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B E. [%%]) 73 EHATEA (Proteus mirabilis, PM)RAZEEZREH, EARROIH 2. &
Fk, MEZO T RENMHARLRE LA G HIEE, RE %H%xﬂfmféﬁwizﬁ% [B4] 5
BURIZURTFENHE, ST LM, Ratt. AMBEH REHFEMFHFE. [FiE]1 XA
R &4t X R (Polymerase Chain Reaction, PCR)7 i% %2 T A 20192020 F 57 28 ¥ 4 B 9 52 #hls
RFAFEHATEH. 25 KA BRI . PCR. £ 805 4 &kt 1s R AR gt 25 44 ﬁﬁfkl&i%
IR &G T AT R . (4R ] @zf 14 R A M BHREAT 16S rRNA LB W5, 25 % &0 B0 o
M AHFAERHE. FIHE>BARYSANREE. MHEL. 41&% v9 IR & Fo A m%v%’m, ﬁr
%&%‘ﬁuﬂemwréﬁ%i%ﬁw MY EHT 50%. B TFREHBIFEG 13 NEHLBRENE
B, FTR AR e M D) hpmA. hpmB. rpoA. mrpA. fliL. zapA. ureC- ath atfd. pmfd, ¥ ucad
ﬁv rshA ¥ i % \5r |4 19.23% (10/52)#= 48.08% (25/52), hilyA kA& k. 3t5 &R ADABIET, s AL
CM kR A, PR AR RAEMMIL, 19.23% (10/52)49% %%#ﬂ/ﬁki%mﬂ% t ik, WA
25 °C £H T ARIERE AL 37 °C 3%, [46] BRFTFEIMAALF SHEHNLR, EHRZAY
WL et fy, WX S LR E, mit—F gt 73 LA G EDDBE IR AT 205
ey W dw, VAR R e GRS,
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Isolation, identification and biological characteristics of a Proteus
mirabilis from chicken
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Abstract: [Background] Proteus mirabilis (PM) is a zoonotic pathogen, which is widely distributed in
environment. In recent years, diseases caused by PM and the drug tolerance to PM has gradually increased,
raising the importance on the prevention and control of PM. [Objective] To isolate and identify PM from
chicken, and to analyze its biological characteristics, such as drug resistance, pathogenicity, and biofilm
formation ability. [Methods] Polymerase chain reaction (PCR) was used to identify 52 clinical PM strains
which were isolated from sick chicken between 2019 and 2020. The drug resistance, virulence genes and
biofilm formation of the clinical strains on PM were investigated by the drug-resistance phenotype, PCR,
crystal violet staining method respectively. [Results] The results of 16S rRNA gene sequencing on
14 selected representative strains indicated that all the detected strains were PM. All isolates were resistant
to clindamycin (CLDM), azithromycin (AZI), erythromycin (EM), tetracycline (TET) and rifampin (RFP),
and the resistance rates of drugs other than chloramphenicol and ceftriaxone was higher than 50%. The
results of detection of 13 virulence genes showed that all PM strains contained hpmA, hpmB, rpoA, mrpA,
fliL, zapA, ureC, atfC, atfA and pmfA, while the detectable rates of ucad, rsbA and hlyA were 19.23%
(10/52), 48.08% (25/52) and 0.0% (0/52), respectively. The results of biofilm formation ability showed
that all strains could form biofilm. 19.23% (10/52) of the isolates had strong ability of biofilm formation
and the 25 °C temperature condition had stronger ability of biofilm formation than at 37 °C. [Conclusion]
PM from avian harbored various virulence genes, and had strong biofilm formation ability. The drug
resistance to PM has increased significantly and resistance patterns were complex. It suggested that the
tighter monitor on pathogenicity and drug resistance of PM should be carried out to reduce the risk of PM
infection.

Keywords: Proteus mirabilis, isolation and identification, drug resistance, virulence genes, biofilm
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1 MRS b
1.1 #&

SEIRTEILRH . BRES HER SRR FEAS AT |
WAk sh 340 0y, 43R A TCRCRFEAS 5 B T K&
Hr, 7E 18 h PN [l SC e & A B
1.2 FERFIFANEREFE

Oxoid EEEKY . Oxoid BEEE AR, FiF3ERA
YR A BRAE; BDEUEN, i DrAyky
HIRAAE S bdh, & TAY TR BROA
B SS Bifgsisst, & SiE AR AL R
/N H) 3 DL2000 DNA Marker . 2xHieff™ PCR
Master Mix, [ EYRHEARA ] 2580
YCH, B R AGLA: YA BR A w5 i S
HARPORF &, KRR AL ) H R A .
TR RS IR, T BT AR AR X A PR A
TwEES, MR R A YA 0 A R
Al MERIRG R FRAE, AU AT B SR A R A
Fl; PCRAY, Eppendorf/ywl; HFRH KL . BEME
W% &4, Alpha Technologies /A rl; 43 VGG
i1, Bio-Rad 2AH],

LB W AE; 33 (/L) BEE MK 10.0, &fk
B 10.0, BELEERY 5.0, 1x10° Pa KB 30 min J5 &
TR 4 °C &R, T 508 k0 & ALY 5
B

LB HifgdiaRdt: 16 LB WAREE IR EEM B 2
il FAIA 15 g BEPEKS, 1x10° Pa K 30 min J&
FAFMAFEA 15 mL, BHEEFSH, T
W IR s TR TR S MER .

SS FiMgHE IR M (g/L): SS BIEM 63.6,
1x10° Pa K 30 min J5EAF A EA 15 mL, %
HIgEM & A, FTHMm BRI
1.3 HEIBEREE

PM 438 . %S k19, BEAETRSE
TCTR A T B 5 03 SR A s ek B /Dt il A K T
EDET, INABEIRERZZ v (Phosphate Buffered
Saline, PBS)JWEE)G, #:FhT LB W iAkEFE+

FEEF37°C, 200 t/min 54 FEEFEEEM, A
T TR RO BARGIEA T PCR RGN, B Ha vk &t b
A BERIAT S AR TEAT TR 4570 ROAE b BRI T SS B
JER:FRIE L, S 37 CHERF 16 hAEf)E,
BOV SRR R S0 i v] BETR I, 22 Qg
gk, [FBPR R AR R T LB WiAAR: 5+
3, 37°C, 200 r/min B335 8 h, S HAANE BN 4
P& Bt R0 & 150 WY AD 4R M4 TR R R A, PR A
T-40 °C & M. MT%E& 5L R atpD K
R S5 1228 30k (101, o B JE ARt
A WAA A DAERER IR itk , L
atpD-F Fl atpD-R R 519147 PCR ¥, 5115 B
W2 1, PCR W IKZE Q20 pL): 2xPCR Master
Mix 10 pL, b, F#E5I#H(10 pmol/L)%& 1 pL,
DNA f&4Z 20 ng, ddH,O #h=E 20 pL., PCR S 5%
£: 94 °C 4 min; 94 °C 40's, 56 °C 30's, 72 °C
1 min, 30 MEH; 72 °C 5 min, =Y 1%
NG HEGE R A DR A, FEBER R R G T 40 IR
R4
1.4 16S rRNA E R 18K 54

PR 10 PR ILFH 50 & #k (Prom-1. Prom-2 .
Prom-6. Prom-8, Prom-10, Prom-16, Prom-18.
Prom-19, Prom-20, Prom-22)Yj 4 #RZLE4 B
(Prom-28 . Prom-34. Prom-37. Prom-40), &%
SCER[FE, LA 1.3 & R PM JEH 4
R, RS A YR A R A E A LA
i 16S rRNA i 514 27F Fl 1492R . X 5156 14
RO H I A Bedk 4T PCR P78, PCR S 1A &
(20 pL): 2xPCR Master Mix 10 puL, F. FiF5]
¥1(10 umol/L)4% 1 uL, DNAFEAHT 20 ng, ddH,O #b
% 20 puL. PCR W s%(F: 94 °C 4 min; 94 °C
40s, 54°C30s, 72°C 1 min, 30 ME¥H; 72 °C
5min, WV W R PCR =ik & HFREAY
BHEA BR 2 vl FEA Ty -

W45 A NCBI I BLAST #b47EE
XF, FIF DNA Star 5 {4/ ) MegAlign ¥ 14 #% PM
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Table 1 Primers used in this study
HE 51 R g PR
Gene Primers (5'—3") Gene function Product
length (bp)
atpD  F: CTGGTGGCTCATTCATCT T PM A% 509
R: ACAGTTAGGCGGTGGTAT Used for PM identification
16S  27F: AGAGTTTGATCMTGGCTCAG 16S rRNA %[5 38 F 5 14 1 465
rRNA 1492R: GGTTACCTTGTTACGACTT 16S rRNA gene universal primer
hpmA F: GAGGTATTGGTGGTGGTC T I 2R AH K 234
R: CGGTTCCTGTGCGTTCAT Hemolysin-related
hpmB F: CAGTGGATTAAGCGCAAATG T I 2R AH K 422
R: CCTTCAATACGTTCAACAAACC Hemolysin-related
rpod  F: GATCATGGCTCAGATTGAAC I ZRAH K 456
R: TGCGGGTAACGTCAATTGAC Hemolysin-related
mrpA  F: ACACCTGCCCATATGGAAGATACTGGTACA I ZRAH K 550
R: AAGTGATGAAGCTTAGTGATGGTGATGGTGATGAGAGTAAGTCACC  Hemolysin-related
fliL  F: CTCTGCTCGTGGTGGTGTCG LI RSERAT OkiPS 770
R: GCGTCGTCACCTGATGTGTC Fimbriae structure related
zapA  F: AGATATTATTTTTATTAATAATAAGGATTAC B R B A O 480
R: AATATCCTCCAGATATAAATTTAGGTTAAGTTTATT Encoding fimbriae related
ureC  F: GTTATTCGTGATGGGATGGG 4 Je AR I REEAH O 375
R: ATAAAGGTGGTTACGCCAG Metalloproteinase related
atfC  F: AGAAAGGGATCCTACAAATTAA PR HFAE R 472
R: TATAGCATGCATTTAAATTGCC Urease related
atfdA  F: CATAATTTCTAGACCTGCCCTAGCA BB G 365
R: CTGCTTGGATCCGTAATTTTTAACG Fimbriae synthesis related
pmfd  F: GGATCATCTATAATGAAACTG [EsESEt NIk 534
R: CTGATAATCAACTTGGAAGTT Fimbriae structural subunit
rshA  F: TCGATTTCAGTGTTTGGCCAT IEHEAE R 2200
R: CCGAGCTTCATCATGGCTG Migration related
ucad F: GTAAAGTTGTTGCGCAAAC PRIE b R 587
R: TTGAGCCACTGTGGATACA Urethral epithelial adhesion
hiyA F: AACAAGGATAAGCACTGTTCTGGCT T I 2R AH K 1177
R: ACCATATAAGCGGTCATTCCCGTCA Hemolysin-related
SYEMRRY 16S rRNA JEH P45 NCBI sk 1.5 24808
) 10 ¥k PM HHR[HNXY 160420 (KX437623.1). KH Kirly-Baue 4CR A 2o, KA

SH (KX230763.1). Isolate3-1-32 (AB932526.1), ZHAEAR U I A5 T 45 A0 Rl X R A 7 )
ALKO043 (KC456538.1), ALK044 (KC456539.1), o BEHMNLT LB i b, F 37 °C i3
ALK428 (KC456557.1). BAB-199 (KF535110.1), 10 h, FRBUCALEYEF &4 5 mL LB i IRKE SR
YCY34 (JF775423) . ALK418 (1KC456548.1) fll EF, BT 37°C. 200 r/min 153% 4—6 h Z X%
NCTC11938 (NR_043997.1)|i#kA7 RGE K F IR AK P, 5600 r/min B> 10 min J5FJCH PBS

Hey st AR T o

W2, WIFEBIFETE 0.5 LR HIMARE,
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B 100 puL ¥ 45 T LB ~Fal b, ARG 5 425854t
F, 37 °C K38 10 h 5 s B AR, FIWT 4y
TR R X 25 R . AR R MR RS
HE 5 ] I PR A 52 565 5 A ofE A6 9F 9% BT (Clinical and
Laboratory Standards Institute, CLSI)Hil % ) HT
WU IR IO bR, SEH 16 P2y 5Bk
B, RER . BER . AR, FlfmE. &
HE. kEEEY . ANVE ., 4B F. RKIE
ESN G S S VB S 1 /AN S E DAREIN
IRKER ., RIBEER.
1.6 FHhHERKEN

B SRR BRI S B CHk[12-13], LS
RAEDBH ARG 20K hpmA .
hpmB . rpoA. mrpA. fliL. zapA. ureC. atfC.
atfA. pmfA. rsbA. ucad. hiyA, J¥H W 1, X
52 ¥k PM 19 13 ~8EJ1 2 3EFT PCR £, PCR
RNRZRY 1.4 —5, PCR KR ZfF: 94 °C
4 min; 94 °C 40 s, 50 °C 40 s, 72 °C 1 min,
30 MEH; 72 °C 5 min, PCR P87 ¥ ] 1%
B JIE W B PR KA, R I IR R A T
oA R
1.7 S AER R EE SN E

A= W T P R I Ty vk 2 BRSOk (14, B ST
MRRIZE T LB S | 37 °C Kigiid ik, PRBCRRETR
TEA 5 mL LB IR IKE SR AL T E T 37 °C.
200 r/min £55% 4-6 h EXEA KW, 5600 r/min &
> 10 min, PBS ¥t 2 K5 H LB &Ml ODgoo N
0.1, KEEWKHEL 200 pL F 96 FLANMIETFEH
PRAEEE 4 NEE R E AT, #5398 24 h )5
F PBS ¥ 3 8, AL 0.1%%5 5% 200 uL,
37 °C ¥EFA YL (s 30 min, Y4505 H PBS ¥
3, FREIERT, BAMA 95%CEE 200 pL
Ji €5 20 min, FEFR{NE ODsos fH o

Z: BESCHR [ 1419 7 15 43 A T PR A= 0 B T B
A& 71, LABHPEXT RS oD {Em E 3 fErbniE
2:(s), BIZN ODc RHEHE, OD<ODc WA HEY)
BB 10Dc<OD<20Dc 1y 551 W9 JEIE 1 g

20Dc<OD<40Dc 1 ¥ A= ) w5 W5 g 1 vp 45
OD>40Dc W Ay i A= W1 Bl BT B RE T -
1.8 TEIEFEEMEX PM 4 #1345 B2 X B9 5201

FE— AR SR A% PM AR ) g
TE BRI REI , e 3 MRA VIR BETE U RE ) 9tk 1Y) TR
B, ¥ 3 BRE BIRIZ T LB Al | 37 °C B 50t
%, PRHUAEYE T &4 5 mL LB AR 5 5191
T 37 °C. 200 r/min $53% 4-6 h, 5 600 r/min
2.0 10 min YR, PBS Bk 2 Y5 1 LB ik
R F R E BAF ODgoo M 0.1, WHUZE M 200 pL
F 96 fLANMIRE MR, MR E 4 NEEIHF
WEIPEXTIE, 23518 T 25 °C fil 37 °C i
24 h f1 48 h, i H: BF FELRE 11 . BF A& 5 ik
ik —2, EHFRKHEE] 24 hEl 48 h
(7 96 FLAN KT TR B, I PBS Yk 3 i, 4
FLHN 0.1%%5 f %8 200 uL, 37 °C &£ 30 min, 3¢
g5 PBS Uk 3 %k, EREIERT, &AL
A 95% B 200 L €4 20 min, FEEAR (I E
ODsos H..

PR AR A IR Y BCRE S 1 Al ik 17 v
—3

2 HR5406
21 HEIBREE

B 43 25 1 PM B RUTE V% 43 B 7E LB Al
A SS kil , 43E ) PM (Prom-1)7£ LB FrJ &
EREAERK A 1A), e SS AR AT A/ NN
1-2 mm, St H R 2R AMIETE R, mHT
THEBLAR(E 1B). Bk UL 22 [RY BT, FPIk
A FPIRE (K 2) 0 ik X PM RSB R apD Y
PCR "3, $Lpe5] 52 ¥k PM, 435145 N
Prom-1-Prom-52, #4341 5B IE appD KK 9"
MR LA 3,
2.2 HEEH 16S rRNA E R BEUE S

W& 4 A%, Prom-1, 2. 6. 8, 16, 18,
20, 22. 40 5 HNXY160420 (FFEEH)LLN SH
(P HEMINRIER —43; Prom-10, 37 5
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1 Prom-1 7 LB 355 £(A)F0 SS 1E57FE(B) LHE
ERS

Figure 1 Colony morphology of Prom-1 on LB culture
medium (A) and SS culture medium (B)
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Figure 2 The morphology of Prom-1 after Gram staining
under oil microscope (1 000x)

7 8 9 10 11

bp M1 2 3 4 5 6

3 WA FRLTEATE apD £FH PCR IR
Figure 3 The PCR amplification result of aspD gene of
partially Proteus mirabilis

¥ : M: DL2000 DNA Marker; 1-10:
Prom-1-Prom-10; 11: JABA:X IR

Note: M: DL2000 DNA Marker; 1-10: PM
Prom-1-Prom-10; 11: Negative control

PM 7 B R R

isolates

Isolate 3-1-32 (H A&)4bF[R—43r3Z, Prom-28 5
ALK-043, 044, 428 }; BAB-199. YCY-34 BR7E[]
—/y3; Prom-19 5 NCTC11938 &b 7E[f]—4337 .

ARIE 45 R BoR, 14 RO BEES 10 #
PM WO TR Z R AR = AR, AR Al 2 #K
HH L Z [T BR )P AN AR RIS AT 35 99.0%L) |,
AR B¢ R 3K 99.9%

Proteus mirabilis Prom-18 (MZ067157)

Proteus mirabilis Prom-20 (MZ067159)
Proteus mirabilis Prom-6 (MZ067153)
Proteus mirabilis HNXY 160420 (KX437623.1)

86 | Proteus mirabilis Prom-2 (MZ067152)

Proteus mirabilis Prom-16 (MZ067156)
Proteus mirabilis Prom-40 (MZ067164)

Proteus mirabilis SH (KX230763.1)

Proteus mirabilis Prom-1 (MZ067151)

84 Proteus mirabilis Prom-8 (MZ067154)

90 ]

Proteus mirabilis Prom-22 (MZ067160)
65| Proteus mirabilis Isolate 3-1-32 (AB932526.1)
91 Proteus mirabilis Prom-10 (MZ067155)
Proteus mirabilis Prom-37 (MZ067163)
Proteus mirabilis ALK-043 (KC456538.1)
73 Proteus mirabilis ALK-044 (KC456539.1)
Proteus mirabilis ALK-428 (KC456557.1)
86 | Proteus mirabilis BAB-199 (KF535110.1)
Proteus mirabilis Prom-28 (MZ067161)
Proteus mirabilis YCY-34 (JF775423)
Proteus mirabilis Prom-34 (MZ067162)
Proteus mirabilis ALK418 (1KC456548.1)

Proteus mirabilis NCTC11938 (NR_043997.1)

0.000 2

65 ' Proteus mirabilis Prom-19 (MZ067158)

4  Proteus mirabilis T 16S rRNA E R FIHENRZ A B
Figure 4 Phylogenetic tree of Proteus mirabilis based on 16S rRNA gene sequences
W BRI 22 R4 32K B 9 A P87 R Bootstrap {H; 55 M IWELT R GenBank % 5E5

Note: Bar: Nucleotide divergence; Numbers at the branch points indicated the Bootstrap values; Numbers in parenthesis represented

GenBank accession number
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23 NEERABREER
XF 52 R PM MRS SR B B TR AR
MR, AT, FMEER, WHRE., 4%
R 25 , W25 3348 100%; XF kA7
ELOMEER. MHYE. BhFHEW . ZE
ML SkAEEny L RRER . KWER . FIRER
T 251 2, T 2538 397E 50% M DL b X%
AL A BT 25 58T 50% (3 2).

ZEMM TR 3), I o B Ekya

ZEM MRS, 11 BB 2GRS sk
80.77%, Jrf Prom-8. 12, 13, 15, 47, 48,
49, 50, 51 XFETl 16 Fh 2 P35 2
24 HEEKRSHEFEENESR

X} 52 #k PM Y #E ) BEI ARG I 25 R KW, 52 B
PM 5B RIS hpmA. hpmB. rpoA. mrpA.
SliL . zapA. ureC. atfA. utfC Fl pmfd, 42 ¥RwH %
B ucad, 27 WRESA rsbA, 1 hlyA FENTEFTA
Sy BRI AR R R (B 5. & 4).

*2 HEREER

Table 2 Results of drug sensitivity test
2k A R [RESES Hh i B L A1 TECRR T R HE A5
Drug name Drug resistance rate Percentage of intermediate ~ Percentage of sensitivity

(%) (n/n) (%) (n/n) (%) (n/n)

FMREEZ: Clindamycin 100 (52/52) 0 (0/52) 0 (0/52)
F 4@ Rifampin 100 (52/52) 0 (0/52) 0 (0/52)
P27 85 & Azithromycin 100 (52/52) 0 (0/52) 0 (0/52)
PUFRZE Tetracycline 100 (52/52) 0 (0/52) 0 (0/52)
£1. % % Erythromycin 100 (52/52) 0 (0/52) 0 (0/52)
SR E Cefradine 92.16 (47/52) 9.62 (5/52) 0 (0/52)
552 Neomycin 84.31 (43/52) 17.31(9/52) 0 (0/52)
NP Ciprofloxacin 80.77 (42/52) 0 (0/52) 19.23 (9/52)
)5 Bt Sulfamethoxazole 78.85 (41/52) 3.85(2/52) 17.31 (9/52)
T TEA Ampicillin 75.00 (39/52) 7.69 (4/52) 17.31 (9/52)
SkFf1EW; Cephalothin 71.15 (37/52) 1.92 (1/52) 26.92 (14/52)
R K% &K Gentamicin 67.31 (35/52) 32.69 (17/52) 0 (0/52)
KW Z Spectinomycin 63.46 (33/52) 15.38 (8/52) 21.15 (11/52)
K JB% K Kanamycin 50.00 (26/52) 46.15 (24/52) 3.85 (2/52)

§ B & Chloramphenicol
Sk # Ceftriaxone sodium

44.23 (23/52)
36.54 (19/52)

36.54 (19/52)
38.46 (20/52)

19.23 (10/52)
25.00 (13/52)

*3 PMEBEMWHER

Table 3 Results of multi-drug resistance test of Proteus mirabilis strains

TiE$ 245 T B [GESER [DESTE734 Tt 245 1 A A5

Drug resistance pattern Multiple Number of resistance Percentage of resistant strains (%)
Prom-8, 12, 13, 15, 47, 48, 49, 50, 51 16 9 17.31

Prom-1, 4, 5, 10, 16, 18, 28, 32, 45 15 9 17.31

Prom-2, 9, 11, 19, 25, 30, 31 14 7 13.46

Prom-3, 6, 20, 21, 26, 29, 33, 40 13 8 15.38

Prom-7, 14, 17, 22, 24, 27, 39 12 7 13.46

Prom-23, 52 11 2 3.85

Prom-34, 35, 36, 41, 44, 46 6 11.54

Prom-37, 38, 42, 43 4 7.69
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E 5 Prom-13 1 ERE BN

Figure 5 Virulence gene detection of Prom-1

7. M: DL2000 DNA Marker; 1: hpmdA § ¥ 7=%); 2. hpmB
PGP s 30 rpod VA=W 4 mupA PHEEW; S ALY
WAFEW)s 6. zapA U YEFEY); T2 weC VAT ; 8 atfC P I
TEMD; 90 atfA TR 10: pmfA YHEFEY); 11 rshA §HE
T 12 ucad YHETEY); 13, 2 EANTHE

Note: M: DL2000 DNA Marker; 1: hpmA; 2: hpmB; 3: rpod; 4:
mrpA; 5: fliL; 6: zapA; 7: ureC; 8: atfC; 9: atf4; 10: pmfA4; 11:
rsbA; 12: ucad; 13: Negative control

x4 BHEERNGE

Table 4 Virulence gene test results

BESSER BRI HEafrag S AL A

vy B R W L

Virulence Number of strains Percentage of strains

gene carrying the virulence carrying the virulence
gene (n/n) gene (%)

hpmA 52/52 100

hpmB 52/52 100

rpoA 52/52 100

mrpA 52/52 100

fliL 52/52 100

zapA 52/52 100

ureC 52/52 100

atfC 52/52 100

atfA 52/52 100

pmfA 52/52 100

ucad 42/52 80.77

rsbA 27/52 51.92

hlyA 0/52 0

2.5 N EHREMBERNLER

PM 7E 96 fLAR3EFR)E A L — 2 i B A,
T2 AT AE A TR A A 2 AR R AU RN I R R Y
YEF, WK 6 iz, Ak Prom-1 A=W# i 1E # B
A, AT WAEAURHA —E KA GERY T ; B A%
FIXTIE, FLIEHRA TE BUBERY) Bt ; C S Prom-1

WA SS R R A ERIEA, T ILLRA
— R BAELRYI T D A IR IR, ERBOA TRAR
Y,

XFOrES Y 52 £k PM I UET T AR IR IE RCARE
RS SRRV 7), Bl o BSAR I REIE iAW) o
& (ODsos>0.57, OD¢ A 0.57), . Prom-1.
Prom-4, Prom-15, Prom-18. Prom-19. Prom-25.
Prom-26., Prom-30, Prom-34 il Prom-35 43 &tk
B3 2R W) B B BURE J1 (ODses>2.28), 15 19.23%
(10/52), HAx ok B kR B b 55 4 Y vl B i g
J1(1.14<0D595<2.28), i 84.62% (44/52),

2.6 AELREFEFRECIT PM EHARR K
A

WA 2.5 45 50%, BEH 3 BRaR AR W) O i AE
#) PM 43E Kk Prom-4, Prom-30 #1 Prom-34, F
LB K532 B4 HIME 25 °C Fl 37 °C Kige 5640 N il A T
R, Z5REH, TERGFR 24 h |5 PM AW 0T
BLRE ) dcik, TRESR 48 h AE MR 24 hAH L
BRARE o XA ) B 5 0 G I 25 SR R
AWIRAE 25 °C A5 T BURAE ST HEAE 37 °C &
5 (P<0.05) (K1 8., & 9).

‘»( )?g MK »

] Suwr

M 01( m

))
"
A

E 6 Prom-14¥)#AR7E 96 FLAMARIEFFIR RIS
Figure 6 Morphology of biofilm of Prom-1 on 96-well
cell culture plates

E: A AYPERRARTES: C: AYWIRES MER A
JEWIEL: B. D: 2z FAXTIRZL

Note: A: The morphology of the biofilm without staining; C: The
morphology of the biofilm after crystal violet staining; B and D:
The corresponding control group of A and C
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Figure 7 Biofilm formation ability of isolates grown at 37 °C for 24 h
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Figure 8 Difference of BF formation after PM cultured
at 25 °C and 37 °C for 24 h

W o FOREIEAT A B35 2 5 (P<0.05)

Note: *: Indicate that there is a significant difference in the data
(P<0.05)

3 W54

PM JTEZAATET AR, & —Fh R EUR
W, HAETE RN R BOE e T 80 F R
FEJFEEN, ZE SR A R
Yoo WEBEAR . WPUGE I SRR, ARSI S
PRI o VL35 A 2 43 8 1 e U P 0

T BT RE . RIS ek AR
M 340 &Rk LA B 52 8K PM, SRR

15.29%, 5 2L 4R H Hb A Br b T Cn g 405 e
AT I B RN 11.82%, BREAES e

3r
& 2r
S

l1r

0 Prom-4 Prom-30 Prom-34 Blank Control

9 PM #3I7E 25 °C # 37 °C 1555 48 h [FEMHIE
EBES

Figure 9 Difference of BF formation after PM cultured
at 25 °C and 37 °C for 48 h

e FREIEAAAE B 35 25 5 (P<0.05)
Note: *: Indicate that there is a significant difference in the data
(P<0.05)

KRS FRFE BB N 13.1%, B4l 36400
TERASFRAE . B . N TSR (R4 B RN
11.9%), FTHAEENFRHLFERPAGIE PM ARG
KA, TAoEEA . Xt 52 Bk PM i 24 P AG I
B, Ay BRI 2508 5 e A IFoE R I e A R
WAL ETF, miH 11 Ei25 L BB RR L HE
ik 80.77%. Wl HESE M FIE & IR R b £ A
AP TR SO 25 PM R 2 R, i PR
VEVRIF 25Nt , RIS AIRT PM B2 RERG I, e
HFiEPiAER, BRI E B, B PM it
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PM 1 S50 1 5 A5 A 114 9 0 5 DRUAH DG (n 4
WEE . FREMGEMEREFEAMER), 11 PM
R I A B X 1 20 A R B, 2 e R A i
F LRI M T, o BEE I T B R A i
AR ZAMNTR, iR, S8 E R,
UbAh, e ) B R PR A OC IR -, b o
FEREBE T A= 1 05 R £ 0 S e 1 7 RN 6
BEPLAE R AR TR X PM 3 S R A
W, AT PM BB PE R 25 PR 2
XF 43 B 52 BB YR PM 1 13 Fhag g SE R R 45 2
RW, hpmA. hpmB. rpoA. mrpA. fliL. zapA .
ureC. atfA. atfC F pmfAd TEAFSEIEL) PM i
AR, oI 2 U200k AR S
ucad . “F5 & ILHEREJIAHOCHED rsbA WA BRI
WA, PR REY, weC Fl atfC HEH 534705
K24 5, atfd Fk RS e FR O me it 25745 56
hpmA ., ureC. rpoA. atfC. mrpA 53 AN FIL
W2 R 2540 5, afd SURMZ IR 254 ¢,
W PM 25 PER3E INAT R 5 E R SER A 12 A HE
K, AT — R 3 i %A S
hiyATE PM R, BFFR RV IR AE PM HIf
s BT B AE AR B GEY B i A AT 1 AT LA
TEN M AT VA MR FAUIE N hiyAPS, W hivA
RS PM 7E7E 40 AW E A K.

A A HEE R 2 AT T I A R PR T B R
B, S A ek SR B R R AR 24 1 .
HhZHERR SRR R AT B 25 A R
PR R TR A, A 0k S v ) A TR R 5 T Tt 245
PERO, LR A A 32 P AT HE R 10-1 000 4551,
AHFFE BB 52 Kk PM 8 HAT 32 AT 250 Fnds
sRAYIBE B RIE RE ST, A TS IREXT PM AR
YIvE Y  se i, BEHR 3 KR AR Bk Y i g
JIHI PM A TE 25 °C F137 °C T HESE, 4558 878 PM
1E 25 °C B MU A PRk R T 37 °C, WRERA R
AL TR 5 I I PR 458 MK 17 PR 5 L3 i 4 22 A

HME S G, AR W BROY iR T G SR
BLERR2, sk, BIR 37 °C &2 Randim sk
KRB, (AU T 40T Mt 2 R RS, 5
ZR0 2R AR A G 1 i AD 2 RS W 4 I 2 B R
SECEYW O BLRE SRR, 5T R A Y ek
HEE A G 145 M S Bl E A2 30 °C LU BB
fE S R, (BT IRABIS

AT XS UE PM E1T 16S rRNA FE K]
Jo. M2 IR ARSI, A Y
PM Il RIZ W . IR ZY . % AR S o8 K ifit
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