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Abstract

[Objective] To investigate the drug resistance and pathogenic mechanism of a Janibacter melonis
strain PA32 at the genome-wide level. [Method] The acid resistance capacity of strain PA32 was
determined by acid resistance assay. The susceptibility of PA32 strain to 4 antimicrobial agents
was determined by disk diffusion method. Whole genome sequencing and assembly of PA32 were
conducted by the three-generation sequencing platform, and gene prediction was conducted using
glimmer, and functional annotation of virulence and drug resistance genes was conducted using
VFDB database and CARD database. [Result] The PA32 strain could withstand the acidic environ-
ment at pH 2. The PA32 strain was resistant to metronidazole, and susceptible to clarithromycin,
tetracycline and levofloxacin. The complete genome sequence of PA32 comprises a 3,459,946 bp
circular chromosome containing 3296 genes with the guanine-cytosine (GC) content of 73.1%. PA32
strain contained virulence genes related to adhesion, secretion system and anaerobic respiration,
as well as drug resistance genes to fluoroquinolones, aminoglycosides, tetracycline, macrolides,
P-lactam and other antibiotics. [Conclusion] Isolated from the stomach, J. melonis displays a strong
ability of acid resistance. Comparative genomics indicate that J. melonis has pathogenic potential,
which is associated with its multidrug resistance genes and virulence genes.
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1. 5|15

LIH]#4  J (Janibacter) J& T2 11, T+ 1997 4F MBI A A 15 (R84 B 28 E 1] BT Rom, W
THI P A S 1T 5] AT P R g . IR AR e, B A R 1) TR IMURE BRSO [2] [3] [4]. [RIET, A5 XU # B
(Janibacter melonis) & M FLEEVS 35 0+ b oy s ik, RN v 5 FLBES A 55[5]. *Hitb+ 48
I BRI AR R 2 A W 87 T 1228 B ARSI A Bk B8 EUR 428 R S 1) S B 2 g Y B R [5]
X S B S UL T A Je8 7 A8 i 1 5 rh I BUR AR

H WA B MR, 8 A RENRSHER R R EEEN . BRI S S ECHE AT
B FR[6]. B 1 51 B 00 5 0 SR A i T I R A, B BRI E ARt 225 B R B RN A
WEE o, [ B e v 55 2K 1 (Streptococcus salivarius) 5 i 11 REAT 1 A/ SUE) B 2R # B T
AR Gl [T UB R B IR /N BR[7] . T T DA AR IR LS A S 1T AR TR A AL EE ) 2 TR B A AT R
(Ochrobactrumy), #% & BLEE 31 B 9 A X 32 52 B34 T R[] IRBLKILCk, AT B E R
ARG THEAR[9]. TRBE I T T RN, SRR R A R BELE B i, RAEMEE R ik
AR BB NIRRT RE[10] . DRGSR S VIR P A A OUTHT A PO TS 24 M R B0 14, SR = AR 7 4
A% 53 5 H B B K YIbR AR AT 0L 0 B AT A L DR A 5, DAk R 2 7K P o JHG i 247 44 AR 3850 1k
BEAT AT, Nt — DR T L B0 P S 5 1 2 A AR AR R A A
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2. M5 %
2.1 BHREUREEREE

T 0 T AL E BRI PR 2 B ARF T AR A B PA32 AR A28 S 417, PhE-80°C T {17 1
PA32 HEFEEEM T BHI Tfla ki #73E, 37°Casemia, BUEUEKIHE R 3000 x g =i 2.0 20 min, 5
RN EARYTTE SR FITCEE 0.1 mol/L PBS i 2 IR EE 5, I 5E I FE R IR B 22 ODgoo = 1.0 FFRAE 4

2.2, {&HhsCIE

2.2.1. THERSCIE

4 IR LN ODeggo = 1.0 1) PA32 BRIV 5 T2 A AN [EIVK FE 21 ER (pH v 2.0~6.0 A1 7.4) 1) BHI A4 55
FrEEd . 3 AAEREFR 0.5 hy Thy 2 h JFllE AN E pH A K BHI VAR 771 ODgoo. X A1 pH 15 7.4
ff] ODgoo THHESHMAFIEZ, AXUIT: fEIEH(%) = (SL4R2H ODegoo/ X M ZH ODggo) x 100. LAFAIEZ T
M FE R . ARSI ST R IR

2.2.2. AR

KA K-B 48R HOENE PA32 WkAT AL, e, WUME. AARWESE 4 FiitE 49
2y . B S OXOID ARIAF=, JiAEREEN: WM S5 ug/f, Whi%ER 15 ug/f,
VUIREE 30 ug/ i, 78 BID B S ugl . TEJCTE BHI K5 770E 351 IRAi M2 ODegoo = 0.1 MMANE, #4241
48 (OXOID, FE[E)MEIEREFEIEKM, 7F 37°C T H 37 18~24 /M. s FRMEMEAEE EE, R
5 2017 435 [ s R A 256 %5 Atk 23 (Clinical and Laboratory Standards Institute), CLSI $i 4 2% 5 it
BOFRUE[LL], T2 B X B AR 28 A BB MR BRI 247 . ARSI B A ST E BT = IR

2.3. EEEZSH

2.31. 2ERHNFRER

FI AR 2[RI 2H DNA $REGEGR SR PA32 Wik 2R H ZH 5 DNA, FIFH =P & Pacific Bi-
osciences Xf HgbAT R FE KA 7, SRJE R T =ARN 7 R R A MK BEHOR, H A falcon #E47 545
Bl et e SE R )P 25 [12], #5380 — 7% (consensus), 44 )5 1 ] Genomic Consensus 3 143 T
JRUEE R (subreads) FR R ML —E0E 41, B A sprai (single pass read accuracy improver)J&: T-flt AL 5 (9
JR 46 Fr 51 (corrected subreads)¥4H ¢ t K 1) — i 7 # (corrected consensus)iE 47 circulator M b AL 2H[13],
15304k 1 40 B J= K 2H (genome) . 15 ] pbalign (BLASR, v0.4.1) 73 M7 3 R 4L 78 50K « %4 A T
A Al 3¢ B AR T DR A B A 7] 52 e

23.2. EEFREERE. ShREELH

ffi ] Glimmer (v3.02)3E1T % K48 [14], @it RNAmmer (v1.2)%E A RNA FE[A, @i
tRNAscan-SE (v2.0)4&ilE tRNA FE K. i#id CRISPRfinder (v20170509) il 43k Px] 28 A 1) 1E [) 5 & 5 51 Fn
(B REIX . @ik PhiSpy (http:/phaster.ca) Tl & X 40 Hh A7 72 1 JS MR B 44 . i IslandViewer 4
(http://iwvww.pathogenomics.sfu.ca/islandviewer) Tl 22 5 2 A7 7E B ] & o %o 36 B [ 7 AE AR B A
(NCBIAETUAR %0 # 2 NR. Swissprot ¥ = . AXid 2% £ 2 KEGG (kyoto encyclopedia of genes and
genomes). & [ )i Th B %4k 5 COG (clusters of orthologous groups) 13 K A 44 i %35 % GO (Gene Ontology)
BEAT BLAST 22, S85FIH diamond B [15]3E47 LLXS, HX e < 1e-5 MyERE, ik BA && 7
FUFAE B AR, 1521 ShEEERAS 2. K Circos B AF4 1% 3k R 4L i P8 1, 7EPEl I 1 o GC %
GC &, COG HE:AVER. iR R .
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FEM &

2.33. WAMBHEENIR

FIF CARD $ii4: & i 24 % R 4% )% (comprehensive antibiotic Resistance database,
https://card.mcmaster.ca/)iE 1T PA32 B ik 4= 3k K 21 1 i 25 38 DR 9 ik [ 161 R VFDB 5 iR 41 B 75 7 8 4%
5 /% (virulence factors database, http://www.mgc.ac.cn/VFs/main.htm)iE 4T PA32 1 #k 4= 35 DR 41 1 75 9 3 K i

HE[17].
3. BRESR
3.1. THERSCIEZER

HAMRRE S 2 EN B A DLERA. NI PA32 BHEFEMINEREE /), e T AL M
B AR 1). SREY, BFE TR 1h N, PA32 Bk TERME NI, SR, AERE1
h g, EFREWRFFHXIAEE . 76 pH = 2.0 2T T, PA32 R AEAEZAE 2 h Jaf2 2 1L 65.0% /47
RPN 2 AT ERAE 1, BB/ B N BRI T A7

100 - pH=74
- pH=6.0
80
- pH=5.0
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s
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Figure 1. Survival rates of J. melonis PA32 exposed to acidic pH levels

F 1. RETEMEIMER PA32 ERHEFR

3.2. AR ER

LAY HUEIEAG I PA32 EHEXT 4 FREGMIRIEUE M. SR EIR, TEHRMEMERT, BIRE LT
A, ERhER. WHRR. C4H YD EERT, fIEMEZ54 %8 32.1 mm. 31.7 mm F1 28.6 mm.
LIRS IRRE, ZEAR A 2, X hi R WHER. AR EBBURGEE 1),

Table 1. Drug susceptibility test results of the PA32 strain
= 1. PA32 BRI AR I 45 R

B A E 42 (mm) ‘
25 — - g U
i 245 4 72 A e SEIREE R
yihi s #(CLR) <26 32.1 UK
FEEI(MTZ) <20 yREED it 24
VU3RZR(TE) <26 31.7 TRk
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3.3. 2ERFBEHS I

PA32 Ttk 4 F R 4 28 — X Pachio Wl 7+ A, $£3K45 180,523 2% Reads, N50 Read Length 4 9855 bp,
FERNHMFFIRE S 400.0X. ZdHEFHIE, R — 5K 0 BRI R R 4 (G 0 4K) 751 (GenBank 3% 5
CP116501), A % 5 U o 3 PR 21 (Y e 2) 37 71 K /N A 3,459,946 bp, SIEE — i ng (GC) & &N 73.1%.
74533 1) 5 1 gmiD 5L R (CDs) 8 i A7 3296 4, KR 3,181,344 bp, (HAHE[RIZH) 91.95%; TEIESw
i RNA (ncRNA) %4 tRNA 3£ [F 48 1>, rRNA JE[H 6 A~ (FLH 5S rRNA [ 2 />, 165 rRNA %:[F 2 4,
23S rRNA X 2 4N): Al H] PhiSpy Tl 2 K20 th A7 7E 4 DN REBER ;42 CRISPR finder F5 A& 3 B A& &5
H 2 41 CRISPR #HKF%1); 18i1d IslandViewer 4 Tl 3| PA32 & #kIE R4 A 12 M EER & . i H] Circos
B A ) DR 2 5 L 14 2 B

B o

W = @

2 8

g < 3
<

a®

0,
.2
Oty

INFORMATION STORAGE AND PROCESSING
IQ J: Translation, ribosomal structure and biogenesis
. A: RNA processing and modification

M «: Transcription

. L: Replication, recombination and repair

l:l B: Chromatin structure and dynamics

. \\\\%\@V\MP i Wy
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N \\\\\‘\"\ W / /{6

e@)hs

7
D P\ W \\ \\' |w /,// /// %7 CELLULAR PROCESSES AND SIGNALING
X Nt 7, p : o o
A NS %\\\ l D: Cell cycle control, cell division,chromosome partitioning
27414 \\ 8 \§\\ // s B v: Defense mechanisms
F S AN / 2 a ) )
<§ ~ §\ /’;,,, T Signal transduction mechanisms
= :§ ,;;\\ 2{/ B M: Cell wallimembranelenvelope biogenesis
= =~ = = [CJ N: cell motility
i % i == PA32 = = 8 w: Extracellular structures .
= = = = B U: Intracellular trafficking,secretion, and vesicular transport
:_}-— ! !; 4& O: Posttranslational modification, protein turnover, chaperones
’;; > ?"2 = [Z] x: Mobilome: prophages, transposons
= 4 2. S
= - p X, METABOLISM
N8 —= -~ d 7/ R ' . :
249 = 2 / \ N [H c: Energy production and conversion
j/% //// \t D G: Carbohydrate transport and metabolism
A/ // ’0//”’ / /M‘ M,l“\ \ \\ \ E: Amino acid transport and metabolism
é ? \ \\\ |:| F: Nucleotide transport and metabolism
% «\\ A\ H: Coenzyme transport and metabolism
\\ AN [Z] 1 Lipid transport and metabolism

%g 7 ’Il'p,,,,l M \W“‘
%4#/ ////sl H \R\“&\%\\

. P: Inorganic ion transport and metabolism

. Q: Secondary metabolites biosynthesis, transport and catabolism
POORLY CHARACTERIZED
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Figure 2. Circular genome map of the PA32 strain
2. PA32 AR 2 £ FLA B E

3.4.COG ¥iIBEIRER

SRR EIR, LR T 2459 NEH, S AR 74.56%, 434G T 24 A COG %% H A 3). HH,
Z 584, EHMMEEIERA 1091, & 4.43%; S 588 RS & R IERE A 199 4,
i 8.09%; SAAEE, UMM, MRAMIEIEAEY) G A G B RAE 130 A, 15 5.29%:; S5 R AR IS FIAR
PR A 258 4y, 15 10.49%:; SRR 224 4, 5 9.11%.
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Figure 3. COG function classification of the PA32 strain
3. PA32 kK COG HiREEIhAE S 2 E

35 BHERIRER

A: RNA processing and modification (1)

B: Chromatin structure and dynamics (1)

C: Energy production and conversion (180)

D: Cell cycle control, cell division, chromosome partitioning (29)
E: Amino acid transport and metabolism (258)

F: Nucleotide transport and metabolism (78)

G: Carbohydrate transport and metabolism (207)

H: Coenzyme transport and metabolism (177)

I: Lipid transport and metabolism (165)

J: Translation, ribosomal structure and biogenesis (199)

K: Transcription (224)

L: Replication, recombination and repair (109)

M: Cell wall/membrane/envelope biogenesis (130)

N: Cell motility (16)

O: Posttranslational modification, protein turnover, chaperones (112)
P: Inorganic ion transport and metabolism (155)

Q: Secondary metabolites biosynthesis, transport and catabolism (99)
R: General function prediction only (284)

S: Function unknown (152)

T: Signal transduction mechanisms (121)

U: Intracellular trafficking, secretion, and vesicular transport (27)
V: Defense mechanisms (56)

W: Extracellular structures (11)

X: Mobilome: prophages, transposons (9)

W45 VFDB 75 Al 7K FE VR RS, 1ZIRRR S 25 DRG], 7 AfE 17 MREH, Hif
4 ANV kR T, 3R 3 ANREB AT () 1R B KR ST HE AT 1 A4S0 M R GUAH R 7 TR s AN 7 B
MEERE IR, 232 3 AN ILTEHUE AN (30) e e HE A5G TG 3 3 KA 4 AN TC IR OG5 2 (. itk

AN A 7 ) Bk PR R 45 R AN 2 T .

Table 2. Virulence gene prediction of PA32 strain
= 2. PAR2 BB ENEE TR

FORTHE  FHRT IR T EYAE- TN Eiiipa
- U (2 . JEAC PR T-Tu (EF-Tu)iif 51 - 40 A% 1~
GroEL A 7E R TE 5 BB I 71 I 5 J e
GroEL groEL KA, NMFEHWHASPMAZT BE =40

plasmin receptor/
GAPDH

DA A 128 2 P
BEERPH & IH GAPDH H A £ #4558 ) il

plrigapA &M, TIAEAE A AEEEREE e sE . N ALFIRE

Ja (RIS R AE AR o

SRS T6SS-11 clpv VI #5022 58 ATP fi§ ClpV/TssH
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Continued
e LA HEH AN LU 0 S 1 7
PRREINT ey P OB, MBS o i 5
LPS whil B TLR-4 MOACE, #BYT Gt

narG, narH, TS R A Bh T 40 B AE JORE BIR FE R

ELR Nitrate reductase :
AT narl,nard GRS KB

3.6. MAERFRER

W5 CARD ZR&PUERWFUEIRENERE, PA32 Btk ARG W/ SXEIEIETT S, RIANEEE.
B2 MR DUIAZE. - LRGSR HUA R 252 R o i 26 22 AL (1 P AL B4 Bk SR B
A PUERSME. JUERIEALRYT . JUERBIU S BURTE . AR BB A R KB EN,
PA32 T PR i 2452 D5 S AT 2T 1 24 L% 3.

Table 3. Resistance genes and corresponding antibiotics of PA32 strain

%z 3. PA32 BB A B A R ABXT R IR 25

YL IES TRy 245 [X]

TIENEE R kdpE, smeR

PNZNRIES adeN, efrA, macB, mtrA, oleC
T iR sul4

TP I 2 AcrR mutation, adeN, efrA, gyrA, gyrB, IfrA, rpoB mutation, soxR
VUIRERH AcrR mutation, adeN, soxR, tetA(58), otr(A)

Sk Rk AcrR mutation, adeN, smeR, soxR

4. Wig

FEERUHA R PA32 BEMEZ — MR BB 51 BRI IR/ B bk, X2 N E A2 85 H A0 B & 1 1 IR
RIE . AT i i R S U0 RN 25 ) BB ST, A I LT R e ) AN 2 s, SRS R =AU
FARF- 4 Pacbio XHZ HE bk R RO EE T SR AT, IS A 1 ARG Gk, X etk A
YLFEAT TR S, JExs FLRE 7 R AT 25 P AT 1 BRI L2 TH 23 7 o

AP R AR AR BT & AR B S5 A 1 BE 70, TR it 24 R 5 AL A 70 %) B P AR PR A R 2 2
FKEEM[18]. AWFFUBIT I ERILL, EH T PA32 Wik EA RIFITHERAE /1, XONHAE B W EIRAEE
AR TN EE A . IR R, PA32 BRI X F RS MR 241, X 0] REA B TR A AR
Figk, MMENMENKIERE. BT 0EM, PA32 WHEEH narG. narH. narl. nard A,
EATEARA S I BE s _E IR 45 4% 20 B 1 (Mycobacterium tuberculosis)fili & i J5 i i 235 7K, 4k L i
TR EhIR IR, fE LAt R 1E BRI [19]. LA EZ5 SR B] PA32 Btk B 75 B WAETE R

TP AETE F A LA Bh T A0 T EIRBUE IR, AR T e, [R5 e 3 A PR &
Bz, R—MXEMNEPERE. PA32 WK AERRA RN TR, ©&E 3AFMMEL
1R I T, 40 5J& EF-Tu. GroEL Al plasmin receptor/GAPDH. i, &K1 EF-Tu, HFK
FEK R F-Tu, # & BAT LAAE A 43 36 B3 75 4 6 (Francisella tularensis) i BG4 5 842 40 B RE THP-1 40 i 35
A= S5 G, F HaT e fe st i i A =21 41230201 75— >3 /18 GroEL, i A BLAEAR R 141 (Clostridium
difficile) (¥ 17 18 e R AN R 4 B AR A [20] s T S50 P I £F 4 5 VA G 2 AR IGAPDH 1 il i 45 4 1 32 WA
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M 1) RSB LTS B R OS2 AR, T A HAEERRE 5 N WRER 0B ) BB, b e el WALFIBE S
(14 B R P R AR [22] 0 IR RSB AR DG B )R A R T HAE B A IR A A, &g XU w4 B 11
TEIEEURTE . J5 82K — P il SO SX e F I T RE, IR LU I R L .

S LRI 25 36 R A T 2 B, [RIZ B AP A AR B bR CD11-4 1 M714 —#¥, PA32 B PR B A X & b
K. RIFNERE. WS, FUEIEERIS. TURRIE. p-WEER RS RN 23 N, B Ryt &R
R EAR . LA R AMIERGUAE RO RS 2 B 25U [5] [23]. SR, FEZERIR T PA32 Wtk R
L T X R 23 RS, AR RIF RS DUBR RIS GBI . oA (8, S M s i
S EPE CD11-4 tXF 2 FRIIPTAE RBUK, GRREIEMT . S ERR. TERE. ABEk. &
WA SRS AN R T 2R 2R AE (5] AT #H B0 K 22 b AR U T B2 T D IR A 4l 2, i
125 THERMPLSED, YRR R T & PG RIS, & (I8 A& L AT Al R I H i 25 12

5. &

I A N AL = A e R (5 B i, ABETUSRAS T B BRI IR AE /1) B IRTE PA32 RIbkA) 4
JLR AL ST e RS, IFxS PAS2 TR MR EUW VRN 25 PEREAT 13 AR M 70 b, X it —b
RV FLEOR PEAT 25 PESR It 1 S 2L AR B 2A KA -

E&UH
[ F AR e P IUH (et 5. 31870777),

&5k
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