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Methicillin-resistant Staphylococcus aureus (MRSA) is one of the severe nosocomial infectious
agents. The traditional diagnostic methods including biochemical test, antibiotic susceptibility test
and PCR amplification are time consuming and require much work. The Surface enhanced Raman
spectroscopy (SERS) biosensor is a rapid and powerful tool for analyzing the chemical composition
within a single living cell. To identify the biochemical and genetic characterization of clinical MRSA,
all isolates from patients were performed with VITEK2 gram positive (GP) bacterial identification
and Antibiotic Susceptibility Testing (AST). Virulence genes of MRSA also were identified by DNA
based PCR using specific primers. All isolates, which were placed on a gold coated nanochip, were
analyzed by a confocal Raman microscopy system. All isolates were identified as S. aureus by
biochemical tests. MRSA, which exhibited antibiotic resistance, demonstrated to be positive gene
expression of both fermA and mecA. Furthermore, Raman shift of S, aureus and MRSA (n=20) was

perfectly distinguished by a confocal Raman microscopy system. This novel technique explained
that a SERS based confocal Raman microscopy system can selectively isolate MRSA from
non-MRSA. The study recommends the SERS technique as a rapid and sensitive method to detect

antibiotic resistant S. aureus in a single cell level.
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Staphylococcus aureus= A/FoIA T3] F2|== U=
A ks FEH 85 5= 28 4 al(Park SY 5, 2011),

=
o] 2] 7}4] enterotoxin 5= EH|3}7]

A
T Ao g Qlsto] AE6HA methicillinel thet BH3A] WA
ZF7} Z7181] methicillin resistant S, aureus MRSA)= G4

A DAl AR o] H itk Nam HM 5, 2011).
MethicillinWid w5 #* oxacillin 5-& 23t o2 714
GAEA | WS Vet A= SeElo] 1 =T 5
7FaL Q)= ZeAo]m(Champion A 5, 2014) MRSA ATeiu}| 2], ¢4
A W3 AA, real time polymerase chain reaction (PCR), DNA

fragment sequence analysis, pulsed-field gel electrophoresis
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Qe AJgto] A8 %11 of 2] 7ER] HAL HARE A X of 31| wjxze]|
A7 o] Fasirh

AEA Aol HAE S5 9%l nano-
biotechnology 71%-& ©]-8-3F B} Aol whz A| &3 4= 9
+ 71& A A57F AEEL eKIu X 5, 2013). Raman
spectroscopy+= thet Allat2] Fefeha] 43 E7oHA Q1 A+t
of wo] o]&=|aL Q1w Alato] A3 H o] YA & SIeh Sfet
A S & 578 9L E 0l 7Hs 3FHLiu TT 5, 2009). AlTt7H
Surface enhanced raman spectroscopy (SERS)gh= 7|&-S o4
ko] gold coated nanochip& Al4t5te] raman scatterings %
ZSHH 4 vl A2 7FSEE 0] 3 A O] Aol A 24}
o] 7FssteHLin HY &, 2014). Fofl= o] 23 Al 32 tha 2l of -



73S ol &S Alte] Frg o] B/t E] S o1 Matrix assisted
laser desorption/ionization-time of flight (MALDI-TOF) B4
O] AL H] S0l ofn] 483t o] G E AL QIAIRE, A
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1. MRSA 22| & ‘st ZA}

20139 8¢ A& A thohy o EhAte] Aol Al Eefull g 578
¥ #5352 113 9, catalase test, coagulase testS AARSHI AL
VITEK 2 compact (Biomerieux, Marcy |'Btoile, France)= w4

5738t 9of thA] SHABA| T/ AAPIER S, aureus?t MRSA

2. MRSA aliptFE

S, aureus ATCC 29213, S aureus, MRSA #+55 Z}Z+
Luria-Bertani (LB) broth 10 mLefl 53 ¢t 3o 37°C vl e}7] o]l A]
24A17F B8t 3 VERSAmax microplate reader (Molecular
devices, CA, USA) 600 nm@)| 4] optical density7} 0.57} 5 =5
ZAT 3 247 1 mLS #J8te] 14,000 rpm O 2 PA R s}l A
Zohe W]l pelletS Hot DNeasy mini kit (QIAGEN, CA,
USA)2} QTAcube (QIAGEN, CA, USA)E 0]-4-810] DNAZ 5233
ek,

3. RMXIEE

MRSA0] Eo] &l 5714} BEE $181o femA, mecA primer
£ o] g5} PCRS A8 thBarski 5 1996; Vandenbroucke-
Grauls¥} Krusters, 1996). PCR ¥F3-91-2 10X reaction buffer

Fig. 1. Gold coated nanochip preparation.
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2 ul, dNTP 2 ul, 10 pmol primer 1 ul, 1 U exTag DNA
polymerase, bacterial DNA 1 uLe] &0 S745 2% 20
uL® H7Fsted T3000 thermal cycler (Biometra, Gottingen,
Germany)oll Al ZZA At} PCR AFE-LS 1.5% agarose geloflA]
100 V& 3087+ 7719538131 UV image analyzer (Bio-Rad, CA,
USA)E ghlstgich

4, L3 HIZ

Gold particles #7]2}eH4 HPHS ©]8-5to] Indium Tin
Oxide (ITO) substrate®]] A9 AIFtE. Au nano-dot-deposited
ITO substrateE ©]-&dto] A|ZH fabricate gold nano-island
film (GNIF)& ARHE-817] 714 A2A1A HadicthAn JH 5,
2011) (Fig. 1).

5. 22t 2

— ="

Gold coated nanochip ¥of] 0.1 mL 1X PBS (pH 7.4)& ©]-8-3}
o] Blood agar platel| A 242t .S, aureus ATCC 29213, S. aureus,
MRSA & f12he o w A vh2 i A2oflA] oF 104 A Az
AZeE, Z¥2Ye] AA7F oAl 29 H &eto] =& inverted optical
microscope (Olympus IX71)& HA] #23F Tof] 785 nm 2] wH4)
S W81 g|o] A 3391 2] NTEGRA spectroscopy (AFM-Raman
Spectrometer, NT-MDT, Russia)= +4t9cHEl-Said 5,
2011).

0=
[
1
1
o
=

A |5 S aureus ATCC 29213, S, aureus, MRSA

T 115 /A Tt catalase test 43, coagulase test

ofA 0 2 =49l 0 VITEK 2 compact= 543 A1} H5%
o]

aureuss 573 = AT MRSAS 723171 S1oto] A d=d 4

Fig. 2. Agarose gel electrophoresis of femA and mecA PCR
products. M, marker; N, negative control; 1, S. aureus ATCC 29213;
2-5, S. aureus, 6-9, MRSA.
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Fig. 4. Average raman shift of S. aureus and MRSA.

A E R MRSA 459} S, aureus 452 27 Be] 2elstg] o

MRSA o= B Oxacillin 2 ug/mL ©|4

2. E01H 77X S5

MRSAS] A W/ 2t At Sol 29l G4 HEs femA,
mecA primers ©]-8810] PCRE X33t 23} MRSA 7552 &
T Eol&el Wiyt BAE| Qo S aureus ATCC 29213, S,
aureuss= femA, mecA°NA =7} I R FFch(Fig. 2).

3. SERS 7|&4= 0|

Gold coated nanochip= ©]-8-5k01 8. aureus A| 9 o] Tl 2
Aol st AT E FEAIA raman signalS S Ayt S
aureus?t MRSA2] Raman signal peak= 40| E}E A o]

Qitt. £3] SERS signal peak intensity2] Ato] 2 15}¢] Raman

83 MRSAS| 22|5H
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Fig. 3. Raman graph of S aureus
and MRSA. (A) S. aureus raman data,
n=20, (B) MRSA raman data, n=20.

Raman Shift (cm™)
shift7} 2HAlsF o™ ZF2F 2070 2] DU ML S aureus?t MRSAS:
Al&okar rg e sA| S8 TkFig. 3). T2 MRSAS] %4 raman
signal peakE J5Fo] MES 57H5to] MRSA®} S, aureus®]
peak patterng FE3I] MRSATHS: 54T 5= AAchFig. 4.
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MRSAE 415, &7
02 A} AX|o] A T} F-2]7} Hek. MRSAE A4 YUzl
T8 Hlo] Hu] e A 85 55 oplskaL o] 5 1] ¢
] o] e 71A] L& SRR A BT A S R A2
AAJo]th. MRSAE oxacillin, penicillin %5 o1 2] 7FA] S84 U4
< Hoju] WA st i A gkt Sofl A TS AR 7t
1L X 57} ol g]en o] 2|3t A S of7| A7 = ol Al
SRR femA, mecA, necA, Sa442, coa, hia, hib5°] 1.0

ol gt AL gl 58l MRSA {FH RS T = Q).
F ol BEAPATe] S712 18} real time PCRZ 55 574

o] 75 fn] ol 2jat ATH= ABFELA AL BAA A AAL
2 7)Eos ABlof 817] o] A7} glo] Ho] 4w
o1 74 ZARAE Aok 8] o] 1 Wxjo} v o] o

2 Aol A A3teHA, kAP A W 0 8 22 MRSA ¥+

B SRAA] 7] ARl U UrEF 91 2.0 MRSAC] Eo]4]
ol femA, mecA AT B8kl Q1 ich PCR AART -2 gAY
A WA F7A2HE A d MRSAE s |oll= F2 o7& 6
A9k 3 ~4 Y wljofol s}l HARE AX ZeYsfiof 57| wfite]
A7to] Q. A3l =gk Au|ef ANE AtAl A o] ZE3=o) zof 7k



Sfet. wpebA MRSAZE 3 719 Al el EA S ] MRSAZF &
2] 57 HA] & & Q7] witol] gk )] Al s oAl EE]H o
7o) HehE ANEA o 2 w2 A HARITHA o] 23t FAY] 9 /75
=Y 4 A& Aotk
Gold coated nano-biochopg ©]-8-3F MRSA =

2o S S5 & 5 e M= 7o =S 4= & Aok
B 7l o) A Tk9] o] S SERS 7| O & A8 AR AHE
He Aok Ao Alad iS50l th27] ol raman
signal scattering dAo] T A WAYslaL o] 23t A3 3
tet S AX 2] glo] S aureusF MRSAL] o] -5
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