITS5EK

27 GenBank %) 4 ¥k MEV @JLH 4]
FF4, M Primer Primier 5 #ff, &it 7 Xt
PCR ¥ 35149, 51975 SEmAy TR
ABRAAGE, FIUEEIEIRE 1.
1.9 PCR¥ ., ERFFIMZE

MEV 5'UTR 1 3'UTR PCR SZ WA Z K 25 L,
HA PrimeStar HS DNA polymerase 1.0 uL,
2xGC buffer 12.5 pL, dNTPs Mixture 2.0 uL,
DNA #i#z 2.0 pL, F. FH#514(10.0 pmol/L)
% 1.5 uL, ddH,0 4.5 uL. PCR JZ 4y 3 4k
17: (1) # 2xGC buffer 12.5 pL. dNTPs Mixture
2.0 uL. F¥H7514 1.5 uL. DNA #i#z 2.0 pL #l

Table 1 Information of primer sequences
No. Primers Primer sequences (5'—3") Fragment size/bp
1 5'-UTR F: CGCCACCTTTTCCCGCCGAA 102

R: GCTGCCTACGGCAGTCACACGTCA
2 F: AGGCAGCGCGCGCAGCGC 258
R: ACTCCCTCCATAATTTCCTCAG

F: GGAAAAGGTGGCGGGCTAA 1572

R: GTCATAATTACTGGAGTTG

F: TTGGATTGAAGAAGCTGGT 1812

R: GGAGTTGGTATGGTTGGTT

F: TTAAAGACTGTTTCAGAATC 1 643

R: TTATGGTAAGGTTAGTTCAC

3 FM1
4 FM2
5 FM3
6 3'-UTR

F: ATGTATTGTAAACTATTAATGT 248

R: TAGCGGTCTGGTTGATTAAGCGC
7 F: TACGCGGTCTGGTTGATTAAGCAG 102
R: CCTTAAAGACAGATTGATACTT
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ddH,0 4.5 uL JR2) T 98 °C J#k 5 min Ji5, 7 H)
VK# 5 min; (2) M A PrimeStar HS DNA
polymerase 1.0 pL, 72 °C #&{# 5 min; (3) HIA
U514 1.5 uL, 98 °C A8 10 s, 60°C iRk
5's, 72 °C #Eff1 35 s, 32 MEH; 72 °C FEAH
5 min,

MEV H:[H4 CDS [X(FMI1/FM2/FM3)PCR
SR Z R 50 pL, HiA 2xprimeSTAR Max
Premix 25 pL, DNA £t 6.0 uL, . TS|
#7(10.0 umol/L)%% 2.0 uL, ddH,O 15 uL., PCR

BEZAEJ 98 °C 5 min; 98 °C 10 s, 56°C
15s, 72°C40s, 34 MEH; 72 °C 10 min,

PIsERln, B 6 uL PCR 34 =H7E 2%

*2 SEBKER

Table 2 The background of reference strains

(IIEAE MBS B AT UK, WLERHEAE, RN
HY R Ie E, ##:8] pEASY-Blunt
TORERIAR, $iik DHSo B2 25400, ikt i B
gk, B PCR %8RI FHMEFTRIE Personalbio
N A
1.10 FHILEx o4, HHER#L ST
FE 50 AE J5 1945 Beif 47 NCBI BLAST [t
X434 ;5 >R DNAstar H () Seqman #2751 7 5f
B, 1%, Megalign T2 5 508 3E I 24 KL R 7 4))
HATIRIJE L% ; DNAMAN V6 #4E%) 5'UTR
3'UTR ZEIESE A 71000 5 MEGA V6 # i
ﬁiﬂ%iﬁﬂc/%ﬁ I RS R T W, &
BEMRAE S

Strains GenBank No. Year Country
MEV-LT18 MK333230 2018 China
MEV-HLJ MH006576 2017 China
MEV-L KMO017745 2010 China
MEV-SDNH JX535284 2009 China
MEV SD12/01 KC713592 2012 China
MEV/LN-10 KX228695 2010 China
MEVB FJ592174 2008 China
MEV-HB18 MN747143 2018 China
MEV-LHV KT899745 2014 China
MEV SMPV-11 KP008112 2011 China
MEYV Abashiri D00765 1991 Japan
FPV HF1 MT614366 2019 China
FPV Cat | MW926314 2019 England
FPV Cat 2 MW926315 2019 England
FPV Cat 3 MW926316 2019 England
FPV TH091305 KP019621 2013 Thailand
FPV GXO01 MG924893 2016 China
FPV HH-1/86 KX900570 1986 China
FPV gpfe016par01-5 MW331496 2020 China
FPV-SH2003 MWS811187 2020 China
CPV-N M19296 1988 America
CPV Laika-1993 IN033694 1993 Russia
CPV-YH KY403998 2008 China
CPV-SH14 KT382542 2014 China
CPVY1 D26079 1993 Japan
CPV-AHcf4 MT648210 2019 China
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fdi FITELR B SWISS-MODEL #4772 115
SRAER T, B MEV &Rk NS1 EH
M VP2 HHW =HE5H, IS5 MEV-QN #Rif1T
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2 BREAN

21 MEV UEMODBEREEER
109 Gkt HeorEiisl 5 ps
B, JBYL CRFK 411 48 h J5n] 7= MR CPE,
ZHUBTIEE A TFA SRI0IESE AT 40 5 2 A 2 0
MEV, ¥ HA 0645 MUTQS-1. MUTQS-2.,
MUTQS-3. MUTQS-4 #l MUTQS-5 (& 1),
22 EERFABTHESFITHER
B EIR 5 bk MEV SRRk T 2L R
e, HAP N4 CDS XRAYHEE[Y FMI
FM2 Fll FM3 #47 PCR ¢ 3, KmdEgmbh X R H
(A) MUTQS-1

"e.‘o

. # ' 4 "J"--'
st i Biid

1 MEVZRXTHRPERELEELER

Figure 1
results of IFA test.
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MUTQS-2 MUTQS-3 MUTQS-4

P54 5-UTR M 3-UTR 1918, fZadnt
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HHEFH, JPHEAERIE 3 Pn, 5 N8
M FERF I BEREA—F, H 5-UTR 741
EARSE, W O3-UTR FAIA 5. FH
DNAMAN V6 X 5:HI4H 5'-UTR F 3'-UTR ZE3FE
SERUERT RO, BRI S EANT A, AR
BT (R 417N 25 DR 2 A SR B R -
AL, f#F MegAlign X%f GenBank &R FITFE
MEV B4R NS 1 FI VP2 JEH P51 AR HE T 2 5
BRI AN IEAT EEX b R B, NS1 AR IERR Y51
A 5 AEHEFRARRLA, A35I10 K217S . T2481,

N361S. V540A F1 E/Q545V 4&; VP2 B ILRT
ST 4 AR SCRASALA, 40l T236S .
F267Y . V300D F1 Y3241 43 4), Hrh, NS1 &
FI E/Q545V (IR AE, LI VP2 MY
F267Y . Y3241 (s SSRGS i A WA

CRFK

MUTQS-3

g R

5 - * .

". &% ‘ -

T""' . B e o *
X o %

Ry A

Uit 3 !

Isolation and identification of MEV strains. A: CPE; B: MEV viron under electron microscopy; C:

Table 3 The genome sequences of five MEV isolates in this study

Strains GenBank No. Genome/bp 5'-UTR/bp 3-UTR/bp NS1/bp VP2/bp
MUTQS-1 OK275645 5110 312 531 2007 1755
MUTQS-2 0OK275646 5110 312 531 2007 1755
MUTQS-3 OK275647 5110 312 529 2007 1755
MUTQS-4 0OK275648 5111 312 531 2007 1755
MUTQS-5 0OK275649 5112 312 533 2007 1755

http://journals.im.ac.cn/actamicrocn
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2.3 HA-HIKIEL #r, 35 MEV-QN tRiEf7HEE:, HE 2A 7]
i@k HA-HI ﬁtﬁ?#w%aeﬂﬂe HA/HI %% H, BEEME HA UM IITL 512-1 024, 254
=4 DBEKRNSLI VP2 EHSEBRFYPIERNRTAA

Table 4 Amino acid sequence variations in the NS1 and VP2 proteins of five MEV strains
NS1 VP2

Strain

MUTQS-1
MUTQS-2
MUTQS-3
MUTQS-4
MUTQS-5
MEV-LT18
MEV-HLJ
MEV-L
MEV-SDNH
MEV SD12/01
MEV/LN-10
MEVB
MEV-HB18
MEV-LHV
MEV SMPV-11
MEYV Abashiri
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Figure 2 Results of HA-HI test of the five MEV isolates. A: titers of HA; B: titers of HI.
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Figure 4 Phylogenetic analysis based on genome sequences of the five MEV strains.
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Figure 5 Ribbon model of the NS1 and VP2 proteins in MEV-QN or the five isolates.
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