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Bi73: Wksimholl Apgo] F7kehA Wkawhollell fhpAdol AstE wEA T WA
FAXESE - dravtoll FTE WA FAEELA(VISA), whavtolil B

olgf3t ol 23 FHAFTL

STt mR opH7hA] wramteldl ghrAd Ashe] Z1Heo] Ags] g EAl ehekow,
ofefdk nksmholAl A Astell= wvwidlel w3 ve AR7F AEshs
Aeow FAATG wbd drmvioldl A Aste] 71de Felsly] $atol

™
AZH BA fA%e BA AR AFIE FAA AN ATE B3 R4S

g ol Ae FoldlE A%How MRSAZE Felui e sl
2l 27] whavioldl A A E=AdI(VSSA) w9k o] % hVISAR st
I = isogenic paired strain®} A @A oA A S isogenic paired strain, 1|3l 0|
=

2lE VSSA, hVISA AT Aoz P o, VSSAE thEE, hVISAS

Aoz Aottt MEH T FHEE fFAA] it AAE FRasLAqNS
AAHRT-PCRYE Aldete] d Ao Aol7t = FAE dAAsddrh =%
microarray'H S ©]-83%F transcriptome Aol A tHETQ VSSAO| H|E] Al

hVISASI A W@ AE7E 1se) o] Aol U A Adste] RTPCR HAMR

o] wlaLslqlch. ©]% allele replacement 175 Aldste] %A FHA7t
Hl2d sk e wkammtelal Wdeol AaEs Vb Al ZA ST Hee s
Aol e A A7 ME R oole] A F8A4el sl B8]

=
A8, thre Fo] glE ATF VSSAS hVISAS tia o s o] AAR §HdA9

WE Aol & RIPCR AR Hlal BASIA olF FAH, 9gxow ouge
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LST sequence typed & w9l Ho|w=7} 714

A3 F 24%%9] isogenic paired strain®l| A M| EZW I} TA oA FAE {-Hxle] W

Z}ol= prsA, graS, graR, spa, mprFolX AN, F 4*%9] isogenic paired strain®]
transcriptome Aol M= AlEH FAAI AFEHAY AL diAbg, 8ATIEs

A BAE FARE (capAB, uredB, IrgAB, splF, splC, atl, thiE, opp-2C, opp-2B, arcC,
arcD, metB, gltB, adhE, nord, ilvB)°] 2lv|3l&= Wd S A4S RSl o&
A o] th3k RT-PCRS 31 S Wl ST59I A= capdB, atl, STT29 A= uredB, IrgAB
FA127F oJules ] o7t UATE Allele replacement & Al AuredB, Aatl,
ASA1221-2 wild type 570l W&l °F 20% ©]’d PAP-AUCE TFAAIF O, AlrgdB+
PAP-AUCCIA  oJu|gl= W37 AL (7-9% #HA), capABrdA7F vl 2738t
Aol EHEA] £t o] F hVISAY VSSA U5 (hVISA STS 3037,
hVISA ST72 1675+, VSSA ST5 3075, ST72 2075)0ll Al 7] FAxEo] i3 24+&
A% 2Fo]E RT-PCRE #A31S Wl STSE graS, capA, capB, STT2E sigB, ureAB,
capAol A g AolE HIUE o]F ROC AX BAE B3 HHA/xRdEY
23S Qs o™, ST59 X = graS, capB, vancomycin MIC#E Z3HAUC 0.92)°] A
AR ke wE el 53 oY W WIFE 86.6%, SOk 83.0%,
YAAASE 83.8%, A5 E 86.2%N oM, ST72o| M sigB, capA, ureB +71A}
HHGF ZFAUC 0.85)94 68 o)Al TAE 81.0%, SOl% 90.0%, FdA5%
J

86.6%, SAdZS%E 90.0%S AT = I

AE: ¥ A7E F3] hVISAE VSSASH RS o Al SR

F %A}, global regulator, 8.4 A4 3 A4 diabel #HA e oY KA wd

A7k Qe Ae A & ASITE ol hVISAel WAL ofe w@re] A=7}

HESHA Agehs AE AlAbeH oleldt FAIxbEel wkswkeldl A A st

ol Zldst=A A7k FF FB8sirh Eo ot #iAe] wHd HAEE
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HEA-E YA B e (Methicillin-resistant  Staphylococcus — aureus,  ©] 3}
MRSA)el 9§ AL & o3& AdES Holw!' 2017 =l A Alddgh
AAAA e FAFEdd o 50% °]de] MRSATE? MRSA

asboldle] AAHow AgEEd whaloldl Apgol ZF7kahEA

1

A
HkzmpolAle]] 7FAdo] Asle FAMEEAdFEo] HiE o] g} Hbzmlo] il

o gt A ol A st Eiait e Hksgmto] 2l B T =W
SFA) 5F &= 9kt (heterogeneous  vancomycin-intermediate  S.  aureus, hVISA)/HFZujo] 2l
S A 3 = ekt (vancomycin-intermediate S. aureus, VISA)¥} HEwjo]Al 1%

3

g Al _‘?_L:_C’éﬁ(vancomycin—resistant S. aureus, VRSA)®] T+ 7FA o] 9l
VRSAT AT O ZHE vand genes F535to] WA AMAH o2 Ao
T 5T VISAE whavlo] Al & A9 A5 = (MIC, minimum inhibitory concentration) 4-8

pg/mLol 3]F= = HFola’ hVISAE Hkzwvlolal 7H4Ad 3 ¥ & 9kt (vancomycin-

I

susceptible S. aureus (VSSA) AFo]oll A 1/10°~1/10° H =] =4 HIEE VISAC| &3+
1 EFchsubpopulation)©] A1 Q& AS-E 9nETht hVISAE  VISASH
VISA #Ae] d A= Azterce

= a1 9low, hVISAY] fFHE2 w4
A9 2L AAR Wl wel ZolE Holed] FulelMiE 20000 ALow

FEEUHMIC, 8 pg/mL)o] Felxoms
20087 20109 7HA4] @ ol EHE 260 MRSA 75 % hVISAT 37%=
& FHES HUATY’ hISA #8359 A5 VSSA w38l HlE #dF
A& A7 B0 gkaatel Al A8 Aol fe] o Hriar gl Al

[e]

hVISAYE dutA o7 <ol Ao A AL} broth-dilution W ol A& 5x10* CFU/well<]

Z o

sufol el Aol AstEle vlde] @

2

HEH(noculum)S  AREsl7] dwitol] # HEHA @F=vh hVISA W EF

WL ol KA. 4 31H A (population analysis profiling-area under the curve, ©]3}

PAP-AUC)H S o] &3l= Zo|th" PAP-AUCE E3 E+=F2 Mu3dl Hla) AldF2

area under the curve (AUC) ratio”’} 0.9 ©]4<d uwl hVISAZ Xwd 4= glorh? o]

WS B2 Q" AIgto] ARES] AR QA ARG = oYUk whebA
A

W Aol = hvISAol ik A&k ek 7]Ho] g -Hh
1



hVISA/VISAS Al £¥ o] W3ty whaimtolal widel F a3k 7[Hdslo]l BreA|7]=
sERAANE 54 fFHAe] Wo] o] oiugr trdAle] g W us A=V}
Agote AoR FAHM ol A7t WEe WA 7S TotebA] Egvh wehA
ol Ao A= hVISA/VISAY WA 71xde A8tz 7159 hVISA/VISAS

ez 4 Az 33 did ad g 2l HEe ZolE

do
R
2

7IHE A2 #FA8}al, genome-wide studyE G SFe]  hVISA/VISAO| Al 13
Aol & UEt = RS dotr Al shQlth 3 T4 0= hVISAS A&t

h s

Qs Awats] e old s WA Aol welshs fAA WAGS wigo
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1. hVISA & 3 MLST FHA

hVISA -2 MIC 5% $ PAP-AUC W o= A=t Multilocus sequence
typing (MLST)= A2 =kt 9] 77F4] A9 {3 A} (housekeeping gene) (arc, aro, glp,
gmk, pta, toi, yqi)el Q7NN EE wASte] MLST database (http://www.mlst.net)E
AF-8-3Fo] MLST sequence types A4 3IATE - ygholl A 7HE =3¢k ST59F ST72+
AR EA o] th2u g ST59F ST72& 7H7h vpre] A& a8l

Hksmkelal S Fo] Fol® A& MRSA wETo] & FAfA x7] VSSA
T (Ed7)9 o] F hVISAZ WalE 5 (A=), = isogenic paired strains (IPS)
(©]3} Clinical isogenic paired strain, Clin IPS)2} A& A oA HEzulo]ilol] w=FHAlA
VSSA°| A hVISAZ W3l 5 (©]3} Laboratory isogenic paired strain, Lab IPS)E
o] &Rtk 3 IPS7} oFd VSSA, hVISA A4+ A&}t

3. Cell wall stimulon®} ¥ @9 2 (surface protein) T4 A ¢&d =3

Cell wall stimulon (cell wall biosynthesis genes)?! prsd, fimtA, sigtB, murZ, IytR, tcad, vrasS,
graS, graR¥} ¥H Tl spa (protein A), coa (coagulase), ebpS (elastin-binding protein),
fubA (fibronectin-binding protein), fib (fibrogen-binding protein), clfd, clfBell td+ %z}
1S RT-PCR (real-time polymerase chain reaction)s ©]-83Fo] =7 3}$lt}h. RT-PCR<
Al § Ao dHoer E48al, grBE FE AR ARESSIH mRNA
transcript level<> gyrB cycle threshold (Ct)akoll gt 7} gene] Ctgho = YERNSI AL,
Preference Cutarget 0 & = 1} ]| Q] T}

4. Transcriptome 4]

(1) MicroarrayS ©|&3%t -4z &d

e
X

VSSA| A hVISAR W3ld 449

=8

T (G DE YR RNAE FEFT UF
cDNAE 338t S aureus MW2 T2 genomeS HIE OS2 A ZtE  probe2}

hybridizations 3| 235 &3 TE 60,0009 71 2] probeE ©]-8-3Fo] A= chip
3



(3 2)2 MW2 genome9 97%2 FHAE =E -
ol {HA dolo uwEl probed] FTE H|HAHSZ  A|ZSSITE Probet
= =

sample®] hybridizatione &3l A3 oH|A&EE& 2INF S

filo
o
o

—

HoR fFost #9 data® WIAIA fold

change #tSo.= Bttt FAE FHAEE clusteringstil DAVID ZZ1HS

flag filtering, normalizationS A A T7

P

©]-83}o] functional annotation w22 A 33} th o] VSSA #FHT} hVISA]A
WA AT 15 ol Aol Ui HAAES ez Wdsdn, Fu4
.

dol ¥R FEALR $HS Hole fiAE AEssit

¥ 1. AALA B2 93 isogenic paired strain®] 54

Phenotype change Isogenic paired Vancomycin MIC MLST (ST)
strain (mg/L) ¥ 3}
VSSA — hVISA Pair 1 1—2 STS
Pair 2 1.5—-2 STS
Pair 3 1.5—3 ST72
Pair 4 2—-3 ST72

¥ 2. MicroarrayA| 9l A}-&3F chipd] 53

Cut off of No. of No. of probe No. of Replicate No. of probe
gene size sequence per target designable according to
(bp) probe gene size
0-400 611 1 585 10 5850
400-1000 1212 2 2422 10 24220
1000-1500 558 3 1674 10 16740
1500-29715 323 4 1280 10 12800

Total 2704 - 59610

Total Number of Features (8x60K) 62976

No. of agilent controls 1319

No. of designable probe 59610
Percentage filled by selected probe groups 96.75%

(2) RT-PCR A] 3}



Microarrayoll Al A E x5S G2 Al RT-PCRe ©]-&3ato] el A9

o2 Sk JugREOoR BANAL, grBE Fx FAAR AL,

o

mRNA transcript level & gyrB cycle threshold (Ct)%k o gl zt geneQ] Ctgro =
]/]'F/}LH 2}]\1’ 2(reference Ct-target Ct)gi ]/]'F/}LH 2}]\]:}

5. Allelic replacement
Transcriptome =204 ¥ FHA 5 RT-PCR A4 ujgle= 2d
2ol E W™ AL microarray A¥foll A

2.2 allelic replacementE A| =3} Sl T,

E Aol RYY A KA4E

Allelic replacement™= H] Fo] 7I&st wWHS  Folo]  AlEEl oW Allelic

replacementE ¢ 3] pKORI, E. coli/S. aureus shuttle vector (13 1)E ©]-8-3}3 T}

Aa repF b

$raa i I
4 Pyyiteto |antisense secY

secy57oF expression cassette

cat(+)

ﬁt(_)a tt,‘-92 ,

lambda recombination
cassette

¥ 1. pKORI1 EZgAnE B repF (pE194ts2] replication 7 A}), secY570 (secY2]
570 nucleotide N terminal”]), cat (chloramphenicol acetyltransferase), attP (phage lambda
F-2F5E-2]), ori(-) (ColEl plasmid replication origin) % bla (beta-lactamase)E UEFU
% ()= gram FAHTH IHSATANAY Te s HEFHE. PxylteO promotor$}

promoter®] transcription WS AR E % 7%

Allelic replacement™= Tl 2 g o2 385}l

1) 38 F3A2 242 93] pKORI vectorE ©]-&3t cloning
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Oft

A O ZHH  upstreamT-9] 2} downstream 915 ZF7}9] specific primerE ©]-&-
PCRE ZZ3lo] o}yl 28 20|4 B nle}l 7to] 1kb 7}2Ee] PCRAMES Ao
At

4

%0

AureAB AlrgAB

B1:LR RF:B2 B1:LR RF:B2

> A o T B

i

a3 2. 84 FAAS upstream¥} downstream ¥$ PCR FZ 4}

o] purification ¥+ Th attBl A=} attB2 AHE S ligationd}$lil ©]&  ligated
DNA®} pKOR1Z2An =9 @3téle] BP reactions Al 33t UL Escherichia coli

40 2 transformationd} T (ZL¥H 3).

I upstream target gene downstream I

—= - > <

attB1 LR RF attB2 +
I upstream downstream I

BP Reaction

+ - ccdd 7

By-Prod uct

a1 3. 83 §A2 242 93 pKORI vectorE ©]-& 3 cloning



A4 EdAdWolE g9lsr] 98 EE2r= DNAE w2]3ko] attBl primer®} attB2

primerE ©]-&38}o] 2kb 7}9] PCR AHES 13819 (11 4).

attB1l ~ attB2 PCR product (2kb)

1% 4. Escherichia coli Y] pKORI1 plasmidol|A] 24 EdWolE U3y 3
Plasmid DNA PCR 2HE

nEgskE EdRelE 7] flste 4 FAdAE] okl AN primerE

12 g3l HMBYIH BAMOlE THAUT (X 3).

2
»
Oft
il
£l
o

¥ 3. EHFAAY ZAZE v@43E EFQHE TF3] 18 primer

Target genes Primer (5°—3°)

attBl-capAB GGGGACAAGTTTGTACAAAAAAGCAGGCTATACAGGAATGGATGTACTAACG
capAB-LR ATGACTGGATCCTTCTAATGTACTTTCCATTATTTCC

capAB-RF ATGACTGGATCCATGGAGATGAATAAGTATGATTG

attB2-capAB GGGGACCACTTTGTACAAGAAAGCTGGGTATATTCCCACGCTCGATGATAC
attB1-lrgAB GGGGACAAGTTTGTACAAAAAAGCAGGCTTTCTAAAGATAAAATGCATTTGTTGGG
IrgAB-LR ATGACTGGATCCAATGACTTGGTGAAAAAAGTGTGCTGG

IrgAB-RF ATGACTGGATCCATTCTTCTAAAACGAAAAACCTAAGC

attB2-lIrgAB GGGGACCACTTTGTACAAGAAAGCTGGGTTTGCATCAACAATGTTTTCGACACC
attB1-atl GGGGACAAGTTTGTACAAAAAAGCAGGCTAGAATGCAAAAAATATCATATAAGG
atl-LR ATGACTGGATCCAAGTCGGCAAATACTTCGACATCCC

atl-RF ATGACTGGATCCTACAAGCGTTAATGCAA CCATTGATGG

attB2-atl GGGGACCACTTTGTACAAGAAAGCTGGGTACAATGAAATCACTAAGCATTCC
attBl-ureAB GGGGACAAGTTTGTACAAAAAAGCAGGCTTTAATCGCTGTTTTAAATGTATATCC
ureAB-LR ATGACTGGATCCACTACAATCATTAATTTGTCTTGCTCT

ureAB-RF ATGACTGGATCCAGGAAAAAGATCATGAGCTTTAAAATGA

7



attB2-ureAB GGGGACCACTTTGTACAAGAAAGCTGGGTGCGAATGCGATATCTTCAGGAATA

attB1-pstB GGGGACAAGTTTGTACAAAAAAGCAGGCTTTGGAGATGCAGTAGACATGACTGAGG
pstB-LR ATGACTGGATCCAAGGTTTGGTTGATATATAATGGC

pstB-RF ATGACTGGATCCTTTGCGCCATATTTAAAACTCCC

attB2-pstB GGGGACCACTTTGTACAAGAAAGCTGGGTTACTTTCTCAGTGGATTTCTAAGCG
attB1-SA1221 GGGGACAAGTTTGTACAAAAAAGCAGGCTTATTTGATCCAAATGTTGCATCACC
SA1221-LR ATGACTGGATCCTGAAGACAAAAAATAATAAGACGC

SA1221-RF ATGACTGGATCCTTGCCATTTTTTCATTGAAATATCC

attB2-SA1221 GGGGACCACTTTGTACAAGAAAGCTGGGTAATCACTTTAACTAAAAAAGGTGG
attB1-SA2095 GGGGACAAGTTTGTACAAAAAAGCAGGCTTACCACCCTG TTCTAACAAG C
SA2095-LR ATGACTGGATCCAAATGATGGCTTGAAGATAGAAAAGG

SA2095-RF ATGACTGGATCCAATTGCTATTTTCATAAACAACCC

attB2-SA2095 GGGGACCACTTTGTACAAGAAAGCTGGGTATGATGTGCTTGACCTACTAATGC
attB1-SA1787 GGGGACAAGTTTGTACAAAAAAGCAGGCTTTTACACGTATCCTTTTCCTGCG
SA1787-LR ATGACTGGATCCATGACTATGACATATAACGCGCGC

SA1787-RF ATGACTGGATCCTTACTGATTACACTCATTATGC

attB2-SA1787 GGGGACCACTTTGTACAAGAAAGCTGGGT TACTATCTATTTGATCATGACGGC

2 94 FFA BAol AAY) Mgt EAW|F TF

=otAP = DNAE modification  A717]1 8l S awreus RN42200.%
transformationA]| T ZF EAWolEoA 2719 F2YE AEHse] (3" 5)
chloramphenicole] &0t HlX|elA 22t Fo=HE ZHoAvW|= DNAE 8 d

U} attBl~ attB2 primerE ©]-8-3}¢] 2kb 7}Fo] Alo]=E dQlelit) (¥ 6).
p

1% 5. Plasmid DNAZF A4 S. aureus RN4220 colonyS



Aatl AcapAB AlrgAB AureAB

L e TEaEeR TRRET TOEt TWNES TR R aadl

I3 6.S. aureus RN42204] 24 S H 0] plasmid DNAS] PCR 2HE &9l

S. aureus RN42200. 2 HE| dojxl plasmid DNAE wild-type strain®. = electroporation
AlZ1 % chl0 plateoll A Agk ZFZYE chl0 A HIX oA 30C ZAANA v g3t
U5 plasmide oF-& FQlstar, 42CoA digstitt (19 7). o= plasmid7}t
chromosomeW = integration %3, 42ColA] HjFE <4 100uE Ch5S TSA plate]]
=R § 2TAdM 2 ZEYUZE A g7k stk o] 2=YE AT
i TSB i Alo] Yo 30C ZZdolA] wjslglch o]wji= plasmid”} rolling circle
replications &3] chromosome S Z5-E excision®] & WAoot FZUY7} Abeh
kol S 10 dilutionshod anhydratetracycline (ATC)O] 0, 1, 2 ug/mlol So|7F TSA
Aol =Este] 30ColA  wiskdth ol plasmid7b EFE F2Ud A
antisense secY2] Td o g Ao A7l oA HT} (Z¥H 8). °o]F %
EdWelE TR FRUL AqHE & FEUE 1570 Ad¥9ste] F2Y PCRE

skl a9,



v

Ch10, 30°C, 2days culture Ch10, 30°C, Chs, 42°C, Ch5, 42°C,
1day culture 1day culture 2day culture

»

Plain TSB, 30°C, Atc plate, 30°C, 2days culture Colony PCR,
1day culture attB1~attB2 primeZ 2kb &9l

I 7. 43T F HE ®¥o] 24dd FAATE =Y HEAsE SA™IFE
Flat= #4

ATc
(ug/ml)

13 8. Antisense secY RNAC] <93 AF 3. E4-FAx7F A2% pKORIZF

chromosome®l| integration®l Staphylococcus aureus= 7373°] A3|E SHEFE=Z E7))
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TAGAATL MR SAMol T waulold UAel g dFS Ae)

A8l PAP-AUCE 8138} 31, wild-types=oll gt =Wl F9 AUC W=

AT VSSA, hVISA oA mRNA HApEES Hlal £43 d3kE IBM SPSS
Statistics for Windows, version 21 (IBM Corp., Armonk, NY, USA)= o]8-3}lo] ROC
(Receiver Operating Characteristic) curve= YEFAATE F-H2Fe] 5, %239 JH=
Uire] BAsglth hvISAZH shbel FAAY EAHel ool wAls: o

_

oly 7] wjZo vFst fAxe} xdH S £33l ROC curves 2HAdslal 7479
NEe Solwg  ahlrh. 3 STseh ST72v A ShA, BAfAEHA,
Akl

TAAESH  EA4o] w27l wEe] STsh ST2® gEstel w4
FAREe] 28T ol g} A3 <2l vancomycin MICE E3sle] 2315}t
ME FAART e fFe fdA SdES ofd add o] Fwt
(median)?} 1AFES] (25%A1 %) 2k, 3AHES] (75%A1F) @S 7= 22 Y H, scoring
system (A AANE Tt 458H A= 47 0, 1, 2, 3 S Fo8Qlh

frAaAtEelY 289 (REarteldl MIC)S HF4E Tsle] ®&Eo(Xl ROC curves

Wa=o] )34 Student T test =+ Mann-Whitney U testE ©]-83lo] T A4

242 A9, Pakel 0,05 )8t W BARom ougika e
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LR

1. AxY #d {f4A 9+

IPSO Al ST59F 8722 77} Y19 cell wall stimulon (prsA, fintA, sgtB, murZ, IytR, tcaA,
vrad, graS, graR)®] A} oS vl aL, Aol A HA S Bl alsklth
Clin_IPS ST5 3%, Lab_IPS ST5 8%, <Sl/t+r< ST5 VSSA 10¢ =, hVISA 107F5 2}
Clin_IPS ST72 2%, Lab_IPS ST72 11%, /v ST72 VSSA 137, hVISA 5S¢ 55
o]-&s} 3t}

(1) prsA, grasS, graR

Clin IPS ST53% % 240l A, Lab IPSST5 8% & 740l A] prsd &l 7471 Aot
(£ 4). Y3 ST5 hVISAS A %= VSSA® B3] 528k prsd 2@ 7271 ATt

(P=0.005) (-2 9).

Clin_IPS ST5 3% ¥ Lab_IPS STS 8% E5FolA graS 9 graR T&d 747} 3ldor
(3E 4), T hVISAOIA = VSSAe] Hl&l Fo&tAl graS B graR E HATF
AA Tt (P=0.006 for gras, P=0.005 for graR) (L8 9).

¥ 4.ST5 Clin_IPS$} Lab IPSSNA Q] prsA, graS, graR '&d W]l

prsA mRNA graS mRNA graR mRNA
o transcript level transcript level transcript level
Fold change
Clin_IPS 1 -1.92 -1.31 -1.54
Clin_IPS_2 1.12 -1.56 -1.24
Clin_IPS 3 -1.36 -1.28 -1.00
Lab_IPS 1 -1.09 -1.93 -2.31
Lab_IPS_2 -7.65 -12.47 -5.93
Lab_IPS 3 -2.98 -1.88 -2.45
Lab_IPS 4 -1.55 -1.80 -1.62
Lab_IPS_5 -1.45 -2.43 -1.81
Lab_IPS_6 -3.05 -2.75 -3.74
Lab_IPS_7 -1.37 -1.93 -2.90
Lab_IPS_8 1.02 -2.28 -2.12

12



prsA grasS graR
1.5

P=0.005 . P=0.006 P=0.005

e
N
?

60

o

o

o
1

g H H
H H H
= 40+ - = 1.0
o o o
H H H
g g 0.10 0.093 g ——10.751 .
b —_— 2231 bt b * Tl
204 - 0.5 oo —f 0522
% % 0.05- 0.05 % -
—t— 8%
0 T T 0.00 T T 0.0 T T
VSSA hVISA VSSA hVISA VSSA hVISA

a3 9.ST5 Y4TF VSSAS hVISA ¥T9) prsA, graS, graR £d 24 v
ST72 #FEolM % ST59F Ud o] st

(2) fintA, sgtB, murZ, tcaA, lytR, vraS
fmtA, sgtB, murZ, tcad, vraSt Clin_IPSQ]— Lab_IPS, AN TE
W7 §llom, iR IPSolA d¥bd gle Hd far) siglou et Tl A

T Aol 7k gl (L™ 10).

rr

lytR
0.15+
P>0.05
2 1 .
.§ 0.10
5
g 0.054
E
H
_'?'_0.018 =. 0.013
0.00 et .
VSSA hVISA

23 10.ST5 ATF VSSASH hVISA %479 R 4d £ vjw

xH S {5 H1R}F (spa, coa, ebps, fnd, fib, clfA, clfB, mprF)°l Wt &S PSS}
Aol A BlaES T Clin IPS STS 3%, Lab IPS STS 8%, YA+ STS VSSA
1075, hVISA 1072} Clin IPS ST72 2%, Lab IPS ST72 117, 474+t ST72 VSSA
13755, hVISA 5 & o] &3} 3 th
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(1) spa, mprF
spax= Clin_IPS ST5 3% % 24o|A 3¢ 747} 9J2lal Lab IPS ST5 8%l A%
% dgo] fAEHJTE (F 5. ST5 YAFFolME hVISAA F23HAl spa
3

Jo
ra
>
(07
[J 1
s
o
B
ol
O
38
5
u
o
i
o
o
*

mprFi= Clin IPS ST5 38 Z 27804 &&d 7147 AA3L Lab IPS STS 88l A =

BE REe]l AU (R 5). mpFe QAFFAAE WA feld Aol
o] o]

¥ 5.ST5 Clin_IPS$} Lab IPSOIA 2] spa, mprF @ W]l

spa mRNA transcript level mprF mRNA transcript level

o Fold change

Clin_IPS 1 -1.51 -1.73

Clin_IPS 2 3.62 -1.00

Clin_IPS 3 -1.12 -1.04

Lab IPS 1 -4.05 -6.00

Lab_IPS 2 -84.08 -16.40

Lab_IPS 3 -9.56 -4.45

Lab_IPS 4 -6.29 -2.70

Lab_IPS 5 -201.30 -3.16

Lab _IPS 6 -73.61 -5.71

Lab _IPS 7 -14.40 -9.77

Lab_IPS 8 -1.44 -1.57

spa mprF
3001 20-

® . P=0.04 _

2 200- § e )

g e E. 79.92 %

. '3. —-...—»":. sr1a 7 _3:_ 40 s 23

0 v C . : _ﬁ_:.
VSSA hIVSA VSSA hVISA

3% 11.ST5 YATEF VSSAS hVISA ¥79) spa E mprF D& B2 v|w

ST72 FFEANAE STssh 2 ol HUAFI
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(2) coa, ebps, fubA, fib, clfA, clfB,
coat™ IPSOlA Hukdo= g

AT ) O AR
hVISAS A EAA o= F9atA Ldo)

AALF 4 0.04, hVISA AAFE 3 0.08; P=0.04). ebps, fubA, fib, clfB=

Avtdom By Ao o] dEESIoM,

AN clfa= 1IPSOlA L3 A= W7t A

2ol 7} AT

3. Transcriptome 4] 23}

gt o) A

HAZE RO, AATFAE
24z AL BT (VSSA

PSel A
EFAA o7t

@okal Tl TH

ST5 IPS 278} ST72 IPS 2% t3lo] microarrayE Al3YstSlar (& 12), 1.54)

ol =de Szl AN

15
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Color Key

Z-score

-1 & 8.5 1
Row Z-5core

4870N
2@380N
43700

Color Key

Z-score

-1 @ 8.5 1
Row Z-5core

Lo

AB70N
28380N
A370N

13 12. DNA microarray 23} IPS|A A=A}

16

a}
=

Sig_Hierarchical clustering (common-down)

O as7om 437DN

2@380n O 28390N

gt e i e Bk S a gl

2@390N

Sig Hierarchical clustering (common-up)

M13B5

2@390N

d x}o]E HOJF= heatmap



¥ 6. ST5 isogenic paired strain 2283} ST72 2%ol A 1.54] o] &9 F7o] UNH

A 57

STS ST72
Pair 1 Pair 2 Pair 3 Pair 4
ey F7t 102 372 114 246
Uy A 182 482 127 306
ZA 284 854 241 552

(1) ST5 FFHQA ¢d F7HE Yeds FaAT &4

ST5 2280l Al 150 o] e F7HE Role A pair 19 4 1027]0] L,
pair 2] - 3727030tk ol& 20l Qlo] TEAHoR Al TUhHE Ak
28700tk digAew Alxy AP A4 #-E de AR capd, capB, arl?

T S AQ sdrF, clfB, coa® FAAE] BEA o ZraT. AxN Bl

sl

V= AoR AAAE FHAT S ZA arginine catabolic pathway®ll )= arcC, arcD,

arcB, arcA A} 3 on] QA F7EIA Y (B 7).

E 7.8T54 38H o2 &4 F718 vele 34

Isolate pair
ORF ID Gene Description

1 2
Metabolic and cellular process
MW0415 metB cystathionine gamma synthase 1.53 5.50
MW0426 gltB glutamate synthase large subunit 1.60 2.54
MW2132 alsS acetolactate synthase 1.56 1.69
MW2537 nrdD anaerobic ribonucleoside triphosphate 1.94 1.63
MW2553 arcC carbamate kinase 1.55 2.31
MW2554 arcD arginine/oirnithine antiporter 1.68 2.29
MW2555 arcB ornithine carbamoyltransferase 1.95 1.85
MW2556 arcA arginine deiminase 1.61 1.62
Polysaccharide metabolism
MWO0124 capA capsular polysaccharide biosynthesis protein capA  1.52 15.14
MWO0125 capB capsular polysaccharide biosynthesis protein capB  1.51 15.32
MW0936 atl bifunctional autolysin 1.59 1.73
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Cell adhesion

MWO0518 sdrE Ser-Asp rich fibrinogen-binding bone 1.80 3.09
sialoprotein-binding protein

MW2551 clfB clumping factor B 1.82 3.47
Cell death and pathogenesis

MW0206 coa staphylocoagulase precursor 1.74 6.97
Transport and localization

MW1274 pstB phosphate transporter ATP-binding protein 2.12 2.70
MW2082 mtlF PTS system lactose-specific [IBC component 2.01 1.61

) ST5 F53QA ¥d #4E Yehlie fARTE 24

ST5 2%l A 1.58] o] 4 wale] #HAE Hols FHAE pair 19] 49 1827]0] 2,
pair 298] 739 48274t} o5 2% Qo] TEAHOoE WdHo| HAHE FHAE
2270 1T} Cell death 2! pathogenesis®}t A ser20, eutD, secd, ssp, isdB, recX -+ A7}

FEA o Fasar (X 9).

¥ 8.ST5NA 38Xz o4 714

il
A
iuj
=
rr
Jo
)
_>|~1_,

Isolate pair

ORF ID Gene Description 1 5
Cell death and pathogenesis

MWO0386 set20 superantigen-like protein 5 -1.61 -3.05
MW0543 eutD phosphotransacetylase -1.57 -1.62
MWO0759 sec4 enterotoxin type C precursor -1.57 -3.90
MWO0767 sSp extracellular ECM and plasma binding protein -1.61 -3.10
MWI1011 isdB hypothetical protein MW1011 -1.59 -2.58
Regulation of metabolic process

MW1813 recX recombination regulator -1.51 -2.45

(3)ST72 T 54 ¢4

ol\

712 yehiE AR B4
ST72 220l 4 1.58] o|AF wae] =7

P
f
o
rlr
Jo
)

}+= pair39] 749 1147H0] 11,
pair 4¢] A% 246G olF 24 Yol TEHOR Walo] FrhEE fFuAbE
24719k, g os Axy A A4 A=A Ade FHAR] capd, capB A A7}

ST5el A e m7iAl2 &4 o= F7kelgith. 53] ST7201A4+=  nitrogen

]



metabolism¥} urease production®l| ¥ wured, ureB, ureC, ureE, ureF, ureG, ureD <]
A7 FLskAl wdo] F7FskSlal, VitBl metabolism¥t 135 o] carbohydrate
metabolism= A 7| = thiE, thiM, thiD FAAE S7FsFTh. E$E  nitrogen

nutrition/Ni transport®l] ATH opp-2C, opp-2B T A= S7FFI T (3 9).

E 9.ST7201 A4 TFHe2 &y JF718 Uede 3%
Isolate pair

ORFID  Gene Description 3 1
Metabolic and cellular process

MWO0123 adhE bifunctionalacetaldehyde-CoA/alcoholdehydrogenase 1.58 1.66

MW2014 thiE thiamine-phosphate pyrophosphorylase 2.01 3.19

MW2015 thiM hydroxyethylthiazole kinase 1.91 3.83

MW2016 thiD phosphomethylpyrimidine kinase 1.68 4.34

MW2198 narQ formate dehydrogenase accessory protein 1.54 4.76

MW2469 clpL ATP-dependent Clp proteinase chain clpL 1.59 1.52

MW2531 betA choline dehydrogenase 1.56 2.27
Nitrogen metabolism

MW2206 ureA urease, gamma subunit 2.22 11.55

MW2207 ureB urease, alpha subunit 2.54 10.87

MW2208 ureC urease subunit alpha 2.01 8.75

MW2209 urel urease accessory protein ureE 1.81 7.71

MW2210 urel’ urease accessory protein ureF 1.85 8.30

MW2211 ureG urease accessory protein ureG 1.61 7.61

MW2212 ureD urease accessory protein ureD 1.81 7.24
Polysaccharide metabolism

MWO0124 capA capsular polysaccharide biosysnthesis protein capA 1.51 1.58

MWO0125 capB capsular polysaccharide biosysnthesis protein capB 1.52 1.50
Cell death and pathogenesis

MW1940 hib beta-hemplysin, partial 1.53 2.18
Transport and localization

MW1269  opp-2C  oligopeptide transporter permease 2C 1.97 2.05

MW1270 opp-2B oligopeptide transporter permease 2B 1.69 2.27
@) ST72 353 ¥d #AE Yehlle fAaxE 49
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ST72 240l Al 1.50) o] el F71E Kol FHAE pair3e] A 127701313,
pair 49| -5 3067131 TE o]5 2%l Slo] FEA R WHo| FrHE FHAE
20709tk 32 A O] stability?} A% serine proteaseE encoding = splF, splC,
splB, spld 7 ALe] W& o] 7HAEF T 3 peptidoglycan turnover$} ¥ ¥ murein

hydrolaseE- encoding 3} Irgd, IrgBS] A} W o] 43T (3 10).

E 10.8T72004 FFH o2 & #AE Yehie 34

Isolate pair
ORFID Gene Description

3 4
Metabolic and cellular process
MWO0364 xprT xanthine phosphoribosyltransferase -1.56 -2.38
MW0694  nrdF ribonucleotide-diphosphate reductase subunit beta -1.50 -2.07
MWO0843  argG argininosuccinate synthase -1.62 -3.03
MWO0857  cIpB hypothetical protein -1.58 -1.80
MW1626  thrS threonyl-tRNA syntetase -1.76 -6.71
MW1752  splF serine protease splF -1.57 -2.75
MW1753  splC serine protease splC -2.34 -2.94
MW1754  splB serine protease splB -2.54 -2.91
MW1755  splA serine protease splA -3.23 -3.51
Cell death and pathogenesis
MWO0084  spa IgG binding protein A precursor -22.05 -10.27
MWO0238  IrgA murein hydrolase regulator LrgA -1.67 -4.37
MWO0239  IrgB antiholin-like protein LrgB -1.78 -4.14
MW1378  lukF Panton-Valentine leukocidin chain F precursor -2.04 -2.88
MW1767  lukD leukotoxin -1.51 -2.65
Regulation of metabolic process
MWO0085  sarHI hypothetical protein -2.46 -2.69

4. Transcriptome A4 AEE FHAY RT-PCRS °] &% T3 X}o
4
Transcriptome 412 &3 <ovd& o FHAE AHA¥ESIeY] RT-PCRS

Al ey skt
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- STSo| A W&ol 7kt AR} capA, capB (cell wall biosynthesis), atl (autolysin),
arcC/arcD (arginine catabolic pathway), metB, gltB, adhE, nord, ilvB (71 E} -4 =}
-ST5 Al o] 7FAsh 4 2} set20, isdB (pathogenesis)

-ST7200 4 & o] F7Fsk AR} capA, capB (cell wall biosynthesis), ured, ureB (urease
production), thiE (VitB1 metabolism), opp-2B/opp-2C (Nitrogen nutrition/Ni transport), adhE,
nord, ilvB (7] €} %Zﬂx})

-ST7200 4 & o] A3k AR} Irgd, IrgB (peptidoglycan turnover), splF/splC (surface

protein stability)

(1) capA, capB
STS5 Clin IPS®} Lab IPS oA capd, capB A= 1128 T 734 & S7)
A

ﬂd
©
lo
0x
=
o
oft
pa
lo
2N
©
N
S

UGS HPA (LY 13), VSSA, hVISA LAHF A
154 o]l #FE= 6% (54.5%, 6/11)°] Lt}

a9 139 B, DollA HE nwiel o]l R FE WHoE F EA A
hVISACI A capd, capB @] 3t 571kt (P=0.01). =, IPS9} /gt Tl A

SEHOE capd, capB TAAS] Mol otk o R FUMEE gelekgith
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A capA (B) cap

1.5
0.700 s
0.600 W VSSA 2 p=0.01
0.500 = =
000 mhVISA % 1.0-
0.300 2
0.200 &
0.100 = 054 — 023
0.000 g
NCY 2N Y Y 9 0 A D x .
& EEE T EE E X e 006
I MR SN SEN AN SN AN AN SN 00 '
VSSA hIVSA
FFHZ Clin_IPS_1Clin_IPS_2Clin_IPS_3Lab_IPS_1 Lab_IPS_2 Lab_IPS_3 Lab_IPS_4 Lab_IPS_5 Lab_IPS_6 Lab_IPS_7 Lab_IPS_8
capAFfc  -1.08 9.54 1.29 233 7.06 5.04 6.51 -11.46 36.37 -15.29 -1.34
(@) capB (D) capB
25+
HVSSA 5
2 =
BhVISA 2 201 p=0.01
=3
5 15
7]
' s
J ' s 101 —_— 9.28
—a— <
= 5
9 € . wle
\3{') \Qfa \Qfa \Qs & Qfo \Qe Qe \qf—; \Qfa @/ . S 110
I RO O N \?‘o N NN N SN - !
VSSA hIVSA

ZFYS Clin_IPS_1Clin_IPS_2Clin_IPS_3Lab_IPS_1 Lab_IPS_2 Lab_IPS_3 Lab_IPS_4 Lab_IPS_S Lab_IPS_6 Lab_IPS_7 Lab_IPS_8

capBFc  -1.04 742 133 3.00 6.13 533 524 -743 2534 -948 =507

a3 13. ST5S TdFNA capA/capB Al mRNA transcript level. (A) IPSU ol 4]

VSSAS} hVISAS] capAd mRNA transcript level (B) YT TEL] capd FHAE2]
mRNA transcript®] X% (C) IPSU A VSSA®} hVISA®S] capB mRNA transcript level
(D) YT TEY capB T+ AE2] mRNA transcript®] X %=

ST729] 7%~ IPSOlA] microarray Z2¥}o}= 28] 4 4o F=eH S, VSSA,
hVISA 3+ 5 ddoz #d 748 3 AyolAl= hVISAZ} VSSAo| H]3|
T8 7T} (capA, P=0.02; capB, P=0.01).

Q) atl
ST5 Clin IPS 1, Clin IPS 2°] 749 VSSA°l H]&]| hVISASNA arl 7 A mRNA
transcript®] AT ™F gheol 1.5¥] o] Aeolrb uw ou] Sl THETTE S
Btk 28y Clin IPSOIA 9= W2 Lab IPSOIA  arlS hVISAO|A] W&o

_

#edhs Asks wolt (29 14, 2 A9 dde B oo a2 AR
FAAE SRR E AH B3 Clin IPS9E Lab IPS Alolo A W& o] zjo]=
HAhE & & F UATh VSSA, hVISA 9AHFE ddor wd BAS @
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Ao A %= mRNA transcript®] X5 A B hVISAOA oAl 718kt
(P=0.04).

atl
(A) atl (B)
501
30 °
HVSSA 2 40 P=0.04
B hVISA g
20 5 30 2
Q
E .
10 = 204
1 ; * ——16.02
z 0 -
0 nE: 104 _3_8 87
Aied
Ny Y N Y 9 6 A Y e o -
cq(’ R o & 086 RHEIR IR IR R LR 0 + T
S NS NS MR N SN SN SN SN I N S
C C C A N N N N N N N VSSA hIVSA

ZFHE Clin_IPS_1Clin_IPS_2Clin_IPS_3Lab_IPS_1 Lab_IPS_2 Lab_IPS_3 Lab_IPS_4 Lab_IPS_5 Lab_IPS_6 Lab_IPS_7 Lab_IPS_8

atl Fc 147 1.65 -1.10 -6.01 -4.82 =137 -274 -4.92 1.04 -7.38 -6.55

a3 14. ST5 dFNA a3 AS] mRNA transcript level. (A) IPSUlo| A VSSAS}

hVISA®] atl mRNA transcript level (B) YT TE2] arl 72 AE2] mRNA transcript2]

ST729] 7%, Clin IPSOlA] @0l ZF7} katollar, STSH 593k Lab IPSO A&
A AgS Btk 18y hVISA A TolAl VSSA Aol HlE] el skl

(3) ureA, ureB

ST72 Clin IPS 2% R5ol A hVISAS] ured, ureB +AA H&8Z7F FAS B

32

o}
(23 15A,C). Lab IPSS] 117} & 6% (54.5%)N X ured, ureB +7AFe] H3 vl
el o, 3% (27%)01 4= hVISAC A @& o] 7hashs AZE Buh (17 15A,
C).

VSSA, hVISA w55 o= oS W wed, weB FHAAE] THO

rELFUO

o]

"

hVISACI A & etAl S71H= A (P=0.05) (L 15B, D).
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(A) ureA avssa  (B) ureA

040 .
mhVISA _ 1.5
[3
030 2 p=0.05
g 1.0
0.20 =
o —_—
g
0.10 &
= 0.5 [ ]
0.00 § . —_— 037
o8 &F &7 N O S £ —7—
R Q‘—) \Qe Qs \Qs @7 {z‘—) ge 8‘7 \Qsz &’ N _,.,_;_,,, 0.08 an
& & " ) >4
MR SN SO BN N SN N SN N
VSSA hVISA
27w zClin_IPS_Clin_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_
T 4 5 9 10 1 12 13 14 15 16 17 18 19
ureAFc 137 525 115 231 337 592 308 1472 -148 -202 -127 158 531
mVSSA
mhvi
() ureB wisa (D) ures
08 15
—-— -
0.6 % p=0.05
04 B 10 N
o
02 g
. 5 05 ' '
0.0 <zt : ey
P P B N N I A I [4 1 It
\\0\3 .\\0\3 %"§ ‘o\jz%/‘oézs,‘o\?c,/‘o\i{—,/‘o\?cnézs,‘o\?f—,/°§s/c§%,v§s/ £ o — o012 ]
C G AN SN SN AN SN N SN SN N N g T
=704 5 Clin_IPS_Clin_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_ VSSA hVISA
T 4 5 9 10 n 12 13 14 15 16 17 18 19

ureBFc 115 6.66 -1.08 1.51 333 5.03 253 1478 177 -150 -113 1.50 -5.19

a3 15. ST72 dFNA ured/ureB 7 AFS] mRNA transcript level. (A) TIPSt ol A]

VSSA®} hVISAS] wureA mRNA transcript level (B) UTTESY wed FHAE9]
mRNA transcript®] &3 5% (C) IPSU oA VSSASL} hVISAS] ureB mRNA transcript level
(D) YT TES wreB F+HAE2 mRNA transcripte] &%

ST5 1§59 7%, Clin IPSOIM  wred/ureB A & Z7E dido] HIS
Lab_IPS®| -5 5% (62%, 5/8)°] T gta Z3Fo|lth. VSSA, hVISA S/l A

=
SEH SR ured/ureB A THITVHE BlsSith

4) IrgA, IrgB

ST72 Clin_IPS_5°I A Irgd, IrgB +3xFe] FH3 Ed HA7F vewd. 539
Clin_IPS_5°A] Irgd, IrgB®] A Zgkol VSSASH HlaLslo] el o]/ 7HAskqltt,
Lab IPSS] 1178 5 10%(90.9%)°1 A Irgd, IrgBFrAdx}e] o] 743} a1, VSSAS)
gk A ghol 3ujell A 30uf o] Wdo] FrAste AdE EA (LH
16).

VSSA, hVISA 7+t o= W A4S S wl, hVISAClA VSSAd]
Hlal 528k A Irgd, IrgB BdE AE7F Wt} (Irgd, P=0.02; IrgB, P=0.04). =,

mim



ST2dFENAE= IPS d59% AFTFTEANA FEFAHSZ hVISAY 93 Irgd,

IrgB TR Hd HAaE s

B>

=VSSA IrgA
IrgA mhVISA 154
3
10 % p=0.02
s K
=3 10- .
6 5 .
a e
c
4 ] l
s
5 :
< .
2 z
0 x .
—egw
PR S . 5 g% . S, S 5 o T e
SIS
(OO N SN IR SN IR SN IR SN SN VSSA hVISA
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e 4 S 13 14 15 16 17 18 19
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27wz Clin_IPS_Clin_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_PS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_Lab_IPS_
eTe= 9 10 1 2 13 14 15 16 17 18 19

IrgB Fc  -1.06 -637 -843 -385 -600 -2866 -7.29 -17.03 -634 -429 -2528 -747 -1.19

a3 16. ST72 TdFNA Irgd, IrgB 73 A9 mRNA transcript level. (A) IPSU] ol A

VSSAS} hVISA®] Irgd mRNA transcript level (B) 973759 Irgd F+HA=9 mRNA
transcript®] T3E % (C) IPSUAlA] VSSAS} hVISAS] IrgB mRNA transcript level (D)
AT TE2 IrgB T AE2] mRNA transcripte] &%

ST59] 749, IPS9] 112 FFol| A ST72¢8} 5UASHA lrgd/lrgB-A 2} W& o] 7ha
FFol oy, AdAFAAAE fFogh ZFol7t AATE (Irgd, P=0.24; IrgB, P=0.45).

ole] & HFHAF (splFC, thiE, opp2C, 2B, arcCD, metB, gitB, adhE, nord, ilvB
)l A= Clin IPS$} Lab IPSOlA 382 Q1 & ] Afo]7b §lil, VSSA, hVISA
A Toll A frelgh & o]z gl
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AEZA 07 RT-PCRS ©]83F transcriptome FA]o|A STSE cell wall Al
#Ast= FHAR capd, capB Z autolysisOll #oJstE= FHRRD are] ov| A=
e zlo]E HQITE ST72E urease production & amino acid metabolismol] o3}
AR ured, ureB 2 peptidoglycan turnover®ll ¥oJsl= A AR Irgd, IrgB7} 2V
e Hd 2ol E BT wElA STST capd, capB, atl] W3+, ST72E ured, ureB,
Irgd, IrgBoll Wdte] th4=2] hVISA, VSSA U5 tdo=z Jad {oAe
B7Fsh7| = st

5. Allelic replacement

Transcriptome w214 A ¥ {§Hdx F RT-PCR Aol <on e o4
2ol & B FAXE ez 89S, allelic replacement®] 7]&24 02 o Hal
d&E°] 97 wi-ol microarray A¥fol| A F WE AfolE HGW AR {FHAE

F7hstsit.

>

7}. Transcriptome <41ste] A E 2 T RT-PCRAIA 97| = o Aol&
B FA

- Cell wall &2l #: capd, capB

- Autolysisol] ¥ arl

- Urease production & amino acid metabolism®l| ¥+: ured, ureB

- Peptidoglycan turnover®l| ¥ [rgd, IrgB
L}, RT-PCROIA &= F9J31A] @A T transcriptome A o] 4] W& x}o] 7} w9 7%
AR

- Thioredoxin reductase: SA1221

- Phosphate ABC transporter ATP-binding protein: pstB
- Hypothetical protein: SA2095

rr

Allelic replacement W’ -+ v 2ok

a
=
1
>
\8)
Nom
<
=
1
>
[\8)
e

7}. STS: VSSA 45+, hVISA 4
1}, ST72: hVISA 45
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EdWolF= A FFATE AdFo]l HIL

p

vancomycin W/doll tigh IS &R13t7] $18] PAP-AUCE &R13A T
-437[VSSA] ¥9] A% AUCHL®] wild type <ol Hl&l 5-16% 73tk

===437 ———437AureAB-2 437AureAB-4
9
8
E 7
) 6
g
(V] 5
& 4
S5 3
2
1
0
1 15 2 3 4 8
Vancomycin concentration(ug/ml)
Vancomycin MIC AUC AUC ratio
437 1 2172 1.0
437AureAB-2 1 1827 0.84
437AureAB-4 1 20.65 0.95

I3 17. 437 wild typed T AureAB ¥ O] FF9 vancomycin FE0| wE
PAP-AUCH]

- AMC11094[VRSA]9] A% AUCZrol wild type w5l vl 30% 723tk
[e) . =) =]
- YSK2094[VRSA]Y] 79 AUCZE®] wild type w5l HI&] 23~51% ZFAdk3itt
...... AMC11094-VRSA AMC-VRSAAureAB «eseee YSK2094-VRSA = YSK-VRSAAureAB-1
5 | YSK-VRSAAureAB-3
N 9
7 - 8
_ 6 = 7
£ =
i g E
O 4 s 2
e - 4
i 3
1 1
0 et 0
1 3 3 4 8 16 32 64 128 d 2 3 4 8 16 32 64 128
Vancomycin concentration(ug/ml) Vancomycin concentration(ug/ml)
AUC . AUC ratio ' AUC  AUC ratio
o ; YSK2094-VRSA 559 57 1.00
AMC11094-VRSA 423.94 1.0 : - — :
. : YSK-VRSAAureAB-1 27264 0.49
AMC-VRSAAureAB 296.84 070 YSK-VRSAAureAB-3 431.24 077

13 18. AMC11094, YSK2094 wild typed 79} AureAB =W o] #FF9 vancomycin
X9 o2 PAP-AUCH]
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Q) atl

=
e
o,
ot
il

EAdWo|FE F5317] 98] VSSA, hVISA, VISA, VRSA E9
=9/¢ AE3H9T, YSK2094-VRSA 5ol A T nlggste sawols T 5
AN EAW]FO] 45 AUC #hol wild type ool HI&l 27% 3HA-sk3ith
= = = YSK2094-VRSA YSK-VRSAAat!
9
 —
7 TN
— 6 \\
£ N ot
5 s %
o 3 \
S \
1 \
0 \
1 2 3 4 8 16 32 64 128
Vancomycin concentration(ug/ml)
~ Vancomycin MIC - AUC AUC ratio
YSK2094-VRSA 48 559.57 1.0
YSK-VRSAAat! 24 408.87 0.73

I3 19. YSK2094 wild typed 5} Aatl QW] FF9 vancomycin FE| W&
PAP-AUCH]

3) lrgAB
hVISA 55 <S4 PAP-AUC #to] & 3283[hVISA]S] 75l IrgdB
FAA7E v st | Eddo] oAl PAP-AUC #hol 7-9% #HAa-akaith.
9 i R
- —— .
69 i ............
g 3
2
5
1 15 2 3 4 8
Vancomycin concentration(ug/ml)
Vancomycin MIC AUC AUC ratio
3283 3 36.27 1.00
3283AIrgAB-1 3 33.10 0.91
3283AIrgAB-2 3 33.77 0.93

% 20. 3238 wild type? T AlrgAB SRl #FF9 vancomycin FEo| W&
PAP-AUCH]

Tk hVISA %F #<

MU3

Edols

ol 3= PAP-AUC gkol 23% Z713kit.
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...... MU3 s \MU3AIrgAB-1 MU3AIrgAB-2

—

Log 1, CFU/mI
O = N W A 0O N ® WO

1 15 2 3 4 8
Vancomycin concentration(ug/ml)

~ Vancomycin MIC AUC ~ AUC ratio
MU3 2 1678 1.00
MU3AIrgAB-1 15 20.68 1.23
MU3AIrgAB-2 2 16.91 1.01

I3 21. Mu3 wild type ¢ AlrgAB EQWo] #F9 vancomycin F=o] W&
PAP-AUCH]

(5) SA1221
SA1221 FAA7F HEA 3 ¥ EdWolFE= YSK2094-VRSAO A &1l WT
ol W8] v EAlsE | EdAWo|FE 38% HAsdt

| Y
------ YSK2094-VRSA YSK-VRSAASA1221
9
8 lemsansssseesreciesseasteeereenenenn,,,
_ v o I . el
£ 6
z s
e 4
§‘ 3
2
1
0
1 1.5 2 3 4 8 16 32 64 128
Vancomycin concentration(ug/ml)
Vancomycin MIC AUC AUC ratio
YSK2094-VRSA 48 673.06 1.00
YSK-VRSAASA1221 32 416.68 0.62

I 22. YSK2094 wild typer 59 ASA1221 S9Wo] FF9 vancomycin &
wE PAP-AUCH]

(6) HIEA3tE SIWO|F 9 FFo] AT /FAHAA

capAB A7 w5t ®@ EduWiel& pKORl ZEAv =S 437[VSSA],
MU3[hVISA], MUS50[VISA] 5 Ui
H| 24 3t SowolF s

OH

SF oyt capAB AT
, FEE HE ~aEd gACdA
AWolFE A X33tk SA2095,

Ess
5099701 FREYUE 1oy st =
F9o] Z9ox= pKORl ZgAn= Fe=

psiB SRR WBHE © EAwo]



AFATFE =9 ATEHAoY H@AstE SAWolFE TFSHA Xl
H g sty Edolsol AFol oy #uk oyl o]y3 FHAAE]
g2 std 45 dregobe] Aol fitnessoll F3FS Wol AEo] o Ho=
kst it

g fAAE AY A9 Ads EgE ste] kg xe} ol AAAT (&
11). RT-PCRZ o]-&3ato] & Zpol7k folabA A Ax¥ o FH42 (prsd,

graS, graR), & GNA FAZ} (spa, mprF), 12]3l transcriptome 2ol A 2w 7}

-‘_(_I_z
e

transcriptome 4 "2 allelic replacement A ol A

DN capAB A}, B3 Sl
Ao B Zol= gIIAIRE

o)A afl, uredB FAAE AAsGoH, o

il
o]lx & oA hVISACA Wol7l g Aow I

AN AAY walK, wakR,” sard,”®
agr’' 5), S. aureus®] T3t global regulator (sigB, saeSR) = X33t FHAE

EEE TS

¥ 11. ROC curveZ o] €3 hVISA AE9 F9A Hr1E & FHAA TR

A= 7%

Gene-based study prsd, graS, graR Cell wall stimulon
spa, mprF Surface protein
walK, walR, saeS, saeR Two-component regulatory system
agr, sarA, sigB Global regulator

Transcriptome 4] ureA, ureB Urea production & NO2 metabolism
atl Autolysis
capA, capB Cell wall®] capsule 73

oy
%

hVISA (A @)3 VSSA (122 dlem faxte] Bd gols wA#

Lo
rob

prsA, graR, spa, mprF, walK, walR, saeS, saeR, agr, sarA, atle ST5, ST7200 4 5
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& o] zbol 7t ATt WA, graSE STS5 hVISA] A VSSAC] H&] &lo] £9]&1
A TE (P=0.027) (LE 23).sigB= ST72 wFEol A hVISAd A W& o] 251
A3t (P=0.01). ST7201 4 wredB +71AF @& vlulgk A3} hVISAdA & o]
fFolstAl F7Fet AT (ured, P=0.01; ureB, P=0.014). T3+ capAd®] ARl Ld e
ST59F ST72 hVISAOIA F23stAl F7FsF3laL (STS, P=0.03; ST72, P=0.007), capB+=
ST501 A 93 =7} STRAAE Z7lste A3k o] ATt (STS, P=0.02; ST72
=0.06).
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9 A%g vgo

% hVISA gtel] AR 4 SH= v 59 29t

R 12. hVISA o] AH3E FH=}

T} 9] hVISA, VSSA A& TF A gugle

T Aol YW F2A
STS ST72
Cellwall &8 AA A=A} graS sigB
Genome-wide A3 A=} capA, capB ureA, ureB, capA

ST5 TFE(hVISA, VSSA)olA ROC curveZ L3S ul, graS capd, capB+AAt
GEoRE AUCHOl 0.66-0.68%2 FA  @9kth hvISAZF shube] Ay
FAPel olsto] LAk Aol ofyr] W ©E FHAe] R, Solwrt
Tk Fee FRsl AW & vk weA o2 fAAE =Feke] ROC
curves 21513l o™ hVISAS] A3} vancomycin MIC7} WA S #AA7} ez
EdHYEA  vancomycin MICE XE3ste]  FHzte}l RdYPS st AUCE
SIS TE (3£ 13). capA, capB, vancomycin MICx2 Z3%to] 7} =2 AUCHL (0.92)=

HoFAT (L9 24).

¥ 13.ST5 54 222} vancomycin MIC Z3Ho] w}E AUC 3

ST5 ROC curve®] AUC
gra$ 0.67
capA 0.66
capB 0.68
graS + capA 0.73
graS + capB 0.77
capA + capB 0.64
graS + vancomycin MIC 0.81
capA + vancomycin MIC 0.79
capB + vancomycin MIC 0.84
graS + capA + vancomycin MIC 0.86
graS + capB + vancomycin MIC 0.88
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capA + capB + vancomycin MIC

capA + capB + vancomycin MICx2

0.76
0.92

graS + capB + vancomycin x2 _ST5

1.0

0.8+

U
nl
ol

0.4

AUC = 0.92
(95% Cl - 0.85-0.99)

08

1.0

EE STS #FOM FAA TAG) e G5 AAE et gol meksgint
(3£ 14).
¥ 14.8T5 5N FAA TG =E A AA
Score graS capA capB Vancomycin MIC
0 0.103-0.19 0.00-0.09 0.07-1.05 <l
1 0.075-0.102  0.10-0.16 1.06-2.25 1.5
2 0.055-0.074  0.17-0.35 2.26-3.47 >2
3 0.022-0.054  0.36-1.41 3.48-22.67
graS, capB, vancomycin MICx2E §Akeh Fto]l 54 olgd uwf hviSA xIeHe]
WA= 86.6%, 50l 83.0%, YA IS5E 83.8%, &4 AS5E 86.2%% AT
AT
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So07 ST72
] AUCHS o3

5 (hVISA, VSSA)el A 3 Ae] %3S 2 ROC curves
EIT (3 15).

¥ 15.ST72 EFNA FAR 2o & AUC &

ST72 ROC curve®] AUC
sigB 0.75
capA 0.76
ureA 0.75
ureB 0.74
sigB+ capA 0.83
sigB+ ureA 0.81
sigB+ ureB 0.83
capA + ureA 0.75
ured + ureB 0.73
sigB + capA + ureA 0.85
sigB + capA + ureB 0.85
sigB + ureA + ureB 0.80
capA + ureA + ureB 0.76

ST72 w5l A

¥ 16.ST72 TFA FAA &

FAA WA

HArAAZE

i

g mE A AA

Score sigB capA ureA ureB

0 6.93-14.97 0.00-0.003 0.00-0.013 0.00-0.02
1 5.02-6.92 0.003-0.009 0.014-0.04 0.03-0.07
2 3.16-5.01 0.009-0.016 0.05-0.08 0.08-0.018
3 1.42-3.03 0.017-0.099 0.09-1.16 0.19-1.39

sigB + capA + ured Z3rolA AUC 0.85 ©]%]

75%SA Tk, sigB + capA + ureB

) 7L1:
-

A

81.0%, Sol%

90.0%, YA dF%

o, 63 oldd o

86.6%, &4 d=x

=14 L

90.0%= 2+l

81%, 5°|%
%o A= AUC 0.85 (28 25)0]91em, 64 ol 4d

s}
=

a3e

-
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ARt WEtA, sigB + capA + ureB AR LAY 7ol ST72 hVISA A&l T4
Fol40] gk RerakTh

sigB + capA + ureB _ST72

1.0
0.8
0.6
H
Rl
al
0.4
0.2
ALIC =085
(95% Cl: 0.72-0.98)
0.0 T T T T
0.0 oz 04 W] (=] 1.0
1-S0l %=

13 25.ST729 A sigB, capA, ureB7%S] ROC curve

71 A REE 29 o8 A AAE FF A AREsHA Buw

MRSA Vanco l SHEH|

MIC

H+ || Cut-off

= =2 g
sigB,
capA,

ST72 —— B
RT-PCR

a3 26. YFelA hVISA HAFAA Y H& #<t
ey HA A HaE A A4 JAF 2YE B STS9F STRE

E3 4= 93l vancomycin MIC H3H AA 744 HAF KA Ao FA]9
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HiugEo, weba] ST59 -9 vancomycin MICO| g =2}
RT-PCRE A3t fdx Gl we A
hVISAZ zeted 4= QLT ST729] 7

49~ sigB, capA, ureB 7 Aol tgk RT-PCR=
PEEEE

g datste] 64 ol dd A

rob

39 hVISAZ ks 4= gl At}
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2 AFE T3] hVISAO| A cell wall stimulon & prsd, graS, graR®] & o]

rir

Fasta, £ @E T ospa, mprFe] WRlo] et S RT-PCRe E3 &
A AT HE3F microarrayE &3 transcriptome w2 S &3] hVISAO| Al FH& 33}
+  capA, capB wajo] F71aL urease®t WHEH  wred, weB T Z7V, arl
(autolysin) =& F7F, thiE *+3& ZFAy, nitrogen transporte} ¥HH )= opp-2C, opp-2B2]
3 Z7} arginine AR} BEHD areC, areD2] HE F7F 5& A 5 QA
ZESE allelic replacement XS &3l wredB, atl, SA12217} H|&AdslE EdAWol =
vancomycin U]/dell tgt FgFS RIS wWl PAP-AUCY} wild typeol] 4|3
Fasts As #EEAT b A AHE EdR HJFAHoR JdAdFES
do® fxzke] wd #olE RT-PCRE 2Q13131S w STS hVISACIA & STS
B Id 77t AL, ST7200 A= sigB9]

T3k W& A ured, ureB, capA2] TEH F7HE S 4 ST ol E HlH o R
ST5 oA &= graS, capBe] W& X9} vancomycin MICO] W& H47F 5%
o4 w hVISA HE°] WHE 86.6%, 5ol 83.0%, YA 5= 83.8%, =73
AS5E 86.2%= -3 T ST7200 A= sigB, capA, ureB2] & Lo
6% o] w hVISA FAEFQ UHE 81.0%, 5°1% 90.0%, ¥ d=

=
i
jat)
-
)

e

H
0
2
2
B

24 ASFE 90.0%= -3k

2 ATE FE hISAE AlEE A" F31A (graS), AlEEA FHaE Aol
#HHJE FHAF (capd, capB), global regulator (sigB), S ATAL} FHAJE= FHA A}
(ured, ureB) oA L Zol7} le= AS & & AT o= hVISASY LA
ol o2l gAY Azt HFekA FHEeke As AAREH oW dAge
hVISA/VISA®] 7]1:& vebslr] el tha=2] Clin IPSH Lab_IPS “12]al 355

)/} © 2 RT-PCR, microarray, allelic replacement & UlHAIS] A& F3lo] ol &
st stk Aol vk E=d FAA wde] ztolE f-2iuEl MRSA
T 7P &9 ST59F ST22 Z47h o] A9 Aol 997t sk

VISA, hVISAI A AlxH o] FAGA= AL T54d ddoz Axy Aol

A3 8h= a1, v 91 muropeptide (PBP2L} PBP2°9] }utd)e] AJAo] F7lHCh!
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Mol F7YAA Hbmnlo]ilo] active site?] cytoplasmic membranel = 4t
diffusion)® = A& e Zom FAIT?Y ARt M EHo] FAAA = Hge

71 obAl WEA A FYrh hVISAdIAE AEH A pEH FHAEo]

TPAHA ] 51, vraSR two component regulatory system®} ©] regulon®l |3t FHA}E 0|
PBdAE = @Ao]  HIHJTERT dkzmwfolilo]  AEZH stress  stimulon$
A shal 7131, VISAZE € o] %o vancomycin AF&S SHA] fFolk o] &Ad3Ert
o= Ao w FASAN, wraSROIY YHE cell wall stimulon®] IHE glo] =

(e

Futol Al Uide dAlstE s #Ee A% vk = cell stimulon®] *] <2<l
Fr=7F glel= hVISAY VISAZF 2 & Slvke AS gt & AelM =
hVISASI A cell wall stimulons prsd, graS, graRe] W&ol 23
ghelakqlth. oful= VSSAZF hVISAE Wdtels Ay Fole il S

PN
T
UAA T AA] hVISA dwtFollr = Tdo] it JuH= 742 7ol At

&1
A%
LR
b
o
rir
[‘,-9{_:
o
ftlo

graST IPSO| 4] RT-PCRS A3} & ] hVISAOIA Wdo] {25k #Aasslal
T TFE dFoem A Aols: EASIAE W= ST5 hVISAOIA
oAl FrasteE e GJd¥ F AUMY GraRSE  two-component  regulatory
system® % GraR°|Yt GraS® IS vancomycin MIC F7Fe} #HHAGITRAL
HOE A L3 GraRS two-component regulatory system< T2 22 {42} (53]
AEW S5 BE fAhe] BEe 2dse Aoz Sed Aok SAw
ol# ATIAAY hvisAdlA] o] AT ATE oA pew, 37l
77t dad Aoz wabEch

)3l 49 polysaccharide A3 HHF capd, capBd] o] ZFlEE
AE&  TESISITE Capsular polysaccharide biosynthesis % ZF9]  up-regulation™] &
$742 Howden 5= ¥ESIUTE??0 o= ofe] o|f7t S & d=d opvie
VISA7} HWA 24 DA encodingdts o] F3xbe] Wo|7h dojupw Al 7Y
3ol &7 Zr7}sta wrzmulolAl YAE dAlstE Aow AzEETHY s A
S/ AAAem wtawtoldl Aol dolst=Add disiM= FrF A

a5

sigB regulon> S. aureus®l A glycopeptide W/dell 7]k Aoz AYZtE T sigBol
o8 ZHAWE SpoVGel  deletiono]  oAuAl HW e PAol HA ¢
glycopeptide W/do] Fa¥th= Hirk QIR0 VSSAA sigge] IHid o] 5

39

-

e al
il



Hhsimpol Al wjide]  Frhshve
PRAEFEANA 2388 sighe] wEe]l AT AL & F AMsH obvt=
ppol Al Wiide] S7He hVISAGEi el A= Edo] st Aoz FAHEN.
7}t T, urease=
ureABCEFGD 32+ ¢ 2Hel  9a]  encoded® ™, 845 NH:% CO®
bl E Sulleks 2o, ofu| Ak thAket - Al o HE S
aureus biofilm I A] urease AAFO| up-regulation HT= HILEOS] QP o=
ko] B SAHA dEYolrt Bo] FQst| Wit S = urease”} up-regulation] =
Aow FAZG. olH A5 ZAHet FASHAl microarrayE  ©]-83F  transcriptome

Aol hVISAO| A urease AJAFF};  nitrogen metabolismel] O] El= gene®

=
=
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Aol 4] hVISAT urease?} HHH wred, weB] Wdo| =

k
)
2
rot

(ureABCDEFG 2 narGH, nirD)s°] o] F7Fsth= A7 AATE? ofmi=
hVISA/VISA= oYX QF=o] Wi taARbEo] wor, olwi=il  (aspartate)
A T F71E O] urease HIdo] WAskE Aom FASTE o]e]d urease
U F7H7F hVISA/VISA A E 3 o 9A A=A 713S getshr] 98 55
Q771 Bas,

olelgt FHzte] Hd AEE 7IWte R s Ag AAE NI, A A A

=
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Summary

Background: Methicillin-resistant Staphylococcus aureus (MRSA) with reduced susceptibility
to vancomycin including vancomycin-intermediate S. aureus (VISA) and heterogeneous
vancomycin-intermediate S. aureus (hVISA) has emerged as a serious clinical problem. Infection
due to VISA or hVISA is associated with vancomycin treatment failure. Antimicrobial
susceptibility test usually used has low sensitivity for detection of hVISA, and population analysis
profile-area under the curve (PAP-AUC), which is confirmatory method for hVISA is labor-
intensive and time-consuming, so it is difficult to use in clinical practice. Therefore, rapid
diagnostic technique for hVISA is required. In addition, the mechanism of reduced vancomycin
susceptibility in hVISA has not yet been precisely elucidated, and it is presumed that a multi-step
process, and multiple pathways are involved. Therefore, in order to understand the mechanism of
the reduced vancomycin susceptibility, | performed gene-based study and transcriptome analysis
to determine the difference in the expression of various genes. A scoring system was developed
using a combination of gene expression and phenotypes to evaluate the diagnostic usefulness of
MRSA with reduced susceptibility to vancomycin.

Methods: I used isogenic paired strains in patients with bacteremia; clinical isogenic paired strain
(Clin_IPS) including mother strain that was initial vancomycin-susceptible S. aureus (VSSA) and
daughter strain that was transformed into hVIS A during vancomycin administration; and isogenic
paired strains generated in the laboratory (Lab_IPS). In addition, unpaired VSSA and hVISA from
patients (clinical strain) were also used in this study. I performed real-time polymerase chain
reaction (RT-PCR) for cell wall related and surface protein genes to select genes with different
expression between hVISA and VSSA. Using microarray, transcriptome analysis was performed;
genes with more than 1.5 times fold change were considered significant and analysis of the
difference in expression by RT-PCR was performed again. Afterwards, allelic replacement study
was conducted to figure out whether vancomycin resistance decreased or increased in mutant.
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Finally, a scoring system was developed for each ST type by combining statistically and clinically
meaningful genes and evaluated the sensitivity and specificity using Receiver operating
characteristic (ROC) curve analysis

Results: In a total of 24 pairs of IPS, differences in the expression of cell wall-related genes were
found in prsAd, graS, graR, spa, and mprF. In the transcriptome analysis of a total of 4 pairs of
IPS, genes related with cell wall synthesis, nitrogen metabolism, and urease production (capAB,
ureAB, lrgAB, splF, splC, atl, thiE, opp-2C, opp-2B, arcC, arcD, metB, gltB, adhE, norA, ilvB)
showed different expression in hVISA compared to VSSA. When RT-PCR for these genes was
performed, there was a significant difference in the expression of capAB and at/ genes in ST5 and
ureAB and IrgAB genes in ST72. In allelic replacement experiment, AureAB, Aatl, and ASA1221
significantly reduced PAP-AUC (>20%) compared to wild type, AlrgAB had no significant change
in PAP-AUC, and a mutant in which the capAB gene was inactivated could not be constructed.
After analyzing the difference in expression levels using RT-PCR for the genes in hVISA and
VSSA clinical strains, STS5 had significant differences in graS, capA, capB, and ST72 had
significant differences in sigB, ureAB, and capA. The score system was developed using a
combination of graS, capB expression level and vancomycin MIC values in ST strains, and
showed the sensitivity of 86.6%, specificity 83.0%, positive predictive value 83.8%, and negative
predictive value 86.2%. In ST72, score system using a combination of sigB, capA, ureB
expression level showed the sensitivity of 81.0%, specificity of 90.0%, positive predictive value
86.6%, and negative predictive value 90.0%.

Conclusion: hVISA had difference in expression of genes of cell wall related, capsule forming,
global regular, urea production and nitrogen metabolism when compared to VSSA. This suggest
that several pathways are involved, and further research is needed on how these genes contribute

to the reduced vancomycin susceptibility. In addition, the scoring system based on the expression
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of these genes had optimal sensitivity and specificity. Further study is needed to validate the

clinical usefulness of this scoring system.

Keywords: Heterogeneous vancomycin-intermediate Staphylococcus aureus, pathogenesis,

transcriptome, sensitivity, specificity
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