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LB ESAMAMNE 12 8 p35a F1 p40c T E
ERERINE B THRIEFIEESH

k&R B WY KRBT M’
T OB OBKET EHREY
(1. LHRGTERYK A LW 2013065 2. KR4I B B K B 52 B
R ERE SRR A ER LR SRR S EY g B RE RS IR S 266071)

HE ARHF R LK IR 58 & 2K 308 F 45 (Cynoglossus semilaevis) 1T R 3t %, wE T AHN%&
12 (IL-12)#9 p35a L FEF0 p40c T FE 0y 3 F g K )7 7], 2545 XK £ 22 5] A7 651 bp #1984 bp, # 4t
USRI AB T, I E RN p35a Fn pd0c A5 Hth s KXt K EH R — 7, AR F IR
MR, p35a 5 418 R J7 #h(Takifugu rubripes) 81 5 & , p40c 5§ = #UR| # (Gasterosteus aculeatus)
AR B, A 52.04%7H0 48.67% . A LKA QN BN, p3Sa M., M, LA E P RAER
B, pd0c FEFT, J. A FRAER G, BIL% % KINE (Vibrio harveyi) B3 525, o4 T 08
F 8 p35a, p40c B HA K FEEH (ifn-y F1 il-10)E RN H R it 2 P kAR, p3Sa EEF,
48 h £ ik i ¥ FF(P<0.05), ZJaRIAZH TWH; A F, 12h kKB F L, pd0c #£1E . T
H, 6hkHkBF EA; £EF, 48h & Fifl; £d, 6hITih Hifl, HFE48h EAERE A
ifn-y AT, A p35a Kk LIRZ M B EFE, EBRFRT p35a LKL il-10 £, R
B i kkBHRFHE pd0c RE#ABANR  HH 0 F IR E 403 K 3K p35a F pd0c £ g,
Kl T % B R E R £ 8 (LPS)RI S B T 48 & (ifn-y) . B8 3R T B F (tnfoo F tnf-f) 55 f, 9% A8 5 40 L B
FkEL, ERET, p35a. p40c § % T FRE tmf-a £ LPS R TR HE AT, ERERE
W, IL-12 By p35a T 350 p40c T2 3 66 4 vF B o6 2 BN X408 & 85 B R %, 3% 3k p35a. p40c &
BRIAE T mfo BRENKRKIRS GIEN CIZ L, FRERTH IL-12 1 HFEESTHBER
AT 2 v T R AR 3R A
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40 1425 12 (interleukin 12, IL-12)& —Fh 75 4%
TR T Ly P A g 7 2 v B 22 38000 1 4 i PR T
(Watford et al, 2003), 1L-12 75 1 /21 P35 W3 H1 P40
P 5 3 ek B R 1 4P L S U R AR (Jones
etal, 2011), FZ WP 58 40 M (antigen-presenting
cells, APC)FIFF g4 il 7= A= (Vignali et al, 2012), Toll
FEZ K (toll-like receptor, TLR)H Fl¥p JFAH 3¢ 43 145
AT IL-12 B A MR . FERE SR AN, )
A b 455 TLR FIROR 28 R 40 e 7> AE W0 B 1) TL-12,
MEBEWE P, IL-12 Bredniif T E-y
(interferon-y, IFN-y) Fl i J8% 3K %€ [ F -a  (tumor
necrosis factor-o, TNF-a)% 5 B4l oK+ )2 5 (Gee
et al, 2009), WFFEFH, P35 WILAN P40 W FE7E 6] —
b FRIK, ARE A B RGP RY IL-12 SR
T B{K(Schoenhaut et al, 1992), FEH=Z P35 W ILAT,
P40 VAL DL B AR E ] SRR B AW, JF S IL-12
SZARZE S, AN IL-12 MGt P35S WIEAfE A
Mo I A, REETE S P40 WL, A 5 A RESL A 4
W, BT P35 WHEAY mRNA FKik A, #il b
IL-12 508 — RARTE 0 BR il H 2 (Gillessen et al,
1995), RiAATFEE, CD4™ T 41fL'5 APCs 455 ) ,
IL-12 E R FEAMAE 7, A5 CD4™ T 4[] Thl
A 1431k (Manetti et al, 1993), 1 IL-10 fEREHIH] Thi
Y53k (Hsieh et al, 1993). %5 FRTR, TL-12 B G
RN G 2R3 P PSR, 25 1 1 FE A0 A 22 ] Y
AHE AR, 72 B 40 0 0 9 J5t iR o BA B SR
(Prochazkova et al, 2012),

U HE N W 32 B8 A SRR B A 2 B A T
IL-12 fEF T T 45 e e i i, A2 i 4 TFN-y |
TNF-a Ml TNF-B 2 40 M P 5, 39 9% 4 % fE
(Kobayashi et al, 1989). A Ry JE IR EHESIY)
A& F L WAL S RSE, Yoshiura 55(2003)
TE X 21 868 7R 7 i (Takifugu rubripes)3& R 4L B9 50 #r b,
BRI T AL IL-12 (1 p35 # p40., ZJ5, TEULE
(Oncorhynchus mykiss) . 4t (Cyprinus carpio). fififti
(Dicentrarchus labrax) . B 5 ffi(Danio rerio)Fl1Je % % 4k
i1 (Oreochromis niloticus)F I T EH p35a Fl p35b
WiFh p35 FH WAL, pd0a. p40b F p40c —Fi p40 F
[X V. Y (Huising et al, 2006; Nascimento et al, 2007). Hi
WA LB, MR, ST . BE 2 HE(LPS)EL
JIGEH A J¥ 5 Huising et al, 2006; Nascimento
et al, 2007; Arts et al, 2010), ") p35 Fl p40 1)
mRNA FBEXGHAL YL, XK IL-12 7Ehf
£ A 9 1 25 T A A R L Sl 0 10 R T R A 4
AL E FH (@vergard ef al, 2012), {HA [ 31 7 8] ) 2%

INHHEBES, FEAIENIR P LR, ARfmEdg
TL-12 AR Ay B 1] 928 7 A 470 700 o] LASROOG DR e 2%, .
A L AN AE . S tmfra FER R A (Tsai
et al, 2014); FABE(Seriola dumerili) T4 TL-12 5%
R R (Nocardia seriolae) s /I By MR I3 $4 1 A ] 1
), 5 B AR TQ TR A 7R S MO I 2 1 AH L, Th
TG 2 I A RN, B2 T e PRBIXT i s TG 1Y) S e e
(Matsumoto et al, 2017), FIt, B4 IL-12 GEBAE R
925 VT A2 79 0B - 38 T T i TR TR 1) SR P A

0 5 R & A K 37 5 £4 2K (Song,
2016), T.J A% R s a, g 4k IR
(Vibrio harveyi)yh A iR 7E AR FE i R il T
R AT %, YT I R iR Y, 2
o e T e A IR 1 BT ) o AR IR B 58
G T A B R ZH N (Chen et al, 2014), R
FH 4 35 PR 2 3o 36 R 0 20+ XoF s 2 ECI R Bo s
EHISE(Liu eral, 2018); TEFESHT T dems .
sta5bl ., rspo2l, pkca. plgR 55221505 Yk R i A
KW ERE (LD et al, 2020; Wang et al, 2019; Wei
et al,2018a,2018b,2019), AMF57 72 B2 15 7 85 p35a
1 p40c WIS IFF, 0T p3sa. p40c BHIF Ay
P (ifin-y 1 il-10) 7818 T B0 4k FCO B B g i At rp
() FEE B [RIE, A FH 2 0 5 5 0 L 400 e 3 3k
p35a Fl p40c, FF#E4T LPS FIL, #5710 & 8 1L-12
Z 5B NI AT Re RS IR AR , DU R ) o o
Wy 24 DI TRT o 11838 1 A0 70 25 0 R0 Al

1 #MRE5FE
1.1 SLIgH&

A S0 T 2 v B8 5 B K SR A
(IZR3EM) o BEMLEL 3 2% fe B A0 o 6 B A, R
JEr RIS B, BRAE . RFAE. OAE. ERE. PERR.
8 BALIA, 535 BHAFE G IR R A PR TR,
BUHE, RAFT-80°CHAGTRIKAR o Mh 2 FRI R B 5K
Y 40 oMl & iy, RK M(41.0£2.7) cm,
1A (438.4+53.0) g, ARSI 7 RS M R #AES
BR(Wei et al, 2018b), M = 5t A ne 4k [N PR v B2 R
1x10* CFU/mL, {51540 4 pL/g. 50 BIAET: S5 )
6. 16, 48, 72 Fi1 96 h #ATHESL KA, B[] 5 53
BIBEALEE 5 456, K fmpREE, RAEMFME . BFE. Mg
IE . W 4 DS pl e 40, REEMFERS A )5
MH AR AT, ZJ5 R T80 CHBARIR KA

1.2 RNA $2EUE cDNA &5
K Trizol 4R HEIE & B4 4H 2 AY RNA, %
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543 &

FABUIEREE I LT AGT RNA A 52380, 2 )Rl iR
TP RNA AW SalifE, Mnifiis
A LI ZRE RNA, fiiH] cDNA S skl il &
(TaKaRa), %MEULHI45E1T cDNA A5 A,

1.3 p35a 0 p40c BEFEHIBEX £ cDNA HIE[E

FRAE L & 22 12 0 1 i 2 L L L7 51 3K 15 p35a
1 p40c TIN5, AR P57 51 68 B Primer Premier 5.0
B EIYER 1), U421 cDNA iR i
17 PCR ¥ B4 55 UE 4% X ¥ 51, PCR WK R : LaTaq
fifi(TaKaRa) 0.5 uL, dNTP 8 pL, 10xbuffer 5 pL, K
W EBE T K 33.5 ul, ERWESIA 1 pl, BIFR 1 uL;
FWNFER: 94°C 1 min, 36 MEHO8C 125, 65T
30s, 72°C 2 min), 72°C 10 min, ZJ5X} PCR ;=¥
AT R MEEER UK B, I N B —45AF W PCR ™
Y, R R GR ) £ (Vazyme) AT [ alifk, 54l
1bJ5 B PCR 77 )% 3 3 pEASY-T1 (TIANGEN)ZE 44 ,
Fie BRG] A5 R4 7 )5 S B DR e B S 5, s BRHRPH 1 e
B 22 A R B R A PR 2 R A7 I o

14 £MESTRHUEE

I I F 45 508 Ff DNAMAN Fl SnapGene #E47
FEXT R0, 4520 B 5 R A 2 T R p35a Fl p40c

MGt 751, AR 4 i X 5114 ExPASy (http://web.

expasy.org/compute_pi/)FU &5 H 431 5 S S HL

FIH SMART (http://smart.emblheidelberg.de/) 5 il 4
F S5 # ek s (i F PyMOL i IL-12 A9 2E 1 = 4k
SERRIRY s Z2 7 50 LT R AR A R I 1 2 B R Y
HI 45K T Ensemble F1 NCBI $#& )% ; i MEGA
7.0, {#i FH4B4% (neighbor joining, NI)# & & G k1L
F (bootstrap = 1000).

1.5 p35a A p40c KR EERIEEHE N

I UL 1 ng B RNA, ] Prime Script RT
reagent 17| & (TaKaRa, HZA)S4E 5548 cDNA, it
p35a-qF/R Fl p40c-qF/R 514)(F% 1), FIH Quantinova
SYBR Green PCR {7 £ (QiaQen)it 4T RT-qPCR, S )i}
WZE N 20 L, ZB143E 1 L cDNA. 10 pL SYBR
Green PCR Master Mix (2x), 2 uL ROX Reference
Dye. 0.7 umol/L [ LA R 514 LA f 5.6 L o
7K o S TE ABI StepOnePlus Real-Time PCR System
(Applied Biosystems, EE) 17, RMNFEF: 95C
2min; 95°C 55,60C 10s, 340 4MEH; 95C 155,
60°C 1 min, +1°C/min, 95°C 15 s, {{iJ] f-actin Vg Ky N2
(B-actin-qF/R) (£ 1), BNVKRERL 3K,
2 AN HT p35a. p40c N HAR S FE I 1 7 15
L e 2 TN T SRR e 1Y) S 3 2 2 S A M o v Y
RIBAKV-o ] SPSS R AFHEAT B K Jr 2 40 M
(one-way ANOVA), BE P<0.05 N5 HE,

x1 XBHAMSIY

Tab.1 Primers used in the experiments

5|4 Primer ¥4 Sequence (5'~3') & Utilization
p35a-F GCCATGGCTGATATCGGATCCATGAACACACTTCGATTGTACCCG CDS fragment PCR
p35a-R GTGGTGGTGGTGGTGCTCGAGCGGCTTCCTGTGCTCTCCTGAGG CDS fragment PCR
p40c-F GCCATGGCTGATATCGGATCCATGACTGCGACTCAGTGGATGG CDS fragment PCR
p40c-R GTGGTGGTGGTGGTGCTCGAGCGGGATCCTCTTTTCCTTCTGTTTC CDS fragment PCR
p35a-qF ACACTTCGATTGTACCCGTCA qRT-PCR

p35a-qR CTCCGTCTGACTCTTCACCAC qRT-PCR

p40c-qF TGGGCCCTGAATGCACTAAA qRT-PCR

p40c-qR AGACGATCGTGGGGATACCA qRT-PCR
B-actin-qF GCTGTGCTGTCCCTGTA qRT-PCR
p-actin-qR GAGTAGCCACGCTCTGTC qRT-PCR

il-10-qF GTCCGGCTGAAGAAGCTC qRT-PCR

il-10-qR GAAAGAGTCCTCGATGCTG qRT-PCR

ifn-y-qF CTTGTCAGGTCTTGACCCTG qRT-PCR

ifn-y-qR GTAACAGCAGGTTTTGGATGG qRT-PCR

tnf-a-qF GCTCACCTCAAGAAGAAGAC qRT-PCR

tnf-a-qR CCATTCCACCGAGTTGGTC qRT-PCR

tnf-B-qF GAAATGCAGCCCAGCCAC gqRT-PCR

tnf-B-qR CAAATGGATGGCCGCTTG qRT-PCR
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1.6 FBEHER p35a N p40c T RIEHF R

ffi/f] ClonExpress II One Step cloning kit-C112
(Vazyme) X} pHAGE AL p35a. p40c W% IX T 5]
ST E 4, 15%] pHAGE-p35a Hl pHAGE-p40c
FLA R R LS B P NSz A, Bk
BApEREIE T PCR Y5 o X 4E5E Y B T Vs 04T
J, DABA DR A3 A A A A 1 O 8 Y A ) BP0 D 5
AR AT REF%, {8 EndoFree mini plasmid kit I
(TIANGEN), R &80 p35a Fl p40c %Kik
QNS

17 #BESRERMAMESE. HR5 LPSLE

5 R 114 2 Vi BRI 18°C ~20°C i UL T TR 1
K(1000 pg/mL HEFEZE, 1000 TU/mL 5 R) P
12~24 h J& , FESLI PR LA 75%BPR5 2 1~2 min,
T TAEG D, F S ey i & Seam v, i
SAHPUEERINY PBS EAEANM, 1T 40 pm ARG, FH
PBS %k 3 i, WEUTIE . Z )5, M 5% FBS-DMEM/
F12 8530 o BRI ¥ 50 8 Fh 1 T25 Ko, if
FAmMOE, TR AN B 224 2x10°4~/mL, 7E 24°C
B b B sh BRI R . 24 h I, B IR T 0 FR TR
W45 DMEM/F12, 73 510 10%06 4 137 (FBS)
100 pg/mL 455 % .100 1U/mL 75 %% % .40 ng/mL EGF .
10 ng/mL bFGF #il 40 ng/mL IGF-I. {#i ] Lipo2000
(Invitrogen)#F AT AL Y, HALAN 2.5 pg BORLCH
HRLH AN I zs k), Ul BB AT 5 See e . il A
ANFEHEER LPS (0. 1. 10 mg/L)#ATALEE, 7£24 h
AR AR B T80 Cuk A v, B )a LAl .

2 RS9

2.1 p35a®0psoc ERRBXEE, FHSHMER
B = 4 S5 B T

SERL T2 8 p35a M p40c FK g X 51 Y
ik, Hh, p35a 19 ORF 4 651 bp, 4t 216 14
SR, TN AR B 5 TN 24.11 kDa, BEHSSEHLT
(PN 7.49 (K 1); p40c () ORF 4 984 bp, %ty 327 4>
MR, WA F A SrFhRh 37.78 kDa, pl A
6.57(& 2) ¥ p35a F1 p40c [¥) cDNA X FE [ 41 DNA,
IR p35a Ml p40c #REL & 7T AHMNE T

i3t SMART FATORSFEEME 30T o Z55R 7, P35a
HEAPALE 1A IL-12 TR A S5 P40c f77E 3 3R
F 4 b8, 70 ) SR BRAE L 45 M 3(1G) L TL-12p40_c
SERBICRN T A R 1 32 AR 2 Ak Sl (d 1£42a3) . HoH,

P40c i HA 1 AMES KA 3). i PyMOL [R5
R T 5 P35a Fl P40c (R o = 2Lahi, 4550 18
N, RSN P35Sa A S AKREZN o185, h P35
B PUBRE S PR 5 20 B P40c B A A 4K
L) B I1E; P35a HE A1 P40c £ 11 LA F e A4 A
ZIRGE G R, MG RT IR RIRE 4),

lmATLRLYPSSSALLPLLLPL

1 CACACTTCGATTGTACCCGTCAAGCAGTGCTCTGCTCCCGCTGCTGCTGCCGCTG
2L L Q L Q LLTLTCPSATSALTPTLR R

61 CTGTTGCAGCTCCAACTCCTGACCCTCTGTCCCAGTGCTACCTCGGCGCTGCCACTGAGA
41A G D S GCAQCSLLTFRNLTLTLNYV

121 GCAGGGGACAGCGGCTGTGCTCAGTGCTCTCTGCTCTTCAGGAATCTGCTGCTCAACGTC
61T D LLQSDNLTGCTPFGTITSTDTEKAVY

181 ACCGATCTCCTCCAAAGTGACAACTTGTGTTTTGGAATCACATCTGATAAAGCAGTGGTG
81K S Q TETLTLTTCTZPPILTAI QNTPSC

241 AAGAGTCAGACGGAGACACTACTGACCTGTACCCCCCCACTGACACAGAACCCAAGCTGC
101N L Q RNV SFSERUDT CTLT RNTIMEKTD

301 AATCTGCAGAGAAATGTATCTTTCAGTGAGAGGGACTGTCTGAGGAACATCATGAAGGAC
121L L Y Y E A AI K SYTIHSPLTRSTPE

361 CTGCTCTACTATGAAGCTGCCATTAAATCCTACATCCACTCCCCTCTCAGAAGCCCTGAA
141E E VA LLSPTLGYTIESTLTEKTNTCS

421 GAGGAGGTGGCTCTTCTCAGCCCGACTCTGGGGGTAATTGAGAGCCTGAAGAACTGCTCC
161L L K S ED I KY SEDVAQMWGSTD

481 CTGTTGAAGAGTGAGGATATCAAATATTCAGAGGACGTTGCTCAAATGTGGGGTAGCGAC
181T Y T N R Q EM C KMMRGT FYVRATI

541 ACCTACACCAACAGACAGGAGATGTGCAAGATGATGAGGGGCTTCTACGTACGAGCCATC
200T I NR A MG Y I S S G EHTR RKFH

601 ACCATCAACCGAGCCATGGGCTACATCTCCTCAGGAGAGCACAGGAA

BT P05 5 p35a FEDIRH B 5 51 KA ) 28 S 12 7 51
Fig.1 Nucleotide sequence and deduced amino acid
sequence of p35a gene in C. semilaevis

TTREN B IG T S T LKL T K 2 [H]

The box contains start codon and stop codon. The same as in Fig.2

1 AT Q WMV GFLTLMMALTYEATHA
1 CTGCGACTCAGTGGATGGTTGGGTTCCTGCTCATGGCTCTCTATGAAGCACATGCT
2L NHFPENTFVVVNRNNEKNPTUV
61 CTAAACCACTTTCCAGAAAACTTTGTTGTGGTCAATAGAAATAACAAGAACCCAACCGTG
41 L T C S TE®PVNGSTITWTHDSATE
121 CTGACCTGCAGCACGGAGCCGGTTAATGGATCGATCACATGGACACATGACAGTGCAGAG
611 EI DHVDYQQNGGNTLTTLSYYV
181 ATAGAAATCGATCATGTTGATTATCAGCAGAACGGTGGAAATTTAACTCTGTCATATGTT
81E TPEV GKYTCWSGNUHETLSST
241 GAAACACCTGAAGTGGGGAAATACACCTGCTGGAGCGGAAACCATGAGTTGTCATCCACC
101 Y L LLEVYQRETZ KD SDS ST FTLSTCTUVWA
301 TACCTGCTGCTGGAGGTCCAGAGGGAGAAAGATTCAGACTCATTCCTCAGCTGTTGGGCA
121E S YH CRF S CKWNNNETYTAV R
361 GAGTCGTATCACTGTAGATTCAGTTGTAAATGGAACAACAACGAATACACGGCTGTGCGT
141V 6 L 6 P ECTZKGETZ KSTCHWYVDGS
421 GTCGGACTGGGCCCTGAATGCACTAAAGGTGAAAAGTCCTGCCACTGGGTCGACGGCAGC
61 R P TS NGETFHTFETLUHHTTLSTPTFA
481 CGTCCAACCTCAAATGGGGAATTCCACTTTGAGCTGCATCACACACTGTCGCCCTTTGCA
18 E E T NRLETITAEATINEG QFMLTR
541 GAGGAAACCAACAGGCTTGAAATCACTGCTGAGGCCATCAATGAGCAGTTCATGCTCAGA
200L T K K FYLRDTIVAQPGIPTTIUVS
601 CTCACCAAGAAATTTTATCTCCGAGACATAGTTCAACCTGGTATCCCCACGATCGTCTCC
221 C N K VKQ NLSVTTIAPTPANUVWST
661 TGTAACAAGGTGAAACAGAACCTGAGTGTGACCATCGCACCACCAGCCAACTGGTCCACT
241 P H S FFCLEHA QTIETYTITLUGQDDGT
721 CCCCACAGTTTCTTCTGTCTGGAGCATCAGATTGAATACATTCTGCAAGATGATGGCACG
261 S R F S L SHVY IPQGTIDAG QLT RYVTR RS
781 AGCCGATTCTCGTTGTCTCACGTGATACCGCAGGGCATCGATCAGCTAAGAGTCCGCTCC
28R D S L L M S NUWS QWSHUWEKNVMT
841 AGAGATTCGCTGTTGATGTCCAACTGGAGCCAGTGGTCTCATTGGAAAAATGTGATGACA
301R R X KHSF QELPANVTLNTCY KK
901 AGGAGAAAGAAACACAGCTTTCAGGAGTTACCCGCCAACGTCTTGAACTGCTACAAGAAG

321 K Q K E K R I E
961 AAACAGAAGGAAAAGAGGAT(IGA

K2 P p40c SRR H R T 51 B e D ) = R 1Ry 51
Fig.2 Nucleotide sequence and deduced amino acid
sequence of p40c gene in C. semilaevis
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p3d5a — —a—

p40c  — —

5, , , , , , , , 3
0bp 500bp  1000bp  1500bp  2000bp  2500bp  3000bp 3500 bp
4MBF Exon — W& T Intron
p3sa s < 3
e X o w, ), W ;); W
@ fEE )k Signal peptide B F45#4938, Protein domain

K3 2P ER p35a il p40c HYHE DS540 7R 3 P K A 1 BT 4y el 0

Fig.3  Gene structure and protein prediction of p35a and p40c in C. semilaevis

M\

q

A B N c{h
q'. g%
Vs,

K4 P35a. P40c I IL-12 & 140 1 = 4k 45 H Fi )
Fig.4 Three dimensional structure prediction of P35a,
P40c and IL-12 protein

A: P35a; B: P40c; C: IL-12

22 RGEHRIANZ F 5 LL Xt 54

RIS R, P35 5 P40 BBl 4 37, H
o, P35 Jr N P35a, P35b, 2504 P35 ML 5h
Y P35 (K SA), P40 435l h #2%) P40a. P40b,
P40c DL J S FIRFLE P P40 (1 5B). 18 % fin
f) P35 1 P40 4351 5 25 %) P35a Fl P40c A — L,
VLR B EESC R L

13 5 5 P35a Fl P40c 5 H 7 41 5 HAh W i
FEH B HE X B S WL 2 (T F A R JE R 51 )
ARG LW T AR P 5 —30) ., P35a R 54068
7Y P35a 2 AR, N 52.04%. P40c EH
5 = Ul fi(Gasterosteus aculeatus)i P40c 5 11 1Y 73]
AP =, A 48.67%

2.3 HAARIEERX

p35a T p40c 1211 5 5 R (R 4 2 ik s
p35a FERTEER | O IATEP B AE A ZUR PR35,
TEHAMH L g —E R RIL; pd0c FEHTERFH
TR, FENREE ARk, TE00E . K
HUME p g — @ R FRE, e s LA LT
AERIKA 6)

24 p35aF0p40c FTEMGHE RSN E BRI P RIRIE ST

M YE IR LIS, p35a Fl p40c TR . T, B
F G v 404 3 ik 22 5 o e MELAE R IR O o 10 2k
ML TE R, p40c 7E 6 h W ETHR, 25Kk
BHTEAR; p35a fF 48 h WETHE, ZJ5FRikBHE
%o FEMFH, p40c RIFETE 6 h B E T ; {H p35a1E
T2h A WETHE . EEMET, p35a il p40c W2
5 2 AR A TE |, p40c RAETE 6 h L,
2GRS LS 48 h Tk, dEFEmRiAE] 72 h,
ZJGTE 96 h 5 p35a — T, p3safE 6 h Fhi,
(B FR G, T 48 h Rikfum, ZJaREEZEH
;s p40c 7F 48 h BETHE, ZJFEHIFEALE 7).
25 IL-12 HBXREE (ifn-y. il-10)7E MG 4 RN E B

LR RIES T

Wy 2 CC I B 1 S ifin-y 76 J A AN A 3 PP A 255
FEHAL, ifn-y FIBTE 6 h IFEATHE, 76 16 h iK% %
B, ZIRRIRBHET PR, i-10 fEH, 16 h FI5TT4A
I, A ifn-y FFER R R SR ROSE 48 /N EI R, 2
Ja RIRBW N 2= RSN ifn-y B il-10
FE B R AU o 9 A AL, ifn-y B0 d1-10 ¥97E
6 h i L, ZJG7EMrhRBB W i-10 SHE
JFH ) 16 h didF— 1S RIE, HE 48 h A F ifn-y
— B N RE(E 8).

26 ¥ EEHHEXEREKEHBEPITRIE
pHAGE- p35a #1 pHAGE-p40c FHIRIEER

Lo AR X R4 p35a F p40c FEHN Fih
AR, HAEARIMEER LPS MG, FiAaRA W
FES, ¥y pHAGE-p35a Hl pHAGE-p40c # 1A fY
LY, p35Sa FI p40c FeDR ik i 25 5 T X B4
(K 9),
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WG H 5 Cynoglossus semilaevis-P35 *

—E Ll Tetraodon nigroviridis-P35a
9 LI4E R )78 Takifugu rubripes-P35a

0 49 FHi Oryzias latipes-P35a P35a
—: =K Gasterosteus aculeatus-P35a
39 1| 4. Xiphophorus maculatus-P35a
W: Bk Oreochromis niloticus-P35a
100] S| B 4 Xiphophorus maculatus-P35b
=JH 1 Gasterosteus aculeatus-P35b P35b
58 L3t Tetraodon nigroviridis-P35b
42 H#E Oryzias latipes-P35b
100 — %%3Kk%9 Anas platyrhynchos-P35 J 53 Bird
L kXY Meleagris gallopavo-P35
100 /N Mus musculus-P35
% I, Equus caballus-P35 B
100 N\ Homo sapiens-P35 I#%].2% Mammal
52 K4 Susscrofa domestica-P35
68 K4 Bos taurus-P35
B P40c 100 W45 Cynoglossus semilaevis-P40 * ]
FH#E Oryzias latipes-P40c
%) B e Oreochromis niloticus-P40c P40c
42 =1H . Gasterosteus aculeatus-P40c
44 J§18 Hippoglossus hippoglossus-P40c ]
49 =K Gasterosteus aculeatus-P40a
100 — L Wit Dicentrarchus labrax-P40a
B k4 Oreochromis niloticus-p40a
45 479|:§§1§ Oryzias latipes-P40a P40a
$E 54l Danio rerio-P40a
100 —1()(): {455 Cyprinus carpio-P40a
100 P48 Danio rerio-P40b 7
L {45 Cyprinus carpio-P40b
91 Z3iH|4 Gasterosteus aculeatus-P40b | PA0b
100 F# Oryzias latipes-P40b
57 B k£ Oreochromis niloticus-P40b
¥ Gallus gallus-P40
100 /N Mus musculus-P40
99 N Homo sapiens-P40 ] A2 Mammal
100 K4 Bos taurus-P40
K5 P35a(A)FI P40c (B)R Sk &
Fig.5 Phylogenetic analysis of P35a (A) and P40c (B) proteins
AIERITHS
P35a: LAi(H3CTF9); ZL6EZ J5 fili(H2S185); i (XP_004075675.1); =il fi(G3P753); &R ffi(XP_023207637.1);
% [ 411 (13J6P0)

P35b: 44 #fi(Q6UALY); FH#E(XP_004079386.2); — Ml ffi(G3PKZ2); &IFEfi(XP_023190996.1),

P35: HY(U3IER1); K (GINDR2); /Ni(P43431); H(Q9XSQ6); A(P29459); (Q29053); 4-(P54349),

P40c: FFi(H2L9T4); ¥ IEMI3KATS); =il (G3NJZ0); JHE(DOQTFS).,

P40b: B 5 fi(ASWHYS5); #46(Q2PCT1); —Hfilfi(G3QAY2); HHME(H2LAT4); & IE£(13IPN9),

P40a: B (Q6F3Q9); Mlffi(Q2PD23); FH#(H2LTF6); % AEfi(I3KMB3); RS (QIKX13); =Jifi]fi(G3Q3E4),

P40: 3(Q6X0K9); FR(P43432); A(P29460); 4+(P46282)

Amino acid sequence number:

P35a: Tetraodon nigroviridis (H3C7F9); Takifugu rubripes (H2S185); Oryzias latipes (XP_004075675.1); Gasterosteus
aculeatus (G3P753); Xiphophorus maculatus (XP_023207637.1); Oreochromis niloticus (13J6P0).

P35b: Tetraodon nigroviridis (QQUALDY); Oryzias latipes (XP_004079386.2); Gasterosteus aculeatus (G3PKZ2);
Xiphophorus maculatus (XP_023190996.1).

P35: Anas platyrhynchos (U31ER1); Meleagris gallopavo (GINDR2); Mus musculus (P43431); Equus caballus (Q9XSQ6);
Homo sapiens (P29459); Susscrofa domestica (Q29053); Bos taurus (P54349).

P40c: Oryzias latipes (H21L9T4); Oreochromis niloticus (I3KA75); Gasterosteus aculeatus (G3NJZ0);
Hippoglossus hippoglossus (DOQTFS).

P40b: Danio rerio (A8WH95); Cyprinus carpio (Q2PCT1); Gasterosteus aculeatus (G3QAY2); Oryzias latipes (H2LA74);
Oreochromis niloticus (I13JPN9).

P40a: Danio rerio (Q6F3Q9); Cyprinus carpio (Q2PD23); Oryzias latipes (H2LTF6); Oreochromis niloticus (I3KMB3);
Dicentrarchus labrax (Q1KX13); Gasterosteus aculeatus (G3Q3E4).

P40: Gallus gallus (Q6X0K9); Mus musculus (P43432); Homo sapiens (P29460); Bos taurus (P46282)
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Tab.2 Similarity of P35a and P40C protein sequences
between C. semilaevis and other species

HABUFS BRI

B Yyl . .
Gene Species Ahgnment. of protein
sequence similarity/%
p35a SR TJrtE T rubripes 52.04
Lrl il T, nigroviridis 48.11
Hif O. latipes 43.41
=R G. aculeatus 42.51
PR X maculatus 45.68
FHEfa O. niloticus 48.81
p40c i O. latipes 41.90
% 4Efh O. niloticus 48.66
=R G. aculeatus 48.67
% H. hippoglossus 46.84
S tnfeo 5 RAE A IV 16 LPS IR . B

& LPS WEERIG N, Fakim it FIHEE, LR
Yt p35a Fl p40c Bt Tk BAKG | tnfra R IE R T
R W BB TR RAL . B ifn-y Fil-10 FEH Ay F

KA AT HRZH N SE a2 rh 2 A 2 Ak (18] 10).

3 it

AT ARG T 208 5 85 p35 WEEH p40 T FEFEH
PGt 7 5], AR o3 A R B e AT 153 &8 T #0.26 p35a
H1 p40c WAL, Z5I T 7R, p35a Fl p40c FEHHD
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30t be

20F p
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X} F7K 2 Relative expression

p3sa

— o
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p40c B ETHG p40 W IHEHERIELA (1) G2 BRI L 45 (1G)
HT 240 M PH 7 52 R 25 ¥4 38 (d 1 £42a3) o AT S AF 5 4%
., 5 p40c FATHILGE R IR I 15 i 40 i X T 22 1A 5K
JE B TL-6 Z AR (IL-6Ra), W LA 3 46 57K fife o ok
PEPE B 12 04y 2R LA R PR TR =X (e = 1885 5 4 30) M4
JL ORI, SR TV TL-6R 1 IL-6 1EVA TR 454 i
BEW, N TG 5 AJE$% (Collison ef al, 2012,
Vignali et al, 2012), P, A IE IL-12 BEf# L p35
R 15 p40 AT PRGN FZ RSN 25 S TE U 2
Y. HAFIRGERER, p35a TEIEH . . O
IR S BBk, pd0c TEAENT . 88, O EFD
RPN AR ERIL, p35a Al p40c YTERR P ERIA,
A B R R SRR AR 1 e R A RIS
ARWFFE8T T 235 5 85 p35a F p40c 12 4E G
BRI 5 R B 28 FR R . S Y p35a N
p40c B FEIEN (ifn-y TN il-10)FFAER 28 ik 22 Fak
TENRFIATF R, p35a Ml p40c NTEIR]—RBf Rl #£ik, H
p35 WHAAN 2 DL BRI e T 41+ (D' Andrea
et al, 1992), HHi, CYEH f(Ctenopharyngodon
idella) . KVGHESEE(Salmo salar)ZFWE FRP KT
p35a WHFN p40c IR Z 4B (Pandit et al, 2015;
Wang et al, 2014b), R 4% 55 Al GEiR BHA p40
V3 B AR, p40 3 B[] IR R AT DL i 2
& TL-12 ZZRFMmE 1L-12 #9774 (Heinzel et al,
1997), {HEZ55 ifn-y 7RI Hp 0 235820, p40c T
SRR RS p35 W B HA R AR IL-12 #E s
TR REREER . UL, N W R A A
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Fig.6 Tissue expression analysis of p35a and p40c in C. semilaevis

Bl T 3 AL AMA - BEAR E R R IR (n=3) . AN [A]FB) A] 32718 22 53¢ 1. 35 (P<0.05)

Data were the Mean+SE of three independent individuals (n=3). Different letters represent significant difference (P<0.05)



Fig.7 Expression patterns of p35a and p40c mRNA in C. semilaevis immune tissues after V. harveyi infection

TR R/NE AR TEALH R DX 43 AN [ ik PR 8] f) 350, AN ] 7 B () 36 7R 22 53¢ .35 (P<0.05) . T[]
The case labeling of letters is only used to distinguish the significance between different genes, and the
difference with different letters was significant (P<0.05). The same as below
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Fig.8 Expression patterns of ifn-y and il-10 mRNA in C. semilaevis immune tissues after V. harveyi infection

B inf-y

L il-10
L D
T

C C c
ab E be oo - ab AB
_.I | | | i| o z é
0 6 16 48 72 96
fist[A] Time/h

ZUrh i FRIRE X

5% 3 1 SRR MR ER AN 12 1 p35a A1 p40c W FAEM 4k LGOI B EYL T B9 B AR 447 19
150 Jlé Spleen - 20 5r % Kidney - 15
3 [ b BN p35a 8 :3 B p35a 8
~
i & 100 e | ow ik ES AT pdle | g &
8 X B g {1078 2
&K 8 kg Kesl ® 8
=@ 50 b 5z ® 2 Fol”
Ei & {0gE 2§ ) gL
EE 10 B g8 €82r °F Bl mE
3 g 8t L o = 2 ab 13 S 54
o= 6k a 15 §2 RE X &
RE 4[ LE S 1 X8
° a A A < A o}
¢ et @l g B, = 2 .
0 _-nl-] .| - ! |ﬂ 0 0 1 0
16 48 72 96 0 48 72 96
i /6] Time/h B‘J‘Iﬁ] Time/h
200 - AF Liver 420 200 -~ 1% Intestine - 40
N ¢ Bl p35a [0 p40c o S Hl p35a B0 p40c )
% § b 3 2 D &
%%15‘)' -15%‘? @“6150— I b 13049°%
RS RKE KSE Ko
&2 100 7% B3 7%
ZE 10 10Z g 2 E100 C et
53 % 2 %
3 : £ 058" 1o d
TE st I 1° 22 RE 5 & B0 & F
k) T c i a 2
& a A & & a a I ~
0 ||=| II I|;-| ’l‘ ﬂ -Iﬂ O 0 jlré\ i.m 1 il 1 0
6 72 16 48 72 96
HTIE"IJ T1me/h fi} ] Time/h
Bl 7 p35a Fl p40c mRNA F 0 2E [CHT G ERYY 5 1) - 1 7 85 S e ZH 21 (1 FRab A X



543 &

20 ook B
2000 [ d
d
51500 c
21000

=
g
S 400 B
£ 300 I _l?il

. o
%2: la I A A I
oy | | M

CO0 C1 C10PO P1 P10 CO C1Cl0PO P1P10
p35a p40c
2 5] Group
MMt Fh L8 p35a AT p40c FLIR R F kM

Fig.9 Expression patterns of p35a and p40c
genes in cell overexpression assay

Kl 9

XTRAL(C): Fedens sl SCRUL(P): p35a Tl p40c ILH%,
¥JH 0. 1. 10 ng/L {4y LPS #FA7HIF4
5448 Co. Cl, C10, PO, P1 Hl P10, T
Control group (C): Transfected with empty vector;
Experimental group (P): Co-transfected with p35a and p40c.

Stimulated with 0, 1, 10 ng/L LPS. The groups were named
as C0, C1, C10, PO, P1, and P10. The same as below

ZA~ p35 WHH p40 WHEWHL, FEfmH, p35a F
p40c R BGH—F, RUPLETEH IL-12 1
p35alp40c NV FIAE R X W 2 FC I BR R GL B o] BE A6 i Hh
BAEABAE . WA B, TR B
AT R BN, BFER PR p35a Fl p40c
TE B I R 75 i O I A CC PR R, IRl R R,
IL-12 A [0 0 AT REAE AN [R) ) S e 2 B b & 45 AN )
() e BE DI RE

7 I 2 EC I PR SRR S50 o A T -y A il-10
T 1 SRR [R) G L 4P ) Rk s FEfR v, 2
PR H A Y TL-12 PR (Wang er al, 2014a), p40c

20

15+

10 c

HAXtFE k& Relative expression

tnf-a tnf-p

7 6 h Fhimn, 5HABWRIAY p35 W= IL-12,
M5 ifn-y 76 16 h B E T4 ;5 il-10 7E 48 h SR T
W, I IL-12 =, IBE p35a Fl p40c 7 48 h
Z G BFRIRIBHIRME . M, ifn-y 78 TL-12 Rk TH
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TSR — D K, X R ifn-y eI RE S
BRI IL-12 4HE =4 i Y)fig(Zhang et al,
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HAIRTE IL-12 R e g, Fabmi=Um &k 4
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MIEE Th2 4 A i) 43k 48 AH X 8 R P ~F (Collison e al,
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B PO A C I g I A B 22 SRR AR, X AR
IL-12 Wy T aedc h B 2. B HATA IR, 1L-12
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DR CH0 R DXL 7 N 40 PR 1 32 ) o DA 2 A DL TR
A AFAE(Husain et al, 2012), 1L-12 BRI Z2 R 847
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SV o
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Fig.10 Gene expression patterns of over-expressed p35a and p40c lymphocytes stimulated by LPS in C. semilaevis
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Expression and Regulation Analysis of the p35a and p40c¢ Subunits of
Interleukin 12 in Cynoglossus semilaevis | nfected by Vibrio harveyi

ZHANG Zhihua'?, FENG Bo'?, ZHU Tengfei’, HAO Xiancai’,
WANG Qian’, SHAO Changwei’, WANG Hongyan>"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Pilot National Laboratory for
Marine Science and Technology (Qingdao), Laboratory for Marine Fisheries Science and Food Production Processes,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao, Shandong 266071, China)

Abstract Interleukin 12 (IL-12), a key molecular switch in the immune response, is a pleiotropic
cytokine composed of the p35a and p40c subunits. It has been proven that IL-12 can be used as a vaccine
adjuvant to enhance the immune response level of fish, and is used in the development of vaccines against
pathogen infection. In this study, we cloned the coding regions of the p35a subunit and p40c subunit of
IL-12 in Chinese tongue sole (Cynoglossus semilaevis), with a length of 651 bp and 984 bp, respectively.
The phylogenetic analysis showed that the p35a and p40c of C. semilaevis were clustered with the
corresponding genes in other fishes. The sequence of amino acid homology analysis showed that p35a and
p40c of C. semilaevis had the highest similarity with Takifugu rubripes (52.04%) and Gasterosteus
aculeatus (48.67%), respectively. The tissue expression analysis showed that p35a was highly expressed
in the gill, brain, heart, and ovary, and p40c was highly expressed in the liver, spleen, gill, and heart. We
further analyzed the expression patterns of p35a, p40c, and their related genes (ifn-y and il-10) after
infection with Vibrio harveyi. The expression of p35a increased significantly at 48 h (P<0.05), and then
gradually decreased in the spleen, and its expression increased significantly at 72 h in the liver and
intestine. The expression of p40c increased significantly at 6 h in spleen and liver, and at 48 h in kidney.
Its expression also began to increase at 6 h and peaked at 48 h in the intestine. The expression of ifn-y
increased significantly before the upregulated expression of p35a in the liver and intestine, and later than
p35a in the spleen. The expression of il-10 was opposite to that of p40c in the liver, spleen, kidney, and
intestine. The expression of the immune related cytokines (tnf-a, tnf-f, ifn-y, and il-10) in the lymphocytes
of C. semilaevis was detected after the overexpression of the p35a and p40c genes. The results showed
that p35a and p40c could significantly increase the expression of tnf-a under lipopolysaccharide
stimulation. The results indicate that the p35a and p40c subunits of IL-12 respond to stimulation by
V. harveyi in C. semilaevis, and then participate in the immune response by inducing the expression of the
tnf-o. gene, which provides a theoretical basis for the development of IL-12 as an adjuvant for the
C. semilaevis vaccine against V. harveyi.
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