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Isolation, identification, and characterization of sika deer-derived
Proteus mirabilis
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WANG Xiaoxu"', LIU Zhijie"!

1 Key Laboratory of Special Animal Epidemic Disease, Ministry of Agriculture and Rural Affairs, Institute of Special
Animal and Plant Sciences of Chinese Academy of Agricultural Sciences, Changchun 130112, Jilin, China

2 Linyi Animal Husbandry Development Promotion Center, Linyi 276000, Shandong, China

3 Key Laboratory of Zoonosis Research, Ministry of Education, State Key Laboratory for Diagnosis and Treatment
of Severe Zoonotic Infectious Diseases, College of Veterinary Medicine, Jilin University, Changchun 130062,
Jilin, China

Abstract: [Background] Proteus mirabilis is a major zoonotic pathogen that can cause diarrhea
of young sika deer (Cervus nippon), posing a serious threat to the sika deer farming industry.
[Objective] To identify and characterize the bacterial pathogens and reveal the main
pathological changes in the young sika deer suffering from diarrhea at a sika deer farm in Jilin.
[Methods] We collected the jejunal contents of the young sika deer suffering from diarrhea,
isolated the bacterial pathogens by the culture method, and identified the pathogens by Gram
staining, microscopic examination, 16S rRNA and atpD sequencing, and phylogenetic analysis.
In addition, we collected the jejunum, lung, liver, spleen, kidney, and heart samples from
diarrheal sika deer to prepare pathological sections. The bacterial pathogens were characterized
in terms of virulence genes, biofilm formation, antibiotic resistance, antibiotic resistance genes,
and pathogenicity in mice. [Results] Three strains of P. mirabilis were identified and named
SKPMI1, SKPM2, and SKPM3, respectively. All of the three strains carried seven virulence
genes (ureC, zapA, atfC, atfA, rsbA, ucaA, and pmfA) and could form biofilms. The three strains
had resistance to multiple antibiotics including penicillin, cefalexin, gentamicin, tetracycline,
and polymyxin B and carried resistance genes such as blarem, blactx-m, tetB, ant(3")-I, and sul2.
Strain SKPM2 showed the LDso of 3.98x10” CFU/mL in mice. [Conclusion] We isolated and
characterized three strains of P. mirabilis from sika deer. The findings provided an experimental
basis for the prevention, treatment, and intensive research of the disease that caused by this
bacterium in young deer.

Keywords: sika deer (Cervus nippon); diarrhea of young deer; Proteus mirabilis; biological
characteristics

21 A5 JE KT 1 (Proteus mirabilis)f&— 2S84
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B 5| KVFIGIE | PRIE A AL IE B Ay S
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B S 0, R RN OR . Bl 2 E T 2
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A RBPEF T, R IIZ T AT DT 48 5%
[CRCTRP IR - I NG B S 2 & LN
FEh e sh U b 3 B 3 A0 TR I 2R P2
PERESE D, & SR T TR R 5 2 Mg ) kI
(4N rsbA. ureC. zapA 55), X SLIEK g i E |
B, IREESEE A, 1 B 58 Bl e 7E AN G i ik
s atpD JEPRUZASTE AT I s o R SF i SRR 2
—, YESIZTE ATP &R B, W T
TR R 0 s A R A A BT O AN, R 2
B 25 PR S P R BT S B e,
AR T B- N T Bl R D (o
blarem . blactxm 55) & HAKPT B-IN LSS PR
B PR 0

MEAE R A BB AT M E, AL RE %
FEHA MR B Z2 5 H— Al , — IR —AT
/RPN, 3 BB AR AT REBCR AR, Rk
FF B A1 238 5 ) 25 AR AR S 7 b 1) e Jie o P AT
REME S 2 S BAAER M F LR —, & 57
T8 AT TR S5 20 TR 1 AT BB A IO Y OC B
RISV R, Ry T A AT R R V5 o A A AR A
1 o i i A 28 R B0 TR AR e e, ARG R
FHANTE /> B B5 35 A0 PCR % e Va0 e e I, Bl
AR ) . BEA I LT 24 R B
. RO . ARV BOE ik 1 PEA A1 S
PRI, RGEHb o3 M iz i A 2 ke, DA
W1 R B2 B I FH 2 St 5 R ) A R TR S s i
S KL

i R

1.1 &

2024 4E 5 A, FHAREILIETT AR E S H
PRAT RE A0 3 sAE T I O, SR B, &
BRAS S i, Bl . BRATE S8
PR [ B B 4 a5 R e o BOCH: A R Sk i B
FRE, YIRS 2y, FEMHAp 1 A7
RN, . . BARLOEHLAS 1 s I

T 6 ATESE A KENEMIEET, WL 1k
f#FRATRE, ZARMIERES . M. . .
B AL S LI 1 T A FES AT VRES )
PRIEAR bk 2 v B AL B2 Be e ™ WF 92 e S 55
EATIEE .

36 H 5 &% SPF 2% BALB/c /N, AT
18-20 g, KEEWHI MR ITARTTAELA A,

Bl 52 50 3R B AW B A7 B R B 5 I S
By E R RmEACHEE RS/, w5 R
ISAPSAEC-2024-030,
1.2 1EFE. FERFNEE

[k 2 1 i K & A ¥ (tryptone  soy broth,
TSB)}i e . AR 1 R K &2 B (tryptone  soy
agar, TSAREFRIE . V01 ]-EBH 8 (Salmonella-
Shigella, SS)FRHEFRAL, W AEWH AL R
A, WERRZE whER 5 W (phosphate buffered saline,
PBS), I RAEYRHHARAR ., E2K
et ifi &, A RFEEFHE AR A R 2xTaq
PCR Mix, Rt YR R0 A R F
DL2000 DNA marker, TaKaRa 2\ ] ; 25804% -,
BUM B AE PRI R A F . PCR AL, WA
RGN HE] B, S —4EPRH AR
Al BEMEARIL, Bio-Rad 24+ ; [HIRKREFRAA,
PN E S RS et e S /A
1.3 HEHITBEIES

W IRTEAF R NS L AR/ T SS B
FRIG IR, 37 °CHEFR 18 ho PR
N EHMBETE BT 1 mL TSB K%
o, 37°C, 140 v/min JRGHEFRAH . Z Ik
A7 2 R F R U IR, IFERN 2 TSA I
SS Bk FRIEH, 37 °CHEFR 1824 h, WE >
BARTEA [R5 B A KRR o
1.4 #AE 16S rRNA EEFN atpD E[H
¥ E

DL 1.3 A RO AR , AT 16S rRNA
LR 38 5 | ) A2y AR TE T 7R atpD 2 R ) 4
SYESIMIER 1), 25T PCR 73 . @ Bifg
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Table 1 The introduction of primers
HERAFE 9T RN IR R e E =B
Gene Primer sequence (5'—3") Product  Annealing Function Reference
size (bp) temperature
O
16S tRNA F: AGAGTTTGATCMTGGCTCAG 1542 60 P % [20]
R: TACGGYTACCTTGTTACGACTT Bacterial identification
atpD F: GTATCATGAACGTTCTGGGTAC 595 58 AR S [6]
R: TGAAGTGATACGCTCTTGCAG Identification of
Proteus mirabilis
ureC F: GTTATTCGTGATGGGATGGG 292 56 JOR e 56 3 P [21]
R: ATAAAGGTGGTTACGCCAG Related gene of urease
mrpA F: ATTTCAGGAAACAAAAGATG 410 55 I BE ZAH S A [21]
R: TTCTTACTGATAAGACATTG Related gene of
hemagglutinin
zapA F: ACCGCAGGAAAACATATAGCCC 510 58 & BEOMHCER  [21]
R: GCGACTATCTTCCGCATAATCA Related gene of
metalloproteinase
atfC F: AGAAAGGGATCCTACAAATTAA 472 57 ATF HEA [21]
R: TATAGCATGCATTTAAATTGCC ATF pilus synthesis
atfA F: CATAATTTCTAGACCTGCCCTAGCA 331 56 ATF WESHHA [21]
R: CTGCTTGGATCCGTAATTTTTAACG Structural subunit of
ATF pilus
pmfA F: GGATCATCTATAATGAAACTG 534 55 PMF BB A [21]
R: CTGATAATCAACTTGGAAGTT Structural subunit of
PMF pilus
ucaA F: GTAAAGTTGTTGCGCAAAC 587 55 JOK T 5G 2L K] [21]
R: TTGAGCCACTGTGGATACA Related gene of urease
rsbA F: TCGATTTCAGTGTTTGGCCAT 2297 58 IEPEAE R [21]
R: CCGAGCTTCATCATGGCTG Related gene of
migration
blarem F: ATCAGCAATAAACCAGC 516 54 HERLPEIHA [6]
R: CCCCGAAGAACGTTTTC Resistance gene of
penicillin
blactxm  F: ATGTGCAGYACCAGTAARGTKATGGC 593 54 SR KPR [6]
R: TGGGTRAARTARGTSACCAGAAYCAGCGG Resistance gene of
cephalosporins
tetA F: GCTACATCCTGCTTGCCTTC 210 57 PURRZREHUIERE  [22]
R: CATAGATCGCCGTGAAGAGG Resistance gene of
tetracyclines
tetB F: ACAGAAAGCTTATTATATAAC 186 55 ILIEZNe 271K 6B S| [22]
R: TGGCGTGTCTATGATGTTCAC Resistance gene of
tetracyclines
tetO F: GATGGCATACAGGCACAGACC 418 58 VYR Z S Hi S A [22]
R: GCCCAACCTTTTGCTTCACTA Resistance gene of
tetracyclines
(Frk)
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BEHZFR 51T PO RJGRE TR Z:7% 3k
Gene Primer sequence (5'—3") Product  Annealing Function Reference
size (bp) temperature
&9
rmtA F: CTAGCGTCCATCCTTTCCTC 635 55 BHRWAF RPN [22]
R: TTTGCTTCCATGCCCTTGCC Resistance gene of
aminoglycosides
ant(3")-1  F: TGATTTGCTGGTTACGGTGAC 284 58 BHRWAF RPN [22]
R: CGCTATGTTCTCTTGCTTTTG Resistance gene of
aminoglycosides
StrA F: TGCTCCTCTTCTCCATCC 197 56 BEM PR [22]
R: CGCCGCCAATATGTTCTA Resistance gene of
aminoglycosides
sul2 F: CGGCATCGTCAACATAACCT 721 55 Tk e e R IR [22]
R: TGTGCGGATGAAGTCAGCTC Resistance gene of
sulfonamides
sul3 F: AGATGTGATTGTTTGGGAGC 443 55 Tl e e IR [22]
R: TAGTTGTTTCTGGATTAGAGCCT Resistance gene of
sulfonamides
pmi F: TGCCTTGAGACAGGGTAAGC 739 57 Tl e e IR [22]
R: GCCTTAACAAGTCCCATTCG Resistance gene of
sulfonamides

R T HL K A ) 2 A5 TR R/ IN 3 3 =
5B 25 A 00 R Sl 2R A7 I 6 AT R A K
PCR JZ WK Z& (25 uL): #i# 2 uL, 2xTag PCR
Mix 13 pL, F. FiE5#(10 pmol/L)4% 1 L,
ddH,O 8 pL. PCR J2 )i #51F: 95 °C 5 min; 95 °C
30s, IRk 30s GRAGREE W 1), 72 °C 1 min,
35 AEFR; 72 °C 5 min; 4 °CZ5f . B bEE
JEHL UK AR . ¥ 4 uL PCR P4 A B BT 1
1%Z R HBE I AR FL A, HL YK 25 min J5 & F
OB L ARA LSS . 516 U H B R B
WY R 5 AR PR L LE DR A BR A RTS8 . AR
P 16S rRNA JE[H Al atpD FLFM P45 8, Y5
NCBI (https://www.ncbi.nlm.nih.gov)# BLASTn
(v2.15.0) 80 e A T IR M LUK
1.5 ET atpD EFEMEZH LD
X WE K atpD EEMYE, RS
NCBI H* BLASTn (4 (v2.15.0) [A] 1 L4
WA IE RS T2, (1] PhyloSuite £
(http://phylosuite.jushengwu.com, v1.2.2), &
D3 (MrBayes) A SYM+G4 #8124 Hy g

A FAEFF IR atpD BN ARG K ER . REK
FW S IIE B 2 Fs.
1.6 REBEETK

B MBS REZE A2 2 em, Jili, .
M B ALOEEHALA 1 em®, LA T RTAH
AU 10 AT 4% 2 R B E . FEES
% 2 TR AR AR YRR A PR w) IR B )
h, HCEE TS AT REAS R a1 35 2 3 AR 4k
1.7 EHREN. WMAHERRIE

DL 1.3 o & AR TR AT W B R RO AR AR, %
HEZE 1 519 1.3 o PCR & R4 A7 AR TEAT
HI 1 8 FhEE 1 5K (ureC, mrpA, zapA, atfC, atfA,
pmfA, ucaA, rsbA)fl 11 F i 25 L K (blarem,
blacrx-m, tetA, tetB, tetO, rmtA, ant(3")-I, strA,
sul2, sul3, pmi), & B Ik A AT AS TR TR iR 4 7 7
S 2 B R GO
1.8 Z4Huiie

225 5 [ I R RN 52 36 % A ME 23 (clinical
and laboratory standards institute, CLSI)Z4#{i{
B bR Y, e X 98 A A O T 24 05 R A ek 1 2R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



HOESK SF | MR IR RS T I B A e R AR R 2235
2 TRIEH®RFINER
Table 2 The introduction of different bacteria strains
e Ykh [E3k7S BT WA Hb
Number Species Strain Accession number  Version number Location
1 HRAS AT ZA25 CP047352 CP047352.1 W TR
Proteus mirabilis Jiangsu, China
2 PM22 CP137214 CP137214.1 LREES RN
Zhejiang, China
3 GN2 CP026581 CP026581.1 rhE bR
Beijing, China
4 SNYG35 CP047589 CP047589.1 rp [ )i
Sichuan, China
5 JPM24 CP053894 CP053894.1 )R
Guangdong, China
6 1035 CP072779 CP072779.1 R g
Shanghai, China
7 PMI11 CP137083 CP137083.1 Hp [ T T
Zhejiang, China
8 L90-1 CP045257 CP045257.1 LREES RN
Zhejiang, China
9 Yak2019 CP063440 CP063440.1 rp
Gansu, China
10 HK294 CP119297 CP119297.1 b [ A
Hongkong, China
11 W2 CP126338 CP126338.1 HRE L AR
Shandong, China
12 PM16 CP137335 CP137335.1 Hp [ T
Zhejiang, China
13 PM32 CP137736 CP137736.1 EREES A
Zhejiang, China
14 3l AR T AT N TAF3 CP126335 CP126335.1 HRE L AR
Proteus vulgaris Shandong, China
15 HJI90 CP150645 CP150645.1 [ SRR
Heilongjiang, China
16 ZN3 CP047344 CP047344.1 oYL
Jiangsu, China
17 FDAARGOS 556 CP033736 CP033736.1 ¥
America
18 BIAT RS WF  ZN2 CP047349 CP047349.1 R E YL
Proteus terrae subsp. Jiangsu, China
19 cibarius G32 CP053371 CP053371.1 P E T
Zhejiang, China
20 ZJ19PC CP085032 CP085032.1 FP T L
Zhejiang, China
21 AR T AT R T60 CP043925 CP043925.1 Hp [ R
Proteus columbae Henan, China
22 Z BT 15H5D-4a CP026364 CP026364.1 i
Proteus hauseri Korea
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RIEE, R «-B 4R L, BEMittRAH
BN URAG WY TSA i 2k |, 37 °CH5 5% 12 h
Jei AR B0 B B4R B RN A AT TR RE X B- P T e
X RAMAWERE ., AT WS 30
Pk R BURFERE
1.9 SRR EE RO E

SR FH o R 235 A 58 U 6 TR TP A 20 B A M R Y
TE A J1 2627 B kR AE TSB 53738, 37 °C
140 r/min R HEF 12 h VLB, BIRIKERBRZE
ODeoo M 0.1, 7E 96 LA H EEFLIIA 200 pL
W, DL TSB Hig2 3 M XTI, B E i B
3AEL, 37 °CHrE SR 24 he 7 B, &AL
Fi1 200 uL /Y PBS J5UE 3 . AFFLANA 200 pL
B BEFE 2 15 min, FEEHEE. BT AL
A 200 uL 1 0.1%45 il 2594, =il £5 30 min.
FHZEB/KIEGE 4 Y, BT )5 BALANA 200 uL /Y
To/K LW, 30 min J57E 590 nm (ODseo) 3 £ AL
E OD . HIErRE: PABAVEXT B84 OD e N
3 fEFRIEZE MG FE (ODeutofr) s ODs90<ODecut-ofr N
EAYBIE ()5 ODeutor<ODs99<2ODcutofr A
59 WL (1) ;5 20D cut-otr<OD'590<4OD cyt-ofr N
S5 A W) BT L (++) 5 OD500>4O0D cutofe A 58 A= 4]
FETE B (+++)
1.10 EEXNRABHEERE

YRR ) . T 25 LR 1 0L, ik
£ SKPM2 BRI X/ O B o ik

1 FZRFEREZES
45 C: MRAE SS BUlgHi R B P RS LA
Figure 1

BERPT TSB 1535389, 37 °C. 140 r/min 3755
TR o IR TR R P AN R TR

DL TSB 555 5L i B, IR 10 500 A RRhl
£ 5ANANRIHRBE(1.5%10°.1.5%10%,1.5%107 ,1.5%10°
A1 1.5x10° CFU/ML) A W HE TR . 3R 58/ BB AL 43
hedl, M6 K, Hikbridh 1-6 41, 1-541
SIS, G S R T AN [ R R A A TR
B 0.5mL, 564 XA, MR
TSB i34, #H 0.5 mL, id®/MR—E MK
BET 5 , fd FH] GraphPad Prism 8.3.0 3144 LDso.

2 ERS594

21 HWHEEIDSIEFRER

B N85, PRBCR AV AE TSB
BRI R R A L R . BAEEIEE, A
522 [CBAPE/NFRR SOR RURDE A 40 T, B aldiE
ARHET, K/IN0.1-0.2) pmx(0.3-0.6) pm (& 1A).
PRV PR UR B A S 0 15 R S (TSA BER5EAI SS #5
IR, 7E TSA B3R i B B i iE A K
ML (K 1B), 1E SS BilgHgr &t FIE b A0,
%% 175 B B R 13 7% (B 10).
2.2 16S rRNA EFF atpD EFLEE
FER

AL I PCR FIEERC TR, 16S IRNA JE[H
1E 1 500 bp (K 2A), atpD LK TE 590 bp (& 2B)
Qb TR KN BE . 42 NCBI Ff BLASTn %§

A P EAUR; B AR AR RSB R R T A B

Gram staining and colony morphology. A: The result of Gram staining; B: The phenomenon of

bacterial migration in tryptone soy agar (TSA) medium; C: The morphology of bacteria colony in SS agar

medium.
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A

bp M 1 2 3 NC
750
500
250

Bbp

2 000

M 1 2 3 NC
250
100

2 HFRLFHAE 16S rRNA EFEF atpD HELELER  A: 16S rRNA JE[H PCR §H #8258 B: atpD

FLR PCR ¥ #4455 ; M: DL2000 DNA marker; 1:

NC: BAYEXS .

SKPM1 Fifk; 2: SKPM2 Fifk; 3: SKPM3 itk

Figure 2 The identify results of P. mirabilis 16S rRNA gene and atpD gene. A: The PCR amplification
results of 16S rRNA genes; B: The PCR amplification results of atpD genes; M: DL2000 DNA marker; 1:
SKPM1 strain; 2: SKPM2 strain; 3: SKPM3 strain; NC: Negative control.

PEPEELXT 0T, A 3 MRS Ar AR A 1 A 7
Hi i EE AR . Hirh 16S rRNA LR B0 AR 43
K 100% . 99.93%7F1 99.93%, atpD k[ 4]
ALYE S 3R 99.82% . 100%F1 100%. HR 47
GILLXTEE S, X 3 BRI WA A AR e AT
W, 4>l 4 SKPM1., SKPM2. SKPM3,
2.3 BEEHUETTER

HF atpD F[H ¥4 AL AR T 1 JE 19 R
SGRBWE 3. KRFE LB ST, 3R SE
SAREAT AL T [ —73 3. Horpr, SKPMI S
T Ak S, 5@k PM1L, 1035,
JPM24 5 R 5 8T . TRk SKPM2 1 SKPM3 Ht
I F— A o 32, 5 R 43 3 T bR
PM16. W2, HK294 %4k 4n . Kk, 454
22 123 SR, i — IR SEAR SIS A B Y
PR R A S AR TR 1A
24 FRIBDIHER

T 3 X L it B A R Y5 4 AN [R) 4L 4 Y
WEL R (K 4), 250 BoRREF AL )
T . BEYE . NUZIRBE . KE R IR,
AT A DA E AR R AR A IR (K] 4B

1 b)o iRl HBRE RSB B Y, T
YRR . SFYEER, Ml RE B A I A FE L,
i 96 [a) B 185 JEE (P 4D A1 d). FF4R IR K, BFR
SEREETL, FRBBAESERES LY, b
i RN IR I (R 4F A ), BRAEAN TR,
HHGEREBBY, MOAEEMIEEK, MRS
AR SEEE, S KK 4H Fil h), B/NVE B2
YHE . B /NERANIRFE /DS bk B 4 i R A
MR, B/ NERER I ZE 40 (18] 4) A1 ). DT
B {2 B AR AL (] 4L A1 1) o
2.5 H M AEREENLE

WL R PCR AN, 238 1 3 BRETHY 8 Fif
BEREDNRN 11 Pt 25 5 8. 45 SR BOR, X 3 bk
PRSI 7 ARE I SEPRD 5 AP 25 L, 3 Bk
P R IR L — 3, A ureC,
zapA. atfC, atfA. pmfA. ucaA Fll rsbA ix 7
TSI, WA mrpA RSS2 0
Rt & B0, 3 #R T blarem fl blactx.m X
2 FPREIR, TR AR SKPM2 #H7 ifif 2 3 R fp 2K f 22
A 5 Fh, HEkk SKPMI /b, 23 Fh, H
R¥EA s I M 2 L I Bl an 3R 3 B, Tk
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0.01 _E Proteus mirabilis ZA25 (CP047352)
72— Proteus mirabilis PM22 (CP137214)
= Proteus mirabilis GN2 (CP026581)
— Proteus mirabilis SNYG35 (CP047589)
51— Proteus mirabilis JIPM24 (CP053894)
= Proteus mirabilis 1035 (CP072779)
— Proteus mirabilis PM11 (CP137083)
* Strain SKPM 1 (PQ490396)
— Proteus mirabilis 1L90-1 (CP045257)
i Proteus mirabilis Yak2019 (CP063440)
— Proteus mirabilis HK294 (CP119297)
— Proteus mirabilis W2 (CP126338)
98 Proteus mirabilis PM16 (CP137335)
— e Strain SKPM 2 (PQ490397)
— e Strain SKPM 3 (PQ490398)
— Proteus mirabilis PM32 (CP137736)
Proteus vulgaris TAF3 (CP126335)
W'_— B Proteus vulgaris HI90 (CP150645)
73 L Proteus vulgaris ZN3 (CP047344)
Proteus vulgaris FDAARGOS_556 (CP033736)
— Proteus terrae subsp. cibarius ZN2 (CP047349)
: Proteus terrae subsp. cibarius G32 (CP053371)
— Proteus terrae subsp. cibarius ZJ19PC (CP085032)
Proteus columbae T60 (CP043925)
Proteus hauseri 15G5D-4a (CP026364)

53

92

B3 ET atpD EEFIMENRGELXEN H5NF SR GenBank B 5; 03X ERHTHRRE
fHBE; R 78 BAAbn RN AL B s

Figure 3 Phylogenetic tree constructed based on atpD gene sequence. The serial number is GenBank
accession number; Branch number are bootstrap; Scale in the upper left corner of the picture is distance.

JIF Liver Jlé&t Spleen ¥ Kidney .L» Heart

i

T RAT
Healthy young deer

RS IR
Diarrheal young deer

B4 FRARBLERETRE
Figure 4 The pathological section picture of different tissues of young deer. Bar: A-L, 200 pum, a—l,
100 pm.
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Table 3 The carrying status of virulence gene and
drug-resistance gene of different bacteria strains

BEZEA SRR SKPM1 SKPM2 SKPM3
Gene type Gene
A ureC + + +
Virulence mrpA _ _ _
gene zapA + + +
atfC + + +
atfA + + +
pmfA + + +
ucaA + + +
rsbA + + +
i 24 blarem + + +
Drug- blactx-m + + +
resistance tetA — _ _
gene tetB - + —
tetO - -
rmtA - -
ant(3")-1 + +
StrA - - -
sul2 - +
sul3 - -
pmi - - -
o BRI - ANHEIZIEA

+: Carrying this gene; —: Not carrying this gene.

SKPM2 J& 3 PR H 48545 5 7 Rl 24 2 A b2 i
Z BRIk SKPM2 A 75 77 3 IR RN 26 36 [
K g FanE s R .
2.6 HEPAWER

WIFL ORI L5 R (K 4), ARKH, 3tk
PRAOGT Sk A A g U, TR PR SKPMIT I SKPM3
X T R RARH EERURR, BFRE SKPM2 X T e RAR
Mif2h, 3 AREE X H A 28 FhbrA: K24 .
2.7 HYVREREREENNESER

L ol R g R kT 3 MR R
T RGRE 11, SLERZE R BN, AREH ODewor
Jy 0.12, 3 ¥kE SKPMI1. SLPM2 #il SKPM3
ODso0 431120 0.94.0.93 Fi1 1.10, 2 KF 40Dcyrofro
PRIt 3 RRER 8 AE W ROY B RE 5 i R Bk o
2.8 NEEBFFEMIRIGER

TEH B MR SKPM2, 38 o A3 40002 1 < T

WA FE Hy 1.5%x10° CFU/mL, 10 {546 55 7 B4Rk
% 1.5x10°, 1.5x10°. 1.5x107. 1.5x10° FfI
1.5x10° CFU/mL %) 5 YR EERG BE Y TR, KUK
b 1-5 4/ BRI S, 5 1 4/NEATE S h
INATRAET, 45 240 24 h NAERIET, B34
AN BURE RS E . BB RAL . W R
B HEAERER, MG AT HAd
MNREBERIGES A E EWDEFN, HIE3d
JE WKL o IR /N R B, I B AR
e, WRNEMR . SRBE, BhiB KSR . X AR
AN B . it PCR F%E, MK
HE/IN B 2R Fh 20 B HE O A0 TR AT S AR TR AT A
WEFZ B AR T 5 /N RO R I FET, /NRRSETS
FNE 6 s, H LDso A 3.98x107 CFU/mL.,
3 Wik

A S AR T AT T — Bl I A 45 1 T B
B, HEE AR RGP, [FE, EAR
[ sh b A — W kR AR,
A 1l A R i 3 v 4y 5 A S AR TR AR I, e
T AR AT RERE VS s 19 3 B R R 7 7 AR T
FRE o it AT AR 4200 E 2 B A b, &
PR 223 1 26l FS )22 48 493 ™ B -+ 5 v R LU 2
MUIRFEE AR AN, Hofth T2 R4 2 B — 2 A
FERIIRAE , X R ET AR TEAT o sk He A R T
HAT ZALg T, o5 kA7 ™ E RS
M E MR IRG . BHET, ST ML RE YL 7y
SARTEATF R R B o A A, g
2 SO FH T 4 VAT S A TR AT B A 7/ RUER g
RERL e BN BRI J5 2 B A B R 2
V% S B AR AL . AR TSP B R
ASTEAE 0] A5 R R s M g% B R A b 2
ML TS, 5 ABFST & BLRYAT B8 25 i vh i s B
AL ZE RAFTEAARIME . LM, Gong B4 E0 )
IR T A8 AT T T %ot/ SRS ) M B s i 461
i, It H LBV W R G0 5 1038 i 2 H
HEBORMLE . % R AE AR R 1 R
S HL I A 5 B — 2R 5%
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Virulence gene

[GESET

Drug-resistance gene

T LV 1 ol 23 A < A 7 Q

LV Q imn 11 17 12 14 18 1A 17 12 10

B 5 @tk SKPM2 B & HEFE MM 258 F MR

Figure 5 Detection results of virulence and resistance genes of strain SKPM2. M: DL2000 DNA marker; 1:
ureC gene; 2: mrpA gene; 3: zapA gene; 4: atfC gene; 5: atfA gene; 6: pmfA gene; 7: ucaA gene; 8: rsbA gene;
9: blarem gene; 10: blacrx-m gene; 11: tetA gene; 12: tetB gene; 13: tetO gene; 14: rmtA gene; 15: ant(3")-I
gene; 16: strA gene; 17: sul2 gene; 18: sul3 gene; 19: pmi gene.

A TR TEAT R —Fh UL 2 2514
O A Z 5 S b AT T s >3, Ao &
B, 3 MRE BN B Em 25, FENHK R
30 FhdicE R, 1 BRI X 29 Fbi A Kty ,
2 BREEXT 28 FhbiAE R N2y, SR BUESE
38 A AR TS AT R AR HL T 29 b e, R
AR LR B-HBERR (R R AN
MLSKIBETE ) EIMFRRRER . RIR
HBREVNURREWUFRER . ZIUAES)FIR
PR -2 00 s BT 20, Ui
TEMEAE RE SR R AF e P B P AE RIS, A
3N T WG R P e . 5 — T, ARAIFSR
[ 73 B BRI A0 AR B R B AR 28 (G Atk . Sk 7
$7 5 SR 250, $ R B XA A e 4
TEERU . IEAh, 8 PCR 7l 1 p-rA ik
Hﬂ%(blaTEM\ blacrx-m) . lﬂlﬂ<§§’§(t9t5)\ = FE
BETF 25 [ant(3")-1 I e 21 (sul 2) S Tiid 24 BE [, 3%
HH 30 6 ok T BB R A AR PR B AR e AE R
FIHEPLRE F1, FFA 1T REIE 1 K A% 16 Jy = i
2 3L R AL 3 2 LA TR RR FR P, DA XA Ak T AR
B A TR L

TEMBE RS, AR ER 3 Ras
ASFEAT I ureC., zapA. atfC. atfA. rsbA,

ucaA il pmfA &5 7 Fiag J7 LA, X e R 351 G
ARG . WESEED, WIEMETBEED,
IFH 3 PRE R ARV BE iR T . 7EEK
SaPEDT T, 3 PRIATE R 1 SRR A W) BEIE L T
HREAG ARARPE ST, T B bR SKPM2 HAA B3R i
it 254k, DRI PE Rk SKPM2 A b4 1/
oL, A5 R R E M SKPM2 X/ A —
FERESENE, H LDso R 3.98x107 CFU/mL, #H
BT Bk B A5y B R IR AT A TE AR I, R
BEPL e B AR, UEBHAS IR 3 s Ak AT B SR 1Y
Hopatk . o AW eT RE 2 HoA 2 E i 250
R R A EE N, Sun ZPORYHFIE L& P
TX—BG . AWFFEE X o 25 E 5 R
W5, AT RAHED X 26 5 8 22 35 7 5L D 1 TR Pk
AIRE LA R AP py e vk, 3 A 1R SR 9 i ik
PRI T R AT o[RBT, B A P06 47 5+
ASTE A TR A BRI B AR DG ™ iy, AT VE R B
TR T R B

4 Z

MIETEAT HENA 1B B2 53 85 1 3 kAT AR TE
FFEE o B0 TH, X EEAHTEHERT ureC. zapA. atfC
GRS, ALY e S . Forb T ik
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Table 4 The antimicrobial susceptibility test results of different bacteria strains

PR
Type of antibiotic

PR

Antibiotic

SKPM1 SKPM2

B-PAI M

B-lactams

R
Aminoglycosides

PUFRE

Tetracyclines

RIS
Macrolides
WS
4-quinolones

Z JIkZ& Polypeptides

% 1%25 Sulfonamides
3Lk MEZE Nitrofurans

S 55 % 2% Chloramphenicol
MAT e Lincosamides

7 % % Penicillin
ZRMEPEAR Oxacillin
R VEAK Ampicillin
JRIETEMR Carbenicillin
WRFZ P4 AK Piperacillin
LAUER Cefalexin
Sk7E sk Cefazolin
Sk E Cefradine
LAk Cefuroxime
KAfIE Ceftazidime
SLAUHHAL Ceftriaxone
SLAENRER Cefoperazone
THERAR Amikacin
PRAK#FZE Gentamicin
FIB#E Kanamycin
HiFF & Neomycin
PUIRE Tetracycline

Z P EK Doxycycline
KA FRE Minocycline
214 % Erythromycin
il 4 % Midecamycin
Wi TP & Norfloxacin
A F P2 Ofloxacin
AV E Ciprofloxacin
Ty # % Vancomycin
ZZi R & B Polymyxin B

2 J5#r# 8 Compound sulfamethoxazole

kMgl Furazolidone
S ZE Chloramphenicol
TiMEEZE Clindamycin

HRA R BRI R R A AR AARBAR A RN DA D DD

FRAR R A AR A AR AT A RS A R DA R LI IR AR DR T

HRAR A AR A AA R AIA RS AR AR NI DDA D DR W %
<
w

S: U 1. hEHUR;

S: Sensitivity; I: Intermediary sensitivity; R: Resistance.

FET-#
Mortality (%)
3
=

100.00% 100.00%

100.0
I 16.67%
0.00%  0.00%  0.00%
0.0 J L : : —
1 2 3 4 6

JrH
Group

6 PMEBHMEIXEER

5

Figure 6 The test results of pathogenicity in
mouse. 1: 1.5x10° CFU/mL; 2: 1.5x10% CFU/mL;

3: 1.5x107 CFU/mL; 4:

1.5x10° CFU/mL; 5:

1.5x10° CFU/mL; 6: TSB medium.

SKPM2 B M 1.5x10° CFU/mL i}, 8 h NE
/NERBET o 2P TH, K blarem . blacrxa.
tetB 251 2 3L [N, TR B-INERES | DUFRE
MRS RS R A ZEmT 251k

(!

HEA . SIRATTE . BRI R
SCERT; A SEROTIE . BRI
PEAb P PNERER . FREALREE . SCEBUG REAT
AT LRI BullcE; Wi, e
SCfEE; EWRIE . LR, eI XK
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