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(20 pL): 1 uL 2xTaq PCR Master Mix 10 pL 10 min PCR NCBI BLAST
(10 pmol/L) 1 puL ddH,O 7 pL; , ClustalX(1.81)
94 °C 5 min, 94 °C 45 s, 55 °C
455,72 °C 1 min, 34 ,72°C 10 min , MEGA7 (Neighbor-
1.3 joining) ,
PCR 1 000 Bootstrap
, LB 1.5 Multilocus sequence typing (MLST)
, 37 °C 12~24 h, MLST (https://bigsdb.pasteur.
( , 2019), fr/klebsiella/) 7
gapA infB mdh pgi phoE ropB  tonB
LB , 37 °C 180 PCR ,
r/min 16 h, 10 uL , ST
, , PHYLOViZ BURST MLST
(Buchanan et al, 1994) ST ,
( , 2001)
1.6
14 16S rRNA PCR 1.6.1 12
(Sderophores)

(Greisen et al, 1994) 1 27F: (Capsular Polysaccharide) (Pilus)
5'-AGAGTTTGATYMTGGCTCAG-3’, 1492R: 5'-TA (Lipopolysaccharides) (Adhesin)
CCTTGTTACGACTT-3, (Esinomycin) (Allantoin),

DNA , PCR 16S IRNA (Yu et al, 2006; Hsieh et al, 2008; Gunnarsson et al,
PCR 25 plL: 1 pL, 2xTaq PCR Master 2009; Lin et al, 2010, 2014, , 2018;
Mix  12.5 uL, 0.5 uL, ddH,0 10.5 pL; ,2021; ,2021) (1 2),
PCR :95°C 7 min; 95 °C 40 DNA , PCR
s, 50 °C 1 min, 72 °C 30s, 34 ;72 °C

x2 VHERX=EEESHERNSIYFT

Tab.2  Primer sequences of KP virulence gene for amplification

(5'~3" /bp
. iroNB-F GGCTACTGATACTTGACTATTC

Salmochetin 992

iroNB-R CAGGATACAATAGCCCATAG
iucB-F ATGTCTAAGGCAAACATCGT 048

. iucB-R TTACAGACCGACCTCCGTGA

Aerobactin

aero-F GCATAGGCGGATACGAACAT 556

aero-R CACAGGGCAATTGCTTACCT
rmpA-F ACTGGGCTACCTCTGCTTCA 535

. rmpA-R CTTGCATGAGCCATCTTTCA

Capsular Polysaccharide

weaG-F GGTTGGKTCAGCAATCGTA 169

weaG-R ACTATTCCGCCAACTTTTGC

. fimH-F ATGAACGCCTGGTCCTTTGC
Pilus 688

fimH-R GCTGAACGCCTATCCCCTGC
uge-F GATCATCCGGTCTCCCTGTA 534

. . uge-R TCTTCACGCCTTCCTTCACT

Lipopolysaccharides

wabG-F CGGACTGGCAGATCCATATC 683

wabG-R ACCATCGGCCATTTGATAGA
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(5'~3" /bp
Adhesin cf29a-F GACTCTGATTGCACTGGCTGTG 825
¢f29a-R GTTATAAGTTACTGCCACGTTC
ybt-F ATGACGGAGTCACCGCAAAC 960
Esinomycin ybt-R TTACATCACGCGTTTAAAGG
kfuBC-F GAAGTGACGCTGTTTCTGGC 297
kKfuBC-R TTTCGTGTGGCCAGTGACTC
Allantoin metabolism allS-F GCATAGGCGGATACGAACAT 508
related factors allS-R CACAGGGCAATTGCTTACCT
1.6.2 s ODs70 nm ODc
5% (ODc Control ) : OD=
LB R 37°C 48 h, ODc , ODc<OD=20Dc¢ ,
20Dc<OD=40Dc , OD>40Dc
Das  (2019) ,
PBS 1.7.2 PCR
) PBS ; , 20 7
s 37 °C tetA tetC  tetM s
12 24 36 48 60 72h,1500¢g 5 min grd  gyrB , erm(F)  ere(D)
s 540 nm , aadAl aadB ,
sull sul2 , p-
1.6.3 , bla-IMP bla-TEM bla-SHV bla-CTX bla-OXA
LB 37 °C 180 r/min bla-DHA p-KPC  p-HDM ,
(ODggonm ~ 0.6), 12 000 r/min 5 min InuH (Dallenne et al, 2010; Poirel et al, 2011;
, PBS ,2020)
1.7.3
4 :1.5x10" 1.5x10° 1.5x10°CFU/mL PBS  ATCC25923
, 15 LB
, 0.3 mL; Kirb-Bauer (K-B) R
PBS 8 d, , 37°C 24
; , h,
; , (CLSI) (Wang et al, 1998; ,2000)
1.7 1.7.4 6 mm
1.7.1 1 g/mL ,
( , 2020)
1:100 LB , ,
37 °C 180 r/min OD¢00 nm 0.4 1 ( ),
96 200 pL , 37 °C 3 cm, 3 ;37°C
48 h; PBS 200 pL 4% 24 h ,
15 min; PBS 3, 200 uL 0.1%
10 min, 200 pL 20 mm ) 15~19 mm R



840 54
10~14 mm R <10 mm ; >
(minimum inhibitory concentration, MIC) ; S 5 mm,
(minimum bactericidal concentration, ( 2
MBC) ( , 1994)
2
5 bp M1 234567 8M9101112131415 16
N |
2000
’ ’ 1000
750
> > 500
PCR 1 ,PCR 250
489 bp ,
1
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Fig.2 Morphological observation and Gram staining microscopy
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Fig.3 Phylogenetic tree based on 16S rRNA gene sequence
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Tab.3 Partial information of ST-873 K. pneumoniae in the world

MLST
gapA infB Mdh pgi phoE ropB tonB ST
Kp59 — 14 1 2 1 7 4 182 873
CAV1416 14 1 2 1 7 4 182 873
SB5389 14 1 2 1 7 4 182 873
SB5393 14 1 2 1 7 4 182 873
SB5000 14 1 2 1 7 4 182 873
T7058 14 1 2 1 7 4 182 873
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Fig.5 Hemolysis activity (a) of the isolated strain and the changes (b) during different phases of bacterial growth circle
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Fig.6 Results of virulence gene detection of the isolated strain 3 d, 1.5x10° CFU/mL 1
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Fig.7 Clinical symptoms of M. salmoide infected by the isolated strain
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, PCR , KP0123 ( 9b),
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Fig.8 Tissue damages of M. salmoides infected by the isolated strain
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Fig.9 Survival curve (a) and isolation and identification of pathogens (b) and bacterial loads in different organs and tissues (c) of M.

salmoides infected by the isolated strain
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2.7.2 PCR 5 ,
, KP0123 bla-SHV sul2 aadA 15 mm, KP0123 , ;
tetB ( 10b), 10~15 mm, ;
s 3 10 mm,
2.7.3 ;
(ATCC25923) , MIC MBC,
KP0123 , MIC
7 ; 62.5 mg/mL, MBC 62.5~125 mg/mL;
5 ; , MIC 250 mg/mL, MBC
( 4, 500 mg/mL; MIC, MBC
2.7.4 500 mg/mL
a 0.20 b
0151 ._E—._. bp M1 2 3 4 5 6 7 8 910 11 12 13 14 1516 17 1819 20
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Fig.10 The biofilm capacity (a) and the identification of drug resistance genes (b) of the isolate strain
: M: Marker; 1~20: bla-TEM  bla-IMP bla-OXA bla-DHA sull ere(D) erm(F) aadA aadB tetA tetC tetM [-NDM bla-SHV

p-KPC tetB gyrdA gyrB inu(H) sul2

x4 SEERHGYERME

Tab.4 Antimicrobial susceptibility of the isolated strain

/mm /mm
=13 14~16 =17 0
B- =14 15~17 =18 24
=I5 16~20 =21 24
=13 14~22 =23 0
=14 15~16 =17 17
=14 15~18 =19 0
=14 15~18 =19 10
=12 13~16 =17 19
<13 14~17 =18 0
=8 8~11 =12 13
=14 15~16 =17 0
=13 14~16 =17 0
=12 13~17 =18 17
=10 11~13 =14 12
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x5 PANRKIMIEER

Tab.5 Effect of bacteriostasis of traditional Chinese medicine

MIC/(mg/mL) MBC/(mg/mL)
/mm
13 ++ 62.5 125
9 + 500 500
18 ++ 62.5 62.5
16 ++ 62.5 125
12 ++ 250 500
7 + 500 500
9 + 500 500
0 _ — J—
0 _ J— J—
>20 mm s ; 10~19 mm
o ; 10 mm
3
MLST ST-873
ST-873 R
ST-873
KP0123 aero alls wca
ybt ; KP0123
KP0123
KP0123
s aero wea
ybt ,

(Gwenzi et al,

2022) ,

(Zhang et al, 2022)
R bla-SHV sul2 aadA tetB

4 , ;
, KP0123
( , 2020; , 2020; , 2021),
( , 2022),
, KP0123
43
KP0123
5d ,
4
ST-873
aere alls weca  ybt ,
p-
ST-873
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ISOLATION AND CHARACTERIZATION OF KLEBSIELLA PNEUMONIAE TYPE ST-873
FROM MICROPTERUS SALMOIDES

CAO Xin-Yue', HUANG Jia-Yi', DU Shi-Yu', HOU Tian-Mu', XIANG Wei', GAO Wei-Hua', ZHANG
Fu-Xian' *?
(1. College of Animal Science, Yangtze University, Jingzhou 434023, China; 2. Engineering Research Center for Wetland Ecology and
Agricultural Utilization, Ministry of Education, Yangtze University, Jingzhou 434023, China; 3. Hubei Key Laboratory of Waterlogging
Disaster and Agricultural Use of Wetland, Yangtze University, Jingzhou 434023, China)

Abstract A dominant bacterial strain was isolated from tissues of Micropterus salmoides with ascites disease. It grew
into a gray colony with round and neat edges. Short, oval, capsular Gram-negative bacilli were observed under microscope.
In terms of morphological, physiological and biochemical characteristics and 16S rRNA gene sequence analysis, the
isolated strain was identified as Klebsiella pneumoniae. MLST (multilocus sequence typing) analysis confirmed that it was
ST-873 type and merged with ST-65 type. The isolated strain carried four virulence genes, aere, alls, wca, and ybt, and
showed hemolytic activity. After artificial infection of M. salmoides, it was found that the infected fish presented ascites
and other symptoms similar to the natural diseases, and the isolated strains from the viscera of the infected fish were the
same to the challenged strains. The LDs, of the isolated strain was 3.4x 10’ CFU/mL, showing moderate biofilm formation
ability. The results of drug resistance analysis showed that the strain carried four resistance genes, bla-shv, sul2, aadA, and
tetB 4, and was sensitive to f-lactam, aminoglycosides, quinolones and colistin, and resistant to tetracycline, sulfa,
lincoamide, and rifamycin. In addition, traditional Chinese medicine Panax Notoginseng and Flos Farfarae had obvious
inhibitory effect on the isolated strain in vitro. This study found out the main pathogen of ascites disease of M. salmoides,
which provided a scientific basis and data reference for the diagnosis and control of K. pneumoniae in fish.

Key words Micropterus salmoides;  Klebsiella pneumoniae;  ST-873 type; separation and identification;

antimicrobial susceptibility test; traditional Chinese medicine



