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(1. W EUK PRI BEBR VT K =0T i, Al 30 v 24 Gl il 2 05 S0 86 %, T M 510380;
2. R REOK T S ERE, R 201306)

BE: NBIRIEE SN (Anguilla marmorata) i I NE 53 85 2l AL 3 — #R 5 22 [ R PEAT I M2, A TSR a6 45 51
R, HM2 EABSRAIEOE J1, 96h 1 LDsg A 9.98 x 107 CFU/mL., 24N IS I E . AR AR (L FI ATB

Expression 2 [ s 4l 7 % & UK E

, EEIRFEE R 78 1A (Klebsiella pneumoniae)[AFFAE . LI 16S TIRNA

FE [R5 54T PCR P, RIS IH/NR 1393 bp HIEH 4> 16S rRNA L ¥4 (Genbank % 5754 1X282908),
A4 B 7 41 55 GenBank A1 A9 JF 41347 BLAST Lot 344 g R Ge AL, 45 525 BH I 550l 4% 5 35 11 D 1 () 9
B (100%), ERGEEBW SR REMAWEEN 5%, 50 E Rk HM2 DR e F AW . 259U
PEIR I B 7R, HM2 X RE . SE B R . PORR A 3 P2y iUk, XHaToumk . Psapubl/sahn gt ig . Sk fume
Wy, SkrmphAn . SkAamEls . LIPS T AN . P LR B AR L R ZRERR . RNV A
WA . F AR, RIMZE . WAE, ZHAHRE. AEE 17 AW RA LM, RS RN FIHIK

2GR T Rl R

KRR FEMREW; WA EIAR,; BURTE; XKE; M
NERS: 1000-3207(2013)04-0744-07

HESHES:S941.4  XERFRIRED: A

WIS (Anguilla marmorata){GFREEE | TEHD %,
e 68 fig 40 A, A 6 M SIS AR TR A R ) — Fob, AR
K—B R 331—615 mm, 1A 250 ¢ &£ F, fcEAYT]
ik 30 kg A I o T HABRERSE, WAFR4EAER A
SR, BRTE, HAMYESNERMAE,
HMA& B 5, Dikeiilh B ab & i, AoKkh A
Sz e ABSE, BT AT B 5 K I I A P
TSR L R, DA EE L H TR R G A R I A B oK
PEREIR, 2 9] S 30UE K P K 7K v ity S5 BEL T T A4 68 i
) L 0 5 TS D DAL SO A 68 ) R e
TR, Ptk 868 R WS R, 23R E E KT
RG4S

i 48 58 B 1A B (Klebsiella pneumoniae), J& T
T 1 Bt (Enterobacteriaceae spp.), =& NZSWEIRLIE F1

Yt BEA: 2012-07-16; 1537 H#A: 2013-03-19

[l B R R, TSRS R . IR BRI TR I
SESFIRY I BRE i ARG Aot BE B2
TS 2 0 £ 6 1 TIA 2 T gl R P4 i B 0k o 20 A
P, A N & LR SR R C ) iz AL

UTAEA, TEBREITE ) 2R (Y IR SE AL 2 W
(HLBEH I7 98 B AN TR 7, Ao A o BR
UL B4 25 A2 BB A, F e SRR S Y SR A B | R
S R P TR B o D LT, Rk, AN
PO AT R 25 ) W T T 45 b AR POl A B ifr o T
FUAT, PR 258 K™ JR 58 b i i 1, Hl T
AGHAZ SRS, B 251 B g,
K = SR 2 T AR I T T B 5 RS T R B ok
. MNCHUEMN 8RRk sh¥ o
BB 2 M 2 Y M B L 9 L BRI R S A
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o A U O SRS A K 7 5 B S W B T i
TIRIAE, [ E SR T K TR Y K R R
224 o AR TGRS T Xk DA AL 588 i 4 5 114 Xk 22 Bh 47 8
YT 25 AR HM2 A B0 PR o 2 P T
5%
1 MREAZE
1.1 KRR

FE A B8 i B N T IR YA 5 i >k Y5 ) AR
TS8R IR 5 ), R 10—12 cm, AT 5—6 g
TR A0 68 i LR (B, 20k, IRER RS, MERE
K, 22 ge i bk, JHEE FE i kR

JEEE R R G EIE . MH BUIB RN . 2 REDL
il . SR AR B SR A AR LA
BHE A B H, ID 32 E MAT o 4 1 46 100 45 ik
B A - LR 0w i, 2585040 95 [ Oxoid 24
F P, PCR I FEGRI S8 1 o0 B Atk 22 A A R
Al
1.2 HEHBEEFR

SR FH G T 45 BR800 0088 B T R, 2 0 o Jil 2R
MRS EE |, T 28°ClaEEREFE 18—20h, PRI
AW HE LR LG, FAF—E, %50 HM2, Jf
FALRE A WA ECRAP R L2 VR T, 20 CARIR AR A7 5 FH
1.3 ANIRPIRE

K #oK SRy vk E AT, S50 1R) K R
(2842)°C, R 2 M BILRE 6 MRIEM A, &
B B4y B 1.2 x 10°, 6 x 10°, 3x 10%, 1.5
x 108, 7.5x 107, 3.75x 10" CFU/mL, [&] i 354 fin i
WA BIVEXT IR, A 5e5m 30 . il HM2 &
W T MH W7 28 ClEl k7 B 5% 20h, N TG,
HELSE 7d, MBI SR ALBRE 1Y) K e R FSE T
T 0L, I DI AE AL 65 g 1) JiF U S 4 7 448 TP 43 2 R 4
T o R AR & FCIE T 96h 19 LDs.
1.4 HEENEERSFENFLET

SR FFV A TR R 7 i, A B SR R AR
ARG, FFFINEFT 16S rRNA JE K 551 40 #r

EHEEE K HM2 2 0RIL T RE A KK
TR LR T 28 CIE RS IR 18—
20h, WLEEAH PG 1 A K ARG BUR TR VR T A [RIE DA Z2 B
LA 7 L Pk IR T 5 i R B, R IR )R,
2 I U LS A T T A RN e G R

4R AR 2B SCHR[17, 18K 1E 2

HLBUEFI E, F 28°CIHIRE SR 18—20h ) HM2
Oy HER TN . . VP MR SE40EOR AR 1k
%, 28°CIHIRES IR 18—48h, &M KA S 45 ;[
B HM2 $:80F ID 32 E kT 15 240 1 % i 7 4%,
28 °CfH i 15 3% 24h J5 i Ffl ATB Expression 2= H sl 4
P S B AN (8 [ AR - HLIR bio merieux 2 A T4
FEFG bR A E .

16S rRNA EREFIHH & HM2 #£fH =
MH EFHRGT 28CHFK, BEOWBERK, %
HEANGE LR 241 DNA $REGR ) & id B 5 $2 B4 i B
DNA., 45 3CHR[19]8¢ 34 B 16S rRNA 5#), 1EIA]
5|9 P1: F- AGAGTTTGATCATGGCTCAG; I [f]5]
¥ P2: R-GGTTACCTTGTTACGACTT, H 158
Y ARBRA A A . 16S rRNA K PCR K0
2 (50 pL): 2 x Tag MasterMix 25 uL, P1 1 P2 5|4
(10 pmol/L)#% 2 uL, DNA #ifz 2 uL, i) PAzEK
R, HETPCRY G S 4544 K 95 CHiASPE Smin,
SRJ5 95°C AR 30s, 55°CIR & 30s, 72°C ZEff Imin, L
35AMER, feJa 72°CHAEAf 10min, PCR ¥ 3"
2 1% IR MEEE I UK e, PHAERE S B 1 R
Yo w1, P4 RS GenBank A AH R 751 A T
[R5 B M R Gtk AR R (A 2t
1.5 %

KRR 9850k LR I 3 45 B (ATCC25922)4F
R AT 2 O . 7R 22 FREILEEAE AR kR
BASHE ISR T 2 mL MH W3, 28 CHR% 85 9% 3—
4h, AIJCHAEBEKEBE R, MRBERIEE 0.5
FZ M AR, PR 1:100 F B0 R 2 & i i
2328 1x10° CFU/mL . FH G R 7151 1k 3K & MH
Rigedt b, W At IEE 28°CHE3E 18—20h
JE WL EE, IF AR i 36 1 I R SE I E bR fE AL & B 4
(Clinical and Laboratory Standards Institute, CLS)F5
WA W72 L0 21

2 R

2.1 ATREEAI

N TR R B on, fERYL )G 24h, K
G320 5 AR B8 B I B AR B e T, R
G R, KRR, B, 822 5impk; L
1.2 x 10° CFU/mL 41 3If5ET- Rk 80%, 7.5 x 10
CFU/mL 45t BIBET, FET-%H 10%; 48h B 3 x
10° CFU/mL K& L EAAIIBET- 3K 100%, XFHR4]
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1 3.75 x 10" CFU/mL A 5N AFET- %N 0, ML R
5% [T, 96h [ LDsy 4 9.98 x 10" CFU/mL(F 1)
22 WESEREE

MENESEELSE HM2 2% [ ]
PEFF B, T AR K B A A, Wk
WA, TEZRILIE i FR % 2ERm 6, %
BT, ARES 2R, EALEE . MR BAE, VP I

P£; ATB Expression > H 2l 4l i % 8 (U@ 45 R 12
7, HM2 S fili 8 se FE A, 1D 2h 99.9%, T{H°H 0.75,
FLAIN 7 235 SR A AR AR AR E S5 R GGR 2). HRRL
RELE R B R, BT B ) HM2 B AR 0 55 37 R Fn A=
PA AR 5 SCHR117, 18ThRE R AR IEAR —2, i
43 5 HM2 TRARAF G I 98 5 5 0 B AR AIE o ALK
B T S T ) A 98 8 P4 ) A TR A

F1 AIRBFEREER

Tab. 1 Results of bath challenge trial
TR R e R XL JETZR  Mortality (%)
Bacterial concentration Number of 24h 48h 72h 96h
(CFU/mL) tested fish Mortality Mortality Mortality Mortality
1.2x10° 30 80 100 100 100
6x 10 30 10 100 100 100
3x 10 30 30 100 100 100
1.5 x 10° 30 0 10 100 100
7.5 %107 30 10 10 10 10
3.75x 10’ 30 0 0 0 0
if B control 30 0 0 0 0
LDsy (CFU/mL) 9.98 x 10’

£R2 HEE HM2 BEEE iR

Tab. 2

Physiological and biochemistrical characteristics of the strain HM2

it 98 3 B AH B

it 4¢3 2 1H B

MEITH Test item HM2 . METTH Test item HM2 A
K. pneumoiae K. pneumoniae

AL Oxidase - - o-HI B HEF A a-Glucosidase - -
3177 Mobility — - L-BI {4 L-Arabinose + +
VP Voges-Proskauer + + A5| % Indol - -
MR Methyl red - - o- T #E B a-Mannitol + +
figfif Lipase - - i1 Phenolrot — —
N—Zm—ﬁ—%ﬁﬁﬁ(%‘ ) - - 5-Jii B AR ER 5-Keto-Gluconat - -
N-Acetyl-B-Glucosaminidase

D-7% Zi Bl D-Maltose + + L-FAH7 {1 B L-Arabitol _ _
D-#ii%i#% D-Glucose + + B-F AT B-Glucosidase + +
JEWE Saccharose + + N FREL Malonate + +
D-2LFLHERE: [Rl{k D-Galacturonsaure + + D-1L1%4fE D-Sorbitol + +
JRZ il Urease + + -7 4 B EE R B-Glucuronidase - -
FERAFRAUK f#E# Arginine dihydrolase - - il 4 25 4E 8 Adonitol - +
19, & B R 1 Ornithine decarboxyla _ _ L-filZh% L-Rhamnose + +
1 2 BR IFR T Lysin decarboxylase + + a-FFLBHREE a-Galactosidase + +
WA Inositol + + D-FAlH7 {FIBEEE D-Arabitol + +
o-7 2B a-Maltosidase - + =&k Palatinose + -
D-£-4k — % D-Cellobiose + + L-RAR I % _ _

L-Aspartat-Arylamidase

D-i %1 D-Trehalose + + B-2F-F b B-Galactosidase + +
HI#BET" S Glucose gas + +

e+, FOREME -, FORHANE

Note: +, Positive; —, Negative
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Jils & 5. T AT R A RFAIE

16S rRNA £ & FF 5l 5 #7 PCR ¥ 34 tH 73 B
B R HM2 [ 16S rRNA FE[H Bt 25°4 1500 bp, PCR
PR E T, RAF0 R BeR/NR 1393 bp, Gen-
Bank % 5% 5 2k 1X282908 64 3K 5 1Y ¥ 511 55 GenBank
BEE T EARE Y 16S rRNA JE[H 41 4T Blast,
[ A B R A R e kB . HM2 5548 S B 1A
PO TR i s, [R) &5 B B2 TRl R 38 100%,
HERGERBEW LSRR e EAERE TR 1), ¥
B B 0 5 I T R HMI2 R it 48 78 T 411 T
2.3 ke

IS 43 B T AR HM2 X 20 Rl WA B 25 9 il 4L
Mk, S5 EoR, HM2 BRxt W e | BE R & L BTk
KA 3 MG RUBSL, RECRTUAK . BTSIPE Rk b
Yelg | SkAamEmy . SkAies . SkIEBEls | SkEEE T,
SR . T PP R S e/ PR AR L R AR L 2R
WERR . RNV E L RV AR . ARV E L BRI |
VUK, ZWHER, AER 17 Y625k 3).

3 iFig

3.1 FiREEEEEAF=FERNSHSBFE
Singh, et al. PV T 1992 4E et | I | 85K

HM2 JX282908

98

62
98

99

1 HERRHM28 250 Hr
Fig. 1 The cluster analysis of the strain HM2 based on the 16S rRNA

Klebsiella oxytoca EU239172
Klebsiella variicola AJ783916

Klebsiella singaporensis NR-028783

Citrobacter freundii JF935132

Raoultella planticola NR-024996
Raoultella terrigena NR-037085
Edwardsiella tarda AB050827
Proteus vulgaris DQ499636
Aeromonas hydrophila X74677

Actinobacillus pleuropneumoniae NR-04475

3l HR RS 1 B A TR AT R R A R B A £
3 B 1 Bl 98 v TR AT IR BB OE B AR TE T IR B K AR R
WA E N, JFFEfiRZ 0. KBUEA . AR
S AME SRS I A AT B S Bt AR B0, LA,
aok it 4 o B A1 AT [ U e S B R A R g £ ) AR
S HREMR B, RIUNERLZERE | BRI ST
Ji M R 25 XSl I 2008 4F 1 VARG M 58 fi
8 43 B 3 — AR SO I 98 S TR A TR, Rk
A RO | EIE . R, i
KA . AL M AE B8 /N T T 40 2 1) HM2 16
RZE N TR 0 UE 52 5 Sopste, B R fa i
FEMR 5 H AR AR AL, R ARG, AR
i, REEBIZ K, BE2zFeim Ak, 5 F AR T 1A
AT JRR e B e K 580 g 7% o R AHARL, 22 BH A 48 5 75 111
TR T A 5 B 6 Y R 4658 B £ 2 LA B 1k, (R A
FIBUR LA A f5 E— B E5T

ARSI A B B B MR HM2 28822 [, 20 T 555
TRV SR B A AR RN 2 S, WA S A G
FAMEFE O, ZERREE R K SR P B A, TS
WA, EE RIS AR EEERRR O, )
GAEST, ARSIk, ARG . MR 5[0k
A RRREG . K E R AUK R EERATE, VP, IRES
A2 R PR I L A 2
PR HERE . L-FT AR
WEBHPE, H AR 5
AN MR, g
F5 A E AR —
QR 5B s ¥  picd
FkE HM2 502824,
TEAL 52 4 Ak 56 72 11 L il
b, M T w168
rRNA 3 135853 5 471,
AT RGN 1Y
AN F WA BT . A
HW RS AT Blast
W JRVE BT 4 R, W
Pk HM2 55 fili 48 50 10 B
Boh—2, HHN AR
5 B AR 2 KT
99%., L34y AN B R4
PE L AEEA LR R 16S
rRNA FE 750005 4y

Klebsiella pneumoniae AB647144

Escherichia coli X80724
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%3 HM2 BREMAEIRIEER

Tab. 3

Susceptibility of HM2 strain to antimicrobial agents

T AR R

IR N HM2 (i 24

Vs L7 /Es 5y Zone diameter Breakpoint (mm) Inhibition zone size (mm) H5ELER Resis-
Antimicrobial agents Disk content (ug) 21 tance determina-
ReZit:fnce U= Susceptible HM2 ?;ig tion of HM2
FRPEA Ampicillin 10 <13 =17 0 0 R
A2 R
Trifjlklér}l;‘éfafuﬁénic acid 30 =13 =18 12 H R
SLHEW) Cefalotin 30 <14 =18 0 9 R
SkAUHAL Ceftriaxone 30 <19 =23 0 33 R
AP T Cefoxitin 30 <14 =18 0 16 R
kNG Cefotaxime 30 <22 =26 0 35 R
WM E5 RS Imipenem 10 <13 =16 22 19 S
52 Al Sulfonamides 300 <12 =17 0 19 R
B 7 P S S s/ PR 4 I
F#%F- Rifampin 5 <16 =20 0 16 R
ZENER Nalidixic acid 30 <13 =19 0 31 R
TP Ciprofloxacin 5 <I5 =21 0 32 R
WD 2 Norfloxacin 10 <12 =17 0 30 R
SAFRP & Ofloxacin 5 <12 =16 0 30 R
WKIF 2 [A Nitrofurantoin 300 <14 =17 10 24 R
PUFRZ Tetracycline 30 <14 =19 0 28 R
£ V4R Doxycycline 30 <10 =14 0 27 R
B85 & Streptomycin 10 <11 =15 16 19 s
B>k A Amikacin 30 <14 =17 21 21 s
S #% Chloramphenicol 30 <12 =18 0 30 R

TR, T2y S, Bk

Note: R, Resistant; S, Susceptible
Prétiit, K s el btk HM2 W E o fiti % v
fAw
3.2 =R AEMTZAE

i N R AR W TR P f
3 M 58 v T AP R DOE ME VR IS | O PR BRI A T
RLGYAET 2y, TN [ B AR T ) A DA B i G 25 11
BOR RO MER IS | EEER S . IR R ki
PR 3R SR 2 Wy v R SO el B AR, T A R R R
i 2455 ACHIFF 53 25 1) HM2 X 0 e B i % 24 S 11 2%
MEERER . PORRE 3 FReyWii, Xkqide. i
W2 . WEVRIRHZE DL R IR RS 17 Ry aing 2y,
Ry Z HE M 2y, FL 2R IR He B A ARE
H o il 4 TR AR AN U — b B S A SR, T H
b JE TR E CHINET 2 1 it 24 14 s 00 28 46 1 300 ) 119
M 245 B 22— 2 240 ARSI UM TR B 1 A6 B B 5
PSSk FAE A 22 b 25 Wy s 24 (9 I 9 O TR A i, 5|

BRI AR TAEH B AL
AWFFERMIE, il 5% 58 T A0 T O S R
&, TIASCE A R A M 2y, W R O AEK) SR
S EASAH, HERAR HM2 20 B AR SR A TR 251, wl
RES K IREE T2 D s A K o Sk AIZR2G W= A
BRI R VA 7 2 G R 1 — R PR 258, o T &
IR A /NSl P PR L, Sl 4y i 98 e 78 A T
xSk FL 2 24 ) T 24 5028 5 TN BRI R 43 B AR 2 2
IKFEIRIE AR SR 25 W), (AA S B 7
(1) HM2 A%k A BRI R TR 25 3k f A | Sk 70l
T RSk AUBE G A TR 2 . RSS2 vE AR
BRI 24 BIL A A BF 5 N BRI PR AR B 8 2,
o)1 B -INME NS . AR L ML
FIE . Je @R ZAE | B AN IR R BokE
P 25 HLE, SEAEET, WK S 4 I b 4l
FAXPAE A DRI, 7K™ 8 22 T 24 TR bR A S HAR 1
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K7 S IR 2 B 2 BRAR BE O™ SR B TS K TR

TE e, L 25 I 102 B 2 e A R EUW 1, 4
BY) . KAFRAREG K, IR 2 5 A
i 2 BLGR BB I 24 B RO 7 S B B K™
Sy A Nl B YRR T BRI, TRl R b
PR 2Pk, R X N S A A R 3 B R B
DRI AP A a0 B T R X6 7K 7 S0 00 58 40 T 24 1P B 00 A A
FETAE, DA R B2
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ISOLATION AND IDENTIFICATION OF A MULTIPLE-DRUG RESISTANT
KLEBSIELLA PNEUMONIAE FROM ANGUILLA MARMORATA

TAN Ai-Ping', DENG Yu-Ting', JIANG Lan', WU Ya-Li"*>, XUE Hui-Juan"?
WANG Wei-Li', LUO Li' and ZHAO Fei'

(1. Key Laboratory of Fishery Drug Development, Ministry of Agriculture, Pearl River Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Guangzhou 510380, China; 2. College of Fishery and Life Science,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: A strain of gram-negative bacteria, named HM2, was isolated from the liver of a diseased Anguilla marmo-
rata. The LDs,of 96h was 9.98x10’CFU/mL. HM2 was identified as Klebsiella pneumoniae according to its culture
specific and physio-biochemical characteristics as well as ATB Expression systematic identification. By using the gen-
eral primers of 16S rRNA, the gene fragments were amplified by PCR with a size of 1393 bp (GenBank No. JX282908).
The amplified gene was sequenced and compared with those related sequences in GenBank and the phylogenetic tree
was constructed on the basis of the sequencesof 16S rRNAs. The BLAST result showed that HM2 had the highest ho-
mologies (100%), with sequence of K. pneumoniae, and the phylogenetic tree result revealed further that this strain
clustered together with K. pneumoniae. On the other hand, the results of artificial infection experiments revealed that
HM2 had a strong ability of the diseases induction. By testing with twenty antimicrobial agents, HM2 was found to be
with high sensitivity to imipenem, streptomycin and amikacin; while it was resistant to seventeen other antimicrobial
agents, including ampicillin, amoxicillin-clavulanic acid, cefalotin, ceftriaxone, cefotaxime, cefoxitin, sulfonamides,
trimethoprim-sulfamethoxazole, rifampin, nalidixic acid, ciprofloxacin, norfloxacin, ofloxacin, nitrofurantoin, tetracy-
cline, doxycycline and chloramphenicol. The guidelines for the rational use of drugs are urgently needed to prevent the

progress of antimicrobial resistance in aquaculture in future.
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