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Japanese Eel (Anguilla japonica) and the Different Expression of Immune
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Abstract: From January to February in 2018, some Japanese eel farmed in the vaccine center of Jimei U-
niversity ( Fujian Province, China) at 25 “C was infected by bacterial pathogensand showed a certain number of
deaths. A dominant bacteria strain was isolated from the spleen of the diseased eels. By Biolog identification
and 16S rRNA gene sequence analysis, the strain was identified as Aeromonas hydrophila. Then, RNA from kid-
ney, spleen, liver and mucus of 5 diseased and 5 uninfected eels were extracted to detect the expressions of
inf — a, lysC, cox2 and #lr3 genes by quantitative real-time PCR. The results showed that the expression of lysC
was significantly up-regulated between the infected and uninfected eels in spleen and kidney, but no significant
difference was found in inf — a, cox2 and #lr3 genes. The result indicated that the C-type lysozyme was closely

related to the anti-infection immune function of Japanese eels naturally infected by A. hydrophila.
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0 3%

8 (Anguilla spp. ) , fAFREEHEE, SR JE T8 H 28Rl , 886572 40 A T 23k alr | WG FR
M X , e EEER S FANCA =iz —2 H A g (Anguilla japonica) SN EE . WRIE R
X, BREE, WZREMHATGRVGE , o T H A S0 5 Fh i RO T8, T RIZY R A
PR RS PR L, SEARFRIE T B H A SR AN B P 0 kA 2R AR, TRt P R R
TR SRR K B T B e A SO R, R BRI BN R

AR, B S N i R 22 2 A SRR A PR ), I S PP B S e A DG T
UTAERE, A X f S HE R KR S B AT 8 A B T — SE TN TR R A DG R LA A R R B AR KT A A
ARBFF R PRI ( Crenopharyngodon idellus) J&, FF . AL E by EEHALR DTS (mhe -
1) MRRIEHE T (inf- o) . HAIMAZE (il -18) MTIRE (- 1) 554 FhEEHRIEKT
B RAEATRARREE ARG o A5 K08 7K BRI TR A0 K B AT B KL T i 22 0 40 ) 2 I s e S R, 5
BB, BRSO EE . R A AL 4P 22 b R A I TR 34 RS [ AR B A AR AR
B A MK L el N TR 2R 3 inf — o, olrd F1 lysC ZE M1 S pE IR (A8 AL 1S4 i H A g
B cox2 FEP EARC 4/, HRRA PR, 145 M1k, KW HABE b [ IR R g K <R
UL TR i Xk G A 5 R G RE DR 3R R 7K -5 Wil () A DGR I

FH T R A AR 1Y) SR B BB B H FE T SRR, SR H AR BB SRR T A R R S B Rk
PUBL A EEE S, ARFFEI A SR AR IR 5E H A SR E b 73 25 31 1 MRIE /K SPIEE, DL A SR %
Yemg /K S B TS 0 B ABB BN (R ZH 200 cDNA SRR, 5 EVHIAY H AR BE 65 4 Fh 6o 28 FH SC SE R (1)
ALK, Ay BB AT 7K PR M TR RS B AR DAL B4R 2%

1 MRERE
1.1 #HFAKIR

100 FEfEE R Y F A 5 g 1) | 4 8248 A T
WS, RELHR (50 £10) g, 4354
FEFEFERAIE W PO 4 KGR, &
Fhi25 B, BRMK, &2K24 h A, Kild
FEHIAE 25 °C oA, T MH &y 68 o K 5 ()
0.5% , BRI 1K, BBEEFEFES d 5, B
5 SRR S e B R B Y cDNA AR, 8 fi

WSR2 14 d J5 & B 30% Y H A 65 fif H 2L B 1 B A SBE B ME Kk S B B TE JE R R R R
FhEEAR (UL 1), HCS R B R R Y Fig.1 The typical symptoms of Japanese eels infected
s WA FE FAML cDNA [/ 55 with A. hydrophila,it showed obvious mucus shedding

1.2 HENSBS5EFR

TCRHRAET , HEFh AP [ SR H ELAT S g SR Y H A 68 fi AL U 20 21 B B b T IR R
FRRE 3 (TSA) P b (R B TAE & ™ A% PR E R A T O 454 ) , 30 CIEE
24 h f5, BRECEAR B R TE, JFTE TSA LRIZDISRAS AN TR () 2lids 5%, 8 alifb i 240 0 TR 3% DR A7 T
TSA BifgiUE R, FEREE RS R Y 2 54 20% Himi TSB Rzt , BT -70 CHA,
1.3 HBEED 16S (RNA ERFINEHX LB S
1.3.1 US4 DNA f9H I

oy BRI AR R TR (TSB), THEIRHHEFR24h (30 C), BGEEFW (1 mL), &
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L5 min (12 000 v/min) J535 13, HMEILK 4 DNA #2865 & (GENERAY, L) (E/ETFNE,
PR PR SE R A
1.3.2 16S rRNA FEH9H 14 & PCR =¥y 4ifk

SEAAKSCHR 0 S 1 4 B T 1Y 16S vRNA SR - BE, 3149 (GENERAY, i)
3R 27F . 5 = AGAGTTTGATCCTGGCTCAG -3’ 1492R: 5' — GGTTACCTTGTTACGACTT -3', %
FH ExTaq A HE PCR S BRF &0EFF PCR 9784, PCR RN &40 . 5695 CHiAE 5 min; SR )5 it
1735 MEHR, 4351895 °C(30s), 55 C(30s), 72 °C(60s); Hm 72 CHUEIEM 7 min, S 58K,
Ja, B 1.5% MRS RIS I B A7, # IR X DNA B RG] & id #AE 20 B8 i PCR
774 (GENERAY, L), [N 9i% 2 21 1805 B DI RH A BR A "l AT 00T 404 .

%1 Real time PCR H T A5 #
Tab.1 Primers used in real time PCR

. 51975 B KR/ C B
5 [ %z % Primer Primer sequence ( 5'—3' ) Annealing temperature GenBank
tr3-F TGTGGTTCGTCAACTGGCT 55
tr3-R TGCGACATAGAGGGCGTAGA 55 KJ726740
lysC-F CCAAGCGTGTGGTCAGAGAT 55
lysC-R TGAGCCTTTGTGAGTGTGTCG 55 KM454476. 1
tnf-o-F TGAGCACCAGCAGAACTTGAA 55 10793636. 1
tnf-a-R GTGCATAGAACTCGGAATGAGACT 55 ’
cox2-F GGAAATGGGAGCCCCTTACT 55 KP888157. 1
cox2-R GTTGGTTGTGTCCGCTGTACT 55
B-actin-F AATCCACGAGACCACCTTCAA 55

B-actin-R GTTGGCGTACAGGTCCTTACG 55 GU001950. 1

1.3.3 P8 ir SEdE A 2

fifi F BLAST K& T H X7 B 1Y 16S tRNA FEF JF FI7F GenBank B4 2 v 2547 AH AL U X 437
( NCBI: https : //www. ncbi. nlm. nih. gov/) , BEHCH AT 8 Frg /K LI B AN 18 Bl 5256 2 43 25 31| () < IR
MBS, JF HARSE (AZR AR % Ty BT 19 FhHAR IS p 5", SRS
MEGA 5.0 4k, st 4Bk #r M 2 A m W,
1.4 HREEENETE

RN 5 RN AR A B2 B 0 4 TR it 2B A R B A FH AR, i e Sk [12] XA B4l
IR FE YA AR AR AT 0 M, FE . AR, B BER . KA. HEEEE, B
B V=P RN, S4B S 1R, SR )58 2 Biolog ffLAR ( Biolog, 3EHE) #EATHIRAKT-H
Yeig, fimiE 2, ihaibAnETE Biolog & ARG SR HBUE R EAK . MEIEFA 2 mi v B 1 440 8
HRTE, JFTEREMIZEFE (IF - A) PRIFE—EWREE, R 12 IR K 40 5 277 0 2%
196 FLIMFLET F- Ml (100 pl/fL) . fFLAR B T A b5 374, 30 CHFF 24 h, H BiologMicroSta-
tion™ Z2 48 LB I 5 B0 e LA A ERT Y 95 AN AEARFR PR UEAT ELAES , DOTARSEAR LU 4 52 4 A
1.5 ®EHEXERNRIESH

Ay IS RAEEER 5 AR AN, 1 x 10 /T FERRES , S BOR . BT ML B
FHLUET RNA /-9 (TIANGEN, dtat) o, JF46H 2 AR KA T R AE & . SR A RNA 4252
A& (Promega, ) HEEASAIZIA0E RNA, B RNA BEMUEFT DNA B T ALER, 32 FHAZ BRI
AR 1. 0% B BAE FL TR B RNA RF T Bk B AN KI5 R PrimeScript™ 55 —4% ¢DNA {7 &
(Promega, FE[E) i cDNA (FAELBESH U A), S A cDNA fRAF T -70 C, fE&wARm
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B HIFAY 10 pl WA Z . SYBR GreenSuperMix 5 pL, #8407k 3.6 wL, ¢DNA Btk 1 pL, 1E[RFI
MBI (WE1) 0.2 pL, HAIEBEIBTE LightCycled80 255 (Roche, ) AT A RES Y
L, RIS Z, K10 pL B NAKRZR 95 CHAEYE 30 s, SRIGHEAT 40 DGR (43510 95 C, 10 s;
55C, 25s; 72°C, 15s), )5 72 CHEM 10 min, FFIARIEEIEEIER A 2 22 B 52 U5 , ¥
ALFRSE IR BEE ] SPSS 22. 0 TR I 22500, LAUTASECE B9 F-2ME + FRifETR (mean £ S. E) 4K
e,

2 H#HR
2.1 S BEHERESHE

B EARTE TSA AR B iR, R, Hiugasss (WK 2), s F g K E
SRR, BOMEE, EWAMWE (WE3),

2 B101 B#k7E TSA FilR LW EEES B 3 B101 B#kERRTE THEERS
Fig.2 The morphological characteristics of Fig.3 The morphological characteristics
strain B101 in TSA plate of strain B101 by electro microscope

2.2 HEBEEHE 16S RNA EEFIHRZEXRBE S

W DR A5 2 1) 43 B TR 16S tRNA 5 43 BE K7 51, 3 i NCBI - blast #FATAHRIME LLXS 5, &
IOy B R S WK R AL (99% ) B, RGBT BIEE R BIR T 5385 i 5 g K <
WRE—4d (WE4),
2.3 NEEKRMNEREUEE

ARPRWFFEXS 53 B TR A TR AN ) G5 R i =<, Bt MR . KR . HERmE . b
UV =P RN BAYE, 54 A S 282 R BATE . 1T Biolog H A= M) 48 R 58 508 43 15 1A 5 B 7K S
RS E AT REYE (PROB) b 0.589, FHLIMEFEEL (SIM) 2k 0.589, filfE (DIST) 4 6.037, Fg
TR B P R A AR P A A A AE AR LR 2, 255 70 4 5 L o 1 40 TR R B K B T
2.4 BREERERESH

FERFRE, S IEH B RIXME Sa R, HAKRRE (ERRE) M, a3 EARRAZEL, mf
AR LI, cox2 Fl lysC EI—E BN TR, FEMNET, &REEMRIAWE Sh FoR, dr3
tnf — afil con2 EREINH —EFERER) LIH, IysC BB EVER) LIH, 2B NEp, & 3EH )RR WK 5¢
TR, 3, inf—a Flcon2 I —E R L, IysC IR EEN LIE, fERWRR, SEENE
KW 5d Fon, i3, con2 Ml lysC LI —EFEEER) LIH, inf B —EREEAY TR,
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A.hydrophila B44 (JQ040110)
. hydrophila TPF-2MH133035.1
.h. hydrophila WCHAH045096 (CP028568.1)
. hydrophila H42 (MG428840.1)
. hydrophila HZN-98 (KT364219.1)
. hydrophila DC2N-3 (MF716692.1)
. hydrophila SAS13 (MF612172.1)
. hydrophila B28 (JQ040104)(2)
. hydrophila B57 (JQ040118
. hydrophila B55 (JQ040116
. hydrophila B51 (JQ040113
. hydrophila B28 (JQ040104
. hydrophila B27 (FJ494900)
A.hydrophila B26 (JQ040103)
ST A.hydrophila B20 (JQ040102)
A.hydrophila B10 (JQ040101)
A.h.ranae CIP107985T (AM262151)
A.h.hydrophila JCM3995 (AB472954)
A. hydrophila B56 (JQ040117)
—“ B101
A.hydrophila B50(JQ040112)
A.hydrophila B31 (JQ040107)
A. hydrophila B32 (JQ040108)

A.hydrophila

~ o~ o~ o~

>>>>>>>>>>>>

A.hydrophila B11(FJ494891)
A.dhakensis P21 (NR 042155.1)
— A.media M2C205(KU363341.1)
A. trota ATCC49657 (X60415.2)
A.caviae ATCC15468T (X74674.1)
A.caviae B14 (FJ494894)
A. punctata MS12 (EU770300.1)
A.culicicola CECT5761 (AY347680.1)
A. veronii ATCC35624 (NR 118947.1)
A. veronii B69 (JQ004789)
A.jandaei ATCC49568 (X60413.2)
68 A.jandaei B29 (JQ040105)
4| A.schubertii ATCC43700 (X60416.2)
54 A.simiae IBSS6874T (AJ536821)

n

A.eucrenophila NCIMB74 (X60411.2)
57 A.encheleia A1881(AJ224309)
A.molluscorum 848T (AY532690)
A.popoffii LMG317541 (AJ224308)

A. bivalvium 868E (DQ504429.1)
A.bestiarum ATCC23213 (AY987757)
A.S. smithia ATCC 49393 (AB027544.2)

A.sobria NCIMB12065 (X60412.2)
A. rivuli DSM22539 (FJ976900.1)

53

0.001

B4 EF46MFIHEN 16S rRNAEEFIRELEH

Fig.4 Phylogenetic reconstructions based on individual analyses of the 16S rRNA of
46 sequences using the neighbour—joining method

http : /xuebaobangong. jmu. edu. cn/zkb



- 254 - R (AP %524 %
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Tab.2 Biochemical characteristics of the isolated strain and Aeromonas hydrophila

. NEE - . NEES S EHE - .

5 W ik 51 W ik

Test i The isolated ) - . The isolated ) .

est items . A. hydrophila Test items . A. hydrophila
bacteria bacteria
WIS Dot I - KA
WIS Dextrin + + L — aspartic acid * *
D - ZZ2FHE D - maltose + + FEE Pectin + B
D — ME5HE D - cellobiose + B L — 28R L - serine + +
D - 2$Zf?:*% D — cellobiose - B %ﬂ%? Lincomycin + +
FEME Sucrose + + ELFAIT Guanidine HCL + +
IK T Stachyose - - TR US4 C,4H;3,NaSO, + +
FHP4: X R Positive control + + (11215 HEPERR D - gluconic B +
_ D — F AR
pH =6 + + D - glucuror?ic acid B B
D - H3KPHE D - raffinose - - HIFEREEN Glucuronamide - -
a—D - FBE « - D -lactose - - AEER Mucic acid - -
B - W5 - D - A % JE 5 Ouinic aci - -
B —methyl - D - glucosidz * + FJEHR Quinic acid
N - 2Bk - D - EIEA EE Y,
N —acetyl — D - glucosamine : + + iR Vancomycin + +
N-CWk-B-D-%AHH
R B B PUBEEE Tetrazolium violet B B
N - acetyl — B — D — mannosamine
Mzwz] 177
N- LB -D - :l:?L*%E# + + PO Tetrazolium blue + +
N — acetyl — D — galactosamine
- .. X‘T%@%%ZM p — hydroxy
D =K D - salicin B B — phenylacetic B B
o - D - FE%hE Sofdligis oL
o — D — glucose H + + FHEEBR Citric acid - +
D - ‘H‘%?b% D — mannose + B D - ﬁ%ﬁg{ D — malic acid - -
D — JBE D - fructose + + FEFLER D - malic acid B B
D - 2EFLBE D - galactose + + BEER Acetic acid B +
I _ FA 73y _
1% FLIREN 1% Sodium lactate + + o b %:gTﬁ& @ — hydroxy B B
— butyric

D - ﬁ’f\ﬂfi D - serine + + Z“MZ)M Acetoacetic acid B B
D — HEEEE D - mannitol + + T TR%M Butyrate — sodium + +
Hl Glycerol + + FHEEEZE SVRifamycin SV + +
D - % -6 - BiiR o
D- ﬁcﬁﬁ 6 PO?L%@& + + PAME Gelatin + +
D - A -6 - Wik B + FEATHkEE 2R Oleandomycin + +

D - fructose -6 — PO,

P, “ 47 M BHE

Notes: “ +” is postive;

«“ ”

HBATE; “B” Rl SHE

“ =7 Is negative; “B” is borderline.

http : /xuebaobangong. jmu. edu. cn/zkb



55 4 1] ISR, A HAS BRI K R R 09 70 5 4 5 S A DG N AR R B F 5 - 255 -

® [ SRR Infection A& YL Natural
5.0 7
= 45 "
% 40 .0
g .2
g 35 7 s
Z 30 |7 | &
E ‘ = 4
5 23 [ z
w20 . E 3
= 1.5 I Ko, i
1.0 g2 . ”
Y
0 ) 0 .
1r3 mj—a ly.s‘ C cox?2 3 lr;,/'—a lySC cox2
a) N Liver b) BEAE Spleen
5.0 * 5.0
£ 45 - £ 45
g 4.0 g 4.0 I
© )
2 3.5 ‘é 35
3.0
= £ 30 [
2 s [
® 2.0 ®
=2 x . 2 20
B 10 I B
05 I T I 1.0
0 0.5
ilr3 tnf-o lysC cox2 0
tr3 inf-a lysC cox2
¢) BN Kidney d) i Mucus

LT« 45 2B LU 3 AR HE R R (n=5) , RS RN ALK LRI 5 A RIS (RS LR
A 5.3 % 5 (P<0.05) .

Notes: Data are expressed as mean + S.E.(n=5),asterisks indicate that the significantly difference from the
natural state (healthy state) at P<0.05.

B 5 BRBEREKSEMER R AL A AT AT AR SRR,
tr3 tnf-a lysC F cox2 M % & B B B R 1%

Fig.5 Expression of I3, inf-olysC and cox2 in liver, spleen, kidney
and mucus of Japanese eel after natural infection with A. hydrophila

3 itig
3.1 FEKSEBEREREE

RE KR SR JE TR R (Aeromonadaceae) ST J&E (Aeromonas) , 1] UYL — R 5]
HHEZHY, AEAZE, AT R R IRA T H DL R, 1B AT 5 K sh 4 R
WCIILAE , 1 FL3A 5 5 H At D e Ik Rk e, B XK = R s B T P E I e TR L ARk
X T 7 i (Mylopharyngodon piceus)'™ | ¥ V) ¥ (Truogx sinensis)''® | 21 f5 f# (Salvelinus
Sominalis) """ 32 gAMYL I ELEOR BRI E A RS
3.2 SEEMRNERE

A B TE A e AR O B2 2B A S 32 R 16S rRNA R )51 43 BT, H1 T 16S rRNA [
TEANBE R (Fh) PUEEEGRSE, LT n LAXHATA A 40 % 20, R o [ R 24 TG vk vfe
BaIX 5y, ANREHER S R BGPTSR BT AR B2 A % 2 7 IR — 2 %558 . Biolog
H ST ) 2508 R GRG0 A0 o Y D B e A N L B R L WL IR R O T ERAYAE 95 Rk I
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MR BLEA T 200, 220 I IR A P R 2 et TR, JFEAAHE T
BC 2 PG FR AL A . AT ESR B9 H A g AL IE rh 73 25 4l Ak 15 31— BROC SR BK, 7 16S rRNA J
WRGLZBER T, L B101 HikS CHGE R K TR N —C, (ER SRS /BRI B50
B31, B32 fil B11 B RE|—#, M n] BERAmAIR ST 22 5 BT ek, 70 85w B0 20 AR B AR AL 3
SERL RIS . Z22ERE . THORRRIT T R I A g K RN R 1) R B R AR Y S T R I S A R
—3 Biolog BELE R 3 FhEE S5, 1) PROB {f. SIM {EF1 DIST {8, H SIM f =0.75,
DIST {H <0. 50, PROB {H#4Z:3E 1 #AF > AU FT 25 0 iR /388 1 S5 W8 /K SR 1Y) PROB {HH
0.589, SIM {H}0.589, DIST {HH6.237, S8 (fAZSERANG %5E T K BT By bR Y e . 27 2
HEL KR, LB BERR . APIERRAURICY S e K M AR, A RE . D - 22 H R
Treams . IR, 22200, AR, SRR A A A S E AR S K R I — 2L, B Bi-
olog RELHEMELTNEK MR, (HILAF/E—LE225, BT Biolog ¥/E RGNS H MK H KL,
WGk e = AR AT REIR T IAMORIRIHIIRZE 5 . S5 G AR LA S E T e 4551, W A E 43
BRI E K R
3.3 EBEKSEBMEBRBRREX RRIEXERERENZI

G RGN I RE T B LA ANE R 28, AL ZEd A B fasE . f2RIE NI
HHESY, [RIREELAT IR SRR S S e I B LA 2 AR YRR S o B B R 1 SR SRR e i K S B i
TR H ARBB L ZUE R cDNA B, #1726 PCR, K 43 | tnf — . lysC Fl cox2 &R A 1Y
A4k, 3 TR L, A E AR RN Z IR, R W T AN, ATAS S HUA R E
SHEN A TR, A R AT — R B R A MR PO AR IT 45 S R A 8 i
JRYLTE K B T 3 B mnf — o SRR A B E WA, Lin 557 0 0F 57 45 1 £ W 6]
( Paralichthys olivaceus) FMLEE ( Oncorhynchus mykiss) YW /K PMEAG , o3 %A BHER L,
W/NR WG R IR A AR S K SRR 2 S, oS - o WA B AL, AW
FEUH SRR IE K B T () H AR 103 TN anf — o RE7eA A A, IR TR ER A N 2K p
TP S T2 —, FTRENUA s B oI i i (9 FE T2, I C AR VA TR I — A28, AR
FEAER IR LysC TR 08 B[R] 20 2 S AN [ R2 B8 A b G HOE 7 B I R ML v o 308 8 3 v
5, Ye S5 RABISY okt 7E R RS K S MBS LysC FE R R ZH S B — s R ) i, X
TP BRI R TS, cox2 25V AW F R B p ik B, B Andn i Rl . S
BRI ISR AR AT AR s H ARG B K AR T Y H A BB con2 AN 4577/ i H AR
o cox2 TEAZEHRYLRE /K BRI, A Rrilk— B RIBIESE .

s

i B, HAREYLRE K S AN 1Y H AR BB, o3 . inf — a Il con2 WA B EVERARAL, LysC )
S IANEIRR B B, U HORAE R A E B, BB ysC RT LAVE A JER % 9 KA B TR 5 1) R
fEr.

[ &% Xk ]
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