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o1 8 50 1% S BV E [F Cathelicidin2
BEhFIheEat

BEEY B o TRE' ARAD
Bk mEe # OB
(. HEAG RO AR AS AR A S RN A 2 R S s AR ORI T R
JE5T 1001415 2. PEDKFEREABESEBER TR IR/REE 1500705
3. EITRAAE SRR Bt 1T 361102)

HE AR it LR K K 2 B PCR 5256 %T 4T 48 (Oncorhynchus mykiss)Cathelicidin2(Cath2) %
W FEREATT oM. ERE T, HHEEAEE, LB F 5HREZ G0 88 A0 X 0 A 4 %%
X, BEHERERLE, BXKTFHEEAE. SEE LBFAEFIHTES FREZIETFE S
fLETM, RNZEH FEAEEMZENBA N TATA &5 CAAT &44, XA ELHEZE—NE
FTREN, EEFEL N RRMEXERATFEAME, ¥, 2 M EF «B(Nuclear factor kappa B,
NF«B) T 25 &L B 3 AL FAZ 00 B o) F 1B 45 K 3K, 75 & # (Ctenopharyngodon idellus)'& 41 £ 28 jf1, %
W, e tEamE kK RLEBERMG U AE LB T TRk, RALELA R FEK%E,
HEshFiEEAZE #EF TR, #1524 H 8 % ¥ (Lipopolysaccharides, LPS)H# L 8y 40 B & %2
#1 5 AL ML 3 B (Polyinosinic polycytidylic acid, Poly [:C)H 3 By 5 2 & 4e . SR L & B4l & 2L FH A B
T, BEFiEMAEL NFkB % F B FRER, ¥MBE 4394, iEY Cath2 2 E % NFxB # % #% .
HREW, M8 Cath2 XEGEBESFHEERBFSTRE, HEFFAUNA N REFFAENE
B TRTH, Wi MRAREFRAEEERNER KA, WESFRERY, B, BEFELELET
Wy It R AR A K

KA W8 FUHE K Cathelicidin2; & 3hF; R E

FESES Q812,8917.4 XEAHRIEEE A XEHS  2095-9869(2018)04-0037-09

i 7 Ik (Antimicrobial peptide, AMP) X #R-A1E &
5 10 ik (Host defense peptide, HDP), J& R4 Mg
REW KA 72—, FEA PRI B R A P sk g
Hh R 453 BB 21 R B AT o Cathelicidin J2& B R i

KPR KRG Z —, TEFHES iz 04, adh
MRS . B2 RITEY . Wil sh P Rk rh AR
#RiE (Maier et al, 2008; Hao et al, 2012; Cheng et al,
2015), Hrf, WHFLshY Cathelicidin 2544 F1 ) REAF
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2 )R 39 %

Y8R A (Hilchie ef al, 2013; F /24, 2017),

51 M 2K Cathelicidin % [H Cathl B Chang
Z5(2005)FEMT 5 (Oncorhynchus mykiss)"F &3, 5,
TE K VGt (Salmo  salar) 55 2 Fi it B (Salmonidae) £
25 (D'Este et al, 2016). K7V (Gadus morhua)
(Shewring et al, 2011). Ffi(Plecoglossus altivelis)
(Nsrelden et al, 2017). HA6&6[(Anguilla japonica)
(RIS, 2015) 55 R flg & B, Jf RO HR 1EHUR
RIS | T ) Z R, 5 —Le L SE R AR a2k
I PR 2 [ s AN TR i A B S5 SE I (Shewring et al,
2011), WNKE 5t (Danio rerio). T #:(Oryzias latipes) .
WK (Takifugu rubripes)3 . L, Cathelicidin 7] g4
B R SR TR A, BRI 1) R RN SR A R 4 1 B
GURA B TN a2, FEniE R EERL a2 R R ek
S e AL A RARE , JFAR A0 BP0 B R T

Cathelicidin B A A IE HL M AU KRR, 2
30 3 A A IO A4 R 5 A 2% s SR A ) o AR AR S
R, WLEE 4 A Cath FEH )4 FP ] A8 85 ) 677
Y Fy e as A 22 A 2 1G FH % A 44 TR A 4= K (Zhang
et al, 2015), Cath2 B =it AT — & B PLELH K
W BEME I 5% /K B (Saprolegnia parasitica) T TE i
(de Bruijn et al, 2012), i 78 K P4 bk A AF 53 v 0 %
B, Cath FEPFRBZEI T Z W GRPERBERAE, A
I RESE B A IR PP iR, U RE RSB A ELAT 20 M 5 44 i
TR T 175 F:(Shewring et al, 2011; Broekman et al,
2013), i SE IR EEHLE A B . A5 D 6
Cath2 FHE[H A, 38 523 SERF9E 5 5E 7 PCR(Quantitative
Real Time PCR, qRT-PCR)SZHGIGIE T 3% 3k K (1) 50 %
Wik is, JPF R TR shFoakE SThte b, *t
Cath2 FEH e SR EEALREAT TR RE

1 MR57FE
1.1 SRIEHH

TCHFFE W AT 5 2, SR R E KRR B
PRy TT K PRI IS BT i i v KPR A B vl s AR R L g
IR (Vibrio anguillarum) &K JRBIUT S 5 B, R H LMY
I 5 SR Y MR 3 I 28 B YRBEIR B (Infectious
hematopoietic necrosis virus, IHNV)E?’E‘?E"JH!I@@ S,
K H AL ZE o B L 240 i 2R (Ctenopharyngodon
idellus Kidney, CIK)PRiE T Z K 7 M B s -5 o

1.2 BERARZESH

i ] Trizol i3 (Life technologies)43 1) $i& HUfffl |
SKUEF 41405 RNA, DNase I(Sigma-Aldrich)42h B DAk

IR DNA 154, f#H ReverTra Ace-o-RT-PCR
cDNA % — 55 & i) & (TOYOBO)#4T mRNA J ¥
. ffifl SYBR Green RT-PCR Xl £ (TOYOBO)ZE
Applied Biosystems® 7500 Real-Time PCR % 4i(Life
technologies) " #47 qRT-PCR SZ5%, ZrHr4sFEAC N
Cath2 R:[H(NCBI: NM_001124463. 1) FE ik g EH
i ] p-actin(NCBI: NM_001124235.1)1F N N2 5
, 272ACtyE(Schmittgen et al, 2008)i15. Cath2 KM
X E B . Cath2 % &8 51 ¥) Cath2-qPCR-F :
CAACACCCTCAACACTGACCG; Cath2-qPCR-R :
GAATCTTTTCTACCCATCTTAGG; fS-actin FE w514
actin-F ;: ACAGGTCATCACCATCGGCA ; actin-R :
GGTCTCGTGGATACCGCAAG.

1.3 BIFUFESH

V)T 8§ 58 PR 41 K135 7 5] (Berthelot et al, 2014)2
2%, A HEH AL ENGE Carh2 FEH T, 61
CLC Genomics Workbench 9.5.4 $t#g /07 - & Pr%,
I EEETEL 3 EAE Neural Network Promoter Prediction
(Reese, 2001)(http://www.fruitfly.org/seq tools/promoter.
html), JASPAR2016 (Mathelier et al, 2016)(http://jaspar.
genereg.net/), AliBaba2.1(http://gene-regulation.com/pub/
programs/alibaba2/index.html), PROMO (Messeguer ef al,
2002)(http://alggen.lIsi.upc.es/cgi-bin/promo_v3/promo/
promoinit.cgi?dirDB=TF_8.3), JFJ& )5 s T\ & fl%%
FHTEE LT

1.4 #FHEHE

PIIT S5 41 DNA iR, (i Cath2 JE 3+
5% Cath2-promoter-F: TCTCACGCGTGGCAGAC-
AGGCATGGGAATA ; Cath2-promoter-R: TCTCAAG-
CTTCTGACCTCTGACCAGCAAGC #17 PCR §" 1,
Haifb 5 P 8= Y47 Mlu T | Hind I XUEE D) 4k
L, ARBCE A R R w0 A sh - B B, 4 R pGL3-
EGFP #l pGL3-basic {4 (Promega)i#tf7 Mlu I . Hind Il
XUEFUIALBE , R A5 Fh M A s ) 2k A oK . K 4l Ak
S B 5 21 AN AR ROk R ) R R L 30 1 IR
T4 DNA ##:0 16°CAL3E 12 h, #:4k E.coli DH5a
ZAME, WA EAANTHERN AR, 37°CHEEE
I 12 ho PREREL s b, B A vk SR IUTORE , P %522
PSRN AE AN 6 Cath2 J5 3528 55 pGL3-
EGFP-Cath2 Fl pGL3-Cath2 J& ) T-#844 . % IR [F] AL A
BRF i 4di AR KT «B (Nuclear factor kappa B, NFxB)
it FF 51 (NCBI: XM _019064772.1)f) pEGFP-NFkB
FIREAR, BV SN EcoR I Al BamH I
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1.5 ARG m R

S 5% N4 I35 00k G R AP A R B 77 i
(Dulbecco’s Modified Eagle Medium, DMEM), #]4i
LRI N BEAL 2x10° I, 5% CO, {974 25°C
Kig% 12 h, R 240 i BE R T 60%)5 , H pH i 7.4
) PBS 2% il P A0 At 3 Uk, AL A TG 1L DMEM
REFEHE 900 pl, 1 h JE A7,

B oy sz By flf Al Lipofectamine®2000(Life
technologies){& RIFATIRIUATE YL, 43R 7 41, B4 6 L,
L4351 A (1)2000 ng pGL3-EGFP Z5 #{k+6 pl
Lipofectamine® 2000 %% 44 7]+994 pl T 1L iFf DMEM
Wiged; (2). (3). (4)2000 ng pGL3-EGFP-Cath2 i3 5l
F#4A&+6 pl Lipofectamine® 2000 %% 443X 7+994 ul JG
1175 DMEM }; 533 ; (5)1200 ng pEGFP %3 /A+600 ng
pGL3-basic #{£+60 ng PRL-CMV i & 56 E E i N2
#{K+6 ul Lipofectamine® 2000 %% YL iX7]+994 ul JCIfil
% DMEM }; 72455 (6)1200 ng pEGFP 25 #{K+600 ng
pGL3-Cath2 J5 3 F#4£+60 ng PRL-CMV ¥ 2¢%
KNS5k +6 ul Lipofectamine® 2000 %% 4Lk
+998 ul L IfilH DMEM };iF:%E; (7)1200 ng pEGFP-
NF«B FiA#i1£A+600 ng pGL3-Cath2 Ji& 8T #{4&+60 ng
PRL-CMV i 5 5 E 2 il N 22 44+6 pl Lipofectamine®
2000 HYLAFI+994 pl Tl DMEM RiF3, it
PRSI TR A, 5% CO, 553548 25 CRi g%

HYLJS 6 h, WP, WS 5% G A4 I
f\) DMEM 5353, 4k4E 5% CO, B53# 46 25°CRi g%,
YIS 24 h, SO0 WU WA A 40 S 4k
YO AYOUES , O IBOR, I
=R LR TR Y 4N A/ 16 A 11 (3) 4
AALFIAT pg/ul B4 PR A 2 B (Lipopolysaccharides,
LPS)10 pl, [A(HHLFLPIA 10 pg/pl 1R NAEH
fi2 (Polyinosinic polycytidylic acid, Poly I:C)10 pl, %%
RRAT, 4k%E 5% CO, 553546 25°CHE 5% 6 hy 1E5EG
I AR (1)~(4) 21 41 i 25 A2 (0 5 O B 1 o0
55
1.6 XL FEEREEERKQN

{#i | Dual-Luciferase® Reporter Assay System XX
W R T 4 A I DR R I 50) 5 (Promega), $% UL FH 45
SERRIN A IR o K (5)~(T) A AL N 4l i 78 53 24 )
A3 I 2 5 K 2 ' 2R Tl R B G R G o A
T B R BHE JIEAE NS, i K ROOE R BHE
JMEIERAL, PR BTG PE=" Kk R AR BIE 1/
T DB 1 o P LA L o) HR B AR ) S 84k

MIER (S EE I XT R, K DO R B R 5 — 1k,
¢ ZR T AR R I M =512 0 20 9 't 3R Tl I R /% R 4 9
YK FNG 1 (Pannier et al, 2007).

2 R

2.1 HTEE Cath2 REIHERERX D

Wit qQRT-PCR XFUTHS Cath2 K SRR AE#EAT
TS . G5 RFRM, I S S 80 3 A e T
BRI A AN BE YL I REIG SR % I L 5t . Cath2
SRR AR AEE . LB HLI N R, H,
LR EERITE Y AMA T, Cath2 3L
Fikm i LE, EIHREERE] 10.7 588 13.5 £%
CkB); fE THNV BYAMET . Carh2 FEFFR KD
AR EE, (B BT NSNS MAE 1),
439K 6.98 f5(HE)F1 6.84 F5 Sk 'E)-

120
100 -
80 |
60 -

40

mRNA FXFFkK
Relative mRNA level

20 ok

0 _—% A
#8 K E
Gill Head kidney
K1 T8 Carh2 BEHTERG 5T mRNA Rik w22k
Fig.1 Relative mRNA levels of rainbow trout Cath2 in
infected individuals

Lo fEREAAG 20 SEITERAMAS; 3. THNV B A
1: Healthy control; 2: V. anguillarum infected; 3: IHNV infected
P i S 30 2F R ) 2 3k ik it RS AR A B 2 4USE DY R s Ry
SRR, IRZZLONMN bR EZE (n=5), BTN K
PEAKSE(**, P < 0.01), T

The relative expression level in each group was calculated by
comparing with the value in gill of healthy control. Error bars
represented standard error of the mean (n=5). Statistical
differences relative to unaffected tissues were calculated by
using Student’s t test (**, P < 0.01), the same as below

2.2 W6 Cath2 EE B FFEIHH

BT Cath2 FEPI(NCBI: NM_001124463.1)fF
B BT 8 58 PR 2 L5 R AT Blat FEXT, 32 35 DR B £
T ChrUn_8 HER, HHZXEFII NS, #Eil
SR FEIENT Cath2 3£ LR ¥ 7 51 #E4T Sanger
Wy FPFEE, PRI B FHT 1000 bp J751, XX
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rtCath2-Upstream

rtCach-Upstream

rtCath2-Upstream

rtCath2-Upstream

rtCath2-Upstream

rtCath2-Upstream
rtCath2-Upstream

rtCath2-Upstream

rtCath2-Upstream

rtCath2-Upstream

rtCath2-Upstream

GAAA(H) *) romoter-Primer-F
! _9I6() -940 =

HRE(+)
L > |
CTGAAAAGTTTTATGGTATGTGCTTGTGAGTTGCGAGTTTGTGTATGTGAGCTGGTGGTTCTTCGACCTAGTGGCAGACAGGCATGGGAA

GAAA(-)
Promoter aner-F C/EBP(+ C/EBP(+) GAAA(-),
~860 -820

AAAAGGTCTTTCAAACCAGAGTTGCAACACACATTTTGATTGACAGGGGGGAACATGAATCATGAAACGCTTCACAACTTTCCTGGCTG
GAAA(-), GAAA(-), C/EBP(+) GAAA(+)  CREB(-), NFKB(-)
| 780 ~760 =
ACCTTTTCCTATTTCTAATTGGCCAACACCTTCAGAAACATTCGTCACTCAAGAACACTCAACTCCGAATGTCAAGGAAGTCCCCTTTTG
CREB(-), MAFF(-), GAAA(-)

2 | 00 —680 —66[0 —64|0
ACAAACTGTGTCCTCAACAATATTGTTTCTATTGTCATCATAGTAACAACAACAATATAGTTAACCCTGAAGCGTATTTAAGGTGTGATC

GAAA(-),
-620 -600 <:| -580 -560

] ] |
CCCAGATTGAACATAGTTGTATAGATTTGAGGATCAAATCTATGCTTGCATTTCAGTGCAAAGTATAACAGTGGACAGTAACAGCTGCAA
MAFF(- MAFF(-)
-520 00 ! 480 ~460
AAGTTATATTTGTTGTGTTCAGAATGATTGTTCATTATGCTGTTTAAAACTGTTGTGCTGATAAAGAAGCAATACAACTGTCCTTCTTTA
MAFF(- )I

—540

—440 ] —420 —4|00 —380
GACTAGTTGAGTATCTGACCAATCAGCATTTGTGGGTTCAGTTACAGGTTATTATATATGCATATATATATAAATGGTCAATGCTATGAT

GAAA(+)

IRE(-)
-360 — -300 -280
TGATCTATTTGGCAGACAATTTTGGCTTTGTTGAAACATGTAAGACCCACTTTCCAGATGCAGATGAAGCCTAGTCCTGGACAAATAATC
AAA(H)
GAAA() AAA(H
5260 -240 -220 -

TTAATACAAAATACTTTTCAGTCCAGGACTTTATGTGTCTGGTAAACCAGCCTGGCCTATCTCTAATTGGCCAGGCTGGGAAAAGAAAAC
MAFF(+) HRE(-)I

C/EBP(+)

MAFF(-), \CREB(+) GAAA(-)

NFKB(+)
Y —— {ﬂl B -l

AAGTTGAGAATGCTGCCTGAGCCATCACG : TGCTTTGTACGTTTACCTTTCTGGCACAGACAGTAAACAGGGATTCCCCGCAGGCAGTGG

GAAA(-),
HIR(H)
REB(+)  ({EBP(+ AAT box AAT box CREB(+)
g B — . -0 <4“:‘
rtcathz-Upstream TTTGACAAAAGGGACGTGGTTTCCCAAAATGGCCAATCACTGGGGGTTTCCTATAAACACAAGACAGACTATAAAACAGAAGTGGATCTC
TSS CREB(+)
"UTR CDS

rtCath2-Upstream

rtCath2-Upstream

rtCath2-Upstream

C/EBP(+) Promoter-Primer-]
20

v

v,
AAGGTAGGAATCAGACATGAAGATGAAGGTTTTGGTGAGATCTCTCCTCTTGCTCAATGTGGCCTGCTTGCTGGTCAGAGGTCAGACCCA
(CDS CREB(+) MAFF(-) F(+) GAAA(-),

_mo<—) 120 > 140 CII 160 _

Y,
GACTGAGACTAGGTATGAAGACGTCATCACAGCTGCTTCAAATCAGCTGCTTCCTATGGAAGAGCAGGCTTTCCATCCGCTTCTGAACCA

MAFF(+) GAAA(+) HRE(+)
CDS Intronl GAAAC MAFF(+) CREB(-)
150 u—&v L> <j:>l 20 F> 240 <J:>ﬁ£
\ b

GCTGGAAGTCGAGACTGAGTATTCTGACAGTATGAAAGTTTCCCTCCTTATTTACACAGTGCTGATGGGCACAACAACGTTTACGTGTCA
GAAA(-),

CREB(-]

Jn;m.u.) GAAA(—J
300

N

rtCath2-Upstream

Fig.2 Functi

N N

TGGTTTGTTAAATAGTTTTCTTTCATTCAAGTCAAGCAATAATTGTCTGTT

Bl 2 HCES Cath2 FEPH L #0751 D) g 0 7~ &

onal annotation by bioinformatics analysis for upstream sequence of rainbow trout Cath2 gene

X3 EAT R B DI Re B, eI P 5 SR 4R 7 8 A
~7 bp J-Hz“, 1E-30 bp i B A TATA &, {E—69 bp fif
BA CAAT &, HAMBERAEYIRShT45H1

T 2 PR A% 0 J3 3l 7 X A —1~-351 bp X, Ky
5 A LR B RRAE I B S X, 13T PCR 514
P 4927 bp~76 bp [A] 4 1003 bp FF51 , K H v et A
Ja B F AR T s T SR

FEUT 8 Cath2 FEH-1000~312 bp X ] 15 Fl Y, 2%
EAAEE 2 AE T (K 2), Hr, BRAads s
N B RG S R FEE G, A% A F- kB(Nuclear factor
kappa B, NFxB). Ccaat 58454 I (Ccaat
/Enhancer Binding Protein, CEBP). cAMP & o

2t 4 76 1 (cAMP-responsive element binding proteins,

CREBP). EL WAL 16 P FFH 5 5% K 5~ (Macrophage
activating factor related factor, MAFF), TR IHIA
“F(Interferon regulatory factors, IRF)4 , t 6055 = 43 #i
TR R T GAAA FEFF LA BB IR I ) A5 oo
1, WA JT 4 (Hypoxia response element, HRE),

2.3 HIf Cath2 EEBZh FEMERBEMNE

X N AS B AT 8 Carh2 FEH )R 80 F X317
PCR 414, ﬂﬂzﬁiﬁﬁiﬁﬁﬂi/\ pGL3-EGFP JRoRL AR,
i, (AT Cath2 )5 3+ 3K 8h 54058 6 5 1 (Green
fluorescent protein, GFP)JEA Fik, I pGL3-
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EGFP-Cath2 Uk 214

fdi ] pGL3-EGFP-Cath2 JFuki ;4 CIK 4ifi, %%
Yo J A AR KR B8] 3A), 766 i sE T 7 L GFP
SAOPOE(EI3B), FWEE AM DNA F BIRENS K D)3k
3 GFP R FKE, BARBNFIEME, BRICERN
(34.7+4.6)%. [n] 4 i 35% 75 W o A B il 357 LPS
(K 3C. [ 3D)a{ Poly I:C(&l 3E. [& 3F), 4rHitil
21 A SR R TR, AN ) 2 Y S R T G e
PERIHON JRZH , B3 2700 A S 2 0 e 4
W, CHRIEE SR ST

Kl 3 Yt pGL3-EGFP-Cath2 Fikif CIK 4
Fig.3 Microscope images of CIK cells transfected by
pGL3-EGFP-Cath2 plasmid

A TCRIEREL, W BB A B TR, POt
WA C: LPS BN TE Ry, W13 WA IR s
D: LPS BEUANRERG, JOCRMBEIA; E: Poly I.C

B AR, W3 B s F: Poly I:C #4)
TRTER, PO MBI A

A: Control cells without immune stimulus, by bright field
microscope; B: Control cells without immune stimulus, by
fluorescence microscope; C: Immune stimulated cells with

LPS, by bright field microscope; D: Immune stimulated cells

with LPS, by fluorescence microscope; E: Immune stimulated
cells with Poly I:C, by bright field microscope; F: Immune
stimulated cells with Poly I:C, by fluorescence microscope

2.4 FHFREF NFkBiFiZiT# Cath2 EE B3 FigtE
BUTEE Carh2 FEH G shF 75 E#E A pGL3-

basic BURL AR, (HUT8E Carh2 J53h 18K 3ha K 5%
JeE BN Rk, MERZD pGL3-Cath2 Uk i4 ;
Bhr 6§ NFreB 35 [H cDNA 731 37% 3230 A pEGFP #4k
ffidr % NFxB Y5 GFP RNILFk, HE )
pEGFP-NF«B ki 24

80 -

(=)
o
T

HOG R BN T
IS

Relative activity of luciferase

|

POPHETEN
Control
vectors

pGL3-Cath2 pGL3-Cath2
+
pEGFP-NFkB
B4 WU 3R M 5 A S92 6 I 7 i fi
Cath2 JEH )3 8 715 1

Fig.4 Promoter activity of rainbow trout Cath?2 gene,
determined by dual luciferase reporter gene assay

fdi J pGL3-Cath2 J5 3l ¥ # {4 Uk . pEGFP-NF«B #% 5% A ¥
PR HAR FORL B sl I R e e CIK 4N, A 40 b 4
PRL-CMV ¥ F 9O N Z BORLILRE G, R (4800
)T pGL3-basic 75 TR FIA 7 5% 5 K 7 1) pEGFP %3
FURLVE JXof B, (45 4154 Y4 DNA G 455
CIK cells were transfected by pGL3-Cath2 promoter vector
plasmid and pEGFP-NF«B transcription factors expression
vector plasmid, independently or simultaneously. All cells were
co-transfected by PRL-CMV renilla luciferase plasmids as
internal control. Blank vectors, pGL3-basic and pEGFP plasmids
were also used for co-transfection, to keep equal quantity of
transfected DNA among different groups

fifiH pGL3-Cath2 &8 F#i/& . pEGFP-NF«B %
REAAR, 5 PRL-CMV i3 B 5 K il N S 20 R ok e
Y CIK i, FEYRORN(28.9 +3.5)%, 1w MEJH 3
TGk, a5RUE 4. WK 4 /TLIE L, 555 pGL3-
Cath2 SZI6 2 I 7 1) D' 28 TG P L2 2 M0t HE 24
FRag, R Cath2 FH A 8 F AR 7 v 330 1 B
W0 R s %t pGL3-Cath2 #1 pEGFP-NFkB JL4%
Yl 5710 21 0 A2 Y 2 O R TG M 3 T R A
pGL3-Cath2 S 4H , Fi# 29 NIEH W 4.39 5, £
HMIE NF«B #5710 3 st M ek e i 32 = ) sh 71
P, UESE T NFxB AEHE Cath2 LR G 3 FRIA A X
LIEREF
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2 )R %539 %

3 itig
3.1 FEESLIHE Cath2 EFRFER

Z ISR IR ) St Ay I R W, W8 Cath2
PRt SR K AN A A TR IR G 5 LPS AU S K
& FZ [ F+(MacKenzie et al, 2008; Langevin et al, 2012;
Bridle et al, 2012), H7E5% 5 s 4) FI 35 A AN [
TR ETF, 40 THNV BLK94 F1 WA #Ekk(Purcell ef al,
2011), THNV K558 (MacKenzie et al, 2008), JH#E
P H I D% ML 5E 5% B (Viral hemorrhagic septicemia virus,
VHSV)(Aquilino ez al, 2014)LA K% 15 XUEE RNA #5541
Y Poly 1:C(Pacitti et al, 2016)15 55 Kk B
W, Cath2 JER R LKL

R AESLG 2 RN DL AR W B2 T B, AR
5T 1 QRT-PCR A, IESE [ AR IG5 B 5 THNV
AT B | S LR, Cath2 FeDEE SOKSEHE W
FTE (1), 2 R AN SR 98 25 3 (K] 3) B,
YRR LPS AR EEBIAUY) Poly 1.C #RREHS ISR
Cath2 LG s FRIAEME . Carh2 B FIRREB YL
MR TS, SHBUR A Y REAHY) &, %5
[N [ 2 5 900 B B BB I 27, i BE IR T B AN Jmy BT
W H TR R T e, BRI R A MR A A, B
AIREAHAB Y ORFEVE R, AR B 4 2544
A9 TR

D’Este %5(2016)%} R} f1JS Cathelicidin M ZE
JREEAHEAT T 5007, 40 H & 5 22 &R A H &R 1Y)
A3, A R R G A0 ) A W T B Ok 4 e g R
TR, AR B AR AR . A N SRR T
A2 HF T Cathelicidin 1Y3E HA R IIRE, X P20
B TR IA M S AR A S PUR BR ORI, 7
KPGHES P A 48, {245 Hepcidin (Solstad et al,
2008)#1 Cathelicidin(Shewring et al, 2011; Broekman
et al, 2013), HAUHEEHLEN T i — 2L AT IR o

BT 68 Cath2 E R RIBE S

K FEHTUT S Cath2 FE R SERTERLEH], AW
LN B S AT T AT, RS T K
BESR 351 bp WIKZOJR BP0 o JFF B AR Ll X 45
LW, WL Carh2 B AG%05F R s R 7
51| 5 N (Homo sapiens) . KRPUESE Cath FeH L) i il
Cathl FE XTI F 9 0L —BOPERAIG, (HEA —uk
HE R LEMARAE, 45 Carh RN 8 sh 11 BHA HA%
YA F LA TATA & F CAAT G451, 7E5EN
T HES NS T X, BETE A R R
SE P854 5 (Chang et al, 2005; Chakraborty ef al,

3.2

2009; Shewring et al, 2011; Dhawan et al, 2015),

T 68 Cath2 BelH B )R X A 3 4> NF«B il
gt Hr, 2 ANEERCE S FIERE L, 4
fiF-78 bp F1-180 bp {7, FEil CAAT &, B4R
B W A Cath SERFFNHEAT T NFxB 256 5
N, ST Cathl . KVGTFEES Cath #F5E LB,
NF«B %5 & FHIE 17 935 A7 75 T Cath FEH g, (2
IR TC NFxB 835 Carh B SEIBF SR 45 5. A
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TE P 22 i J5URR L I3 245 (Ghosh et al, 1998; Varejckova
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I, BESETEAN [7) g J J e A AR sk R e b R 3Rk
I A T B SRR
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BT, s HER RSN T aRE £
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Y (Zoarces americanus) YL H A 8 T 55 (M 2 4,
2011; Ledford, 2015; 7V F-4%, 2016; KR4S, 2016).
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{UBAT W 2E, 4 AT RERTE AE R I 3 B2 E R A
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S Sk VB 2H AR TE 0 28 S g B A b B A
fii, SR EMIFR GRS, HREBKR, RIEEMAE
AMLAE, BER S5 HNFOKIR AL, PR T 2 32 3R v A
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Functional Analysis of the Immune-Induced Promoter of
the Rainbow Trout Cathelicidin2 Gene

ZHAO Zixia'”, XU Jian', JIANG Yanliang', BAI Qingli?,
JIANG Likun', CHEN Baohua', XU Peng'”

(1. Key Laboratory of Aquatic Genomics, Ministry of Agriculture and Rural Affairs, Beijing Key
Laboratory of Fishery Biotechnology, Chinese Academy of Fishery Sciences, Beijing 100141;
2. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070;
3. College of Ocean and Earth Sciences, Xiamen University, Xiamen 361102)

Abstract This study aimed to investigate the transcriptional regulation of a teleost antimicrobial
peptide. The expression pattern of the rainbow trout Cathelicidin? (Cath2) gene was analyzed by
quantitative real-time PCR (qQRT-PCR). Cath2 was expressed in tissues closely related to immune defense,
including the gill and head kidney, and expression significantly increased after both bacterial and viral
infections. Promoter and transcription factor binding sites were analyzed for the upstream regulatory
sequence of Cath2 gene. The predicted promoter contained characteristic eukaryotic TATA and CAAT
boxes, as well as multiple binding sites for immune-related transcription factors, including two candidate
binding sites for nuclear factor kappa B (NFkB) on the positive strand of the core promoter. In
Ctenopharyngodon idella kidney cell lines, transcription of both green fluorescent protein and firefly
luciferase genes was initiated by the predicted Cath2 promoter. Both the bacterial mimetic lipopolysaccharide
and the viral mimetic polyinosinic polycytidylic acid up-regulated promoter activity. As shown in the dual
luciferase reporter assay, promoter activity was enhanced by co-expression of the transcription factor
NF«B, indicating that Cath?2 is regulated by the NFkB pathway. These results suggest that expression of
the rainbow trout Cath2 gene could be induced by different immune stimuli, and its promoter might serve
as an immune-inducible transgenic element. The Cath2 promoter may initiate the transcription of
heterologous immune genes against exogenous infection in a proper expression pattern, avoiding excessive
transcription under unnecessary conditions; therefore, it has potential for genetic engineering approaches
in the breeding of disease-resistant fish.
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