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(. AR K¥REKLX KR, RKOARBESAEERETAEHES L=,
KPR ER T IR E S SLINE, HK  402460;
2. E K PR B R R B BRIV K P2 WE R BT, TR M 510380)

KB,

WE: BhETFTR LGSR DR ETIRLBLN KL TEGI0kwWE A, #
RIERF. FHRREEERNFTEREZEA. TR AR TSRA2MNEMETFHE
(CCLA. CCL19)cDNAJF 7|, & Jil 7% ot & & PCRELA AR M| H A fe 4 4 o v K A 1 R
PR BERREBERL. R LT, 8RB CCLAFCCLI9TFF #% A 42 K E 4 5 A
29458333 bp, oAl 4 AOTFIION A AR, P EAERFIHE AR MEFCCRIEMZ
AN AR AR, SHMHHREZ T A, K. . A BWEERF I AHNKE
Pk, CCLAAEBLE 23 H 71.1%. 33%. 33%. 31%. 23.5%; CCL194 Bl 4 5] % 62%.
26.9%. 24.5%. 26.6%. 27.8%. &4 M| &y S| B a8 L F, CCLAFICCLI9Y A &
i, HPCCLAMCCLIOM ZEMr+ )k E&E; CCLAENA MG T REERK, W
CCLIOM AN EF R L BER K. EEXKAEMERLEE, CCLAES| R4 L FF12hk ik
EXE e, EMEF24hRLERSE; CCLIGEXE T T HELU N R L ERT.
HREW, BUEFCCLATCCLIOT k4 S| R AR Z AT RN, EHRE KR LR

WREAR BT KETEEEH.
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SR,

8 B ft1 (Xiphophorus helleri)si J& T 1 B £f1 44
(Osteichthyes). L%} (Cyprinodontidae), &I FE
J& (Xiphophorus), A RN Z5 J15% . 5 ¥ 5
W S T A S ) R SRR R B R Y S
WAL R T & 24, R EE A # e
ARSI Zh Y, W T OK R I oK 2y
Y VR . BB e I AL SN [ 45, B
R faAE s sy, e B R A R
— BT E A M, DT PR IE S50 5 R Y v
PR ATEEMERIAT LM . F AN 19984F 2 — S5 b - £
KatkE FRECKILEN B (Oncorhynchus
mykiss)H I LR, K& A [F 2R i 1
fEf A rh i R B, SR, AR AR Y G e
e, wICE M T A O A e . g UK
KM H (Aderomonas hydrophila)) 1Z F1E TR
KL TEK e s, R TR E TR K 57 5 A 2K A0 T
P DS I 1) B . AR A DA B B £y S
Mo, TEsE BRI F 3 CCLAR CCL191Y 5
fili b, 38 A 5k R 2 DR E 61 £ Ak Py Y
HH LR IB NG 0 S g 7K AR TR R L S ) KGR AR
e, BE— 45 81 R i CCLAR CCL19 3
RE, WA IS AR FE R R % 18 4 1 HIL
D K ST b AR 1) 81 R £ 7K A= B JEk e 4 AR S
EHEA

1 MEHSTE

1.1 SRR

IR f5~6 1KY, 1AK(6.0£1.0) cm, K
(4.0£0.5) g, FH A K= BE A2 BE TS B BRTT K 7 BF
SR, BIR2AETE, FRE B RS R
100 L, %4 MUm SR RE B, K224 hig <
B R KK 174, JKIR 42 ) 72 (28+2) °C. BEK
ACERL M T TR PR A SC B AR AF . Trizol Reagent
(Invitrogen); PrimeScript™ RT reagent Kit ., SYBR"
Premix Ex Taq™ II. TaKaRa RNA PCR Kit (AMV)
Ver.3.0, TaKaRa Agarose Gel DNA Purification Kit
Ver.2.05PMDI18-T Vector, MiniBEST Plasmid
Purification Kit Ver.2.08) & A Y T (OGE)F IR
N FE] = s 2000 bp DNA ladder Marker, Taq DNA
Polymerase . K% #T 7 DHS o 32 25 20 fifd 135 18 Byt
JIE W B 1 DNA 1 ISC 57 60 39 o AR A= Ak B (b
TOA BRZ F) 77 b ARIE S B BE S Sigmas F] 7
i AR Ry [ 7 4 2R

1.2 LAk

ERNARR  @ECREESIRA, Bk
T 58 7K AR I T 60~80 L (T 2 VR ¥ 10° cfu/
mL), 1 dJF B #e B0 £ 7 3R IRNA,, H
F CCLARI CCL19%E [H cDNAM 72 % . RNAHEHGE
B TDNATE AL, $EHUS E2 pL S RNAKE 5 38
T 1% Bt iR AR U g e R Y L T e A s,
¥R & 1 5 1) R RNAKE 5 6k B R 4i i

CCL4#= CCL19 F 5 71 FIH 51 Pt
A4 Primer Premier 5.0, = 88| 2 4 ESTZ it L K
J 30 F1 0 £ 25 R A BE € (Epinephelus coioid-
es)(B kS . AFNS58329). & 5 ifi(Dicentrarchus
labrax)(& 35 . AM490064)1) CCLAFEY , 21 fig
R J7 i (Takifugu rubripes)(& 55 . AB524336)F
Je B B Ak i (Oreochromis niloticus)(& k% .
XM _003444469) CCL19KH F 41, 4 Bk it
CCLAFICCL19Y 14 5| ¥ C4FIC19(F 1), PCRY &
i FrTaq DNA Polymerase, 3444 1.0%3i )5
BB Yk . V1T H 4 HIDNABE I R
WA & alifh, itk i% 2 5 pMD18-THA )5 %
e E KM 7R A2 S A i DHS e, 37 °Cf8 B 4% 5%
T, B HCBH P e B

& WAE & F oM F) Fvector VTI Suite 10.0
G3 T ERAE X e 45 R #4793 41 5 FHEXPASy-Tools
(http://www.expasy.ch/tools/) X 7% 85 H A9 4E fb 4
PEFN AR 5D g A A AT B0 A A A dE
NCBIH /) BlastF2 J37 i 47 [ 5T 51 25 4% M2 45 44 241
BT 5 W H Clustalx 47 2 77 51 Hex, AR 6 &
FERFES, HIMEGA 4.0 A48 4% ¥ (Neighbor-
joining, NI)#&EEIEALH

4| B & CCLAF» CCL19 mRNAZH 23 & A 547

K FH 52 i 9% 9 7€ PCR(qRT-PCR)HE A A

CCLAFI CCL19FE N TE8 M H A P AHX Kb, R
P L H 81 B £0 B-actin) T 5 (5 55 : DQ060278)F
FRAFIH CCLAR CCL193E K cDNAJT 51 43 5l 15 3 14
Z 5| ¥ p-actin F. B-actin RFIK I 5] ¥ QC4 .
QC19(FR 1), HEH3 Al M &R, 43 i
RO CEL L ML SKE L BB LIRS
2, F MR &7 PR IURNA, 2 U RNAFE
it [ L 1 AT R R I B R R e . RN AHE IR
PrimeScript™ RT reagent Kitif 17 & 5 5%, & L
cDNAS —4% . LLA WA cDNASS —85 M, %
M SYBR" Premix Ex Taq™ 115 & 1 W 7£ ABI
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188 KopE o R 245

#* 1 SR & CCLAM CCLI9EE 81 E £ &M Fr A 514
Tab.1 The primers used for PCR amplification and quantitative detection of the CCL4 and CCL19 cDNA of X. helleri

sS4 JF31 (53" i

primer name sequence (5'-3") usage
C4F TCGCAGACAGAACAAGACGAGCCATCC

CCL4-PCR
C4R AGGATGGCTCGTCTTGTTCTGTCTGCG
CI19F GAAAACCCCACTCCTCTGACCATCCA

CCL19-PCR
CI9R CTGGATGGTCAGAGGAGTGGGGTTTTC
QC4F CACCCACTTTTCTTCCTTAG

CCL4-QPCR
QC4R ACACTCAGTAGCGTTACCCAT
QCI19F ACTCACCTCAGGATGGCT

CCL19-QPCR
QCI9R AGATGGCAGGGTTGGA
p-actin F TGCTATGTTGCACTGGACTTTGAG

B-actin-QPCR
p-actin R CCTCTCGTTTCCGATGGTGATGAC

7500(Applied Biosystems)3Z iif ¢ )t i€ f- PCRAY |-
HEAT 5 S PCRAG I o S . 4% 42 95 °CTii A
530, 95°C5s, 60°C35s, ¥ H40MEH, 60°C
HEM S SR AT AE S, IR W AT
MR AT, DABOR AR SR 3. SRH2-24C i
FHERE & mRNAYAH X 355

v K A B0 x4 R B AR ) CCL4A= CCL19
mRNA & £ 4 % vh TE B 120 2 fa B 1) &1 2
i, N3N PAT IR A AL KRR, g
302, FIRFHEE(Q8+2) °C, ST 4H 45 2 0 i i
T 5B K A BA M TR 1< 10° cfu/g, %o R4 VR 5 45 A
0.65% M =M AK . BY 5 /3 7E3 . 6. 12,
24 48F1196 hif 41 BU3 8 o i AF A2 A~ 4140, R
FHqRT-PCRA: M 4 4 ZUA [F] B 6] 58 CCL4 I
CCL193: I mRNARYAH X Fe ik i, Rl ik [\ L.

2 HiHR

2.1 SIER&CCLAFMICCLI9E AR5 E R FE T
2R

Lt PCRY 1Y . ek . WP AFEN 8T, 4
LW, SRR 225 cDNAJT 3 435 S 687H1892 bp,
— &7 51 5 B A BE £ S 85 5 CCLARH L%
H161.8%F158.5%; 13— 557 51| 5 L1 6 A< Iy fili il Je
BB A0 1) CCLI9FRAL A 4 56.9%F157.5%, A1tk
B2 FE K 4 WAy 44 S CCLARMICCL19, &1 )2 fh
CCLATT I i HE 57 T-22~315 bp, 497/ 2 It
M2, N-¥igf 1121 aafi 5 k(& 1); CCL19FFTR I
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BEHEN. F201~529 bp, ZfiB 11072 HEMR, N-
Ui A7 14-24 aal 15 5 K (E12).

e HUEI B A CCLAMICCL19 M B 38 it HoAth
SANY P Y CCLAR CCL19KE R i I 2 3L R 5 41,
iz H Clustalxi#E 17 2 F51 Fb X o 5 =l 4 0 e
B E A . /N (Mus musculus) . $)(Canis lupus
familiaris). N(Homo sapiens). ¥%(Gallus gallus)f)
ILTRAIE LB, CCLAMIMLE 7351 71.1%
33%. 33%. 31%. 23.5%; CCLI19AH{IEE 435K
62%. 26.9%. 24.5%. 26.6%. 27.8%(K13), Frfi
FF 51 2 25 A #a Ak T COR M b i Mk i 44~ 2 I
gk Ik, DA B — 26 58 4 L Sy S o A < A Sk
P, Hidr, 2828 CCLARY C-3i L 5 4545 H: 5
W Z N IR ; 2F0 4 2 CCL19IW C-dify Lb 55
MEZh ) 2 4~101 E AL TR .

2.2 CCLAFCCLISM R G ik R

EEENITF R BRI Y FP ) 18F CCLA .
13Fh CCL19JFF F G R F I CCL4 . CCL19J¥731,
FIR A e E R g kAWM . AT F Y
CCLAMCCLI9¥) 4y AP KL, H, a2k
CCLARCCL194r 5 % Ry — 3, H Al ¥y b iy
CCLAMCCLIYK RN — L (K 4),

2.3 CCL4AFNCCL19 E[E mRNARJZHL 53 %0
QRT-PCR& R B /R CCLATENLN . . O
COFF L s L ML KB b X RE RS I B K
b REEREE, HRLE . .
CDBEL W, LA B R A MR R

E B
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—_

CACCAACAAACTCACCTCAGG.GCTCGTCTTGTTCTGTCTGCGATTGTGATGATGATGGCCTTCATCGCTCTCACTGAAGGCCTGCGT

M ARLVLSATVMMMAFTALTEGTLR

91 GGAGTTGGCCCAAAGAAGTGCTGCTTCAAATTCAATGACAAGCCGGTGTCAAAAGATAAAGTTGTGAGCTACATCAGAACCAGTCAGCGC
GvGPKKCCFI KT FNDIKPVSKDI KVVSYTRTSAQR

181 TGCTCCAACCCTGCCATCTTGCTGAATACAGTGGCCGGCCGTCAGATGTGTGTCAGACCTTCAGCCTCCTGGGTGAAGGATCTCATCAGC
Cc SNPAITLLNTVAGRAQQMCVRPSASWVKDTLTIS

271 TACCTGGAGACCAAAGATGTTTCTGGTGCAAACACCAACCTG.ACCTGACAATAATATGCCAACACTCCAGCTTACATAAATATGTAG

YL ETKDVSGANTNTL *

361 GTTGTGATGCTACAGTTTCTTACTGAATACAGCAGCTCTCTTTCCATGATATTTATCAAATGTTCTAATATTTTATGGTATACTACCAAG
451 ATGAGATGAAGCAGAATCTAATTTTTTTTCATATAAATGAAATATGTTTTTATTATGGTTGTTATGGAACAACAAGAGAATTTTTGTTAA
541 ATTCAACACTTTAAGTTCAACCATCAACACTGTAAGTTTTGATTGTAGTTTTAACTAACCAGATAAAGTATCTATTGTAAAAGACAAATG
631 TCTTCCAAATAAACAAAGTCGTCATCTTTATTAAATAAGCTAGGGTCTGTTGCACTT

1 SIE® CCL4ZERRBD FIIREESHRERFS

5% b5 R I 43 0 A AH R 1 2 40 % TS F (ATG) 26 1L 3% F(TAA): KF F RIZRARIE N5 5 Ik

Fig.1 The cDNA and deduced amino acid sequences of CCL4 from X. helleri

The letter in the shadow indicates the start codon (ATG), the stop codon (TAA); horizontal lines under the sequences indicate N-end signal peptide
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AGAGTTCTGTAAGGGGAAATGTCTGCCTGGATGGTCAGAGGAGTGGGGTTTTCCACAGGGACCATATTATTGTAAAAGGAAACTGAAAGTCT
CCAACGCTATAAAGCCACAAGCCCGTGCTCAGCGGCCGGGGAGTTGCCGGATTTCCTTTTGTGTTGCTAGGGGAAGCGAGTTCGTCAGCC
TCCAGAGCGACTGCAGAC.ACTCCCTTTGGCGATGCCAAGCTCTTCTTCTGCATCTTTTTCATCATCTGCTGCTCCACAGTGACTGAG

M TPFGDAKTLT FFCTIFFTITCCSTVTE
GCTCAGGTTCCTGTCGACTGCTGCTTGTCGGTAGCAAACAAACCAATCAGCAAAAAACTAGTTGCAGATTACCGTGAACAGRATCAAGGC
AQVPpPVDCCLSVANIKPTISIKZ KTELVADYZRET QDA QG
TGCTCGATTGATGCCACAATTCTGGTGACCAGACGTGGGTTAAAACTCTGCGCCCCGACTAAGGAAGAAAAGTGGGTGGAAGACGTGATG
csI1DbDATTITULVTRRGLI KTLCAPTTI KETETZ KWV ETDVM
ACGCACGTGGATCACCTGAAGAAAAAATGCAAAACGGAGAACTACCAGGGCAATCGCTGTTTTGGAGTGAAGCCTGA/.AAAAGCCTC
THVYDHLZE KI KI KT CZE KTENYQGNRT CTFG GV KTPE *
TGGTTCCCTGAGAACACCAAGTGATTGACACAAATCCAGCTAAACGTTTCTCCTGTTACCGAAATAAAACCTTTTGTTTTTTTCATTTCA
TCTTTATAAAAATCTATGTTAATTTGAGCTGCAATCTAAAAACAACATCCTGAAGGAATTTTATTTTTTACTGCTTTTCTGTTTGTAAAA
AGTCTTTCAGAGAGAGATAATATGCTATATGTGTAGCCATTTAAGCTAACACATGTGTAGCCACATAAGCTAGCCTATGTTTTAGTCAGA

813  GAAAGTTTTATTGTAACCTTAATGTGAATTTTTATCTCTAATTAAAACCTTTTTATTTTCCTCAGTATGCTCGTTATTTG

2 SE&CCLIYER S FIIREESHEEERFT
I 5% b bR AR 3 0 D A L )RR 38 25 TS 7 (ATG) £ LB IS F(TAA): KT R RIZR AR E N3 15 5 ik
Fig.2 The cDNA and deduced amino acid sequences of CCL19 from X. helleri

The letter in the shadow indicates the start codon (ATG), the stop codon (TAA); horizontal lines under the sequences indicate N-end signal peptide

CCL197E 84 40 41Ut KR BEAG I 31 3k, Hoh 1
iR Rk R, G IF L 81 SkE L L
W. B, Wi, OBEh A R Rk (B5).

2.4 FEKSBEBEFR BT CCL4FI CCL197E BT
PR R RIAT L FFIE

I B fafE R g K R S, I ecL4
B RIKTFEL12 WP T, 7624 hi ik 2] 1% (E

(4ff, P<0.01), BJFZEHIFIT, 96 hih i3 s F
X BB (P<0.05). JitH CCLARY 3 ik 7K F-7F 12 hitt
GEARTE T (2.90%, P<0.01), 24 hif} {3 & % & T %t
BRZL(P<0.05), Wi I3 5 %) AL 2K F . BT
1 CCL19WY Rk KT B Wi Fh s, 7624 hif 35 5
i {E(894%, P<0.01), BiJSZEMTFENE, 96 hirf 17}
3 T B4 (P<0.01), L H CCL19K F kK
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Xiphophorus helleri CCL4 . .MARLVllSAT
Oreochromis niloticus (XP 003439451) RAPRLAESVV
Gallus gallus (NP_990051) RLSAVVEAL. .
Mus musculus (NP_038680) RLCVSANSLL
Canis lupus familiaris (NP_001005250) MRLCVIVESLL
Homo sapiens (NP_002975) RLCVIVESLL
Xiphophorus helleri CCL19 TPFGDARLEF
Oreochromis niloticus (NP_003444517) MAPRGDGRLEL

Mus musculus (NP_036018) APRVI LAF
Ganis lupus familiaris (NP_001005256) ASQAAVIELAL

Gallus gallus (NP_001289097) MQRLaLCL
Homo sapiens (NP_006265) LAL

Xiphophorus helleri CCL4 SNERI v
Oreochromis niloticus (XP 003439451)  SHERI v
Gallus gallus (NP_990051) SKEAI K
Mus musculus (NP_038680) SKERV K
Canis lupus familiaris (NP_001005250) sSQBE&V R
Homo sapiens (NP_002975) SQERV KRSXQ
Xiphophorus helleri CCL19 SIDAT R
Oreochromis niloticus (NP_003444517) AIDATIELSR
Gallus gallus (NP_001289097) DIEAT -
Mus musculus (NP_036018) RVEAV L
Ganis lupusfamllzarzs (NP_001005256) =RLE&V L
Homo sapiens (NP_006265) RVERV L

MMAFIALT. .EGLRGVGPRELCCFKFNDEPVSKDEMVSYI. .RTSQR 54
MLAVIAVT. .EGMRGAGPERECCFRENDQEVPRGEMVSYI. .KTSQR 56
IASFCSRASSAPFVGPDVPTI.CCITYITHKIPRNIMQRHY. .STSTS 55
VARFCAPGFSAPMGSDPPISCCFSYTSRQLEHRSEMMDYY . .ETSSL 58
VAAFCSPALSAPMGSDPPTACCIFSYTLRRIPRNERMADYF . .ETSS5L) 58
VAAFCSPFALSAPMGSDFPPTIACCEF SYTARKLPRNERVDYY. .ETSSL 58

FFIICCST...VIEAQVPVDCCLSVANKPISKKIMALDYR. .EQDQG 55
LFIACYCT...VILAQVPADCCLEVARKFIEKGIMANYRLOVQGQG] 57
LVLRCVLH. . .VYAGNNVLDCCLRTSERPIFWRINQDYRMQLVQDG] 55
LVLWIFPAF.TLGGANDAEDCCLSVIQRPIPGNINRAFRYLLNEDG] 59
LLLWISPA...LGGANDAEDCCLSVIQRFIFGNINRAFHYLLIKLG 57

LVLWISPAP.TLSGTNDAEDECCIL.SVIQKPIPGYINRNFHYLLIKDG 55

S .ASWNVRDLISYRETKDVSGANINL.......... 97
S . APNVRQLISYRDARAVPGQTISNL.......... 99
5 . DEERORYLOMRRT .. .o oo 0 enennene nes 89
S.EPNVIEYMSDEELN. . ....cccverncnnnns 92
S .EEMNQEYMDOFIN. . c cccccsacscnnnanns 92
S . ESEROFYVYIIFIN. . c ccosanansananans 92
PTREEEKNVEDVMTHEDHLEEKKCRKTENYQGNRCFGVEP 109
FVN.EENVENLERHMDQLEEDCREQNYRPRRCIGVEP 110
Q. APWVLRLREREDTSSARKVPNQGN......... 99
D.QFWVDRIIRREKRSSAKNRGNSTRRSPVS.... 108
D.QPNVDRIIRREQKNSAKNKGHSS.......... 100
D.QEPWNVERIIQRBORTSAKMEKRRSS.......... 98

3 S|R&CCLAFMCCLIYEERFYS H s MmtL i
I RERR HOB AL 7 SR P a4 GRS DA IR R s S SRR B R T AR AL SO SRR R T R R AL
Fig.3 Alignment of the deduced amino acid sequence of X. helleri CCL4 and CCL19 with
other known vertebrate orthologues

The four conserved cysteine residues are indicated by a box; the identical residues are shown with yellow background; the similarity residues are shown

with green background

SFAE12 hiFSEIR T (2345

WE{E (2.9, P<0.01), BlJG&
X A K (K 6).

P<0.01), 24 hitf k3|
WA, 48 hfEZE

3 TR

A B 5E N B R fo [ AE Hh s B T CCLAR
CCL19 Fi#atb I T-cDNAE S, B ATHY IF i ]
TEAE K BE 43 9] 092941333 bp, 45w fB97F11104
RIS . A ILFRT N /0 Hr K X 2Fh CCRLE
LA T 5 HAb sh W i cCRl Btk I 72508, W4
ARSI e R BR 3, IF ELN-sm 2421 I 2
BRAEFALE o XA bk 2 R ik BT T 8 11 T — 4%
SEM R AR e DL R T RE AT LA L E A
HE I3 FoMBE AR &I
B2 TR, ERRE MR RER S,
AR T A X R, SR ke BB Ak
it #6025 CCL4AWY - LU /5 S5 1 HE B ) 2 91 2 5
R ; WIRh 2R CCL19K) C-imi Lb i S B HEsh i) 2
4~101 MR, X5 Ff(Ctenopharyngodon
idella)CCLAM) W 55 25 R AR,

RPN 7B R AF PEAR AR N A
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W L2 TL- 1 BIRI IR P P A AN Ry 46.6%, T AL G
ZAR T BYHY (4nas platyrhynehos)FIMS CC#a 1k H +
(14 B8 LR [R) U5 1k ST P (A 2 R 36% 48 41, &
IR P 3 He it & B8 B i CCLAMI CCL195 I 7L
Y CCRUE 1L B T A R AR AR, (R 5 H Al
2 CCRUE L R F AL A &, Bl n &) 2 £
CCLAS % 14 i CCLARY 2% 11 TR ¥ 91 i) AR DLV A
51%, ZAHEIRIT I HAIPE 66%; CCL195 )¢
B AR CCLI9R 11 1R 7 S AR AV S 37%, 2 5k
MR 5 AR L R 61% . AR TIF 53K 81 Bt 2 Fh 4
{6 T 5 HAb Y CCLARI CCL19M T £ 55 1k
SR, At X 24 2 R R SR Y A ) AT
GO R X e b B Ak A AR A (1E4)
AL T AE RAE SN . AR 5 G g I
b A EEAER, X TR R B
S [58) BF AL AR G 8 1 28 R 05 45 o ) — S EE 2
K82 EWFELe T, AR EETmRAD
AR ZWHGE , 8 A R 0 3 35 RN T Rg
ST, AT HAEHC SH THRIRAMNT f#.

AR, R ERFRERE RS R G T
BARM IR, (Baia N7 r ooy 3254

TECXCHEIFICCRI2ZE, b FRAE B, 282
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191

79

g | 7% AN Haplochromis nyererei CC1B (XP_005755643)
g9 | VBRI % D. labrax CCL4 (CAM32187)

BT &t Malawi zebra CCL1B (XP_004566193)
651 8% B 4k 11 O. niloticus CCL4 (XP_003439451)
B A BLf E. coioides CCL4 (AFN58329)
W Oryzias latipes CCL1B (XP_004086303)
SR X. helleri CCL4
4348 Sparus aurata CCL4 (CAO78735)
% Miichthys miiuy CCL4 (AEM75115)
T/ Rachycentron canadum CCL4 (AER13142)

88

16 75 5 i T. rubripes CCL1B (XP_003979251)

79

KPFGFEAE: Salmo salar CCL4 (NP_001117090)

BE L. Danio rerio CCL-C25y (NP_001108528)
AEMITE Xenopus laevis CCL4 (XP_002935843)

o7/

95

% G. gallus CCL4 (NP_990051)

57_|_— R Rattus norvegicus CCL4 (EDM05493)
/NE M. musculus CCL4 (NP_038680)

18
25

100

0.1

25
29

B4 ETURESMAE

WRALEMEOVERESE, HREKE1000K

Fig. 4 Phylogenetic analysis of deduced amino acid sequence of X. helleri CCL4 and CCL19 with

98 N H. sapiens CCL4 (NP_002975)
92 |: $) C. lupus familiaris CCL4 (NP_001005250)

99 W R R. norvegicus CCL19 (NP_001102131)
73 |: JNE M. musculus CCL19 (NP_036018)
100 H C. lupus familiaris CCL19 (NP_001005256)

N H. sapiens CCL19 (NP_006265)
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Fig. 5 Relative expression of the CCL4 and CCL19 genes in different tissues of X. helleri
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(a) CCL4 gene expression in various tissues of X. helleri; (b) CCL19 gene expression in various tissues of X. helleri. Each experiment was performed at

least in triplicate; deviation bars represent the standard errors of three experiments at each time point. *. P<0.05; **. P<0.01, the same below. 1. muscle;

2. intestine; 3. heart; 4. liver; 5. gill; 6. brain; 7. head kidney; 8. spleen
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Fig. 6 Expression analysis of CCL4 and CCL19 by relative quantitative Real-time PCR in liver,

and spleen during 96 h after induction with A. hydrophila

(a) expression level of CCL4 in liver; (b) expression level of CCL4 in spleen; (c)expression level of CCL19 in liver; (d) expression level of CCL19 in

spleen. Each experiment was performed at least in triplicate; deviation bars represent the standard errors of three experiments at each time point
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Identification and expression analysis of two CC chemokines in swordtail fish
(Xiphophorus helleri) responses to Aeromonas hydrophila challenges

ZHU Chengke ',  WANG Jian', CHEN Linghan', ZHOU Chaowei', LEI Luo ',
DENG Xingxing ', LIU Chun’, ZHENG Zonglin "

(1. Key Laboratory of Aquatics Science of Chongqing, Key Laboratary of Freshwater Fish Reproduction and Development,
Ministry of Education, Department of Fisheries in Rongchang Campus, Southwest University, Chongqing 402460, China;
2. Pearl River Fisheries Research Institute, Chinese Academy of Fishery Science, Guangzhou 510380, China)

Abstract: Chemokines are a large group of small proteins involved in migration, activation, and differentiation of
leukocytes and are key regulators of the immune response and inflammatory response. In this study, we cloned and
sequenced the cDNA of two CC chemokines (CCL4 and CCL19) from swordtail fish (X. helleri). The ORF-length
of CCL4 is 294 nucleotides (nt) encoding a protein of 97 amino acids (aa), and the ORF-length of CCL19 is 333
nucleotides (nt) encoding a protein of 110 amino acids (aa). Quantitative real-time RT-PCR (qRT-PCR) analysis
revealed both two CC chemokines were constitutively expressed in all tissues examined. The CCL4 was highly ex-
pressed in the spleen, lowly in the muscle and intestine; the CCL19 had the highest expression in the spleen and the
relatively lower level in the heart. After challenge with bacteria, the CCL4 and CCL19 shared the same expression
trend. In the spleen and liver, the mRNA level increased remarkably at 12 h, which suggested that the two CC
chemokines may be involved in the X. helleri defense against A. hydrophlia infection. In summary, this study
demonstrates the basic profiles of two CC chemokines in X. helleri and chemokines take an important part in in-
flammatory and immune responses to bacteria. Together, our results also indicate that the X. felleri could be util-
ized as a useful fish model for the research of fish diseases.
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