&

Korean Society for
Clinical Laboratory Science

REVIEW ARTICLE

CLINICAL LABORATORY SCIENCE

Korean ] Clin Lab Sci. 2023;55(4):244-252

https://doi.org/10.15324/kjcls.2023.55.4.244 i
BN e

Korean Journal of

Application of Matrix—assisted Laser
Desorption/Ionization Time—of—flight Mass Spectrometry

Pil Seung KWON

Department of Clinical Laboratory Science, Wonkwang Health Science University, Tksan, Korea

Matrix—assisted Laser Desorption/lonization Time—of—flight
Mass Spectrometry2| &2

483

ARTICLE INFO

ABSTRACT

Received November 6, 2023
Revised November 17, 2023
Accepted November 21, 2023

Key words

Direct method

Matrix assisted laser desorption/ionization
time-of-flight mass spectrometry

Pathogenic microorganism identification

The timeliness and accuracy of test results are crucial factors for clinicians to decide and promptly
administer effective and targeted antimicrobial therapy, especially in life—threatening infections or
when vital organs and functions, such as sight, are at risk. Further research is needed to refine and
optimize matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF
MS)-based assays to obtain accurate and reliable results in the shortest time possible. MALDI-TOF
MS-based bacterial identification focuses primarily on technigues for isolating and purifying pathogens
from clinical samples, the expansion of spectral libraries, and the upgrading of software. As
technology advances, many MALDI-based microbial identification databases and systems have
been licensed and put into clinical use. Nevertheless, it is still necessary to develop MALDI-TOF
MS-based antimicrobial-resistance analysis for comprehensive clinical microbiology characterization.
The important applications of MALDI-TOF MS in clinical research include specific application categories,
common analytes, main methods, limitations, and solutions. In order to utilize clinical microbiology
laboratories, it is essential to secure expertise through education and training of clinical laboratory
scientists, and database construction and experience must be maximized. In the future, MALDI-TOF
mass spectrometry is expected to be applied in various fields through the use of more powerful

databases.
Copyright © 2023 The Korean Society for Clinical Laboratory Science.
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MALDI-TOF ZaR247|(matrix assisted laser desorption/
ionization time-of-flight mass spectrometry, MALDI-
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7+ ol Alete] 255t Asf AHEHS Algo1A HHl]
7Y <ol 27 A2 MALDI Biotyper ™ [MBT] sirius
IVD System (Bruker Corp.), VITEK® MS (BioMérieux
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Inc.), MicroIDSys LT (ASTA Corp.)7} 1th.

VITEK® MS@} MBT CA System (Bruker Corp.)2] 2714
A2H"lo] =k A1Z0]ek=H(U.S. Food and Drug Admini-
stration, FDA)Q] Bt 574 5:91-& viekor X< Bruker
Corp. ¥ BioMérieux Inc.Q] ASEA7| = gIATS AH|2
aHol= H mdolct, ESE FDAZFSRISHR7 1A B52 A
ko] x]ut 2fo] B & 2|(q]l: Research Use Only [RUO] MBT
Reference Library v3.3.1.2, Security Relevant library
v1.0; MBT Compass Reference library with China Centre
of Industrial Culture Collection)& ARERHH2]. o] 7|&
AHE oA HEE=Hlo]|uA 9] o] 2 W T B E 11
HA gL Aflte] “ARE S U= Y9 o] 3] =9] ofsf
E721Q1 A mruilof o5 A7 ETH3]. 7Fd 77t
£ 7|REe = AHERS 3bx o 50] A E N} H| WS}
7 T oke YAkeol wet s E T4l 3L HAE 771
AL, Tl gl uPgE Ao 22 TRt {32 7] B4R
M5t T AR 4= o Tl AT} n]gES)H 3-8 2ol
7V B fIsHA Z-8ETH5].

Al] A 21t 7 A1E[E &= Q= Hleo| 1A
4, E9] g|EE TEidolnt, 2 & Tulzlo] EX2 -
Y AdS Tk B-&4Q o287 EAoltHol.
A, ?i=ZF 2,000~20,000 Da®] 2|E & Thld gelo] =0
At o) PRl A Ao s A2 4= Sk A= 4l
&, 3, AAlo] oS TR HEE= YR
2up) AHEHS Fof 5HEHTI

MALDI-TOF MS&= ¥/ nl8E AARECkollA v Al
505 HIE T JE5HA 561 1Rt EtE AR ES)E
Aol a1 3FH QI At Attt F7go] of 2 Al &
golof 2-&Hrt. HA AAIA nEES A g1 4= 3k
Al&5t SR} of| &5 7SI 4 71X TSEAIE
AL 7ML Ak ESE FHE AR CIA
TR R A AL B ERE O] fA1E B4
S UL 7EET A= QU

LA 72 vE 582 9ol 7IE MBT &AZE
o, gojBely] 9 AnEa} st S3EE A2
Bruker MBT Sirius7} AJ=] 11 @It} ol HEoA AREE]
= MALDI-TOF MS&= 234Q1 vE 5782 518-5k= R,
SO HE= A BA 22 Y E A -8-& Eok= gl
=}, A1EAEK lipidomics)> S AH W/ Bl 2]olof| 4]
214 Aol thet S W TR ek 22 g HiAUES]
AT ARES AlE S 2 292 (omics) ®ofo[t}. o] %
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2= S H¥(translation modification), T T=Tj
APRES FA[SH= 22 Bo| Bl E F155to] 7zl
8ok zlo 2 Helrh

MALDI-TOF MSe fVdupdEst dddolA 2= 28+
o] ZAlE=FAllo| 2L EA| Hlo]EjHo]Aol= URFARI &
of| thet A& H7F FESHARE A4 02 A
Hrtk o] =RollA= A7 |0l tigt = HARS] 2
2Hg Fof 9 teJRl Hofof| A 9] -850 thish
2t 2HAR O] thsl| tREarAk .

1. YOIE ZAMOIN &8

Attt 2 5795k 22 HiR|oflA Akt e 19
A o5 T A BRI AAIRE 7 FAR] HARS B3l o] %
o} 21+ MALDI-TOF MSE ARESHE ExdstA U ol 9l
=71ES 875 YAl A Yo g H Bl ERUE
Al&oHA 54 7PES 4= it ofof| wet 15 Ale] Y H 7} g
AF "5k otk 211, 16S rRNA 4307 G714 FE-49]
H|-go] A7=1l, H7|&E 227 Fash AR O] w5t
e52o] =gotA =rt. MALDI-TOF MSt= 4R
(conventional phenotypic identification)d} 5-4A}F &7]
A EAof| vIsf A7to] 55~169H17F &0, H|-&0] 5~96H]
T AAslgirial B arskar QIeH8].

MALDI-TOF MSe QI 73t A SlHet Aol &
ol ARt 71eE A XSl A EARITS] tiQkar A+t
802 TNEES o=t =aZ & Zolth 181 Q
glo]EjH|o]A0] A4S B3 H-8L 7, F 7HES| AQA1XE
o &=, AARES] A Sl At E ]Ik I RAMSSE 5
< 91t MALDI-TOF MS®| 82 35 B2 217+ $20,020
oA $2,340= 74y, A28 AR 1.5Y olifo] T==3itt
MALDI-TOF MS&= 483t & 45, &5 ofy 2} ofs, 38
S 54ol=d| &85 Q19 Acinetobacter baumannii,
Staphylococcus aureus -6°] Y20t}

MALDI-TOF MS (MBT)E °}83t 574 382 (1) H2he
AA EHo|ER FAR L Flo]A 2A] leEH e HiEEA
7} 3711 AZREH, EFo|Ex= AH]o] 2l (2) Z20]
E=go]Aof] RARE|L, Al U] (T2 2L thl)
2 0| 238}=]| 11 o] 2381 Tl Elo] At of AoPH|(m/2)E 2%
St A&7 S4E 429 A7 1= A A8 E = (pattern)
o At (3) HEE A AHEH A2 7 Est] 5l
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2= dlojeHjo| Ao Q= AWEGN v wk|o] Z7gHr,. 3
112 o AREER= U EZ| A= o-cyano-4-hydroxycinnamic
acids= gAY AUAE B2 08 5451, FIAEA
3510] A0 o] 2315 X7 |H Alm7 sl 2 A
St S oIt

o] MALDI % 91219] oF 50%= 224 (st
]i}

18

T g9 g5 2Fhol1l, tkE 1H+= DNA 29 &g
cold shock TiElo|t). o] & A|t2] & 5o]4] thifl o]
B4 Tzl o] w57} EAf51A = o] 55HA Hrt. oA

2 A N9 B A0 BAISHE A AUEY wfEel
8 AYEY TZ23H(major spectrum profile) H|oJE{H]
o] A0]| 5EE|o] 71 55HA =™ 16S rRNA 7|4 E &4
Al YX|ok= & 7|§Ee = Skar QIHHI).

21 TS o8k Al 2 71e 1R /dutit
AT 2 S AR, 2t At 5 IHFIH E
BHEE AeSHA 545k A2 o] tha AlREA o2t & 4
UL o= A2 FL0] Zjo] 0 = A olof HAM
oAt Al A Z=RE S A2 2514 J5HH 28
tAHEY JH S AS 5= QA ok webA AR E=olEd
kS T3t & Al2d o g S2sh7] s 254t =
(on-plate) HHZ A-&slo] FeRt 54 e =CA =
tH10, 11]. 582 3t score”t H£3F 49, & SHo|E
(on-plate) HHS ARES}o] FESH A AHEHS AX] F3t
20 & HA oA F2=|= HulEe] Qo] H7] wjZoltt. o] 4
S= oS- EA FEH o] G340 ok A 7] 5 Ty
A =23 2 XK formic acid) Y o IEUE (acetonitril)
9] 3] ¥ BmE&Ho|tH12, 13].

E3 54T Aol AEEe] E94 uhaE 9] 95
oEk-xEAF & 2 A7} H|=4 Mycolyser (silica/
zirconia beads; BioSpec Products)& F7 o] 8514 €
T}, ofi= JId Alt] 738t ZARRF Al =7 = =2 A 0
2 ¢ 8% 0% Fofclo] N tldS FE01= A Y
AlZIct, o] AEj7} B E= AT T ES 257 918t 2t
9] 2 8=t 14, 15]. T3t Clinical & Laboratory
Standards Institute (CLSI) 7Ie]=&tRl(M58)0ll= AF=A]
T g AN A mEE S5k A RE A-S Al
3517] §13t A2 ofw] MALDI-TOF MSE ARS3H Al 7
T HARs oA Y=t of2] Aol MALDI-TOF MS7}
oj2igt HA 0 g A8 &= 30| YTHIAT Atk AT

oMY 7872 o] HAEA] k.

N
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N onQ of
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2. YUY HAIM 2 HALZ 28

A Arloh= A2 LREH 0 2 oG A|gt QAfF o =2 7HE
o= Al 7FE7] whiol] AHS 215 A= Glof A
Aol 282 <= Qlt}h, MALDI-TOF MSE &3t A% A
9] BAZ flalix= 3 AAE AEstar HAS] HA 2 E 5
of gtk A2 Bkt AdolM= A& & 4 gltk= 2t o-
Hulklat 22 95 Tl Elo] oJ3k & Ao e ]lo] it E3
i XA 2= 40 E7Fs5tal o & siast ] sl
w1 0] 22 943t 70| ZelE]ojof S FrdA{ o] 2t
2, 55, o1} 59| Wiio] E-8E|ofoF gitt

S B9l 1HEShL 834 AolE AEskA Hot ofof &
H HA A Alte] 571 978 422 oMol 827 (urinary
tract infections)2] Xt 3 Al 5750l Z-82 4= 910
o, ZJof] 1AJ7E Qo] &2 ko 2 A fast lipid analysis
technique $&%< 59l MALDI-TOF MSZ 13-2/3Alt
= 5H5HA Eof Bl 27| HAAQ] F7gol S&HTH10].
AletHd Heata2 st Agto & A4St 2|27 2 g ohH ¢
Rlo] == HeAIE A& Aol 1Mt By S o=
THEsto] Alte] E4 o RS wsio] FHe| YA A=
Z3Y51A| Hrt. o]o] MALDI-TOF MSE &4l ¥RleS &
T Ut FFoE [foju|et ZoE w40
(cerebral spinal fluid, CSP)¥} Z=2 AAA = 2 AA}
715t B g5 S75HAM specific N-glycan &7
ol A% Z-EHTH17]. 18 HHHH(CSFoll= thdet Al
ol AL 4= qlou g B4 Ao AA g7t Fasith

N
ok i

=

Dy,
12

3. P HiRSON TR2 H HE

MALDI-TOF MS+= @9 sirgolA Aeh= vdE2 Al
&5 Aldok= d| ARG = Stk A HI S-S AHRA|
2 AR 4 dom B2 vk 717Kl 2~4A171) Fof]
MALDI-TOF MS2 AR = Sl T= B wirgol 2]
A AR5 Qi ol vljRrEe] A1 S782 thRt A
A7} 3gtE]o] Ql71e] AEet A7 87T} Agol= ¥
AR, AlE, G A32o] Meid] Gof, B w2, ot 5ol
&5 2= 9lt}. MBT Sepsityper” IVD Kit (Bruker Corp.)=
TIRAS] BHES o7l fls ZEARE ol&SH
on-plate¥-Z &-8sto] Qs o]&sHA = F& 183
A st B-8Ek. VACUETTE™ Z Serum Sep
Clot Activator Tube (Greiner Bio-One)= 13 At &



T BEL A1 ek} X 27k Rkl ofd 54 )
fox]
o

7t

o 783ttt Al AE5k7] /3t MALDI-TOF MS2] AR&
= 4 GAR] oV Alate] g TAIE 8ol 2 E
ol 37A o2 W= = SA| viFAS ol&sto] MS 7H 5
g A3 ¥ske 2ol 7Hssitt. 45A]l e sl 2
H uEEe] TAlA A, B As] A%t A% daki
2], &3l W, B 27| FEE ARERE B A7, AREd A

80| 583}tk 0|5 PSR 7| E= vhga Ak MBT
Sepsityper™ IVD Kit="92] Ak8=l= Conformité Européene
In-vitro Diagnostic Medical Device Directive (CE-IVD)
Q15 % FDA 521 7|Eo|H, -2 AA+of|A] o] 7| EE ARES}
o 42291 A7 Sl AR&E| T VITEK™ MS S Hjjo} 71E
(BioMérieux Inc.)= T T2 A8} 71 0 & x| RUO =k
o] 201 §lof o] 7|EE AMGSHH TRt HEE & ollA
AgkslA AEE 4= Y= H[8o] &t} Rapid BACpro® II
(Nittobo Medical Co.)= B3 AJ2& CE-IVD 1= 7|E
=, T3S &40 B & o ET|ddol-E2| A
SSUAE ARSSIH21I.

W BAA Y viFEC] S| F =R o] AFo =R
B fEfiokA] S B2 o] dhii o] EAS 4= Qlrk. WA,
Ald] MZE A2 0 2 Jl4s7] St E4 Rejob 22 A
A DAV Bosith. 29 QA o] 8=
A2 Alzto] Wi=al Hesiet

4. Ald SHE I8t MALDI-TOF MS2| &&

A Attt v IR 2 Aele] 5782 o770l o
et AYststa] B7gA1%, DNA probe, HPLC/GC, 532t @71
A
magna, Bacteroides fragilis/fragilis 15 Y Parvimonas
micras SR Mlit2] Bruker MBT A|AH] 5782 #l= 11
AEopH Al=/go] ot ket FAMY &3t T2 47 57
gict. ojoll MALDI-TOF MSE 14 4Q1 B4R Erk S
B 2415 ARESlo] Aallitg7te] A143h57go) R85 &8
g}, Teu Zeiie] AlEofli= x]4o] FHsto] Allatuly]
£ 5 B A7t E gl TS 4717} of . o]of|
WE doJeHo]A9] o] 87%= Fo] Utk Bruker
Corp. oA EA5l= MycoEx e} ole-E=2 A3 T E SHAF |
7] 918l MagNA Lyser 7171& A+8519] MALDI-TOF MS 235
H| Wt A3}, Aot Al o] 9 ohild] 223 219t Mycolyser

ue
o

Of

BEXE Y3}, Cutibacterium spp., Finegoldia
2]
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rHo] Zdiat A1Ee it At Ao s HusRlri14].

MALDI-TOF MSZ #2171 ZJ8ksA| F7gsk= 70| Z3t& o
2 HsiH22].

MALDI-TOF MS] &Jgt NTM 5-59] 9 A= chiial
2 TEEZI NTM dlo[gfHo]A9] ro|Eo]t}. MBT
Mycobacteria Library v6.0 (Bruker Corp.)o|A =2 A1=]
T A4 >1.802= 57g=]o] NTM2] MALDI-TOF MS 573
o] 23S AlAFSIATH23].

5. i S5 2/3t MALDI-TOF MS2| &g

MALDI-TOF MS& 8% 5 %t Adsk=t] Al 52
2t 254K formic acid)}< &9l AR&=RHtE. MALDI Biotyper2]
A% 4% 5%(Candida parapsilosis, C. Tropicalis, C.
glabrata, C. kruse)®] 1= 98.7%21 WhH, VITEK MS
o] a4 T U EE 96.8%= EAIoH 0 LH24], Ftol=
A 430l oA 100% 588 I8|3l Meyerozyma
caribbica, Cyberlindnera fabianii, C. dubliniensis’} 3
7¥el 19%9] 5% 5ol MBT] 4<% 96.7%, VITEK”
MS9] 8% 91.7%= Ue Alolg Et. FR AZE Wi
90% oVd2] AR Felit-a SIS QU A AR T A
S tlo[EHo| o] EASHA] ko DHsiA TE S
Hak &= glok= Aolot. MALDI-TOF MS A|AHI9] = 3]
2% QU B FABS SR Eet Azt §galod dlo]
Elol B8 202 Spasfol g Aolri2dl,

MALDI-TOF MSE AR&oto] Abdsto] thel] el 58= &
AFX717] 98l ID-fungi plates™ (IDFP) (Conidia Laboratory)
HI2]7F MALDI-TOF MS Eo|Eof| #A] 2k = Qlo] 14
2?1 Sabouraud dextrose medium HiX|E o} 3-83F A 2
2 B 33513 QJc}. IDFP 8iR|= Aspergillus 2 0]2] <t
oL} 1 & APl thsf) 72417 ool WhEAR & 5
TS 5 Qv =8 A A Aol = A= S 4= 8l
SHELE €2 5 ol AT B&4o] S7HEAE MS
identification (MSI) Bllo]E{Hlo]ABruker 2.0 filamentous
fungi database):= Aspergillus ¥ non-Aspergillus X<t
&3 A 0 & Ho| X[t n]FAVS S 03] 7o) F a5t
TS &4, 2w HA0] A wikE aresfof sk
o] = asi25].
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MALDI-TOF MSe] 2J5]l 2008 +E 20154 Atelo] Bt
H 107] AelM= AE=rt oRAPSol tis 13.5%~
100% Aol = thefstA Urelteh26]. 121l o] 23t Ba/d2
20 g AAFAQ1 AFBAMI L] IFoll A Loju= BYA
= QI8 AU et F 5782 oA et 254t
ONEHEZ Thild] 22 T} Al 2lo| Beja}E 5 AL
&oh= Zo] Y4 0= QIAEQIH: oli= A € A
FEHI= 230 Al7to] A1l 44 48 of| EFolof Sk wiE
AV B0l gt gigte s &8 4 QltH26]l. Wi}
MALDI-TOF MS A3 #8-2 #2301 A 2|igo] $a5H]
o] FFHEA ol A EeH oAV TS S5kt T
AHA ZRE ATE Helok AAHR]| oA S2E0 & TR1E]|
U2 At9] 9= IA IR Ert AlTto] B 4 Q Fof HlE 5
ol oj#f=o] St} w5= AA| Tz 1A viA[o| A THEA|
‘Jot7]ol A& ok Tl sfeS Zafiek 4= Qlok ofof w}
2} v R /gdol wE TEiE id-2 MALDI-TOF MS +49]
SE% 9T vAA Hoh 59], A3A1Y] A HE2 B9
Trichophytorrs: 573°] ©18tt.

ESE dSutct ARERA0] 27190 Microsporum canis
o} 22 F2 59% FHtlufty colony) 2 & &2 <3t 5
AE(rates of correct identifications, RCI [%], in %)=& &
oA B89t 28Y T soudanense, T. violaceum, M.
audouinii?t 2 Trichophytonsa YHEE 0 & 114 vl
o § & F23tk ol Wt 7 ronsurans A8 &
interdigitale= 5 57 == W A7) o] Fo X =t o]:=
8 HI7F HAAY AU ER Q] o} n] 7 2| iz o
= w542 fIeiA = HlolEHlo|Art S8kt
Ho|ot. Bruker 3.0 AMSt Hlo[EHlo] A0l = M. audouinii
9 7! soudanense@}t A2 R0 3k A ER o] BES
o] 57Jo] ot Bruker Hlo|EHo]2ofli= WA HljtollA &
ezt 3z 2 E-o]7]of AHiA|A fEE MSI 2.0 Hlo]
g0 A= Rjo|7} Qltt. WEbA TrichophytonrglA T
soudanenseZ B7ok= Zo| AlEoltt.

AAPOIA ARG = B HIA], HHF AIRE MS 241733, &
Z AHEF HloleHjo| o] FZof| A JIFs W=t i
oA A FE et 13RS & EeE 5= AR A E{sfoF
S Ao}, T3, AA vjef 7|5 Hlo| B0 AS ARSI &
A 72 TA Hepr | gl SRRjol| A Al&stal et A 55 9
St A ARRE ©Fo] 85k &5, B E w R S50 Ay
35 Holl 7iiE Conidia Laboratory2] ID-fungi plates
plus HIA(IDFPC, AR IEE2 AN EE T E AT &

www.kjcls.org

O 52 5HES Eol7] flsiA= IDFPCOlM et = o
FE 7|Rtez <t hlojHHo|2~rt B A 0= HRlrt, wwt
A1 3] MALDI-TOF MS 28352 ARt 22 o]
B3 oA AEsl| ffet EE TREEO] etk FARt
tiotel ok i EAle] He/go] d=dtt. Eeh, Bruker
3.0 APt dloTefHo] AL MRI 2.0 HlolEfH|o|AS ARESHE
#J2] AlZtelut RCI= 7HAd=IA] oF MALDI-TOF MSE <%
g off F= Hlo|gHeo]l vt 2%k HATH25).

A,
jutal
o
i
)
Av
ne
iz
=
ox
i
i,

o

AIZK]l: B-lactamase)= T
Hio] HEE7] wjEo]
A W T TS 21 A Aolgal Aidd 4= 9l
ZJqt o]= o] o]t} o5 01, B-lactamase=/J°] &
A5k ok

A
e
o
kl
)
|
=
O
3]
=
=2,
1o
:?g
L

l

or

SEE UdEo] EAlgo] tE Al T fAF
H TS 2= 1 7] 789 B-lactamase”t )
F MS= o5 2570 thet 7 M oA et Y ==
A WS 27| ti 2ol o Bt A Y
of|= x}o]7} Qitk. MALDI-TOF MS: B-lactamase©]|
et A FHAIE S50l 24 457t A8
22 i glo] of e} g4t StEat slskA o = ¥
o vl R ] Al Eoiet dEE AR
Eriici=g
SRS AR E91 94T A H op|iAlo]
U= dEHolA B2 AIZKCl: 3AKEofs]) B3t Histo] BdA]
Wdol =3¢ SEAE HA| H oM |ieAkS Rk Ty
S S7WIA olid 129 A& S45k= 4]0tk MBT-
StA g AAL Al EA(MBT-antibiotic susceptibility
test rapid assay, MBT-ASTRA)2 A0l LeE= AU &
E|R] 2 Alt] AEER O] 34 ofef] HA(area under the
curves, AUC) Aol B]sk= MALDI-TOF MS AZE
o} == 715E0 2 A WS AEdk= Al ol
794 Alete] AUCE Hl st Alet9] g7 B71eict. m]A8
= w7 S, SAE =S Al @5 AUC
= AP 2= A] 92 A3} Blwrsto] ZhaEl= BHE, Ug
79| 75 FAE IAY 8= AUGE BISSHA ETH271.
A 20 52t IR FAMSE AAH A7 AR =

A(NGS) & MALDI-TOF MS9} Z-& A28 71&0] Qjo g
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Qlsh FAR HekE A Qlct. olof Al U mlgEe] =3

SAFE 712 olm AR B1E- 5712 fiRle] == A ofst
O AIAIER] $8-& veRict ESE OXA-48 72l e
(carbapenemase)g AJAok= Al 22 A WA
EES] 542 YARESH AAMS] 2 HISHE 7R
53] A U AE & Aol AREE= olEe 71&0] A&
T ugE B Y £ARE $1% MALDI-TOF MS@F A H]
W7IMERAEe] A o] diF=al QIeH28l. BD
Phoenix M50™ AJABI(BD Diagnostic Systems, Sparks,
MD, USA)Z 4 o= A A 3 ARl 1
=/ B =EEFolA 7Rk W EE]A" WA H=el sk
A5 4= Q= ARE Hojar QIoH29].
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7. MALDI-TOF MSE Sot & XH #2:+

AL} S TAgE2 Qo] HAYSH= 52t 4 Al
+ U FHEi} oot e
oj2fgt 24 22| ) Tl o) v Al B o
v g EA o R AT 4 qlok AR EAHM)2 o
A5t A 583 A= HRo|™ MALDI-TOF MS&= &
EE0 e =& W AT = QI8 tE MS 71sH Tt
SHEH30]. o] WrHoll A A S5 7 Aol =H &,
dso] A S71510] ~2 kDall ARA HElo| =5 HESH=
gl 10 ppm ol3tel] =EHH31]. MALDI-TOF peptide
mass fingerprinting SHAAIE 71 Est7] el 7Fg w2
T A e o™ oF e AR Xtk 9l offof| thgk K
EARSRIH32). FR AH OB = FA S U2 AISFARE,
2L, ARE-Bol, AEtt ARE Y E2 Ak e J8
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230l EAIRE e A2 2719 Aol 1A=
5 7], EY 5 Be e 7180 EARI ole2 A T
S HEYTE S0 A= = gl Altd IY
2SIl AoRIH33]. Rt & Al(E, BEY A= 5,
S S (34], Hiolofloj=E YAH35), A1 B EHS 2y
Elgohe 22 s T i de AR 22 e
Alte] BHite RUE S Y 299 /1S F4f5ke S

A %935} o] ZHojlA MALDI-TOF MS&= RUE, A
0] R T4 L TRl st 5S Bl 83t AHE A
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Sol= o 28HTH36]. E3E, Xt Shewanella haliotise
MALDI-TOF Biotyperg 7|42 & 574 5k= 22 35 Ho
A YEHA w2HEER] bisphenol A2] EoE/dE dl&st=
o] 8= 11 QItH371.

9. AZOIME0Ml &E

A2 AlS - 22 TSR A Y] ko] H 4= Qi
Tk 549} {714t 59 Rl 75 AR EY HR o R AlE
IPETRE - 52 WMt MALDI-TOF MS 71&2 o
Q2R3 A vle|gjof, fikd & 71eL R viE|EolE 4]
Holal HESEO B Al HESHEo oA kS 4eaieit
Brochothrix thermosphata®] T30l 1ol A 11719} a4k
=9| Fufje} B $29 Hi|gjo} 5 shelth. MALDI-TOF
MS % 7|8} 7&2 S 0 &2 JITH38]. ZEHPO| A=A
< 7Sk 24730l 37841 FRkS PRI Tt A A
=517] Rt HSAZ AMGEITE ZEHo]| Bl E4S 2
U= 20 = ofu] A7 bRt AFoA M= LeHo| 2 F
2 He|gjols E25t7| {13t A77F 8= ATH3IL.

Bacillus cereuss°l &5z G- w50l 2lsf A= Lol
P22l =8Hg AT E FE G54 (cereulide)ol] &It 4]
F(]: &, mpAEl 5, 9F 4 FARD Y] QL oA
B A5ES 389H40]. MALDI-TOF 7143} PCR W
A BEAY(HEp-2 MZ=48A)E ARgsle] FE4 9 H]
A Al w52 BRIFITH41]. T3 MALDI-TOF 71&9]
S| 2B Ats ke AU Al S Al 414551 285t
= o] Aglslth= AMLE BRI, Staphylococcus xylosus,
Klebsiella pneumoniae, Proteus vulgaris, Lactobacillus
sp.2F o] S|AE gk A BE-2 580 5= = BlE=ot
7h 39 A T SRR, X|E, @AR1 R 7TERAIE AFAI0] 5
2B S5 3R b MALDI-TOF MS= 9, 2R1,
AR, &, spAE AL 5lH, 97 BLRARE, SR A T
+ TR siibE 22 TR 79 4Bl ndES Aokl
QrRIES AEsk= 3202 ARE = ik o B2 1Ay
= S AFS-2& 71 Hlo|EHo]AE SHYSHA - AFol &
Aol nPEES Eesto] B o PR vlE IE2 A
o ek

AR 9] a0l A= A= A HollA B3R 4=
Z-go] ot} i A&AY F7IAGEAH(high-
throughput sequencing)< AA| ¥4 593 TS 5}=
Latilactobacillus Saulo, L. curvatus, Lactiplantibacillus

plantarum 2 Weissella cibarias < 5509tk AJHg 4=
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9I97] uhe] s QAI5HA] R W, MALDI-
TOF MS B4 % 45204] Hole s AP58 4= L, Hef o
P A PR AL FEAIA 918 S AaE
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10. MALDI-TOF MS2| |5+

MALDI-TOF MS7} H-& nl8E 32 ot Aldsohk= &
F2 35 593 Aot MALDI-TOF MSE= GenBank®} 2+
o] INHoR A 7hsTt B7IAE HlolEHolAet e
MALDI-TOF MS Hlo|EjH|o] A= 5724 0 21t SR8Erh=3
o] Algkdo] & <= Qlrt. Tgh AR wAHE o gt 2 5
HI&-2 F = AlS] A AUER =3 F7lolo] 7idd 5=
UATHE W a3 820 REEAQ] Hlo]e] £4jo] skt &
3k AAESH] @l gt 7o ofefe- o] ZAY iy
Q1 9= 5740 ol Zh=rt #2 Fg> MALDI-TOF
MSET}16S rRNA 57} A g 2493 ARgsto] o w2 A A1
Slojof & Alojm] £ £ 79 =5 cut of fgho] 4
g 7]50] 85T} AAE ¥oke oA HAE = AR
2 Zeo]E o] =t HF, Edlo|Ed) FE ==Y #
245 o, 2 AR et Rl2ko 2 AANG, A 7Hi,
2 ZH|o|E A A = HAPE A ARIOA 257 Tlo]E ¢
g, gu19] 05, o] A Eej=A] koW E oo R IAE
Hehd 4= Q= A 5ol A 4= Qi E]E MALDI-TOF MS
O mjEZA Yl -guf] 51/, 28] E A 2] WP, 15 2 o= vy
F AN, = 5 5 7] gt klo] itk
MALDI-TOF MSe] thigt CLSI 7lo | =21RI(M58)olli= AAM 1
30| =QJ=R] QISIATRE, o] 71&2] ARS-S Bl YIH R &
3 H8otAt bl 22Ut e A8 2 #44
SR} A7 715730l iRt Fol o] QT T3 A
Ao QVH o= Fa3 AIE FAlHAY YJH o= FQa
SHA] gk A3E HokA X =SHA 2 4= Qe S5He] itk &
Alofl MALDI-TOF MS2] AR&2] Hepd 0 & QIs AARES A
2 A0 Fok= 71eS 9A 2 4 itk

£ =FolAe A vAES o412 MALDI-TOF 4
7191 3} A2l IDOfA] A= =815 ol 7 thekst 7]
& SAlo] g5l FolH gkl MSQ] 3-8 MALDI-TOF e
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