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Isolation, identification, and virulence analysis of a Proteus
mirabilis strain from chicken in Changchun

WANG Tao”, MA Ke*, ZHANG Jiangang, LIN Xiaoqi, LIU Zhenzhen, YANG Yongjun®
College of Veterinary Medicine, Jilin University, Changchun 130062, Jilin, China

Abstract: [Background] Proteus mirabilis is an opportunistic pathogen ubiquitous in the environment
and often causes infections in animals and humans. [Objective] To explore the cause of death of sick
chickens in a chicken farm in Changchun city, Jilin province, and provide reference for disease
prevention and control. [Methods] The pathogenic bacterial strain TSA-1 was isolated from the organs
of dead young chickens and identified by Gram staining, biochemical tests, and 16S rRNA gene
sequencing. Furthermore, drug sensitivity test, virulence gene detection, cytotoxicity and adhesion tests,
and challenge in larvae of Galleria mellonella were performed for this strain. [Results] TSA-1 was a
short rod-shaped or spherical Gram-negative bacterium, with the biochemical properties consistent with
those of P. mirabilis. The 16S rRNA sequence alignment showed that TSA-1 shared the similarity of
100% with P. mirabilis. The drug susceptibility test results showed that TSA-1 was resistant to 14 antibiotics
including ampicillin, tetracycline, kanamycin, and cefazolin and sensitive to 7 antibiotics including
ciprofloxacin and enrofloxacin. The strain had strong biofilm formation ability and carried 8 virulence
genes: ired, ucaA, pmfA, atfA, ptA, zapA, hpmA and fIhC. It showed cytotoxicity to RAW 264.7 macrophages
and had strong adhesion to Caco-2 cells. In addition, it had stronger lethal effect on larvae of G.
mellonella than avian pathogenic Escherichia coli O78. [Conclusion] P. mirabilis TSA-1 isolated from
the organs of dead chickens has multi-drug resistance and carries a variety of virulence genes. It is the

one of the major pathogenic bacteria causing chicken death and deserves more attention.

Keywords: chicken; Proteus mirabilis; virulence gene; pathogenicity; larvae of Galleria mellonella

23 A5 TE KT 1 (Proteus  mirabilis)F&] 12 Af AT 60 A T Ml DX 5 3G 305 A6 3G I 28 49 B
T 2R mE P —MEE0EE, T BEUEEE TSA-1, X0 B w R T 22 K
SIESMA KAy . WIRERG ., B . AR 16S rRNA BERFHI4E, [
FE R NI AE S e, IRt . SRS T ZARORE . BRI RAGIN . 40 A A A
YR IR R B B b TR R MR . RIS E RS, A
B ERAS KPR RBKRE, HhRigfimE BRI ERESE .

A d s Sy e, T HLAS B G  al g, A .

O S E O, W Ry | MRE TR
TREERERREIE, FETE, AR 11 MR

WAE KA, IEAERIRET T EEMF 111 . SR ERRMEKE

BT 25 P AR g am Bl R, RS IR AT S WIRERIET 2021 4E 6 H KEH X ISR
AT M 250 . 5 17 AR ek B Al e, R4 ORI T O A TR A R A
(WA b7 ==t £ | A BRG], (KT R 250-300 mg, 45 WAL o IGm
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TS RS AT AT R (1070 8 % 5 I B 1 70 #r 4989

EEs, 7 B, BE T 37 °C BREHEE TR %,

AR IS T I KA AF# 078 (CVCC1418)
FH AP A fil 04 B 5 /N BRI IS EL W 4t L R RAW
264.7 NZEEHM AR Caco-2 ¥ A SLE
EXVS
1.1.2 EBFE. FERFIUE

SS TR E AL, FH I HAYEARA WA
" BAZEIME . DMEM 35352 T8, Gemini
NHE) . BEREPREU AR S H R, Oxoid 28] ;
BifEk, Coolaber AH]; flmAfb RBEE . $iL
W RAC R, UM A R E R A F] .
F.OEHER, FEAWAERAR; 0.1%45 65
Juft il . CCK-8 kil &, b Zsks YRl
HIRA; A0 A IRBOAR &, KAk
B ACLEARA R . PCR AL, WHEY RS
3]s HLUKAX | BERE AR 53 BT, Bio-Rad 23 A o
1.2 75k
1.2.1 FRERENDBENRIEFFY

TG A R A 55 58 T ARG 09 A . RGLAE
it JE RO IR ZHZR, B BN RAZUI A 2 mL B0
B, UL R AN 1) 5 R 5 22 v (phosphate
buffer solution, PBS)#EA7iEE., BUHET SS
Mg S0 FRIZR, 37 °C BB R FE 12 h, HH
T A FRIE— 35 H v 8] 2 00 4 DGR 9 11 % 3
frkigkaife, Waifh)s B A EvE AT LB W
SRR, 37 °C, 200 r/min B335 537K, W HL
RS T8 2 PR ek
122 DEERNEREE

Z M SCHk[4], Bralifb)s B4 B E MR AE LB
S E IR, 37 °C B BB R, PRECA VR
AT 3 mL LB i A5 5% 311,37 °C.200 r/min
BiFE 4 h e AN, BU S G PBS
PV B ODgoo 64 1.0 (1x10° CFU/mL), £4
HAEE A 50 uL B, HOET 37 °C
REgR 24-48 h, WELLER

1.2.3 S BEEFKAY 16S rRNA EFFHLEER
REAXENOH

e I 40 1 56 DR 2 2 BB ) 8 2 T A4 o i R
2H DNA fE>& PCR it , >R 40w #5199
WANE 16S rRNA FEH F B, #5149 27F
(5'-AGAGTTTGATCATGGCTCAG-3")#l 1492R
(5'-GGTTACCTTGTTACGACTT-3") i K % JFE
WA RA RIS . PCR W AKZR : 2xPremix
Tag 25 pL, b, TF##514(10 pmol/L)%& 1 uL,
I T F R AR A (100 ng/ul) 1 pL, #H0#R4kK
% 50 pL, PCR i s #c i TaKaRa 2\l
Premix Tag i Ui i . ¥ PCR =ik &
KI5 A 0 BR S w0 o K D &5 SR )
NCBI #E17 J7 FI AL 534 , 356 BORH LB 38 s 1)
HI 11 KRR, FIFH MEGA-X BE 48 B 4
HERNRE LB
124 DEBEKNEKZNE

R FH i A B i A Kt 4k, [P 3R
1.2.2 #il4& ODeoo (H M 1.0 B . 1% 1% (IBFY
BOMAET LB WiAIEFREY, 37 °C. 200 t/min
Big%, AR 1 h I 100 uL SR 4606 T E
ODgoo 18, VISEFRESTA] G AL FR, ODgoo (EL N INAL
b, f#iH GraphPad 7.0 B4 AR A= K i 2k .
1.2.5 S EREKNAEIRAR

K H Kirly-Baue 485§ ®OEE 7525, [A
AR 1.2.2 #1985 ODeoo N 1.0 MY . WK
50 pL W T LB Pt EURAT 5T, W 2584t
Wi F A b, 37 °C Bl B 55 5% 24 h, WE LRI
T O TR P LA, R B R A 3 R
1.2.6 SHEHEKNESSHEEKN

%% Hernandez 203 ) JL KA I Jy
e, Wil ired. mrpA. ucad. pmfA. atfA. ptA.
zapA . hpmA . hlyA . fIhC %5 10 Fh35 J KK 1Y 51
Y, M KREEREDARAFEG K. 519
ZRRITH) R JGRBE WL 1, AR R
HAR AT G PE AR DNA ik, PCR 4
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Table 1  Primer information of virulence gene

B AR Fe3 S Bk E B I

Gene name Sequence (5'—3") Length (bp) Annealing temperature (°C)

ired F: ACTACGATAACGAGCGCCAG 681 60
R: GCCCTAACTGGGGGAATACG

mrpA F: GAGCCATTCAATTAGGAATAATCCA 648 58
R: AGCTCTGTACTTCCTTGTACAGA

ucaA F: GCTTTTACATCCCCAGCGGT 476 60
R: GCTGCATTTGCTGGCTCATC

pmfA F: CAAATTA ATCTAGAACCACTC 617 54
R: ATTATAGAGGATCCCTTGAAGGTA

atf4 F: CATAATTTCTAGACCTGCCCTAGCA 382 50
R: CTGCTTGGATCCGTAATTTTTAACG

ptA F: CCACTGCGATTATCCGCTCT 686 60
R: ATCGGCAGAAGTGACAAGCA

zapA F: TATCGTCTCCTTCGCCTCCA 332 59
R: TGGCGCAAATACGACTACCA

hpmA F: GTTGAGGGGCGTTATCAAGAGTC 709 55
R: GATACTGTTTTGCCCTTTTGTGC

hlyA F: AACAAGGATAAGCACTGTTCTGGCT 1177 63
R: ACCATATAAGCGGTCATTCCCGTCA

flhC F: ATGAGTGAGAAAAGTATCGTCCG 512 58

R: TCACATTGCAAACTGTTCAAGAC

BRI AR 10 AhEE i3, PCR WK R
2xPremix Tag 10 pL, . T#5[47(10 pumol/L)
% 1L, AL FE B (100 ng/pl) 1 L, i
T4k 2 20 pL., PCR S 4 144% I8 TaKaRa
/AN Premix Tag R 512, PCR ¥ 3™
YIF 1% W 8 e P T AGE I
1.2.7 S EEKEIE P05 BE R AR A 14

20 B AR W Bl RO BAR S Han 25 U7ST 4G
Jrk, AR 1.2.2 Hil €5 ODgoo (HR 1.0 F B
i LB 552308 BRI ODgoo fHM 0.1, MR
200 pL BEINA 96 LR, K& 4 NEE, f#
FH LB & # 3 ANBAMEXT AR, 37 °C K5 5% 24 h J5 5%
P2 W, H PBS ¥ 3 Ik, &ALANA 200 pL 0.1%
SEAERYLEAT, 37 °C BEFRAA A 30 min, HUH
Ja S AR Y, BEFLIMA 200 pL PBS PRI,
HE 3R, FEMAE 5 min BTFLNBUK,
FLINA 100 uL 95%Z FERR 4 20 min, i B4R

{SGM5E ODs70 18 o
1.2.8 S EFEFKLEFEX RAW 264.7 RIS 14
ER

FRAE Konowalchuk 25y 4i it 7 P AG- I
2, BB E A LB A BRIZk, 37 °C &
BRI . BRI RV AP T LB WA IR0
H1, 37°C. 200 r/min 5535 24 h, 4 °C. 13 000xg
B0 10 min B JCAH R I W (cell-free culture
supernatant, CFS), i 0.22 um (78 B € &
o ¥ RAW 264.7 4RI LS A 96 fLikH,
W R 1x10° cel/fL, BT 37 °C. 5% CO, 4
MIEEFA IR E 24 ho FTRANMEFRIE, ¥
PER A IS 10%06 248 %5 9 DMEM
AR 10, 4. 2 f5FRE, A 96 LAk,
i FLAR OB B I ) LB SRR 75 55 S B P X B
BAMERE 3 NERE, BT ARSI T
B 48 ho HUHEFiad s 5, AU

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



TS RS AT AT R (1070 8 % 5 I B 1 70 #r 4991

100 uL JCHR4E MR DMEM B;3E3%E, 10 pL
CCK-8 M7, d4HfdkFR46MHE 1-1.5 h, [
BRI A2 ODaso {H -
1.2.9 S EEEXT Caco-2 HHBIHIFEMIVE R
i Cravioto 28U "SEAL B Mk X Caco-2 4H
HLROZE R, [RAL R 1.2.2 H14 ODgoo 9 1.0
IR o 75 1% 82T LB Wik 3R 3L, 37 °C,
200 r/min FEEREFE 4 h EXHEON, BUB)E
7000xg 5.0 3 min AR, INATCEE K PBS
B, B.OJEF PBS, HEAEPREK 2 Wk, ML
TH BT DMEM 3553 B8 55 B ODgoo THN
1.0, IR HMIEAT 107, 107, 10* Fke. #itk
UG Caco-2 4HMEIHEEFFL 1x10% cell/FLANA
96 fLAR T, AHMIEFA HBEE 12 h FEHIGREE
Frpa MR SR AL, (A JC i i AW Y DMEM
BRRALVE 2 K, FALINA# H DMEM #5557 567
FEAY 100 pL IH 3, BEE 3 AR, 4330k 107,
10° . 10* AR, i 45 40 B8 5 40 M 1 Jek e 4 4
(multiplicity of infection, MOI)>& 100, 10, 1,
AR RE 3 ANER, 5HlE 3 A
FEAVEXT BAL . dfuss A E 3 h, s
DMEM #5525, i HIJCE Y PBS ¥ 3 1K, A
100 pL 52 JE B4 T A4 0.1% Triton X-100 ¥ A0 38
5min. RGBS R EZ T, Wl JE H G
P PBS K 10 f5F5 B, HL 100 pL 7£ LB By
BV EIRATYSS), 37 °C ¥i3% 12 h Gt H %
B, VAL AN B BOR D )R TR 0N E A
o, BURZGRER.
1.2.10 7 BEKN KRS RS MK
A Alghoribi 45Uy Bk PRAL B B 6K
WU ) BE PR R/ IN . R I o DA/ ] ) 3K 5 A
B, E—RANEH, EFHEEE
250-300 mg. MARFLA G TCEEEBE S K4 H
BEAT 434, K 3 R AR B SO MK A AT A
(APEC-O78)7t LB “F-#t &gk, 37 °C 81 & £ 55

. PRBUR R TE R T 3 mL LB Wi 573
H1, 37°C, 200 r/min ¥53% 6 h ZXIH0H. R)E
FHJCTH PBS JATT K ODgoo 1M 1.0, % 1%5%
$%T 3 mL LB IRIARE SR B 55597 4 h 200408 .
B S 7 000xg 5.0 3 min WAE A, AT
) PBS A, FRE.LJEFE PBS, EAE LG
2K, B BRI TR R 13107, 1x10°,
1x10*, 1x10°, 1x10° CFU/mL, ¥ APEC-O78
(R TR VR FE TR R 1x10° CFU/mL A A BRI
M, & PBS X Me4L, 4741, B4 10 K
W oy o ol P R T S S R AR A R AR
B ) o AE N S IR R T 10 uL R, HCE T
37 °C MBI IESE, B 12 h WEIL R4
FET- i, S0 PR W A A Sk B R B 4 He ok
RIBAEMSVERT N R E &1, EE
3RS, St

2 BEREAW

21 RERMSELEREFFNE

VEIX SS FRBEFR I B A K N Rl me ke |
St HHARBAP.OMEYE T LB BRI
Ry gk aifb (B 1A), A LHAE LB IRE R
Frdk AT AE K BIA (K 1B), PRHUR R -
R EER, PO RI R . Bk KPR
AKL A 22 [RBAPE (K 2), 958 TSA-1.
22 NERMKINELCEESER

A MG R ANER 2 TR, TSA-1 kg
RBEAWE . #WEbE, /RRE . AR
g, FPAEBALE, ANREREEE FREFIERE, A
PR, SAALEERI B, W R Ay
SARTE R
2.3 S EE 16S rRNA EEFINLEER
ARG A EWTH

DL B AR TSA-1 B9 DNA Wit ,
TR 16S rRNA FEHJFHE 5193, v
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KN 1460 bp HYFEPESAT (K 3), ¥ 1™
Yrik 2R EEFR WA RA S, R4S

fifi | NCBI ) BLAST #4751 M RLE FL X, 45
R 5 ar FASTEAT I ATCC 29906 (NR_114419.1)
16S rRNA B P A AHALEE S 100%, ki 11 Bk

1 DBEEMESIFE  A: SS HiFRE LW
FEIEZ; B: LB BURKERE EREIES
Figure 1 Morphological characteristics of isolated

bacteria. A: Colony morphology on SS medium;
B: Colony morphology on LB agar medium.

2 TSA-1 EHREZKFEEFRE(100x)
Figure 2 Gram staining microscopic examination
of TSA-1 strain (100x%).

JE AR LR & 25 Wk T 91, i MEGA-X
B HEAT IR P X, R AR 42 1k ) 8 T b
TSA-1 MRS L EWE 4), ZRER, Wk
TSA-1 7 AR .

=2 BEKRTSA- 14 HEEER

Table 2  Biochemical identification results of
strain TSA-1
Homa 5 GERL T K H R
Test item Result! Test item Result
5 K i - EEHER -
Arginine hydrolase i Indol
5 SR 2 kR -
Ornithine decarboxylase 1 B-galactosidase
A R I R + L HERE -
Lysine decarboxylase i Sucrose
AL Oxidase - | A% ZFHE Maltose
M)Z R E: Citrate - ABE Xylose +
A G T50) — ¥
Nitrate (reduction) ' Glucose
TR o UBEEE 4
Urea i Hydrogen sulfide

! generation

W o+ FEME; - B

Note: +: Positive; — : Negative.

bp M 1 2 3 bp

2 000

1000
750
500
250

100

1460

3 TSA-1 E# 16S rRNA £ EF75¥ 14
M : DL2000 DNA Marker; 1-2: TSA-1 16S
rRNA BENY 347975 3. BAMEXHIR

Figure 3  Amplification of 16S rRNA gene
sequence of TSA-1 strain. M: DL2000 DNA Marker;

1-2: TSA-1 16S rRNA gene amplification products;
3: Negative control.
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EVESE: KA XS R AL TEAT B 7

Y&

J15r ¥t 4993

Proteus vulgaris strain ATCC 29905 (NR 115878.1)

ﬁ_[Pmteus alimentorum strain 08MAS0041 (NR 163665.1)
5

NIOTY 197727 A NATQ0Q

Proteus penneri strain NCTC 12737 (NR 043998.1)

Proteus columbae strain 08MAS2615 (NR 159332.1)

73

100

Proteus mirabilis strain JCM 1669 (NR 113344.1)
100 || Proteus mirabilis strain TSA-1 (OP604266)
65 | Proteus mirabilis strain ATCC 29906 (NR 114419.1)
Proteus terrae strain N5/687 (NR 146019.1)
Cosenzaea myxofaciens strain ATCC 19692 (NR 043999.1)

Xenorhabdus ehlersii strain DSM 16337 (NR 042327.1)

\O
\O

Morganella psychroiolerans strain U2/3 (NR 043750.1)

D.. iAds i Qtrain I‘\CI\/I ASAT MNID NAYATT 1)
1 IUVLM«CI!L!U Iu.)ugtuuu SUalll L/oIvL 091 UUNINUTFLT11.1)

0.01

% 4

D EE L TSA-1 T 16S rRNA EFFHMEN ARG L. BN

B RN e 9 26 53 0 0 SR E

JAL B R bootstrap B ; 155 NI A GenBank & 5%

Figure 4 Phylogenetic tree of isolated strain TSA-1 based on 16S rRNA gene sequence. Bars indicate
nucleotide; Numbers at the branch points indicated the bootstrap values; Numbers in parenthesis represent

GenBank accession number.

24 SHEEKREIKEHZ

i FH 48 A0 53 D6 6 B 1 2 S 22 i o 5 TR B
TSA-1 fA K MR (A 5), BRIZHERRAEAE K
1k 2—-8 h, B e W 8-36 h, 36 h JEE ATET-H.
25 SEEKNAFEIREER

YERH 22 FPESREOR XA B AR TSA-1 #EAT
0T, M L EIR IR LI A i fb 22 s

(National Committee for Clinical Laboratory

Standards, NCCLS)Zj i 5 # a #r i (https://
5 —
4l .
z3r
£
QS 4,
5L
] -
O | | | 1 | I 1
0 6 12 18 24 30 36
£ (h)

5 SYESEMK TSA-1 M Khsk
Figure 5 Growth curve of isolated strain TSA-1.

clsi.org/), &R BN, EFE TSA-1 X2 R P,
BRANVIM, LMk, MER. RIPERS
14 Fheipimt 2y, XpSkfafhne . TRERAG. RN

W% 7 MYEURGE 3). R E E K
TSA-1 HA ZEHim251%
2.6 TEEKESENERKNER

DLy B bR TSA-1 SE[EIZH DNA SRt ,
K T IR S 1 5 1 38 2k PCR A I #5721
(K 6), 45 F @R, ired (681 bp). ucad (476 bp).
pmfA (617 bp). atf4 (382 bp). ptd (686 bp). zapA
(332 bp). hpmA (709 bp). fILC (512 bp)ix 8 F
BRI REY 1 AR A, i HS T A
BER/N—3, mrpA (648 bp)Fl hiy4 (1 177 bp)
B TR ARG I HB AH LY 550
2.7 47 EEE bR AY A A4 BR A2 Rk BE 14N
#ER

s Han 25 U8 )7 004l TSA-1 (A9
BEIE R TT, DL ODy HIFHIEEE, B ODy H23 M
Xt BEFLIST-35 ODsqo {EINE 3 5 (4R1EZE(SD),
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®3 EH TSA-1 BAHEIAKNLER
Table 3 Results of drug sensitivity test of strain TSA-1

AR AR WRREER SURE AR EoEe Gt s G AR U
Name Disc Inhibition Sensitivity : Name Disc Inhibition Sensitivity

concentration  zone | conccentration zone

(ng/pill) diameter i (pg/pill) diameter

(mm) ! (mm)

FRIRVEAR 10 14.8140.22 R CTHERAR 30 17.21+0.31 S
Carbenicillin | Amikacin
ST 10 - R B S 30 10.2240.04 R
Ampicillin ' Neomycin
W37 74 100 21.78+0.06 S AR 30 12.12£0.24 R
Piperacillin i Chloramphenicol
Sk Mk 30 9.82£0.30 R IES E7F 30 7.83£0.05 R
Cefamezin i Minocycline
Sk 30 10.1240.03 R NS S 10 9.44+0.02 R
Cefuroxime . Gentamicin
SRS 30 23.25+0.04 S Rk 30 - R
Ceftriaxone i Kanamycin
S ALIRIH 75 2183025 1 R 10 18.1240.23 S
Cefoperazone ' Norfloxacin
AL 30 9.1240.02 R LRI 5 17.110.15 S
Cephradine . Ofloxacin
Sk AftnE 30 22.93£0.25 S AN 5 22424023 S
Ceftazidime i Ciprofloxacin
Wk 30 - R SSE=RS 30 12.36+0.03 R
Sulfamethoxazole ! Cephalexin
WEEES 30 - R | ZPHE 30 - R
Tetracycline ' Doxycycline

T - JCHIERE; Re Zh; 1o PRERUEG S: UK
Note: —: No inhibition zone; R: Resistant; I: Moderately susceptible; S: Susceptible.

bp M 1 2 3 4 5 6 7 8 9 10 11 12

2 000

1000
750
500
250
100

El6 TSA-1EHREIFNETFEM M. DL2000 DNA Marker; 1: ired; 2: mrpA; 3: ucad; 4: pmfA;
5: atfd; 6: ptd; 7: zapA; 8: hpmA; 9: hiyA; 10: fIhC; 11: BHPEXTHE; 12 BAMEXTHE

Figure 6 Detection of virulence factors on TSA-1 strain. M: DL2000 DNA Marker; 1: ired; 2: mrpA; 3: ucaA,
4: pmfA; 5: atfd; 6: ptA; 7: zapA; 8: hpmA; 9: hiyA; 10: fThC; 11: Positive; 12: Negative.
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24 ODs70<OD B AN 7= H: A= Wi B, 24 ODy<ODs7¢<
30D, I 5 L B AE ST, 24 ODs7>30D,
B SRy A= o Y i RE ) o IR EE R R, 4
BT PE TSA-1 HAT i AE ok Y mRE ) .
2.8 D EREKLEX RAW 264.7 R E
HIERZ

Hif Konowalchuk Z5:P )5 vk FrfS iy 1 7
SRR, MarEEEkk TSA-1 1 CFS Sy
50%HF, RAW 264.7 4 A7 16 RN 34.67%,
FUHEEFE 24 h 1) TSA-1 43 Ekk CFS X RAW
264.7 4L A A M wEE
2.9 S EEMX Caco-2 HMRIFLMI{ER
FR

M 4% Rocha-Mendoza 45! 1A Jr 32
E 8 5 MR, 24 MOI=1 i}, Btk TSA-1 %f
Caco-2 M ASZE I 2N 98%, HA 1R 58 1 25 Kt
EH

Hm TSA-1 CFS
LB medium
ns sk 3k
100 - =
80 ==
S
.:—g 60
o
2 40
o)
Q
2 I
| | |
10% 25% 50%
7 TSA-1 EHIEF LFHNABSHEEN
ns: IR G RALTE R e R 5

HE 21 22 534 (8 35 (P<0.001)

Figure 7 Cytotoxicity test of TSA-1 strain culture
supernatant. ns: No difference between the test
group and the control group; ***: Difference
between the test group and the control group is
extremely significant (P<0.001).

100 -

S 80+

&

<

= 60

kS
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Figure 8 Adhesion of TSA-1 strain to Caco-2 cells.
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Figure 9 Toxicity test of TSA-1 strain to larvae of
Galleria mellonella.
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B 16 210 TR 8 0 B A S R it 2 — R
FIE PR 25, A0 A Hb X 57 38 30
FEXG 5y B AR 2 45 AR TR AT I TSA-1 X2 R 74
ML TURR RS 14 R 2y, (AR B,
A S AR TE A R O AR POAR . PUIRE | R AR
S5 D RUR T DR PR T 24 26 B R T R A 5T
g RaE " TRATEFTE TSA-1 i 2534
63.6% , 17 SRR IE R PR A S AR AT R
GZGY2020 245K 88.9%, i H.iif 241k 54
W g R —, WPEH™iR, Hik, EF &
I 2k AR T T B A R 1Y
AR ISR, N E KA. BRET S A,
G PR, w22 A
A AR TEAT B TSA-1 XF 55— AR e — Rk fuk
A TR 2, R = A0Sk A 2k
T RE | Sk 760 R FA BRSO Sk 6L IR T Sk R
S, R EE = AL S 2 W B 20 7 L T 24
P, X Sk RGE A AT S AR TR R X Sk A
KW U] .

R A NN SRS K A ik il e
I, W E ., WIME ., EA. Sk SEE
PR B U0, b B T DA S A A A
L Z TR RGBEVE 5 2 i ) AR e 1 = i g
PRI A PP S A B VR SC g Ay, A0 TgA
N TgG, i 208 2k BE 1 3 A9 S e i BR ML
VIR AT LA EUE AN AR, RS AN
Z DA 5 R E A I IR 24 1 T LA AR BT
FH Fe AT HBMARKERE", AlKs%
B4 A S AT RS,
PCR ¥ 18 1 ired . ucad . pmfA . atfA . ptA . zapA .
hpmA . fInC. mrpA. hiyA iX 10 F 1L,
R R AR TSA-1 7 R F R g e, R Iix
WA T 8 FhEE 1A, IR EREARZ AR

ired, WERENH ucad. pmfA. atfA. fIhC, FEN
FEH ptd | zapA, BIMEIEHR hpmA, KK H 7
1M ZEIEE hiyA, hpmA FER L hlyA S L,
X AT BB A R AR 4 R R IR R B, A
ICHF A TSA-1 KRBT v 2B Yo IBOE il e

A R R A TR A T3 A RIREE R By —
FhORAP I, PTG SR A0 R 1 AE A7 RE T, (L
PR 2, B AR AT B R A TR P A
Al RE R S EOL R ZE M 250 A R N 22—

2 i R M A R R S AR P ) — A
2, JLHREEWIRRGEEIEY, 7Bk TSA-1
P3G BRI T A E A BRI, A
SR, 7 S8 TR AT o A 400 L P ol T
M2 HpmA FERKFERPY, X 5T 5025
W3 AR R R T ik B T X e A A
RESERE S, BT Caco-2 41 R 5 /N I Bz 41
M AT R SRR ZE S , 2 Caco-2 4H M R P
JrEIRR TSA-1 FZERAE ST, KB MOI 1 i,
FHB IR T 98%, X Al RESE fh T HEA R
AR B ucad %5,

KGR (Galleria mellonella) j2&— 24
WAL e R R, &) iz T
o 25 Al AR A3 7, R AR SR
Ut B 2y R JRR L AR AT B 245 SR 5 2L i L B
Bt g ARG FH I I 4 HUPEA 4y
Bk TSA-1 M#J7, AT Sullivan 1%
PR B AR DR 6 B0 P W A B IR W R 4y H 1)
LDsy M 1.17x10* CFU, 7 4} 10 pL 4325 £k TSA-1
WA 1x10° CFU/mL [ BRI, KB IE 4)y iy
R R B H 100% M FET- %, RILH 5 B %
TSA-1 X KU 4 B A58 3 4E H . Hernandez
S DIRG9 DU 7 Bl % PR AT S AR TEAT B
X R IR )y i B S B0, Jf il e 5L R 4 )y
G 53 Bt & B B MR T B AR G RE T I
fIRC, gtk TSA-1 W T fIhC 15N,
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AR T 168 rRNA HEPR 751 F 4k 4 %
SE , I AR TS 40 5 45 3147 AR T AP R TSA-1,
Ik U HAT ZH0 88 01 R, i B 2R PR
RHREE R 14 Fw PR AT PE, AR
5 B AE WY ICRE T, i AR B IR BIEXTE
A A AR B EETE . X Caco-2 4 S Y 26 b R 52
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