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(L BRINIBE R A AR fir B2 e TR TR 221116
2. {U0E 2 ) A R B S50, V08 RN 221116)

WE: NEaa b B2l had, BdWAFWE & HE &AM 16S tDNA 7 7| At
SEUENHRTERAE, AW RREREW, ZEM ML 2 AR AR L SHIRD &
FR A A R BLE RNA, £ Biotin 7% St ARiE 5 A 15 617 /> cDNA F B iy 3t & & 2 F %

(affymetrix) 48 38 ff 6 A, SRR BE D 1 X Fk it X 2 R kA 2L 88 A, oA 74 A L
RAEEF 14 NTHEELALR ;S — P RFEEF SR E(GO) 47, W # 88 Nz F ki
HEPHSANENFH®, AP EES G AMRBE 2B R BBk B 4 R R | 28 18 B = 3
FmIRE ARIHHER BELEFRbO R GEERAEN AT, AR #TEETRE
(pathway ) 44 , % £ % 8] MAPK (hsp70 .daxx .nfkbiab) JAK/STAT (ifnl ) #1 TGF-B ( thbsl ) 4
FERESERD aHRIARTEBRAERLAENE, RAXESE P EfkE 8 L%
Bk % AR K B T e FE I, 0 KR DASE T & Sy ME AL B R & 3K R Bk R D e B AR B o F AL R i

FERE

KW HRATRBRATE; D& Jk; RRMAER; £&; ZAYGH

HESES: S917; Q 786; Q 939.91

#0288 Bz ik A 5 A KR GV 40 L L L W A
FIFLAA 43 106 41 it ( antibody-secreting cells ) , 5 H:
EIEYEY BT AL T HEARS i AR R (A
U B UM gk N BE S X R ( Ictalurus
punctatus) B} 41 B4 ( Epinephelus coioides ) %5
02 B RIS A B R S A L
B IR AT W PR AT LA 2 5 R AP AILAA, B 180 g
JEA G Y BFSE R I8 M S R B AR LY
T AR SR o9 N S S M s 8 R O 1 L A
BT B, KRR T B LR R G G A
Ab X JE AT RB A A B A S LR A LR, —
R E AT ST Y B IR 9% & 458 (skin immune
system, SIS ) . X} A | W L, 3 49 1 #8261 BF 50
T, B BRANCELA A Rk S e e D) g, i H 2
ESHUACRR S P S g (0 e i TR | % 4 A B0
B RO B A At R0 SIELB AR L, &
TS P IR AR S e A A T AL, i

Wi BEHE:2011-08-21 1&[E] H#7:2011-10-31

XEIRERG A

P+ HE

I AR T & ( Citrobacter freundii ) & —
Pl N—f— 7 B SO, nT g R A
WL Bh iy L e AR RO S
(Danio rerio) fF Jy— Mg B AAY), © T 2
TA K L& w L. s A B B4 4
B SEARR, 36 F A HLIAR R G
BB 2T Bl RS R AR E A
FRE D A A0 28 A1 56 3 N R kg & pF gt
Meijer 45"/ SR ] 3 i AS [l £ 35 RS 1 (45 465
A JE ) X o B W ( Mycobacterium
marinum ) &Y B BE 5 fa 1 56 R 3R 0k 5355 o b %
WY, 345 159 MR 22 3Rk B 3% — 3, FEW
FARAE L G55 ERPEM LR 124,
W A DL A OCHE i cDNA S8 i R i 28 5 1 £ iz
JR S REAH OG22 S R GR BE IR R il . AR SE DL
U5 o QAT A R AT TR JR e 175 5 1) AR B 5 £ ol 512

FENE - [ R A RRLA RS H (30800847 ) 5 Y15 Hif ™ 5 LA2” (2008)
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LianiE7/E R ISR 3 IS NS o5 N o VT N
PERH I A T 14 L & LA, B A B 12 T
prifieft—Emit 2% .

O RS WIRES

1.1 SR

%I 4 ¥ A1 ( Ctenopharyngodon
idellus ) Wo 1 VL7548 1M T B3 1 4, 0 UM Jo o
2y 500 g ()5 ] T A0 B o3 B 5 B AR R B D £
0 B RN T HEAE 5 3, A ] S 3 R 3R K
AR SR B R K G A Y i s i i T R
WAL IRE (25 £1) C 6/ BRI R (12 h/12
h) 50 MR FR 2 A, e A (@ e T TR

BRA BIRIUE  EZ IR (MAC) |
JUFT 20 AR AL g B 45 2 4 GYZ-15e S5 H
BUIH A= i A R F) o

AEEA cDNA 5 Jr kB 1 £ 3R IR 150
F ( Zebrafish Genome Array, GPL1319) , Hy 3&
Affymetrix 23w B, HoAL & P00 B8 & T
K H GenBank , UniGene 7 $t #5455 72 v 42 35 1) BE
L SN A T8, B 45 15 617 AR5, A ] 7 1
i 14900 ML SRA B L Fak b T
1.2 LA *

Ak B AR L AR E RHKW
O3 85 B WEHL W RIT EEAT , 20 B e A AR
E S BROCHR[ 20 ] 7 kAT

A % DNA 323 . 16S rDNA X K 49 PCR 3
HARGHEMAK AT SRR LR A
PO & (g AR ) TR S |)) SR B
&L DNA, DLE DNA Sy, >R FH 40 8 519
F27 Fl R1492 #F17 16S rDNA L[4 PCR j=
Yy pMDI18-T #fA (TaKaRa A H]) , Fe b K
FF 1 DH5 o i 128 BH PR e, 3% 248 T A T ( |k
) A BRAFIF . K kY 16S rtDNA JE [ 7
5|3l i NCBI /) BLAST #:% R 4t (http: // www.
ncbi. nlmlnih. gov/Blast. cgi/ ) 347 ¢ 51 [a] I8 1 43
#r, >R FH 2B 4%3% (Neighbor-Joining ) H i R Gk &
B, I 1000 YK H 2% 53 4t (Bootstrap ) 47
EF EEA

B &R GRE KB E R T E R
iR 28 CHHIEIE SR 18 ~ 24 h, T 1A 4 31
KRR T & B R, AT BER B R 10°
CFU/L %} B B 1 3k 47 32 3 & e il 5, 1296 10

min , WELHE Lt LR FAL TG O, 2 MEE 7 d,
Xf RRAH IR T 0. 65% Jo e A= BRER K v, Bl L
PEHUA S 7 h [ BGRAURI XS R4 4% 20 BBt fa
PO W R AR IR G )5, A TR A
#wH.

RNA 2 FU% cRNA #) &%, ARt Fe s 22 X
i¢ Affymetrix 23 m] S 4IE #E AR 64T, 2 4R
Ve, At A Y A R SR, R
R BE a7 Ik B RNA 28 Qiagen /3 F] 1Y)
RNeasy Mini Kit 4fiff )5, 2% Ji] Affymetrix One
Cycle cDNA Synthesis Kit & i 5.4% cDNA, &
%) cDNA #lifk J5 , Z& GeneChip® IVT Labeling
Kit 58 i, cDNA %% 55 M Biotin 525G HR 1T
Biotin ZOGHRICH) cDNA R Bralifb )5, i ith i 4%
SEWIMAZNE 7, 76 45 C 60 r/min S5 F 4t
A% W FF 4 16 h ( Hybridization Oven 640,
Affymetrix 2Aw]) o JRCA T W e AR AE
WL A VR, 7800 VR Ja , HEAT BERES v 4 4
o3HT

R A28 e BAE AL FR AT G H ATV
& WL R B B 2R B Affymetrix GeneChip Scanner
3000 FEATFIH , 0L X K BE 4 B 2R AT A
B, 55 B B 5L RO 9 15 617 A FER 28 58
R BT 3R B 2 P8 N ] GeneChip Operating
Software (GCOS 1. 4 ) {4 # 17 B G2 11 43 #r o
SR A 50k B 2H 6 P Gk i Y L (ratio) =2
5 =0.5 (5L R f 08 25 e B R o ] I %
22 e RIR HE P, 225 NCBI 23 M504 [ (http
// www. ncbi. nlm. nih. gov) Fl Affymetrix 2\ &)
FR X 3 1R 5 38 22 (hittp : / www. Affmetrix. com )
B OCH R RE B P R T 2. R
TORRAT I DA A R T T R e 175 8 A R 1) 1
TEYIfE , iz JH 38 P& 4 #f 1. 2 GOstat 7 (http: //
bioinfo. capitalbio. com/mas3 ) | #F 17 1@ %
(pathway ) 73 , A4 4 55 B B 01 52 B 50 98 AH 5C
R E 26 57 R

2 iR

2.1 EHREE

ME M fE o B 2] 1 AR, 22 R
BAE: , B0 U0 2% T R S AR L R Al s, R/ oAy
(0.5~0.8) um x (1.0 ~2.5) pm( & 1);E4k
FRPEG IR LR 1, & R AR IR R G a7 2= T
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FIWAT #i B} ( Enterobacteriaceae ) 2] 7 4E 1& 50 (8 4
3%, % N Ih AT R AT . PCR 93 73 By bk
[ 16S tDNA JFHIH R 1 505 bp (] 2-a) , il it
Blast X #1777 51 [R] P4 2R, R WX B bR 16S
tDNA 751 5 3 [RFF IR I DSM 30039 45 A
PRF U5 M 99. 47% , i BUAT 15 IR AT 8
( Citrobacter) 11 PMERF Y 16S tDNA J3 31 ik
TTRGRE T, 8RR, sk 5 o6 KA i
PR AL Tl — 23 3 (1 3) ¢

Bl SEERMEEERERES(ARR =0.5 pm)
Fig.1 Scanning electron micrograph of the

isolated strain(bar =0.5 pm)

®1 SBEEREELSE

Tab.1 Biochemical characteristics of the isolated strain

Sz R i H g5

items results items results
ZE 31 motility + 5, 5 FR I $2 i ornithine decarboxylase -
MR EL citrate + RN R BRf phenylalanine -
% BERER gluconate - 4 4¢ 2% adonitol -
FH L2730 58 methyl red test + 11154 sorbitol +
H,S 7=/ H,S production + =S, glucose( gas) +
5| =4 indole production - ABE xylose +
R urease - 4 melitose -

H5i BRI R TiF lysine decarboxylase -

#ifid{f coding value 43 305

W+ R BHME - HEAE.

Notes: +is positive; —is negative.

bp 1 2 3 4

2000—
1500—
1000 —
750 —

500 —
250 —

a

E2 PCRIIBER
(a) B 16S rDNA PCR ¥"34; (b) B K2 Jk & RNA,
1. DNA marker; 2.16S rDNA; 3. %] l841 ; 4. J&YL4

Fig.2 Result of PCR
(a) agarose gel electrophoresis of PCR; (b) total RNA isolated
from zebrafish skin. 1. DNA marker; 2. 16S rDNA of the strain;
3. control fish; 4. infected fish.

2.2 HMO&ERFARE

B o FRFTRRIRAT B 0 B R X B ) 1 9 yf je
U, 25 3R], MR FRIR B2 25 TR, 24 ~96
h BILART 66. 7% o JEGERICTHIBE S 5L L
B ST I, BRI K S AEAR (P 4) o X R4
BET 1 TORR AR AEAR

2.3 HMEOBRKREEXER

AR ERF T A IR A TR B 15 4 AR 6
0 17 J SRR RNA (8] 2-b) |, 48 Biotin ¢
JEFRC S 15 617 4> cDNA - B i) Bt 1 £ gk
PRt e  Affymetrix) 742 I 36460 7 375 88
A B R B A OG22 S R ] HeH g 74 > B
FAk LA (ratio =2. 0) F1 14 AT KK A
(ratio=<0.5) ; 7EHE £ fz Ik ZH 21 88 4> 22 Sk ik
FEh R 83 A R RERE L5 AN ok
FNTh e B 3 K (LOCT799904 | zge: 173545 . zgce:
92049 \zgc: 64115 Fll zgc:64003) , #H— ¥ 88
22 S IR B i B R oy T RE T R
MAS R4t , 17 GO(gene ontology ) 73 #r, 45 4 A
UL £ f7 JIRZH 2 rp 88 A 22 R GA BE I 259
K 8 T A2 E DI RE, Horh E S 5RMARIE (9,
8y, c8B.c3c.c3b cfb) . ANEW L (a2mi tfa
cp .agt, ambpl) | 4 Jd J& 1= ( bokb | bagh , wdr92 ,
pdcdi . pdcdAb | nfkbiab | nfkbiaa) . Pr )7 T2 2
(mhcluaa thyl .mhc2a) 24 g T F2 45 Bt ( scarbl |
pvril3 .oep .wni8a .dnd .cldng .cldnf .cldnd) B[
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4
(a) XfHRZ;
Fig. 4

% C freundii (AJ233408)
AC freundii (HQ399663)
C.braakii (AF025368)
C.murliniae (AF025369)
C.werkmanii (AF025373)
C.gillenii (AF025367)
100 —— C.koseri (HQ992945)
C.diversus (AF025372)

100 I: C.farmeri (AF025371)
C.amalonaticus (FR870441)
69

| C.sedlakii (AF025364)
IO 001' 76 C.rodentium (AF025363)

100

3 HRE 16S rDNA EF FF 5I#3E ) NJ &
ARSI
Fig.3 Phylogenetic tree of 16S rDNA gene sequences of the strain

A indicates the isolate.

T (f5) ML/ (feg feb fga  thbsl) LI K
O DR 875 D S 7 S5 i 928 o 2 3k 5 O HL LA B AR 6
2 ) i ( defense immune response ) | i/ ¥ Sz W
(response to stress and stimulus ) J7 1] B9 22 F ik
R Z, di A 535k 29. 55% il 23. 86%
(FE5) o [A) AR 46 88 4> 22 5 2 1k K& A Y ratio
1B, MUK 25 > 22 5 38 BE DR I 96 B 1) 53 - 20
® R AR EFT B 4 BT , 45 2 4601, MAPK {3 5

S R A S 8 1% (hsp70 . daxx . nfkbiab; P <0.01) . JAK/STAT
(b) KRIAL. T 5% i #% (ifnl; P <0.05), Wnt {5 5 il #§
Pathogenicity assays in zebrafish by (wnBa; P <0.05) Fl TGF-B {5 5 it # ( thbsl ;
using C. freundii infection P <0.05) %2 55 8 1 kT 96 (AT I IR AT

(a) control fish; (b) infected fish. @%%ﬁﬂ%‘:( %% 2) o

FMABE complement activation,
7.95 %

A % Macute phase
response,5.68 %

41 3R it cell adhesion and
migration, 10.23 %

PUE N T3 Rantigen processing
and presentation, 6.82 %

41 2 T-apoptosis,
9.09 %

[51 81 3 % ) B defense immune
response , 29.55 %

/B B4 platelet activation,

N3 % Mresponse to stress and 4.55 %

stimulus, 23.86 %
kI Rl Fcoagulation factors,
2.27 %

5 S8 HDEFRKRRBEXERNS FIHEESE

Fig.5 Functional annotations of the 88 immune-related genes of skin in zebrafish
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Tab.2 Immune response related-gene in zebrafish skin
GenBank 2= AR GenBank 2 S
Bk A fold o sl A fold
R gene . gene
accession no. change accession no. Change
BQ284848 FME9(9) 3.98 || AW421213 FENHER AL ( pah) 2.55
AW019689 M4 8,y IK(cBy) 2.16 | BI673274 MUSS81 N VIR R ] 47 ( mus81 ) 2.43
AW116668 AMA 8, B EEMA(c8B) 2.290 || AF349034.1 B E AL (mpx ) 5.33
BM036389 #MA 3e(c3c) 2.48 || AA606011 4 B B B 140 (mmplda) 2.37
NM_131338.1  #MA&P+ B(cfb) 4.45 . MAP 5 A8 AR FH 22/ 95 28 1R 86 1
. BI705604 2.44
AUTT673 FMA 3b 218147 (LOC100149939) 2.29 (mknk1)
BM316867 o2 EERE [ (a2ml) 15.06 CDO14748 A fo, 22 P450 3A LK R £ Bk 65 5 35
BMO57464 FEAR 1 (tfa) 6.36 (cyp3a65)
BC048037. 1 M (cp) 2.24 || BC053263.1 i {5 2% b5 (cyb5a) 2.54
AY049731.1 M55 5K i (agt) 3.85 || CD014874 /KB B 12 (agpl2) 2.28
CD014745 ol Mk 1 (ambpl ) 2.58 || BE693167 #RNEEE 1 B(apobl) 6.10
AY135716.1 T 1(ifnl) 2.64 ||[NM_131264.1 F5& (K 2(ahr2) 2.52
BI885399 FHZFHET 2 8545F M 1(irf2bpl ) 2.09 || BC053218. 1 BCL2 AH 3501 5145 5:H ( bokb) 2.96
BM095841 FERRTE I b 454 14 2 (ighmbp2l) 2.05 || BG303781 BCL2 {367k 4 3P 4 (bagd) 2.22
BC052765. 1 R RAE R T, o 7552 11 8(tnfaip8) 2.17 | BI840078 caspase FAZLIH L (DKEY-102. 6) 3.56
BM956789 JirIRE YR FE B 732 A AH 56 2 1 (ttrap ) 2.18 BER - RINAARBELZEH 92
BC045371. 1 OGRS 3 (atf3) 2.03 BM025856 (wdr92) 370
BQ093532 H1LHE T CXC & (cxer7b) 2.21 || BI983388 PRSI IAE T 7(pded?) 2.14
BC053242.1 B 4ffi5 {3 A 4 (btgd) 2.97 || BC045513.1 FEFESNHISET 4b( pdeddb) 2.29
BQ284855 HEEELE S BEEZ 1 (Imanl) 2.00 246776.1 FRALMAE R A K12 UAA B 203
BM533848 HE4E 2 (1CH211-250E5. 11) 2.30 (mhcluaa)
BC050502. 1 KR 4 25181 (LOC100000152 ) 2.72 || AY157574.1 Thyl 2 HTRE (thyl) 2.06
BC044508. 1 ras FER K 51 GB(rhogb) 2.04 || BCO44516.1 B 3518 RS2 1 (scarbl ) 2.30
BC044471.1 ras FEFIGEHE 11 51 B(raslllb) 3.21 BMI82506 BHEK T RIREZEHEMEEEA 3 9 37
NM_131128.1  #jig#E 1 A-I(apoal ) 3.39 (pvrl3)
BMO71714 P MELE A R R R 3 ( DKEYP- 5 49 NM_131092.1  one-eyed pinhead(oep) 2.24
98A7.10) BM861543 LOC799904 2.10
CDOS3071 Hﬁ%%ﬁém K:P4F 2 mRNA 254 7FH 3 513 NM_130946.1  wnt8a 2.29
(igf2bp3) AY225448.1  FMEILH (dnd) 3.55
BC044456. 1 75 14 18t ( prkrir) 2.12 ||NM_180965.2  /K[fIE& M g(cldng) 2.41
CD605575 B REHOBOE B5 A 1 EE I 1 (orail ) 4.41 ||NM_131766.1  /K[f7% 4 f(cldnf) 2.46
Al667252 FET-HHCHEE 1 6(daxx) 2.01 || NM_180964.2  /K[il&EH d(cldnd) 3.21
BG306394 unc-51 FEELT 1 (ulkl) 2.12 AI791598 WwEEEEAR T B MUY 0.34
BM101522 zgc:173545 2.81 (LOC557557)
BC045868. 1 V- AR R Z R (feg) 4.83 || BI879542 IR v e 40 L5 P 1 (nef1) 0.49
BI878927 £T4EE 5 BR(fgb) 5.43 BEO17652 NG 22l 175 5 1) Il 96 3 A8 IR 25 Bl 4 0.48
BG729013 LA R o £ (fga) 4.95 (LOC561592)
CD606451 eI PR F- VI ( LOC100147976 ) 2.07 || BC049401.1 CCAAT 3458 F456 1 B(cebpb) 0.47
AF515275. 1 BEMPE TV (£5) 2.28 || BM185859 L F CCL-Cl1b(ccl-cl1b) 0.48
BG306502 PURTEE [ 9002 (hsp90a. 2) 2.64 |[NM_131062.1 CC BUfafbHF 1 (ccll) 0.47
BM103343 PR 1 90al (hsp90a. 1) 2.69 || AI793480 I/ 3 5 1 1 (thbsl) 0.32
AB062116. 1 PUATERIE SR [ 70 (hsp70) 6.86 || NM_153657.1  FiFlIRZE Nt AL & (ptgs2a) 0.33
BOO5359. 1 DnaJFHsp40) [FIIE MK 7% B Bt 1b 533 |l BCOSO175.1 B #ififl k i;ﬂk%iﬁﬁﬁ%ﬁ%?mfﬁﬂ 0.32
(dnajblb) [Kl-F( nfkbiab )
NM_178298.2  filizk [ P(sepplb) 5.93 AWOLOL05 B 4 w A% RS R 1 5 A% IX - 4 041
BC049475. 1 SIRRER 2(mt2) 2.25 AT ( nfkbiaa)
NM_170767.1  GP#E [JE 1 (vigl) 118.70 || NM_131695.1 MHC I J# A o(mhe2a) 0.42
BG303658 I B R 2 (vtg2) 14.58 || NM_131695.1  zgc:92049 0.41
BI878405 B EEAR 1 4 (vegd) 85.81 || BC053259. 1 7gc:64115 0.47
BC045464.. 1 fRARIE S 4 (ucpd) 4.08 || BI882036 7g¢:64003 0.10

TSR3 22 Rk A

Notes ; values are averaged from two biological replicates(ratio=2 or<0.5).
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UEAEAR , 6T I AT A BR AT T 3 B 1 8 J e
PEIR IR ATt Sato 21 F LMK
TEEAG IR HE 1 0 25 Bl ( Mola mola ) 43 15 3 3 [RA7 A5
PRAT TR, SRS K s 3 0B IR FE 0= L ot ol i 4% 5
R o Svetlana %5 38 99 FCAT A AT 1 7 5 2 0T
% ( Oncorhynchus mykiss) g 48 , 808 i B AL TS
R, MRS B 5T R 9B AT R AT I 51
A4k 4% 2 B8 ( Eriocheir sinensis) &Y%, 4F i 1E
SR IR RORT B MR AT W RO O 6
( Ophiocephalus argus) 3 EUE K o ASWFFE N HE
B o B AR AT O AT IR AT T, N T i
B IR e i i 45 I S R B0 bk (LD, = 10° cfu/
mL) , [F] ARG BE S £ A] 5 | Bz Ok i 0 A5 IR
I ST DL AR 5 ER AT IR R AT TR RS 175 ) A4 X
It NS S YR i g e PRLES  BOR A3 H
B JHR G 2 A DG TR - B A LR 5 T D #2805
WA I —E IS 2%

UTJLAF, cDNA J [RLE FFoAR 2 21 T4 0
o &E ( Paralichthys olivaceus ) . #1 ( Cyprinus
carpio) %40 E ML S B A G L AT 9T .
T, Huising 251 438 78 oxe BLIN T4 G0
s 2R A L B S, DL S CXC 324K (exer) 2
Sk b praf A %) B A @l (Argulus japonicus ) [
SRR BRI FRIAWEE R, — Ly E A
T2 55 K 538 I S 8, A4 4 i
HFE &R (il-1l-8) TR (ifn) RS SE A
T (mnf) AL F (exe cc) \Toll HEAZAAK (drs) LA
FAEACEE A A AT cox-2 (55 A NO 451 (inos )
2 il-18 1 tnfo W] R 0E NF-kB {5538 115 S
—HEALR(NO) [y = AT BRAMA TG P4,
BRI S R i 2 ke A & 1 (APP) (it A4k
Vil (po) RIS WM S 5 R, AUH5ETE
B B BRI QAT A5 BR AT T SRR e e i 1 25 o
RKIAME (APP mhc ifn FI mf LA B R IA 7% 2
55 B IR A N 2B, 3K IR ABIF 9T (0205 ik fo 9% 3R
47 (fish skin immune system, FSIS ) fi%) 4% 55 40 2¢ 32
T SR

BT, Wu 2600 SR T3 RS R 7 S R 9 i
R ( Streptococcus suis) YL i HE D £, 3815 189
N 2ERRIRFER W S AP BB ARAE S FMA
ST NS AR B AR e L P 4 . Peatman 251 SR FH

BB 0 v W 9 i 5 Al AR [ 1 ( Edwardsiella
ictaluri) JEH £ J5 I L R R, 45 SRR B,
A5 MHC [ 2857 1M OG5 P& 000 , 8 I
FEALZMAENE SR (MHC) [ 28I HgE
HEE (tfa) A0 R FALBEEE Y (eypla) (M
WL T (mf) FME(C) CEFLHEEELE R (lgals9)
SEHBERGHE R . Rojo 4 R i RT-PCR Jy
o 08 1) 37 1t (G ( Listonella anguillarum ) 18 6 7
SSRGS R W], e 22 h JE RS T
B (tfa) JIgg SRAE IR -2 TR (mfa) 5534 1R %
ik, Ordas 229 DL B G 2= V0 1] R ( Salmonella
typhimurium ) [ BE 2 £ I8 fify | HL G R 3% 58 35
J s R A R R fe R fMALL 2 5
FT PURTEEE A, WPt 2B, X
5 Hegedus 252" L 43R AT BB 1814 B 25
S0E- S PSvN i e rE e 7w B2 L e < 1 AT IS
AR S 5 AR Y 2 S A O R A VR 2 A
[l Z b, 578 TC e #0208 FR 0 G2 sl R R 280 S A e
AR T REAFAE—SEAR LY 2 LR B L] . EAh, Sar
21207 SRR DR T 8 9 43 BT T SRR e o A B
b (R R R A1, 45 R R W I 25 5 Uk
JRNE, FEEALHE Wt il B8 F1 TLR J8 %

S

[1] Zhao X, Findly R C, Dickerson H W. Cutaneous
antibody-secreting cells and B cells in a teleost fish
[J]. Development Comparative Immunology, 2008,
32(5) :500 —508.

[2] XuDH, Klesius P H, Shelby R A. Cutaneous
antibodies in excised skin from channel catfish,
Ictalurus  punctatus ( Rafinesque ), immune to
Ichthyophthirius multifiliis [ J]. Journal of Fish
Disease ,2002,25(1) :45 —52.

[3] LuoXC,Xie M Q, Zhu X Q, et al. Protective
immunity in grouper ( Epinephelus coioides )
following exposure to or injection with Cryptocaryon
irritans[ J ]. Fish & Shellfish Immunology, 2007, 22
(4) :427 —432.

[4] Shoemaker C A, Xu D H, Shelby R A, et al.
Detection  of antibodies

cutaneous against

Flavobacterium columnare in channel catfish,
Ictalurus punctatus ( Rafinesque ) [ J]. Aquaculture
Research,2005,36(8) :813 —818.

[5] Moore J] D, Ototake M, Nakanishi T. Particulate

antigen uptake during immersion immunization of

http : // www. scxuebao. cn



3 1

PR, 4 < 96 TR AR FT BB 6 9 S B S AR 002 5 2 365

[12]

[14]

[17]

fish:the effectiveness of prolonged exposure and the
roles of skin and gill [ J]. Fish & Shellfish
Immunology,1998,8(6) :393 —407.

Nestle F O, Nickoloff B .
understanding of immune sentinels in the skin[J].
Journal of Clinical Investigation, 2007, 117 (9):
2382 —-2385.

Bos J D,Kapsenberg M L. The skin immune system

Deepening  our

SIS its cellular constituents and their interactions[ J ].
Immunology Today,1986,7(7 —8) :235 —236.
Evans A. Intra-dermal vaccination series. Part 3. Skin
immune system[ J]. Pig Progress,2006,22 ;24 —25.
Gonzalez S F, Huising M O, Stakauskas R, ef al.
Real-time gene expression analysis in carp( Cyprinus
carpio L. ) skin; inflammatory responses to injury
[T
Development Comparative Immunology, 2007, 31
(3):244 —254.

Sato N, Yamane

mimicking infection with ectoparasites

N, Kawamura T. Systemic
Citrobacter freundii infection among sunfish Mola
mola in Matsushima aquarium [ J |. Bulletin of the
Japanese Society of Scientific Fisheries, 1982, 48
(11) :1551 —1557.

Svetlana J,Dobrila J D,Lj V. Citrobacter freundii as
a cause of disease in fish[ J]. Acta Veterinaria, 2003,
53(5-6) :399 —410.

WRARE KR, Dl , 55 s AR GBI 5 91 Ffy
BRAT R %€ (] b E B SR 24 3, 20006,
22(2):136 —141.

EPRAE BB W T A S K S 23
BRI E [T ] IR AR R 2 41, 1998, 24 (4)
286 —290.

Sullivan C, Kim C H. Zebrafish as a model for
infectious disease and immune function[ J]. Fish &
Shellfish Immunology,2008,25(4) :341 —350.

PR JEIREE , Jr d AN, A5 il 5L 0] IRE B #1140 i
DNA #9455 [T ]. 7K 7 2% 4z, 2009, 34 (5):
865 —870.

Huising M O, Stolte E, Flik G, CXC

chemokines and leukocyte chemotaxis in common

et al.

carp ( Cyprinus carpio L.) [ T].
Comparative Immunology ,2003,27(10) :875 —888.

Kurobe M, Yasuike T, Kimura I, er al. Expression

Development &

[19]

[24]

[25]

[26]

profiling of immune-related genes from Japanese
flounder Paralichthys olivaceus kidney cells using
c¢DNA microarrays[ J ]. Development & Comparative
Immunology,2005,29(6) ;515 —523.

Wu Z,Zhang W ,Lu Y, et al. Transcriptome profiling
of zebrafish infected with Streptococcus suis[J].
Microbial Pathogenesis,2010,48(5) :178 —187.
Meijer A H, Verbeek F J, Salas-Vidal E, er al.
Transcriptome profiling of adult zebrafish at the late
stage of chronic tuberculosis due to Mycobacterium
marinum infection [ J ].
2005,42(10) ;1185 —1203.
RT5ER, b, WA R g T M. e
AR A, 2001

Saeij J P, van Muiswinkel W B, Groeneveld A, et al.
Immune modulation by fish kinetoplastid parasites: a
role for nitric oxide[ J]. Parasitology ,2002,124.(1) ;
77 - 86.

Peatman E, Terhune J, Baoprasertkul P

Molecular Immunology,

, etal.
Microarray analysis of gene expression in the blue
catfish liver reveals early activation of the MHC class
| pathway after infection with Edwardsiella ictaluri
[J]. Immunology, 2008, 45 (2 ):
553 —566.

Rojo I, de Ilarduya O M, Estonba A, et al. Innate

Molecular

immune gene expression in individual zebrafish after
Listonella anguillarum inoculation [ J ]. Fish &
Shellfish Immunology,2007,23(6) :1285 —1293.
Ordas A, Hegedus Z, Henkel C V, ef al. Deep
sequencing of the innate immune transcriptomic
response of zebrafish embryos to Salmonella
infection[ J]. Fish & Shellfish Immunology,2011,31
(5):716 —724.

Hegedus Z,Zakrzewska A, Agoston V C, et al. Deep
sequencing of the zebrafish transcriptome response to
[ 711
Immunology,2009,46(15) :2918 —2930.
Sar A M, Spaink H P, Zakrzewska A

zebrafish  host

mycobacterium  infection Molecular

et al.

Specificity of the transcriptome
response to acute and chronic mycobacterial infection
and the role of innate and adaptive immune
components [ J |]. Molecular Immunology, 2009, 46

(11 -12) :2317 —2332.

http : // www. scxuebao. cn



366 Ko ¥R 36 &

Differential expression of immune-related genes from skin of
zebrafish induced by the infection of Citrobacter freundii

LU Ai-jun'* , HU Xiu-cai®, ZHU Jing-rong', XUE Jun', WANG Yi', CHENG Chao'
(1. School of Life Sciences ,Xuzhou Normal University , Xuzhou 221116, China;
2. Key Laboratory of Biotechnology for Medicinal Plants ,Xuzhou Normal University ,Xuzhou 221116 China)

Abstract; With water pollution aggravated and intensive aquaculture spread,the occurrence of opportunistic
infections has become a significant health problem in farmed fish. Citrobacter freundii is an enterobacterium
commonly isolated from diseased and healthy animals, including human, mammals and fish, which is
considered to be an opportunistic pathogen. Skin is an essential protective barrier for fish and functions as a
first line of defense against invading pathogens,but its molecular mechanism remains unclear. The objective
of this study is to screen the differential gene expression in response to pathogen infection in skin of fish,and
provide a basis for understanding the fish skin immune mechanism to the pathogen at the molecular level.
Here, a strain of bacteria was isolated from intestine in Ctenopharyngodon idellus, which was identified by
using the morphological observation, physiological and biochemical characteristics,and 16S rDNA sequence
analysis. The results showed that the isolated strain was identified species levels as Citrobacter freundii,and
animal tests showed that the strain was lethal to zebrafish. Immune response in skin of fish analyzed by using
Citrobacter freundii induced zebrafish as a model, which applied the Affymetrix zebrafish cDNA microarray
hybridized to the skin tissues. Total RNAs were isolated from the skin tissues of the zebrafish and labeled
with biotin,and hybridized to zebrafish cDNA gene chips. The expression profiles from the hybridization to
15617 genes in zebrafish cDNA array were analyzed by the GeneChip Operating Software( GCOS 1.4). Out
of 15617 genes in zebrafish cDNA chips, total of 88 immune-related genes were identified to be significantly
expressed in the skin tissues,of which 74 genes are up-regulated and 14 are down-regulated in the zebrafish
skin tissues. Furthermore , the differential expression genes could be categorized into eight functional groups
by using the Gene Ontology ( GO) method, including complement activation, acute phase response, defense
immune response, platelet activation, coagulation factors, response to stress and stimulus, apoptosis, antigen
processing and presentation, cell adhesion and migration, etc. In addition, the analysis of the pathways
showed that the MAPK ( hisp70, daxx , nfkbiab) ,JAK/STAT (ifnl ) ,and TGF-B ( thbs1 ) signaling pathways
may be involved in the immune responses of skin in fish. The Affymetrix zebrafish cDNA microarray is
useful for identifying the functional genes involved in the skin immune defense of fish,and future functional
analysis of these genes may contribute to understanding the mechanisms of skin immune responses and offer
a scientific reference for the Citrobacter-zebrafish model of bacterial pathogenesis.
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