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WE: B 49 0 #% 50 #7 %) B ¥ (macrophage migration inhibitory factor, MIF) & — £ 3# ¢, |
EENSYRARET, TR THEE. EW s . I 4 MIF 3 B B4 L&
MR ER, ENEARERNYEA A EENER. VHEAMFESXGRRAAS
By 1E R, AL A PCR A E KA T B A6 MIF 3 & (4MIF). TN B AJMIF 51
Rk & MIF S AE £ 0 5 B2 & 8 A G LR B8 98 1 2 /7 Cyssy-Ala-Leu-Cysqg, DA K 5 49 B /&
MAT Rk BB, W Proy fn Cysgy %o KR EHERE T, AMIF 7 H A% bR
\E%m¢ﬁﬁ%¢,EEHM*%LEKE,ﬁ%ﬁ¢Mﬁ% & % ¥E R # 8 h )5,
kB W EMESY AJMIF ik 8 8 % EF; PolylC ®l# 8h j7, #. K JkF g+ AMIF
%LEE%LWH REZECKHAATIELESL )T, H%;FH@E*A]MIF%LEﬁE%J:WH>
Ry loh)s, MART MIFRABEDEIE; RE240EEIKMESY MIF AR XL E
BF LR WA, KARMET AJMIF R XA A, ERBEAZ WA LR T
rAJMIF 3 A B vE . 4R 277, Ilnmol 4 & A 7 pH 6.2 Bt A9 88 7& M 4 2.6 U, T &
pH 8.0, BgiE Mt 366 U. RAXRLER NI —F M MIFEE KRG HEZ AT NIERAET
T At

RER: B, ERARBWHET, A8%%; EERMBEEKE

FESES:S917.1

1966 4, David Fl Bloom 7£ 7% fL.1 T 4 fifg v
K —Fh Al AR M P, ] ] B 2 A Y
gl , 02k B0 M A IV AL B N SR AR
K H A 44 o B 20 B A% 3 40 il Y F (macro-
phage migration inhibitory factor, MIF)!'”, #f—#
s B, B TAii4h, BANML . BRA%/E g4
Mo PR ANM . b R AN . PN A i A T
& A GEAE MIF, tEAh, MIF Wil £ 7 F
i — T AR — B b R Bl e AR A SR R
WY, mELsh e MIF J& —F 2 20H 1, B

WS HER: 2020-05-22  {&EIHEA: 2020-09-09

j(ﬁk*ﬂ‘l&.\ﬁg: A

A, R R, ] R R
FEMI R IVE T, 2 5 A0 AY A= 38R B A
MIF PARG R R IE AE e T AR N, FEDLIA3Z 3

GeRERIL | SR B M R B, MITF AR AT R
FEANME N, 55 (140 & 2(Interleukin 2, IL-
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MIF & 0 S R FEYI I, 4% B 5 28 KO B
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AP R B A DG Ak, MIF B 54y
TR P, A 40 R AT I R ) I A4 T S A S
A T =X PR T R A ATL A 1 0 T ik 7 21 v o AR
FI®, MIF 6 B A A8 i i % v, i 45 e
HIRIE e i R —misd, RS R B BEIE LTTE,
T IR T AL 5 2R 0 A WA RO AGA Y, PRt
MIF 28 A I 4R K 25 ) BF 4 118 J S 12

4 Mk, WHRE AN E NS . YA
WS MIF, ZAERTESEL EE IR SY . AR
2, Ito S5 WY L IREE Ey 4 (Danio rerio) MIF
AR IR SIG 036 58 5 404k s Tin AU AR BT
fili (Tetraodon nigroviridis) T va 2| MIF, k3 H
AL E v A R B s RS 4EIRYNE (Vibrio har-
veyi) N TJEGL 6 h J5, Kl (Larimichthys crocea)
JFRE P MIF BED 2k ol i 2 B, ek B
2 FY; LPS Bl 6h J5, HAESS (Lateolabrax
Japonicus) 3% "B MIF # 58 2 FR"Y; LPS ¥ 3 h
Ja . FRTT BEIA E T MIF KGRI, 12h
Je MRS B AE F KM H i G #12E MIF i BF
SRR TT T, A OB 5 J7 I A B
FEHD

AWFGE LA b [ S A 2R —— H A
fifli (Anguilla japonica) X 4, T v [ 3R 1% MIF
) FER B, ARSI T O R IR A DL K D 68 i B0
T ———R 25 Z AL [C I (Edwardsiella tarda) [ |
LPS Fll Polyl:C %5 il ¥ J5 , AjMIF 7% H A fig figg {4
PR e SRR DL o B T DA% 3R 5K R T 3R
fREH AMIF EE, 08 7 i B is k. o
45 B Ry i — 20 R £0. 28 MIF 1Y A4 4 °% D) RE 25
TR

1 MRS IE

L1 SEuEh¥ BSR4

H 7 fig i (80 £ 20)g W4 T (2 1 FH W 37417,
FASLWEG S, BIHRAKIER 25+1)°C, KHF
HiHH 0.05% T F M BRI . RA MW . 8. O 0E .
JERE. B, B MBE. Sk P B Rk
FPERR, FFWF5E H A8 il MIF (4jMIF) %% 3% T
HOEEAG i

F R B EE & PBSXTHE4L. Polyl:C
(1 mg/100 g, Sigma) HI ¥ 2H . LPS (I mg/100 g,
Sigma) FIl L4 . R 9% % 1l A [T TR IR L 41 (2x107
cfu/100 @) KM HEESS, 400l THESE 8. 16,
24 F1 72 h RAE, R RS B T 5 B L 6% fig
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6, BEMDHNRELE. BB, Kk, 1.
BRI AT, TR e e i . YL R AIMIF
IR By F R,

1.2 RNA 2B cDNA & A%

B RNA # HU 2 I® Trizol® Reagent i 7] & it
W5 o Bht W AR I P DK A DU RINA ) 9 2
43 96 5% 3 NanoDrop2000 (Thermo, 3 [#) 4 il
RNA V& B FI4i i . %% 5k 2 ] GoScrip™ Reverse
Transcription System i ] & (Promega, 32 [%) 15
5, HU2 pg L4  RNA BEAT 2 5 i A R
JFH 1xTE buffer M5, /AFT-20°C % H,

1.3 HZAKREEE[ MIF B X = [E

DLBEEy 0 MIF FEPUVE 51990, X H A
168 i 5 D) 2 %508 (GenBank % 5% ;. AVPY000000
00.1) FEATEEXT, MRHEHEXTE5R, FIFH Primer Premier
6.0 A5 1) (& 1)

PIIIE cDNA i #i Al i 47 PCR 973, [ i
& & . dNTP Mixture (2.5 mmol/L) 2 pL, 10xEX
Tag buffer 2.5 uL, EX TagDNA %4 i (2.5 U/uL)
0.2 uL, cDNA 1 puL, AjMIF-F fil AjMIF-R 3| #)
(10 pmol/L)#% 1 uL, #hFETCHZK 2 AR 25 uL,
PCR W Z%0: 94°C, 3 min; AT 35 MG
94°C, 30s; 56°C, 30s; 72°C30s; JGEILE
J&, 72 °CHEAH 7 min,

1.4 AjMIF F5 5 #h

F F NCBI 9 BLAST 4% {4 (http://www.ncbi.
nlm.nih.gov/blast) #F 17 5 A [F] 5 1 4 & 5 I H
EXPASY K ¥4 i Translate 4% {4 (http://web.expasy.
org/translate/) #4725 111 BT 7 91 B3, LR ¥ 4
Z 8 WXl CLUSTAL #fF. & H  —hib)im
1 Predict protein ZXf%: (http://www.emblheidelberg.de/
predictprotein/SOPMA) 4347, il i SWISS-MODEL
™2 (https:/swissmodel.expasy.org/) #E17 = 4 5 71
F . R F MEGA 6.0 84 B9 41 322 7% (Neighbor-
Joining, NJ) ¥t RGE LM, & ESH N ITT
F#Y, bootstrap {E 4 1 000,

1.5 AjMIF %R FRIEHR

F) H Lightcycler 480 1I PCR {¥ (Roche, f&
[E), % H Lightcycler 480 SYBR Green [ if#] £
(Roche, fE[E) #F172¢ )0 € & PCR, SR & -
cDNA Bl 4 L, 5|4 (QAjMIFF / gAjMIFR, 10
pumol/L) 4%+ 0.25 pL, LightCycler 480 SYBR Green

HHE K 7% 23240 sponsored by China Society of Fisheries
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Tab.1 Primers used in this study

CIE/EZ S Gkl Hli&
primer name primer sequences (5'-3") application
AjMIF-F ATGCCGATGTTCGTAGTGAACA FN P& gene cloning
AjMIF-R TCAGCCGAAGGGGGTGTTAT
qMIF-F CCTGCGCAGTACATCGCAG KItE R PCR Real time PCR
qMIF-R CCTGCGCAGTACATCGCAG
qAj-actin-F TCACCACCACAGCCGAAAG
qAj-actin-R CGCAGGATTCCATTCCCAGG

pET32a/MIF-F

CGGggtaccATGCCGATGTTCGTAGTGAACA

JR#%#IiE  prokaryotic expression

pET32a/MIF-R CGCggatccTCAGCCGAAGGGGGTGTTAT

MI13F CGCCAGGGTTTTCCCAGTCACGAC JFFI5HIE  sequence confirmation
MI3R AGCGGATAACAATTTCACACAGGA

pET32aF GGCCCCAAGGGGTTATGCTAGT

pET32aR CTGGTTCTGGCCATATGCAC

I Master (2x)10 uL, #MFE/KZE 20 uL, WS4 .
95 °C A&PE 3 min; FRHEAT 45 MEIR: 95°C, 20s;
58 °C, 20s; 72°C, 25s; )G RFEHRE 80 °C
2s; EALGHR GGG, DR ™=y
Fi S

ZHDAENGE, KH B-actin fERNS AT,
FHE 0¥ D1 AfMIF R B-actin FOkL, 5 S0
FE S R HEAT PCR 3G, 2 1l A0 R A4 B o il 28
JEH ALY RO, LUK S AJMIF T B-
actin ¥ DL 8, Mk iR 2, SLEG L B-actin KA
RIREALIE AMIF B Rk, FIETS A/MIF
FE PR 235 1 A% B A Ak DA TR] — B[] 5 (S 5 A
AJMIF 55 3255 1 )/ B4 AjMIF FE H 3R 3k 1)

E R =R,

Gt AT K H Excel 3R {444 PRE B, A1
FH B8 2R 5 2243 BT i A1 Student #-test 43 B AN [/] 41
SR it R 928 I ORE o 1) AGMIF Rk e 25 57
P<0.05 £REFBE, P<0.01 FlP<0.001 £~
25 % . X GraphPad Prism.v 5.0 AAEE
BB P {45 DR (mean + SE, 1= 6),

1.6 FB&REEHFKIE

DL E cDNA B4R, DL pET32a/MIF-F #ll
pET32a/MIF-R K 51 4%y, #47 PCR B, Z%% .
94°C3min; 35 MEH: 94°C, 30s; 56°C, 30s;
72°C, 30s; EALEHJG, 72 °C HEH 7 min, 4f
fb. 19 PCR 7= ¥y I FR il ¥ N DI i Kpn 1 #1 BamH 1

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

T 37 °CHEED) 3 h, A A1 57 & (Omega,
S ) FCEEYI =) BT L BEYIFE4 . 1 L )
pET32a #{& . 1 uL T, DNA Ligase. 1 pL T, DNA
Ligase Buffer (TaKaRa, H A&)JR2), T 16 °C i#
6 h 5, AL IL 2 KA AT B DHSo B2 25 40
M, SRR RS R RIS, R A
kL, 4 AU PS8 AU Y S E IE B S, R A
#Ho

B4 5 30 R A 18] 1 A G E 2Ok % Ak 3
KW #F B BL21 (DE3), ¥k fi T LB [ {A& #5573
(FHAEFTZ, 100 pg/mL) -, 37 °C H 3% 12 h;
PRH— A~ BT P8 R0 T 1 mL LB AR 57 3 (%
FWREE, 100 pg/mL) 1, 37°C, 180 r/min 53¢
4h5, ¥ET S0 mL AR SR, B53R 3 h; N
A TR B S5 R B AR 2 FUBE T (IPTG) #E 47
V5T 2 BB R S DR (TZL-650WK): fil
W 8s, IHIFA9s, TN 30 W BEHE 20 min; WEHESS
YT 4°C, 12 000xg 2§ .L> 30 min J5 , HC_E 75 WK
£ HisPur™ Ni-NTA Spin column (Thermo, 3% [%)
afi b, Pei i kA 250 mmol/L B M i) PBS 22 v
W VMG F=9@E TG, il SDS-PAGE Hl West-
ern Blot X 5B =) .
1.7 EHZJAER (rAJMIF) FHABEE RN E

DI I & T (BSA) N2 s, F Bradford
5 DE rAJMIF i 5 IR 4-F52 5L 28 N B R (4-
hydroxyphenylpyruvicacid, 4-HPP) A 50 mmol/L i

https://www.china-fishery.cn
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B2 AN % (pH 6.0) Ji, 4 °C F-filf 4~5d, fliH 524
SR, A rAjMIF i A4 Bl 4 B S5 48 Ak SRy
JERRRRE o BEVE I E . R SR, 7
96 FL 1t A AR 114 AH I L H I A [R] ¥ B2 1Y) rAMIF
50 uL, FFhmA 10 mmol/L 4-%2 K2 PN B 2 100 pL
FIBERR 22 4P (PBS) 50 puL, JSi4A & Jy 200 pL,
FE ODygy, FTTH MG M K S N TR

2 4

2.1 HAREE4[ MIF 5|45 7

H A 48 f§ MIF (AJMIF) cDNA Jr Bt K JE Xy
615 bp, HEIF L EHE (open reading frame, ORF)
348 bp (base pair, bp), 5'3E 4 % X (untranslated
region, UTR) K&} 17 bp, 3’ UTRKEE Ky 250 bp,
T AJMIF F R BK & A 115 AN E R, 4 F ik
12.47 ku, 251 554 6.81, ZATJIK & A MIF 4%
TEPE L AR S A A LR AR 2L, WAL (A
Ak 3 5l 15 P 9 EE 22 3L ¥ Cysso-Ala-Leu-Cysgg,
DA Ko S5 g Tl 05 R O 4 7 B R ST 1) 2 i TR ke
Pro,. Lys;,. Ilegs. Cysg. Tyrogfll Asngg, ik
GERY AT EE RSN, AIMIF 3 N T SR,
AN RSB 106, 175 F1 67 bp, Hi[a] BE Y
2B AR 1133 1372 bp(E 1),

EALEHPTEE R WoRn, AMIF & H RS
A 240 CEAT oM BER 6 4> BAT S, M\ N-tii F)
C-3it HES A Bl-al-B2-B3-a2-B4-p5-B6. 1E 6 1 B 4k
i 4 4~ (B1. B2, B4, BS) B —THEZE, HIA2
A FHER a-120E (K 2, 18 3). LI MIF (GenBank
ok CAG28572.1) AZ %, Xt AJMIF #E17 =
YRR (B 2), 45 EBR, AJMIF =Rk 2
PL3 AN B 2 B SIE B — ANl P A .

P HUE A (Ctenopharyngodon idella) . ¥ 15 X
R filil(Ictalurus punctatus). K VGG (Salmo salar)
BE 0 25 05 B 10,28 MIF 5 H A 68 5 MIF 9847 &
WP IIA I i, g5 R BoR, H A 68 f
MIF 55 5 553 S i [F) U5 ) 24 55 08 5 900 ) [m) —
ik 85.22%; SECfh . KU VE LRI BEH A1) MIF
I3 5N 84.35%. 81.74% 1 79.13%, J¥ ¥ £ & L
XEE R BN, A MIFSA 3 E RS
1) Cys %L, Hr, 55 14155 2 MRSF Cys 5%
FL2H N Cs7ALCyo 27 o 55 3 M7 B PR SF Y Cysg,
T REHME G A MIFh . TEFHESHY
MIFH, H I8 M ERSFIEIRERL, 5

https://www.china-fishery.cn

MIF 5 ¥4 il A AL 16 VR AH OG0 7 H S 68 i MIF
BT Hd Yy 15 DR R R EE (K 3).

R AT E R B oR, WAL 5 Mk
() MIF 43 51 3R e, b B A 68 i 5 5 0 SR
iR — %, SRIFS5HEE H (Cypriniformes) fi2,
A5 BE D 88 (Cyprinus carpio) FI & i MIF R
H—3; B 5 RWHEEE | 4T85 (Oncorhynchus
mykiss). [ BE S 1 (Esox lucius), K J& Fb i
(Haplochromis chilotes) 1 K ¥ fii MIF, VL J% fili &
H (Tetraodontiformes) 1 £1 #& 7 J7 fili (Takifugu rub-
ripes). BT BREMW i MIF 3[R R AT RS A S MIF
1 (151 4).

22 AjMIF#RFHHELE T

A 5T A 26 6 %E B PCR KGN T H AR 58 i
BB AMIF FEH R . SR E~, Ik
W 2H 40 /28 B, AFMIF Y945 AS () T 13 0 s s 35
ko Hep, RSk, 24 B-actin 1) 63.68
(<107 fi5, WBEmETFHMAL,; HEdhE . B
TR R R, oAl 4 2P A R A Ak (81 5).

2.3 BRIERBE AjMIF £RANERFRIETK

RGBT YL 8 h J5,  H A< i fi fizy A
BRrR AFMIF N SR s R B (P <0.001),
A3 R e FEZH B 3.98 15 2.08 4% (F] 6); JE#L 16 h
Ja, BRI AIMIF A B3 LR (P <0.05);
B 24 h 5, B IR AER AL L b AGMIF () 3K 5
W i 2 M (P <0.01), BELHEEE B IR T b A4S
POk BB, N 34THRE; RO 3 diE, AIMIFTE
S Pl 3 A (P <0.01),

LPS il 8 h ), H AfBfigrf ey | 85 L'
TR Jk v AjMIF 323k 4 B3 E i (P < 0.05), 5
XPREZHAR LG, A i R 3.35. 2.65. 1.49
12745 (B 7); Rl 16 h s, Bk 4MIF %
KW E T (P<0.05); M 3dE, HAs
AJMIF Fikh i 3% LR (P <0.05),

Polyl:C i3 8 h 5, HAHB s . Kz ik
B8 () AFMIF 23k 8 B2 L (P < 0.05), 5%
X HR AL 2.96, 3.08 £ 1.74 % (1€ 8); Wi 5
16 h, ki AjMIF Fik i B3 1iE (P <0.01),
1M 3k B AJMIF 323K 4% 835 T (P < 0.001);
G 24 h, SRR FUH LR AiMIF ik B3
i, BBk LR AMIF F kR IR BOA
s RAE, AXFRRALR 3.24 f5 (P <0.01); ik
B G giMIF R R E T (P <

HHE K 7% 23240 sponsored by China Society of Fisheries
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P MF VY ¥V NTNUVYSEDAY P A ALILTEAT®QHEILAK
GECATGHEAANCCTGEGCAH TAAGACGE T TA TACAGCC TAACTACCGUGCCCHCGHE TCAGA TAG TAGLGAN TGAG T TCT GETGC TG T CCCHE T TATGOGCCE
AM G K P A
AGACCATAATGGACCACCA TCCCGAACGUAATCCTGETCACE T TGCATAG TAAAANAN T TT T T T T T TAAMAGCACGGUC T TCACTCGCT T T TA TG TCG T T TAAL
TTACATTTOCTAAATATTCTGACACTOTOTACAGTTTTTAAAACACCTACATACTGTCAAGC TAACTAACTCACCOCCOOTTTACCACCCAAATTTATAAACST
GTACTCGAGATTAGAT TAGGT TTTAATAATCGACCCACACACCCACT TCCCAAN TCGCAGGCGAACGAG T TAT T TCH T TAGTTTGCCTGCTATCACGTGANTTA
ACCTCOTACATTTTACAACAACCTCACTCOGCACTCOTGATTTATATG TAACCAATCACA T AAGAAACATCATGOATTCTATTCOTTAT TTCATTGTTGGCCAT
AGACGGCAAATTGTGCATGCGTTGTAATT TCAGGACATTTTTTTTATTTACT TGGATAAAGGCT TTGACAGTCGAACT TTGEATT TGAGGATTGCATAACACTG
CAGACAGATCOTCTOTGTOTGTC TG TO TG TOTCGAGAGAGAGAGACAGTCACAS COAGGCAGASGUTO TCTCAT GAAAATAAGGATATO TTAAACATOACTTTAA
ATACCTCAGGAAGTTTGTAGCATTTATTTAATATTTTAAATAGCATTGAACATTAAGCAAAA TGCGCAACACATGAAACGTGTTGCGUATTTTGTAATGHAGCT
GUGGCOGAAATTUCAGTGCGUGACAGG T TCCAGGT TATAAACCO T TAT TAAACGLGAGAAACCEAAAGAGTCATCCCAG TTGACCATCACTTTAGTTTATAAAA
ATGTGTGCTTGGACCCGGACTOTGTRGATTGGT TCCTGOTGTRTGT TGGGCAGTGCATCACACAGGCTRTACTGACTGGTTCOTGCTOTGTHTTGAGATGRACTG
GLOTGOTGT G TGGGOCEACT G IO TGO T GG TG T TG T GACTGE T CTGUTG TG T T GGG T GACTGE T TCC TG T TG TG TG T T GGG T GACT A TCTET TG TG
TOTTGGGCAGTATATCGCAGTGCACATCAACCCGGAGCAGATGATGATGTT TGGCGGAAAGGGAGACCCATGCGCCCTCTOGTTCCCTGCACAGCATCGGGAAGA
QY I A ¥VH I NPE®Q MM MYMFGGEGDDP CA L C S L HS I G K I
TCGGGOGCTCOCAGAACAAAGACTACTCCAAGCTACTOTCCOGCCTRCTGAACAAACACCTCOGCATCTCACCTCAGAGG TRAGCGCACACACACACACACALS
GG s @ N KE Y 8 KL LECGLLNIEKUHLGTIL S P ER
CACACCTGGCATCTCACCTONNTGAGAGGTCAACACACACAGACACGCACCTOOOCATCTCACCTGACAGGTGAGTACACACACACACCTCACCATTTCACCTG
ACAGFGTGAGCACACACACACACACCTGAGCAT TTCACCT G TCAGE TGAGCACGUACACATCTCACCTEACAG T TGAACAGE TGO T CGLCU TCTGGUTTGGOGALT
TTCCCCTCAACCCGUGATCCCTCACCAGGUAAATTOGACGGOGGCAGCTCAACCOGUTOTTCO TTACG TG TGCACACTATOGCCCO TOTGLAGAGGCTCAAGET
GUICTAACCGEIGATTCTG T TGOTCTGOGE T T TCAGGEATCTACGTGANC T TCT TOGACA TGGAGHCACCGAACG T GGCCTGHAN TANCACCCCC] l'UGGL‘_}f_.
T Yy vN T DME & PNV AW NN T PTG =*
AGUCATCCACCCCAGGUTCAT CCACCOCCACAGACGHEAAN TCACCCCCCCCCOCTCCCATTTCCTACCCCU TCOCCUCO T T TGCACTAACTGACTGEACAN TAG
CAAGOCTTAAGAACCATTCAGCTTTGOOGCACATTOCT TGO TLGAATTATATCCACTCTTTTTTATAGACTGACATACCG CC-‘\C ACCCCTGACCCCG

AAAAAAAAAAAAAAAAAAAAAAAAAAA AR AAAANAN

B 1 HAEEE MIF#) cDNA FHI R HEHESHEEERFT
BHRFI R KET JERIINET, BIBEFEDT (ATG). L IL%H T (TGA) MRS 5 (AATAAA) FIMER R HRAERFIIF,
B U I R 1 R 5F B P Cyssy-Ala-Leu-Cysgo F N RIZER IR, M 403 TR A 3¢ 10 45 <7 20 56 R % 22 I % 7w

Fig.1 c¢DNA and amino acid sequences of AjMIF

it 1

Exons are showed in shadow, and start codon (ATG), stop codon (TGA) and polyadenylation signal (AATAAA) are boxed. The conserved Cyss;-Ala-

Leu-Cysg, motif for thiol-protein oxidoreductase activity is underline, and conserved amino acids for catalytic activities are in bold

0.05); HI¥3dJE, THEHL D 4MIF FRik
W T (P <0.001),

24 AJMIF G EERIERERE

¥4 5 20 5k pET32a-AJMIF 4% 46 3] K 7 FT
BL21 (DE3), #kHUH ik % e 5Ty RiEHRE
ODggo N 0.4~0.6, K SDS-PAGE HLik %, ¥
T A IPTG ¥ B (0.5, 1.0 Al 1.5 mmo/L) FIAS[F]
75 S E] (4. 6 A1 8 hy X HEIL P Rk (5, 2
W WK, IPTG ik % 4 0.5 mmo/L, 37 °C. 180
r/min 55 4 h & T rAjMIF i ik (E 9-a);

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries
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Fig. 2 Three-dimensional structure of AjMIF trimer

(a) side view; (b) top view

A Homo sapiens S 'lJ‘IGKPPQYl VHVVPD) GGSSEROALGSLHS|IGLS . 115
NEE Mus musculus TQQLAQATGKPAQY TIAVHVVPD) ALCS K TGGAQNRNY SKLLCGLLSDRIHISPDR ; | 114
He B Rattus norvegicus PRASVPEGFLSELTQQLAQATGKPAQY IAVHVVPD SDICALL K 1 SRAQNKLYSNLLCGLLHKHLGISADR ! 115
KEGFEEE S salar VNINVAKSDIPPALLSEATDELAKAVGKBVQYIAVHTVPD) /DN | 115
IE L 1 D. rerio p AKI)SVPAEF,I/LSEATQELAKAN%}KPQQYTAVQV\’PD FOCEN VB LEK 1A QNKQYSKLLVGLLNKHLGVSPDRIY INF 115
fill C. carpio p AKDAVPARLLSEATQELAKVMSKPAQY TATHVTPD AT PR IeK | GGAGNKQY SKLLMGLLNKHLGISPDR I INFF 115
BE s XA 1. puncratus Py SKDEVPAGLLSETTQELAKAMGKPANY AVHTVPD ALCS K TQGSANKQY SKLLMGVLHKHLGISPDRTNVNFFDVE. 114
T fi O. mykiss VELVNINVAKSDIPPALLSEATEELAKAVBKBVQYLAVHI TPD) AT OSBIRIReK 115G~ AQKQY SKLLCGLLNKHIG ISPDRINVNFF Al 114
FPEME E ucius ‘ JAKSDIPPAL EATEQLAKA@KPAQVIAVHn\‘PD M SRIRITEK - AQKQYSKLICGLLNKILG ISPDRIY INFVD) | 115
i) C. idella ‘ VAKDSVPAELLSEATQELAKAVGKPAQY TIATHT TPDRMM RSN ITEK 1:GAGNKQY SKLLMGLLNKHIGTSPNRIV NP 115
LLEEIRITHE T rubripes /AKADVPVALLSEATNELAKAMGKRAQY TAVHINTDRUMMGEG L@ W WRESITEK TNGAGNKQY SKLLEDQLSKHIG ISPDRY INGH 115
WEBLE 7 nigroviridis § /ARADVPAALLSEATNELAKVMEKPAQY IAVQINTD) AL K 1GGAQNRNYSKLLEGLLSDRLHISPNRIY INFFD) 5 115
KIEFTEHL 1. chilotes ‘ fARcDVPA%ALLSEATEELAKAM:I;KPAQY' SVIINPD) SDICALCFLYS ElS;GAANRQYSKLLBGLLNKHLEGISPERI» DM NS 115

HAGEE 4. japonica ! AVHINPERMMVEEE (N AT o BISIREK | GGSQNKE SLLNKHLGISPE FDM[ ) 115
% ok wkkrk ok

81

A ;BZ p3 0;2' ' p4 ﬂg . p6

Bl 3 HARER AMIF 5 H b FHERNY MIF R 28 5893
RS TR 5 55 4 2 72 N K MIF T 5 (R A0 0% 0 08 U 3 1 O B o L S R s (R SR M0 Cys ML EOR s MR AE AN
SHERAE 5 B AR o SRR B AT . R xR0, ML IR 5 B R RO

Fig.3 Alignment of MIF from A. japonica and those of other vertebrates

Residues involved in catalytic activity and immunomodulatory activity are highlighted in gray and black, respectively; The conserved cysteines are in
bold; a-helical and B-strand structures are boxed with dash and solid line, respectively. Identical residues are indicated with asterisks (*), and similar

amino acids are indicated with dots and colons
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Fig. 4 Phylogenetic tree of vertebrate MIF
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Fig. 5 Expression of AjMIF in different tissues /organs of A. japonica

P-actin served as an internal control. 1. liver, 2. middle kidney, 3. intestine, 4. skin, 5. head kidney, 6. swim bladder, 7. gill, 8. heart, 9. gonad, 10. stom-

ach, 11. blood, 12. spleen
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Fig. 6 Expression change of AjMIF in tissues / organs of A. japonica infected with E. tarda

Fish were injected intraperitoneally with E. tarda. Tissues / organs, including head kidney, middle kidney, skin, intestine, gill and swim bladder were col-
lected at 8 h, 16 h, 24 h and 3 days post injection for expression analysis. f-actin served as an internal control. The asterisk (*) indicates the significant

difference between the challenged group and control groups, the same below
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Fig. 7 Expression change of AjMIF in tissues / organs of A. japonica following LPS stimulation

Fish were injected intraperitoneally with LPS and tissues / organs, including skin, head kidney, middle kidney, intestine and swim bladder were collected

at 8 h, 16 h, 24 h and 3 days post injection for expression analysis
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Fig. 8 Expression change of AjMIF in tissues / organs of A. japonica challenged with Polyl:C

Fish were injected intraperitoneally with Polyl:C and tissues, including skin, middle kidney, head kidney, intestine and gill were collected at 8 h, 16 h, 24

h and 3 days post injection for expression analysis
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Fig. 9 Analysis of rAjJMIF expression in different
temperatures and different IPTG concentration by SDS-
PAGE (a) and Western blot (b)

M. protein Ladder marker; 1. supernatant of rAjMIF; 2. precipitation of
rAjMIF; 3. empty vector of pET32a
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Fig. 10 Hydroxyphenylpyruvate tautomerase
activity of rAjMIF
(a) 0.2 nmol of rAjMIF; (b) 1.0 nmol of rAjMIF; (c) 2.0 nmol of rAjMIF
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Characterization and expression analysis of MIF gene from Anguilla japonica

WU Yafang ', HUANG Wenshu "**, DUAN Mingzhu', LI Wenxing ',
XIONG Jing ?, LIANG Ying ’, HUANG Bei "*

(1. College of Fisheries, Jimei University, Xiamen 361021, China;
2. Engineering Research Center of the Modern Industry Technology for Eel, Ministry of Education, Xiamen 361021, China;

3. Fujian Collaborative Innovation Center for Exploitation and Utilization of Marine Biological Resources, Xiamen 361021, China)

Abstract: Macrophage migration inhibitory factor (MIF) is evolutionarily ancient and has been found across king-
doms including animals, plants and bacteria. In mammals, MIF has been suggested as chemokine-like cytokine
with enzymatic activities, which plays a critical role in inflammatory response against pathogen infections. In this
study, we cloned a MIF-like (named after 4/MIF) gene for the first time in Japanese eel, Anguilla japonica. The
AJMIF precursor processes MIF signature sequence motif, Cyss;-Ala-Leu-Cysg, for its thiol-protein oxidore-
ductase activity, and several conserved residues which are critical for its isomerase activity, such as Pro, and
Cysg;. Expression analysis showed that 4jMIF is expressed in various organs / tissues with the highest in liver, fol-
lowed by middle kidney and intestine. The expression level of AJMIF was significantly increased in head kidney,
middle kidney and swim bladder after challenged with lipopolysaccharides at 8 hours post-injection (hpi). Signific-
ant increase in AJMIF expression was also observed in gill, skin and intestine at 8 hpi following stimulation with
polyinosinic-polycytidylic acid. In addition, significant increase of 4jMIF mRNA in gill and intestine was
observed at 8 hpi, and in gill at 16 and 24 hpi, and in skin at 24 hpi when infected with Edwardsiella tarda. Fur-
thermore, pH-dependent tautomerase activity of AjMIF has also been found by a recombinant rAjMIF using a
prokaryotic expression system. Our results showed that 1 nmol of rAjMIF exhibited 2.6 U of tautomerase activity
at pH 6.2, but 36.6 U at pH 8.0. Overall, our study provides a basis for future research aiming at a better under-

standing the functions of MIF in fish immune system.
Key words: Anguilla japonica; MIF; tissue expression; tautomerase activity
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