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ATE2:1990d o) FREEH wEA SUHsta e A YGAE S AT TS
(community-associated methicillin-resistant Staphylococcus aureus,

CA-MRSA) &= 719 ¥ Ul MRSA =<} &8 =2 ¥x5A4E 7H3a 2 =7k

7}
Adz e fFd3t 548 ze Aoz oA k. FuldA =2 3
S do7E CAMRSA % ST72-MRSA-SCCmec 1V friAt@ & zbe dtFelH,

H wul AR FRERAte] 58 Ads Hav. ol#f g CA-MRSA
of o A2 ARAIE AFAAL, AFFEC] o} WAl B AN, FA
F 2 AHlelth. AR ARA, A R s fsA s 53
g e @R Wik Ay b A ofoF shzHl =] ST72-MRSACl gk 1
A Wolel oz AyE e =R wEd ' 4ET 2 2rdnE=
od
i

ArrEsardA -2 (real -time RT-PCR)

i

—

NA I 2w E 123 (High pressure liquid chromatography, HPLC)E o] &3 A
A BAow WE Qe pE® GAAE sl

Oft

o

bar, olg AAA7
FWste A8 A9
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ol

s

o

o] F5 wHEo] CA-MRSA Wely #us Ads 3

oz

AFAEL w: FH ore}FY AWM 10° colony dorming uniti(CFU)<] MRSAZS

= 2-MRSA: 20w}2], ST5-MRSA: 20W}2]), 160AIZH7FA] A So = <l
St A AMYET 21 AR 7 WY AAS AEEAH(H EF B,
o] 10° CFUS oJ2] MRSA ¥ FE5 #AZ8tar 1047F 7o)

,‘_?L
WYL= 3 & gEZS Fgste] AFH g5 F9 AX2 Micro-Computed

Tomography(CT, Skyscan 1172 Aartselaar, Belgium)® 3xY A4S do] HA
st = F3 A4S Algedti(H] =% 2d). AT qE=e He &3
RNA 4=

T #ESETE. RNA-Seqs E3f Wdo] TrHH o Q= wAAEo] AA

NH= Fdo] Frtst=AE Felsty] 9l A% real-time RT-PCR¥}F &4

oA AR f1s HPLCE Aldske] Welol #EEAS 7Hedel e

AAE &2t} 5o]3 T H HQIQXE allelic replacement& ©]-8-3}¢]
FE UEo TE AAERYs i HEAY AolE gl

A¥: H 78T BdolA SI5MRSA #5 FES F 20vtele BT AL

o, SI72-MRSAS AR 20mbelel A 7ebe|Rb35%) A=A, A 3
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Staphylococcus aureus (BrAEEt, S, aureus)v WU AA HLfolH

AMNAA o2 74 &3 A gAts e 2 Hadgade] Aol ? . S, aureus
TSHESE ETEY] g AEFES dozith. MRSAY o HAAFS

o 7l o2 9t 109 G 329el A A EM, 20-30% $AFF Abdeks Agh
o2 g F8% BATH FAZ YFHz JodP. 53 AAHo=R
aureus °llA MRSAZ} AA|&k= HlFo] IAo| w3 F7FE HdHE HA
aureus Y A AA T 50% o] o2

A= oA 60-70%= 1 v]Fo] wl-¢- w& FFEolvh. 22 MRSA AR A
g AF&5 = A= vlg AR o2 AE 7hE3E A A= vancomycin,
teicoplanin® linezolid A=olHW, ZFAF-o wa} 4-85F A=< #7717+ ¢

9 Arst Besy FAA ARATES 708 wol BihaTh. WRSAE Th

S
S.

A BEAAE AATL A3, ARl g@ e Welgnae Axn 9
of Aze AgA o W sJure] ofFry. W s WRSA EWFL] o

o Aol AWAAAT e o @ AgATIM EAst 9,
welo] AgEel Frkshe 5 B Adsan.

1990 ] o] ATk Sl MRSAE HEAH] Fodddozg o AH = 1990

2

o FREFE] =S Ao m, Wl gl gle A3k Abgol A MRSA <
<ol F7ket7] AlZeRaL, ol % wEAl Frlste] dAAlol= A AAIA] A
7b Ha Q. A gatz] g5 MRSA = HY Wl #E5 fH4TdH 0w As
e Az dFRar, AGAslel] A gste] M vre] AdAgk A
o7 weA HAUZH. oldd r[AASe] gle Al HES doTl=,
X AALE] o A A= MRSA 2 A 9A13]EE MRSA (community-associated
MRSA, CA-MRSA)Zhar 3o}, CA-MRSAE 715<] ¥ o MRSA w59 ©e =

MEYL PRI, Agael wne] & gestel 22 AREPIL B Yo

P

.\
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713 S5 A dEaE dwde]l & duA k. wSell Al CA-MRSA H]
T2 W ok, SEAR 2 AF=ARA 5% (15-74%) HEE AA Sl
I #azol A 100 P 24350

S. aureust FTHTHOR O E EAS 2t ¢ W /Y dF(strain) o2
ERE & o, dubdor FHx 47 A9 45 T3 FAAETA &
F(molecular typing)7F Al3iEar . B2 AESHE EF=ZE= multilocus
sequence typing (MLST), pulsed-filed gel electrophoresis (PFGE), spa
typing ©] A&l ltt. CA-MRSAE 7]E9] M W MRSASF v& 484 =
AE zte dFE, A AAHSR e dF7F sbaE Aol ofyet ZF =7,

e the fAA 542 2t w7 21 AGAE ueld sl w

sT20
- ST105 ST129
ST8 @ | ST188 :
yEIs /// /sT88
ST93 - sT72
\ / /| Midwest clone

Southwest Pacific-

L
Oceania clone /
G

/ "/'._' A ..
] . sT97
ST15/
()
European clone

ST22

ST45°

0.001 sT89°

ST25

TRENDS in Microbiology

From Diep et al.Trends Microbiol 2008;16:361-9'”
a8 1. S.aureusd A7 A, 5709 A3 CA-MRSA F& (Ao = 1

5 Panton Valentine leukociding ¢35 3}3}= 1ukPV F-2 A Q¥ &0o] t}.



u]=°] CA-MRSAE= MLST sequence type ST83} STlo] =
methicillin WA HAA=E SCCmec type IVE 7AW, EAHH
Panton-Valentine leukocidin (PVL)& Zt&= dFolt}. o] 52 FHAFL
% ST8-MRSA-SCCmec IV, ST1-MRSA-SCCmec IVo]&}al 3w PFGE
7} USA300, USA400 o]t}”.
Ul CA-MRSAE 2000 d] FREFH S717F E1¥om ST72-MRSA-SCCmec IV
AAR &z o, wsoly frid) @] PVL WERIATE gl 3]
SRt S aureus #8T AFH ZIE oA ) A9 5 S
aureus w859 18%7F CA-MRSAol| &Jst zHdelQlar, o=3 &g =34
ATHY . Hol= MY el &
9, Aol HY ) MRSA #F9] 20 BEE At Q. =y ST72
CA-MRSAE= ©]=79] CA-MRSAY =ruf Wzl 9 A<l 51 ST5-MRSASH tf
A Heyrds 7HE Ths Aol mou, A w79 CA-MRSA A= F
2 "3 CA-MRSA 591 USA300 (ST8 =)ol thgh A+-7F diF-#Eojdrt. whd
of el thEZQ CA-MRSA w591 ST72-MRSAe] w3t A= F= etz
AR ESA el Wie Aow e Weld wig dae A gld. 32O
o AFE E3& = ST72-MRSATHe] Eo]z el WX
1zpell o5 W=Aol AAH7] Hue HEQIAEY wd HALE xddes
global regulator®] A4 %d we} gatd Aolgta oisls Jrog™!?
g g ueke] A stol]l W= CA-MRSAS] A SAV oy Wil e fsiAE
U 3 52 ST72-MRSAE EPAlC = gt A7F Wh=A] F g3t}
AT s Il HY A HEdF STS-MRSA o5
CA-MRSAC A 7F¢ =3 ST72-MRSAS] W=A4 3 WEAAE FSlstr] 9 &

APEAst fA4 BAS ol §¥ ATE ARG, BE 49 22 o

= j I

typingo. 2+ Zt
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o
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Z(bone and joint infection)°] T3 7

i

&to] ST72-MRSA9E STS-MRSA 7 w#52] 54 2pol& &lstal, RNA-seq, 8T
real time RT-PCR #} A7 =ZvtE 123 (High pressure liquid chromato
—graphy, HPLO)E o] &3ty F8 W&

CA-MRSA 18 <lell 7)o &=
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1.A+ 7l
20130 LxE =W S, aureus 7#8F ATE HWE CAMRSA 7o HEES
ST72-SCCmec 1V-agr T MRSA with agr function ©]lar, <Y U] MRSA 59| tjF-i

F

& ST5-SCCmec 11-agr 11 MRSA with agr dysfunction ©]QtH® . ejm= 2 ot
Mz =Wl CARSAS] WEAS &Rleby] el 7P =3 5¢1 SI72 with agr
function®} WY W oq 7P &3k ST5 with agr dysfunction 2] 543 M|l
te] ST72 with agr function ¢ W=RJAE RISt 28y} T Q3% global
regulator®l agr function oJ5F-7} W51z} ol JakS Fof WxAd *olE e}
W Qloemg ST5 with agr function ¥+ ¢} ST72 with agr dysfunction ¥%&
F7¥eto] Hlaslt. B AR Aol M= vsr Wl CA-MRSA 3 w5%] ST8-MRSA
(USA300) w=oFe] Apol= 2Rlskglth. MRSA o =l thehgle] MRSA ¥ d<
ATl A Dol A T delm dA ko] o] 8kl USA3002 E+ dFE ©]
Btk (1d 2).

ST72 with agr function vs 5T5 with agr dysfunction
: 2LY ChE CA-MRSA 89l S0|5 &S QIR 80l 93}

:agr function 0{ £7} F= FEE tlix|stz| sk
5772 with agr function/ dysfunction,

STS with agr function/dysfunction 73 H|11
0|3 U 83 2321 ST8-MRSA (USA300) =&

SEZ /Do Dol HEAM X}o] H| 3 * RNA-seq
Ele R 2 PSRl Real-time RT-PCR

HPLC & LC-MS
s £ M HAfet
HE SH U K| 24
>E0|5 22 HOIQIX} &Pl
SaB0|F 7y




2. 4958 49 24

7h F HdEs B

(1) 29 w9 4

ST5 agr dysfunction, ST72 agr functions H.o|&=
st 72t 200te] o] Fol AAARTGEE D).

(2) 28yt 24

w15 A A

rlr
41
N
of
=
=2

28552 outbred immunocompetent CD1 Swiss female mice, 659 Uo]E& A
g3leo] FH okebF9l Aulo] 10° CFU MRSAE A Eshal, 160417714 <
2 Ask H AMEEIN H & E NS o] &ste] A Ao 74 ®HeE &3S

10+

N

ST72-MRSA  (agr function), ST5-MRSA (agr dysfunction),ST5-MRSA (agr
function) & Wi ¥+ 1575 AAste 2tz 5ubg] A A 7141, USA300 <

T 3ukEle] FHol AAARTGE D).

Q) H} 24

Outbred immunocompetent CD1 Swiss female mice 6% FH HE L5 F
AHom st HEITS ==A7]aL HEE T4 F9lol 216 needles ©]&
& o], 10° CFUS] MRSA 55 HTsta &4 WHoz B§st 5 10d
o]l AYHE=S . o] HA g2 of

o] o}y phosphate-buffered saline (PBS) & L3} ct. o

T 4 dEEes FeEHeE &2y % F AFH 9T Y A
Micro—Computed Tomography(CT, Skyscan 1172 Aartselaar, Belgium)(1¥ 3)=
5.0 1m9 voxel size® ZF o|u|x|7x] #FHFslo] 3D FAS A, 3D I

212 NRECON(Skyscan) software AF8-38}%itt.
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AdssE TN) HE++ T (CFU)
#8559 ST72 agr function 20 10°
ST5 agr dysfunction 20 108
=92 d  control 2 PBS”
ST72 agr function 5 10°
ST5 agr function 5 10°
ST5 agr dysfunction 5 10°
ST8 (USA300) 3 10°

s*phosphate-buffered saline



= Ky B4 (CTAn software ( Skyscan, Aartselaar, Belgium) A}&3}$aL
olu] grayscale 100-255AF0] 2 o} = A4¥ A A FIaE SAHI A

it

CEY ROW gETY By 24 Seolg WEC HE L GAS ol

o
o J"Pg FYIE olympus microscope® #Este] zF #5H o] E v wE}
o

x2

19 3. Ex-vivo micro CT. (Skyscan 1172, Aartselaar, Belgium)

3. A A

7}. RNA-seq

(1) 24 o+

)zl ST5 agr dysfunction MRSA ¥==(270)& 71=C.2 ST72 agr functionSl
F(27W), ST5 agr function ¥5(270) 2 ST72 agr dysfunction w(270)<] F1=}
o] W A% 2tol(fold change)E FRASIHTHIE 2).

(2) A8
RNA-seq& o]d oy Ad7|WE ol gAY, #F2ZHH A4 RUAE &
2] 5kl DNaseE ©]&3lo] DNA 2 9-& AIASFSITE. Ribo-Zero rRNA removal Kit
I} TrusSeq RNA sample Prep Kit(Illumina, San Diego,CA)& ©|-&3}o] RNAZS
AAlste] oz ZA 20 F g AAHS Sl DNAS e whEolxl

cDNA &% 2o M2 t& ol E (adapter)E #o]al o]& Az (ligation)dtA

AN

U}. Sequencinge] 7}sdt AE:e 9ko® P(R % A7l 3 200-400bpe] <)

715 Rkl E4sAT(E 4).



3% 2. RNA-seq ¥

real-time RT-PCRoI A}

=z = =
L8 75 TF

)
4

AT =W

ST72 agr function 2

RNA ST72 agr dysfunction 2
Sed ST5 agr function 2

ST5 agr dysfunction 2

ST72 agr function 10

Real-time ST5 agr function 5
RT-PCR ST5 agr dysfunction 10
ST8 (USA300) 5

HPLC & LC-MS ST72 agr funct1or‘1 10
ST5 agr dysfunction 10




a Data generation

(D mRNA or total RNA

[= ] E —

Remove rRNAY
Select mRNA?

(3) Fragment RNA

(@) Reverse transcribe l
into cDNA

Strand-specific RNA-seq?
(8) Ligate sequence adaptors

s
e S e
S sty

T LLLE —
| S E——

l PCR amplification?
(® Select arange of sizes

=
TN e

SEESSS s s

@ Sequence cDNA ends l

b Data analysis
(D Raw reads

@ Assemble into transcripts

C z3a

- ]

(&) Post-process transcripts

[ -]

e

(8) Align reads to transcripts l

to quantify expression

From Jeffrey et al. Nat Rev Genet.2011'%

1% 4. RNA Sequencing experiment Workflow
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2 (real-time RT-PCR)

ST72-MRSA (agr function)®} ST5-MRSA (agr dysfunction)S Z+Z} 10 w2

d

MAsR o, HaE 938 agr dysfunction$! ST72-MRSA, agr function®l

ST5-MRSAE 7}7} 5 5% HAASFATHE 2
RNA-Seq 23} A& Sof ST729F S5 F o5 Ibell ol Aol& Mol W

Aso] @d  ApolE  ST72-MRSA®E  ST5-MRSACIA Wl ®Asqict. et
ST72-MRSA®]  W=74 9 wW<le]  #Host=  ofel  global regulator,
two—component regulatory system, surface proteins &%= A real-time
RT-PCRZ W] &} T}
MRSA #2] RNAS FZ3}3l random hexamer primer< AF83lo] cDNAS $HA
g 5 DNAZF ¢hdo] HW SYBR green WO® RI-PCRS AAI8H3Ith. SYBR
green< °|F7te  DNASl Agste]  FFS  dete EHEA, W¥HA
(denaturation) THAlOlAIS] ©@Ad7Fe DNAOIAM &= ZAdsl#] &a Aozt 23
(annealing) ¥ A7 (extension)=™A FZH o]F 7t DNA o Adtsto] JF
= YERA Au (2’ 5). o] FFAEE SBFOEA AME(o]F 7 DNA) 9
FS A% T 4 Ak, RI-PR GH| = RocheAle] LightCyclerd80E AR&3kolth
(18 6). & A7+ SHAFAAY] G Wst e 2pols #4E of 2
How E42 silen 2y E4S 98l grB 2= house
keeping gene< reference genel @ A}83}t}. mRNA transcript level &
reference gene (gyrB) Ctgk o thgk 7} gened Ct#k & Y= #Ho=,
2(reference Ct-target Ct)gi ]/‘I—F/}LHS;]\T;‘I»-

t

o}, AR T =ZvE 183 (high performance liquid chromatography, HPLC) &
AeFR A (Liquid chromatograph-Mass Spectrometry, LC-MS)

HEAo] Faattta el glar ST72-MRSAC A W&l o] & A 3] 71
o] A= QI3 phenol soluble modulin (PSMs)= ©¥ld oA A =F5}7]

#3] reverse phase HPLCE A ds}t). 5ml9] tryptic soy broth (TSB)eol A4

10
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A

S.aureus 7+ Y A1ml  RNA == random hexamer primer QI 5| cDNAZ SYBR
(Qiagen Al RNeasy ME3}H0 cDNA 2HA green ¥ © 2 real-
mini kit) (roche A} Transcriptor time RT-PCR A|&l

cDNA synthesis kit)

1% 5. SYBR green HS ©] &3k real-time RT-PCR 7|

19 6. LightCycler® 480 instrument and data station
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Zy7ko]l MRSA w5 WSt v YA EE et ATt mE 2kt I ts
S NS evaporatorS o]&3dte] AZX A7l T AZXE pelletS Imle 40%

acetonitrile &oo] -70Co| L t). o] ARE =o] YaEgste] ASdS
w23k & ThA] evaporators ©]83to] AXAIZT. o]E A = Hd &
reverse phase HPLC®E X350, AA I=EvtE 1)y AEE3H (LC-MS)E

o] §-3he] PSsSl subtype AE 3T Z17he] wud G JFaelvh.

RNA-seqo & #2413k )52 ST72-MRSA with agr function & <} vl
oA et tHaEA] CA-MRSA w51 USA300S oido= Fa Wi
A= TRAP(MW2529), putative transcriptional regulator (MQ2624:TR) %
PSMa 2 24 WolF5 5383l

(2) A
A AR knock-out  mutation o]l WEE  allelic

MRSA®] A

replacement WS 0] 239t . Non—permissive Z71(43°C)|A] homologous

J[m

recombinatione &3 chromosome W= plasmid pKOR17} integration¥ il

single cross—over recombination®® HX % wild-type®} mutant allele”}

permissive =7 (30T )| A+ plasmid® rolling circle replication®] &%
recombination®} plasmid excision®TH(1H 7).

al
AW FIL % PYHALAL FE HBY GIAARNL B Fadg
=

.
(D
1)
= CA-MRSASQ! ST72 wild-type ¥ ATRAP, ATR, % APSMa ZAWo]F 4
USA300 vt=2F ATR BL ATRAP Hw o] 55 o] &3} Th(iE 3).

o_>|:
ro
>
i)

d

r:LJ

ofN

=y
N PU

By

5]
=

=]
=

i
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Clone the insert DNA into pKOR1
by recombination reaction

\/

Transfer the resulting plasmid to RN4220
and, subsequently, to a desired S. aureus strain by electroporation

\/

Inoculate the strain into 10 ml of TSB¢,1¢ in 250 mi flask
and incubate it at 37 °C overnight with vigorous shaking

v

Streak the resulting culture on TSA¢ 1o Pre-warmed at 43°C
and incubate the plate at 43°C overnight

\/

Inoculate a big and well-isolated colony into 5 ml of plain TSB
and incubate at 30°C overnight

\

Dilute the resulting culture 10,000 times with sterile water,

spread 100 pl of the diluted culture on TSA containing SO ng/ml of ATc
and then incubate the plate at 37°C overnight

v

Unless a growth defect phenotype is expected for the mutant,
choose 10 - 20 big colonies, streak them on both TSA. 19 and plain TSA,

and then incubate the plates at 37°C overnight

v

Find 5 - 10 clones that grew only on plain TSAcp,10
and grow them in S ml plain TSB at 37°C overnight

\

Purify chromosomal DNA and check the mutation by PCR or Southern blotting

From Bae et al. plasmid.2006%”

29 7. A procedure for pKORl1-medicated allelic replacement

13



% 3. ZAAR|FE o] &3 ET Ruld A3 o 2 HAFEsE
AdsE TN) HETT T (CFU)
Wild  type 14 7.0x10’
ST72 Apsma. 9 7.0x10’
#1533 strain ATR 11 8.0x10’
ATRAP 6 8.0x10’
USA300 Wild  type 6 7.0x10’
. ATRAP 7 7.0x107
(FPR3757) strain  z\1p 7 8 0% 10"

14
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)

Outbred immunocompetent (D1 Swiss female mice®] <Fe} F¢ Awlo] 7-8x10" CFU
o] S FYUTL 14Y FoF AEARE ey 14U A HoRE HAE Ute

= A gy A, AFS HEske] HeshE]l HMEE 1 & E 9SSl 2l

5. 57
Real-time RT-PCRS B3] S&AAxte] walaks Akslsla o= H|wd u

Kruskal-Wallis testZ ©]&3}%

15
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17 #EF 2aS olgd 3E4 w2

2

=
ST72-MRSAS A E3 20ulg]le] A = 7vula]wh(35%) AMEFPom | STH= 207
BE AESG (™ ). A A i 59 FAujtS AldstelS w) ST72
AE A 80%14 MRSA & Fo] AN, SI5 HF FHolAdeE H3d 4350
AZEA Fdrd. w74 39 A A = el WEshy waE AEds

u ST72-MRSA oA o Ad 45 whsS B (29 9)

ST5-MRSA (agr dysfunction)< 7Z9AIZl ovte] F F 1vkg]l+= € & FHS
o w 7] ApgEEGlaL, 1t e diEE AF e A
Axto] YeERA EEHY. o AF 10d T dEZS skl Al W
AR A CA-MRSA S+ ST72-MRSA (agr function)”} ST5-MRSA #+H.Ut}

g A3 4T w¥es Holal & A4 AT dAdo] FEHHAR(ZHE 10).

-

fr
oF
o
™
%
ya
(o8]
)]
(@)
H

3D CTE ol&3ste] 7] =2 dE=S dAAS F9&8 THe=E fYge=r <
3 FAEo] R AR AR =] FAHE AS 33 Ao RE YEY
S o ST72-MRSA (agr function)”’} #HE o= A% Wl A=t 7 Ao (2
1D, Eg = RIS T3 gdE et A=

ZHow vuwgS w ST72-MRSA 7} ST5-MRSA w5 Htuh & st} AYE FAS
At dozdu (2 12).

3. Ak &4

7}. RNA-seq

7|20 ¥+ SI5 agr dysfunction w5l Hlate] SI72 #F5olA & &d Zfol&
Hole FAAEE AYstal agr Ak S glsty] 98| SI5 agr function
ekl FAA wd Aol ol YBRAITHE 4). SI72 w5 MRSAY
cytolytic toxinl® &%l PSMs®} set (staphylococcal enterotoxin like
proteins) Az W&ol F7FE O] Qlal, 2] exotoxin WA ZHol| Fo3t=
signal transduction protein (TRAP)¥} HALZAAR}e] Wt& o] {2514 S71+ o
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ST5-MRSA ST72-MRSA
(hospital strain) (community strain)

2 &
F.21): ST72-MRSA (agr function)ell A

o As 7 4274 B, (x40, x100 W&, H&E a9A).
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ST5 MRSA (agr dysfunction) #919 strain Control PBS
y _ ' ‘ |

USA300
S >

g

v v L v

ST72-MRSA (agr

A A

ofsf M=ol Zo] FAE= FAY. (x40 W&, H&E 94

19



5142

ST5 MRSA (agr dysfunction) #9189 strain Control

MRSA (agr function) #874 strain

e
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a9 11, 74

= HE

& 3349 2AoR ek,

Xé 1,2_7]. 7}%} Al 3}

4 MRSA el wE FH UEE =
TS HAD B9E Ao JAF gyl RS Fo] FAHE
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ST72-MRSA (agr function)7} o= <3t W
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#919 strain # 874 strain #508 strain #919 strain # 874 strain #508 strain
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a9 12, A HEE 2RAAA 334 T8 o83 = FFEA. NRSA 7ol
e 92F 399 ARe ¥ ¥4 4ES 4FH o v wstd sl ST72-IRSA

=
b % gl AR w e

d

21



=2

=

4. ST5 agr dysfunction MRSA ++5=ol H]

Sol fA45

sto] Wk efo] AA FrVekE ST72

ST5 MRSA 3

ST72 MRSA #3

Locus_tag Gene agr function agr function dyéaf%; 2 Product
AMC508 AMC871 AMC230 AMC1533 AMC483

SAKOR_01099 psmpB1 2.1 5.5 1026.2 749.9 -1.3 Phenol-soluble modulin betal

SAKOR_01100 psmp2 2.8 4.4 852.1 620.2 1.0 Phenol-soluble modulin beta2

SAKOR_05000 psmo.4 -1.1 1.3 370.4 392.8 2.2 Phenol-soluble modulin alpha4

SAKOR_05001 psmo.3 1.1 1.3 448.6 512.4 3.0 Phenol-soluble modulin alpha3

SAKOR_05002 psmo.2 -1.0 -1.2 600.9 542.9 2.2 Phenol-soluble modulin alpha2

SAKOR_05003 psmo.3 1.2 -1.3 278.1 272.1 2.0 Phenol-soluble modulin alphal

SAKOR_00404 set6 2.1 1.2 57.4 24.5 14.8 Exotoxin

SAKOR_00411 setl2 1.6 1.2 6.9 3.6 2.5 Exotoxin

SAKOR_00412 setl3 -1.6 -1.6 3.8 4.4 2.9 Exotoxin

SAKOR_02000 agrB 1.3 1.0 128.1 123.3 2.0 ﬁg%%ssory gene regulator protein B

SAKOR_02002 agrC 2.6 2.3 41.9 28.1 -1.4 ienéory transduction histidine kinase

I

SAKOR_02003 agrA 2.7 2.3 30.4 17.6 -2.2 ﬁgie:sory gene regulator protein A

SAKOR_02603 1.6 2.2 25.9 15.6 9.9 Signal transduction protein TRAP

SAKOR_02706 -2.2 -2.7 29.8 49.3 57.1 Transcriptional regulator

SAKOR_00323 1.2 1.6 12.4 3.3 2.1 Putative aldehyde reductase-NAD
dependent epimerase/dehydratase family
protein

SAKOR_00346 -1.1 1.1 15.0 6.1 30.2 ABC transporter permease protein

SAKOR_00561 -4.8 -4.2 13.6 49.7 35.8 Putative  haloacid  dehalogenase-like
hydrolase family protein

SAKOR_00984 NIFR3 -1.6 -1.1 84.8 74.9 73.4 Nitrogen regulation protein NIFR3

SAKOR_01431 2.3 -1.3 9.4 7.1 11.5 Putative cytosolic protein

SAKOR_02174 1.9 4.0 15.3 15.2 10.8 Alpha-acetolactate decarboxylase

SAKOR_02175 alsS 2.1 3.8 30.8 25.2 26.0 Acetolactate synthase

SAKOR_02362 2.4 2.5 37.6 24.0 17.5 General stress protein 26

SAKOR_02415 1.8 1.8 27.9 17.2 8.4 E/Ior;)osaccharide translocase  (flippase

SAKOR_02456 1.7 3.8 94.2 38.3 35.8 G%Ilzcose 1-dehydrogenase

A A 71E 30 HiEle Edg] fold change Y
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AT, ST72-MRSA 579 A9 agr functiond}t TAIGlo] PSMs o] Z7kEQar,
ST5RSA = agr 32k o] F7hwoi® PSMs wdo] S7h=A] okrt.

v AR AN QAT E LA TS (real-time RT-PCR)

A% real-time RT-PCRS ©]&3}e] RNA-seq. A¥} xfo]E Hol= FHAEY
AA mRNA 2 AEE 3070 w5l SdeAtk. ST72-MRSAl A PSMa, PSM
B
= glo] F7HEO] AS A5 AL, ST5-MRSAO| A= agr functionality©ll

TRAP, putative transcription regulator (MW2624)7} agr functionality®ll

o)

Aaglo] set genesd TdEol FIHEO S A TH(2H 13). HEF
ST72-CA-MRSA®] HW=A W HWole] #Aojsl= o2  global regulator,

two—component regulatory system, surface proteins HdH2 A% real-time
RT-PCR= W3}, Global regulatorQl agr, sard, sigB & agr< SI72
CA-MRSA7} agr functions 7FA| B2 ST729| 4 F7FE o] &5 A=t &elsSd
3 sard, sigB Wd=] Fod ol QuAtH(1¥E 14). Two-component
regulator system@! graSR, walkR, saeRS, vraSR®] W&ol #F 1roll 9
St Apol &= fllaL ST5-MRSAONA walR, vraSkRe] W&o 7hAadh Aes Holtt
(23 15). Surface protein % spa, clfB= ST72-MRSA] H]3} ST5-MRSA]] A
drE o] F7kH o] ARNA T clfA ST72-MRSACIA Rd o]l F7s ATk, fib,
ebps, sdrC, sdrD, sdrE®| @] o Apol= §lUal, fnbd= STS-MRSAC]
A e o] F7FE o] IATYE. Bone-sialoprotein-binding protein®! bbpe=

ST72-MRSAC A ©] o] W& y= ZsFo] 3lw (28 16).

T}, HPLC & LC-MSE ©] &3t PSMs<e] ¥ AH=F &4
mRNA level & =A3t real-time RT-PCRO| A1+ ST72 MRSAC] A ¢] PSMs & ko]
ol Holx] ggro; HPLCE &3 AF HAlolA = PMal, PSMa2, PSMa 3,

PSMa4, PSMB1, PSMB2 X5 ST72 MRSAo|A] uj9- =7 WaEm 9S8 &2
SFQ L A wkd ko] STHo| HlE| ST72 wFollAl 10%* v A% Z715 o] ¢}

ol FdEAH (2™ 17).
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————— > cont inued

AL 313k, mRNA transcript level 2 reference gene (gyrB) Ct#k o ojgh

= A==

7_1[. gene‘o/] Ct%}: % L}E}lﬂ% %)\_gi, 2(reference Ct-target Ct)gi q,ﬂpl]j.] ST72_fX:
ST72 with agr function, STo-dfx: SI5 with agr dysfunction, STb-fx: ST5 with

agr function, ST72-dfx: SI72 with agr dysfunction.
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S UEhj= grom, glreference Ciotarget (Do @ LVEbW . ST72-fx: ST72 with agr
function, STb—dfx: SI5 with agr dysfunction, ST5—fx: ST5 with agr function,

ST72-dfx: ST72 with agr dysfunction.
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a9 15, A% real-time RT-PCRE ©]-&3F Two-component regulatory system 2F
%, mRNA transcript level & reference gene (gyrB) Ctdk o THmRNA
transcript level < reference gene (gyrB) Ctgk o] ™3k Z} geneo] Ct#k =
UER&= ghom  glreference Ctotarget (Do vpebdl | ST72-fx: ST72 with agr
function, STb-dfx: STb with agr dysfunction, STb-fx: ST5 with agr function,
ST72-dfx: ST72 with agr dysfunction.
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1% 16. A% real-time RT-PCRS ©]83F surface protein &, mRNA
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UERJ&= ghom  glreference Ctotarget (Do vpelbdl | ST72-fx: ST72 with agr
function, STb-dfx: STb with agr dysfunction, STb—-fx: ST5 with agr function,
ST72-dfx: ST72 with agr dysfunction.
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a9y 18, AAWolFo #85 vl A ST72 ok S92} ATR, ATRAP 2 APSMa
Wo| = AMLE: ool HE] ATRS] AlEo] 953 743 L, ATRAPS}F A
PSMa WolFo = AbdE-S 748k, B. USA300 ok 59} ATR, ATRAP ® o]
AbFE: ATR, ATRAP B5 oA o] M8 AlgEo] 7hadt.
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ATR in 5772 OM model

ST72 OM model
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uZ
CA-MRSA & 9] F83 o=z, d AAANSRE o] #F7F Fud A
o] ofgl 7t H7k, AgHE vE FHH 5L Ze dF7F 1 A4
ol A o] wAlse Ao® Ay o we] giEA < CA-MRSAE
ST72-SCCmec 1V-agr 1 MRSA with agr function® <]=r¢] CA-MRSAS} ] a4 7t
dol FH gholnt. wEbA o] el tigk ATt o] FolxoF X m kot WAl I
o] o] & 4= gk, @y CA-MRSA ] oS m =k CA-MRSA w91
USA300 (ST8 #=)E tdo= A= Att. USA300, USA400 CA-MRSA #++

e SRl E & PeEE 5ol gof, AY 24 49S 2 dom A9

|

ALSl Wioll A A HA = =l of2fd USA3009] ¥R B AR AR
vkl o] 7] Z ol = arginine catabolic mobile element (ACME)7} T Q3% <

stz Aol Wa H ")) USA30091 A PVLe] W H5QIAtZ A 9] o] et =k
Bou s FalE oplsta, dSNteS FXAA v, 5 IAA HE
o o1 Aol &EA gk, ofo] whal =] diEAH 0 CA-MRSA T2l
ST72-MRSA®] 4 Welel ok A= mugk FFerh. Lee 98 =W A9
A2 815 S.aureus ¥ ES A5 3 CA-MRSA w3 NSSA =9 4170 H=<l
A5 Hlaskgl o fogk Apols F1skA X dal, Park el =l H9
W MRSAS] ¥ o591 ST5-MRSA 3} CA-MRSA ¢! ST72-MRSA &2 v A &E3H4

S A BEAA 755 vagde o AEEe] B2 Gl sdrC, sdrE

L

44 2 superantigen?l sec,sel,seo, tst -AAE ST72-MRSA #E°] 9 st
A e w2 AT JSS gestg o} ST72-MRSAC] E0]#¢] WEI A=
gtolal#] EFtl. Chen 5'7o] 2013 =] ST72-MRSA 3+ = whole genome
sequencingdto] T=r CA-MRSA %1 USA300, USA400¢}e] =fol& 2SI =
dl, ST72-MRSA= ThE CA-MRSA w29} miX7IA 2 T8 W5das 7hA AL gl
U PVL &9 F7F ®W=<Qla) USA3009] 2 v R-3etst 54
ARl ACMEE 7FAIaL A e¥gkth. 201540 22 A&} ST72-MRSAC ¥ &
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2 1 o

olrt
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sk 3709 FAAE WEA F¥FS WIAA il PSMs, a-toxin, Agr
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ut

WE EF(FH SI7RA 1 #F EHE 8T WEA vwATAA 5
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o At A BEAAeHA, Al eF2 #H|H= a-toxin, PSMs,
leukotoxins®] & Aol wel w5 SolAQl WEAdo] AA4d & e Al
AlBFATH . & WEAAESY B JEE ZH3HE global regulatore] &

Tozbol7b e Aom oiE= FEolth. # dATolA = RNA-Seqe ©] &3
ST729F ST5-MRSAC] transcriptomics #A1S Al3alS uw] ST72-MRSA oA
MRSA®] cytolytic toxin®.® ¢e{%l phenol soluble modulin (PSMs)e] &&e] S7f

¢
O
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Abstract
Virulence of community-associated methicillin-resistant Staphylococcus aureus

by analyzing animal infection model and molecular genetics

EUN HEE SONG

Department of medicine

Graduate School of the University of Ulsan

In Korea, community-associated MRSA (CA-MRSA) account for 18% of
community-acquired S. aureus bacteremia. ST72-MRSA is a dominant CA-MRSA
strain in Korea and 1is significantly associated with bone and joint
infection. Our study aim was to find a potential target for antibiotic or
vaccine against for CA-MRSA (ST72-MRSA) through a pathogenesis study of
ST72-MRSA infection.

I established murine bacteremia model and murine femur osteomyelitis model
for pathogenesis study of ST72-MRSA and found that ST72-MRSA strain was
more virulent than STH-MRSA. In transcriptomics analysis, [ found that
TRAP gene, TR gene, and some virulence factors in ST72-MRSA were
significantly more expressed (transcribed) than those in ST5-MRSA. I
selected TRAP (signal transduction protein) gene and TR (MW2624) gene as
the key pathogenetic factors of ST72-MRSA strain. Using allelic
replacement method, I constructed each of TRAP gene and TR gene deletion
mutant of ST72-MRSA. Using murine bacteremia model and murine femur
osteomyelitis model, I compared the virulence (mortality and pathogenetic
changes) between wild type ST72-MRSA and TRAP or TR gene deletion mutant
strain. TR gene or TRAP gene deletion caused significant reduction in the
virulence. Therefore, TR gene and TRAP gene may be significant

pathogenetic factors for ST72-MRSA virulence.
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