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RxAt, qAR, FEHT, M &7
(1. RN R K 2 b, WAk BB 430070;
2. BN TR RSB T, | RA KBS K 02 & TREEART L,
oMK E SKEFREE S E, R TM 510225;
3. B KPR R IT B BRI K P20 FET, A AR A 358 3y S 3y
KFEBRF A SR E m S IG =, 4R T M 510380)

WE: IHETZ e REEETT L FERN A AME- 1T R LN, LRhEL
MATRLZ X HRENETEZ AR FTHBRTFa I REFITREEL, £
cDNA4A K 1250 bp, FF ik AE K Z 4 1065bp, 4354 A LMK, T ok WA 47,
ZEARZEAMEENRE—HE#HSEOGMHER, HERTAEKXMATE K E XA
®A4GSTa AHEFE &, #EHE L KA %, #1477 RHTILV-HEF % 7% £ #i k. ELISA
R TREBNAMERNE T 51200, F HKFGHATER R KEW
TiLV-HEFE . ATRLTHERE T, TILVHRE LS REAKXTE . 298 E 0
DR ERERE®EER. HEREERE R, UM KERE, BIEY S 4% M#E
mF R, KEHAME BB, hREEARILER G NRFRE KE
JER . Westernblotfn # Z A AN FHERE R ZREFEENMAHR P HH A, H P EME.
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AR R IR A, 20164F 7 &
42007 ¢, 3R 2 E a7 5201 74R I8 1702 7t
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TiL V& — M Al B 3, i 104> 5 i £ 4k
RNASEPI A 7 Bl t, B4R/ R10.3 kbl
HLF R s, weE A B, HARK 55~75
nm"™, %% & — P IE 2% 5 FHOrthomyxoviridae)
A, AL, TILVAER 4 R B 1 4nid i 5 CHY
i BE 2R A I 1(PB 1) RS 1Y R Y 91 A 55
Je 8 R R AR Y, Eyngords Bk BLE-1140 fg XF
TILVEUE" . TILViRi& i 25 ¢, 5—10H #0]
8 T R s e d i | BRI P Ve RN
S R i PR A PR 23 AR i 2 o b 1 AN ) T A DX
5] 4 DA€ 51 %) R8O 2 Al £ R RE AR 6 455 1 B
MRS AE | R R BE e A 2 % R T JE R Z IR
e R IO IR BR S . IR B R L JE K, %
J 5% H R 22 45 115 R 1 A R R IO B Ak
AR wERE ., MRIBKRZSH . AR . R R T i
FBE =1 AR A OB R B, T PR 1 E
KX H AT WA A,

HEX FTILVIYWTFE, K2 B ZE50AT RN %
W Bt BSOS R EE 57 . RT-PCR2
T 0 2 g L A U 2020 T DG T 00 B A TR
Iz FA R B B AR fA(GIFT Oreochromis niloticus)
IR A SR g R 1 A R I ARG . DR A
S FL 3 5 A ] A R A 08 o M AF 5 U Sven
Bergmann 18+ 14 3% B TiLV, £ TILVEE 4%
DA A B 5 B HEF 2R 1 2 seBEdiik, SR8
ARAG LT Yet . Western Blot, H 28 2H Ak i 4l
i B 928 5 't 2 22 b B RS T 32008 B A8 S8
FIE-1140 M B SRS R, S TIL VR B 36 i 43t
5%,

1 MRS 7
1.1 EERFI IR
I &K 7 SDS-PAGE#E A7 & 5 b

A EE M ER A RS Fl 5 RNAiso Plus, FR il
£ N U0 B 24 0 TaKaRaZy &) 5k /) bl il
2 O & B A SRS A W R A R A D
TransSo/fZ 25400 . BL21(DE3)&Z 240 A
b a4 4/ 7 HiScript II qRT SuperMix [z %
S & A I ERE A E] IR IRSE )
B [C R 52 24/ 7 1 [ SigmaZd 7 ; ECL W 4% .
% s R-2500 B AL R K E A PTG,
R . &% . HBR L4k £ B A Biosharp A
Hh [E 7K 77 2% £ 32 /) sponsored by China Society of Fisheries

Al oA AR X [ R 2 4 AR 2E R A B
owl. WiR Wk W A 25 EBDA 5 /N PLGST-
tag—Pt, HRPHRICILFEHT/NR il A Ik 5
WAREYHEAARAE; TMBE (A . RIPAZY
fift W . Bradford 2 ik B I 50 & W [ 1 it 5
R R 2 W A R ZE 4R
YR BR A FE

EB2ME fil o YE G BE T A BT B
BRANERA BT 30 VR E O LI A Dynamica;
BERS AR R G W A L B R RS A PR
oA BB B R FEMS000, 4 AR RS IR A AN
Fifg5 A H Thermo Scientific; 8 75 % 24 M #E AL
W 7 W 2 AR R e A FR A

1.2 SCIg#t Rt

HEPI A AT RY AR Mg,
W 58 35 T2 WA 0.4 m, 0.6 mfd 4]
TEARK ARG, REAERFEQ5+]) C. TILVH#EE
o B 7 B 75 3% 96 8 b 5 T Sven Bergmann #1184
%, i E KT B 2E ST B BR LK 7 B 5E T AR
17 o E-11401 K 2580 A #8 (Channa asiatica)%: 5 2
Jf SSN- 14 Jifd i FE R 40 L o A 5255 FHE-1 140 Jfd iy
MR B P HE A 2 B0 {54610 %
JRAEIMLYE . 100 U/mL7 % 2 f1100 pg/mLEE 7 %
) L-15 HEF25 CHERE R PR 5.

1.3 TiLV-HEFEEMNENEEZTH

i R 5 B4 T H X TiL V- HEF 5 [
1753 #7: Clone Manager X /- X} 315 W) TiLV-HEF
TR PN HEAT 43 B, B0 FL TR 2 HE (ORF)
DNAMAN 7.08 /#4712 KL R ¥ 91 43 #7, BLAST
T. H (https://blast.ncbi.nlm.nih.gov/Blast.cgi)i#F 17 #%
R AN B Y AL 4B, 7R LR F (http://
www.expasy.org/)s3 T 8 F B AR, R FHMEGA
7.04% 4 1 Neighbor-Joining(NT) i ¥4 i 2 G AL FY

1.4 TIiLV-HEFZ ZERAHHIEREEFZ M

ol

TiLV-HEFE A ik th M iE . A5 EG Y
KA B A YRt TiLV-HEFS: K /9 A BEd IR
BRI 1 3K B AL SR U RNASEAT 1 38 3K 45
Wil J5 K TiL V-HEF 3 [F 50 B 2 pGEX-4T-1 5Tk I,
N Y6 43 91 R BamH TF1 Xho T, ¥4 T 20 5 ki %5 4k
F|E. coli BL21(DE3), Wtk37 CHIRKGEIE 3 h £
i, YW ODggo nm 35 F 0.5~0.8 i, i 1]
L 91 mmol/LIY IPTGTE37 C &M T i 56
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h, WEEWIR)S, PBSH&E, I 5 i 46 i i
B R TE AR, 7£10 000 r/min 4 °C &5 0210 min,
I3 B LIEWORUIYE, K5 64712 % SDS-PAGEH
VKA o AR AR A e D S PO 1 O v, XA TR AR
EAE A S R, BARERAE . EEM 20 mL
buffer A(50 mmol/L Tris-HCl, 5 mmol/L EDTA,
pH 8.0)¥ W R VIIE 78/ B, TR, 10 000
r/min 4 CE.0>20 min, X LEK, EE 1K,
#RJ5, 20 mL buffer B(50 mmol/L Tris-HCI. 5
mmol/L EDTA, 2 mmol/LIK, pH 8.0y ILiEFE s
H5E, A, 10000 r/min 4 °C 50020 min, £R
W, FAE 1., 20 mL buffer C(0.1 mol/L Tris-
HCl. 10 mmol/L DTT, 8 molVLJi§, pH 8.00KtiftiE
Fer G, WA, B T37 CEEREK ELI200
r/mindk% 1 ho 10 000 t/min 4 °C &.0>10 min, {483
BB, RBRUIKE .. fJat LIE W A B A4S
o, B TS0 LW AR FLAY B BT (0.1 mol/L
Tris-HCl, 5 mmol/L EDTA. 5 mmol/L Cysteins,
pH 8.0), 4 CF&EMN16 h, #HfFBEH W4 C
Ti#&EHr16h, 10000 t/min 4 °C&.0310 min, %8
EW, RBRULE. K LIS WOE0.22 pmyE
bR TR 5 40 %% B 1 mLURA7 T -80 C, & M. #aifk
Ja W, FHPBSH LI RS, il A Sxloading
bufferifi /K 15 min, 12% SDS-PAGE F#%,
TR ARG HEA TR, BT 5% iR W5k 1)
TBSTHEW)E R E 3 h; /NRITGST-tag— 4t
(1:1000)EEMFHE2 h; TBSTUEESK, HIKS
min; HRPFRIC A0/ ZHiIgG (1 : 10 000)5
B45 minJ5, TBSTYEWSIK, &IKS min; ECL
6,1 min, ChemiScope 60003k iR A .

TiLV-HEF % & & 3R 5] & 204 &
4 A ) A5 Sl Ak Y A R 1 B P
LRAR( REAEFLRIY L), RIERT,
D R PR I MR, M AR, AR
HPEF 0.5 mg, — R ATILV-HEF&E 45
FHRBUER R A FNRS AL, R, =Rk
TiLV-HEF & [ Bt IR 5 S8 AR o [COR 58 2 44 7 TR
SIFAK . R KT 22 0 i S R R A v S A
PEIR o HPE N SA3 R LTI, ELISA A5 4T Il i
P IR BIESR , BB BKCR A R IR e s
W BFF I 5 725 (ELISA) &M TiLV-HEF £ ¢ B 4T 7K
FIRCAMY, H A8 SR v K (0.035 mol/Lik g &
B4, 0.015 mol/LERIRSH, pH 9.6)%% 20 4 Ui
i BEF2 ng/mL, IR PR B 6Lk,
fL100 pL, 4 °CHEBLIHGF, PBST(#0.05%
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Tween 20 f0.01 mol/L pH 7.4 PBS)¥£ %5 minx3
W, A E I (5 1% BSA fUPBS), 200 uL/fL,
37 CHMIL h, FFEHMHW, PBST BEikS
minx37K, FFILTEM L : 40065 L FEBER L : 51 200,
A A96fLAR, 100 uL/fL, 37 CHEE 1 h, A
A 15 5 O 1 i 8 A8k X IR, PBST Pk %S minx3
W LA A 100 pL HRPFRIC A EHT HlgG(l : 5
000% B), 37 CIEHE 1 h; PBSTUEYSS minx3¥K,
LN A 200 uL TMB & (33, 37 CalEYG 10
min, AFFLANIAS0 pLZ 1k (2 mol/L H,SO ) Il
RN G, BRI A ODyso nmil I A

R AR BGETILV & 5 i 2 AF 1 IR 2H 2H0.1
g, MA1 mL RIPAZf# ¥ (6245 1 mmol/L PMSF .
10 mmol/LIALAN . 1 mmol/LJEALER4H), vk b
B, HEFRSHEM, 12 000 r/min 4 CE020
min, B EEWR . FBradfordfE [H e M & X7 &
MEW R, RS N30 ug, Western Blotk il £
S REGUA B R M

15 SEFFERESE

BEHL P L M R 1 7 | P AR g fa, (R
(30£5) g, 43 M4, H4l10kE, Y AR MIE
JiE 7 51200 pL TILV (i 8 ¥ B2 1x10°4% D1 /mL), Xf
WEZH T B 25 B KA (U PBS., 4 H WAL 35 & &
At R IE O . B SIS 7E B PG R OK RGN
HEAT, X F S K AT A A AR T B A
R T Ja A X AMHEL
16 PCRFSMEE

TILVI&G9 df5, REM ML BAE. %
B B AE4I4, HITRizolik # HUE
RNA., #H&HiScript II qRT SuperMix i % 537
B A U6 A543 B X RNAE AT S 5% S 3545 cDNA,
PCR5| ¥ 2 B Tattiyapong % W) Jr ik, Nested
ext-2(5'-TTG-CTC-TGA-GCA-AGA- GTA-CC-
3"); Nested ext-1(5'-TAT-GCA-GTA-CTT- TCC-
CTG-CC-3"), ¥ HTILV-S38 H Bt (491 bp).
PCRJ W K A2 95 °C 2 min, FEIRE1FH 95 C,
30s, 56 C30s; 72 °C, 30s, 35MEH, &5
72 CHEH7 min, 4 CH 10 min, 1.5%B 5 BRI
LR € il
1.7 TILVESEFIFEZELANKLEIFR

TILVEGL T & Y e o dfs, RAEMR M,
WM . Sk LRSS ZHZL, Y
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HAEE W ALE E24 h, RSB YR
R B HEAT A W51 5 AR AR — 2L (HLE) Yt

WUK RS W0 7 AT S B AL A A B, AR
P EAR PR T, AR, BARERME. B
B R MAZH AT 20min, — T 20 min,
TKZEET 10min, JB/KZEET 10 min, 95%%
K55 min, 90%K55 min, 80%k55 min, 70%
RS 5 min, ZEMKIEBE2K, B 10 min; BH)S
P ) 8 T R EDTAL R A B 25 whis ik
(pH 9.0 E G TROE S Wit T hL R E = .
Hh o 28 9 BT L ) B 10 min5 K B . H AR
B HE K 3% A& T PBS(pH 7.4)%, e (48K -
SEHVEUR, FIRS min; YA TR 3%d EAL A
WP, FIREHOEIEE 20 min, K3 A E T PBS
(pH 7.4)h, FEBLEREIR IR PEHR3K, BIKS
min; [ Y] F 0 5% NGS#— & o 1) B 410
—Hr(1 2000 mHL ., VIR FREAENS C
WE IR, BT TBST(pH 7.4)h, 76 (3% IR
FRBIVEBIR, FYKS ming YIRS AT 0
HRPEE P (L P E A48, =HEMHF S0
min, B TTBST(pH 7.4)%, FEMAFEIR % 5h
VRV, BIRS ming )5 A8 TS T 0 e i
Hil I DABIE (LU, W U N ¥ e i E], BH
PEREREG, HRAK P BEY i 40k W f5 5 Harris
HIARRER3 minZkfr, HEKKBE, 1%
Ko AR BORy, A SkoK vk, KR, WK
e B R IR R 70%P K5 5 min, 80%iF K 5
min, 90%JE K5 min, 95%F A% S5 min, Jo/K Z
I 5min, K/KZEET 5Smin, —H X 1 5 min,
THET 5 minthBAGEN, KU N H 2R
BURRI T, R R

1.8 TIiLVEGRE-114058 X (8)3% G E 5 e

SAEAE I, R AR R 10 80%~
90%, FrAMMuIGFRAE, i HL-153% 3% 500 Pk 41 A
YK, K59 B EYL &2 0 (mulLtiplicity of infection,
MOI) H I TILVIT A AN, & T25 CHE
R T A, 2 WE R RG R,
T S% IR M I L-158 R gk 4 1 3%, K
TSR B, FFHA A

E- 1140 i 4% AR 25 190 S i o Ak B 5k 1 25 3% 1
() 6L 4 AR . o7 20 2% FE SR 180 %~90 %l
FHIMOIFTIL VI B E-1140 0, X B 2H 40 i in A
FiL-15, BT25 CHFMTIEE2 G, B

Hp [ 7K 7% 2% 4= 3 /5 sponsored by China Society of Fisheries

WEE I, I PBSHE VEANMI2 UK T, B 4 e Y
B S%IE A MG I L-1555 37 5L, B T25 CH 5%
FrhaE R . MR AR TR AR ST Oy VA AT )4 fe g%
TOCEANE, WAEMB S, BAREAE: TILVIERSSd
Ja, BUHEEEE A, PBSYERR2UK, A A
B — PP (1 ¢ 1) [ 5 W [ 52 10 min, PBSTE L
3R, BIRS min, AW (10 %10 3 10,
PBSTHi Be)Z i M 1h, TiLV-HEF—#i
(1:200)EBEF 1 h, PBSTUER3K, K5
min, FITCHRICILEPL AR P01« 5005 il kt S 7
A 1h, PBSTUEIK3IK, ®IKS minf5, DAPI(4',6-
TR -2-FRBL | ) Y A% 10 min, PBSYEIR3IX,
YRS minkf i, M5000%% 56 i i s W gE

1.9 BUEESH

SPSS 20.0 Gt i F2# 4Kk (A 75585 43 #7 - Graphpad
Prism 6.08K A 1E K . FEATE] L R ¢ K56,
P<0.05SNA G225

2 4

2.1 TiLV-HEFEREMWREMEERZEDH

TiLVEE 4K BEIL R 4 cDNA4 K 1 250 bp,
ORFH1 065 bp, 4ifh354 N2 IR, GenBanks
5 WKU751817.1, ProtParam 47l iZ & 14 73
T8 438.30 ku, F5HL i 8.98(& 1), Signal IP
4.1 Serverf J¥ Wi E H A F 55 K. TMpred
AU 555 253~27 14> 5 3 TR S DA JSE PR 381) 2 91 ) 25 s
SERINL, 55281~30671 2 HE R & IS AN I R N 1Y
L My dk . A MEGA 7050 NTi: %t 1% 56 [H
FH A 74 TE 206 B B T 00 A R R EAT R
itk . AR FRWXE Q5N RN
BE L] B T RAR Yl M e £ B I 2R 1Y
HEFH H AR R — 32 (812), FINEZEA N
TiLVRYHEFZE 1 .

2.2 TIiLV-HEFERZ mEnAHI&REFERM

Rl

Sk T B UE EE A TR R A A AR T,
B DI UE, LUK ZE R BRI B A2, JFH
KANEHE 7 BeoR/MH— 2 (E3-2). SDS-PAGE
SRRV, EAMWHEFE A FERIITEE WA
(E13-b). i i GST-taghs & Bt /A48 I 2 35 14 41
HERAYER, 4559 Won B4 A GST-HEF& 1 7E
64.3 ku/Zc A7 A A — B 25t T EL RV/INVRISR )
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N
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1 CCAAMAGTTTACTCCTATTACCCAGAATAGCTAACTTAATAAACTGAAAATGGTGAGAACT

61
21
121
41
181
61
241
81
301
101
361
121
421
141
481
161
541
181
601
201
661
221
721
241
781
261
841
281
901
301
961
321
1021
341
1081
361
1141
1201

V R T
ACAAAGACTAGTATGGCAGCTGCCAGCACTGTTGCACCAGAGGTAGCAATGGATGAAAGT
T K TS MAAAS TV APEV AMDES
TCACCCAGCACTTCGCAGGTACAAGCTGAACTCCCAAGAAACCTTGAGGTTTTCAACGAA
S PSS TSQVQAELPRNILEVYFNE
GCTTGTGETCATGTGTTTCGGAAGTTCCTTTAACAGGGAGCACAACAGTGTGATATCTGAT
ACGHVFGSSFNRETDNSV I SD
GCTGCTGCATTTCTCTTTAAAATGCACACTCACTCCCTCGATGGTCAGGAGGCTAAGGTT
AA AT LTFEMITIHNDSILDOGAE EAKEKV
CTGAGAGCCAGTGAAAAGAAGAGAGAGAGGGAGAACGCTAAGAAATCAAGGAAGGCACCA
LR ASEZEKI KZ RET RENAEKIEKS ST RKRIEKATP
GAAGCAGGGATGAGGGTCGGAAGGAGCCTTATATTAACCAGCAGATGGACTGAATACTGC
EAGMERVGRSLILTSRWTETYC
GCAACCTGTGTGCCTGCACTGGGCTCAAAGATGAAGGTGATAAAAGCCTCAGGGGACGCA
AT CV P AL GS KMKEVY I KASGDA
GCTATGATTCAGATGATGAAGGACCATAACTCTCTATTAAGAGTGTGTGTTCGCATTGAG
AM T @ M MKDHNSILILRVYCV R TE
GTCTGGAAGGCTAGGTACGTCAGTTTGGTTGCTCTCGACGAGAGGATTCAGACTTTGGAG
vV WwWKARYVSLVALDETRTA® TLE
GACGCCCAATGGTTCCCATATCTGAGTGGGGATTCCTATCGTGCTTGCCCAGGGCTGGTT
bAQ@WFPYLSGDSYRACPGTLYV
GGTGGCTACTTTGCAAAGAAAGCAGCAGCAGGAGANAGAGGAANGAACTACAAANAGTTG
G G Y F A KEKAAANGERTGEKNTYKKTL
AATCAGACTGCTATAATCCCGCCTCCGAGATTTCTGATCATTGGCCACAGGCTGCAGATA
NQTAITI I PPPRPFULITILIOGHTRTLAGQI
GGCGACCAGGTCACCCTCAGGGAGCTGCTTGCCTCAATTGCTTGGGGCCTTTGCGACGGT
G Db Q@ V TLRETLILASIAWGLCDG
GTCCTTGCTGAGTGTTGCGAGCCCCTCGCAGGGGCACGGGAGTATTCGTGTTGTTGTTGGT
vV LAECWSPSQGDGS T GV V VG
CTACCTCTGCAAGCTACAGGAAGCTGCTTCCTGGTGGTAGCTAGCCACGGGCTCTCAGCA
LPLQ@ATGSCTFLVVASHGTELS A
ATTGCCGACTCTAGGATTGAGGGAACAGGGAACACGAATCTGCTGGAAGAATGCATTGCC
IADSRTITEGTU GNTNLILETET CTA
ATTCAGAAACAGGACGGTGTCATAAAATGTAAGAGAAGTGGGAAGAGTCTGTATCACTGC
I 9 K@ DGV I KCKTZ RSGEKTSTLYHZC
CTCAAGGAGACAGCAGGGGCTGTTGGGAGATAGGCAACGAAGTAGGCCACCCATGCGCGG
L KETAGAV G R
AAAGCTGCACAGGCTGCCAAGGGCCCCTCTTAGCCCAAGTTTTCTATATATTCTTTAACA
AGTCATCTAAAACTGGTAAATTCTTAGACGGTAATTGGAGAAAGATTTGC

El1 FiE&ARKEHEFEREDNARESEEEFT

AR ATGHM TAG 7 B AR IR #1700 7, THEAMRKREAMFRG, TENMUREAIFSR

Fig.1 cDNA and deduced amino acid sequences of HEF from TiLV

The bold ATG and TAG is the start codon and the stop codon, respectively, M in box represents the start of the protein translation, the * in box represents

the end of the protein translation

B 3-). ML U AR B TILV-HEFE —B((814-b).
IR M E SRR (F4), R0 23 MempE A O

e SR UNIEVEi S|

: 51200, KT LK%

UEFRAS 1) Z2 o0 B 5 L35 J& 75 0T LA AE S 1 18 ) W G R . B £ 1 e,

FIAYHEFS F, DA I S 96 o 3 1 S5 B A
TEGETIL VA A I P AYHEFEE H, 4528 2Rl L
T R A DU 3] — 2% 38 kuZe A7 B9 454, R/ TG
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FETILVIERY & P HEfas~10d, fAiRsbB
IR RA B
a5, WHERACREIR (& S-at 1 B), il
S S S AR I TILV & 75 e 3 & e % % 3k
i, RT-PCRAG M 2% 5 {75 TIL VIER Y 21 1) JAL I+
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100 WRYRIERTE  Influenza C virus (BAD24940.1)

45 L THMREHE  Influenza D virus (AFJ19021.1)

71 A PIEMWYRE  Tilapia lake virus (AMR44596.1)

FE YN TR Infectious salmon anemia virus (AAL67959.1)

100 RIS Influenza A virus (AAA43412.1)

LIRIBIR T Influenza B virus (AAA43749.1)

ZB%5#  Dhori virus (ADF56027.1)

) oo, R TWE  Thogoto virus (AAA47918.1)
0.

2 FEEMHFEHEFERSHMEHFREREREENRFHLK
W ARAE R BT 91 0000K 51 A AT A B A BARAKCE, BB =B ARG 9 B AR 5 3 HEF 5 [
Fig. 2 Phylogenetic tree of TiLV-HEF and glycoproteins from other orthomyxoviruses

Numbers at each branch indicates the percentage bootstrap values on 1 000 replicates. TiLV-HEF is marked with black triangle

1 2 3 ku ku 1 2 3

[T

100 —
bp

70 —>| -
5000 —» ol t“ 64.3

40 —

1500 —» 354*. «26
1 000 25—

15 — .

10 —

(@ (b) (©

E3 T HRSHEFEREHEFRNEBYINIE. FRIAMK S Western blot#é I
(a)EE 20 5 R WU ) %5 5€ , 1. DNA Marker, 2 4RI, 3. XUAEGY) ™ 4): (b) TILV-HEF B4 &K A %L K 41k, 1.4E AMarker, 2. PTG
S MIpGEX-4T-1%3 %%, 3. TILV-HEFHE 41K A £k & WK, 4. TILV-HEF#E 414 [ %3 Li5W, 5. TILV-HEFE 4 & A KA VE, 6
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Fig.3 TiLV-HEF recombinant plasmid digestion, expression purification and Western blot

(a) recombinant plasmid digestion, 1. DNA Marker, 2. recombinant plasmid, 3. digestion product; (b) expression and purified recombinant TILV-HEF
protein, 1. protein Marker, 2. E. coli BL21 with pGEX-4T-1 vector with IPTG, 3. TiLV-HEF recombinant protein expression whole bacteria detection, 4.
supernatant of E. coli with pGEX-4T-1-TiLV-HEF, 5. pellet of E. coli with pGEX-4T-1-TiLV-HEF, 6. purified recombinant TiLV-HEF protein.(c)
verification of recombinant TiLV-HEF protein using GST-tag antibody, 1. protein Marker, 2. E. coli with pGEX-4T-1 vector, 3. E. coli with pGEX-4T-1-
TiLV-HEF
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Fig. 4 Titer and specificity detection of anti-TiLV-HEF polyclonal antibody
(a) detection of titer of TiLV-HEF polyclonal antibody by ELISA; (b) specificity detection of TiLV-HEF polyclonal antibody, 1. protein Marker, 2.

spleen tissue protein of healthy tilapia, 3. spleen tissue protein of TiLV infected tilapia
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Fig. 5 Clinical symptoms of GIFT O. niloticus infected by TiLV and its detection

(a) clinical symptoms of TiLV infected GIFT O. niloticus, A. uninfected GIFT O. niloticus, B. infected GIFT O. niloticus. (b) detection of TiLV in the
spleen from GIFT O. niloticus by RT-PCR. 1. uninfected GIFT O. niloticus, 2. infected GIFT O. niloticus, 3. DNA Marker
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Fig. 6 TiLV infecting GIFT O. niloticus by Western blot
1. liver, 2. spleen, 3. head kindy, 4. kindy, 5. gill, 6. brain
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Infection of tilapia lake virus in GIFT Oreochromis niloticus and E-11 cell

LIJiabo', QIN Zhendong’, ZHAO Lijuan’, LIU Zhigang®, KE Xiaoli’,
WU Zaohe?, LIU Xiaoling', LU Maixin®, LINLi”
(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China,

2. Guangdong Provincial Water Environment and Aquatic Products Security Engineering Technology Research Center,
Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl Breeding, College of Animal Science &
Technology,Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China;

3. Key Laboratory of Tropical and Subtropical Fish Breeding and Cultivation, Ministry of Agriculture and Rural Affairs,
Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China)

Abstract: In order to study the infection characteristics of TiLV in the cultured tilapia species and susceptible
cells, GIFT Oreochromis niloticus and E-11 cells were chosen as models. For the present study, first of all, the
whole nucleotide sequences of the fourth genome segment of TiLV from the experimental infected GIFT O.
niloticus were determined. The length of the cDNA of the fourth genome segment was 1 250 bp containing an
open reading frame of 1 065 bp, encoding a protein with 354 amino acids. The sequences and phylogenetic tree
analysis showed that the fourth genome segment encoded TiLV Hemagglutinin-esterase-fusion (HEF) protein.
Subsequently, GST fusion HEF was expressed in Escherichia coli and purified, and it was used to immunize New
Zealand white rabbits according to the conventional method to prepare rabbit anti-HEF polyclonal antibody. The
results showed that the antiserum titer obtained by ELISA was higher than 1 : 51 200, and the serum could
specifically recognize the HEF protein from the spleen of TiLV infected GIFT O. niloticus. Through artificial
infection experiments, it was found that TiLV infected juvenile GIFT O. niloticus severely and caused surface
ulceration, systemic bleeding and ocular lens opacity. Furthermore, hematoxylin and eosin (HE) stain showed the
syncytium in liver, hemosiderin and vacuolar degeneration in spleen, necrosis in head kidney lymphocytes, protein
precipitation and glomerulus necrosis in trunk kidney. Western blot and immunohistochemistry results showed that
the virus was distributed in all the tissues with the higher abundance in the spleen, head kidney and gill than that in
the liver, trunk kidney and brain tissues. Through indirect immunohistochemistry assay, it was found that HEF
protein was mainly distributed in the cytoplasm in E-11 cells infected with TiLV. Our results demonstrate that
TiLV infection could cause disease by targeting liver, spleen, kidney, gill and brain tissues of GIFT O. niloticus.
Key words: GIFT Oreochromis niloticus; E-11 cell; TiLV; HEF protein; polyclonal antibody;
immunohistochemistry
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Plate I Histopathological observation of TiLV-infected tilapia

1, 2. liver, a. hepatocytes, b. pancreatic cells; 3, 4. spleen, c. lymphocytes, d. hemosiderin; 5, 6. head kidney, e, f and g. lymphocytes; 7, 8. trunk kidney,

h. protein precipitation, i. glomeruli; 9, 10. gill, j. epithelial cells, k. chloride cells; 11, 12. brain, 1. gliosis, the same below
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Plate [ Immunohistochemistry assay of the tissues from TiLV infected tilapia

The arrow in the figure indicates positive signal

EAR Il TILVERE-1140M M 2 MR
LTILVEAE-1141 /80 h, 2. TiLVELE-1140/E48 h, 3.TiLVERRE- 11496 h, 4. TiLVERE-1140AT192 he P 7 Sk 37 40 fi s 22
Plate [l Microscopic observation of E-11 cells infected by TiLV
1. TiLV infection of E-11 cells 0 h; 2. TiLV infection of E-11 cells 48 h; 3. TiLV infection of E-11 cells 96 h; 4. TiLV infection of E-11 cells 192 h. The

arrows in the figure indicate cytopathic changes
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P K FITCE (4, 9.3 R 75 81A IF
Plate [V Indirect immunofluorescence assay of E-11 cells infected by TiLV

1. DAPI stain of TiLV infected cells incubated with anti-HEF antibody; 2. FITC stain of TiLV infected cells incubated with anti-HEF antibody; 3. merge
of 1 and 2; 4. DAPI stain of non-infected cells incubated with anti-HEF antibody; 5. FITC stain of non-infected cells incubated with anti-HEF antibody;
6. merge of 4 and 5; 7. DAPI stain of TiLV infected cells incubated with negative serum; 8. FITC stain of TiLV infected cells incubated with negative

serum; 9. merge of 7 and 8
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