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88 IL-17B E£RHFHHFIE. RIEEREN, FEREHAEADN
RIS RERKIER

1 N 1 N ) 1,2 1,2 == 1,2 1,2
T, fREE, BXRS, FEMKS, FOES, HEE,
A 1.2 = 1,2% 1,2%
RKK™, BEXIT, mHEL
(1. F R R Z= TSl =0, TLI5 o8 214128;
2. R E KRR T B vk K L 7S R Ly, YT0F B8 214081)

WE: hTMEame/F 17B XL E (L-17B) yzhfk, SLIfEF BFH R f 3t H v B A
e 2 4 P45 4 B 2 AN IL-17Bs £ H (CeIL-17B1 1 CeIL-17B2) , ¥4 3 N4 8 FFa 2
MNAET, &GI8 NEHKBR, W& IL-17TXkFHN E 4 DM FEREART R 2 D,
AT —FH &L 91.92%, E&ESITE R, EEFERL AR NGRS, IL-17B
FEWMHTEEAENT £, KMoEFELH 1A I-17B, 385 # 24 IL-17Bs 1 % %,
T 40 5 7 W G B 0K i B 4 2N CelL-17Bs. 52 B K % € & PCR (QPCR) £ & B 7,
CclL-17Bs e 88 % ¥5 0 K 5 B8] (0~12h) ey k. FAAMITELRELRZA,
RET AN ELE G NusA-17B. JLHE T F K E# NusA-17B, R Eor, HKE (500
nghkg) 4ty 1 fm3diyeE g AR RESF, HAKXKEWHRAMAKEAL, TELH
W EE, RIEEFEEIL-1. IFN-y. IL-6. #ALEF CCL20 Fn NF-xB th k45 % FiF; 7d
B AR REA R AR R AN HFERE, SHBALEZEZR. WRE (5ngke)
ok E (S0 ug/kg) RLESE, BT FKE 1 fn3d g TRAFO kA B F L, H
RFPRMEENZRIH GHRAL R EFZ R, FEAFEKE (0.1, 1.0, 10.0 1 100.0 ng/mL)
NusA-17B 5 & #8541 4% 8 h, £ 2§ &, IL-18 7 0.1. 1.0 f# 100.0 ng/mL # NusA-17B #|
T8 % LR, IFN-y f1 NF-kB 4 %] R 72 10.0 #2 0.1 ng/mL # NusA-17B %% T & 2 A,
IL-6 . # 4k, B F CCL20 # 4 76 10.0 52 100.0 ng/mL # NusA-17B #3% T 2 %k 3k, TRAF6
M # 0.1+ 1.0 fr 10.0 ng/mL # NusA-17B #|# T % & K ik o W Ffk b 5L 50 45 R &£ ¥ CelL-
17B % 5 7 RIER N .

XEIA: 62, IL-17B; HE KA, EHAEH; RERMN

hESAS: Q78559174 MERARARRS: A

H 4 i % 17(interleukin-17, IL-17) J&—28 F R GRBOR R ARG B B RN &
EEWRAEH T, BEIE S T 2 Fh 4E AH 5 19 21 i HEEEERY, H 1993 FEREM IL-174 Z2)5,
K. 7 AP E A4, EIURNE 1L-17 G5 HAM B 53 AR AR 9l A B, 422 BE ke BRI
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fir %4 N IL-17B~F>%, IL-17A~F 7E R RT3 FH
A FEPEE, JEHIEALE C Il 4 DORSF B A& DL
442 RN 2 A 22 R AR BT B 2 e R
597 L RIJEPET &, IL-17B, IL-17C Al IL-17E (¥
N ¥ AH o IL-17A F IL-17F 8 K ), 2006 4F |
Gunimaladevi 55 #2 18 v B R4 T BF-5 0 (Danio
rerio)IL-174/F . IL-17C. IL-17D, %3 K V4 ¥ fi:
(Salmo salar)IL-17D"", 41 #& 7% J7 6l (Takifugu rub-
ripes) IL-17 ZZ 5 3 A ™, 75 4 (Oryzias latipes)IL-
174/F1°, 8185 (Oncorhynchus mykiss)IL-17A4/F21""""
BE 5 X R i (Ictalurus punctatus)IL-174/F1 . IL-
174/F2 F1 IL-174/F3", BXYN&S (Dicentrarchus lab-
rax)IL-17T4/F. IL-17C Fl IL-17D'™, i ff (Cteno-
pharyngodon idella)IL-174/F1 F1 IL-17D"*",  fif
(Miichthys miiw)IL-1TA/F1 . IL-1TA/F2. IL-1TA/F3 .
IL-17C FNIL-17D", 8 (Cyprinus carpio)IL-1TA/F1 |
IL-174/F2 . IL-17C. IL-17DF IL-17TN""" 25 {1y IL-
17 FGEIHE R WHZ T 5

IL-17B ) 1 Li 551 BT [m] 50 R 38 7
Y $5%% (expressed sequence tag, EST) %4 /& b 7g
GRS, BESTENR LA 2R cDNA SCEH Y 115
2| N (Homo sapiens)IL-17B J&=—F i 180 >4
BRI AR R, 0 TR 2000 41 ku,
RILMRT IL-17A f—EMEy 27%, IL-174 FEAE
WAL T 4i b=, T ZL-17B W AT DAAEMERR |
i | PR AE 2 A H AP RAY ) 5 IL-17A H
I, IL-17B ANfE 7 S AT 4 4l 73 1L-61,
{EURT 3 3 3 o8 iR TR AE R o TNF-a) 1755 U 2T 4
41 i 33 G-CSF Al IL-64, A F] il THP-1 %
4 il 22 v TNF-o A1 IL-1p BB, 28] IL-17B
TERGE RN s EEAEMN . 245Nk, IL-
17B E A M S IRIG K E ™. HEFAER . Mg
TG AR SCH " SR . R IL-17 K
TG AE A 52 B AL, AH IL-17B AU AE 5 542 6
(Lepisosteus oculatus)® . B g X2t 55 /% o
SREIE ot El S

AR S 30 et T ] 5450 2 R e PR e A i e 4 4
T 24 IL-17B H P, Xt IL-17Bs 3 P 51
TEFIEZE IL-17B WYL ST 0 Jl i S ¢
It 5E & PCR(qQPCR) 45 71 filfl J1-17Bs 1) #5185
ARAS A i TL-17B A e TR, A
# 7 IL-17B 5 4] % K iU kL pET43.1a-IL-17B, 7E
KIGFFH# (Escherichia coli) ik RGP, KI5 T
NusA-17B 4 H; S iR Song 6P AL NusA-
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17B, ZHE A W5 NusA-17B i} & &
ZHZ, @Y A RE B PCR IGE RIE R T 1Yk,
TEAAK N RO A o 5 TL-17B FOAE RAEH .

1 MRS THA

L1 SERgHR

I 0 #7424k A b K R
I BEIR K AV A5 0 B SR b

HIE 2K I [ & 8 B B AT R A 1 5 T
SREFECVRETY, SRR 0.5 h (lRELH ).
12h (JEH ). 25 h LB, 35 h (i s
By, 60 h (CoJIE . HRACHEE) F1 90 h (HIKE W) 1)
ZAGINA SR 1, 4. 7 A1 14 d (fFf,

B S 3 R, KRB RO AE .
WE . OMRRE . AL KB . . sE L Rk L
WL REELRIBRE 12 NEL, T80 C VKAAIRAIT o

JITJHE 8 A 2 4 N T 1) [R) it SR 5 i
BiAHE 50 g, BHRTEABHIKFHERGE, R4
P EAAS FRBE AR MR MG S 400 L, 4 20 BB, 45 0%
M 1% {4 H 1) B RS 0 ARDRE, TR R4, IR AU
(6+1)mg/L, pH N 7.2~7.6,
1.2 £I5(49

H 3 Blast 7 2 1 43 A7 78 i 4 56 P 415
AR B A 24 Cell-17Bs 3£ 75, #5149
%f IL-17B1-F Fil IL-17B12-R #" 4 CcIL-17B1 4= K
cDNA, IL-17B3-F fil IL-17B12-R #" % CcIL-17B2
4K cDNA, IL-17B-F fil IL-17B-R Fi A4 # CclL-
17B1 A% E A Rk # A, 5053 3G N T BamH 1
H1 Sal T EVING 55 K 6 4> His B2 . 519 % CelL-
17B1-DF, CcIL-17B1-DR X5 [#5%t CcIL-17B2-DF .
CcIL-17B2-DR 43 % i CelL-17B1 Fl CcIL-17B2 Ky
qPCR 5%y, ## IL-18. IL-6. IFN-y, CCL20, NF-
kB. TRAF6 } B-actin & &5 Wik &%, rf
51535 o 0N & E R AE R A PR BB (3R 1)

1.3 £8 IL-17B =554
# [1-17B FERFTEEAIRES Bk H NCBI (http:/

www.ncbi.nlm.nih.gov), ffi /] Genomicus(v95.01)"
Xt IL-17B FE P AT 3L 2tk 70 Hr o i Exon-
Intron Graphic Maker (http://www.wormweb.org/exo-
nintron) i/ % H 45+ 8 Z - . 8 Blast (https://
blast.ncbi.nlm.nih.gov/Blast.cgi) 5 #T cDNA 1 H
B —2PE . fii F DNAstar 234 85 H 045 HL 5 (pD)o
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%1 CcIL-17B1 #1 CcIL-17B2 318, Rk K49EF qPCR 3/47
Tab.1 Primers for sequence amplification, expression vector construction and qPCR of CcIL-17B1 and CcIL-17B2

514 AR 41(5'-3") BRT

primers nucleotide sequence (5'-3") gene accession no.
IL-17B1-F TGGAAGAATATATGGAATAAG LHQP01033388
IL-17B12-R CTACCCCACGATGCACGTGCAC
IL-17B2-F TGGAAAAATATATTGAATAAG NC_031705.1
IL-17B-F CGGGATCCAAATACAATAGCAAAGAAG LHQP01033388
IL-17B-R ACGCGTCGACTTAGTGGTGATGATGATGGTGGCCCACAATGCAG
CcIL-17B1-DF CTTTGGATGTCCAACAGTCGCAGT LHQP01033388
CcIL-17B1-DR TGGCCGGTGGCACAGGAC
CcIL-17B2-DF CTTTGGATGTCAAACAGTCGCAGC NC_031705.1

CcIL-17B2-DR

GGTTGGCCGATGGCACATTAG

VE: BN RIZNBamH VRISal IBEVINL &, IR T RIZ N6 MHiskr% .

Notes: Straight underline is BamH I and Sal/ I restriction sites, and the wavy underline is 6 His tags.

SignalP 4.1 3% £ (https://www.ncbi.nlm.nih.gov/Stru
cture/cdd/wrpsb.cgi) A1 NCBI 4351 H T #4555 ik
o7 B RO 2R

1.4 & RNA 2Bl %% qPCR

H BN RNA fl 482355 & (Omega Bio-Tek, I+
V) A B A% RE B RN, 4l R 52 1 i A
OD 40280 22 1% Brt NG WHEE S L UKAS I o ff FH Primer
Script™ RT Master Mix(Perfect Real Time)(TaKaRa,
Ki%E) i & & i cDNA, qPCR i 1525 5E i
7 & SYBR" Premix Ex Tag II™(TaKaRa, Ki%).

15 JRREAFRIAFRAIEE R FRIAGE L

PL CelL-17B1 4= K cDNA % [ 2 44 g 52 #z
P4-P5 J5 %), PCR ¥4 IL-17B1 W@k B, fdiHd
i B & (TaKaRa, Ki%E) M, £ BamH 1
1 Sal 1R %82 N VI (TaKaRa, Ki%) fd]
Ja, 5RO UIZNE LR pET43. la(biH i 5
YR A RA R S, T A R FT
B (Escherichia coli)DHS5a £ J&& 2% 21 il (TransGen
Biotech, Jbt&t), M PCR F1 B ) i 12 FH
PREELERE , 26 IR N 4 E R A R A R W
TFI A 5E

W 41 3K 4R pET43.1a-1L-17B ¥ A K %
FF B Transtta(DE3) /232 25 4l ffl (TransGen Biotech,
D), PRI T 10 mL & S5 % Z M LB
WAREE F2 3, 37 °C 200 v/min K5 2% . WK H L
1:100(f& B ) §7 K85 9%, 37°C. 200 r/min K%
7% & ODggp fH 0.6~0.8, JI ALY 0.5 mmol/L
) IPTG T 25 °C i 8~12 h, 180 r/min B0 4E

R E K7 2: 2 E /) sponsored by China Society of Fisheries

TR, AR PRI . PMSFCGE = KA
AR) B, UGBV W4T SDS-PAGE HiL Tk
i

i | BeyoGold™ His-tag Purification Resin(3%
= RAEYHAR) difb T E NusA-17B, FR(f
HZ %% 2 B Wi (G-Biosciences, 3¢ [H) Z£Bx N
Bm, BN EREEREHERN (T T#HAR
B A R \)) B2 TN R RGN, B 2bR
NOEE R R R R Uk 4 TR R Eh 28 vh T W
(PBS) 1o 5[] He B2 09 4 13 AR (BSA R
I1)(Sigma Aldrich, i) ¥5 ifE i #£ 47 SDS-PAGE
Bk, i FHBEM 4% & 5t Tanon GIS imagine(CK HE
BHEABR A A LK B B R

1.6 EHREHBEXRIER

B 5 Z: M8 Song %P ik, BUE
fifl 120 BB CF1AE 50 ), M 64, T HARM
PR bBE ;T ZHATHE 100 pL A= BEER 7K ;T 2H i
NusA(%E H /R . 500 pgkg); IV~VIZ4AT
NusA-17B(F& H ft /K . 5. 50 F1 500 pg/kg).
AHESG 0L 1. 3F17d, WAL 4 B, BTUhi,
FEWUE RNA, ] qPCR MI%E IL-18. IFN-y. IL-6.
CCL20. NF-kB Fll TRAF6 Wik /KF; JH 10% H
P VAR e B AL P L 2L, AL, b
R, AP (HE) Je 6, WIMOEH 2R 0%
0L

MmERALr SROAFESY, AR
WeBE £ NTEZE MY NusA-17B (0.1, 1.0, 10.0 F1100.0
ng/mL), NusA(100.0 ng/mL) FI 83 °C “Ki% ) NusA-
17B (100.0 ng/mL) 43 51 % & #5444l 2, B4 4
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ANFAE, 8hJEHBUE RNA, W5E IL-15. IFN-y.
IL-6. CCL20. NF-kB Fll TRAF6 [ Fik/K -,
1.7 #IES

SR 27086 BT AR bR S R A X R A
B P R A SPSS 20.0 B {4 i 47 B R J7 2 4 #r
(One-Way ANOVA) & Tukey [KZHKGLK:, Z5H 5
F KR P<0.05, 5555 B DAY 34 B o 22
(mean + SD) IR .

2 4R

2.1 &2 IL-17BHIFEF) S

42 JL-17B 95 7| 45 42 FRHE Blast FiIdLsg
P Mt 7 48 3 PR 20 A #2598 3] CelL-17B1 1 CelL-

start

CelL-17B1 > T
exon

start

17B2, 4y B4 F & 1 #f LHQP01033388 1 NC_
031705.1 I, PCR¥" 34745 3| H 193 A CelL-17B1
Fl CcIL-17B2 () 25, WP 455 K 95 3 I v
Gl —8, 2ASERE 3NN E TR 2 AN E T
M, W& FREE 70 84, 420 1 81, 851 bp;
FE L e 12 AE 2 4 597 bp, I AT 1 JE S )
24 bp, AMEEF 2 #9320 bp FIAR T 3 i Y 253
bp 4R (& 1), 2 3L cDNA 751 —5:h 89%,
it 198 NEIERR, o Nty 24 DR N5 5
ko MUK N i 82 DN BEEIR , PRSFRY O 454
B 90 MR IERR, WA IL-17 FIERA 1) 4 A2
AR, W2 A", Com 2 MR, A
JK > T8 43 9 22.58 il 22.49 ku, Z5HL A (pI) 4
A 9.59 F19.83, HH—E N 91.92%.

end

WET N\

end intron 100 bp

Bl 1 CcIL-17Bs FIER S REE
Fig.1 Schematic diagram of CcIL-17Bs

@ K JL-17B 4 3 & b 5 #7 i | Gen-
omicus(v95.01) FEAT AL | B B, L (Pis-
cis blindus), P& FH IL-17B B9 3L 26t 4347 .
HEEFLNAA | D EBREAAAE IL-17B 529, H 1
TR A N peyoxll, ppp2r2bb #1 GPR151, T iif %
A rpl26 F1 atp6vOE1, %53 TGD (teleost genome
duplication) J& , 7EEE s XA, H fa fBE Ly
RIT 2 5 BEAE 6t [L-17B FTAE 4 SR LAY 1%
BiRE, BE S YR il (Chr.14) F1 H 4 (Chr.APWO
02000111.1) F3RF| T IL-17B, H. rpl26 {457 X if
FHTWe; 75— A SN %K IL-17B, H
ppp2r2bb . peyox1l Fl atp6VvOE1 7 1% F B L X2 il
fEBRE | GRP151 Hl ppp2r2bb FENTEAE T H
(A B L o T B £ ) R SRR DL )
(Chr.14 1 Chr.21) F¥R&I IL-17B KK, Chr.14
7 GPR151. ppp2r2bb. rpl26 Fl atp6vOE1, F
% T peyoxll M IL-17B, Chr21 45 ppp2r2bb Fi
peyoxll, & % B IL-17B 1 rpl26, 2 CcSGD
(Common carp specific genome duplication) f5 , 1E
A 1 35 PR 2 $R 3] 3 S AL B, 2 4%
BiRE L AR IL-17B R, o 1 453 BEHFE rpi26
FERRSE XA T IL-17B (R i (1 2).

https://www.china-fishery.cn

2.2 &8 IL-17Bs £FFKIA

CcIL-17Bs qPCR 7| ¥ 4% F e 304E  ffi
CcIL-17B1 F1 CclL-17B2 ) qPCR 514 (£ 1) # 17
PCR ¥ 34, W% BseL 1 ] 5 B RS W 5 I F 1K
B (Bl 3), CelL-17B1 1 PCR =g 9k Bsel 1 5¢
YN 2 45 K/ANG3 R 57 F1 147 bp B 457
CcIL-17B2 ) PCR P A Bk W V), 257k K/NFF
l—F, FH 2 X515 510& CcIL-17B1 Fl CclL-
17B2 HFE 5 190

2.3 &8 IL-17Bs £FFiA

fii FH qPCR I 2 #3245 B9 & B B B . A7 by
B DL R AR 44 IL-17Bs W3k, 4559 i
7, CelL-17B1 1 CcIL-17B2 1E 32 45 J5 0~12 h
) 263k 8 W3 5 T 2K J5 25~90 h DL J i i 5
1~14 d 1y F & & (P<0.05)(& 4-a, b), CclL-17B1
HI CelL-17B2 1F B fa A [a] 4 21 rp M REAG U 3] 5 %
ik, (AR KRR B E R T MM, B
Fop A 8 B E T (P<0.05)(& 4-¢c, d).
CcIL-17B1TE AWl ZUh i ik s LA . B . T
. RRE T S ME . s8R OBE. R,
PRANREES T, S, MR, 8. O

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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rspo2 [ §
1.-173 [ t
crris! I 1 c&& rpi26 I Y
J-175 IRt 2-17; It rpp220o I 1 common carp-

rpl2 Y »2c IS 2o N Y LHQP01033388

orris| T GD I 13 I |y a0l Y CoSop —
prp2726b | t @ channel catfish-Chr:14  cave fish-Chr: zebrafish-Chr:14 11175 [t

pevox1! I 8 APWO002000111.1 ]

1-175 I t 5
rpi26 I

apevor! Y 75 crr151 [ ppp2r2bb [ t
spotted gar-Chr:LG26 ppp2r20b Rt prp2r2bh I ¢ 220> HEEEEE Y - <GO . pevox!! I ¢
peyox!! I 4 (I

channel catfish-Chr:18

— e —H
ap6r0L] I Y .y fish-Chr:KB882108.1 L 13

common carp-

zebrafish-Chr:21 LHQPO01008510
CCSGD ?

2 EEAELRHAL IL-17TBRHE M S

i kT RN T TT

Fig.2 Schematic diagram of synteny of IL-17B in teleosts and their ancestors

Arrows indicate the transcriptional orientation. pcyox1l. prenylcysteine oxidase 1 like; 7p/26. ribosomal protein L26; rspo2. R-spondin 2; GPR151. G

protein-coupled receptor 151; ppp2r2ba /b: protein phosphatase 2, regulatory subunit B, beta a/b; atp6v0E1: ATPase H+ transporting VO subunit 1.

pp M 12 3 4

100

200

300
400
500
750

1000

3 CcIL-17Bs qPCR 3| #45 Z 1418 E
M. DL1000™ DNA marker; 112 435 A CeIL-17B1 ¥ 34 J Bt LA &
BseL TEEVIZE 5 3 A1 4 43904 CelL-17B2 734 F Bt LA ) BseL 1 fiff
VIE-E

Fig.3 CcIL-17Bs qPCR primer specificity verification

M. DL1000™ DNA marker; 1 and 2 are CcIL-17B1 amplified fragment
and BseL I digestion results respectively; 3 and 4 are CcIL-17B2ampli-

fied fragment and BseL I digestion results, respectively.

FKR'E (P<0.05), kW, M. &5 O E A E
Bl 25 (P>0.05)(I8 4-¢); CelL-17B2 1E 57 ik Al
il ) e ik K22 S R B3, (BFE B kA Rk i
F TR A HARZH 20 (P<0.05)(&] 4-d).

24 BHFRNHREFY R

SDS-PAGE HLKKEIN, 454 57K, NusA-17B
LA RIS, o 812 ku b i — KRR
PEE RN AN, 5 B NusA-17B # H 1 K /h—
(K 5-a), AL 0.23 mg NusA-17B &
H (&l 5-b),

R E K7 2: 2 E /) sponsored by China Society of Fisheries

2.5 BIZ NusA-17B 548518 4H 40 F W5

0 1T 98 v v E (500 pg/kg)NusA-17B J5, 1 Al
SdEEREED . Wshdeg . N2, 7 d ik
RS B B R, AL Ll AT 2%
YIA Won, NCHE 1 A0 3 d (il 41 400 i 9006 bk
b, BRI (R ARIR A0 i A B2 4% 1 4 i 2R 42 1) B
% (BINR-2, 3); BLHE 7 d0F, JiE 48 ok
YAREA IR, B R, RN,
55 xf BRAH AR (BIRR-1, 4)o

2.6 HALE NusA-17B Xt 825 1& IL-1B8. IFN-y.
IL-6, CCL20. NF-kB. TRAF6 %5950

fifi FH qPCR ) 7 T3 45 21 400 Jif PR 7 1) e 3k K
-, 2B IR, NusA 4l R AE N F IL-18. IFN-y.
IL-6, #{LIN T CCL20, NF-xB Fll TRAF6 {3 ik
SR . AR AT R E TR (P>0.05),

AT3E 5 A1 50 pg/kg NusA-17B7E 1, 3 Fl 7 d
YIARBER AR AE N 7 IL-18. IFN-y. IL-6, #&fbIA
F CCL20 Ml NF-xB W . 3% b (P>0.05), R
TRAF6 £ 50 pg/kg NusA-17B (3 T 1 A1 3 d iy
FKEERE LI, 250X ALY 5.60 F1 2.98 1%
(P<0.05)(I%l 6-f), AL 500 pug/kg NusA-17B, 1 Al
3d&FEY B FE EIH (P<0.05), 7£7dKE RS
X AR 2 JC W B 22 R (P>0.05), RAEH T IL-15,
IFN-y, IL-6 7€ 1 1 3 d {9 ¢35k i W 3 8 T X I 4
(P<0.05), Hrb 1 d MRk E0 X R Y 1.64.
3.75. 14.65 %, 3 d BB 3K 543 51 S X R4 (1)
3.76. 13.27 F113.73 4 (Kl 6-a~c); #&fLHF CCL20
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15 ¢ 20

§ 7 a 2 § a
@S l_Ll @SIS- al
Xoeg 10 NS a
® o ® o 1
= g 2
m 5 m 'z 10
oy o
SE s = g
S SIER

ﬁ ﬁ i

[ e

 , ﬁ Hﬁ 0 Rt ﬂ%ﬁ

0 12h  35h 90h 14d 0 12h  35h 90h 14d
AR EBTB ANFEEEBTB
different development stages different development stages
(@) (b)

100 ¢ o 180 ¢ a
R a S ,—H
N -

- 80t l i
93 3 b
® S i s 120 ’—L‘
=% a0t b QB ¢
22 gyl S
~ % 20 d d c Cd % 5 _d d d d d

5 10} g 4 e I-LI g d l_LI g d ’—L‘

1 23 45 1 23 45

6 7 8 9 1011 12

6 7 8 9 1011 12

NEGIEEEEA NEGIEEEEA
different tissues different tissues
(c) (d)

4 IL-17Bs AR [E A BEM B R A EHLFRIFRIE
(a) CcIL-17B1 1E SRR K & K4 fa A Wik (b) CelL-17B2 TEM R IR K & K S AR F M EIE: (c) CelL-17B1 15 i i 8 AN [F] 21 21
M3k (d) CeIL-17B2 TE 8 Rt AN A AU ik s (a) A (b) P 2= KRN Rk & BL 7 d I CeIL-17B2 RIFXF RILE A 1: (o) A (d) R EAH
Xof Feak i LB h CeIL-17B2 MARM ik &N 1 ®ONFIME, SRR 0=3): RIE/NG FRRRA AN 2 5 8 #E M (P<0.05).
LOREME; 200 348 4.3k 5 % 6 B, 70JFAE: 8. BeRk: 9. WLP; 10. s 11 GREE; 12, KE L.
Fig. 4 Expression of IL-17Bs in different development stages and various tissues of C. carpio

(a) expression of Cc/L-17B1 in different development stages; (b) expression of Cc/L-17B2 in different development stages; (c) expression of CcIL-17B1
in different tissues of adult C. carpio; (d) expression of Cc/L-17B2 in different tissues of adult C. carpio; data in (a) and (b) are normalized to the level of
CcIL-17B2 on 7 d; data in (c) and (d) are normalized to the level of CcIL-17B2 on spleen; The height of column represents mean and the length of line
represented SD (n=3); different lowercase letters indicate the significance of differences in different groups (P<0.05). 1. spleen; 2. heart; 3. kidney; 4.

head kidney; 5. intestine; 6. gill; 7. liver; 8. skin; 9. muscle; 10. brain; 11. ovary; 12. testis.

PN NF-«kB HAE 3 d BYFRIAE B 35 T X R4 (P<
0.05), ZrHISXTHELH K 13.89 F14.30 4% (1K 6-d, e).

2.7 NusA-17B 3t #8540 40 IL-1p. IFN-y. IL-
6. CCL20. NF-xB. TRAF6 FiLRI=

i 11 7] ¥k BE 19 NusA-17B & 11 (0.1,
10.0 1 100.0 ng/mL). NusA (100.0 ng/mL) F1 83 °C
23 B9 NusA-17B(100.0 ng/mL) 55 5 65 241 8 h
G5 IR, NusA ARAEHF IL-18. IFN-y. IL-6,
#EILIR 7 CCL20, NF-xB Il TRAF6 13355 83 «C
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% 1) NusA-17B 4170 i 125 5% (P>0.05),

fdi 11 0.1 ng/mL A4 NusA-17B % & i & 41 41
8hJ5, RIEMT IL-18. IFN-y il IL-6 LI K #afk A
F CCL20 1 3k 5 5 X 41 6 W 22 =% (P>
0.05), F A7 F13d B AH G A NF-xB Fll TRAF6 )
FIkE B E L (P<0.05), 235 k% AR 2.04
M 1.68 1%, Hth TRAF6 (1) 323k 8 78 1.0 1 10.0
ng/mL (1) NusA-17B BYRIFCH ) LR 3 3Rk (P<
0.05), J35I R %} FRZH A4 3.00 F1 2.04 1% (F] 7-e, ),

RAEW T IL-18. IFN-y Fl IL-6 L) K #afb R -+
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El5 NusA-17B. NusA BUREMELKREHE
(a) M. 445 (1 marker; 0. BAMEXT AR 1. NusA-17B; 2. NusA; T. & S. EiEW. (b) M. YL 4 marker; 1. NusA-17B; 2. NusA; 3~9

3928 0250, 0.375. 0.500+ 1.000 2.000 AT 2.500 ug BSA FRAERE o

Fig. 5 The expression of NusA-17B. NusA and determination of protein concentration

(a) M. pre-stained protein marker; 0. negative control; 1. NusA-17B; 2. NusA; T. total bacteria; S. supernatant. (b) M. pre-stained protein marker; 1.
NusA-17B; 2. NusA; 3-9 are 0.250, 0.375, 0.500, 1.000, 2.000 and 2.500 pug BSA, respectively.

200 um 200 um 200 um 200 um

EhR AL NusA-17B 5 8278 4R LR 4 R A [E] A9 1L
1.0d; 2.1d; 3.3d; 4.7d; ARFAVEMWELE, A BEWRMWEER, ®RFEBHFX; #4200 um.

Plate Changes of common carp intestinal tissue damage over time after anal irrigation with NusA-17B

1.0d; 2.1d; 3.3 d; 4. 7 d; A indicates inflammatory cell aggregation; Aindicates areas of goblet cell hyperplasia; findicates areas of villus defect; scale

is 200 pm.

CCL20 fyZEiAE7E 1.0, 10.0 i1 100.0 ng/mL NusA-
17B B HI3F &3 E I (P<0.05), RAEHN T IL-1p
76 1.0, 10.0 1 100.0 ng/mL NusA-17B [l T %
KRB W (P<0.05), 4l kX RA R 3.71,
7.30 £ 6.24 £i5 (& 7-a); IFN-y (35 H HAE 10.0
ng/mL NusA-17B il T 2% L (P<0.05), A
X HRALAY 2.39 1% (1] 7-b); IL-6 FlEEfLHF CCL20
7 10.0 1 100.0 ng/mL NusA-17B Y H T B2 I
4 (P<0.05), Ht 10.0 ng/mL B 43 51 Sk % A 4 1)
8.49 I 2.14 1%, 100.0 ng/mL I 43 51| Sy X B8 2H £
6.17 1 1.62 % (Kl 7-c, d)o

31 B IL-17BEE
2 S 56 i [R) JR 48 &R FI PCR, qPCR 4% 4l 3
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2 A~ IL-17B 3[R (CelL-17B1 Fl CcIL-17B2), E
134 IL-17 KGR A B h O, WA 4
AP ez BRIE B 2 A5 BE AR ST 1 A et 2k
LMo Hrda s TGD i #2511 IL-17B Jr 5 % 4
FEEMER, FEESLEMMEARA 14
IL-17B FEH, WiBE R 48 3 1.-17B LA, #]
% CeSGD J&, i 2 %k B AFAE IL-17B JE A,
XERMER ORISR R T REER, %
IMEAE Kim S5 (BT A A .

3.2 8 IL-17B EERIEEHE

qPCR 25 R /R, CclIL-17B1 fil CclL-17B2 ¥
B SZAG U0 & B W B (0~12h) RBFE B E & T
HF&B B, X 5izkH 2 m i atE gL
BAEEIE . ARSI 2R 5/ R (Mus musculus)
JRHG IL-17B i FRIR Y, (B 5 N FEZAE BRI |
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6 FIE NusA-17B X{ #8078 IL-18. IFN-y, IL-6. CCL20. NF-xB 1 TRAF6 3k 00
(@) IL-1B; (b) IFN-p; (c) IL-6; (d) CCL20; (e) NF-xB; (f) TRAF6; AFLEE7K.100 uL A FHEE7K; NusA.500 pg/kg ) NusA; 5. 50, 500 4 5%
78 5+ 50 A1 500 pg/kg () NusA-17B; DUORACEIA XTI, W RRAUMAX REER 1w FEE, KKNREZE =4); ARG FRERR
AN[E I 7 7 W3 (P<0.05); FIAl.
Fig. 6 Effect of NusA-17B injection through the anus on the expression of
IL-1B, IFN-y, IL-6, CCL20, NF-kB and TRAF®6 in C. carpio intestine

(a) IL-15; (b) IFN-y; (¢) IL-6; (d) CCL20; (e) NF-kB; (f) TRAF6; physiological saline.100 uL physiological saline; NusA. 500 pg/kg NusA; 5, 50, 500
respectively represent 5, 50 and 500 pg/kg NusA-17B. Data are normalized to the expression level of the untreated group; height of column represents

the mean and the length of line represents SD (n=4); different lowercase letters indicate the significance of differences in different groups (P<0.05); the
same below.
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Bl 7 NusA-17B B 38154040 IL-1B. IFN-y. IL-6. CCL20. NF-«kB %1 TRAF6 3RiXHISME
1 .83 °C Ki& [f) NusA-17B; 2. 100.0 ng/mL [#] NusA; 3~6 4357w 0.1, 1.0+ 10.0 Al 100.0 ng/mL (1] NusA-17B; % Kl A Xt % 15 & DL NusA-

17B AN RIL R 15 S TIE, L KROREZE (n=4).

Fig. 7 Effect of NusA-17B incubation on the expression of IL-1p, IFN-y, IL-6, CCL20,
NF-kB and TRAF® in C. carpio Kidney tissue

1 . inactive NusA-17B at 83 °C; 2 . 100.0 ng/mL of NusA; 3-6 represent NusA-17B with concentrations of 0.1, 1.0, 10.0 and 100.0 ng/mL, respectively.
Data in (a) -(f) are normalized to the level of NusA-17B; the height of column represents the mean and the length of line represents SD (n=4).
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NGRS PRI, KSR R BB 2= 5,
AIRE IL-17B TEAR R AT REAN 58—, IEAh,
CclL-17Bs FEAEMIRFRIR Y CclL-174/F2s F 2 AF
R RFRIR ) CelL-17Ns™ 2R i TR WA R
25, BoRF—ZGEHEHNER T IhEES L, tb
57N IL-17B TERRPERR S MG K B h A A HE R
YEHE,

3.3 EEIL-17B 12 R1EB

WAV LB, WA IL-17 ZEZ A
RS IE R 7 =4, 51k RIER
N, Kawaguchi 257 238 IL-17A/F #1215 S IFN-
y SEHEIN T /N BRI R AE S 5 Lee %51 418 IL-
17E 7] A5 S TK10 4 A ™ A 2 e v fu I+ 1L-
8= IL-17B AR Z HARIL, TERR KL
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Mo IL-18 2 IL-6 () 3Rik Tt ; Shi 552 38 oo JE s 1
SP/NELIL-17B 51 RERS PR 4 ML AT F%, R W)
IL-17B WRfE R T AEMRHEERN, 1L-17 %
i A AR AVER, W Monte 55" A,
T 8 TL-17A/F2 ] DL 35 b 8 9 v 28 12 4 e 1A
T IL-6 F IL-8 () 363%; Du %1 & BL#E A IL-17D
AT AR 2 A Jr AR Sk B A O AR L Y (IL-18.
TNF-o., CXCL-8) WY& R ik o A S5 {4 P AT 3
NusA-17B J&5, 1 F1 3 d fEBRR R AR 16 V) A7 Y6
W2 5] B (2 A A, qPCR 7] 25 46 1 5] 48 JiE [
F IL-18. IFN-y. IL-6, #aftH+ CCL20, NF-xB
K TRAF6 )33k 1l ; 7EMRSMH NusA-17B 8 &
R L AU, [RRE S RS T 4 9 A G R 5 1 B
i EVE, RO IL-17B B AR RIEM, IL-17
FWEL TR 53 BE S 5 RE S A B 5 1% Z M 1)
FRAE 7 50 56 o AT 8 S R 4 B ] U0 7 7 d B
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Sequence analysis, expression patterns, acquisition of prokaryotic recombinant
protein and pro-inflammatory effect of IL-17B in Cyprinus carpio

WANG Yujing', XU Yuxin', FENG Wenrong *, LI Jianlin?, LI Hongxia’, SU Shengyan '*,
SONG Changyou ?, TANG Yongkai "*, YU Juhua "**

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214128, China,
2. Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China)

Abstract: Interleukin-17 (IL-17) is an important inflammatory factor, which is able to promote the production of
various inflammation-related factors, such as /L-18, IFN-y, IL-6, CCL20 and so forth. It plays an important role in
autoimmune disease, host defense, inflammation and so on. In order to study the pro-inflammatory function of IL-
17B in the Cyprinus carpio, the IL-17B gene was cloned, the NusA-17B protein was recombinantly expressed by
Escherichia coli system and the pro-inflammatory effect of the IL-17B was then investigated by in vivo and in
vitro experiments. In this study, by homology search and gene cloning method, we found two /L-17Bs in the gen-
ome of the C. carpio, CcIL-17B1 and CcIL-17B2 respectively. Both of the two genes have open reading frames
(ORF) of 597 bp, which are composed of three exons and two introns. The length of their exons are the same, 24,
320 and 253 bp respectively. While the introns are different, the Cc/L-17B1 intron are 84 , 420 bp respectively and
the CcIL-17B2 intron are 81, 851 bp respectively. The two CcIL-17Bs encode 198 amino acids, containing 2 disulf-
ide bonds formed by 4 cysteines, which were unique to the IL-17 family. Sequence blast analysis showed that the
consistency of the two CclL-17Bs proteins reached 91.92%. The collinearity analysis results are as follows. Dur-
ing the doubling of the chromosomes of teleost, /L-17B and its nearby genes were lost. Most teleost have one /L-
17B and Danio rerio have both IL-17Bs that were lost. The common carp-specific chromosomes doubled resulting
in the presence of two CcIL-17Bs. Real time quantitative PCR (qPCR) was used to measure the expression of Cc/L-
17B1 and CcIL-17B2 in fertilized eggs, larvae and different tissues of adult C. carpio. The results showed that the
expression levels of both Cc/L-17B1 and CclL-17B2 were significantly higher at 0-12 hours post fertilization than
that at 25-90 hours post fertilization (P<0.05). While the expression levels have no significant difference at 25-90
hours after fertilization and 1-14 days after hatching (P>0.05). In adult fish, the expression level of two genes in
testis and gonad are significantly higher than that in other tissues, such as spleen, heart, kidney, head kidney,
intestine, gill, liver, skin, muscle, brain (P<0.05). Further, using the E. coli expression system, the soluble recom-
binant protein NusA-17B was obtained. Different concentrations of NusA-17B were injected into the anus to eval-
uate its pro-inflammatory effect. Histopathological results showed that intestinal villi defect, plenty of goblet cells
and inflammatory cells appeared in intestines treated with high concentration NusA-17B (500 ng/kg) after 1 and 3
days. Meanwhile, qPCR showed that /L-18, IFN-y, IL-6, CCL20 and NF-kB were significantly up-regulated
(P<0.05). However, the abnormal changes in intestinal structure and expression of inflammation-related genes
were restored to normal level after 7 days. In addition, ir vitro, the C. carpio kidney cells were incubated into dif-
ferent concentrations (0.1, 1.0, 10.0 and 100.0 ng/mL) NusA-17B for 8 hours. The results showed that /L-1f was
significantly up-regulated under NusA-17B stimulation at 1.0, 10. and 100.0 ng/mL (P<0.05); I[FN-y and NF-xB
were significantly up-regulated under the stimulation of NusA-17B at 10.0 ng/mL and 0.1 ng/mL respectively
(P<0.05); IL-6 and CCL20 were significantly expressed under NusA-17B stimulation at 10.0 and 100.0 ng/mL
(P<0.05), and TRAF6 was significantly expressed under NusA-17B stimulation at 0.1, 1.0 and 10.0 ng/mL
(P<0.05). In summary, the results of in vivo and in vitro experiments show that CcIL-17B participates in the
inflammatory response.
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