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Cloning, Expression and Antiviral Activity of Arctic Fox
(Alopex lagopus) Interferon-y Gene

Hailing Zhang, Xiuli Chai, Guoliang Luo, Fengxue Wang, Li Yi, Xiqun Shao, and Xijun Yan
Institute of Special Wild Economic Animal and Plant Science, Chinese Academy of Agricultural Sciences, Jilin 132109, China

Abstract: In order to characterize the biological activity of fox (Vulpes vulpes) interferon gamma(VuIlFN-y), We have isolated the
c¢DNA encoding arctic fox(Alopex lagopus)VulFN-y. This cDNA encodes a 23 amino acid signal peptide and a 144 amino acid
mature protein, which shares 99.8% or 99.4% for nucleotide identity with silver fox and canine, respectively, and 100% for amino
acid identity. Expression of recombinant mature arctic fox interferon gamma (mVulFN-y) in bacterial system was confirmed by
SDS-PAGE and Western blotting analysis. Recombinant VulFN-y showed higher antiviral activity against vesicular stomatitis virus
in cultured Vero and MDCK by inhibiting virus induced cytopathic effect, In view of the immunomodulatory and antiviral activities

of VulFN-y, it may provide a basis for further research on antiviral therapy of recombinant VulFN-y in economic animal practice.
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RSP & il R 7 A AR LR 2 Be s 7 i 53 e
B sh¥ 3R m F s, MDCK | Vero 41 gl [ H [ 24 =
24 i W82 B . Escherichia coli BL21 JB% 52 285 & bk th A
SR ERAT; pMDI18-T #fk . Ex Taq R AW . AMV
J52 1 S il R A LR 2K (PHA)I [ 52 A=) TRECR %)
A PR ] RPMI1640 1 H GIBCO 23], ik B 441 it 43
B B EESR B TRIzol 40 iE 24 fif i W
Invitrogen 23 Fl; e RG] & 0 5 Aol 18 H B A
PR\ F]; His B BEHTIRIY ] Sigma 23 F]; NTA-Ni 5%
IR AR H Novagen 23 /), AT IFN-yhR#E S I H A
] 24 i A= W o R T KR 1T R BE (VS V)
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ARARAE A B
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4% GenBank | /&AZKM K IFN-y cDNA 42J7 4
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CTACTTCGGCCTAACTCT-3' fl 2: 5-TATTGCAG
GCAGGATGACC-3'; Ry #4511 mVulFN
AP 5 H: ATGGATCCTGCGACCTGCCCG
ACGCCC(FHI£ >} BamH I i) 45); GCAAGCTTT
CATTTCCTCCTCCTGATTC (FXIZkJy Hind IIAFY]
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WAEFET 24 h JEIRELGIT 15 mL 205,
2 000 r/min £ 10 min, KT3EM 1 mL TRIzol
Reagent # 2., A 1/5 TRIzol IRFR&E A, 1RE) G B
1F 3 min, 12 000 r/min &.0> 10 min, WRHC E#, A
1/2 TRIzol AR SN, A JEHE-20°C YLTE 1 h,
12 000 r/min #.0> 15 min, HUTTEH 75% L BEUES 1
W, BE TS A 9.5 uL 11 0.1%F%) DEPC Ab Bt K
PRI R DTTE, BIVARASI B 40 L 5 RNA.
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5191(50 pmol/pL), 215 E 70°C KIEHRAE 5 min
Ja L EIA AL, KA 10 mmol/L NTP 5 uL, AMV
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mmol/uL dNTP 2 pL, b, TI#514#1(25 pmol/uL)4
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EBEFKAE 25 pLo RIBEIRAE, F PCR AL
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TRWEREE R .

1.6 FTixHKME

B H A SE A vo e 5] pMD18- T # 4Kk, & W) K
PCR %7 IE 5 #E4 700 DAESR B B 093 7 41
SRR BT 1S VuIFN-y AR 5 19, 1T e
5191505151 A BamH 1 H1 Hind TIIEGEI 7 &, Wl 5
) PCR 774155 pPROEX™ HTb #Ak 4 4%, 1k BL21
JEZASTR, BENLPRECAA va B p bR R T — 2 2
1.7 EHRK pHTb-mFIFN-y7E XG4T E P 8y Rk

PRECAE S P A B TR Y5 BP0 T 2 mL LB 35
FR3(Amp, 100 ug/mL)H, 37°C % 85 3 % . Bk



HRHFFESE: JUHIRy- TR cDNA M sa ke . 3k Rl il e

1627
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0.6~0.9, TH I IPTG EZ¥E N 1 mmol/L, 37°C
W E SR, B UEERR . A 200 uL PBS PR
A, VR 3 S ] 100 uL PBS A5 54 & 2xSDS
REGE R FE AR AT, B S min, DA AT R AR
s AR XTI, 64T SDS-PAGE HLikK .
1.8 RIEZEBM4L

I 1.7 PRk, XMEARE KRS, wiAH
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HTFHHMWEAS G 2 L3R Novagen 2
] Ni-NTA His + Bind® Resins & [ 451k iR 7] & 160
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2.1 JEARIN IFN-y B F 55 &

PL PHA 7 5 85 3% b AR R A0 J& I ybk B 40 i A
RNA fE RHEH, 24 RT-PCR #KAFILWIN IFN-y
cDNA. HURT-PCR ¥ F 1.5%(W/V)BEREHEEERE -
HLIK, 459 R, 31519 PCR 9847 1)y 548 bp
FHEA B 1), %4 501 bp BYHFHCREIZHE, dmbd
167 NEIERR, w7 23 NSRS K, SR
4 — 2 BB S IR IFN- 3 R =4 8
432 bp( 2), P EIILAAIN IFN-y ¢cDNA(GenBank
Accession No. EF428257)5 B & KM EINTHILER
K (GenBank Accession No. AJ621191)! 4%+ & A
TR 99.8%, Ry T 4% (GenBank Accession No.
AF126247) 7 R JF A [RIIEE R 99.4%, 1 1FiR)E5
Fi s R LA 4,

bp
2000

1000
750

500

B 1 JEHRIN IFN-y cDNA RT-PCR =41 5 5 # 5 AR FR Sk
KE
Identification of the RT-PCR product of arctic fox
IFN-y by agarose gel lectrophoresis

1: negative control; 2: RT-PCR product of arctic fox IFN-y;
3: 100 bp marker; 4: DL2000 DNA marker

Fig. 1

2 INF-yRUE K E E (MVUIFN-p)PCR #1724
Fig. 2 Electrophoresis of PCR products of recombinant

palsmid pHTb-mVulFN-y
1: 100 bp marker; 2: negative control; 3: PCR product of
mVUulFN-y gene

I 2 3
bp
2500

bp

1000

700

600

5§n

3’ 8 250

3 E4HfR% pHTb-mVulFN-y B§ 114 F
Fig. 3 Enzymolysis identification of the recombinant
palsmid pHTb-mVulFN-y
1: 100 bp DNA marker; 2: product digested with BamH I /Hind 1I;
3: DL15000 marker
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1 ATGAATTATACAAGCTATATCTTAGCTTTTCAGCTTTGCGTGATTTTGTGTTCTTCTGGCTGTAA  Arctic fox

Siver fox
Dog

66 CTGTCAGGCCATGTTTTTTAAAGAAATAGAAAACCTAAAGGAATATTTTAACGCAAGTAATCCAG  Arctic fox

B0 < e e
B « o e e

Siver fox
Dog

131 ATGTATCGGATGGTGGGTCTCTTTTCGTAGATATTTTGAAGAAATGGAGAGAGGAGAGTGACAAA  Arctic fox

131 ... o
131 .......... e

Siver fox
Dog

196 ACAATCATTCAGAGCCAAATTGTCTCTTTCTACTTGAAACTGTTTGACAACTTTAAAGATAACCA  Arctic fox

106 ettt
JOB  «eeee et e e

Siver fox
Dog

261 GATCATTCAAAGGAGCATGGATACCATCAAGGAAGACATGCTTGGCAAGTTCTTAAATAGCAGCA  Arctic fox

261
.

Siver fox
Dog

326 CCAGTAAGAGGGAGGACTTCCTTAAGCTGATTCAAATTCCTGTGAACGATCTGCAGGTCCAGCGC  Aretic fox

320
7. S

Siver fox
Dog

391 AAGGCGATAAATGAACTCATCAAAGTGATGAATGATCTCTCACCAAGATCCAACCTAAGGAAGCG  Arctic fox

Siver fox
Dog

Arctic fox
Siver fox
Dog

4 JEARIN. SREINFAK IFN-AZEEEF 55 LR
Fig. 4 Alignment of deduced nucleotide sequence of arctic fox, siver fox and dog of IFN-, and underline indicates the gene
coding region of signal peptide

2.2 EHFRK pHTb-mVulFN-y#

B IFN-y 2K I R A 20 5 His ARZE 0 5
¥ 3 ik # /& pPROEX-HTb, T 4 Ji ki pHTb-
mVulFN-y XU ) %6 2 45 R LK 3, 7E 450 bp 245 A1
1 454 5, 3E B mVUIEN- 28 B F BE ) 1F B 4 2 )
Bk,

23 FAMy-FIMRHRERLG L

H F 20 Ji R pHTb-mVulFN-yBH 4 55 20 Ji ks 5 4
E. coli BL21 Z{&H, IPTG %5, @ HZARE M H
4t SDS-PAGE HLUK KA HIYS, K/INAH 19
kD, 5T R/N—5, FiKEKRFH 50%, HLILH
WIE R, i IPTG AT E A A H B
W, RUEAI v TIREERGFE RS T8I
FRik, VI &R 2 Pi/E —PT Western blotting i#F—
HuoE, SR ILE S, HRE A SRyTH B R DT
TELk . TEFRIBIERRERE B, N Ni-NTA gt
mVulFN-y E A A 7 alifh, 4581 00E 6.
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— 974

— 662

— 144

5 His-E 31 Western blot #2 JL 4RI IFN-y B #4 Ak B4
Fix
Fig. 5 Identification of recombinant protein by Western
blotting with His-tag monoclonal antibody
1: pHTb-mVulFN-y recombinant E. coli; 2: marker
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kD 1 2 3 4 5 6 7 8

974 —
66,2 — w—

43 —— b
31—

e

E 6 =4 mVulFN-yFRixF=#) 41t SDS-PAGE #& il
Fig. 6 Denaturing purification of recombinant protein
mVulFN—y
1: protein marker; 2: lysate of uninduced bacteria cleared lysate;

3: lysate of induced bacteria; 4: lysate supernatant; 5: lysate of inclusion
bodies; 6~8: recombinant protein purified by NTA-Ni resin

24 FHAMy-FIHEEEEWMEENE

SR AN A B, ARSI S0%4H s A5
TR e m R B ARy — AL, B lE T
MRS EZFRUER R, B MDCK il Vero 4 ifl 43 51142
FhF 96 fLEGFRM, BT 37°C, 5% CO, A 57
12~18 h, KRR, RBREFRW, KA RE
9 IFN K, AR A INMFL . FIEHE AR
PR B TEN A o 50 X B, 290 it o) B8 6 28 % iR . 37°C,
5% CO, AT LK. 2k IFN &k, M 100
TCIDso 9 VSV M (40Xt BEAL I A 05 15 10 5
FRUK), FEHEFE 1~2 do 19 2 0) REFL 20 I 40 Bk 75%
1Dy s B2 TR S AT N € o = TG NPV S 7
WELLE BB R, A 100 TCIDso 19 VSV 9 #5754 T3
B, 24 h J LS AT DL AL S0 4 b ™ EE R AR, 7R
L & PR E R G HE/E MDCK 1 Vero #iii [
1) AL 2 (] 7B 1 8B), AT ARTERAN SN i) 248 e %of B
RIEH (ILE TA F1 8A). AR T 107 W T4k
FIANFL, 578 B Bk Pl (&1 7C Fn 8C), 2K E
S RGN 15 T 20 T R A MDCK Hl Vero 40 b4t
W EETEPE 291K 1.0x10° u/mg F 1.56x10° u/mg.

20.1 —
144 —

7 7E MDCK Aias bR iMy-F i ERFSEENE

Fig. 7 Antiviral activity analysis of arctic fox interferon-y
mature protein in MDCK cell
A: the control MDCK cells; B: severe CPE in the control; C: cell
disposed by over 107° renatured recombined arctic fFox gamma
interferon

E 8 7E Vero HAF L RINEy-F M RINBEFENE
Fig. 8 Antiviral activity analysis of arctic fox interferon-y
mature protein in Vero cell
A: the control Vero cells; B: severe CPE in the control; C: cell

disposed by over 107° renatured recombined arctic fox gamma
interferon

3 Gtk

MG RN E AR, IR A FER BN,
A, AEARAUR (R FEIRAR, EfYETFERH,
KRB KRR R RF X —FetE, Al
DL MR IEN- L 5 5 BT 519, Ik
A2 PHA 35 4 AR A0 ] 1 bk 2 40 i A s 2 s b 1 b
AR IEN-yZE R, %3407 501 bp B TR EAE, 2
167 NaILmR. P EI, P ALmIn
IFN-3% [H 55 B % 2 10 4R SR e 38 3 3 U2 47 iR
[FIRPER 99.8%, 5 Ry THRZATERF 41 R Iy
99.4%, A AT KA, R IFN-y7E
117(C-T)H 141(T-C)fi A Bl AL AZ, H BN IFN-yH
A 141 HI(T-C)RAE, fH = 35 2 5L 1R W] I 7% 35 2]
100%, 15t R FHah8r 1IFN- 2% R AL R 1T

N A% 38 R GRS T AN IFN-y &
PR, Rk YR E R R RE T 40%L L,
FIRYA 6xHis br%s, NEAE AR T
J5 i 1 H 6xHis 3255 F /N, AT A
far, PITREA RS H B8 F 25 e, R
FHCERMZENT AT B 5 A 2lifh, A gtk B
MR AR R 95% LA I, A ifEff il o B 41 2R 76
PESROE T IRIIE . AR50 ik T8 LR R M U Tk,
TEARTEL S5 T SR P A8 P 2 11 9 43 B ] B i n
ANEAEVER B Ik, e T EMR, B
PG E I E A E] T 1.55 ng/mL. KA Vero 4il
Jfi. MDCK 4l T AL AN 2 y- TR AL
WM, FEA VuIFN-y £ 9 R A 5 B 8 0 946
o FETE E o

FEH R S, TFN B4 I R 0 FH 3 202 () TFN i
A7 W0 FR T 8 1 AN T AR . AR, THRR
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