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Identification, biological characterization, and genomic analysis of
Trueperella pyogenes isolated from swine

TAN Jia ZENG Yanbing LI Haiqin ZHANG Fanfan YANG Qun FANG Shaopei
JI Huayuan TAN Meifang*

Institute of Animal Husbandry and Veterinary, Jiangxi Academy of Agricultural Sciences, Nanchang,
Jiangxi 330200, China

Abstract: [Background] As an opportunistic pathogen, Trueperella pyogenes is frequently associated with
mixed infections with porcine reproductive and respiratory syndrome virus, porcine circovirus, or
Pasteurella, which can cause various non-specific suppurative infections. Some clinical symptoms are
similar to those of Haemophilus parasuis infection. In this study, a bacterial pathogen showing
B-hemolysis was isolated from the lung of an infected pig that died of respiratory symptoms in Jiangxi
Province. [Objective] To investigate the species, biological characteristics, and genomic characteristics of
the isolated pathogen. Our study aimed for better understanding of the pathogenesis of bacterial infection.
[Methods] The morphology of the isolated bacteria was characterized by transmission electron
microscopy and scanning electron microscopy. The pathogenicity, biological characteristics, and genomic
characteristics of the bacteria were confirmed through animal experiments, drug sensitivity test, whole
genome sequencing and bioinformatics analysis, respectively. [Results] Through morphology observation,
identification of 16S rRNA gene, and phylogenetic analysis, it was confirmed that the isolated pathogen
was Trueperella pyogenes and named JX18. Results of the drug sensitivity test showed that JX18 was
resistant to clindamycin and lincomycin, but sensitive to other selected drugs. The results of animal
experiments showed that typical symptoms of suppurative infection appeared in the abdomen of mice after
the challenge of T. pyogenes JX18. All mice challenged with the highest dose died. Results of the
whole-genome sequencing showed that JX18 carries important virulence genes, including plo, nanH,
nanP, fimA, fimC and fimE. Moreover, these virulence genes have high homology with that of other T.
pyogenes strains. Results suggested that genes involved in the carbohydrate transport and metabolism have
the highest proportion in the genome of JX18. According to the VFDB and UniProtKB/Swiss-Prot
databases, JX18 carries multiple histidine-kinase genes, response regulator genes, genes of the
bicomponent regulatory system, and virulence genes related to adhesion, invasion, and secretion.
[Conclusion] In this study, a high pathogenic pathogen, T. pyogenes JX18, was isolated in Jiangxi
province and had been identified. Our study may enrich the pathogenic information of 7. pyogenes, and
provide the foundation for exploring strategies for the prevention and control of 7. pyogenes infection.

Keywords: Trueperella pyogenes, isolation and identification, biological characterization, genomic
characteristics, virulence genes
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#, ZAE RGBT IR TP Y. TP
R | SRl A B A A TR SR B Ak
RGN BE5E 5 R I 25 A I 7 (Porcine
Reproductive and Respiratory Syndrome Virus,
PRRSV), EGLRHGIEBHIMR . MR . K
PR BRTR ., ZRIERTTR . FURR . EE
ISR AE S YTPE 4 P ERT CETE TP 4y
B YA SCHGE .

ABIFFE VLG 5583 1 1 SE s i il 1 21
Ir BB HREEL TP B ISR, TEXHZ RIS 70
B ROERILE A5 S RGCR B AT, WU T
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JHREE 1 iR K S 55018 (Trypic Soy Agar, TSA),
[ 11 W K 5. A ¥ (Trypic Soy Broth, TSB). JCI&
WREFHAELR L, T B AR M BORAT IR W B AR
P LT R RN B ), BTN U2 A1) TR
MEBHABR A F ;. A AR ZH DNA $RBOAG & . I
MR &, KRR R (AL RO R A
Premix Tag Mixture, DNA Marker %%, % HEAY)
FRACF)A R A 205 16S rRNA S TG 4
27F M 1492R, BRINERIERBEATRAF; #22
PR iain & . 2Bt , AU AIRCE YRl
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W, Har(hENARAE; EesE5RsE, Lifg
RS AT PR ] s PCR Y, Bio-Rad 24 H] ; GridION
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i P41 7 22 5 21 DNA 32 BG4 4 B i
PRIEEZH DNA , K HAE AR T 40TE 16S rRNA
FEN W59 27F (5-AGAGTTGATCMTGGCT
CAG-3")F 1492R (5-TACGGYTACCTTGTTACGA
CTT-3")if17 PCR ¥}, PCR RNIAR (20 pL):
Premix Tag Mixture (2x) 10 pL, FUE5| %)
(10 pmol/L) 1 pL, FFFI4#7(10 pmol/L) 1 pL, #
M 2 uL, ddH,0 6 uL. PCR S 251F: 95 °C 5 min;
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212 E#HBIPCREESRZABEHN
FIFAANTE 16S rRNA J [H )38 F 5 | 9138 ok
/IR 1.6 kb I HM R Bt ¥ PCR “iEA 1%,
FFH 16S rRNA JEH P41 $E48 2 GenBank (5% :
MW737795). ¥IF45RAE NCBI Bl il 4T
BLAST XS B, WY 16S rRNA B
1% 1y 4 5 HoAth AL MR BB AT T & 1 16S rRNA B[ 7
St FEIR R . F A A A SR (B 2)FT A, B PR
IX18 5 EWNRYA4-I5> BiPk T. pyogenes TP1 b T4
S, RGO R ; Y T. pyogenes TP-2849 |
T. pyogenes TP4479 5[5 N IR RE VR 43 B Ak S AP U1

1 S EEHERSNE IKAVES BIVE T. pyogenes Arash114 4bTistf& 1Ak
Figure 1 Morphological observation of the isolated strain X RIS o

H: A WEEA; B: WM C: E2RPEAIKE; D: & N
SHEILA: BRI F: SHhEILS 22 %ﬁﬁlﬂ” o N

Note: A: Colony morphology; B: Zone of hemolysis; C: AR R, TEERER) 22 f:[:‘é?j%;:'::, PR
Gram-staining test; D: Morphology of the bacteria under the IX18 Xﬁﬁ%%?(%ﬁ%ﬂﬁ%)ﬁ%ﬂ%?(%ﬂ%

transmission electron microscope; E and F: Morphology of the

bacteria under the scanning electron microscope Hﬂ%’é)ﬁﬁ% s Xj‘/ﬁ\:{’@ 20 ﬁﬁ:ﬁi%mﬁi@(% l)o

Trueperella pyogenes 2012CQ-ZSH (CP012649)

80 Arcanobacterium pyogenes HJ-1 (GU372925)
Arcanobacterium pyogenes BM-H07-1 (EU267794)
Trueperella pyogenes TP6375 (CP007519)
Trueperella pyogenes TP8 (CP007003)

38 Trueperella pyogenes TP1 (CP033902)

| JX18 (MW737795)
98 Trueperella pyogenes TP3 (CP033904)

Trueperella pyogenes TP4 (CP033905)
Trueperella pyogenes TP2 (CP033903)
Arcanobacterium pyogenes HC-H13-2 (EU268191)
29 Arcanobacterium pyogenes HC-H10 (EU268193)
Arcanobacterium pyogenes RY 04-2 (EU268192)
99 — Escherichia coli U 5/41 (NR 024570)
L Salmonella enterica subsp. enterica LT2 (NR 074910)
Trueperella pyogenes NIAH 13535 (LC500012)
37 Trueperella pyogenes NIAH 13533 (LC500010)
Trueperella pyogenes NIAH 13532 (LC500009)
100 Trueperella pyogenes NIAH 13534 (LC500011)
Trueperella pyogenes NIAH 13531 (LC500008)
| Trueperella pyogenes TP-2849 (CP029004)
100 | Trueperella pyogenes TP4479 (CP029001)
Trueperella pyogenes Arash114 (CP028833)

0.03

B2 Bk IXI8 ETF 16S rRNA ERFIHEMNRLELEWN

Figure 2 Phylogenetic tree based on the 16S rRNA gene sequences of strain JX18

T /K BB Bootstrap {H; 155 378 GenBank 55% 55 B RS AR 3% AT AR T 51l kb 22 5

Notes: Numbers on the branch are the bootstrap values; The parentheses indicate the GenBank login number; The scale length means a
3% nucleotide sequence difference
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x1 B IXI8 WAFIKKER
Table 1 Results of drug sensitivity test of strain JX18

EiE/ B S 3 T /25 L/ o T 8l /45
Drugs name Content  Inhibition zone (mm)/Results : Drugs name Content Inhibition zone (mm)/Results
TEMREE R 2 g 0(R) HERG 10U 61 (S)
Clindamycin Penicillin G

Bk R 5 pg 39.(8) L RER 30 pg 43(s)
Enrofloxacin Chloramphenicol

FFE K 0.04U  26(S) DR R 15 ng 35(8)
Bacitracin i Clarithromycin

ZVHR 30 pg 27 (S) PR 30 ug 35(8)
Doxycycline Vancomycin

OEESS 2pg 11 (R) | IR 5 ug 30(S)
Lincomycin Ciprofloxacin

BT 22 0pg  56(5) AR 3 S 15 pg 30(S)
Amoxicillin i Erythromycin

FIRER 30 pg 38(S) IEZS 30 ug 33(8)
Kanamycin Tetracycline

R 10 ug 26 (S) LKA R 30 ug 41 (S)
Streptomycin Minocycline

RRER 10 ug 36(S) Vit IR 5ug 36 (S)
Gentamicin i Levofloxacin

R R 10 ug 27 (S) | ZHHER B 30 pg 25 (S)
Norfloxacin i Polymyxin B

TR 100 pg  48(S) USR] 300 pg 41 (S)
Spectinomycin ! Nitrofurantoin

Note: R: Resistance; S: Sensitivity

23 FYBURMERE

SR B RR IX18 BORPE, XF 45 JRIiE i
L /N BRI S0 T 5 2 S A A T, A BEER AP S B
X HA(IEL 3). 5 BRI EH(3x10° CFU)S | T A7
R/ NERIEEBAL (B 4A), 4d NAETRERG . BET,
TR B MR (G3>x10" CFU)T, /R 304 B
. R EMEL. IR, 5 d INBRSsET,
RIET/NEUG MR A, RERkEs, A s
o TEAREERI AR (3x10° CFUY T, /NEURBUR &
TR L ORG PTIUAR RS R SRR AEREAR , HAR
BFET, JEHR IR AL MRS AL RE A 1T Ao XFAET-/)
UL RS A 740 R 43 B 3% 16S rRNA JERIJEf 74~
B WY, 4555 DR N 43 5 B AL R B AL AT
B IX18 P —3

it f5e e A T BB T/ INERIEA TG, 2 L
MEFEL, PR e, FFERR R 24, HoAhl
ZUEE W TC B B AR . IR L) B oM g R B

AN, RGN I SUR WA s S, R R
ek, FR ML S IE R | HES R,
it 0 B A DL B M JRE R LR PRI RE . (RS
X B AL /N BRI P ZA AR L, B 21 /N RO T4 2L
Hon] LR AN AR AR M, A K, R
H, BB A CREET L, Bl 4B); JREET L

1.2
9 -4 PBS
g 1.0 " i A _A-3x108 CFU
X 081} -@-3x10’ CFU
El - 3x10° CFU
= 0.6
E
2 04+F
5]
g 02F
a L
0.0 : : -

0 1 2 3 4 5 6
Day post infection

3 EHRIXISHERPREFER
Figure 3 Survival rate of Kunming mice challenged by
strain JX18
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B4 Zit/RANBEARFEMBRER

Figure 4 Pathological observation of challenged mice and tissues
T A BIRREBSOE BRIk AL s B: FPRBAROI AL C: MiEAL T ES

Note: A: Abdominal abscess; B: Histological examination of liver; C: Histological examination of brain

DRI A MR SE , ALV AR, TR R M At
RiEE AT, B 4B), BG4 2
AL TT AR s, SR, AR A AR
(FafFik, B 4C); i, v WAL 2 21T 4 il (i
BEisk, & 40).
24 =EFANF

A GridION JUFF- &M% T 1 4 Cell, Al
7= 7 483 760 523 bp BRI, 8 FE A BE
HoN 6 662 264 744 bp. X 45 5 (KRR T IE R
HA%e, Bk BR8] H 1 4> Contig 41
LRI ZH, R/Nh 2 415 007 bp (NCBI KR 5
CP050810), GC &l 59.34% (& 2), TIF|
2 192 M 5E R RE DR Bt 4] o 42 BE DR 4 45 1 000 bp
DX I BT 24 B S R ELTE 2 000 IR LA F (K 5),
& UH 2 2B 45 L AT S5 vy S S M RN P 1 2 — 1k
P LI FHE . GC 434 . GC-skew K Jt [
LSRRI TR A 5, T A% 35 R 41 P 1 (1 6)
FER A E BRI, Wik JX18 R4 g
3HEDLAY 5S rRNA LR 3 M EDLAY 16S rRNA
SR 3 AMEDLRY 23S rRNA BEH L 1 DMHRBER
JFHI(CRISPR) & 3 MEZAS RNA, ATl 2 £
By 45k (3R 3).

*2 ERAEWESHRITE

Figure 2 Statistical table of base distribution of the
genome
BRCHE Kt TR 5 L
Base Number (bp) Genomic proportion (%)
A 493 516 20.44
T 488 438 20.23
G 716 822 29.68
C 716 231 29.66
N 0 0.00
GC 1433 053 59.34
Total 2 415 007 100.00
—tig00001
3500 f
2 3000 PEATE
g '\*«‘:"’uk’d\ i '/ ,]M/“flrmll”w'(imﬂwﬁv . J k\%‘q’nﬂ"" R
i 25001 {Nuw\whmlpuu"\"‘(\\";jwd F
S 2000t
=
on
£ 1500 ¢
g
= 1000 ¢
(5]
wn
500 f
0 s L s s L L
0 500 1 000 1500 2000 2500
Position (kb)

Bs5 EFEANFREDS
Figure 5 Depth distribution of genome sequencing
Note: Window=1 000 bp
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Figure 6 Nuclear genome circle map

VE: i AME AR O G i 5L LR (IE SCAE) « Ak [ (4 SCAE)

tRNA (15 (&)1 rRNA (% 2), CRISPR (¥ {f) Fl3E [H & (44 (1) |
GC I, GC-skew. MJFUERE

Note: The sequences from outside to inside are coding genes
(sense strand), coding genes (antisense strand), tRNA (orange)

and rRNA (purple), CRISPR (blue), gene island (green), GC ratio,

GC-skew, and sequencing depth

25 ERFEAER

FETRR IX18 LA R Fii i) 2 192 2K G
7415 COG #4# FEi#E1 T BLASTp Huxt, 3453
IS RERERELE R, R RILE 7, 45 AR,
1 426 DMREZER T EAER, HeiEED
65.05%. TEBREERZWILEIIGES R S5

*3 ERATMNERGEITER

Figure 3 Statistical prediction of genomic formation

LRI Hrh K FERIZH 5 1
Genotype Number  Length Genomic

(bp) proportion (%)
tRNA 47 3579 0.15
16S rRNA 3 4 546 0.19
23S rRNA 3 9228 0.38
5S rRNA 3 351 0.01
CDS 2192 2181567  90.33
CRISPR 1 3444 0.14
Genomic island 0 0 0.00

Bk K Ak & ¥ iz %y F0 AR 3 (Carbohydrate  Transport
and Metabolism) L 213 4~(14.9%), 2 58%.
% B AR 45 ¥ K2 4= ¥ & RS (Translation, Ribosomal
Structure and Biogenesis)UFEHE 162 1~(11.4%), S
Fj % 53¢ (Transcription) 3£ 122 1~(8.6%), S 5%
LR 1Y 32 H 5 18 8 (Amino Acid Transport and
Metabolism) ¥ 105 14~(7.4%)-
2.6 ZAHERTN

A HE 2y By 9 He okt A A R, AR
IX18 #4543 plo. nanP. nanH. fimA. fimC. fimE
% TP MR IR FA LN, BRI NCBI
Bt e v A AL M BB AT T B TR, AR
96.05%-99.88%I0l. 75}, it VFDB 34 & B,
PRk TX18 FEE N A Pk 15747 100 FhIETERYHE T
72 % VFDB X5 R 190 K (B B2 %
Bisr Rl R . ARRr R R M R A E)HIT R
i, SRR RIEEIL 63 (K 8), H, 5
R RN 22 DB AH G A BE I 18 A~ 5 R A Vi fig
FRAYEE A 37 AR R 58 16 4>, VIERLS3 i
R4 8 . WHRIBWARS 8 . VIR RS
44 BEERY 1Y), R RN 8 4 BisF
RITER AL 22 4>, Hodbr, gHpAC2E 9 4>, Pl
HARGER 1A, PriFrmssER 3 A4~ Hs g iEn
54 MR 4 A R R A 94,
He, gk 2 4~ S Fia N
44 MIAMEEREE 3 4S5 FERIAFEEAHOCEEN 3 4,
HAh, 3R UniProtKB/Swiss-Prot 25 [ Lh X IR )2
TR, TaRR IX18 iy 2495 DL 5 4
W PEAHOCHE A, anZH 2 PR G HK . SRy
[AF RR (citB. ompR)% .
3 wiE4n

1ML (Pyolysin, PLO)JE T JH [ AR P 5
% (Family of Cholesterol-Dependent Cytolysin,
CDCs)HE [, HINNE TP 1y 285 1 7R
PRAPEDTE, #Z BT, dhizE o R C e i
A EFERD TP AP G250, B B (Fimbriae, Fim)
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[J] Translation, ribosomal structure and biogenesis
[A] RNA processing and modification

[K] Transcription

[L] Replication, recombination and repair

[B] Chromatin structure and dynamics

[D] Cell cycle control, cell division, chromosome partitioning
[Y] Nuclear structure

[V] Defense mechanisms

[T] Signal transduction mechanisms

[M] Cell wall/membrane/envelope biogenesis

[N] Cell motility

[Z] Cytoskeleton
[W] Extracellular structures

[U] Intracellular trafficking, secretion, and vesicular transport
[O] Posttranslational modification, protein turnover, chaperones
[X] Mobilome: prophages, transposons

[C] Energy production and conversion

[G] Carbohydrate transport and metabolism

[E] Amino acid transport and metabolism

[F] Nucleotide transport and metabolism

[H] Coenzyme transport and metabolism

[1] Lipid transport and metabolism

[P] Inorganic ion transport and metabolism

[Q] Secondary metabolites biosynthesis, transport and catabolism
[R] General function prediction only

[S] Function unknown

B 7 COG N A
Figure 7 Gene distribution based on the COG database

I ) 455 45 11 (Collagen-Binding Protein A, CbpA)
16 TP JEYe v iV FH 55 40 v 5 1 32 20 I R Rk B A
SO i ChpA RERALAE 48%1 TP HhffAE!;

Pl 22 R i (Neuraminidase, Nan)Jg M R 53 i1 C
I F SR —, RERREETE A2 AR TP %5
BF, T R RN R A E TP 7EHEUESE . H
5506 ER e, SREANMFLEE R E R, B
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Figure 8 Statistical diagram of virulence gene based on
the VFDB

ABFFEUESC R TX18 BRIkl 25 2 F ve bk
RMNZyoh, XA 22 Fhvig FPTE RIUR. BIER
SRR, TP RRERATA R R, 83T
1 R AR MRS RAAT 167 rh o ek ™
W, BBl IO A Sk S A e iy % g o
Jrik. BT, MPAMEAMT RN 54 K
TEPETT . X PLO %71 AY DNA 21 . SER B TE
PET LA AL RE T, T e RE T S E R A TR
S B4R, BT TG G IR o s A YR 9% T 0 2 AR
PERM. R, IR ES R bR TX18 AT R E
P AR T HE TR AL e BB 2 T 5T o

15 FEXT TP TG BRAFAE R ST TE TP 51 sk
Yerfifn 35 B LB AR B R A
RSy Bk SR R 2 e e BB i 22 U, %
W TP 7E 535S . 15 Exthiad e, HASGFES
—E M Rk TR, DA B sh L
RApE R, H RIS TP 25 7 5L R B9 2 35 R WL
WA, ARSI T3t 7E TP o 47

FE— > F AT [ A 2 R U it (LK) o s g 781 1 2 1
(RR)ZL B XL 53 I R g2, S 1| 2
SEHEBICUESS, KIAFFE . SR i g 25— sk
522 LGB TR P AEAERON, RGeS 40 F AHLs 28
2147 (C8HSL . CI2HSL), fE 4 & K B I 8 7 kk
TP7 WIACH P IE RS, filk TiHE S mg, 5
B TP7 AHOCHE Sy BRI FRAL T, TR TP XA
I P4 5% R A 0 BR (W A2 . [RIEE, C8HSL .
C12HSL X sh¥ JCsE e, AIYE R TP G 4
PN ARSI PR SR TX18 AT S 40
DROWLZH 4 45 R GEAH L TR . 2448 DL 2 24 ik
fitf HK A 22445 LAY B8 45 9 F RR, AT A &2
IX18 JE& 1 F AL A o P A B Ay )
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