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N HC 20 MR M R PE AT RO, B A N B K
Bl o ECAT A R AT TR Jak e B Sl
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L1 SEREHH

SUG A B R SR BT 25 48R BB
A Wik A BR 2N | 7 ;B TR 2H DN A$E B
& A At KRR AR RA T 81(Crprinus
carpio) I 2 & M i (epithelioma papulosum
cyprinid, EPC) W H i 7 R 2 ROl B ol
905 D B ML 99 % 33 i R i 4 1l v 2R 26 [
GibcoZs H] il ; BioMereux ID 32 GN #: % [GRH 4
FF 4 e 7] & R v TR A LR 0 W) 7 s SRR
M R E AR [ AR AT g KGR E
B ATCC 259220 A 245 % [ A

1.2 FEASSEF

HUMAE IR R AR RS TR e HE 9 2, 30°C
FiFR24 h, PREBUOL S TE VR R SR Bl B R AL Al
TR0 o [R)IHE TE TR R B A%, I 10f% 44K F PBS %)
¥, 10000 r/minf.0>5 min, |75 R A NI &
FORHLW (100 U/mLTs . #E7R R) A BRJE, $EH
EPCHlififl, 28 °C. 5% CO, 3G F 4%, B HM
AR T E, FHFELIM, DL EieE.

1.3 FEMATRLERE

I1 B AR LA BHIR AR 5 72 5, 30 °CHiR 37 85
F:24 h, K H W IHEE A 10° CFU/mL, K8 55—
B A A B 1) o [ B R (R 5 3 S 25 g e 49 ) BE HIL
Sy 3, BEA10H 54l T2 M
3ME W RIALAES BRI, 0.1 mL/H; 524
SR UR SR S AL BV, 0.1 mL/H
B =2 SIS R A AF EPBS . A A L ER HF L
3ANBE I E P E S A IR0 d, KR AE
(27+1) °C, HFRICKEFAMIETAFN, MIET- IR
A PN F IR 0 B 2 TR

14 HDEERXLXINEE

HAFmE BXLX14r B bR BHI 14
REFR L, 30 °CHE IS FR 18 h, ORI F 1 7E
MY, B N MR EANIE S S Yty
1 S I S0 0 7 s I S g 7 e Y 8 e
T S HLAE T LS A TR T A 254

A e m il fiBioMereuxID 32 GNZ#E
22 IR B M AT 6 s R e DU 8 R 1 A Al R
P RIPkER LR T 75 22 0.85%NaCliE i IR &) 3t
PRIRE TR R 0.5 22 IREALA, HR200 pnL T A
I 27 mLAR R 2 Bl 1 77 5L PR 21 5 I A ID32
GNik £&fL, 135 uL/fL, 30 °CHi3#24 h, Bk
%, 11 FHATB Expressionf¥ 5225 54

16S IRNAA E PCRY 34 5 % 4 & B Ao Ar
{68 FH 3 P 2 DN AR B ) & 488 BOXLX 143 B8 7K 1)
FENAIDNA, LASCHR[ 1214 38 A9 40 74 16S rRNAJE
K38 H 5190 (3R 1)PCRY™ 4 43 25 A #R 119 16S TRNA
FEH, PCRIZW A& & (25 nL) A 10xPCR buffer
2.5uL, MgCl 1.5uL, dNTP 0.5 uL, Tagfi 0.3 uL,

®1 AHRPFAAPCRSIFFIRIRNEE

Tab.1 PCR primers and annealing temperatures in this study

FE SR F1(5'—3") fir B /nt UK /bp IBKGELEEC
gene prime sequence (5'—3") location size annealing temperatures

16S rRNA F:agagtttgatctggctcag R:tacggctaccttgttacgactt 1-1508 1508 52.0

cfa F:tccagegcattca R:tccagecttcggeaaacg 289-388 100 60.5

ureABC F:atggaactgactcccagag R:tcaaaacagaaaatagegttgcgee 1-2328 2328 56.5

ureD F:ccggaagaggacgtttge R:ccgacccagggatgatgt 55-513 459 60.0

ureE F:acccaacgecttgaccac R:aggatttgcagcggaacg 13-305 293 63.7

ureF F: tggaaatcggcetgggtga Ricccgactgegttettcate 95-304 210 65.0

ureG F:atcagcgcattctcaccg R:caataatcgtcgecagace 146-583 438 532

http://www.scxuebao.cn



948 Ko %R 40 %

. F#SI®W&0.5 uL, #Hx2.0 uL, ddH,O
17.2 uL, PCRAGH 5514 94 o CHIAEMES min, 94 °C
AH30s, 52 °CiE k50s, 72 °CZEMH100s, 307
PEFRJF 72 °CHEAH 10 min, PCRy=#i% & b i AL 4k
FARA R, 2545 10 3K 5 51 217 Blasts
F, AU R A ATRR)T S, R A Clustal W
it 2R FN L ECHES ), 32 FINEGAS. V4R
AR R G KB R, IFiE 1L 10000 1 H 28
M7 (Bootstrap) 47 A5 BE KL IR

1.5 9 BEHRXLX18 A8 M40

SR FHK-BAT R 4™ H502 A6 I 73 B9 T PR % 157472
245 ) ) 2 A0 o BBk IR 9 R T M (R %
Frhk, 30 CCHE IRk B, B BRI R Oy
1x10°CFU/mL. 4 25 84K 5 W F I A 45 B
MHEBE IR R SR 36 K 1, 30 °CH5 324 h, I ) i
Rl ELAR RN, AR S B i R S92 36 28 b v AL bl 2
(clinical and laboratory standards institude, CLSI)
T 5E A0 R 250 BB g b LR
P75 T ATCC 25922180 B 42 4

1.6 4 B EFRXLXT A B4 14450

FEWEABRNS F 7 o i
GenBank I 55 14 AU o EC A7 168 R T 17 R 2% il Ak
[K %% ¥ 9 (accession No.  JAPA01000011.1)i% 314
BLSXE R ST W (1), R & R SCRR[14]89 1
FEEE RN B E J8 I Fofadk 51 9. RAIPCRY 1%
K 4y B8 bk 2 BN ure ABC . ureD . ureE.
ureF . ureG Flcfatk[H, PCRIZI & R 5 &4 i
R 16S IRNAKE R Xf K 3= Bl 45 14 2 X ure ABCHI
Kl B B DR e DHEA TN 00 52, 0B ) s
Fe GEARNE B o

AR WA KR B 1x10°4/mLAY
EPCH il $2: F F 44~ P9 8 41 A T€ R 149 240 i 55 75 1L
1, 28°C. 5% CO, %&1F T 15 £80%4 il &
B, JCPEPBSEEVE3 R, 10134 K 5% ML 45 i
A1 mL¥E B A 5x107 CFU/mLAY XLX 143 25 bk 5
W, 28 °CHrBIMEE 60, 90F1120 min, 45— i [i]
SBCE2NE R B — AR SR I i A
HPBSIE X B, SR LR BB R R, U 2 e
R, TCWPBSTEUEIW, T . 4% & W [
LSS A, T N REALIE R30I, B
AN THECRE B B T R — A S 2 R
[
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WA . Ay B HEXLX1IEE SR BRI & L AERKIE
R . A N2 mm, REER, H%%5F
KB CEEE . LLREE R 10° CFU/mMLIY 43 B
PRTE N TR e v [R R B UR , 7 bR RS T i &
W, 24~48 h NATRIETS, FET- v [C BB MR A 0
IR 28 5 B AR ] — B (K1), IF DU R R
H LR 0 B 3 R N TR A0 T R
T G RE L Y TR S I R Y R DL S B 4
BRRXLX U232 YRR 14995 D TR
22 SEEERXLXIF RS E S

XLX 143 85 MRTE 62 0 flBs T 2 9 2% IR B
KEAR—WFFE . Z2BAEHS(E2); 1EiES
HLGE B A DL AR S ATAR . Bl E, RNl
1.5 umx2.7 um, AHIE, LW E. FRMIEM,

23 D EEHEXLXIAYAE L4

HBioMereuxID 32 GN# >4 [K [P AT B %8
WA &R EXLX 1 bk, 4R B, 0 sk
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TEAFFIRI, 0 1258 45 R 4 5E
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J7 45 3R R i AR K B 24 1508 bp. Blastis % &
M1 Bk 16S IRNAJT A 575 R T 14 & (Citrobacter)
16S rRNA K& [K ¥ 1] 7 48 F 26, A v ik B[] I3
PEE R 2 AR L R G LB b, S5 R a3
JiR, XLX14 B bk 5 o IO R T 18 (Citrobacter
freundii strain MH16)5R h—71 32, [ M1599.2%,
BEAFEE99%, LR R ALY E FI16S rRNAKE A7
G 3 B XLX 143 B bk Ry 3 [IRAT A RR AT 1A

2.5 D EBEERXLXIANZAE =M

R A5 R R, S PR XLX N 3k
WEfG . IRKRBR . PRRE . MRHER. B
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Fig. 1 Appearance and necropsy lesions of Procambarus clarkii pre-and post-infected by XLX1 isolate

1. normal muscles located in the joint of cephalothorax with abdomen and back; 2. swollen muscles located in the joint of cephalothorax with abdomen

and back; 3. normal heart; 4. obvious chromatoplast in the heart; 5. normal abdominal muscles; 6. swollen abdominal muscles; 7. normal hepatopancreas;

8. hepatopancreas darker in color

(b)

2 XLX15T BB R R E

(a) Y6 BE B F (x1000); (b)HL 4% B A (x6000); 7 kK HiE £

Fig.2 Light micrograph and electron micrograph of XLX1 isolate

(a) light micrograph(x1000); (b) electron micrograph(x6000); Arrow shows flagellum

R MiXTEER . B, AFER . 1
2 SN AR SNIIE (& T S S
BUTE 25

2.6 SEERXLXINFMRERER SR

TEHEIT 2328, 459, 100, 293, 210f1438
bphb 1 BE 6 4% 15 Wi I DNA S, 4 91l 5 Fi 4 1y

ureABC. ureD. cfa. ureE. ureFHlureGFEH F Bt
KN —B(E4), 785 R R ure ABCH: K
ORFK:2329 bp, 4ifh776 ™R KPR ; ureDIHLH K
459 bp, HES153NEIER . 70 M kB,
ure ABCZ 14 3 PR 7E MR R 73 25 T Ak 5 NI 2 2% bk
(UCI32, MGHS56, UCI31. NBRC12681,
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Tab. 2 Identification of XL X1 isolate by ATB Expression system

KETH SYESHE IR IRATIERAT KETH SYESHE B IR AT
characteristics XLXl isolate  C. freundii characteristics XLXl isolate  C. freundii

=¥ rhamnose + + D-H #F ¥ mannitol + +
N- Z P4 % b5 N-acetyl-glucosamine + + D-Hi % f# glucose + +
D-#% 4 D-ribose + + IK¥ B salicylic acid - -
HILEE inositol + + D-#% — ¥ melibiose + +
JERE sucrose + + L-# #9% fucose + +
D-Z£ % i maltose + + D-111 4 rorbitol + +
AR E: [F)4k itaconic acid assimilation - - [l 241 B arabinose + +
3 R EL [Fl4k suberate assimilation - - N [F1L alanine assimilation + +
AR £ [ 4L propionate assimilation + + &R £ decanoate - -
LR acetates + + TR £ [F14k valerate assimilation - -
DI-A R 5 [F]4L DI- lactate assimilation + + FrEE IR 5 F citrate + +
WAL [F1L alanine assimilation + + ZH % & [ 1L histidine assimilation - d
5-Mi3E-H Z PR 3k 5-oxo-gluconate + + 2R A FE R &L 2-keto-gluconate + +
BEJ5 glycogen - - 3823 TR E: 3-hydroxy-butyrate + +
3-FAE- KR AL 3-hydroxy-benzoate + + 4-$2F KR EL 4-hydroxy-benzoate - +
227 R[4k serine assimilation + + fili & iR proline + +
e+ PR - R d75%BH1E
Notes: +. positive; -. negative; d. 75% positive

Citrobacter freundii strain 6 (DQ444289.1)

Citrobacter freundii strain 11 (DQ294288.1)

40
Citrobacter braakii strain 167 (NR_028687.1)
99
Citrobacter braakii strain A8 (HQ288930.1)
= Citrobacter freundii strain MH16 (JF504705.1)
99

XLX1

2

3 D BEEMEXLX1A716S rRNA £ EF F5#E 0 & St

Citrobacter freundii strain NBRC 16624 (AB681088.1)

55 WHCTF AR A TR TE GenBank P I 5 s A — 20 32 L IOBT ROR 70 IS T MR S 0 BU B AR 0 FE [l — SO P I T R E BARAE 2% 8

7 B

Fig. 3 Phylogenetic tree based on 16S rRNA gene sequence of XLX1 isolate

Numbers in parentheses represent the sequences accession number in GenBank.The number at each branch points is the percentage supported by

bootstrap.Bar shows 2% sequence divergence

http://www.scxuebao.cn
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(b)

4 S BEHEXLX189FM = EEPCRIE
(a) M.DNA%> F i S A5 #E; 1. ure ABCHE RIPCRF™ ;2. ureDFEKIPCR™ W) ; 3. cfai FIPCR/™ ). (b)M.DNA%; T L & br itk ; 1. ureEFE K PCR™

W 2. ureFZE IPCR™ ¥ ; 3. ureGE K PCR™ #)

Fig. 4 PCR detection of adhesion genes from XLX1 isolate

(a) M. DNA Marker; 1. PCR product ure ABC gene from XLX1 isolate; 2. PCR product ure D gene from XLX1 isolate; 3. PCR product cfa gene from
XLX1 isolate. (b)M. DNA Marker; 1. PCR product ure E gene from XLX1 isolate; 2. PCR product ure F gene from XLX1 isolate; 3. PCR product ure G

gene from XLX1 isolate

4 7 ATCFAA)Z ] & BEQRSF , HAZH IR F1 2 iR
JE %1 #4823 30 A T 93.2%~98.3%F191.7%~
97.4%; [FlFEureD IS B JE D o 5 BE AR ST, L
(A IR I I IO S i R
90.8%~98.3%#1194.7%~98.7% (3, F£4)., 5 AN
S HRAH H, R YR 53 B8 MR ure ik PR TG Bl 2K R A
W%, HIFEAEABERD, ureABCEE I H 51
F3ab kA BERA, HUreABCZE M 14
3941 K 2 IR (Arg) . 600137 K 4 24 R (Asn) Fl1608 1

PR (Ala) 73 il el 28 R 2 R 2 B2 (Cys) . 5t 2
R (1le)Fll 22 &% (Ser); ureD X Ed 5 Bh 3 [K ¢ %71 v
2hb KA B RAY, ffiUreDZE M %6 62007 N & B2
(Ala) 112243 5% 2 R (Leu) U2 2 75 & R (Thr) F1 4%
Z I (GIn)(£5)

2.7 D EEMEXLX1A 4R M4

PBSXf HE 41 EPCHH M JE 45 56 4, TG 40 11 266 Bf
(F5); /B FRXLX15EPCHN i 345 5 60 minj ,

®3 BREFEBRITEINRED BHKS ANRSZ KR ureABCE E BIRME 547

Tab.3 Identity analysis of ureABC gene among the XL X1 isolate and C.freundii reference strains

%

AR FIARALRE

Btk amino acid identity

strain XLX1 UCI32 MGHS56 UCI31 NBRC12681 4 7 47CFAA
XLX1 91.7 97.4 94.0 93.8 92.5
UCI32 98.3 95.5 942 93.8 98.4
MGHS56 942 93.6 952 94.9 97.5
UCI31 93.4 92.9 94.1 92.8 95.1
NBRC12681 932 92.6 93.8 97.9 94.7
4 7 47CFAA 96.9 96.3 94.6 942 93.9

AT S nucleotide identity

i

E= B RN EIERR P IIRLE ;R = MR R S, N

Notes: The upper triangle represents the sequence similarity of amino acid, while the lower triangle represents the sequence similarity of nucleotide, the

same below

http://www.scxuebao.cn
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®4 BRITFHRITELNRS BHRS ANRSE KD ureDE E B S

Tab. 4 Identity analysis of ureD gene among the XLX1 isolate and C.freundii reference strains %
BRI FIMIUEL
BHk strain amino acid identity
XLX1 UCI32 MGHS56 UCI31 NBRC12681 4 7 47CFAA
XLX1 98.7 94.7 95.4 96.1 96.1
UCI32 98.3 95.4 96.4 96.4 98.0
MGHS56 91.9 92.3 93.7 93.7 93.7
UCI31 90.8 93.3 91.3 98.8 94.7
NBRC12681 91.3 93.0 91.3 98.9 94.7
4_7_47CFAA 95.4 96.4 91.3 91.6 91.4

AR T S AI LU nucleotide identity

£S5 HFESDEHRXLX] ureABCR ureDEE HERTI S

Tab.S The sense mutation sites of ureABC and ureD gene from XLX1 isolate

H A RASHRIEL 5 RARBIERRAL .

gene mutation base site mutant amino acid site
ureABC 1180, C—T 1799, A—T 1824, A—G 394, Arg—Cys 600, Asn—Lle 608, Ala—Ser
ureD 184, G—A; 365,T—A 62, Ala—Thr 122, Leu—Gln

WV

-

5 9 EEKXLX1XTEPCH A #Y 55 BT (1000%)
L 40Xt B 2. 40 25 B bk 5 EPCAH i 3L 5% & 60 min; 3. 43 25 B # 15 EPCAH i 3% % & 90 min; 4. 43 25 14 #% 5 EPCZH i 3L % & 120 min
Fig. 5 Adhesion of XLX1 isolate to EPC cells (1000%)

1. EPC cells control; 2. incubation of EPC cells with XLX1 isolate for 60 min; 3. incubation of EPC cells with XLX1 isolate for 90 min; 4. incubation of
EPC cells with XLX1 isolate for 120 min

http://www.scxuebao.cn



6 3] BT, e SO PRRE R S FOAT AR AT B Y 0 2 M B M2 80 S B B R A 953

LSRR T 20 B 20 B ) L, g 0 ) L 2
BB B0 29.8+5.3 5 (HBAMG & B A1 AE R, 405
XTEPCHH M 52 BB VE H 20 50040 B A5 52 7 T
2, HE A LRI T, 2P F 120 minff,
o] WLAN M ST Ak, JLF- JC I RE AR

3 iR

ARSI XoF 5 | RS A > T L VAT T A ) R B e
BRI 2 AR KRB AL T M IR AT 0F 9 o A6 Wi
BT [ SR S R AR P 2 A 2H 20 2 4 8 31 K
UT AL IR AR B B R XX, L5 A R E M
O3 F X8 DL K Sy el U R S 25 L, B ]
J YRR R P R T e R O TG A R AT
W o JE IR IR B R AT 1R 2 — R AETE K B rh
) Z A BOR R, A T DG s R R XY M 0% 2k
Z HAMR &, FRHAEEL, I RATERFT
FRAMMEREARKREHE ™A N,
YRR T K o

S IR JUAE A DG o IO AT B 3 R K ™
SIS B B R 223G &, HAHSCHE oY 4R
H A DI AT ) 43 A A R 24 g R A
A O IR YR 9 QAT A5 R AT PRT ) 286 B 2% 35 TR R 5 fE
FRME WS MR WA RGE . CAHMREN, K
R NI [RFF E AT W B 2R =,
R ZE W IR R, 7R AR B LA = DLk
T TR P A1 B B8 0T TR AR R 453 47, 2 R IO ) sk
5 1V 5 )2 3] 38 2R B T 7 6 B A T R
NG 0 TGy B TR AT T PR 2R 2 X B HH ureA
ureB. ureC. ureD. ureE. ureFMlureG 745 H
WA R, Hod R R EAEH P ure ABCHZS
MR AR, wreDA P R & B RE 75 235 1Y G5
BB R, ASHIF I U R R 9 EC AT AR FR AT TR
(9 PR 2R Tl 56 DR AT R, ke IR R A S B
XLX I #57H7 PR Bl B R 7 e R s fr, H S
NIEZS R0 R &, A BOL AL B & A
THBERA, R L R 540 &R &
JELRSF o

AR5 5 A Rz 93 40 B (EPC) I 25 K I T
o FQFT 6 TR FF B 40 15 A% XL XL 1) 400 it 288 e A e
R IIZ 5T Bk e LU R AR M7 X R 4 M B B AE EPC
e R L, T LR S O ) A G, 2 TR X A
M EBBURIEH, RASEAMMBEZEIT . |
TEPCK G T A M Py Rl (a5, T v [C R AL UF
BT I A Y P 5238, U WA 4 B K

F7 o [ DB R A i b L 40 AR, R af A L AR
00 RS TR 9 — 25 B UF 7 1 R 1% 200 R R R R

1 T B0 B 25 0 A 7K 77 95 5 A 7 v i Al
M, B#S B R & = w250, JFEA
Ti) 1 38543 5 bk LA B A [] K 72 Bl 4 58 R 4 B ok 1Y
it 25 PE XA 22 55 o Q0w 1E 55 A PO T A R 3 1R
Py R KT T 43 B R JZ0 1 X 1 6 470 1 25 Wy 7 A= Tt
2 FH RO A PRGN 3] v AR I o [ AT i R AT T
S3 B BRLCTY-002%F 670470 T 245 ) 2 LMt 24 5 1 ik
1 A5 P20k v A e YR B [ A TR AT BT E AT 24 R
By, 455 R 20 B bk SXA3 R 15 BT 25 1y = B
it 2 o A B 5T 24 B0 56 45 SR B s O U 9 EC A A
FRATF IR B MRXLXIX R & . IR | B H
B S e S QT T TR 24 W 4 A AE S TR AR B 1 i 24
P, BARXT S AMEN . R KREE . Bk RA.
W ER . BV E . R EMESh T
TR R, (EBTOK R A Sk FRUE i i R g8 A
bR 2y, REEH. XEERER, I Ky
BRAITH L B 25N E T E, R E AL
i 25 P B B 258, BT An B RE 125, e
P b 38 0 R RE KT . R R BRMLHE
G g2 b ke A, AT R AV DR TR A B T, R
A T G A0 PG H Y .
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Isolation and identification of Citrobacter freundii from diseased Procambarus
clarkii and its antibiotics susceptibility and adhesion characteristics

XIAO Ning, KONG Lingyan, ZHOU Hao, CAOJi, LI Jinnian’, XIANG Yiging, WANG Mengmeng
(Key Laboratory of Zoonoses, College of Animal Science and Technology, Anhui Agricultural University, Hefei 230036, China)

Abstract: In order to define the potential pathogens causing fulminant illness of Procambarus Clarkii in Dangtu
County, Anhui Province, pathogens were isolated from the moribund Procambarus Clarkii. A dominant strain
named XLX1 was isolated from the hepatopancreas and was confirmed to be pathogenic to Procambarus Clarkii
by artificial challenge test. The XLX1 isolate was identified as Citrobacter freundii by means of the morphology,
physiological and biochemical characteristics and 16S rRNA gene sequencing. The antibiotics sensitivity, adhesin-
carrying genes and cell adhesion of XLX1 isolate were further detected. The results showed that the XLX1 isolate
was sensitive or medium sensitive to cefotaxime, gentamicin, amikacin, neomycin sulfate, enrofloxacin,
norfloxacin and teicoplanin, but resistant to other 7 kinds of antibiotics. The XLX1 isolate carried adhesin genes
cfa and ure clusters. It was found that ureABC structure gene and ureD key accessory gene was relatively
conservative by the sequences analysis. The nucleotide and amino acid homology of former respectively ranged
from 93.2% to 98.3% and 91.7% to 97.4%, and the latter ranged from 90.8% to 98.3% and 94.7% to 98.7%
between XLX1 isolate and reference strains. Compared with reference strains derived from patient, the 294th,
600th, 608th amino acids in UreABC structure protein and the 62 nd and 122 nd amino acids in UreD key
accessory protein generated sense mutation amino acids from XLX1 isolate. XLX1 isolate adhered to the
epithelioma papulosum cyprinid (EPC) cells mainly in aggregative pattern, and the average adhesive bacterial
number was 29.8+5.3, which caused EPC cells lesion with the extension of adhesion time. This study may

contribute to providing a theoretical basis for controlling aquatic animal disease caused by Citrobacter freundii.
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