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Comparative on characteristics and pathogenicity of four strains of

Aeromonas schubertii isolated from snakehead hybrid
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Abstract: [Background] Aeromonas schubertii is a gram-negative short rod-shaped bacterium. It is a
human-animal-fish co-infected conditional pathogen and can cause various human diseases, which has
been reported frequently in recent years. [Objective] In order to provide references for the prevention and
control of A. schubertii caused diseases in aquaculture , the physiological and biochemical characteristics,
pathogenicity as well as the sensitivity to common antibiotics of the 4 strains of A. schubertii (WL-4,
ZL-1, ZL-13, D075) isolated from hybrid snakehead have been analyzed and compared. [Methods] The
physiological and biochemical characteristics of the strains were detected by automatic microorganism
identification instrument, the gyrB and 16S rRNA gene sequences of the strains were compared by PCR
and sequencing. The expression of virulence factor was tested by modified plate method and the carrying
status of virulence gene and antibiotic resistance gene were detected by PCR. The differences of
pathogenicity for 4 strains were analyzed by artificial injection infection. The minimum inhibitory
concentration of 15 antimicrobial agents against the strains were measured by double microdilution
method. [Results] As ATCC43700, a human origin strain, was used as a reference strain, the physiological
and biochemical characteristics of these 5 A. schubertii were basically the same and the similarity of the
gyrB and 16S rRNA genes of them were 99.57% and 100% respectively. Five strains are clustered into one
group though cluster analysis. All of them showed hemolytic activity, protease activity and lipase activity,
but there are differences on virulence genes among 5 strain. ATCC43700 carried hlyA, ela, lip, ahal and
act, while WL-4, ZL-1, ZL-13 and D075 carried hlyA, ela, lip, ahal and aer. Four strains isolated from
snakehead hybrid showed different pathogenicity. The mortality rate of hybrid snakehead by artificial
injection of WL-4, ZL-1, ZL-13 and D075 at 1.2x10° CFU/mL solution was 30%, 40%, 70% and 80%
respectively. The antibiotic sensitivity and antibiotic resistance gene are also different among them.
[Conclusion] There are differences on pathogenicity and antibiotic sensitivity among the four strains of A.
schubertii from hybrid snakehead. The results of this study are helpful to further research on the
pathogenesis of A. schubertii and the prevention and control methods against it in aquaculture.

Keywords: Aeromonas schubertii, Virulence factor, Pathogenicity, Antibiotic sensitivity
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WAERE SIS . 5 ) B DL R SO M 22 8] 1) 22
S, VPA 258 6 R AR R B X R i R 24
PIBURAE Ko™ S AR SR B R B
RIS
1 MRS HE
1.1 sRIgdrst
111 KWHEH

AR ZL-1. ZL-13. D075 Htksy
k2017 456 H . 7 H &% 10 A AT A Hb L
Tl XA [) 5% 5 37 RO W AT ) 2 58 0y B, 48/
FHAEAL . 16S rRNA R4 5 A [E] I SR G ik S HX
A B Bk . SHAAT R WL-4 bk
KB ARG Il IX 2 A 8 SR A o 8, O
F R L 2K B S A 5 B BR LK 5 B 53 Pl f0 E f
17, B4k ATCCA3700 U\ JEEF I i
W F 2 [ B A .0 (ATCC)
112 XKt

S A B T AR LT A S i 5
%, KBEHIKG Y 5045 g, TESCIREESE 1AM
Jo, RFEEAE . HhmEzpE . A Ay =k e
J e 5 T TSP A SRR TR TR S5
113 EBR%Y

PUEZ5%) MIC (Minimum inhibitory concentration)
24 50 R A R T 4 R R R A R
file 725 15 MR 2, FohadE: 2 R B- ki
RGP (EEVMR BIEEPE AR 4ERR) . 2 etk
PR R (KR . & E) . 3 Pk
YICEMERR . M, BIATPAL) . 2 MR
PI(UFRE | ZPUIRE). 2 RSS2y (R e
. OEARRE). 1 FERERLAY(ZRRE B)

x1 A HME gyrB 1 16S rRNA EE T EHEEES

3 R RIS 259 (B2 07 i B L 1 e ) R e
WE | e F g R AR
1.2 EERFIFOMEE

TIANamp Bacteria DNA Kit, KHAELRHE L
WA RAF KEMENDE(TSA)R . LB
WG . B I PAR, [ ARFRIAEYE
AN F2RAEEMEEE R, hEAE
Yt LR AT PR F]

AP S AT A . ZE R IR, VR A Y i
BRARAF; NIRRT AEREN 1 mx1 mx
0.5 m BEKAE AT, HA s s ik s
1.3 MEREEMRES
131 FESZEREBENFEST

26 o AR PTG (TSA) B 2 3L M 8 1
24 h AR TR R, SRR RFIE I 78 22 [
A, (] A AL A5 A 2 SR T ) A O 32 1 200 R Ak
W, A2 RATEEE R, £ VITEK 2
ComPACT60 4 1 % 2 A% b 14 7 A 3 A A0 1k DU
B, WAL TR SR A R
1.3.2 gyrB #0 16S rRNA E R F5I 454

% FH TIANamp Bacteria DNA Kit 32 B4 B 1 4
FE[HZH DNA, B T-20 °C {477 H. 16S rRNA %
DR (4 545 | o @ I |4 27F 1 1492RM ) gyrB
P15 2% Yafez %, PCR RN 44F2% Liu
%M (% 1),

PCR W fA % (25 uL): 10xTaq buffer 2.5 pL,
dNTP mix (2 mmol/L) 1.5 uL, MgCl, (25 mmol/L)
2.5 uL, Taq DNA 4G5 Ulul) 0.25 ul, . F
W5 1410 umol/L)4% 1 uL, itz DNA 1 pL, i
ddH,0 % 25 ul. S 4555 F 1%3 i B e e F vk

Table 1 Information on the amplification of gyrB and 16S rRNA gene of A. schubertii

H 5L 519751 1B JFEIRN
Target gene Primer sequences (5'—3') Annealing temperature (°C) Sequence size (bp)
16S rRNA gene F: AGAGTTTGATCATGGCTCAG 55 1500
R: GGTTACCTTGTTACGACTT
gyrB F: TCCGGCGGTCTGCACGGCGT 58 1130

R: TTGTCCGGGTTGTACTCGTC
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AT, ) M S AE MR A R
o EI

MF25 R GenBank W B 4GE BIIR T 51 1k
ATTEZL BLAST HeXt40#r, F42 F DNAMAN 6.0 i#
T Z 5 e XF 43 #r, MEGA 5.1 %443 v 1y
Neighbor-Joining (NJ)32:#4 & R G iEAL % .
14 WEESHEFIH
141 EHFMMYE. EEEESSIERREEEME LR

ZIRFE ST A H LB 1% 30 °C. 180 r/min fi
TiREFE 8 h, LA 0.65%f1) JG & A BRER KA B R VL
WA S] 0.5 ZRWKEE, T MM . &OBRS
PRI U T P AR

VAR L P A B P M O A T it L 40 ) i B
1 pb FR S FIT 5%48 F A b, AR 34
AT, FEBO MR T, T30 °C BiRAET
fE IR AR BT FE 36 h, LA I R - o ELAR

B T I P R OB NG S A vk U AT
B, A BIEEC 1 pl BERSFP TS 1%IBAE A Y

R2 10MBHERYIBHEXER
Table 2 Information on 10 virulence gene amplification

TSA VAR |, BRI 3AFAT, #E BB
W4, T 30 °C BEfRffirh HIR S E 52 36 h, W
SR IR I i AR

He Wil E 2% Vanmaele 250807, 4351
WHC 1 pl RS AT 1%0t7R-80 i TSA AR
b, BB 3T, WRE BT TR,
T 30 °C FEFefahE IR E R SR 36 h, WENRITE
KA I EAR
142 SHERYTE

PEEE RIE SRR E A 10 Fhd 13RI, Hoep
5FPANEERILH (B LR gL K hlyA | SE R
aer. MEEMEHTERIEN ast, AT Em R AL
alt X ANt a2 5 act), 2 R/ ME 1
FEIR (BRI BE IR ela, 22 R AR 3R
ahp). 2 PRSI EL N (IR IEHE DY exu, WRARTE AL
lip)Fil 1 FhZLBHZILN ahal, A4 SCHR[9,19-20]
WA G 1Y T PCRY 14(3R 2); PCR AR [A]
1.3.2, PHEZEAUE I 1%3 A BHEE e FL vk EA ARG

HitEER PCR 51475 B R PRI
Target gene Primers sequence (5'—3’) Annealing temperature (°C) Sequence size (bp)

hlyA F: CAGGCTTCCAGCACTGAATACT 56 375
R: CCAGTCCCACCACTTCACCT

aer F: CCTATGGCCTGAGCGAGAAG 60 431
R: CCAGTTCCAGTCCCACCACT

act F: AGAAGGTGACCACCAAGAACA 55 231
R: AACTGACATCGGCCTTGAACTC

alt F: TGACCCAGTCCTGGCACGGC 60 442
R: GGTGATCGATCACCACCAGC

ast F: TCTCCATGCTTCCCTTCCACT 55 332
R: GTGTAGGGATTGAAGAAGCCG

ela F: ACACGGTCAAGGAGATCAACGG 55 515
R: GCTGGTGTTGGCCAGCAGGTAG

ahp F: ATTGGATCCCTGCCTATCGCTTCAGTTC 60 893
R: GCTAAGCTTGCATCCGTGCCGTATTC

lip F: CAYCTGGTKCCGCTCAAG 63 247
R: GTRCCGAACCAGTCGGAGAA

exu F: RGACATGCACAACCTCTTCC 53 323
R: GATTGGTATTGCCYTGCAAS

ahal F: GGC TATTGCTATCCCGGCTCTGTT 62 1082

R: CGGTCCACTCGTCGTCCATCTTG
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15 BEHREBUR S bR

HUVR T DR AE 1) 2% 52 S8 587 A7 A= B B T T
(WL-4, ZL-1. ZL-13, DO75), Z&&EHaifbiisz,
PRECA TR S BRI T LB kR, 30 °C.
180 r/min %577 12 h, FIZ2 IR Ho b ASCi i Hovke s,
0.65% JG 14 A= Bl R 7K 765 BR T e & 7.5%107
3x10°, 1.2x10°, 4.8x10° CFU/mL 4 Mk EERAEE .
3 B R SR A A s i 5045 g 10 2, B
ST 0.2 mL, [R5 %R 0.65% 0 B A= FRER KA
XA, A AGRIERITE 29 °C, HELRUIES
7d, iCRER,
1.6 ZH4EUR AT
161 & /M H) & K E (Minimum
concentration, MIC)

inhibitory

5 A B I i 24 ) k52 1 T Pk ) e /N BRIV
HHE CLSI 0B 245 BB E e A v W7 A2 1 T
X 25 () gt
1.6.2 WHZAERE G

2% [21-26] CHR B T5 1L |9 #E4T PCR 474
(£ 3), KiZiREARP 27 Rl WG 25 564 (457
oL, HhadE. 6 M p- P Mtk 2R 24 5k K
(blaTEM . DblaCTX-M . blaOXA-2a . blaSHV .
blaCMY-2, blaDHA), 7 Fft UK 2 2 it 25 L 18] (tetA .
tetB, tetC. tetD. tetE. tetG. tetX), 3 Fpykiimy
it 253 [H (catA . cmlIA . floR), 3 FhfifiiiSit 25 3L A
(sull, sul2, sul3), 8 Fmdsifiin 24 5L [gnrA
gnrB. gnrS. gnrC. gnrD. acc(6')-1b-cr. ogxAB.

2 12 [ I R RS2 B0 2 ki 23 (Clinical and GePAls PCR JIARIF 1.3.2, §I5HUAM 1%
laboratory standards institute, CLSDHEZERYBNE— IR ra IR EA TGN .
*3 27 MAARREYTIBHEXER
Table 3 Information on the amplification of 27 drug resistance genes
H 2R PCR 59751 1R KR JFENRAN
Target gene Primers sequence (5'—3) Annealing temperature (°C) Sequence size (bp)
B-PA LIS B-Lactams
blaTEM F: AAGATGCTGAAGATCA 56 425
R: TTTGGTATGGCTTCATTC
blaCTX-M F: GTGCAGTACCAGTAAAGTTATGG 56 538
R: CGCAATATCATTGGTGGTGCC
blaOXA-2a F: AAGAAACGCTACTCGCCTGC 55 478
R: CCACTCAACCCATCCTACCC
blaSHV F: ATAAAATTCTTGAAGACGAAA 55 885
R: GACAGTTACCAATGCTTAATC
blaCMY-2 F: CACTCAAGGATGTATTGTG 55 1143
R: TTAGCGTTGCCAGTGCTCG
blaDHA F: ATGATGAAAAAATCGTTATGC 56 387

R: TTGCAGCTTTTCAAGAATGCG

PYFRZEK Tetracyclines

tetA F: GCTACATCCTGCTTGCCTTC 55 210
R: CATAGATCGCCGTGAAGAGG
tetB F: TTGGTTAGGGGCAAGTTTTG 55 659

R: GTAATGGGCCAATAACACCG
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(834 3)
tetC F: CTTGAGAGCCTTCAACCCAG 55 418
R: ATGGTCGTCATCTACCTGCC
tetD F: AAACCATTACGGCATTCTGC 55 787
R: GACCGGATACACCATCCATC
tetE F: GTTATTACGGGAGTTTGTTGG 55 278
R: AATACAACACCCACACTACGC
tetG F: GCTCGGTGGTATCTCTGCTC 55 468
R: AGCAACAGAATCGGGAACAC
tetX F: CAATAATTGGTGGTGGACCC 58 468
R: TTCTTACCTTGGACATCCCG
It EESS Amphenicols
cmlA F: TGCCAGCAGTGCCGTTTAT 59 900
R: CACCGCCCAAGCAGAAGTA
catA F: AAAAATTATATCCGACTCTCTTA 60 420
R: CTTGAATCGATAAGGGAATATAG
floR F: TCCTGAACACGACGCCCGCTAT 60 960
R: TCACCGCCAATGTCCCGACGAT
fiffifi2& Sulfonamaides
sull F: CGGCGTGGGCTACCTGAACG 69 433
R: GCCGATCGCGTGAAGTTCCG
sul2 F: GCGCTCAAGGCAGATGGCATT 69 293
R: GCGTTTGATACCGGCACCCGT
sul3 F: TCCGTTCAGCGAATTGGTGCAG 60 128
R: TTCGTTCACGCCTTACACCAGC
M2 Quinoloes
gnrA F: ATTTCTCACGCCAGGATTTG 58 516
R: GATCGGCAAAGGTCAGGTCA
gnrB F: GATCGTGAAAGCCAGAAAGG 58 469
R: ACGATGCCTGGTAGTTGTCC
gnrS F: ACGACATTCGTCAACTGCAA 56 417
R: TAAATTGGCACCCTGTAGGC
gnrC F: GGGTTGTACATTTATTGAATCG 55 307
R: CACCTACCCATTTATTTTCA
gnrD F: CGAGATCAATTTACGGGAATA 50 465
R: AACAAGCTGAAGCGCCTG
acc(6")-Ib-cr F: TTGCGATGCTCTATGAGTGGCTA 55 482
R: CTCGAATGCCTGGCGTGTTT
0gxAB F: CCCTGGACCGCACATAAAG 57 523
R: AAAGAACAAGATTCACCGCAAC
gepA F: GCAGGTCCAGCAGCGGGTAG 60 306
R: CTTCCTGCCCGAGTATCGTG
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2 ZHRE4HMH LR R 5 ARBERRE 22 QYRR , ThEE T 0

21 EWESHERSLLETE

ZL-1, ZL-13, D075, WL-4 5 ATCC43700
1E TSA AR | 30 °C 1537 24 h ), YR ER N
0.7 mm-2.1 mm HEAGHPUEE R 7%
%, REDGH, IR, hggst; f2mg
F 4 SHTINEHREIEESE LHHE

Table 4 Biochemical and physiological of 5 strains tested

SRR AT AR

PRI R A B A ARG

/N, ZL-1, ZL-13,

D075. WL-4 5 ATCC43700 {94 B2k Ak FebE: 87.5%
(42/48)—%r, HEARTEH #&0E . WRERIT G . FL
FREL P Rl S PRAL S N A E 22 7 (3R 4), (HARA

WHEXTFH Item ATCC \vi 4 711 7113 DO75!

AT H Item

ATCC
43700 WL-4 ZL-1 ZL-13 D075

43700
WRR- AN ETR- IR e —
Ala-Phe-Pro-Arylamidase
4> 22 4EEE Adonitol
MR ot B0 JHc Tt
L-Pyrrolydonyl-arylamidase
BIHL (1B L-Arabitol
214k 4 D-Cellobiose
B-2FL BT B-Galactosidase
H.S 74 H,S Production
B-N- 2. Tk 7 i 7
Acetyl-B-glucosaninidase
AR i
Glutamyl arylamidase pNA
Gk

D-Glucose

V- R R
Glutamyl-y-transferase
A%k 4 1% Fermentation/Glucose
B AT NG
-Glocosidase

D-Z Zf4# D-Maltose
D-H # M D-Mannitol
D-H ###% D-Mannose

B- A il B-Xylosidase
B-PAZ R i
B-Alanine arylamidase pNA
LR 5
L-Proline arylamidase

J Tt

Lipase

LEZ

Palationse

Tk 2 PR 5 e it

Tyrosine arylamidase
JRZ i Urease

D-1114f% D-Sorbitol

e
:Sucrose

| D-B5H il D-Tagatose

| D-IEE

:D-Trehalose

FFEERR L (F) Citrate (Sodium)

|4 ¥4k Malonate

1 5-H- #2511 5-Keto-D-gluconate
T FLARER B L-Lactate alkalinisation
Ea-%”‘%*ﬁﬁ@

ra-Glucosidase

B

1Succinate alkalinisation

'N- 2, T05-B-1 FLI 2
'B-N-Acetyl-galactosaminidase

a2k FLBH G

a-Galactosidase

@R iF Phosphatase

2 e

EGchine arylamidase

| SRR Omithine decarboxylase
VA RIS Lysine decarboxylase
| ERIEI MR ] Decarboxylase base
V2 Z R [F)AY, L-Histidine assimilation
| B- AT R

1B-Glucoronidase

10/129 i 3%

10/129 Resistance

VAT AR H R R S T T e

' Glu-Gly-Arg-ARY Lamidase
LSRR R A

iL-Malate assimilation

| L-FLaER R

' L-Lactate assimilation

ECourmarate

'ELLMAN

+ + + + +
+ + - - -
+ _ _ _ _
- + + + +
+ — — — —
+ - + + +

e+ B - BAME
Note: +: Positive; —: Negative.
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e S5 R 5 MRIEAR A E NS AR R f) 16S rRNA JEE —# 144 100%, gyrB — A

4 BRZeAT SR (AT AR SR M B AR 16S 99.57%. 5 NI M R, 45870t
rRNA LA 534 YRI5 B2 2 1 407 bp ) DNA v 1) 4 PR PR S8R R I R o — TR (K 1. 2),
Bt; gyrB ¥ RS2y 1 130 bp KJFER DNA  #iE F bk D075, ZL-1. ZL-13 F1 WL-4 ¥ N &F1A
B, ZIFPHHESRER, 4 tRACHBIRREE R R

ZL-1 (MK410038)
Z1-13 (MK410040)

100 |WL-4 (MK410041) ]
Aeromonas schubertii (JQ319029)

Aeromonas schubertii (1Q303345)

100 D075 (MH886390)
Aeromonas schubertii strain ATCC43700 (NR119043)

Aeromonas veronii (KM668041)
Aeromonas veronii (KX585901)

6 |deromonas sobria (1IM358836)

Aeromonas sobria (GQ205446)
100, Aeromonas salonicida (AM296504)

| Aeromanas salmonicida (HQ283362)
Aeromonas caviae (NR029252)
W‘:@_‘Aemmonas hvdrophila (KT380830)
100 | deromonas hvdrophiia (KC202278)

0.002

1 16S rRNA EREBESH7
Figure 1 16S rRNA gene cluster analysis
e FES PR RE GenBank B35, AN EIEITREIHER A 7 H, FRERARER 0.2%(01)7 51 22 5.
Note: Those in parentheses are GenBank accession number; Numbers at each branch points indicated the percentage of software output; Bar:
Nucleotide divergence is 0.2%.
g9 | deromonas caviae (MG751854)
48 Aevomonas caviae (MG751859)

81 Aeromonas punctata (F1940780)
100 Aeromonas punctata (AY987525)
Aeromonas hvdrophila (1.C012325)
1001 deromonas hydrophila (AB473177)
l—.fieromanas sorbria (JX023820)
Aeromonas sobria (AB473048)

100

2 Aeromonas veronii (KU543617)
Aeromonas veronii (1X025891)

Aeromonas veronii (1X025950)
72 —erononas schubertii (AJE68402)
Aeromonas schubertii (LN849801)

Aergmonas schubertii (JQ319030)
Aeromonas schubertil (HQ731454)
ZL-13 (MK 105971)

881 71 -1 (MK410039)

WL-4 (MK416159)

D075 (MK 105972)

100

0.01

2 gyrB BESHR

Figure 2 gyrB cluster analysis

T 5K GenBank B85, AN S BT R M E A3 e, Rk 1%09)7 5 2251,

Note: Those in parentheses are GenBank accession number; Numbers at each branch points indicated the percentage of software output; Bar:
Nucleotide divergence is 1%.
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22 BEHREHEFRSEHEEEN

ZiRtHy ATCC43700, WL-4, ZL-1, ZL-13 F
D075 TR ILAEIMmE | & I EEE P A g 7 B
PE(E 3); I HL AN [R] PR AR AV I B . 7 2R
1 R AR D7 7K St el LA, AN TR) AR ) A2 — o 22
5, HERAREGERSD).

KH PCR kXt szl itk 10 Fhis )y 2N
(hlyA. aer. ast, alt, act, ela, ahp. exu. lip.
ahal)E179 48, 25 B 8, ATCC43700, WL-4,
ZL-1, ZL-13 F1 D075 ¥J#EA7A hiyA. ela. lip.
ahal; act {UfE ATCC43700 /¥ 3%, aer HIE
WL-4, ZL-1, ZL-13 Fil D075 g 45, i alt,
ast, ahp Fll exu 7E5ZiR 0 5 BREHARF M TR 34
Ky 2(E 4).

23 HXRBRFEIFAFSEREBURM LR

TEAKHR 29 °C &0 T, 1 4 BRI ACHE IR &N
RSP R X i R 2 S A T N TR S
W (7.5%107 CFU/ML)ZH 232 e IR YL J5 45 1 K
PR BIAETS, SET- MR B RS AL AT 7

3 ZREMMBEXZSHIEAFRE

i, . ML EORSEM S, HNAEI I Bk
GEAT IRYLIEEE 2 K, BETo ARl N R (. R
B IR B 2R A IR 3 d JE A AT 2
SEHEPECH . B ) K ] AT
WMELEN 7 K, XL AR ARRIE T 1 S50
PEATHIRE, R BUES /r SL 6 fa N IE A 2845, (H2s
FI R SR B TS o IR BET R s,
D075, ZL-13 MEUR I & T WL-4 Fil ZL-1
(% 6).
2.4 GRS

ATCC43700 BR*¥T2NPUMMm 2550, i HAthsz
RGP B T A BE VR B AR WL-4 . ZL-1,
ZL-13 il DO75 BIXf RS2 (52 #nie i . Bt
(i) P AR | Tl — PP VP AR ) i 24, % B-
P ERE IS 259 (R PE AR . B 5 bR/ 5 7 4 R )
J&, BT T R s R . PR RA)
TR BRTE S I P R B2 25 ) (R IR R ) o),
WL-4 X3z A2 Y 4 fgek, i ZL-1, ZL-13
1 DO75 Xf DU AR Yt R I it 2451 (3R 7).

Figure 3 Phenotypic determination of virulence factors for tested bacterial strain

TE: A: WiitE; B: SEFEHGME; C: JEUiBHEIE.
Note: A: Hemolytic; B: Protease activity; C: Lipase activity.

®5 THEHMEL. AESFEFRKEEER

Table 5 The diameter of hamolysis, lysin and lipase hydrolysis for tested bacterial strain (cm)

5] Category ATCC43700 WL-4 ZL1 ZL-13 D075
¥ 1fi. Hemolysis 0.70+0.046 0.79+0.044 0.70+0.045 0.70+0.020 0.80+0.010
VI Lysin 1.80+0.044 1.60+0.060 1.07+0.076 1.50+0.049 1.51+0.023
[l Uitk f#% Lipase hydrolysis 1.12+0.036 1.30+0.021 1.12+0.055 1.30+0.062 1.31+0.030
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A bp M123456 7 B b M1 2 3 456

D bp M1 2 3 4 5 6 E bp

2000 2000
1 000 1000
75§ S0t
?g 250
100

4 FHEFEPCR#EER

Figure 4 PCR amplification results of virulence genes

Note: A: hlyA; B: ela; C: lip; D: ahal; E: aer; F: act. M: DNA marker; 1: ATCC43700; 2: WL-4; 3: ZL-1; 4: ZL-13; 5: D075; 6: Negative control.
%6 29°C BT 4 HREFAFS RAAE X 2 82A0 N TR R

Table 6 Artificial infection result of 4 A. schubertii strains at 29 °C

FIPETR(RE)

%if_}k %‘&W’E At (fe) Accumulative death number ﬁEEK
Strains Concentration (CFU/mL) Number 1d 2d 3d 4d 5d 6d 74 Mortality (%)
WL-4 7.5x10" 10 10 10 10 10 10 10 10 100
3.0x10° 10 1 7 9 9 9 9 9 90
1.2x10° 10 0 0 3 3 3 3 30
4.8x10° 10 0 0 0 0 0 0 0
0 10 0 0 0 0 0 0 0
ZL-1 7.5%x10" 10 6 9 10 10 10 10 10 100
3.0x10° 10 0 2 5 5 5 5 5 50
1.2x10° 10 0 0 3 3 3 4 40
4.8x10° 10 0 0 0 0 0 0 0
0 10 0 0 0 0 0 0 0
ZL-13 7.5%x10" 10 7 9 10 10 10 10 10 100
3.0x10° 10 3 6 7 7 7 7 8 80
1.2x10° 10 0 5 7 7 7 7 7 70
4.8x10° 10 0 0 0 1 1 1 1 10
0 10 0 0 0 0 0 0 0 0
D075 7.5%x10" 10 7 10 10 10 10 10 10 100
3.0x10° 10 0 6 8 8 8 8 9 90
1.2x10° 10 0 2 5 5 5 5 8 80
4.8x10° 10 0 0 0 1 1 1 1 10
0 10 0 0 0 0 0 0 0 0
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Table 7 15 antimicrobial agent sensitivity of 5 A. schubertii strains

NI4T ATCC43700 WL-4 ZL-1 ZL-13 D075
Drug name (::IQI/(I:_) Susceptibility (rl:l/lgl/(l:_) Susceptibility (nl\:lg;l(l:_) Susceptibility (n'\:IgI/(I:_) Susceptibility (::IQI/(I:_) Susceptibility
SAEPA >32.000 R <2.00 S <2.000 S <2.00 S <2.00 S
AMP

frrE gk, <2.000 S <2.00 S <2.000 S| <2.00 S <2.00 S
SEhIYERR
AMC

P Sy <2.000 S <2.00 S <2.000 S| <2.00 S <2.00 S
AMK
PR <1.000 S <1.00 S <1.000 S <1.00 S <1.00 S
NEO
PRI <0.120 S 0.25 S <0.120 S 0.25 S 0.12 S
OAX
R <0.5000 S <1.00 S <0.500 S <1.00 S <1.00 S
uB
R 2 <0.008 S 1.00 I <0.015 S 1.00 I 0.50 S
ENR

PUHE TE  <1.000 S <1.00 S 16.000 R 16.00 R 16.00 R
EALES <0.500 S 2.00 S 16.000 R 16.00 R 16.00 R
DO

N &= <2.000 S >64.00 R 64.000 R <2.00 S <2.00 S
THI
FoRe%Z  <1.000 S 4.00 I 2.000 S| <1.00 S <1.00 S
FFC
ZHiEZEB  2.000 S 1.00 S 1.000 S 1.00 S 1.00 S
PB
B <20.000 S >320.00 R >320.000 R >320.00 R >320.00 R
SXT
ik i [|] F 42, <16.000 S >512.00 R >512.000 R >512.00 R 256.00 R
W IE
SMM
s — H ms  <2.500/ S 20.00/ R 20.000/ R >20.00/ R >20.00/ R
I A 0.500 4.00 4.000 4.00 4.00
SM2/TMP

. R REHUREGE AU 1 PRI S mERUR
Note: R: Low sensitivity or insensitivity; I: Moderately sensitive; S: Highly sensitive.

i 2 3 [ 47 5 25 R 2R, ATCC43700 | ZL-1, ZL-13 1 D075 #5747 MU PR 3R 280t 245 Bk [
WL-4, ZL-1, ZL-13 f1 DO7S 358545 T RAMCRIMZS  (tetA); ZL-1. WL-4 4878 9 il B3 2 it 25 2%
LA (sul T A0 sulll) . M 3 R 26 MW 25 3% (floR) ; WL-4 & #5741 [l 25 Wit 245 5 [H] (gnrS)
[acc(6')-1b-cr]LA K B-IN TSt 24 5 (K (blaTEM) ; (¥ 8).
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Table 8 Detection of resistance genes 5 strains of A. schubertii

%E]ﬁ‘?? ATCC WL4 ZL-1 ZL-13 D075
Drug resistance gene 43700
Vi e sull + + + + aF
Sulfonamaides ¢ ;1o + ¥ + & +
sul3 - - - - -
FEmE  cmiA - - - = -
Amphenicols  4ta _ _ _ _ _
floR - + + - -
MFEK A o R

Tetracyclines (qig _ _ _ _ _

tetC - - - - -
tetD = -
tetE - = = - =
tetG - - - - -
tetX - = - - =
B-AIBEHzZE  blaTEM + + + + +
p-Lactam  ppctX-m - - - - -
blaOXA-2a - - - - -
blaSHV - - - - -
blaCMY-2 = = = = =
blaDHA - - - - -
WA anrA - - - =
Quinoloes qnrB _ _ _ _ _
qnrs - + - - -
anrC - - - - -
gnrD - - - - -
acc(6)-Ib-cr  + i 4 e i

0QXAB - - - - -
depA - - - = -

e o+ BHME; - B
Note: +: Positive; —: Negative.

3 WHESR
4 BRARSCHEIR AT A M R T AR S BEH T

FruERRE ATCCA3700 FEAAIE AFE LAsE, (HAE
H e BRI e . FLERER P 0 Sy T 45 1R

MR B AFAE 22 5, 3R WA 4R 050 T T Bk 110 o
UL H B AR 2 S A s T T A3 B R P i
A5, BRSPS TR A B AR Al S A JL I
AR B AR R e, SEad T 4 MRARAE
PR R gyrB F1 16S rRNA JEDH 5 Fi 24y
BT, 4 BREEHRI SR AR R R —FK . 255
TR BRAE AR RS RN A3 2, BRE PR DOT5.
ZL-1. ZL-13. WL-4 1 ATCC43700 7E432 4K
SHARFSPAMETE . 7E GenBank 4% D075, ZL-1,
ZL-13. WL-4 /) gyrB F116S rRNA LR 51, sk
S5 9 MK105972 . MK410039, MK105971 .
MK416159 1 MH886390 . MK410038 |
MK410040, MK410041.

2 TR 1Y) ) R B R L R A O T 1 DG IR
%, ahal a2 A R BRI B 3 2 Y 3L
TR TP, ABETERY 5 RREF AR I Y 5]
ahal; ¥ I 2L hlyA 4afish (35 1M 28 T 25 & 21 2140
IR %) 240 RS A T R K M B LI, AR
LM 2R FE T, P I R A R 25 1
15 FEOR I EEE NN T2 KBRS 5 BT
TR AR I T hiyA, HRIUHIE IS,
T2 5 RIEHREAERME . I RIER
aer MM BRI HFZ —, HAMERE
SPERO ARG R ROR, 4 BRZSSEIR AT
BB B AT P R B % S B, N R bR R
ATCC43700 MR %L . 254 RGN sz os
W] WL-4 AT A2 il BURRAET S, T8 A
HIARZE I Bk ATCC43700M %) e <2 il R HoAy
Fopitt, RYT aer WHES EFARE LI B X 1Y 3
PR UIMIC . AN, TE 4 MRARSCHEIREFA RS R
M R G E] 5 ATCCA3700 FRABL A A G 4
TBIEA lip, DO75 lip )74 2 1% GenBank, #3535
i MH886391

SRR R R A TE B0 T 22 55 B R A
8 ) L R B LR 3 1 IR T2 WA C B
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4 BRZAEHE IR EHR R R P 1 Bom M R 3R,
AH [A] Y€ BF (1.2x10° CFU/mML) F, WL-4. ZL-1.
ZL-13, DO75 X 245l 1) Y S8R 53510 30%
40%. 70%F 80%; W IMLE . H TG MR i
EMRINZ L R, 4 MRIMEBERZEFARE, Hi
iz, Hrp ZL-1 #RE R FIEHESRAL. &
R AMRBIEEMFEININEGER . IMEINE ., H5%
il FIZRG B 2 S5 B 1 SRR, (B AT 2 52 8 1) B0
PEFIEE ) PG A 22 5, RIAEHARR R
i TR A O M S ORI L B LR s A EE
PRI 0 A O, AP A o M o 48 ) B )
DR f) 22 8 1 9 DA B B 07 TR 19 4 A T 1 55— R 81
[P A A R i — ISR

25 Py RO S IR 25 R R, 4 58 R TR B
WL-4, ZL-1. ZL-13. D075 HY2y4¥ it a 22
S, LA i S 24 W EL A T 52 G DN 38 e
K55 sull, sul2, AT AR /K = FRE I B
WO R A B R R S 2y AT G . ZL-1
ZL-13, DO75 S 2 PUIR RIS 25 LA tetA,
R X AR Z PR R 2, Sk
Pl BE T 45 AR, tetA BE/SATAERS AN
XU R YIN 2y BARTE WL-4, ZL-1.
ZL-13. DO75 Hr oA I3 Mot i B2 it 25 26 A floR
(WL-4 . ZL-1)F1m 3 i 2 1t 25 BE ) ace(6)-1b-cr
(ATCC43700, WL-4, ZL-1. ZL-13. DO75), {H
5 RS2 1 RO T B2 24 ) 9648 2 25 A U D 2
25 VD B AR U E T U, XA RE S
AP TR R T i T 248 245 ) o e s I 25 24 ) A AP A
LA 25 HLHIA 5%, floR F1 acc(6)-1b-cr FHAF
Ttz 4% R 9 A A 25 25 W 1K i 24509 2280
WFTERMT, AR 2 T A T 25,
ATCCA43700 FRXFZ R PUMRMmE 2555, XHA 14 Fhgip
P2 IR, 5 54 KA F 5 4 SR A R 5
1H 4 R e B8 IR EFAR R M PR T R A ' /s X2
RPGAREUS; T 5 BREEE DG F B- N R 24
LI bIaTEM; 4 BRZ%AC &1 RSB B Ay fi]

X @R PR BURE AT 2 — 2P 05T . BFST SR B
N, SEREMR B R R . ORI T 2 AT
RIBUR, X i 25l AR T 8885 (A 45
JETRE I B4

LR ERTIAR, SRR R AR A
JEZSEE T T B IR, o B R R B0 S T R
IR RN A e mg TR IR R, B =R
TS L VD AL A AR 2 PO X T A RS
PR RAT R A
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