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EFRH A 5BARAEWEA SLEMBEOTSR
BESS A%#° 2k 2% ATZ B A

LA R IYIRECEBE 2B AL 230036

1 E. [H%])p-ABtEEP-Lactams) I E £ A Ha00% A 2h4n, H P FH%E L (Penicillin, PG)
ERE%GH. [B0] ZRASEFTAFE R RAYF =0T IRRH &L E (Erysipelothrix
rhusiopathiae, E. rhusiopathiae)= % PG Hulk 69 Huh|, A3t —F & E. rhusiopathiae & 25 AL 6 #F
gEZIL. (%] RA K-B KA EA o7 M ZKE M AEr5]. AEr31 #= AErS #f
26 AP LA F R M AT PG. B E &K (AMX) A £ F 8 AR (AMP) 49 & 1> 47 5 7K JZ (Minimun
Inhibitory Concentration, MIC); /& i iT 4% F 20 5 N 5 (RNA-Seq) & K A= % B& i 18 474 % (Tandem
Mass Tag, TMT) & & & A FH AR —FIR A H - F L8 & & PGiutk o9 FAH L4 R JAErS].
AEr31 #= AErS & 26 Frid Zat2h F 5 5] 4 34.62%. 26.92%F= 34.62%, H+ AErS A= AEr31 &} At
H B-Lactams 44 & HLR, ™ AErS1 FRAT PG @t 25 91, 2F 4k B-Lactams 44 & ¥ 40&; AErS1. AEr31
F2 AErS 3 PG. AMX. AMP # MIC 4% 4 32. 4. 2 pg/mL, 0.25. 0.50. 0.50 pg/mL #= 0.125.
0.500. 0.250 pg/mL; RNA-Seq »#7 % 7 AEr51/AErS rbix 48 7 3£ 5 5 668 A~ £ F A H, £+ LA
434 A, TFif 234 A, AErS1/AEr3] WeiRZA £ 75 %) 403 S 23 A B, HE Eif 2754~ TR 128 4,
EFALAREIET ETFTRMERZ. ABCHIEZ%. p-ABERE. RAMESTHFALT B,
7 B 5 RT-qPCR 3£ 45 R A K —2; TMT 4947 2 = AErS1/AErS tesa+ £ 5 %) 167 N £+ %4,
H o i 86 A~. T 81 A, AErS1/AEr31 thdR4A ¥ it %] 159 M E /&4, L+ LA S0A. TR
IO, ZREAREQRESETHMAY. RARM. . . FRRFFHLGRSES, mES
T 47 R Y5 A (Parallel Reaction Monitoring, PRM)¥e@) §aE45 RAA AR —2 . [4#£]1 ABC 4442 A 4.
BN E 5 F A% p-AB I F AR ERFFL AN FELAR AR A IR TR ETEHEA,
FIBTAE R A . RAABR. BR. AL, SRRt F A it sz,
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Study on the resistance of Erysipelothrix rhusiopathiae based on
transcriptomics and proteomics

TANG Zhenglu® ZHU Yanyan® LILin LILiang LIU Xuelan SUNPei LIYu"
College of Animal Science and Technology, Anhui Agriculture University, Hefei, Anhui 230036, China

Abstract: [Background] f-lactam antibiotics are commonly used drugs for the prevention and
treatment of swine erysipelas, and penicillin (PG) is the preferred drug. [Objective] The use of
transcriptomics and proteomics methods to preliminarily explore the mechanism of Erysipelothrix
rhusiopathiae (E. rhusiopathiae) producing penicillin resistance, laying a foundation for further research
on the resistance mechanism of E. rhusiopathiae. [Methods] The susceptibility to 26 antibiotics and the
minimum inhibitory concentration (MIC) to PG, amoxicillin (AMX) and ampicillin (AMP) of the tested
strains AErS, AEr51 and AEr31 were determined by the Kirby-Bauer disk diffusion method and the
microdilution method; Then through transcriptomics sequencing (RNA-Seq) technology and tandem
mass tag (TMT) quantitative proteomics technology to further explore the molecular mechanism of
E. rhusiopathiae producing penicillin resistance. [Results] The resistance rates of AErS, AEr51 and
AEr31 to 26 antibiotics were 34.62%, 34.62%, and 26.92%, respectively. AErS and AEr31 were sensitive
to all B-lactams antibiotics, while AEr51 was sensitive to other B-lactams antibiotics except PG; the MICs
of AErS, AEr51 and AEr31 to PG, AMX and AMP were 0.125, 0.500, 0.250 pg/mL, 32, 4, 2 pg/mL and
0.25, 0.50, 0.50 pg/mL, respectively; RNA-Seq analysis showed a total of 668 differential genes were
screened in the AEr51/AErS comparison group, of which 434 were up-regulated and 234 were
down-regulated. In the AEr51/AEr31 comparison group, a total of 403 differential genes were screened, of
which 275 were up-regulated and 128 were down-regulated. The differentially expressed genes were
mainly enriched in the metabolic pathway, ABC transport system, two-component signal transduction
system, B-lactam resistance and other pathways, and the results of RT-qPCR verification were basically
the same; TMT analysis showed that a total of 167 differential proteins were screened in the AEr51/AErS
comparison group, among which 86 were up-regulated and 81 were down-regulated. A total of
159 differential proteins were screened in the AEr51/AEr31 comparison group, of which 80 were
up-regulated and 79 were down-regulated. Differentially expressed proteins were significantly enriched in
metabolic pathways related to microorganisms, amino acids, carbon, sulfur, and pyrimidine metabolism,
and the results of PRM targeting verification were basically the same [Conclusion] ABC transport system,
two-component signal transduction system, B-lactam resistance and other pathways played an important
role in the development of E. rhusiopathiae resistance to PG, and were accompanied by life processes,
such as microorganisms, amino acid, carbon, sulfur, and pyrimidine metabolism, etc.

Keywords: E. rhusiopathiae, penicillin, drug resistance, transcriptomics, proteomics

¥& P} 1% 22 W (Erysipelothrix rhusiopathiae ,
E. rhusiopathiae) NFRIE €1 BEF}5 22 TR 8084 FHREFF
W, e — PN FE LRI, Al 5 R
NP, ImRRI A S MO AE B | bk
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TS RBEIEYETR KX R A2 T e PERE, e
T A0 G A0 M RE Y B L, IR T A 2 TR P 4
B D SR, RN A E A
E. rhusiopathiae %} B-Lactams HI4EHT S50, 2 H
BT % PG, AMX % B-Lactams $/4 Z 1 3 14 i &
TR . 22 FCBHMEE X B-Lactams FATR 245 41 il
G, AR rEAE B-Lactams fiff . 254005 FAE A A0 B
AR SN R HETE T E. rhusiopathiae
HKHT PG T 2 HLH A A2 i /Dl B s 2 e AR
H g2 R s T 2 298, & Y45 A k2=t
GG AT B G g TR, 38 v I A
AR RAT A0 T 4 B TR 20 15 2 LA B 5 it 245 6 O 1) Ak
. DIRE AR YR R AR, (R B AR A
AT 245 88 AT 0 1k B = oA, 2 RO )
LA BT 54 T M A 40 T A TR 2 ML OO A
S5 25 A H A AR A0 U A T e R A PR T
—RXT PG A BUERY E. rhusiopathiae (135 AErS1),
AMHFELABCIHGEXNT SR, 15 e s 00 (RN A-Seq)
FeARFNHR IR T 1% H5 %5 1s(Tandem Mass Tag, TMT)E &
A ARWIARTT E. rhusiopathiae 771 PG T
PERSrFHLE, LU ik — 2 FF @ E. rhusiopathiae
T 2 HL ] AT 5% 25 LAt

1 MR5T5k
1.1 E#k

E. rhusiopathiae 1\ FH ¥ AEr51 (PG Pith).
ZHE R AEr31 (PG UB)IIR A LRUR L K
SNYIAL G S0 2 TF R LB, VLR AR L
A6 TP A3 b DX R A TR AT T A
E. rhusiopathiae FrifERk ATCC19414 (AErS)H A
RAEWMROET L s KIS RPRERR ATCC25922
W e 24 A ) A E
12 FERH . URREFE

50xTAE, A= TAEW) TARE(CE IR A7 BRA Fl 5
DL2000 DNA Marker . Premix TaqTM N
Buffer., PrimeScript RT Reagent Kit . SYBR" Premix
Ex Tag™ 11, EHEY TRREVERAR., HH5E

Loading

(PG). Z FVUMR(AMP)., FIIEEPHAR(AMX) ., K14
“R(CA). SLAUMEMR(CFZ) . kffihieE (CH). kih
FA(CTR). kL= (CFX), SkHMENS(CTX) . kil
M fi5 (Cef) . PUIRZ(TE). ZPEIFER(DX). KKE
ZK(GEN), 558 #(STR). FIEHEK(RAN), Hi&ERK
(NEO). RWEZ(SPT), FAJEH (FFC), LHE
(ERY). MA[E &R (Lin). A S LE(TMP), &
7 H W (SXT) B K% B (Tim) . BV L (ENR) |
NP B (CIP) . i Jie [1] FF 4 s g 494 (Suil) 24 5 48
F, AXNREAYBEARAA]; 98.8% PG, HE
2R E T 85.8% AMX . 98.0% AMP,
H [ R R 2l SR T

PCR ¥, MU EaAERF A A RA A 5 ik
1, iR —A PR A RA A fE iR R IR G
i, BRI AR S A FR AR 5 R VR S
OHL, LR RS A BR AR B EZEA
KU, B ERITT AR

MH 755773 | BHI 85775 | S FHRBEIER 7
I, BTN A A BR A A o
1.3 HRF N E

DLk AF B ATCC25922 . ¥ FF 8 4 1
ATCC19414 H itk , KH WTO #7711 K-B
4C R 2 AErS1, AEr31 Fil AErS X 26 Fhfiisk
EINTE- N 173 S e 177 RS M e~ i A
(Clinical and Laboratory Standards Institute, CLSI)
M100-S21 H5E 4%
14 & /M ) & 7K E (Minimal Inhibitory
Concentration, MIC)BJI E

VL E. rhusiopathiae ATCC19414 h Ji 5 1#
PR, 2B CLSI 08 25 ) U PR 00 5 A A e
K R B %E AEr51. AEr31 #l AErS %t
PG. AMX Fl AMP fiy MIC, XIS4T 3 ¥k, B
1
1.5 RNA-Seq ##i R RN E 2 IE
1.5.1 E. rhusiopathiae AEr51. AEr31 #1 AErS
M &

¥ AEr51. AEr31 Fll AErS 70 BRI/ T
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5% I TSA [fAREFREL, 37 °C #59% 16 h, #k
BRI TE T & S%ILIER) TSB MiiAkR: IRk,
37 °C. 180 r/min ¥53514 7% ; LA 1:100 A9 H BG4S
LB WikRE 73, 37 °C, 180 r/min 535 B XU
KI(ODsoo 29709 0.4), FHWT 4 °C. 5 000 r/min
B0 10 min, PBS YREUTIE, EHE 3K, BT
R TR, WCEETRRIETTe s 4l il 7
152 BERANFEREFERE GO %n KEGG 5%
o
fdi Ff| HiSeq il 7745 %F AEr51,AEr31 #1 AErS

AT ALy, EEOPBRATE @ RNA $2HL
RPN E RNA, K HaifE | e Kot
Pk, A5 HEAT a4k A R B Ak b B A R R B
cDNA., ZJaXf W% cDNA g RImEE . i A B
FE P H3k , F AMPure XP Beads 4% 7 Bt
K/No PCRY )5, - AMPure XP Beads 4lifk
PCR =¥, #4593 cDNA ()%, i HiSeq Ml
P15 X R R ) SCREN T o SR A HTSeq 3 AFXT 4%

Al A T HE R F AR A 43T, EE XSS Refd ] FPKM

(Fragments per Kilobase of Exon per Million
Fragments Mapped)i£iE 7114, [Loga(Fold Change)>1

H. P<0.005 >y 2= 5 BBk 22 57 R 5L . 30l Hs:

eI 2 R RIR I F A GO $liFE Al KEGG

B, LI e 25 S 3k SE R A 700 1) AR
B2 T RE RIS 5 0 S S %

£1 KHAEEPCRIIYFEY

Table 1 Primer information for qPCR

153 EFREEFWIE

i SYBR®™ Premix Ex Tag™ 11 56 5%5E fE ik &
UL, DL 16S rRNA SHNZ AL, ] RT-qPCR %f
e S 2H I e v 43 22 S ARA BE DR BEA T AR AR KK
AR E R . ARHE NCBI A A6 Y E. rhusiopathiae
R ZH P A BET5 18, SRR 1. i
27T SN mRNA 55K, L 16S
rRNA W ELRVE NS I, THE e 1 22 5 3Rk Ak
HRFEXT R B AN AACT=[Crmmwm. s
ay—Crwsaen. wway|-[ Creams ., smay—Cransem, ﬁ“é‘fﬂ)]

L6 T™™T EEEERAFRFITREKT
(Parallel Reaction Monitoring, PRM)#E 5] 25 H 5% 1E

1.6.1 HAZERRBRFEE

A3 PEEL AErS1. AEr31 Hil AErS FOPATE VK,
T 5% 64 M) TSB #5573, 37 °C,
150 r/min % 1555 18-24 h (ODgoo 21K 0.4), H415
WF 4°C. 8000 r/min #.0> 5 min £33 FIATIE,
0.01 mol/L PBS ¥EKIUTIEIEE FikE.0 %R
2. MA 300 pL ZfFEZE MR8 mol/L JRE . 1%
FE FIBE I AT 2 mmol/L EDTA)EEVTER, ¥K
IKUHF (60 Hz, TAE 3s, [Ef&E 3 s)HE 5 min $2
BURIREE ), % BCA iU & i W 26 (ke
FEEL 30 pg EEATMA Sx ERRZE v, 57K 5 min,
1T 12% SDS-PAGE HL kA I &5 11 JoT o

GIE RN 519175 P
Primers name Primers sequence (5'—3") Products length (bp)
16S rRNA F: GAAGCAACGCGAAGAACCTT 122

R: CCCAACATCTCACGACACGA

ERH_0226 F: CGGAACGTTTCTCGCAGTAG 168
R: CTGTTTAACGCGCCCTTATCC

ERH_1052 F: TGAATGGCTTGAGGGCTATCT 96
R: ACGACCACATTACAAACACGG

ERH_0095 F: AGACCGTGGTCTCGTCGAAT 115
R: GATAAATGCGGTCGTCTCCC

ERH_0186 F: CACCGAAGTCATTGCGCTAC 163
R: TCATCAGTACCCGCTGTTCC

ERH_0199 F: CGTAAGACGCCGAAAGATGAG 116
R: CGTTGACGTTCACCACCAGA

ERH_0082 F: GTTCTTGTACCTGGAAGCAGTATG 99

R: GTTTATTCTGCGATCTTTCTCGTC
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1.6.2 #HAEEES TMT #Rid

TE B PRI AGE B B B e il e
4 5 mmol/L, 56 °C £ 30 min, FFINMLT 2 BEE
HAYEH 11 mmol/L, & N EEHEH 15 min,
5 5 B RE S PR VR <2 mol/L. el 5 (A
AR 1:50 I AR, 37 °C id i, FFLL 1:100
TIAJREE, RS2G4 ho BEfRAKELZ Strata X C18
PrELE AT AR YR T, H 0.5 mol/L U2 HEIR
{1t %% (Triethylammonium Bicarbonate, TEAB )% it ik
B, FIA T™MT 350 & IRBe A ThRic. AR pH
J2In) HPLC XARBGH 09, (il Agilent 300
Extend C18 (kifE 5 um, P4%E 4.6 mm, £ 250 mm).
1.63 BHEGE-RIETHKARESEREYERS
o

FI TR G5 i 2 A A AH (0. 1% FR 3 oy H
R KERO¥E 1.6.2 HRKEAR, |54 EASY-nLC
1000 # S BORAH RS 5TE , Tl A KR (5
0.1%MIR); Wizl B b O 0.1%HR).
TR BE 1 B 0-40 min, 6%—20% B;40—52 min,
20%-30% B; 52—56 min, 30%—80% B; 56—60 min,
80% B, WH4EFFTE 350 nL/min. #4325k A
NSI & F¥i e, SAJ5#H1T Orbitrap Fusion
Lumos JFi% /7 #T . B FALIRMR IS T — . R
AT, AR A T R 4G 2 s . Rl MaxQuant
(VI5.2.8) 80 FE Xt — il Bis ik R . R
SR E S H G,

X HE 1B 2 BRI T A, DA 2 F5 R AR R
fH(Fold Change>2 5<0.5), P<0.05 MbrifE, *f2%
SR T TR IR R R O AR AR ST AR
Uit s R E LM B =0T,

1.6.4 PRM #E[= & HIE

FF i 8 AR I SR P VROAH €235 - IS 35 306 FH 2 AR 3
17 PRM B 25 (130 0E, #RAER] 1.6.3. ARSI
#% 3}y 0-38 min, 7%—25% B; 38—52 min, 23%—40%
B; 52-56 min, 40%—80% B; 56—60 min, 80% B,
WM AERAE 700 nL/min; % B KBS 500 & 1
Trypsin[KR/P], 0 e RImVIfi %k, 7-25 42k

MRS, KM ARG HALF EBIH; Transition £
B2, 3REFHA, | FETHEAM, b, y&ET
KA, 0.02 Da B FUCHL iR B R T

2 RS540
2.1 HYRZMHENELS

3 ¥k E. rhusiopathiae ', AErS | AEr51 Fl AEr31
XF 26 FhpLA R 253853 5 34.62% (9/26) .
34.62% (9/26)F126.92% (7/26), H:*f AErS F1 AEr31
X} p-Lactams Hi4E E (PG, AMX, AMP, CA.
CFZ. CH. CTR., CTX, Cef)ffUs%, ifii AEr51 X}
PG Tif 5240, XF HoAth B-Lactams Hi4: KB 2).

F2 3IHFTIREERN 26 MIMERAYREER
Table 2 Drug sensitivity test results of 26 antibiotics of 3
tested strains

HrAE Z 4 AEr51 AEr31 AErS
Antibiotics name

PG 22 (R) 30 (S) 29 (S)
AMP 28 (S) 28 (S) 27 (S)
AMX 22 (S) 30 (S) 28 (S)
CA 28 (S) 30 (S) 29 (S)
CFZ 28 (S) 30 (S) 30 (S)
CH 19 (I) 26 (S) 27 (S)
CTR 29 (S) 27 (S) 30 (S)
CFX 26 (S) 16 (I) 27 (S)
CTX 28 (S) 17 (I) 32 (S)
Cef 16 (I) 15 (1) 23 (S)
TE 22 (S) 24 (S) 21 (S)
DX 24 (S) 21 (S) 12 (R)
GEN 0 (R) 3 (R) 0 (R)
STR 4 (R) 3 (R) 0 (R)
RAN 0 (R) 0 (R) 0 (R)
NEO 0 (R) 0 (R) 0 (R)
SPT 18 (S) 16 (S) 15 (S)
FFC 18 (S) 20 (S) 19 (S)
ERT 14 (I) 22 (S) 21 (S)
Lin 0 (R) 12 (I) 4 (R)
TMP 0 (R) 0 (R) 0 (R)
SXT 0 (R) 0 (R) 0 (R)
Tim 0 (R) 0 (R) 0 (R)
ENR 19 (S) 20 (S) 19 (S)
CIP 20 () 23 (S) 22 (S)
Sul 24 (S) 22 (S) 25 (S)

WS EEG oAy R i
Note: S: High sensitivity; I: Intermediary; R: Drug resistance
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2.2 s/MIEKRE MIC B9 E L

3 ¥k E. rhusiopathiae W', f% AEr51 X} PG i5 %
T BT 25 (MIC=32 pg/mL, >16-20 pug/mL)4l, AErS
M AEr31 % PG. AMX Hl AMP & B i sk
(MIC<0.025—0.780 pg/mL); H. AEr51 X} AMX Hl
AMP [ MIC {84350 4 pg/mL F1 2 pg/mL, HAg
AR BRI T AErS #1 AEr31, g EE U (MICs,
0.1-25.0 pg/mL) (3 3).
2.3 RNA-Seq #TEKAEEWIELE R
231 MFEHEREIFERERALLIT

AEr51. AErS Fl AEr31 FE i 4 5 ik B 45 1)
1270, 636 F1 302 ng/pL; ODsgongo 53511 215,
2.16 #1222, ODagop30 535120 2.24. 1.25 1 1.10,
Tl A2 PR DN (A2 3K o P A SR AL 7 5 oy B i i

% 3 AEr51. AErS #1 AEr31 %} 3 #h#t4 E# MIC i)
EER
Table 3 MIC determination results of AEr51, AErS and
AEr31 for 3 antibiotics

(£33 HLE 251 MIC {8

A%, AEr51 . AErS F1 AEr31 43913845 10 396 860,
8 147 318 M1 7377 724 X574, X I b Eic s ok
fridug)s, #4509 Clean Reads 435124 9 869 052,
8 018 178 Fll 7 264 632, HAKIREIIH 0.03%; Kt
HEN ST AEr51. AErS #il AEr31 Y Ho 45 5
I39JE 97.84% . 96.75%7F1 96.36% (£ 4), £
BiEa st vTEBERTRES .
2.3.2 SEREFTIEDH

K H HTSeq ¥4, VA [F BT /2 |[Loga(Fold
Change)|>1 H. P<0.005 JbrifE, XJ&FEMZERR
ISR YT . N AErS1/AErS Hodss i Hhiiiik
£ 668 2= FRIFHEEN, b 434 ik B
234 NFRIKT(E 1A); N AErS1/AEr31 Fhigi g 3t
iR 403 425 F IR FE N, Horb 2754358 EiR
128 A~k FIR(E 1B), M HR it 3R 40 i 24 A1 56
ZESFRIBIFLHER 5),

x4 BR/REHRESR
Table 4 Data output quality statistics
FEAZH Engds A EE FRRE XS )

Strains MICs of the following antibiotics (ug/mL) Sample  Rawdata  Filtered Error  Comparison
PG AMX AMP name data rate (%) ratio (%)
AErS1 32.000 4.000 2.000 AEr51 10 396 860 9 869 052 0.03 97.84
AEr31 0.250 0.500 0.500 AErS 8147318 8018178 0.03 96.75
AErS 0.125 0.500 0.250 AEr31 7377724 7264632 0.03 96.36
A AEr51 vs AErS B AEr51 vs AEr31
wp T I 300f T
S 200 f o - S 200t S
z 3 DEGs (668) & - . DEGs(403)
B et . « Up: 434 > EHEN - Up: 275
é” bt e + Down: 234 E" + Down: 128
T 100} it ® 100}
) A v ’. p
A ‘
23t 23¢ e :
-4 11 4
Log, (Fold change) Log, (Fold change)

1 ERFREERNLE

Figure 1 Volcano map of differentially expressed genes

H: A: AErSU/AErS 255004 ; B: AErS1/AE 1 275N 0, LU OFRR2EFIFRE RH; GEFR25REELE N,

W O FRRIE . M2 e A A

Note: A: AEr51/AErS differential gene distribution; B: AEr51/AEr31 differential gene distribution. Red indicates that differential gene
expression is up-regulated; Green indicates that differential gene expression is down-regulated; Blue indicates that there is no significant

differentially expressed gene
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R5 WMHBEXERREER

Table 5 Resistance-related differentially expressed genes

HE[H 4 PR HEHERE 7255 AL LogoFC
Gene name Gene annotation Difference multiple Log,FC
AEr51/AErS AEr51/AEr31
ERH 0042 Metallo-beta-lactamase family protein 1.962 -
ERH 0232 Drug resistance transporter%2C Ber/CflA family 1.425 -
mviN Integral membrane protein MviN 1.233 -
ERH 0226 ABC transporter%2C permease protein 4.627 4.277
ERH 1052 ABC transporter%2C ATP-binding protein 1.708 2.204
ERH 0095 ABC transporter%2C permease and ATP-binding protein 1.759 1.201
ERH 0186 Putative membrane protein 4.314 1.660
ERH 0199 Sugar ABC transporter%2C ATP-binding protein 1.087 1.266
ERH 0082 Transcriptional regulator%2C MarR family 1.558 1.552
ERH 0465 ABC transporter%2C ATP-binding protein 1.613 -
ERH 0690 ABC transporter%2C permease and ATP-binding protein 1.499 1.233
ERH 0986 ABC transporter%2C ATP-binding protein 1.344 2.302
ERH 0792 ABC transporter%2C permease and ATP-binding protein —2.189 —1.632

Note: The gene is not contained

233 ERFRIZERAH GO EEN M KEGG
Pathway 734
GO /g B 7n, AErS1/AErS R %

ik AR5 3] 30 4 GO ShRe R, Hoh AWt
FEE 23 A, HIA M 1 AL TRk
6 1, FEEDTEASY S . RNA s
P AR S M A IR S A DG R A . B IR
iE W 25T BE (8 2A). AErS1/AEr3l H2ERHE
ik R R AR5 3] 30 4> GO ThRE R, Hih AWy
MR 124 g2k 18 4, LR
TEA ML iz 3l . B S . Af AR AT L A i
Ko FCRSE ) 20 B A SF T Be, Ay FOIRESR B
& 4 (K 2B).

KEGG 43#1 @7~ , AEr51/AErS 4Hi 1 071 4>
EZRFRIEFILTERT 88 &ESHEE, Hdh
581 4 FIHZF I 490 4~ FiH2ZEF I (E 3A);
AErS1/AEr31 4f) 1 086 & FRIAFEF LT
£ 86 S5 T, Ho AT 605 4T 2R IEA
481 4> FiH 22 SN (8 3B). 22 S 3k N T8 w4 e
Rzt . WA WA G .. ABC iz R
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234 EFFIXEER qPCR WIE
BEMLTRE 7 125 57 R 4T qPCR Bk,
& 4 AT, qPCR HEZ5 RS RNA-Seq 73 A4k
REA -3, M HESRIEL G, UESL
RNA-Seq 7T 145 5 HAT AT S
24 TMT EEEBRAFEHH
241 EFERRHETMEENS S
% AEr51. AEr31. AErS #E47 TMT & &% 1
L, R ER 111 NEA R, BL 12 £
by 75 5 Fe kAR AL B (I Fold Change>1.2, 1
Fold Change<0.83), L) P<0.05 Jy i &1k [5 {5 7 1%k
Z5E M, AErS1/AErS 3Lk E] 167 22 58E
F1(86 > E1, 81 4~ Fifl); AErS1/AEr31 £HAL 0
WHE 159 NESEMAG0 A EF, 79 NTE)
(Kl 5), HH, AEr51/AErS 211 AEr51/AEr31 41
SRR A R 0 SN 1 T L U - S s i e
50.00% (20 ™). 42.50% (17 1), 7.50% (3 M)F
48.28% (14 1~).44.83% (13 1), 6.90% (2 1) (K 6).
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Figure 2 GO feature enrichment
Note: A: AEr51/AErS; B: AEr51/AEr31
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Figure 3 KEGG pathway enrichment
Note: A: AEr51/AErS; B: AEr51/AEr31
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40 r B RNA-Seq (AEr51/AErS)
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2 E=E RNA-Seq (AErS1/AEr31)
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Figure 4 ¢PCR verification results of the differentially
expressed genes
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P e A -G Il AR DG 1Y 28 1 o i 3 | 4R (B 7B
KEGG 4 #ré5 i /R, AEr51/AErS 411
167 D25 E N B E S EEZA . NIRRT,
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Figure 5 Differential protein volcano

. A: AEr51/AErS; B: AErSI/AEr3l. £1t8: BFEERFL FHENA;
WM k2R RBE AL B E

Note: A: AErS1/AErS; B: AEr51/AEr31. Red: Significantly differentially expressed up-regulated protein; Green: Significantly
differentially expressed down-regulated protein; Black: No significant differentially expressed protein. The differentially
expressed proteins screened out are all up-regulated
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Figure 6 Subcellular localization of differential proteins

Note: A: AEr51/AErS; B: AEr51/AEr31.
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Figure 7 Histogram of differential protein GO enrichment

Note: A: AEr51/AErS; B: AEr51/AEr31.
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AEr51 vs AErS
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Figure 8 Bubble chart of enrichment of differential protein KEGG

{E: A: AErS1/AErS; B: AErSU/AEr31. EIF il SHRE /sl i, A b DA A DOl e o 22 5 A 0 F 52 s 2 Hh ) R
FEM A, A, BEHEIZOE N b2 i Ve SRR . SNSRI U PR, BIEMTEZRL, SIEalRa, s
AN, LI AT SR EEOR, BRSO MU 22 R IR, SBOR, IZOE N 22 R S
Note: A: AEr51/AErS; B: AEr51/AEr31. The vertical axis in the figure is the functional classification or pathway, and the horizontal axis
is the ratio of the number of differential proteins in the corresponding pathway to the total number of proteins identified in the pathway.
The larger the value, the higher the enrichment of differential proteins in the pathway. The color of the point represents the P value of the
hypergeometric test. The color ranges from blue to red. The redder the color, the smaller the value, indicating that the test is more reliable
and more statistically significant. The size of the dot represents the number of differential proteins in the corresponding pathway. The
larger the dot, the more differential proteins in the pathway
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Figure 9 Interaction network of AEr51/AErS differential proteins
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AEr51 vs AEr31
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Figure 10 Interaction network of AErS1/AEr31 differential proteins
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Table 6 Differentially expressed proteins associated with antibiotic resistance

EHAK HEER ZE SR
Protein name Protein annotation Difference multiple Fold Change
AEr51/AErS AEr51/AEr31
Pola DNA polymerase I 1.765 =
Rplk 50S ribosomal protein L11 0.732 =
ERH_RS00600 ABC-type multidrug transport system 1.655 -
ERH _RS02415 ABC transporter ATP-binding protein 1.614 =
ERH_RS02420 FtsX-like permease family protein 1.681 =
ERH_RS03210 Hypothetical protein 1.981 1.269
ERH_RS03880 CBS domain-containing protein 1.589 =
ERH_RS07695 ABC transporter ATP-binding protein 0.298 1.346
ERH_RS06975 ABC transporter permease 1.818 -
ERH_RS02960 PBP family intramembrane metalloprotease - 1.323
ERH _RS02415 ABC transporter ATP-binding protein 1.614 =
ERH_RS07745 ABC transporter ATP-binding protein 0.590 =
ERH_RS06980 ABC transporter ATP-binding protein 1.551 -
ERH_RS07685 ABC transporter permease 0.364 1.326
ERH_RS07235 ABC transporter ATP-binding protein = 1.286
ERH_RS07680 ABC transporter substrate-binding protein - 1.631
ERH_RS07230 ABC transporter ATP-binding protein - 1.299
ERH_RS05065 ABC transporter permease = 1.369

Note: —: The protein is not contained

E. rhusiopathiae % 18 F i FT R 254 1) 25 ) ffu ek
P, 53R BoR DB HEMYT AMP, CTR, PG, ERY,

CTX IR A 100%. 100% . 93.0%.

89.7%. 75.9%; 2B4+415I%E 2017-2018 4FEAEAH
X3E I R4 B 18 20 Bk E. rhusiopathiae 47254
UMM 2, KB E. rhusiopathiae ¥ PG, AMP .
ERY. TIM. CEF. CTR Fl FFC ¥J#Us, A28

8T gm AErS
m TMT

AEr51/AErS

B 11 PRM RIE%R
Figure 11 Comparison between TMT and PRM
quantification results

FAE 2018-2020 AFE[IXF B, VLI5 . IAR L b .
J VR o3 4 DX A TR VA T o R A R, R
— kB PG it 3% 1Y E. rhusiopathiae AEr51, %4
A5 R B8 AErS] XMEHBRM 2, MIC {54
32 pg/mL, KEEAKFMZ; mixF AMX. AMP,
CA. CFZ, CH. CTR, CTX. Cef % B-NWL2
YA ZEHUE, BSR E. rhusiopathiae PG i 25k 2
BT A A B, H NI Sf 20 2 TR 11 B2 27 # FE 9T
E. rhusiopathiae (1) PG Tif 25 HL3 DA 18 . PRI,
AW G FH % 53 20 27 0 ¥ (RN A-Seq) 452 AR FilER B
JEFEAR 2 75 (TMT) E 2 2 A B 4 F B AR W 5 5%
E. rhusiopathiae ;=4 PG Hu: 43 FHLii
RNA-Seq 255 i 78 AEr51/AErS 411 AEr51/AEr31
1Ay B ER] 668 SFI1 403 4> 22 FeFkFE , Hor
AEr51 Fl AEr31 L[] 28 fh it 24 40 56 22 = 3R0A
FERUTE  SNHEFE A SE R ERH 0226 \ERH 1052,
ERH 0095, ERH_0186. ERH 0199. ERH 0690
ERH 0986, ERH 0792 . natB; B-MN Mt i AH
FE ERH_0042 ;5 HEWIREAH K IE T myviN; W55
RGEMFEILN cssS. yesM. ERH 0309, IytT,
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ERH 1189 . ERH 0312 . ERH 0313 . phoR .
ERH_0920 VIt 2552 (R MICIE N ERH 0232,
GO IRE/ KA, FikEREFRRFNFESE
5 iz A L 200 R 2R B R 20 R A SR A A T RE
DA B A= 0 RS AR B %) 20 GRS ML 20 43 DR, X
S RIS 5 A TR 24 1 2 DI AHOG . TMT 8 i 2 1
R F LR BN, AErS1, AEr31 K AErS Hpiki
111 A ERRBEEA, HA 2
EH 18 4, FEEHESE ABC Hid REMEEN
ERH_RS00600. ERH RS07695. ERH_RS06975 .
ERH_RS02415. ERH_RS07745. ERH_RS06980.
ERH RS07685. ERH RS07235. ERH RS07680.
ERH RS07230. ERH RS05065 J% PBP Ak
ERH_RS02960 %5, 454 i sk 412 M i 2% 47
Mres i, #2255 E. rhusiopathiae 7 PG Hii1E Ry
SrFHUTIA SMHERE . B-INBERGRE . LRI RTE L
WG R YSE . ABC ¥%i8 RS0 F1 PBP MG 155

HNHESE S — B AEAE T A 40 TR 40 S 1 1 2
FI5T, AEZ: 50 0 DA 200 1 A0 PN R 81 38 7y oo
LY AMER) A R A, R R X BUAE R
FEA TR 21 i R AL = — Y A0 AN R A
R FIHAERE I, K2 A HE S, DARRAIR
HAEHUAR N A B UL, 1T 20 B B Ak 1 I 40 B
B ) 25 W3R 8 2 T B A ANHE S A R IR R A i
Fk FER LGP T, AcrAB. ActD.
MdAtABC M i3k Fe ik K B 5 R 4 i it 2451
TEAREGEH , AErST 1 9 ASAMHEZR LR 35 2ad 3k
RE, R AES1 oA 25T AR 2 MR L
FIRMILER . HFIT R, SMNHEE 5 4N A W R T
BAFAE— BB R , FMHEAEEE 1 B IR A A Y 4 T
Hip 2 LR, AR YR TE RS MHE ST 25 i B
HEH R T A A R i g vl Hie
FEAEYITY BRI R B A SRR, AP
T AR LS H U, ABFTE cssS BEIH Fah i B
R, AENEE E. rhusiopathiae ¥ iz S A=
VIRETE R 7 el A8 FEXT e A 28 A s

S AR R A B, 2 B PH A B K

B-INTBERE E LY B- N Bt O TIE PG BTtk A= 1y
KHEER, HEENGE TR TSRS GHA
(Penicillin Binding Proteins, PBPs)f#jZAs!9201
PBP i FAHR AR |, 2 B-INBERS U ER
() SR HIREAL, BBRE S X i A R AR AR R S iR
BICY, ABEsEH, PBP A13¢EE 11 ERH_RS02960 %
A IS, KW AErS1 nlE AT PBP &
FA A 81 4 B R TR 20 WU o R e 2 A AE TR
ZAE A, BEVRE 4 T XA R 0T 2Pk, T
HWH 3 RGeS A RZ 0  AErS1T X 7 R 40
HIR O I R aA e R AR T B8k, 2 7R 3L
Hor R AMAREE LT AT, B R 5 HA Rk
AR, PR A ST 24 3L R g e 3k, A F A iU
15 EIREE IR XA S N . ABC §%iz
EEE R ERST B RE N, WiKE ATP
PAGRe A TY) RS iz | R S0 B 51 T IS 7 T
BAFE T2, PR AN 2 r a2 Y
AEr51 ' ABC #%iz MG 1 ERH_RS06975 .
ERH_RS00600 fil ERH _RS02415 £ikm¥EH
V&, F¢H] AErS1 w520 ABC %515 M 6 2Rk,
HET 25 A DN 250 R 2 72

YU SRNA RS HERF AR M LR, 2
HER SRR E T, A BT 4R AR Ak
(TGN, FoH SRINA X 4 BT iR 24 BT (0 47 s v
HNHESE 22 G0 By RS L ok 24 T A4 R S S 1 ) 4
XA R A P A P 20 ARBFTE M SRNA
A 7954, RIMACHIAAE & 25 704 3384, T
HARMERE SRNA #RT FLXF B AR X 24
SUILIR, BAR AErS1 5 AErS Hifiik sRNA K H T
XoF L B PR ) TR IKP A —E 25 5, (IR 2
PLiiH sRNA 5 E. rhusiopathiae T 24514 2 [8]48 B f
KR, it —H8UE, % 1, E.rhusiopathiae %}
PG F= AT 24Pk () R 57 28 LR O, 0 288 | AR
i 245 86 I BRI (%3 . AMHEZE AN PBP MG 3R
IRIYFEIE SR 2Pk 25 5 XU 43 3R 8 R R
SRNA FikAsfk, ML 5> R 50 F1 sRNA AT fiE
WY E. rhusiopathiae PG 1A & H R4,
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