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Comparison analysis on the transcriptome sequencing of Staphylococcus epidermidis SE1457 and its iso-
genic vraSR mutant strain
SUN Shi-zheng, MENG Yuan-yuan,ZHANG Wei-na, DIAO De-rui, CEHNG Xiao-ting, WU You-cong
(Integrated Lab of Pathogenic Biology ,School of Basic Medical Sciences,Dali University, Dali ,Yunnan 671000,
China)
Objective  To explore the target genes regulated by VraSR and provide the reference for the biological
function study of VraSR in Staphylococcus epidermidis. Methods The RNA samples of S. epidermidis SE1457 and
its allelic vraSR mutant cultured with or without vancomycin (Van+/Van-) were extracted,and the ¢cDNA library was
constructed. Transcriptomic sequencing was performed by Illumina Hi Seq system. The screening criteria for differential-
ly expressed genes (DEGs) were Q value <C 0. 05,and transcriptional level more than 2 folds (FDR correction P<C0. 05,
T test). DEGs were analyzed using GO and KEGG enrichment analysis,and verified using qRT-PCR.  Results Com-
pared with those in SE1457 parent strain, 39 DEGs (16 down-regulated genes.23 up-regulated genes) were found in the
vraSR deletion mutant under Van+ condition, whereas 61 DEGs (35 down-regulated genes,26 up-regulated genes) under
Van- condition, these DEGs were mainly involved in glucose metabolism, pentose phosphate pathway, tricarboxylic acid
cycle,etc. The results of gqRT-PCR under both Van-+/Van- conditions further indicated that the relative expression of
icaA was 0.447+0.06 and 0. 1740. 05 (P<C0. 01) ,respectively,and icaR was 4. 35+0.79 (P<C0.01) and 9.27+4.4 (P
<C0.05). However,the transcriptional levels of the drug-resistance related genes such as pbp2,sgtB,and murZ showed
no significant changes(P >>0. 05).  Conclusion S. epidermidis VraSR may regulate biofilm formation through ica
pathway.and it also indirectly affect drug resistance by regulating the transcription of genes related to peptidoglycan syn-
thesis.
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O B I 2 —  — Ho I R EOCHE R FE A, EE R
05 TR AT 4 B T AT BR TR (S, awrews) ™ R
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S5 5 5 2 45 (two-component signal transduction
system. TCS) |2 7715 T U 40 Mg 70 2 0 v » i
% JR% 1 A0 T I A B 45 T g 1 A Ak o 4 T AR A R G
HrzRiE. TCS #%.0 & W /e W I8 75 8 H (response
regulator, RR) #1240 & 2 45 H % ¥ (histidine kinase,
HEK) W54~ e A 41 73 4 . HK — ik oy 85 2 1 (%2
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WIREIE B
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core/CP000029. 1, %% 5% 4 I ¥ J5 LA 2 B 3% 1 ) % 3R
RP62A b AR HE P 2H - AT AR T
2 RNA A E

2 M HE BRI SE1457 Ml AvraSR % Fh S 5 42
FhF TSB(Trypticase Soy Broth) ¥ 3£ 3,37 C. 200

epidermidis

r/min £& & 1 SR B 4% 1. 100 #i B 2= TSB By Jf 5
LR EEFE 5.5 hy IMA T 3 & (1/10 MIC ¥ £,
Van-+) , [A] i B E AT 8 R0 AL (Vano) , 4k 22
K 3% 30 min JG U 0. 9% NaCl P 2 ¥ (6 000 r/
min) ; A 0.1 mm Ziconia-silica bead. fE4 A 315 3%
¢ (Mini-Beadbeater, Bio-Rad) I 947 41 I B #% (4 000
r/min, 40 s/ .3 5 WL, HAB VKB B FE 1 min; 14 000
r/min 2.0 2 min, B _E ¥, % RNeasy-mini kit(Qia-
gen) $2 M RNA, A1 Wy 5844077 « S B AN TG K & B L3
RNA, BAFE A 3 Aok 7 152, $2 LAY RNA 0K
RAr.

K H Mlumina HiSeq Ml 57 ¥ 5 58 J 40 B 04 e sk 41
W 44 2 Tllumina PE SCAE#EAT 2150 bp Ml FF . )
DU 19 D Je 5 90 E A7 O Ak, 3R A5 &5 BT 4 clean reads,
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% (Fold Change . FC) 37~ Wi £E i (4D 8] 323k & 19 kb
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# (False Discovery Rate, FDR), 4+ %1 78 GO K&
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— VU (B K B Ol R SR AT B . gyrB (DNA gyrase
subunit BYZE[H R 2 5L A . B 19 358 Y 3% Sk F
X E R (2D FoR, R EL 3 K, K Bea
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sdh A purN) EPIRETE B Cp fLA | p fIB) | W5 BE AR 1
(nrdD) VB IR A WL (gltD) RS CpfID) . T
AR Cser p 2257) 5 5 3 5K SF- 1 ] 19 36 B op A7 78
2 5 D RE AT R R E &

#F 1 qRT-PCR BiIE5| 4
Table 1 qPCR primer sequences

5149 4 Fr k7]l P
Primer Sequence(5™-37) Product size(bp)
IrgA-F TCAACAAGCATTAACGAT 194
IrgA-R GTACGAATAGGAATCCAATA 194
cidA-F TATAGGCACAGAAGTTCA 189
cidA-R GCAACATCCATAATTCCT 189
icaR-F CCTTACATGATGAATTGATA 178
icaR-R AGTGAATATACTTGGTCTT 178
icaA-F GTATCAAGCGAAGTCAATC 130
icaA-R ACAGCAATATCCTCAGTAAT 130

serpl412-F AGTACAATTACGCAACAAGT 185
serpl412-R GCAGCACCTTCTACAGTA 185
gntK-F TTGATTGTTATGAACGAGAA 159
gntK-R AGATAATGGTGACATAGGAT 159
glpD-F TTGATGAAGTGAGAAGTG 185
glpD-R AGTTGTTCCTACATAAGC 185
fruK-F GTTGATTCTACAGCCTTAG 112
fruK-R GCGTATCCTCATCTACTT 112
sdhA-F CCAGAACAATCAGGACAT 111
sdhA-R AATAGCATTACGCATTACAC 111
serp2114-F GCGATAGGATTGGAGTCT 121
serp2114-R CTTGTGTTACTGGTTCATCA 121
serpl909-F GTCCAGTAGTTGTTAATCAT 156
serpl909-R TTGCCAATGCTATACCTA 156
gyrB-F TAACAGCAGTCGTATCAA 148
gyrB-R CCTACAGATGGATTCTCAT 148
gltD-F ATGTGGTGCGATAATCAA 134
gltD-R AATGACGGAAGAGTAGGA 134
serp2380-F CACCAACACGAATCATTA 156
serp2380-R GAACAACATTAGCCAACT 156
serp2381-F AACAGCCTGAAGAGATTA 162
serp2380-R TTCCTAACTCGTCAACAT 162
pbp2-F AAGAATGAAGACCAACAA 142
pbp2-R TTAATGATGAACCAGTAGG 142
murE-F GTATTACTCACGAAGCACAA 154
murE-R GCAATCATAGCAGCCATAA 154

murAA-F ATATGTCACCACGAGTTAT 121

murAA-R ACTGATACCATTACGATACA 121
sigB-F GTAATGAGGTCGTTGAGA 184
sigB-R GTCTTAGAACTATTGCTACAC 184

2 Van+ &4 T AvraSR RE#E SE1457 FF A #
REHFW

T HBERENZMT (Vant) ,AvraSR A8k
5 SE1457 BF A fRFL A LA 39 25 S R
Horpr 16 A FE PR B SR oK T L 23 AR A% SRk OF |
(R 2, BTN 8 S 55 RIE R
(serp2381) MEEE i 5 05 5% 4 (gdh  galU . gntK) &
R AR (gleD) VEAR (narG \narZ) % ; 1 5% K
FIEMERN EE S 585 KM GibA  ribD  ribH |

ribAB) EHABG K (rps] srpsF) A
3 Vant+t5 Van-FHEBTERREEERMILLE

& Van+ #l Van- W Fp 554 T A 6 > 22 5 Rk i
(wvraS., vraR, SERP0224, gitD., SERP2381,
SERP2380) % FiH.SERP 0224 % fith— {557 () %
FEE M. gltD Gy 43 2 BR A B WAL . SERP 2381 4
T 90 1 2R TR 0 it I % 3R AR 1 WPk, SER P 2380 4 iy —
iy itic A . 6 ERWA R/ T AvraSR 528 £k
5 SE1457 Hf A= Bk AH Lb, T 25 H A O KL A pop 2,
sgtB Fl murZ SFW K- 0B FE WL
4 AvraSR T #k 5 SE1457 &M ERRIZEEY
36 IE

454 AvraSR BRI AW F R A, R oRT-
PCR Xt #8726 S5 IR H A HATIIE (R 2), 451 B
/RSAE Van+ &4 T 5 SE1457 ¥F A #k 41 kb AvraSR
AR PRI 5 AE WY A G SE I icaA FHXT IR HE A
0.44740. 06 (P <<0. 01).icaR 3 4.3540. 79 (P <
0.0D); SA AR P ML T-AHOCHE Y Lrg A FEXS 3k &
g 0. 1340, 08(P<C0.01) ,cidA 4 3. 60+ 1, 54(P <<
0.05) s BEACHAH CHE P g K AH XS 3K 50 0. 10 &=
0.08(P<C0.01),glpD 2} 0.5040. 23(P<C0.05); 5
WA TR IO ik 42 AH L ] sdh A FHXT 358l 2. 02+
0.49(P <C0.05) 3 gltD .serp2380,serp2381 H [K A5 X}
TR AR 0. 2640, 09,0. 26£0. 09,0. 2340. 11
(P<<0.01), fF Van-%cfF T 5 SE1457 M [t AvraSR
RALMR N icaA XS FRIKE N 0. 1740, 05(P<C0.01) ,
icaR 9 9.27+4, 4(P<0.05);1rgA 24 0.1040. 11
(P<<0.01),cidA 4. 60+ 0. 46 (P <<0. 01); gltD
serp2380 . serp2381 F [ AH XF FR ik & 43l Ry 0. 44 =
0.37.,0.3740.12,0. 170, 08(P<<0. 01), #j4jBk &
Mif 2540 G KL R an 75 75 R 45 & LB (pop 2) W I
T BEIE N (stgB) , UDP-N-Z, i & 3 3 4 B 1-8 2 1%
FLEERS - 1-FE N GnurAA) \UDP-N-Z, Bt BE 5 Bt 1- 14
FABE-D- 43 2 R - LM 24 IR 3% 452 Wl 5k BN Cmur B 55 5% 5%
T3 J6 B I AR (P >>0. 05)

it

T3l B R 245 40 AL 4 RS0 VraSR F 2 i
TR 4 R ) 5 43 A 0 T i 3R TR e 24 R 7 ) A O 3
PRI 1) 2 s o DT o) 445 <6 0 €5 7 ) B T 1) TS 24 R B L B
1 BT A BF ST A L 4 (0 R A Bk A
vra SR B R B AR AT H AR PG AR T B R RA IR R
XS S ) 2 L RE ) T AR R T 2 MR R AIG 7E B O L B
(TEM) T W28 & Bl vraSR 58 72 B 240 Jif e B\ 4 14
FLHE 25 5wl pok g g w0t . L VraSR R A5
) A 8 00 T A2 i R 4L P AP < € 8 7 BR T (MRS AD
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Table 2 Analysis and validation of S. epidermis 1457 and AvraSR transcriptome sequencing
ARISINTT R BINTT R
I [H A3 58 3 s T 9 2 CRAZ B/ B ) CRAZR/ B L B
Gene and locus Description or predicted function Van- (mutant/WT) Van+ (mutant/WT)
RNA seq qRT-PCR RNA seq gqRT-PCR
Drug tolerance
vraR DNA-binding response regulator VraR 0 ND 0 ND
vraS sensor histidine kinase VraS 0 ND 0 ND
IrgA holin-like protein LrgA - 0.1040 0.13+0.08
cidA LrgA family protein - 4.6040. - 3.6041.54
murAA UDP-N-acetvlglucosaminel-carboxyvinyltransferase 1 - 1.084+0 - 1.2040.75
murE UDP-N-acetylmuramoyl-L-alanyl-D-glutamate-L-lysine ligase - 0. 99+0. 20 - 1.574+1.29
stgB transglycosylase domain protein - 0. 8540. - 0.08+0. 30
SERP2380 MEFS transporter, DHAZ2 family, multidrug resistance protein 0.07 .37+0. 0.16 0.1740.03
pbpl Penicillin-binding protein 1 - ND - ND
pbp2 Penicillin-binding protein 2 - 1.06+0. - ND
Pbp3 Penicillin-binding protein 3 - ND - ND
Glycolysis/ gluconeogenesis
SERP2112 alcohol dehydrogenase 0.17 ND - ND
SERP0224 glyceraldehyde3-phosphate dehydrogenase 0.16 ND - ND
pgk phosphoglycerate kinase 0.16 ND - ND
SERP2257 meso-butanediol dehydrogenase 0. 04 ND - ND
SERP2379 oxidoreductase, short-chain dehydrogenase/reductase family 0. 15 ND - ND
ppdK pyruvate phosphate dikinase 5.9 ND - ND
SERP1250 glyceraldehyde 3-phosphate dehydrogenase 7.94 ND - ND
mqo-2 malate: quinone oxidoreductase 3.73 ND - ND
geh-1 lipase 4,84 ND 0.81 ND
gntK gluconokinase - 0. 3440. 0.1 0.10+0. 08
gntP gluconate transporter - ND 0.14 ND
gntR gluconate operon transcriptional repressor - ND 0.11 ND
gdh glucose 1-dehydrogenase - ND 3.84 ND
fruK 1-phosphofructokinase - 11.43+2.99 37.53  7.2042.92
gapR gap transcriptional regulator - ND 6.41 ND
glpD aerobic glycerol-3-phosphate dehydrogenase - 0.3840.11 - 0.5040. 23
Pentose phosphate pathway
SERP2381 fumarate reductase flavoprotein subunit 0. 06 0.17+0.08 0.13 0.23+0.11
sdhA succinate dehydrogenase 0. 28 0.6540.13 - 2.024+0.49
purN phosphoribosylglycinamide formyltransferase 0.08 ND - ND
purH phosphoribosylaminoimidazolecarboxamide formyltransferase 0.09 ND - ND
nrdG anaerobic ribonucleoside-triphosphate reductase activating protein 0.07 ND - ND
nrdD anaerobic ribonucleoside-triphosphate reductase 0.08 ND - ND
Biofilm formation
pflA pyruvate formate-lyase-activating enzyme 0.02 ND - ND
pflB formate acetyltransferase 0. 04 ND - ND
icaA intercellular adhesion protein A - 0.17%+0.05 - 0.44+0. 06
icaR intercellular adhesion regulator - 9.27+4.4 - 4.3540.79
Phosphate transport system
SERP2114 glucose PTS system EIICBA or EIICB component 0. 06 ND - 2.34+1.38
fruA PTS fructose transporter subunit IIC - ND 24.93 ND
galU UTP-glucose-1-phosphate uridylyltransferase - ND 0.23 ND
Riboflavin metabolism
ribBA 3,4-dihydroxy 2-butanone 4-phosphate synthase - ND 7.46 ND
ribD riboflavin biosynthesis protein RibD - ND 9.13 ND
ribE riboflavin synthase, alpha subunit - ND 9.13 ND
ribH riboflavin synthase,beta subunit - ND 11 ND
DNA replication
SERP2406 DNA-binding response regulator, AraC famil 15.7 ND - ND
SERP1248 replication initiation and membrane attachment protein 2.38 ND - ND
uraA uracil permease - ND 43.76 ND
thyA-2 thymidylate synthase - ND 6.18 ND
ssb single-stranded DNA-binding protein - ND 10. 24 ND
SERP0357 DeoR family transcriptional regulator - ND 40.5 ND
pvrR pyrimidine operon regulatory protein - ND 10. 23 ND
protein synthesis
gltD glutamate synthase (NADPH) small chain 0.12 0.44+0. 37 0.19 0.26%+0.09
narG nitrate reductase / nitrite oxidoreductase, alpha subunit - ND 0.19 ND
narH nitrate reductase / nitrite oxidoreductase, beta subunit - ND 0.2 ND
rpl] ribosomal protein 1.10 - ND 7.73 ND
rplO ribosomal protein LL15 - ND 6.36 ND

- aRT-PCR $H 25 20 0 3 Y S SE R 25 0L, e SR A F P 9 {8 E AR ME2E R 7% . ND, BEAT KM 5 - BT =
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XA R MU . AL, VeaSR 4 8 45 4 %4 BR
ST R ZRIE . Dai &5 RGE 167 ol & Z b A it
2l 4 ¥ G0 A BR R (VISAD FLSE M 7 iy 8 2 P A i
24 1 4 B (0 4 4 BR B (hVISA) H wra SR 5 5 K F
LR, 5 I RFER (hla  hib . coa \RNAIII .agrA .
saeR ) % 57K F T I SR HAL UK B8 e BEL ¥ 1 35 (EMISAD
W BT HE 1 VraR JEARE S VISA A1 hVISA
) bR 3 ) BE RS 3l F XA 3R W] VraSR A fig [A]
PR 1 4 B0 2 BK A BE ) AR IR A ok TR SR A
2 BR TP I A o S B A

AW FEW L TE Van F F1 R (3 X MIC) 3 J i 4
FREE (SE1457) vraS/vraR 357K 1 F M 5 (4 13
£5) s WiBE vraSR J5 40 i BE B AR L X IR R ) (Bt
e % SDS) UM B SR B R AR T 40 BE A BT
A R RIS W 2Bk B TCS-VraSR L % B BEE /7,
AW 5 38 2ok 5 S 40 LG R AP 25 4F T (Van-/Van
+)ovraSR ARk SE1457 BF AR bk i) 25 S5 Rk KL
Jfi i qRT-PCR S0 1iE . DAR R 3K Bz 4 4 BK @ VraSR
AW F I RE

Van+/Van- 24 T A M Bl AR 542 7 R
B Tl T2 W A2 5 TR 2 SR AR 2 KR 3, Van+ 5%
T B T A W B B iR 12 Van-55 4 T
B LN EEEREARGBGER . KRS
PP 3R T 200 i BE () T S . AR IR SR AT L B
SR IKOT T 8 11 22 5 3 8 5% DR e S35 380 0 435 A b S5 2R
FRAR R TR e PR B A L. Y Ah L B RERR A A
I AT 200 L e ) o S 3 0 S W0 TR MR 3R A A 1
il 1) 7 ) WO TR TGO 3% A8 A G R TR ) % s K F- T A T
AEZs T BUWEBE R G K P B L i vra SR %8 722k 4 Jifd
BEVN 56 88 O I8 [ 4 A BE Y 40 2E R B0 E 3 sl HE T
AN G R R 7 (T A2 1 T R .

WFE & B, VraSR 75 4 8 64 4 %) BR 16 ok 2
— 5 i 24 A5G B R T AR g R A R Y S IR R b
B JAH 5 e R 118 538 ok 52 i) 45 B €5 ) 7 R AT 19 24 )
JEAEN T A T A0 M RE A7 B B & A AR, VraSR
RGTAE TR 5 3 — O 2 A OC BE R 1) 3R 3k W pbp2
(FHEESEM) stgB BB . murZ (UDP-
N- 2, Tt 22 6 4 750 W s 19 DA ) 2 s Tl 25007 A
Xt 2 T AL BRBE I A ik AE . Levinger M i B 5%
R oraSR K H 45 ] 46 45 0 €0 3 4 BR T 09 T 24 4
TE I BT 653 49 IR A N315 #4 JE vra SR PR Bl 2K Bk
AN R BE A A SE 3 ] (N pbp2.sgtB R murZ %)
B ST KT TR A I X 240 M BE (4 B AR R O RS . 4R
T ASWEFTRT I & B, BB vra SR Ji 2 B 3 %5 3R 1 2%
KRS T T R R AR PR Sk ARk S Y SRR 3
M PR KB R U R A A D A SO 22 7oA 1]

2. qRT-PCR #1 Van—+/ Van- &4 F 690 7 45
R RN AvraSR 5 78 BRI 25 AH OC kI pbp 2,
serp 1412 .murAA FWH K5 SE1457 M G B
#7255 R W] VraSR AT G 8] $2 8 45 34 B i 49 BR 1 1) 24
YU L 5 4 8 6 A IR VeaSR [ 98 45 L A
IF] .

WA o 32 B A % BR R AR B0 IE EIRAS R T
A 2 BRSBTS S0 A ) TR B0
A= W — BT AR Bk 10 05 38 A U A A AR A
oy P 5 | R TS 245 1P 484 im R R 2 R e i) T P R L O RE
5 20 P AR A RSl . AW i i A
2 B Y (extracellular polymeric substance, EPS) £
LB B AR B KT it EPS 19 32 2 B 4 2 4
i1 £ B (8] Bh [t & (polysaccharide intercellular adhe-
sion, PIA) , PIA 15 5 ica $RYNT % 15 1Y) 58 11 I %
FEY) . qRT-PCR #E— 20 5 Uk A= 9y I8 J0AH O 5k
P e K P FE Vant/Van-Z T AvraSR 57 bk
F icaA lrgA FEH R, icaR . cidA L EJE, X 0]
AEJE AvraSR 78 Bk A ) OB IR FEAR 1Y SR B, 5 W
SRR 4 R — 8., S 4h, VraSR W] fiEif E i Ci-
dA-LrgA V45 2 B 1 %9 BREA 9 B 77 1 40 i 7B 1, LA
P E i i — 2L HESE

TEXF B 3 vh . G BB o BE 7R Van +/ Van- 7 Fif
FNFT W e sROKF U S — BUSUR A5 & O e AR v L 7E
R T X R REHBIANEFERERLER P
VraSR A fE HIEHE R LA serp2380.serp2381 F
gltD 33 iF gRT-PCR B3 iiF 55 i S 41 37 45 2 — 3.
serp2380 Jk PN 7 4 B (0440 4 BR B g 19— b 25 W) %
AR B DA ok 2 s o TR R G S K A v R S 2
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