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Isolation, identification and whole genome sequence analysis of
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Abstract: [Objective] A strain of Pseudomonas aeruginosa (PA) isolated from the pyogenic lung of
forest musk deer(FMD) was identified and its pathogenesis and drug resistance mechanism were analyzed
to provide basis for the prevention and control of suppurative disease caused by PA infection in FMD.
[Method] Biochemical tests,16S rRNA analysis, drug susceptibility tests,and pathogenicity tests in mice
were conducted after isolation and purification of pathogens. Through the genome-wide sequencing, the
population evolution and species typing were analyzed and gene function annotations were carried out. [Re-
sult] A strain from the pyogenic lung of FMD was identified to be consistent with PA,and was named FM-
DPO001. Drug susceptibility tests showed that it had resistance to amoxicillin, ceftriaxone, aztreonam, poly-

myxin B and lincomycin with 50% lethal dose (LDs,) of 9.4 X 10° CFU/mL. Genome sequence analysis
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showed that the genome size was 6 955 100 bp and the sequence type was ST1249, which had the highest
homology with B136-33 strains with average nucleotide identity (ANI) of 98. 93%. There were 357 se-
quences encoding FMDPO0O01 related to pathogenicity in the whole genome, and they were divided into
groups of adherence,iron uptake,extracellular toxic protein and regulation system according to functions.
There were 84 sequences encoding drug resistance genes and efflux pump was the main component. [Con-
clusion] A strong pathogenic PA (ST1249) was isolated from the purulent lung of FMD and its whole ge-
nome sequence was obtained. The bacteria carried many genes related to drug efflux pump and biofilm for-

mation, which determined its multi drug resistance. Piperacillin can be used as a clinical drug for such PA

infection.

Key words: forest musk deer; Pseudomonas aeruginosa ; genome sequence analysis; pathogenicity; drug
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JB& (Moschus spp. ) J& H K — F A9 B 4= sh )
BT A2 B S v A AL e /N ) — b R B I A B 4 i
AERR ;WY —BE &R
R GRS AR . BTN A S R R B AV S PR 45
F T P FIRBE IR o (8 o A 5t ) T R . RN B
R WNEREi A PN LW PO B
MRRF R G IR BOE H R L BERE B B & TR U, )LRE IR
PP AR RCUR Al — 2 20 . N T RIE IR BE A
TLFRE L 1 R AR P 3R B BB BT YA T 4
GELU T A e A e R AR B T 3 R A
BER Y B B PR L 4 S (R PR B ( Pseudo-
monas aeruginosa s PA) J& 5 SR Ak I Mk 95 g 1Y T 22
IRz,

PATEH SR A 03 A 7z . o — Tl L 2 20 1
LW BB TENUR N 7 2 2R 5 8 A . T
Z 1R NER 2L, 51 8 2 R 22 F R AE . Bl n
B2 BT K e A0 S P I o 2K 5 A H O
PN SRS AR F T 5 i [ T
PA T B A bR 40 o 9 4. 5 3500 iRk
ERNEEAOE SN SPOR N - TR=I SN A R o
FORR NN A B AL, — 4R PR A kA 2l
X PA Y 5 Bt de &t . SR PA B TR 245 1 R 3
B3 —Jr W i T B A 5 R AR W s AR S )
HBERE, ) — W B A Z R s HE R . B
& PA £24iif 245 (Multi-drug resistance, MDR) B ¥k
Fiyz 25 1iit 245 (Extensively-drug resistance, XDR)
PRI AT » O 2 B 7 % M A1 22 0RY T 3% T 24 1 R 1)
B AT 8 T R IR Y PA R R B e — 18 B
LRV BRI T AR R Y A R s L A R AE
MDR #1 XDR A7 915 BT » & F 42 3 N 41 73 A7 240
RRRAE 2 48 A B AL AT SO HLET L Xt o 4 G
HEELL SR H AT AR BRI A PA 4P 05 i

RUEA . P A BIE 5208 D FE AR b 20 25 1 R 1)
PA BT xRNy o 5 0 A FL 2 0 IR L g 2 2
L3 4% AL 568 AR B VR PA 1) Z0mS A 24 HL ] .
LA o bR PA R ) Bl 16 B Ll

1 MRS 5k

L1 # #

BB (NA) B 55 56 1l B i 15 9% 55 L Muel-
ler-Hinton (MH) #% 3% 3 | Luria-Bertani (LB) ¥ ##
B AR A e A A S E AR S A b
AR R | . 4B 5L R 2 DNA 32 B0
£ .DNA loading buffer,2 X Taqg PCR MasterMix,
WA KA A AR () AR A W], 4 E 16S
rRNA 519509 G SR e, ¥l A TAY TR R
A RRA R SE . 64 H SPF 9 B W /N B, e L A 4%
2 W B SER S 5 B A BR A D
1.2 AEWSBIESR

O 1| 8 VT 57 B BIF 5 T — =K s BE AR BT, # AG A]
Dt U HE B Ak e 5 4 TG T >R B 3 1 o 28 il JIEE 2H 2
AR LA R T NA M3 HE A LB R B 7 5L, F 37
CHiFRAE R IR 16 ~24 h, A6 W 7% T8 B AL DL &
B2 QYL A S5 R PRI I v E— D A A R AT
1.3 SEENENRE

IRAFCAA S 408 56 22 T 5K 4o 3 v 422 o 31
A TR At A A S A R FL AR 2D R BRI S
ity .

1.4 5 EEH 16S r(RNA EE 505

SR FE K 41 DNA $2 B 57 & 6 43 3
DNA #4742 B, 1E i PCR Sz b #E#k . & 16S
rRNA 3 H# 59 27F (5'-AGAGTTTGATC-
CTGGCTC-AG-3") #l 1492R (5-TACGGTTAC-
CTTGTTACG-ACTT-3") 347 PCR "1, 52 i 4



%10 i

Ph L AF AREFAG VR ST1249 T4 2 11 BRI TR 19 43 B8 568 o I L 4 36 DLl 3 91 43 11

# N :2XTaq PCR MasterMix 25 L, 27F fll 1492R
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Table 1 Antibiotic sensitivity of isolated strain
%Y MM E %/ mm M H) 78 bR UE/mm Sensitivity criteria zEg
Antibiotic Inhibition circle diameter fit 25 Resistant ] Intermediate f§UR% Susceptible Results
R $37 75 #& Piperacillin 18 <17 — =18 S
SV AR Ampicillin 14 <11 12~14 =15 1
B 2 P4 Ak Amoxicillin 9 <13 14~17 =18 R
S AHLE Cefradine 19 <14 15~17 =18 S
Skl A8 Cefatriaxone 12 <13 14~20 =21 R
M Aztreonam 7 <15 16~21 =22 R
e B m5 Imipenem 24 <13 14~15 =16 S
K K% ZE Gentamicin 22 <12 13~14 =15 S
[} %5 2% 2 Azithromycin 24 <13 14~17 =18 S
% kL 2 B Polymyxin B 11 <11 — =12 R
Z V¥ & Doxycycline 21 <12 13~15 =16 S
PUF ZE Tetracycline 18 <14 15~18 =19 1
A Je % Florfenicol 23 <14 15~18 =19 S
MR FE 2% Lincomycin 13 <14 15~20 =21 R
i ®m U A Norfloxacin 19 <12 13~16 =17 S
AR R Levofloxacin 20 <13 14~16 =17 S
B B Enrofloxacin 20 <10 11~15 =16 S

S, UG L a5 R 2y,

Note:S. Susceptible. I. Intermediate. R. Resistant.
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DU I Bliss 3 758010 JC B 0T/ B~ B EOE
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Table 2 Pathogenicity test of isolated strain on mice

NS RBHRBERE/(CFU - mL™1)  JET2H0/ B8
Group number Bacterial concentration Deaths/Total
1 1010 8/8
2 109 8/8
B 108 7/8
4 107 5/8
5 109 3/8
6 10° 2/8
7 10* 0/8
8 103 0/8
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2-D"),
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Fig. 2 HE staining of Pseudomonas aeruginosa infected mice liver,spleen,lung and kidney tissues
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Fig. 3 Phylogenetic tree of FMDP001
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ANI{E y 98. 8026 Ji 15 70 8 T IEI5 LK N i
B136-33 1 kB4 % R At » ANT {35 98. 93% . 7
A3 BRI s 5 2 BRIOG IR B T (Pseudomonas
Sfluorescens ,PF) Fl1 2 ¥ & R AR ¥ M 5 ( Pseudo-
monas putida ;PP ANI{H¥/NT 80% , B L &R
B, Br PAT #k Z 4. FMDP0O1 5 4 PA
ANTE¥IFE 9820 LA b AR PAT BRAESEAL R E 11
AL A HERR A & R, f Jk4 ANT {1 >
96 Y01 Ay [s] — T A 11 ) 5 R 45 . FMDPOOT 1T H]
W4 E N PA,

2.8 TFMDP001 W) EE ThEE 4 7

2.8.1 KEGG i#@#% 44 24 KEGG 84 & I it
A3 734 AL RS AR FI 2 5 1R I B R 3 L
OB R A 2R R R R 5 T iR 2 L o TR AR AR R

63% . HARERLERINE 3,
* 3 FMDP00l EFE KEGG BRBRETBER
Table 3 KEGG pathway annotation of FMDP001 gene

AR 8 P H A B i
Pathways Number of genes
Y% Diseases 203
HHRAL I Metabolism 2 353
L2 Processes 378
i T. Processing 722
Z 45 Systems 78

2.8.2 COG RE£4# Y string ¥4l FEiEAT
FEXTERE, L 5 092 A EEF B e R 3 25 41 COG
ThRe o 4 739 AMEA S CHEASC MK
s & R . 353 AN E T Rg AR K. T8 2
fE T ) 2 O B 22, 3 595 A HOR S 1 B i o
M FER % 2 58 a4 50 565 4~ 526
. COG Pifigsrd L3 4,

% 4 FMDP001 Btk COG EENH L &R
Table 4 COG function classification of FMDP001 genes

T R A
Function class Number of matched genes
RNA i T. 5 &4 RNA processing and modification 2
Ye o, Jit 45 ¥y 5 5y 1 2% Chromatin structure and dynamics 3
fE 42k 77 554 Energy production and conversion 336
20N ST L A A 2L Y a4 43 2L Cell cycle control, cell division,chromosome partitioning 55
AR 2 510 Amino acid transport and metabolism 596
%A R 5 iz 510 Nucleotide transport and metabolism 118
KA E W5 32 5101 Carbohydrate transport and metabolism 265
55 32 5101 Coenzyme transport and metabolism 261
L5 iz 581 Lipid transport and metabolism 309
BHPE AL 454 5 4= 90 & A, Translation, ribosomal structure and biogenesis 281
% 5% Transcription 565
1) B 20 fE & Replication, recombination and repair 160
A0 i B /I /40 i A2 ) 6 8 Cell wall/membrane/envelope biogenesis 299
A fiiz 3 Cell motility 155
B G 1B & A R 7118 Posttranslational modification, protein turnover,chaperones 227
THLES T3z 518 Inorganic ion transport and metabolism 346
WA AR = ) 2 ) R 38 B 43 i AR T Secondary metabolites biosynthesis, transport and catabolism 203
A58 FH N RE M General function prediction only 595
I BE AR Function unknown 353
=51 2L Signal transduction mechanisms 4116
2 0 PN 32 B 4 W RN BE L 55 32 Intracellular trafficking, secretion,and vesicular transport 169
Bii fE ALl Defense mechanisms 153
M1 4h 45 #4 Extracellular structures 60
B K N 4 . JE W 5 {A %% 8 1 Mobilome: prophages transposons 75
A 28 Cytoskeleton 1

2.8.3 FHW-FE#H 4 VFDB IR . Blast HLXT,
P — B =900 25 R . W] HUIEA 357 A 51 4
iy FMDPOOL SEURTEA A . BR T PA 73
7 R BB A O 75 0 I X e B AR BUR 2
B o AL 5 8 45 A 0 IR JAH S 1) R R
P RE 7 3R (8] 4% K 4% B B BOw L L A R
PRI 1) 2 1 B TR 45 0 L R IR 8 AR A 23

WAL, BRI F B ) BEAEAE 28 3 AR 4
FEAEM 2 KA R L 5,

2.8.4 ®HERWEL £ FMDPo0l h Z A 84
A~ ORF 43550 G i 3~ P4 Tk i 258 L 20 W 0 28 L 9 i
MR AERRE KEERR AETECR . ZHE
ROEERMEILY BEM 2. 48K 2 50t 24
JE TR VR B R 7 A AR R 2 Pk i A HE S L R A T
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Table 5 Major virulence factors associated with pathogenicity in FMDP001 genomes
ik ST AH O H R
Function Virulence factor Related genes
#F £ Fimbriae cupA.cupB.cupC.cupE
i & Flagella flgC.flgD. fIgE. fliC. flaG. fleS. fIhA .motA .motA .cheA
Fi NAIFEE Type IV pili pprA.tadA. tadB. tadC, tadD., tadF . tadG. rcpA. rcpC. fppA.
Adherence pprB.flp.tadZ. tadA. pilB. pilC, pilD. pilS. pilR. pilV . pilW,
pilX . fimU.rpoN . .rpoS.vfr.crc.chpE . .chpD
g £ Bt LPS waaA ,waaP ,waaG,waaC,waaF ,or f N ,wbpM
W EZ Eh Alginate algA.algB.algZ . . algR.algQ.algU,algB,algid . algE . algl . al-
gD algG . algF .mucA .mucB.mucC
#4%4E H Pyochelin pchA PchB,PchC,PchD,PchE ., PchF ,PchG,PchH,Pchl,PchR,
FptA fptB. fptC. fptX
BRBEH PG ME L & Pyoverdine PA2383, PA2384 ., pvdQ. pvdA. mbtH-like ., pvdM ., pvdN . pvdO,
$ 4

Iron uptake

1L 47 Z B R 4 Heme uptake system
W3 W8 2 4= ) 4 i, Phenazines biosynthesis

pudF | podE . pucD. pucA. pucB, pucC, podS. fpvA. fpvl. pvdD,
pod] . pudl.pvdH . pvdL . podG. pvdS. podY . ptxR
phuW  phuV, phuU, phuT ., phuS. phuR

phzH phzA . phzB. phzS.phzGl,phzF1,phzCl,phzD1

FLZ= B g Rhamnolipid
1 2R i Elastase

Tl 2 A i Alkaline protease
Wi g i C Phospholipase C

23 W 7 & Pyocyanin

H o 2

Extracellular toxic protein

FAL A S S Hydrogen cyanide synthase

SR A i Exotoxin A precursor
%M % [ Hemolysin [

rhlA .rhiB.rhlC
lasA.lasB

aprA

pleB.plcH
phzM

henA henB henC
toxA

hiyll

BEIR RN Quorum sensing
IR 5 [ %44y 248 Type [l secretion system

Regulation system
VI B4y 2 48 Type V] secretion system

lasR . lasI .rhlR .bspR2

popN . pcrl pcr2. perd . pscF . pscG. pscH . psc] . pscS. pscR. pscU.,
perR . perGexsA exsB . exsC.exsC spcS hrpY . prhl .hrpH
PPPAppEA hsiH1 hsiE1 hepl tse2 . clpV.tagT hsiF ,vgrG. vi-
pPA . vipB.lipl hsiJ1.dotU. hsiC3 . sfa2 . sfa3 stkl stpl

*®6

FMDP0O1 B #k i i 25 & B il

Table 6 Putative antibiotic resistance genes in FMDPO001 strain

[EEEERES

Resistant gene category

i 24 2 A

Resistant gene name

PDC-6,0XA-50
APH(3")-1ib

B-PI Mt 25 B-lactamantibiotics
BT 2% Aminoglycoside

FH M5 B 26 Fluoroquinolone gyrA.gyrBonfd
% %2 Chloramphenicols catB7
ik %5 £ 2% Elfamycin EF-Tu
HH:A . E Aminocoumarin alaS.cysB

Z A5 # % Polymyxin
W% 2 Fosfomycin murA ., FosA
BEPL® & Mupirocin ileS

EIGEE i

Efflux pump conferring antibiotic resistance
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