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Characterization of the first penicillin-resistant Streptococcus
orisratti strain carrying both ermB and optrA in China

TAI Haowen', ZHANG Jiaming', ZHENG Han', LIU Yuqing"?, ZHANG Jingyi', FU Huiqiang',
ZHANG Yifan', LI Juan"’

1 National Key Laboratory of Intelligent Tracking and Forecasting for Infectious Diseases, National Institute for
Communicable Disease Control and Prevention, Chinese Center for Disease Control and Prevention, Beijing, China

2 National Institute of Pathogen Biology, Chinese Academy of Medical Sciences & Peking Union Medical College,
Beijing, China

Abstract: [Objective] To perform biological characterization and genomic analysis for a
multidrug-resistant Streptococcus strain isolated from the tonsils of a dead piglet, thus elucidating
its phenotypic and genotypic characteristics. [Methods] The tonsillar tissue homogenate from the
dead piglet was inoculated into the Streptococcus enrichment medium for enrichment culture. The
enriched culture was then streaked onto Columbia blood agar medium for Streptococcus isolation.
Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS), a
biochemical identification system, and 16S rRNA gene sequencing were employed for strain
identification. The minimum inhibitory concentrations (MICs) were determined by the broth
microdilution method. Whole-genome sequencing was conducted via the Illumina platform. The
ResFinder database was used to analyze the resistance genes, and mutations in the genes encoding
penicillin-binding proteins (PBPs) were investigated through multiple sequence alignment.
[Results] The phylogenetic analysis based on 16S rRNA gene sequences identified the isolate as
Streptococcus orisratti. Antimicrobial susceptibility testing revealed that the strain was resistant to
penicillin G, erythromycin, clindamycin, and compound sulfamethoxazole, and it exhibited reduced
susceptibility to linezolid. Whole-genome analysis identified the presence of the macrolide and
lincoamide resistance gene ermB and the oxazolidinone resistance gene optrA. Furthermore,
multiple mutations were detected in the genes encoding PBPs.[Conclusion] This study reports the
first isolate of S. orisratti harboring both ermB and optrA and exhibiting resistance to penicillin. It
highlights the capacity of porcine-derived streptococcal strains to acquire multidrug resistance
genes, underscoring the need for increased vigilance regarding the resistance traits and
transmission risks of animal-derived streptococci.

Keywords: Streptococcus orisratti; multidrug resistance; resistance mechanisms; ermB; optrA

B TS BEER 18] (Streptococcus orisrattiyje—F NS SD KRR FN R 100 B K15 )4y
Bt CPHMEER B, F )8 TIRBER A (Bacillat) 2 44, 2005 4F, Hill 25T 16S rRNA il cpn 60
fFF 1 ] (Bacillota) FLFR W W (Bacili) LA H - R FHIRGE LT 00T, 200K 5 58 Bk H
(Lactobacillales) %% ¥k 7 Bl (Streptococcaceae) i Bk (Streptococcus suis) 32 F1 34 M35 HI 5 A% Fh,
W J& (Streptococcus). % B F T 2000 45 Zhu  (HIZ W52 4w AR5 2B AUSNIE. B
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B, O B R R R A T 5T 4 AT FR
NCBI 48 i i Al st 11 pRIEH 4751, Horp
10 BREFE 5T RE R, BEUE R DSM 15617
SEHBIIE, 8RB AR, 1 R E
Sk
HJ % & W (erythromycin ribosome
methylation, Erm)J& K K5 7E 20 140 80 4FAX 8k
T RARGEPY, HA S0 B S T A R
IRNERE . PR IE 2R S BB R R B 22 X 24
(macrolide-lincosamide streptogramin B resistance,
MLSB)®, F% 404k ermA. ermB. ermC. ermF
LEFLPR Y O Horh | ermB FER Gt 41 F R A%
PR JEALEE, /SN 23S rRNA JEEEAY IR
MRS N6 {3 o5 F AL, %L B 7 Z FhaEER TR
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pyogenes) I HE TR 25 3 PR B K-35 8% 5 1T
# Bl 3%t 1% JC F (mobile genetic elements, MGEs),
F ) & B G F 3 30 ot fF (integrative and
conjugative elements, ICEs) 4\ F 1Y) ermB & [H 1)
BRAF AN Ry o RBR DA THR 0f 245 B 3K T T AR P A%
R FZ R,
A B SIS T T 2 0 R 2 e T 2000 A
% s 25 5 IR B 4 3 )R (Food and Drug
Administration, FDA)LAE ] F1697 1 H A PG R4
T (0,4 %4 BR 1 (methicillin-resistant Staphylococcus
aureus, MRSA), Z Hfif £ il K &% BR & (multidrug-
resistant Streptococcus pneumoniae, MDR-SP)a i
T E ZR W B (vancomycin resistant
Enterococcus faecalis, VREF) 5| # IF B 4s , J&iR
7 A 22 QPR 2 i 24 TR i O EE 2 ) 2
—U4. 2015 4, Wang 17 fi Bk v 5
B AL R I GE R 25 35 [ optrd, & ABC-F
MR G, Al AR LR AP LS A S X0
22 Bl AR AH C Bt A 2 T 2510, e i Bk e
optrA F& X 1 7K - B 3 3 o ok R AU T
FrZEKE SN, NCBI B4 P 7R opird L A]

WL T2 25 i FF 5 (Campylobacter jejuni), TE%5E
BRI LD UL, AR 3 55 BK 1R (Streptococcus
suis)! . RI g 4% BR i (Streptococcus parasuis) "
Zil| %%ﬁf*%(&mpmcoccus equi) (1) 2 38 S At TR T
g DS . TSR ERTE T oprrd BEPNALHE
= T A [ S B O RSN Dai S PPHIE
B, R BR AT b M) 2% e i 1) i 245 P DR 1S o 5
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HERR TR XS B- PN Tt e 24 245 49 1) Tid 245 36 4 |
B 2 454 15 M (penicillin-binding proteins, PBP)J&
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PBP2b [ i} 58 A5 5 45 3 RISk 6 7 38 1 57K
i 2518 T PBPla & AL &AM AE 2] van
der Linden 257 % P % %% 3K 7 PBP2x LK 17
TEZ P EEBR A SE R P 9 e R iy il e o I A A
TS AR T E % R TR T 0 B A T 2 RS,
TESEHEIR I PBP f, IR B 2R AR T
PBP2x il PBP2b*, JE 7L fi Bk P IR Jie fi ok
WA B R T E SR AN BURE R
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AT FE B U AR TE — A [ I X R P 1 2R 47
RN BRI 2h I X ) 2% ma Jhg A 80U ) i
BR A 38 3 X HL 2 F R AF RN L PR R R AE 1Y 3 T
B R FCAE W RRAE A 25 L), B R 4R B
BRI 24 R R IR A 245 B B A
1 a5 7iE
1.1 Rt
111 EZERTFILEE

WREFAE 1M, R b IR el X =4
BHARABR A BHE T i 3G Bl R
e WAL AR R A F ; R E
W, BRI IURAYEARARA T FHEFEA I
A FRT] KR 2 [ A ) TR ey A RS 7 5
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FHIFIRA R (ZYM) . BEERIE 298K A, MEHIRI2
W7 ot () AT R W) 5 SRR T S A2 R A%
2 P F 2 AR (L) A BR A A Wizard®
Genomic DNA Purification Kit, Promega 2\ ],

4 H s 5540, Systec GmbH A F]; 6
PR, Echo 2] ; LU B HOGME W R B
AT R BT, KON L AR ) AR A A R A
Al IS TR, Tousimis 23] ; W4, 43
G, B EHTEARAT; 2 A
FE ST, g ELRIZ I (T A R A
w2 A S HCE Y S RO T, RS
webi( LI A RA T
112 EHEE

BHE LW M B AR B IR 2 . A8 LU i B
FERlE IR AL 39.0 g/L, 121 °CK I 20 min, 4]
F 48 °C, HHIRFLE 5% A B LR 4k 4 2 1M
FeoH IR A w2 BE Pl

o R A PR K A ¥ B 3R 2 (modified
tryptone soybean broth, mTSB): & FH 5 K S A
1715 37 % (tryptone soybean broth, TSB) 30.0 g/L,
121 °CK# 20 min, WA ZE %R, T+ TSB
NI 10.0 mL Z26#ZE B /KI#(1.0 g/L)&% 10.0 mL
ZENERAFRRY 0.05 mol/L A ALANIA (1.0 g/L).
1.2 EHRTEER

2024 4E 11 A, WP ETPEE AR SR 5
TAFAE AT RN BE . TCRRERAE R AR Jm Bk A4
FEG, WS JS $: A T mTSB WK 85 35 3
37°C. 5% CO, &M F 1555 16-18 hy, ffifH] 10 uL
— PR IR AT = X R, R T8 5% 43
M AEHE O 3P4, 37 °C. 5% CO, H55¢
24 h, PRHCHTETE, FEBTER M-FAR BT = XA
Lores, AR E RIS AERE TR b
1.3 E#HEE

SR S ol B RO i WO KA T I ) B
4 A S iAW) 5 e 25 B I G AT R 20 4 TR
ol S o ol P I R R A SO TR R R AT AR
SISO R S B T AR AT G
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&, e AR EIE K. [ APL S50
CH F1 AP i 1% 14 3k 7] S5 A6z D0 e i A 15 e
fiF. [AIRsE, {5 Wizard® Genomic DNA Purification
Kit 38 B bR IE R 41 DNA, 2% SCHR[35188 3T
16S rRNA Bt A 514, 2% SCHk[1]58 W 16S
rRNA K& K438 3700 77 . A\ NCBI i 2 T 2%
32 FhBEER bR E R BR 16S rRNA JEHF51,
H SILVA 7£ 2k T. H. (https://www. arb-silva. de/) i
FEFHI TP, SR MEGA 12.0.11 54 &
4t KB ERIEE, bootstrap=1 000)P™, 17
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ezbiocloud.net/tools/an) i1 25 B Ak -5 A AR 1
- £ ¥ A7 TR — B P (average nucleotide identity,
AND P X653 B B vk S B R E T DNA (A
2H) 1E 2k 2258 (https://tygs. dsmz.de/) UL B IF i 2
FE R AERAERY S ] CD-HIT 44 $2 U 0 3
41 ffi ] FastTree #1421 R 50 % & W1,
fiff FH iTOL 7ELR W3 i 4 1 AT BRAL ),
1.4 a8k iXie

DAT 45 BR B ATCC 49619 M Ji4a wikk, i
FHZE G BT i B (9 ) A B2 w1 A8 T b e 3K 1 24
TR A5 g BL 3R N wl A BR IR 25 80K o, dE
W ER BRI EHAY TER G, Y
Fimd . AR R RER . U ER . Sk,
TP A WER . BENT . AR IE -G
PRI IAE 1) 2 e g 258 118) e ARG AP0 BT 9K 22 (minimum
inhibitory concentration, MIC), [RAs F Bt 25 4# ,
R B T EH R G 12 Uk T
1%, 28 CLSI M100 Ed35M3 30 %t 46 S k47
FIE
1.5 ZERIREU N £ EEA 74

fii | Wizard® Genomic DNA Purification Kit
P2 BCTR R 5L 40 DNA. K H Tllumina NovaSeq
PE 150 ¥ 5 (Illumina A ], https://www.illumina.
com) T A FE I 7. 83 Rast 35k (https:/
rast.nmpdr.org/rast.cgi) % 4= FE K 21 ¥ 51 35 47 D g
B fd B ICEfinder (https:/tool2mml.sjtu.
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edu. cn/ICEberg3/ICEfinder. php) 73 A1 & A% 1 Y 7]
¥ 3 1 8t 1% o0 14, 2R ] ResFinder 4.7.2
(http://genepi. food.dtu.dk/resfinder) % & Mif 245 &
R, fdi i Basyfig 2.2.5 22 il i 24 5 R ) 3L
FLR AT,

M NCBI E58 2 28k 408 BT s BR v 3 A
YPH), RPN AT S 10 #RH T RS
Mro FIBF, F 2k 5 R0 s b ek w e ) U 5
PBP 4% ¥4 BH #fi i %% 4% Bk I PBPla. PBPIb,
PBP2a. PBP2b. PBP2x M PBP3 % KMz 7 54
KBHEA, AT LI X S G 15 5T o

2 EREH

21 NBEIEFRSEE
BRI E bR A128, HoEE L A
BRI, 37°C. 5% CO, &M T 1557 24 h W& 2
BE . e . R, gEST, BRSSP
SRFAETE UL 10 Jon i 48 5 45 R g ACHE 2K
(Streptococcus porcinus), 2 A A 5K E
WSO s R e R BR 1 (Streptococcus salivarius) .
16S rRNA HE K7 345 1337 bp J¥41], 5

B

32 Pl BR A AR U BR 16S rRNA FE A A5 4
RGEKLKEW, 16S rRNA KK AR50k B W K43k
A% O FE P Rk B o i s iz vk 5 R A
W e BRI R 2 K R T (B 2. &l 3). BLAST [k
s, H5#EEE K DSM 15617 £ 16S rRNA
L] —3PE K 97.54% (1 308/1 341), FEA4E 74
LR, (B 55385 R R R 2R 3h Y i
SO S BEER B 9-70MP 4 16S rRNA F PR —Z itk
h 98.80%, J¥FIE T A 100.00%. kK A128
R AF 5 4 3 Bk DSM 15617 FE A — 3
(F ). FtE A128 2L AP IF-E T B &R
H Wy B 22 BB PG (http:/nmde. en), gF 5N
NMDC60215640, A128 B fk 54 Uk 340 4% 4
R—E N 97.82%, ANIH KT 96.00% A] HE
Fp Rl —A4HEE RN, dDDH 4554 83.1%, DDH {4
KT 70.0% v A N E— AR, 2550
WREESR, INEIZERR A128 M EUI JEBERRE
2.2 HHPLWHER

2yt LE RS R CLSI M100 Ed35 Hh s (6 5%
ER TR B (Streptococcus viridans group) 3T s 247
S () 2% s g R HR A I - i g Y TG s 2 2%

: 'u‘».,,:,,." £ ) )9'
p i

Ty
5.0 kV 5.2 mm x20.0 k SE (TUL)' ' 2.00 pin

Bl ASEFKIEFSHASHIE. A: & 5%40FMAEHME LT M BLAEFEM37 °C . 5% CO,E5 3724 hil 7%
B2 B: AISHERTE 10045027 W GEE F RS 2[R IE A C: AI28E FRTE20 000f5 13 LB T 1Y

Kape
Figure 1

Culture and morphological characteristics of strain A128. A: Colonial morphology of the bacteria after

24 hours of incubation at 37 °C under 5% CO, on Columbia blood agar plates containing 5% sheep blood; B:

Gram-staining morphology of strain A128 observed under a light microscope at 100x; C: Scanning electron

microscope (SEM) image of strain A128 at 20 000x.
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55

86

Streptococcus sanguinis (NCTC 7863)

27 Streptococcus mitis (ATCC 49456)
E Streptococcus oralis (ATCC 15912)

Streptococcus pneumoniae (ATCC 33400)

Enterococcus faecalis (LMG 7937)

E2 ET16S rRNAEEFIEMARSEHK AR L BEMENEZE). 71 AZEMIRE (Enterococcus faecalis)
LMG 7937 16S rRNAYE AN, KHAIMEGA 12.0. 115447 (194147 (neighbor-joining method) /i R G K &
B, IFaEIE 1 000YK B2 AL T B SR {H (bootstrap values); AL T 45 M EES S .

Figure 2 Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences of A128 strain. The 16S rRNA

gene sequence of Enterococcus faecalis LMG 7937 was used as the outgroup. Phylogenetic trees were

constructed using the neighbor-joining method in MEGA version 12.0.11 software, and bootstrap values were

calculated with 1 000 replicates. The strain numbers are presented in order after the strain name.

EUCAST #riff). W3 2 Fin, Wik A128 X
TR G, LLER . SO RN R E-fif il
WA i 247 5 KT 1) 25 Mo e AN 50U 5 RF R PR
ANk . ShfImENG . SkAHAS . AR AL
RER . INER. WUAREUK,
23 ERFBNMFER

B AR A128 JE [ 41 4 K 2 371 027 bp,
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AL EEDY, HrP A dE 618 MBI A 1 788 A4
DIReE M. WIBEE AP 54 MR shooihH e
B 16 MEERARE H . A, S 59 A4~
tRNA FEHFI 5 4~ rRNA FE[A
24 THZAERESHR

ResFinder 4.7.2 Tt 24 H& K] ¢ b X007 7w
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Streptococcus oralis (NCTC 11427)
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Streptococcus mitis (OT25)

Streptococcus sanguinis (SK405)
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Streptococcus intermedius (NCTC 11324)
Streptococcus macacae (NCTC 11558)
Streptococcus ratti (ATCC 31377)
Streptococcus mutans (NCH105)
Streptococcus criceti NCTC 12277)
Streptococcus sobrinus (10919)
Streptococcus downei (NCTC 11391)
Streptococcus thermophilus (STH_CIRM_65)
Streptococcus vestibularis (22-06 S6)
Streptococcus salivarius (L25)
Streptococcus alactolyticus (LGM)
Streptococcus equinus (pGA-T7)

A128 (NMDC60215640)

Streptococcus orisratti (DSM 15617)
Streptococcus hyointestinalis (NCTC 12224)
Streptococcus agalactiae (NGBS128)
Streptococcus iniae (9117)

Streptococcus uberis (NCTC 4672)
Streptococcus porcinus (NCTC 10925)
Streptococcus equi subsp. (CP065054)
Streptococcus dysgalactiae (DSM 6176)
Streptococcus canis (HL_77_2)
Streptococcus pyogenes (NCTC 12064)

B3 ETFSUMLOERBFTIMERNARSERAGEL BMEAMARE). [ HFastTree I REUR K
B 4K ¥ (maximum-likelihood method) 4 # 2 45 & & M, Il i 1 000 VK 5 & fh B 155 [ J& {H (bootstrap

values); BRI T 225 N AR = o

Figure 3 Phylogenomic tree of strain A128 was inferred from an alignment of 534 core genome sequences using

the maximum-likelihood algorithm implemented in FastTree. Branch support was evaluated with 1 000 bootstrap

pseudo-replicates. The strain identifier is appended to the Latin name of each species.

BBE A128 #5474 AT 2 3L, o i A
MLSB 1t 251 IsaE . InuB 1 ermB &K, DI
WS ot P it 245 3 [ optrd o
2.4.1 ermB EFMEFF) 55T

A128 H R EEN 1Y ermB K 42K 737 bp,
S5ZZF5|(NC_014959. )AH HLAETE 3 M S 1Y
KA R 2228 (c.75T>C. ¢.515A>G. c.517G>A),
S 2 DNEEEMRE R 75T, N222D), CFL ek
B (CP021867.1. MW602970.1, 0Q054582.1) #l
1% BE 5K T (MZ960465.1, CP032064.1) fF 7 5
A128 BRI ermB 3 P 2878 0 B — B 3L A

FPa. sl 4 B, # ermB FEIHY contig 1
JEh 73 092 bp, H b R IX 5 R BE R A
1081 A 21 v (1% [ 5 DX e AR ARL, L [R] U X 3%
A WE R AR SRR S M SR S, JERR
DX B AT AR DG A
2.4.2 optrA EEMEB RS2

A128 5T 1) optrd FEH 2K K 1 967 bp.
524 P 5|(NG_048023) i FE AR, 177F 3 b
ZAF(c.219G>A ., ¢.626T>G. ¢.1541A>C), T3
3 A IR 25 7AE(G24D . Y160D, T465D).
AHFEHRFARAFIY optrd FH 5 NCBI Bl & 1
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R ALSEHKSRAEIRDSM 1561754
Table 1
the type strain DSM 15617

Characteristic

Metabolic characteristics of strain A128 and

DSM 15617  Al128

Hydrolysis of
Arginine* - -
Aesculin*
Starch* +

Activity of
Pyrrolidonylarylamidase* - -
o-galactosidase™ - -
B-glucuronidase* - -
B-galactosidase™ - -
Alkaline phosphatase* - -
Leucine arylamidase* + +

Growth in/at
6.5% NaCl - -
pH 9.6
45 °C

Fermentation of
Ribose* - -
L-arabinose* - -
Mannitol* - -
Sorbitol* - -
Lactose*
Trehalose*
Inulin*
Raffinose*
Glycogen*
Amygdalin* + +

*: B RUE T R AR S (APL ZYM 5 API 50 CH).

*: Data obtained from commercially available kits (API ZYM

and API 50 CH).

FF 5347 BLAST Xt g5 R, Rk —5
PR 100% B9)JF51 . [R]IR M B s A7 51 R 2 ek
W optrd FEP(MN731744.1), ZIEHFFEE 14
ANFEAYE A (c.219A>G), I optrd FEH Y
T BR TR X ) s e g i 24148

i s fran, A128 #5519 optrd FE A L
o I 2] B A5 il S DR, H T A XI5 R B K A
3372 [ —HE T EE A B 0 TR T 8] 1 B AR
TUEENT optrd FER A X I8 5 27 ER T 661 kL

+

+ + + o+ o+
|

+
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p661-b FRIW 1= BE [ .
25 BEZRGEEHRFIIZTMSH

A5 3T I NCBI %085 22 TP 3R EUR) 10 Bk
BRI Bk i a2 3L AL 01, W HEERES
# 1 PBPla. PBPlb. PBP2a fil PBP2x fY 42 k&
Be Ty AT 1 BT . S5 R R, XU
PIfFE 2R 7 AR 5, b PBP2a 1948
SEERR, RARE ARV HTI 280K
i T HA 3 A PBP dEH . #H)Z, PBPIb #%
RARSE, BT B S SRR i B
2.5.1 PBPla &4

PBPla fRH4K 733 AR, HAI 20 4
T AR R o AR SRR B 1R (100%) 1Y) 2 B R o7 A
£ 45 L409A/V ., 1286V Fll E704Q/H. HA 74
e A A B AR R AL T, 4 B V39T,
K248E. V3451, T374A. I411F. V4981 F#i
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SRR11489755 (A589T). SGI. 063 (A648T,
A717T). SUG1074 (V718]),
2.5.2 PBP1b &4 #h

PBP1b H [ H 766 PR IERR ALY, &
17 AR XA, AN R A I 100%
REMRBERNED, RPHFIER L L& E
PRSP, BB E AR S A7 5 N TS66A . S567G Al
1572V (90%, 9/10); H:¥KH Q332K. R371K #il
A372T (80%, 8/10). LLAlh, % 5 MUk AL
T AT R AR AL IR, TR
F k. A128 F A T308N. SRR11489755 F i)
A286T. SGL.245 i) A381S. SRS10476997
1) T394S 5 A616T, iXELA8 FAv 25 73 H T A [FH]
Rk, RIAETT )R TRV AR R,
2.5.3 PBPa &9 HR

PBP2a f5 H &K 760 & 3R, LU e
53 ANEASL . Hod, L20F 5 124F 4 & A 40
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R2 ALSETRXT 18T E AHIRIMICIE R 258145 RFI15%
Table 2 Antimicrobial susceptibility profile of A128 strain against 18 drugs

ESE/EuEN EREEE N MIC (pg/mL)  Z5HCAIEAS i 245 F 3T A
Types of drugs ~ Antibiotic Drug susceptibility ~Antibiotic resistance
S I R
Penicillins Penicillin G 4 R <0.12 0.25-2 =4
Ampicillin <0.25 S <0.25 0.5-4 =8
Amoxicillin <0.25
Cephalosporins ~ Cefepime 1 S <1 2 >4
Cefotaxime 1 S <1 2 >4
Ceftriaxone 0.5 S <1 2 =4
Carbapenem Meropenem 0.125 S <0.5
Fluoroquinolone Levofloxacin 1 S <2 4 =8
Moxifloxacin 0.125
Macrolide Erythromycin >8 R <0.25 0.5 =1
Lincosamides Clindamycin >1 R <0.25 0.5 =1
Amphenicols Chloramphenicol 4 S <4 8 =16
Glycopeptides Vancomycin 0.5 S <1
Teicoplanin <0.12
Tetracyclines Tetracycline 2 S <2 4 =8
Tigecycline <0.06
Sulfonamide TMP-SMX" >2/38 R >2/38
Oxazolidinones  Linezolid 4 NS <2

MIC: FARMEWEZ. S: BUg; I P R T2h; NS: JEHUR. TMP-SMX: HUECNUE-RfE NS . REap@pEsRkE
EUCAST#5f

MIC: Minimum inhibitory concentration. S: Susceptible; I: Intermediate; R: Resistant; NS: Non-susceptible. TMP-SMX:
Trimethoprim sulfamethoxazole; *: Streptococcus viridans group EUCAST.
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Figure 4 Linear comparison between ermB gene of A128 strain and homologous region of Streptococcus suis
1081 genome. Integrase genes are in purple; The resistance genes are in red; The metabolism related genes are in

green; The hypothetical proteins are in blue.
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Figure 5 Linear comparison between optrd gene of A128 strain and homologous region of Streptococcus suis

3372 with Enterococcus faecalis 661 genome. Integrase genes are in purple; The resistance genes are in red; The

metabolism related genes are in green; The hypothetical proteins are in blue.
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Figure 6 Amino acid evolutionary tree of penicillin binding protein in Streptococcus orisratti using NJ method.

A: The amino acid evolutionary tree of S. orisratti PBPla; B: The amino acid evolutionary tree of S. orisratti

PBP1b; C: The amino acid evolutionary tree of S. orisratti PBP2a; D: The amino acid evolutionary tree of S.

orisratti PBP2x.
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