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H E:. [B8#] AR 0.54F %MK EF KEZ(minimal inhibitory concentration, MIC)#9 2k B %,
WREZ AT, AT L KB DC2201 49 £ F & ik X F (differentially expressed genes, DEGs),

BB AR E F A TEAR S L KB (Kocuria rhizophila) DC2201 9% L AuE . [ %1 vA
LB AR 3E A A3 A 09 sg A L KA DC2201 @/t B8, R A Illumina HiSeq M & -F & # 47
RNA-seq ®3% 0 5, 547 0.5 MIC ¢ BR L MR FE A M ToEARFT LKA 9 LA R X H AL, 5
AR EHEZAZZPCRZFRIE. [LRIAEBRAKTEMAETHERE LKE T Lk
3| 12024 2% DEGs, £ ¥ 2F FAKRAKRE 604 4~, B2F THKALE 598/, 24FH
A AR (gene ontology, GO)&?V‘, i i B o F o B (molecular function, MF). %@ A48 5> (cellular
component, CC)#= & 4 % iL 42 (biological process, BP) 3 N — &5 £ 4547, 35 N_AR o L4
4 1 041 ~2 % DEGs. & AAKLE 5}2@4ﬂﬁ7§+/\4’v(Kyoto encyclopedia of genes and
genomes, KEGG)Z#, 2235 DNA & 28240 %492 % DEGs 16 4, SAEIKRE RIEHRZ
%692 % DEGs 43 /~, 5 ATP %4 4 & (ATP-binding cassette, ABC)¥% 12 & & 48 % ¢4 2 3
DEGs 28 A~, 5 RABFEBR R /2 . BB . = B (tricarboxylic acid, TCA)E3R. 5 EAE .
REABR . T BR 5 B M K48 X 49 23 DEGs 77 A, B Ik RAE & A8 X 9 2% DEGs 5 4.
an] BRAMRE LA T, ERF L KE DC2201 497 & LA 2 — A4 Btk R HH],

‘n 1 38 i 3% 5% % & & 25 M (multidrug resistance, MDR) K # #) £ 4% ¥t & # K 3k (major
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facilitator superfamily, MFS)4%15 4K &4 & 3A R 3% m st 3 B2 FAK B F 0940 4F, @ 133832 DNA &
A Ao RNA K& 12, UARIEAE 416948 T Ao RNA 69 B % o) 48, 8338 2 A0 41k & 1k 12
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Transcriptome analysis reveals the response mechanism of
Kocuria rhizophila DC2201 to clindamycin hydrochloride

ZHANG Xiaomei, PENG Xuan, LONG Yuxin, NI Haiyan, ZOU Long, LONG Zhong’er*

Nanchang Key Laboratory of Microbial Resources Exploitation & Utilization from Poyang Lake Wetland, College of
Life Sciences, Jiangxi Normal University, Nanchang 330022, Jiangxi, China

Abstract: [Objective] To mine the differentially expressed genes (DEGs) of Kocuria
rhizophila DC2201 exposed to clindamycin hydrochloride at 0.5 minimum inhibitory
concentration (MIC) and reveal the response mechanism of Kocuria rhizophila DC2201 to
clindamycin hydrochloride. [Methods] With the Kocuria rhizophila DC2201 cells cultured in
LB liquid medium as the control, Illumina HiSeq platform was used for paired-end sequencing
to determine the gene expression of Kocuria rhizophila DC2201 cells exposed to clindamycin
hydrochloride at 0.5 MIC. Real-time fluorescence quantitative PCR was then conducted for
validation. [Results] A total of 1 202 significantly DEGs were screened out from Kocuria
rhizophila DC2201 under the stress of clindamycin hydrochloride, including 604 significantly
up-regulated genes and 598 significantly down-regulated genes. After gene ontology (GO)
annotation, 1 041 significantly DEGs were annotated into 35 GO terms of molecular function
(MF), cell composition (CC), and biological process (BP). The Kyoto encyclopedia of genes
and genomes (KEGQG) enrichment analysis predicted 16 significantly DEGs related to DNA
repair, 43 significantly DEGs related to ribosomal synthesis, 28 DEGs associated with
ATP-binding cassette (ABC) transporters, 77 significantly DEGs associated with the pentose
phosphate pathway, glycolysis, tricarboxylic acid (TCA) cycle, starch and sucrose, pyruvate,
butyrate and other carbohydrate metabolisms, and 5 significantly DEGs related to
peptidoglycan synthesis. [Conclusion] Kocuria rhizophila DC2201 exposed to clindamycin
hydrochloride adopts a global response mechanism. It increases the efflux of clindamycin
hydrochloride by up-regulating the gene expression of major facilitator superfamily (MFS)
transporters in the multidrug resistance (MDR) family. By enhancing DNA repair and RNA
metabolism pathways, the strain ensures the genomic stability and normal RNA function. In
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addition, it enhances the ribosome synthesis pathway to compensate for the protein synthesis

barrier caused by the binding of clindamycin hydrochloride with the 50S ribosome.

Furthermore, the strain reduces the absorption and transportation of carbohydrates to restrain

the energy metabolisms pathways, thus slowing down the growth and reducing the energy
demand. Correspondingly, the cell wall stability of Kocuria rhizophila DC2201 is also affected.
Keywords: Kocuria rhizophila DC2201; clindamycin hydrochloride; transcriptome; response

mechanism

JoT 4 R R FH T PPN R M 355 5 N A A
R AR KPR EE" T
YA R DU 258 A 25 ol P el ol B o6 T, o
PRIARAT Bt 2 X B AR RGBT B 20 A i 212k
T T W47 AT 245 400 ) 7 T e T X2 R, DA T e
PiAE 2R B BT S TR A H R PR AR . A5 5T
i AR OB A R e AL, A7 B 48 7 20 TR %
BU B 259 3 o, BT AIL ]

2 o FQ B — 28 2 R PH R 20 T, JE
LWEH, WMERER, AT AR,
FLA T 6P | A LI TR R i B 2 b B W Y e
S379 el 2 v [T (Kocuria rhizophila) DC2201 ,
J54% F M B TOR B ATCC 9341, fie B AR PRt i
R, EAE RN, ATHERSN
B 25 WP R PR RE RO B AR VB AR S v G B
DC2201 J&—#kH F Fhid: R stk i 56 i mds
PR, (A GRS 7 [RE DC2201 XHiAE R T
SR ) I AL ) 00 2 L/

SOMREE R S — PRl B S BT AE 3R X R E
B [CBHME B HAT VR A L i 5 508 Ap
AR 2355400 ) 240 1T 8 11 J0T 1 s, AT 000 o 24
B A A 4 AR 9 30 3 o R R SRR R e T
AOWERRZE v [GTE DC2201 FEATHE 40 643 #r
H7E TR EMRE e SR DC2201 7EHiAER
VERR i AL, A7 Bl 35 v AR5 5 G PR
DC2201 XTI 259 (1038 W RS BTLg], XT
A A5 S A T SR AR v TR B AR A
MM E A EEE L,

R

1.1 EHRERF

FEH % 7o FQ B DC2201, HyLPgImyE KA
kb B R, B AE T 50%H v, —80 °C¥&
RIRAT

LB iR 5 c i 2% 2k s I ik,
MH 55 F5 3 (0 BL il 2 2% Rk s 0 5 ik

MR R R (LM RIFR SRR, Jbnt
TR FEPHIA PR F] 4 1E 5 RNA $2 B &
RAEAR AL A PR R 5 cDNA 2% sk
G, T POLE R PCR G &, A9 T2
(KIEVABRA A5 HAtbAb 2=, g2 sobk Ak
R A BR A A o
1.2 FEUEHE

7> Tllumina HiSeq, Illumina 23 A ;
NanoDrop 2000 ., /53 &0 A1 5L ¢ E & PCR
{¢, ThermoFisher Scientific /A vl ; 4= B it
AR IZIE, TN S AR A R A ]
4 B F 2 % (scanning  electron microscope,
SEM), HAiLAH].
1.3 HEHREELIES

HF—80 °C¥& Uk T & Hh Ol i g ML =% [
B DC2201 B FIZk % LB [EfRREFR 3 I, 37 °C
K3t 24 h,
14 Z"MEBRERMERZERKE DC2201 &
MIC

SR RS AR Bk U A2 SRR 2R (IR
HIER & (minimal inhibitory concentration, MIC),
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1.5 mHERPIBAE

TGP B PRI pe e i 22264 100 mL
LB AR SRR = MBI, 37 °C. 200 r/min
Bi g% 18 ho $42 3% L BIPRE 55 IR 0 0 ) e 1 = P 2
A 100 mL LB WRIEFRIEM =M f,
h—2] = AP LB AR IR I Ik
59 0.5 MIC By EREE R (A BEL), 75— =M%
JEHY LB W AR SR RN s MR 2R OV HR2H)
B 3 M EY A, AL BEA Y 3 A
SEE A AE KL, K2, K3, XL 3 4
YiFE e ML, M2, M3, FrA R T
37°C, 200 r/min 5535 8 h J5, 4°C. 4 000xg &
> 10 min WEEEITA
1.6 RNA HY#ZEX

K RNA $2B0G0] & RARAE AR (b 5D)
ABRAE, $Z BG4 I7 W MR A T R P R
I RNA, fdif] cDNA S 56850 & Y gDNA
Eraser Z:fRFE R 40 DNA, X RNA #E47 a kai
R GG, P TR R
1.7 FRENF

W P EUAS B A A4 RNA FF 54 51 25 B
rRNA, JilA fragmentation buffer, # mRNA [
PLIWTL, 200 bp Zia B9/ BE, Z )5 LA mRNA
ks, FITBENLS |9 R % G JRAUE cDNA
T TS T A cDNA %, 4 PCR
YIRS S, FIH Hlumina HiSeq
I 5 21T RNA-seq X7 . RNA $2H
cDNA  SCPEAE Kl it B 4y b il 56 35 AR W)
B 2 B AT IR A Al 52
1.8 EMERZESR

FIA Tlumina V& 4 BSR4 7 £ D115
BEE o, IR SR ARS8 B N EA T SRR T RE
R, T EAFISAEITCARE D B E
(non-redundant protein sequence database, NR).
Swiss-Prot %% #i& J& (https://web.expasy.org/docs/

<l actamicro@im.ac.cn, & 010-64807516

swiss-prot_guideline. html), Pfam #(#&/% (http:/pfam.
xfam.org/) . FEHRANKICEIEE (gene ontology, GO)
4 2 (http://www.geneontology.org/) . 5t ARk
XA A HF42 4 (Kyoto encyclopedia of genes
and genomes, KEGG)$ 4% (http://www.genome.
jp/kegg/) 55 FREI FE AT HUXT, A5 B AR N 1Y )
REFRARE .
1.9 EBEREFRRIESH

SCIGE A RSEM 435156 3 A il 3R 18 7K
VAT RE R T, € e AR AT 4% reads 1Y
SR (transcript per million, TPM), F| FH 22 5743
B/} DESeq2. 3 PE/KF P-adjust I & £
K37 1F /7¥: Benjamini-Hochberg (BH) 7k =
7 THDGE S PR  Rik i I 25 AR B A T e i o
WhoE AP REEFEESRLEN
(differentially expressed genes, DEGs), FfX}ix &k
B3 DEGs #17 GO 43#7Hl KEGG Uitz
ST, VA 235 DEGs fEIRE L9 5 2
W K A P
1.10 EHRAEE PCR WIEERRIZEE

SRy B0 A SR 2H I e B8 A0 ) MR P, S 1ok
ST 96 E i PCR B00iF DEGs M#EKF-. 1
JeffiHl cDNA S skl il &% 1.6 iR H
RNA 5 cDNA, BAZ H(20 pL):
gDNA Eraser FRFEH 4 DNA J5 3545 19 52 i
10 uL, RT Primer Mix 1 pL, PrimerScript RT
Enzyme Mix I 1 pL, 5xPrimer Script Buffer 2 (for
real time) 4 uL, RNase Free ddH,0 4 puL. 5
KO E . 37°C 15 min, 85°C5s, 4°CS5 min.
FRAR P S 2 P 3 A 253, L 16S rRNA
KNS, BEALPREE 5 1> DEGs #4752 H 9%
Y6 %E it PCR B HIE , 333 Primer5.0 #4583 151 47,
HAKFS LR 1, FFscmAE TAY TR )R
WA BRAFG . SERT 20 E f PCR BB AA
%(20.0 pl): cDNA 4.0 uL, 2xTB Green Premix
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Ex Taqg II (Tli RnaseH Plus) 10.0 uL, 50xROX
Reference Dye 11 0.4 puL, 1E[M5[#(10 pmol/L)
A5 #)(10 pmol/L)4% 0.4 uL, KF/K 4.8 pL.
P3G CRAWIL Y38 Oy 464 . 95 °CTiAE 1
30 s; 95 °C72E 55, 60 °CiEk 34 s, THFFR 40 K.
K H 27l s R SR ek E Y PCR AR
Wi, 1SR R AR Rk
1.11 BEARREENR

Fie 1.5 o A WA SRR R aa A B
AT BRLH AN, A 2%)8 8, 4 °CI#%E 3 h,
4 °C., 4 000xg &> 5 min ERN B, KM
30%. 50%. 60%. 70%. 80%F1 100%H 1) Z,
A4S ik 10 mine fe), A0 BT B9 240 A A T
TE 14 B 5% (scanning electron microscope, SEM)
XH L, H AuRSEIE, SEM WA EIEA .
1.12 EERERKBZENE

FEHR 1.5 5 e o il e ) REZH A Ak B v
MR 5T G DC2201 i, it 4 A shfdt
40 A3 43 S P AR 25 s G TR DC2201
AR 2k o

£1 ERRAEESE PCR HWEESIHFT

Table 1 Primer sequences of the genes for qRT-PCR

2 BER54

21 EMEZMETHEREFZRERE
DC2201 £ KIKR

AW E T v bk & R X E AR % v K
DC2201 [ MIC # 0.156 25 pg/mL, {&T { & E4H
R 24 s P AR T 282020 4EiR) ) A9 0.5 ug/mL
oMK R FE T 2 AR Y, R g AR T R
DC2201 X rebias RAgURR, 56 4 h A i) ot &
B3R SRIGAMHT T 0.5 MIC (0.078 pg/mL) Sa bk Es:
FWE T R AR 2 78 [ DC2201 AR,
45 52 B SRR K (1) a8 Ak 32 ORI M AR
Z i R DC2201 ARG (] 1A), [RIASFEAR
Z IR DC2201 4 L3R a1 H BLH 2 9 3R B B
%, s L LW BNAEE 1B, 10).
22 HERAMNFHR

SEEG M HIHRECT 0.5 MIC Y SEARE: £ b33
ZH AN REZH B RE AR ZE 5 [C R DC2201 &L RNA,
H: OD60/ODago. OD,50/ODa3o LA K2 RQN {E 4T
SERL(FK 2)EM, FrRE RNA FREA, e

Primer name

Primer sequence (5'—3")

KRH_RSD2815-F (secE)
KRH_RSD2815-R (secE)
KRH_RSD5185-F (lepB)
KRH_RSD5185-R (lepB)
KRH_RSD0615-F

KRH_RSD0615-R

KRH_RS06330-F (recO)
KRH_RSD6330-R (recO)

TTCGGACGCATCTGGCTGTTC
TGAATGCCACGAACACCAGCAC
ACGTCAAACGCGTGATGGC
CATCCCCAGGGTAGACGTAGTC
AGCAGTGGCTCGAGCAGTTC
GATGTTGTCCACGTAGCGCTC
CGCATCGTGATCCTGCTCAG
AGACGATGTCCAGCGACCGG

KRH_RSD6555-F (efp)
KRH_RSD6555-R (&fp)
16S-F
16S-R

CGCAGCGAGTACCAGTACCTGTAC
CTGGTTCTCGAGCATGAAGTTGGC
GGGTTTTACTGGTTTTGGATGGGC
CGTGTCTCAGTCCCCAGTGTGGG

http://journals.im.ac.cn/actamicrocn
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A 14 ——Kocuria rhizophila DC2201 ~
Kocuria rhizophila DC2201 treated {5 38
with clindamycin P

0 4 8 12162024 28 32 36 40 44 48
t/h

E1 MERETKE DC2201 14 K& EF14HA8 SEM B

Figure 1

Growth curves and cellular SEM of Kocuria rhizophila DC2201. A: Growth curves of Kocuria

rhizophila DC2201. B: SEM image of cells in the control group. C: SEM image of cells in the treatment group

(grown in medium containing clindamycin at 0.5 MIC).

2.3 ESRAAN FEIERIE

FE it P T A 5 1) o R PEAR S T dn R 3
fi7s, Kb BRZH I BEZH 53 51 3R 15 89 636 598 F
87 144 566 ™ il Iy 41 Kt X reads. Iy 4L
P C AR 22 B W F A YR B ol R SR
5 NMDC10018677 . % ¥ Jit 4% Ji& 43 %Il i1 &
Phred $0{l KT 20 F1 30 AR IE G BAREE A0
a3 b, S5 R IR 280 8 e L I 4 Rl Y 4
9% Q20 KT 98.00%, Q30 KT 95.00%,
FER R /NT 0.02%, AL BRALFIXT BE 4 4 B3k
15 88 904 274 1 85 854 296 NJFEH5 5 X
reads, ¥ &G

S IC R, SERG 8T T A 2 A AR AR 2 ]

%2 RNAHEMDTER
Table 2 Analysis of RNA samples

SRR AOCHE, S5 R ERBIAES K1, K2,
K3 ZEIK M1, M2, M3 Fffih 2 (8] A e
RIKT 0.9, FHIFLHTEREARN Y F35 AL
PEm, sk Dy B EE AT 5
24 ERFTEEEHFIE

SEARE R MME T, AR T R E DC2201 H
A 1 202 4~ 8% DEGs (P-adjust<0.05, i
log, (fold change)>1)a%, T ¥4 log, (fold change)<-1),
Hrph 604 MNEEH B FiREE, 598 A
BETHERE . SR KL E R 2 17 0]
WAk, R~ DEGs 7EMAAEAS ] ik 22 T A%
BARME . Geitee kgl DL SR D i D e 4 2
(K 2A. 2B).

Sample name Concentration (ng/pL) Total amount (pg) OD6¢/OD g OD6¢/OD>3¢ RQN
K1 78.70 2.75 2.15 2.05 8.70
K2 60.90 2.13 2.05 1.82 5.90
K3 134.30 4.70 2.04 1.81 8.40
M1 53.00 1.86 2.10 2.19 10.00
M2 94.70 3.31 2.12 2.17 10.00
M3 93.90 3.29 2.10 2.21 10.00

P4 actamicro@im.ac.cn, & 010-64807516
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#3 HmUFRIESITR

Table 3 Sample sequencing quality control statistics

Sample Raw reads Clean reads Error rate (%) Q20 (%) Q30 (%)
K1 25421614 25224316 0.020 98.37 95.30
K2 32451 124 32179 156 0.020 98.62 95.90
K3 31763 860 31500 802 0.020 98.41 95.39
Ml 29 617 240 29209 256 0.020 98.56 95.77
M2 30275596 29 812234 0.020 98.49 95.56
M3 27251 730 26 832 806 0.020 98.54 95.72
% = Color key
Treated vs. Control.volcano |
350 ¢ . ‘
300 o
= 250}
5 . i : .
2200k Tt g .. Significant DEGs (1 202)
Q : B i ‘ . ® Up: 604
= 1501k * @ No significant: 1 081
& ® Down: 598
[
100
50+

[ E—— o IR
-7-6-5-4-3-2-1012 3 456
log, (fold change) M3 M2 Ml K3 K2 KI

2 0.5 MIC et EZRMIE TERERKE DC2201 MEERIX

Figure 2 Gene expression of Kocuria rhizophila DC2201 exposed to clindamycin at 0.5 MIC. A: Volcano plot
shows gene expression. Red, blue, and grey points represent up-regulated, down-regulated, and non-significant
genes, respectively. B: Cluster analysis of significantly DEGs.

25 THRKAEE PCRETIEFRIEER
N TR AR R AT, EAE G
DC2201 #5541 53 A4 R vh DEGs Rk /KF48 1k
IR AT SEE, DL 16S IRNA HINSEEE, FEHL
PR T 51> DEGs #1750 9¢ € 1 PCR 430#7,
Fe4: RT-qPCR 546 AL P45 5 (& 3)nT %,
SRR FRBBHSE AR, RSN T
4 SR M e T T A ‘{ H H ‘ “
2.6 ERFTIEEER GO R ol o :IS:
#EM%?%'?HJ}%TE@ ﬂ%*ﬁ%ﬁ‘ KB DC2201 KRH/RS(); Rﬂ/gsoz RH/RSO(I){ RH/RSO(;S RH/RSO()
*ﬁﬁiiﬁﬁciua@ﬁ% DEGs %4 GO 7EFE, 25K 3 TEEREE PCR BIFEEEAER
4 PN, Figure 3  Verification of DEGs by qRT-PCR.

10 CIRT-qPCR

Lonh ==

reated/control)

log
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A Amide transport == I Down
Peptide transport — ENUp
Glucose metabolic process

Arginine metabolic process
Arginine biosynthetic process

Translation

Peptide biosynthetic process

Cellular macromolecule biosynthetic process
Amide biosynthetic process

Peptide metabolic process

Cellular amide metabolic process

Protein metabolic process

GO term

Number of DGEs

[CIDown

Periplasmic space f—
EmUp

Transmembrane transporter complex
Transporter complex f=—

Small ribosomal subunit

Ribosomal subunit

Ribosome [

Non-membrane-bounded organelle H

GO term

Intracellular non-membrane-bounded organelle
Organelle H

Intracellular organelle =

Ribonucleoprotein complex [

Protein-containing complex

0 10 20 30 40 50 60
Number of DGEs

[CDown
ERUp

C
Active ion transmembrane transporter activity

Primary active transmembrane transporter activity
N-methyltransferase activity
Endonuclease activity
Endoribonuclease activity

DNA-binding transcription factor activity

GO term

Transcription regulator activity
rRNA binding
Structural molecule activity

Structural constituent of ribosome

0 10 20 30 40 50
Number of DGEs

B4 ERFEEER GO IR
Figure 4 Distribution of DEGs for GO analysis. A: DEGs of biological process. B: DEGs of cellular
component. C: DEGs of molecular function. Red and blue square represent up-regulated and down-regulated

genes, respectively.

P4 actamicro@im.ac.cn, & 010-64807516



TRANE S| AR, 2024, 64(8)

2739

%% DEGs ) GO IERZE R I N AEY) ~ Az
(biological process, BP) . 4i i 41 43 (cellular
component, CC)H143F jfig(molecular function,
MF) 3 25, 7& BP H{F B3 3% DEGs 486 1,
Horp 3 BIRZER 380 4>, B T IRAEA 106 1.
AR ERE R R E DR IE I N S R
1825 A 72 (protein metabolic process)” “4fl
fitd W B AL 8 3 #2 (cellular amide metabolic
process)” K [ A ¥ &L 72 (peptide metabolic
processes)” “ Wt & A ¥ & A if & (amide
biosynthetic process)” “#ii il K5+ 49 & miad
#2(cellular macromolecule biosynthetic process)”
“HKAE¥5 il (peptide biosynthetic process)” “#H
PE(translation)”, i3 T A RN F 2 £ AE
“ZE F AL B2 (protein metabolic process)” “F5 i
iz i (transmembrane transport)”, U1E 4A Ffis,
£ CC HiFB5 2 % DEGs 335 1>, Hi i b
PHFRIBIED 282 4>, BE T MRIBAEN 53 1,
EAEER SN DS DAREENFE ST E
15 &K (protein-containing complex)” “I%## 1%
11 & A K (ribonucleoprotein complex)” 4 Jifd
#x(organelle)” “#ZMi{A (ribosome)” K, 3 F
WREAERNFEHETHEHALE A K
(protein-containing complex)” “#% iz (K& & ¥
(transporter complex)” L ¢ “5 fil b5 iz A 2 A1)
(transmembrane transporter complex)” 4 5%, N
4B Fi/R. A, 7E MF HiEREE| 2% DEGs
220 4>, Mo B2 BIEFRBIER 176 4>, BET
PRIBELA 44 4>, EEFBEE ST FiHER
ik TR B R A A% W K 45 #8) 5 T (structural
constituent of ribosome)” %% ¥ 43 1 I 1
(structural molecule activity)” “rRNA %54 (rRNA
binding)” %% 5 ¥ ¥ A + & 1 (transcription

regulator activity)” “DNA 5G4 LR F )15
(DNA-binding transcription factor activity)”. ‘&3
TGRS N L R R R S s K
% P (primary active transmembrane transporter
activity)”Fl*“ 3 8] 25 F 5 B 4% 32 15 74 (active ion
transmembrane transporter activity)”, &l 4C
Bz
27 BEEERFTEERBTNES T

FEFERREIM 2 283 4~ DEGs 1, BRT 271 4
N it R K1 2 BE £ 1 (hypothetical protein)fd
RZ4b, HAx DEGs # i B A7 B 2 RE Y ik
o P A 2 X A T A A S B A T
THREREE 15T, A0 40 T % 57 X 1~ \ MIFS Bz ik
DNA i e 52 55 . AU 43 . % DEGs Hik
BRI T . MFS sk LR
(toxin-antitoxin, TA)ZR %4, HAth%z 4 KEGG iF
ReIEAT 4
271 BRET

M TCAREE R WA T B REALE 7 A DC2201
AN RS 1 1202 4~ 3% DEGs HP3kiF Rt
B 232, At s2 MERETFER4), HhHA
2N BETNIERIL, Hifth 50 8 BRI,
B BRRENE RN TR YA 10 MeT
TetR/ActR K%, 9 A~J&F MarR FKkis M+
2.7.2 MFS 3iz{k

SOMREERMME R, BB e [GE DC2201
MFS #5321 A 1) 8.2 DEGs 19 N3 5), i
B FIRFRBEEN 134>, B3 T IRZRBEER 6 1>,
Hop, W35 B IRERIE AR A th A 45 2 A% MDR %K
B MFS #iz KR H KRH_RS05890 [log,
(fold change)’’y 1.17]F1%if% DHA2 (drug: H+
antiporter 2, DHA2)ZK KAME MFS #iz{K15%
fifi IV L (1 [ KRH_RS07690 [log, (fold change)
J1.67].
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x4 ERFEERPERIMERATFRITR

Table 4 Statistics of significantly DEGs encoding transcription factors

Transcription factor family

Number of DEGs

Up-regulated

Down-regulated

TetR/AcrR
MarR

IcIR
ArsR/SmtB
WhiB

Metal-dependent

Fur
GntR

Transcriptional regulator

TetR
Lrp/AsnC
LysR
Metal-sensitive
Lacl

ROK

FmdB
DeoR/GIpR
XRE

CarD

Rrf2

PucR
Crp/Fnr

Response regulator

10

— e e e e e e e = = RN NN N NN NN WO

— means no data.
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Table 5 Significantly DEGs encoding MFS transporters

Gene ID Gene name log, (fold change) Regulation Product

KRH_RS00075 KRH_RS00075 4.41 Up MES transporter

KRH _RS11475 KRH_RS11475 2.19 Up MEFS transporter

KRH_RS00690 KRH _RS00690 2.18 Up MES transporter

KRH_RS03495 KRH_RS03495 2.02 Up MES transporter

KRH _RS11030 KRH_RS11030 1.88 Up MES transporter

KRH_RS09005 KRH_RS09005 1.77 Up MES transporter

KRH_RS07690 KRH_RS07690 1.67 Up DHAZ2 family efflux MFS transporter permease subunit
KRH _RS08120 KRH_RS08120 1.67 Up Sugar porter family MFS transporter
KRH _RS12630 KRH_RS12630 1.62 Up MES transporter

KRH_RS08365 KRH_RS08365 1.54 Up MES transporter

KRH _RS01445 KRH_RS01445 1.52 Up MEFS transporter

KRH_RS00100 KRH_RS00100 1.35 Up MES transporter

KRH_RS05890 KRH_RS05890 1.17 Up MDR family MFS transporter
KRH_RS00905 KRH _RS00905 -1.56 Down Multidrug efflux MFS transporter
KRH RS01120 KRH_R01120 -1.63 Down MES transporter

KRH _RS01170 KRH_R01170 -1.67 Down MES transporter

KRH_RS01835 KRH _RS01835 -2.32 Down MES transporter

KRH_RS00350 KRH RS00350 -3.15 Down MES transporter

KRH RS03220 KRH RS03220 -3.24 Down MES transporter
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Table 6 Significantly DEGs encoding toxin-antitoxin system

Gene ID Gene name log, (fold change) Regulation Product

KRH RS00650 KRH_RS00650 4.79 Up Type II toxin-antitoxin system RelE/ParE family toxin

KRH RS10555 KRH_RS10555 3.67 Up Type IV toxin-antitoxin system AbiEi family antitoxin

KRH RS00645 KRH _RS00645 3.17 Up Type II toxin-antitoxin system prevent-host-death family
antitoxin

KRH RS12145 KRH_RS12145 1.76 Up Type II toxin-antitoxin system death-on-curing family toxin

*7 S DNABGIEERXMNEZERRIEER
Table 7 Significantly DEGs associated with DNA damage repair

Gene ID Gene name log, (fold change) Regulation Product

KRH RS11540 KRH_RS11540 4.20 Up Single-stranded DNA-binding protein

KRH RS01360 KRH_RS01360 2.85 Up DNA polymerase III subunit gamma and tau

KRH RS04165 KRH _RS04165 2.77 Up ATP-dependent helicase

KRH_RS04860 KRH_RS04860 2.72 Up 3'—5' exonuclease

KRH_RS06410 holA 2.35 Up DNA polymerase I1I subunit delta

KRH_RS05310 ssb 1.87 Up Single-stranded DNA-binding protein

KRH_RS05090 mutM 1.58 Up Bifunctional DNA-formamidopyrimidine
glycosylase/DNA-(apurinic or apyrimidinic site) lyase

KRH RS02015 KRH_RS02015 1.44 Up DNA-3-methyladenine glycosylase I

KRH RS02215 nth 1.41 Up Endonuclease III

KRH RS03810 KRH_RS03810 1.19 Up Mismatch-specific DNA-glycosylase

KRH RS01670 KRH_RS01670 1.18 Up DNA-3-methyladenine glycosylase I

KRH RS07615 KRH_RS07615 1.14 Up DNA-3-methyladenine glycosylase

KRH_RS06330 recO 1.11 Up DNA repair protein RecO

KRH_RS01355 recR -1.37 Down Recombination mediator RecR

KRH_RS06680 ruvB -1.47 Down Holliday junction branch migration DNA helicase RuvB

KRH_RS06685 ruvA -1.99 Down Holliday junction branch migration protein RuvA
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Table 8 Significantly DEGs related to ribosomal metabolic pathway

Gene ID Gene name log, (fold change) Regulation Product

KRH_RS05180 rplS 4.79 Up 508 ribosomal protein L19
KRH_RS02950 rpsL 4.38 Up 30S ribosomal protein S12
KRH_RS03095 rpmJ 3.73 Up 508 ribosomal protein L36
KRH _RS03125 rplM 3.70 Up 50S ribosomal protein L13
KRH_RS03025 rpIN 3.64 Up 508 ribosomal protein L14
KRH RS11635 rpmH 3.64 Up 508 ribosomal protein L34
KRH_RS03105 rpsK 3.34 Up 30S ribosomal protein S11
KRH_RS03100 rpsM 3.26 Up 30S ribosomal protein S13
KRH_RS06405 rpst 3.02 Up 30S ribosomal protein S20
KRH_RS02875 rpld 2.73 Up 508 ribosomal protein L10
KRH_RS03130 rpsl 2.70 Up 30S ribosomal protein S9
KRH_RS05080 rpmk 2.66 Up 508 ribosomal protein L32
KRH_RS02955 rpsG 2.57 Up 30S ribosomal protein S7
KRH_RS07710 rpmi 2.48 Up 508 ribosomal protein L35
KRH_RS02970 rpsJ 2.44 Up 30S ribosomal protein S10
KRH_RS01735 rpmB 2.38 Up 50S ribosomal protein L28
KRH_RS08000 rpsB 2.32 Up 30S ribosomal protein S2
KRH_RS05505 rplUu 2.25 Up 50S ribosomal protein L21
KRH_RS01740 rpmG 2.16 Up 50S ribosomal protein L33
KRH_RS02975 rplC 2.11 Up 508 ribosomal protein L3
KRH_RS08465 KRH RS08465 2.09 Up 50S ribosomal protein L25/general stress protein Ctc
KRH_RS03030 rplx 2.05 Up 50S ribosomal protein L24
KRH RS03020 rpsQ 1.98 Up 30S ribosomal protein S17
KRH_RS07705 rplT 1.98 Up 50S ribosomal protein L20
KRH_RS11545 rpsk 1.96 Up 30S ribosomal protein S6
KRH_RS03060 rpmbD 1.91 Up 508 ribosomal protein L30
KRH_RS06605 rpsD 1.88 Up 30S ribosomal protein S4
KRH_RS05160 rpsP 1.87 Up 30S ribosomal protein S16
KRH_RS03115 rplQ 1.86 Up 508 ribosomal protein L17
KRH_RS05510 rpmA 1.77 Up 508 ribosomal protein L27
KRH_RS03065 rplO 1.76 Up 50S ribosomal protein L15
KRH_RS03035 rplE 1.70 Up 508 ribosomal protein L5
KRH_RS03015 rpmC 1.68 Up 50S ribosomal protein L29
KRH_RS03050 rpIR 1.56 Up 50S ribosomal protein L18
KRH_RS03000 rplv 1.48 Up 508 ribosomal protein L22
KRH_RS03045 rplF 1.45 Up 508 ribosomal protein L6
KRH_RS01745 rpsN 1.43 Up 30S ribosomal protein S14
KRH_RS03010 rplP 1.41 Up 508 ribosomal protein L16
KRH_RS02995 rpsS 1.30 Up 30S ribosomal protein S19
KRH_RS05825 rpsA 1.30 Up 30S ribosomal protein S1
KRH_RS03040 rpsH 1.21 Up 30S ribosomal protein S8
KRH_RS03055 rpse 1.21 Up 30S ribosomal protein S5
KRH _RS11430  ykgO —-1.55 Down Type B 50S ribosomal protein L36
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Table 9  Significantly DEGs encoding ABC transporters

Gene ID Gene name log, (fold change) Regulation Product

KRH_RS00615 KRH_RS00615 3.97 Up Metal ABC transporter substrate-binding protein

KRH _RS00605 KRH RS00605 2.68 Up Metal ABC transporter permease

KRH RS07950 KRH _RS07950 2.19 Up MetQ/NIpA family ABC transporter substrate-binding
protein

KRH _RS07945 KRH _RS07945 1.41 Up Methionine ABC transporter ATP-binding protein

KRH RS07940 KRH _RS07940 1.35 Up ABC transporter permease

KRH_RS05440 KRH_RS05440 1.30 Up ABC transporter substrate-binding protein

KRH RS05450 KRH RS05450 1.18 Up Iron ABC transporter permease

KRH_RS09440 pstS -1.25 Down Phosphate ABC transporter substrate-binding protein PstS

KRH_RS09430 pstA —1.45 Down Phosphate ABC transporter permease PstA

KRH_RS06050 KRH RS06050 —1.52 Down Biotin transporter BioY

KRH_RS09425 pstB -1.61 Down Phosphate ABC transporter ATP-binding protein PstB

KRH_RS00505 KRH_RS00505 -1.70 Down Amino acid ABC transporter ATP-binding protein

KRH _RS00180 KRH RS00180 -1.90 Down ABC transporter permease

KRH _RS00510 KRH RS00510 -2.21 Down Amino acid ABC transporter permease

KRH RS09115 KRH_RS09115 -2.24 Down ABC transporter ATP-binding protein

KRH_RS03895 KRH_RS03895 -2.50 Down ABC transporter permease

KRH_RS00185 KRH _RS00185 -2.61 Down ABC transporter permease

KRH RS01810 KRH RS01810 -2.79 Down Extracellular solute-binding protein

KRH_RS10405 KRH_RS10405 -3.54 Down ABC transporter ATP-binding protein

KRH_RS03890 KRH RS03890 -3.57 Down ABC transporter permease

KRH _RS10395 KRH _RS10395 -3.63 Down ABC transporter permease

KRH RS03885 KRH _RS03885 —3.65 Down ABC transporter family substrate-binding protein

KRH_RS00190 KRH_RS00190 -3.94 Down ABC transporter substrate-binding protein

KRH_RS10390 KRH_RS10390 -4.00 Down ABC transporter substrate-binding protein

KRH RS10400 KRH_RS10400 —4.18 Down ABC transporter permease

KRH_RS01805 KRH_RS01805 —4.89 Down Sugar ABC transporter permease

KRH_RS01800 KRH RS01800 -—5.46 Down Carbohydrate ABC transporter permease

KRH_RS01795 ugpC -5.83 Down sn-glycerol-3-phosphate ABC transporter ATP-binding

protein UgpC
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Table 10  Significantly DEGs related to carbohydrate metabolism pathway

Gene ID Gene name log, (fold change) Regulation Product

KRH_RS12530 KRH_RS12530 4.72 Up Pyruvate kinase

KRH_RS12535 KRH_RS12535 3.31 Up Hypothetical protein

KRH_RS04945 KRH_RS04945 1.52 Up Acetolactate synthase large subunit

KRH_RS06335 leuA 1.39 Up 2-isopropylmalate synthase

KRH_RS01730 malQ 1.34 Up 4-alpha-glucanotransferase

KRH_RS01960 KRH RS01960 -1.01 Down D-hexose-6-phosphate mutarotase

KRH_RS00255 KRH_RS00255 -1.08 Down Glucose-6-phosphate dehydrogenase

KRH_RS09625 KRH _RS09625 -1.11 Down Thiamine pyrophosphate-binding protein

KRH_RS09340 deoC -1.18 Down Deoxyribose-phosphate aldolase

KRH RS05935 KRH RS05935 -1.19 Down Phosphoglycerate kinase

KRH RS08815 KRH RS08815 -1.20 Down Succinate dehydrogenase hydrophobic membrane anchor
subunit

KRH _RS09140 otsB -1.26 Down Trehalose-phosphatase

KRH_RS09820 KRH _RS09820 -1.27 Down NAD(P)-dependent alcohol dehydrogenase

KRH RS01140 KRH_R01140 -1.36 Down CoA transferase subunit B

KRH_RS03990 KRH RS03990 -1.38 Down Citrate synthase

KRH_RS08655 KRH _RS08655 -—1.44 Down Pyruvate dehydrogenase

KRH_RS02470 KRH_RS02470 -1.45 Down 3-hydroxyacyl-CoA dehydrogenase family protein

KRH RS09135 KRH RS09135 -1.49 Down Trehalose-6-phosphate synthase

KRH RS00105 KRH RS00105 -1.50 Down Thiamine pyrophosphate-binding protein

KRH RS05275 KRH RS05275 -1.52 Down ROK family protein

KRH_RS08820 sdhA -1.57 Down Succinate dehydrogenase flavoprotein subunit

KRH_RS05940 tpiA -1.65 Down Triose-phosphate isomerase

KRH RS05930 gap -1.71 Down Type I glyceraldehyde-3-phosphate dehydrogenase

KRH RS10705 KRH_RS10705 -1.72 Down NAD-dependent succinate-semialdehyde dehydrogenase

KRH RS04505 KRH _RS04505 -1.74 Down Sugar phosphate nucleotidyltransferase

KRH_RS05800 pyk -1.75 Down Pyruvate kinase

KRH_RS07190 gndA -1.82 Down NADP-dependent phosphogluconate dehydrogenase

KRH_RS00715 pta -1.89 Down Phosphate acetyltransferase

KRH_RS06235 glgA -1.98 Down Glycogen synthase

KRH_RS03335 galU —2.00 Down UTP-glucose-1-phosphate uridylyltransferase GalU

KRH_RS09210 glgP —2.03 Down Alpha-glucan family phosphorylase

KRH_RS09205 KRH_RS09205 -2.03 Down Alpha-1,4-glucan-maltose-1-phosphate
maltosyltransferase

KRH RS04565 KRH_RS04565 —2.04 Down Multifunctional oxoglutarate decarboxylase/oxoglutarate
dehydrogenase thiamine pyrophosphate-binding subunit/
dihydrolipoyllysine-residue succinyltransferase subunit

KRH_RS00820 KRH _RS00820 -2.06 Down Enoyl-CoA hydratase

KRH_RS09750 KRH_RS09750 -2.08 Down Glyceraldehyde-3-phosphate dehydrogenase

KRH_RS07060 IpdA -2.18 Down Dihydrolipoyl dehydrogenase

KRH_RS03875 KRH_RS03875 -2.18 Down NADP-dependent isocitrate dehydrogenase

(154%)
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Gene ID Gene name log, (fold change) Regulation Product

KRH RS02780 KRH _RS02780 -2.21 Down 6-phosphofructokinase

KRH_RS09640 KRH_RS09640 -2.22 Down NAD-dependent succinate-semialdehyde dehydrogenase

KRH_RS02430 KRH_RS02430 -2.31 Down L-lactate dehydrogenase

KRH_RS05975  tkt —2.32 Down Transketolase

KRH_RS08320 KRH_RS08320 -2.38 Down Aldehyde dehydrogenase family protein

KRH_RS01580 KRH_RS01580 -2.41 Down Phosphoenolpyruvate carboxykinase (GTP)

KRH_RS08940 sucD —2.49 Down Succinate-CoA ligase subunit alpha

KRH_RS05950 pdl -2.50 Down 6-phosphogluconolactonase

KRH_RS03670 adhP -2.52 Down Alcohol dehydrogenase AdhP

KRH_RS06230 glgC -2.59 Down Glucose-1-phosphate adenylyltransferase

KRH_RS08480 KRH _RS08480 -2.62 Down Ribose-phosphate diphosphokinase

KRH_RS04910 KRH _RS04910 -2.67 Down Malate:quinone oxidoreductase

KRH_RS05965 KRH _R05965 -2.72 Down Glucose-6-phosphate isomerase

KRH RS01145 KRH RS01145 -2.75 Down Acetyl-CoA C-acetyltransferase

KRH_RS05960  zwf -2.79 Down Glucose-6-phosphate dehydrogenase

KRH RS03180 treZ -2.82 Down Malto-oligosyltrehalose trehalohydrolase

KRH_RS07065 sucB -2.84 Down 2-oxoglutarate dehydrogenase, E2 component,
dihydrolipoamide succinyltransferase

KRH_RS01285 KRH_RS01285 -2.89 Down Alcohol dehydrogenase

KRH _RS05255 aceE -2.92 Down Pyruvate dehydrogenase (acetyl-transferring), homodimeric type

KRH_RS05970 tal -2.95 Down Transaldolase

KRH_RS08650 KRH _RS08650 -3.15 Down Class II fumarate hydratase

KRH_RS09645 gabT -3.17 Down 4-aminobutyrate-2-oxoglutarate transaminase

KRH_RS09195 glgB -3.18 Down 1,4-alpha-glucan branching protein GlgB

KRH RS07385 KRH RS07385 -3.20 Down Pyruvate carboxylase

KRH RS00710 KRH RS00710 -3.22 Down Acetate kinase

KRH _RS06935 acnA -3.28 Down Aconitate hydratase AcnA

KRH RS02210 acs -3.29 Down Acetate-CoA ligase

KRH RS08825 KRH RS08825 -—3.34 Down Succinate dehydrogenase iron-sulfur subunit

KRH RS00880 KRH _RS00880 —3.34 Down AMP-binding protein

KRH _RS09660 pgm -3.37 Down Alpha-D-glucose phosphate-specific phosphoglucomutase

KRH RS11240 KRH _RS11240 -3.73 Down ATP-grasp domain-containing protein

KRH RS11150 KRH_RS11150 -3.88 Down 2,3-butanediol dehydrogenase

KRH_RS00935 fbaA -3.94 Down Class II fructose-bisphosphate aldolase

KRH_RS09200 treS -3.97 Down Maltose alpha-D-glucosyltransferase

KRH RS08770 eno —4.04 Down Phosphopyruvate hydratase

KRH_RS03630 KRH_RS03630 —4.09 Down Fumarate reductase/succinate dehydrogenase flavoprotein
subunit

KRH RS09265 KRH RS09265 —4.17 Down Phosphoglyceromutase

KRH RS03625 KRH RS03625 —4.33 Down Succinate dehydrogenase/fumarate reductase iron-sulfur
subunit

KRH_RS03635 KRH _RS03635 —4.90 Down Succinate dehydrogenase cytochrome b subunit

KRH_RS09635 KRH _RS09635 -5.37 Down NAD-dependent succinate-semialdehyde dehydrogenase
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Table 11

Significantly DEGs related to peptidoglycan biosynthesis

Gene ID Gene name log, (fold change) Regulation Product

KRH_RS07305 KRH_RS07305 2.49 Up Penicillin-binding protein 2

KRH_RS07300 KRH_RS07300 1.56 Up UDP-N-acetylmuramoyl-L-alanyl-D-glutamate-2,6-diamin
opimelate ligase

KRH RS11780 KRH_RS11780 -1.06 Down D-alanyl-D-alanine carboxypeptidase family protein

KRH _RS07290 mraY -1.09 Down Phospho-N-acetylmuramoyl-pentapeptide-transferase

KRH RS10210 KRH_RS10210 -3.48 Down Penicillin-binding transpeptidase domain-containing protein
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