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HEoNrEt & AV ic i B SRIRA Y R E DO RREt

PR & miE e, K BT, N B, R BFEERS, TR OEHFT
AN e, TEE PEElS ML BRre, PR MR, ATF A

R B oy Bl S AT M O R & 8T LW A FE R EVE Cd 2B R/0oHTEt (Matrix-assisted laser desorption ionization
time of flight mass spectrometry : MALDI-TOF MS) % W CRIE L, A(bFAIMEIREEREX XY &R Y — ADNAIC L 58
FECHIFNTIEC L DFRER B Uiz, BRIV A A TEEZ Y, 7 Y A BECEEHIC W TIEho FiEE KR
L. 7 VARETIEY ) —)b - FBIIMIEORERN G, B CIEL Y SERFBENT X/ —L - Xk
L & RIZEOREREE AR LZ. ME2758RIZMALDI-TOF MSYAIZ K W 27859 IR E &, fEskik s o—FR
IEB L~V T93.8%, FEL L T54.9% Th o7z, FL~NVO—FEMEN- 7R E LT, HEERD49%% Hd T
Enterobacter|& 1 O BEFESEDD, WTILOTFETHLRETH Y HENL —H Lo Z EnEZ N, BER1061E T
MALDI-TOF MSIEIZ & 0 1R I18EETRICIFIE S 4L, 84.9%M kL & L~ LC—F L7-. MALDI-TOF MSZF|H L 7=

BRI ORIE, TEkiE & R%EORKEZA LIRSl 5 E TR Th o 7.

AR O T R

EIBICEDDIDIUIA NI ATA TV —DORELZRDLULERHD LBEZ BN,

¥—U— F : MALDI-TOF MS, EE#E[AE, BioBEERE, Enterobacter)®H

[ VI B i
BMMEDORETITRLORZEMEHERT 572D, f&
FEWAEM ORI S IEMRRIENEEE 25, BAEHOFE

TERAEIIIER L 0 WO art, AR - A ERITER,

MIFFMER 72 EORBIMEIRICE VIThhvTE . Nz T
DT EMFRTIEE LT, WERIITIC L AREES —
BIZHWOND L2 ICRoTnA. LAL, Zhbols
BT A ZE L, JFHEREESCHEOWEMMER RO Hitd.
IR, ~ R w7 ARV — Y — A A LRI T
HVE B #T (Matrix-assisted laser desorption ionization time
of flight mass spectrometry, LA FMALDI-TOF MS) % Fi|H
U 72 AEREESBRSS Sh, KRFPRBTE DREIR OB T
R L TETWVD'Y. MALDI-TOF MSTEZFIH L 7=
WIEENL, BLERIZ K- THllE L7z iRk oo & 37 8
EONTL, Bbhia~AARY MLE Y 7 b= TR
SNTBRHOBEE T A T TV =R =~ T TT 5
Z AT R R E RO AT O . AUEILREIR 7 B
ZHUDICEANEA TE RN D, B EY > Tl
FERMECBT AN, 2 2 TR HESROME &
OVEERFIZ DV CMALDI-TOF MSYEIZ 1 5 [R) & R HE D it
ZHME LT, PERBIC X DREME L i L.

£ B F &
1. Ak
20124E2> 520164 (2 HURHEBNIZ i@ L 7= & i s & 2B L

ToRR % USRI 2798E,  BERE1068K K ONZ A T BOE A B
AT B 0 IR L2 B8R (LUF, NBRCER) 10
BRafgta Lz, $£72, BRSHEROXIE LT ho#fE
DD AT BES NI BESTRR 2 L7z,

2. RSAEYE DRRES

MALDI-TOF MS EOREEILZY —7 v 7 L— kT
an=—EFEERMT A EALAATEEHVEE. B,
7 FIEE K ORI SW T -V A A 7 15 TR E R i
Th-o - ORILEEE R Lz,

1) ¥7 YA BE
BMOONBLEE TV AEE 5 @E (Vibrio
alginolyticus, V. fluvialis, V. furnissii, V. metschnikovii, V.
parahaemolyticus) 11 HRIZOWTEIL A AT, FRikKk
Q& ) —/b « XHhHiED 3 5 CRILEEZ £ L, [FE
FER AR LT

2) BER
BErENOABEL (LUF, iRk 15 BED
NBRC £k 10 BRIZDWTHEEE, =X/ —)L - SEehhitik
ORI A RIEOFRILEREZ1To 72, F7H I
LSU-DID2 fiEigk Y HEFF % fv 7z BLAST OFH[E R
RIZEV BN UOFERERE LT
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7%, a-Cyano-4-hydroxycinnamic acid (HCCA) (Bruker
Daltonics) (BLF, = bV w7 2583K) % 1 pL i L TRz
MR,

) X®Bis

an=—%4 =4y b L — MIEBERMA L, 70%XE
1 WL 2N CHER S 7%, ~ Y v Z3EE 1 ul %
WIN L CRo X 7.

3) =& ) —/ - Xt

1.5mL <A 7 8 F 22— 712V 288K 300 pl (240 &
Dan=—%zER%, T4/ —1 900 uL &z CHER
#L7=. 13,000 rpm T 2 @Ok, RIS 70%X0E 40
uL &7t b=k UL 40 uL 22 THEEL, 13,790Xg T
2 L LI EE 1 b 24 —4% v F 7 L— ML
W SE%, ~ Y o7 ZAREK 1 L 2L TR S
7.

@) FEITA X

15 mL <A 27 0F 22— 10%FM 50 uL &7 & b=
FUASOUL 2INZ, YEOan=—ZRB L. Fa—
THEREVFA P —2HE LI KRR LERNTOKE
12T 60 FORIMER: LTz, ke % 13,790 X g T 2 4rfiiE O
L, R 1 uL 2% —4%y b7 L— MM U S E7=
#%, = bV v s AR uL ZUIN L THBE ST,

3. MALDI-TOF MS ¥ & fE3REIC K 2 R B D Lk

i SIS 275 &k, BERE 106 £, b NHISRHIE 57 B
IZOWTHEKRE & MALDI-TOF MS JETCTRIE L, HEfEx
L.

1) fEREIC X A EERE

PERIEE LT, AL FrtReRERIC X 2 A& T AR
FRNTIZ X DRIEZEFT > 7.

AR ROMEIRERBR 1T Microstation & A7 A (Biolog) ,
API20E Xi% ID32E (Y AA Y7 A+ EA AU a—) OV
%AV 2. Microstation ¥ A7 A, API20E K ¥
ID32E [TIRASCEICHE - TR Z 1TV, RbMEOREVHE
fEaEEALE.

Y EERO SRR IE T v 77 U Edh HH9% UX Lyse and Go PCR
Reagent (Thermo Fisher Scientific) (ZJd Y DNA Z#lii L7-.
AHEEIX 16S rDNA @ EHifilK 500 st xR e Lo 7
A ~— (515F KO 1115R, X% 9F KT 1541R) O%f
L, GeneAmp® PCR System 9700 (Thermo Fisher Scientific)
Z VT 95°C, 30 ), 55°C, 30 %, 72°C, 60 #C 20-35
A 7V CHANE L=, BERRIE LSU-DID2 fHEisk 2 x5 & L
7774 ~— (NL-1 2O NL-4) 9% T 94°C, 1 47,
52°C, 30 %, 72°C, 2 43T 36 YA 7 /LEME L7=. BigDye
Terminator v3.1 Cycle Sequencing Kit ( Thermo Fisher
Scientific) (ZX YW PCR FEEMID Y — 7 =0 ARG Z4TVY,
BigDye XTerminator (Thermo Fisher Scientific) (2 ¥ i
FEW) & KB L 7= %, ABI PRISM 3130 (Thermo Fisher
Scientific) Z MW CHIRELSIZRE LTz, £ bR
FZ->W it GenBank/ DDBJ/ EMBL O — % % v 7=

BLAST OAHEMMRFRIC L 0 EFi4 2 E L.

B D F7 1 THEE &2 1T - 725 & 1 SR IR AT 1,
Microstation 3 A7 A, ID32E, API20E OJEIZHFEL % 5
gL,

2) MALDI-TOF MS 12 & 5 EfERIE

ATALBRYEORRGHE R 2 Eis, MEIXEL A A TIEXIEE
FRIEIC LY, BERHIFXERIE I & ) — )L - FEEIIHIEIC
L VAT ZIT > 7=, EE5H L autoflex T X 1%
Microflex LT (Bruker Daltonics) Z{#EHA L, figiry 7 ~ v
=7 Biotyper ver3.1 # HHWCHREREZITo 7. HESHT
FECv AR MABBBREDS A% O RE), ~
AANRY NVIBEFRE CH TN TA T TV —L~vF
YT URWESE TREARRE] & Le. RERE LR
TR TEIZ 20 L EE2EL~UL, 1.7 Pl 2.0 Rz )mL
~LVOFRERE, 1.7 RWIZFRERRE S HE L.

4. 7477V —RBEEEDHFRE

TAT TV —REEDT-OFRERE & 7o T2 B ik
([ZOWTIE, NBRC BEEMNOHSG LT =2 &2 A D
ATGAT T —IIRE LTI, BREEIT 7. Bl
F& X Candida sorbosivorans (NBRC1039177) K WY
Citeromyces matritensis (NBRC0954T) D2 THD. ~
=2 T JUZHEV 1 BEFEIC-D & 150 Main Spectrum % 7ERE
LCIA 7T VTG LT, HEARSIMITEIC LD &
FRETE & [Fl— OB & HEH S 745 3 ERICOW T, Hizic
B LT ha 87477 ) —CHEEEI{T- 7.

MRROEE

1. ATAEEORE

ALEREI T E AR A TR, XL, REVTHA XL,
TH )=k - XEEHEONRI R EE D M 22 0, AL
FUCR M A E LT,

1) ¥V BE

V. furnissii, V. metschnikovii, V. parahaemolyticus ® 3 FEFk
TEALZAXTIETS 100%FEEFTRTH > 7228, ¥V
alginolyticus, V. fluvialis @ 2 HFEILE /LA A TIEITXEE
ETIEOIREE L RDBENE L, =& 7 —/b « X
EORIERN M L7z (Table 1).

—HOET U ABEDOEEIZ 'L A A T ELFRRIED
WHATE oA E LT, ©7 ) A BETRH AR
Felia b7, 5 RATLERE TIXER Y X7 B o
HBARF 3 ThoTe RN B 2 bz, B 7 U B L
SMTH, baA FROMESLENTF 7Y B UfEa b
DT AGEE R EIE, 2 e = —RRSRIE O S DM
B ORI U CHMLEE L BIRT 2L ER H D L ERX D
ni-.

2) BER

FERE D FTLERE DIETRE R & Table 2 12”7, [FIERE
EoRT AT OFBMEIT, FEEE, BEVIA XL, =X
= FEEHHE OIS /< e oo, A7l 1.7 R
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DEIEARRRITHRE DA XIETIE 3 @fE, FEIETITIE
T, =& —/ - XBIMETIEHRO bR oT. &
BIED~ 2 227 MLOE— 27 8L, Xk, REY
FA Rk, =& = FBEIMBIEOIEICEZL ol

(Fig. 1).
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Table 1. Comparison of Three Pretreatment Methods for MALDI-TOF MS in Vibrio spp.

No. of samples identified / No. of tested (%)

species Direct smear method Formic acid method ]%:ziz(ili/:ﬁﬁisgéd
Vibrio alginolyticus 1/4 (25) 1/3 (33) 2/2 (100)
Vibrio fluvialis 2/5 (40) 1/3 (33) 1/2 (50)
Vibrio furnissii 1/1 (100) - -
Vibrio metschnikovii 3/3 (100) 0/3 (0) 1/3 (33)
Vibrio parahaemolyticus 2/2 (100) 1/1 (100) 1/1 (100)

Table 2. Comparison of Score Values by Three Pretreatment Methods of MALDI-TOF MS in Yeasts

L Ethanol/formic acid Homogenization
Formic acid method .
extraction method method
Type strains

Candida albicans NBRC 13857 1.938 2.345 2.126
Candida guilliermondii NBRC 102797 1.926 2.039 2.128
Candida krusei NBRC 13957 2.041 2.383 1.954
Candida parapsilosis NBRC 13967 1.880 2277 1.996
Filobasidium uniguttulatum NBRC 06997 2.125 2.329 2.018
Kluyveromyces marxianus NBRC 10005" 2.192 2225 1.941
Pichia membranifaciens NBRC 102157 1.765 2224 2.137
Rhodotorula mucilaginosa NBRC 09097 1.753 2.216 1.699
Wickerhamomyces anomalus NBRC 102137 2238 1.929 2.005
Wickerhamomyces subpelliculosus NBRC 08087 2218 2278 2.287

Score average 2.008 2225 2.066

Isolated strains

Candida intermedia 1.921 2.501 2.028
Candida metapsilosis 1.614 2.009 1.388
Candida orthopsilosis 1.880 2273 1.733
Candida parapsilosis 2.028 2.113 1.941
Clavispora lusitaniae 1.930 2.383 2.165
Debaryomyces hansenii 1.758 2.084 2.275
Lodderomyces elongisporus 1.808 2.139 1.971
Pichia membranifaciens 1.893 2.120 1.928
Rhodotorula minuta 1.912 2.368 2.278
Rhodotorula mucilaginosa 1.860 2.020 1.811
Saccharomyces cerevisiae 1.935 2.140 2.136
Torulaspora delbrueckii 1.725 2.030 1.510
Trichosporon ovoides 1.701 1.877 1.825
Wickerhamomyces anomalus 1.904 2.061 1.882
Zygosaccharomyces bailii 1.762 2.305 1.746

Score average 1.858 2.162 1.978

T : Type strain

Score value : 2.0 <score probable species identification, 1.7 <score<2.0 probable genus identification, score<1.7 not reliable identification
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FEEIL 3 EOT THRH A 3 T EHEIMEL oo
ZORRETZ 7 —/ « FEEHEETTo TR L7z~ 2
ARY MNVINTAT TV —IZBEEINDT=HTHDHEE X
Lz, Thbb, FWMKETd /) — - FEERhHEICT
RCE—I BB T B0, " —r~y T TOHER
NTFRY, ZOFERLELTCRaT7ENEL D EEZBN
2. L L7ens, FEIEITAa7THEN 2.0 £iEOE 1L
NOBETHTH /) —)b - XL &R UEEL 2R L
o, Fio, IA4 77 ) —ICA—EENMEERHEIN TN D
LA, RERMED AL 10 EEOE < ZE—EEN H D
TWe. BROGEIIAaTHEPB L~V OEETH T
b, A TEN 1.7 L EDo EAICE O R — B s R L
TWAHEEIE, FMETH M L~V ORERE SR S
N5 ENTRBINT.

2. MALDI-TOF MS#: & SERIEIC & 2 RE B O Lk

1) RfHERME RO b EHE

B HRMIE & O H TR O [F]E R 2 Table 3% OY
Table 412779, £l B KANF 275FRIZMALDI-TOF MSi4 T
27ESOBARICIRIE S, [RIEARRERRIL /272> 7=. MALDI-
TOF MSi% & WERIEDRIER R DR L~ T—E LRI
2588k (93.8%) TH Y, FELVLITISIEE (54.9%), R—
X178 (6.2%) Tholz. —J, L Lk Mk
MR STARIT 1422 AR I Z[RIAE S 4, fERIE L O —BeRITR
LULRs3fk (93.0%), FEL~LAT7RE (82.5%) TH Y,
R—F3abk (7.0%) Tholz. BLNTO—BEE R
DL, BAMHEK3.8%, b MHIK93.0%& [F%ETH -7,
T L~V TO—BERTITRATHES4.9%, HRHE2.5%THY,
b MR —BE RN E o, £, R—EESRITEE
6.2%, #%FE6I%LIFIFFETH-T-.

BAHBRMEICRSNT, BV TR —E L LR
IVDIRITEMN T > T ME Y, Salmonellal@# % Br X 11
‘ol FLVLTO—BRMENo T2l e LT, ft
RE K DA9% % 5 8 TV Tz Enterobacter & 5 O HIHEHRIE
TN TERVEEN M THAEL TV Z L, kR
D30%% &5 8 TV 7= Enterobacter cloacaelBix %

(Enterobacter asburiae, Enterobacter cloacae, Enterobacter
hormaechei, Enterobacter kobei, Enterobacter ludwigii,
Enterobacter nimipressuralis®D 6 L) 77C& 5 Enterobacter
asburiaeD—FEPMMEP -T2 Z ERFERIFRINTH -T2, F
7=, Citrobacter&&E<°Raoultella)&#, Cronobacter )& DFE
LARLVO—HEMEP-T2Z EHERE L TEX LN,
MALDI-TOF MS{.IZ X 5 Enterobacter cloacae FEf#F <0
Cronobacter)BF OD[RIE D L S i3h ot THiERm I
TWVD0, ZHbOEEITHERE TS HRER S EE L.
—77, TERIEIZIB W TEA A K EE T & - 7= Klebsiella B
& RaoultellaJF 5 1%, MALDI-TOF MS{E CILiJE D~ A &
R MARE =R ERIFEECH o7 (Fig. 2).

FETAR—BTH o 721K DV TBEINO A LR
B A FE i LA RERR L7 & & 5, MALDI-TOF MSAIC

L DRIENIE LW EHEE ST MEN1TRE  (Enterobacter&3
Bk, Escherichial@3%k, Klebsiella]&4¥E, RaoultellaJE3ER,
Staphylococcus)E 11k, Hafnial&2kE, Providencial&14K), 1€
SIEIZ L ARIENIE LW & HEE S LT E 34k
(Enterobacter)& ¥, PantoealE1kE, Cronobacter)&1££,
Salmonella)&1KR) Thot-. ZOFEREZME TS L, &L
H1SRAIE OMALDI-TOF MSIEIZ 1T 2 J& L~V P LD [F]
TEREREI398.5% (758K HP2714%) &7 o7z,
st B SRR IR H S 2 IR 2R IC D725 Z &0 D
FIEIZIEREE & S OWEMMERMETH Y, MEESOKRIG
T2 EDHEHRAE TR SN IR Z W E TREL &
5 LRB DI EED M 5. MALDI-TOF MSI&IXf# 5
CBHICERBEDRENTA DI END, BIEEOEEIC
bAMTHD EEZ DN, 4%, MLV ORERELZ
EHICHO TN DI, BRBSERDOT =5 2 A 2
TATGAT TNV —ICERHT LI ENEETHDLEEZZ LN
7.
2)EERE
FERE1068KD 5 H900k (84.9%) IXMALDI-TOF MSAIZ
O IBISEEIC[FE S 4L, 16BRIEFERETH -7
(Table 5). [AERATRE CTH > 7oMRITT S TRERIE L L
NT—E LT RERERD L, BRBRMESO®RE
85.2%", 92.0~96.3%'"NZ LR TH KL 72572,
FIERRETH > 72168kD 5 BT GEH) (Candida
sorbosivorans, Citeromyces matritensis, Rhodotorula
dairenensis) 1%, HEIEECHIMEATIE CIRIE S NT-EMA R T
AT TV —RBEFETHY, 5 OWE (SHEM)
(Filobasidium capsuligenum, Candida infanticola, Candida
spandovensis, Torulaspora delbrueckii, Trichosporon ovoides)
27477V —ORBHREDTEFE S 72 0 IR~4K Th -
o, TAT TV —REEETH B2 H b b T RIEARRE
Lol E LT, AUEETHLYAANRT fMLRF—
NEETOBENGEETHZ 0D, 7477V =BG
DDIROEETIEY A AT MBI L TORWIEALZ,
FETERMNoTZFIREMEN R SN, T4 7TV —DX
FIRED D IS, RIERBESPBRFEICR DT VNI &
I OWHE T HIRM STV D,
BEREIIRRBE I LA TIZHERIZIRICZ LW 28, [RED
MO CHEETH D Gk LA nEm e §5. £, i
BFRNTIE TIE TR TH O M2 ET 5. —7,
MALDI-TOF MSIEIF A 72 B AR E R AR ETH Y,
5 - REICFRENFRETHD. £, AWK LB
DYBA%ILY 7 NI ZTDIAT T Y —=THN—SNTE
v, BEHRBERICOW T EOR ISR I .
S HIT, [EEFTRE T dH o T bRITHE ARSI RATE Ll L~ L
T100%—E L7722 &2b, MERKELENEEZ L.

3. 5477V —REGEEOHRE
NBRCEEZ A VT AT AT F V) —|T8 ek, 2@TH6E
OEFRIEZEIT o T24ER, Candida sorbosivoransi |6 E D3 7]



WOR B 7 Bk £ #, 68,2017 105

BE& 7272/, Citeromyces matritensisiZFFFRIE H REETH HEZEZLNT. ZHITOWTIESeng 52 % [FAlEk DA &
S72. HRIEARREL 2o 2BEHIE, HEFHERO~ A A~ LTW5. ZiE TICMALDI-TOF MSYE TIRIE L 7=/ E
7 MIVHRIEER O~ A AT RV L TWigdo 7272 K OBERERI1,9000k D 5 6, [AIERGE TH - 718D T A

Table 3. Identification of Bacteria Isolated from Food by MALDI-TOF MS and Other Methods

Other methods (n)
MALDI-TOF MS Species Genus  Mismatch

Acinetobacter baumannii 1

Mismatched bacterial names by other methods

Acinetobacter johnsonii 1
Acinetobacter pittii 1
Aeromonas caviae 1
Aeromonas veronii

—_ N

Bacillus atrophaeus
Bacillus cereus
Bacillus flexus
Citrobacter braakii
Citrobacter freundii
Cronobacter sakazakii

N = N

*4
1 Enterobacter aerogenes
*

—
o
[NSRNNS RS

Enterobacter aerogenes 1 Pantoea agglmerans 4

Enterobacter amnigenus
-

O\ —

Enterobacter asburiae ! 27 3 Cronobacter malonaticus *4, Raoultella terrigena *5, Kluyvera ascorbate "
Enterobacter cloacae " 43 2

Enterobacter hormaechei ™ 1

Enterobacter kobei 12 36 1 Kluyvera cryocrescens "

Enterobacter ludwigii ™" 12

Escherichia coli

o)}

Escherichia hermannii 1

Escherichia vulneris 3 Klebsiella oxytoca *
Hafnia alvei
Klebsiella oxytoca 1 Escherichia vulneris
Klebsiella pneumoniae 3 Raoultella planticola "> Leclercia adecarboxylata »
Kocuria marina

Leclercia adecarboxylate
Listeria innocua

Listeria monocytogenes
Morganella morganii
Paenibacillus amylolyticus

Paenibacillus odorifer

SN B NI STl SR N

Paenibacillus pasadenensis 1
Pantoea agglomerans 1

Pantoea septica 1
Photobacterium damselae
Pluralibacter pyrinus
Proteus mirabilis

NN B W

Providencia alcalifaciens
Pseudomonas chlororaphis 2
Pseudomonas monteilii 2
Pseudomonas stutzeri

W =

Rahnella aquafilis
Raoultella ornithinolytica 3 Klebsiella oxytoca ", Enterobacter cloacae ™
Raoultella planticola

Raoultella terrigena

[ e

Salmonella sp.”
Serratia fonticola
Serratia liquefaciens
Staphylococcus aureus

——

Staphylococcus simulans

—
—

Staphylococcus warneri Sphingomonas paucimobills "
Staphylococcus xylosus
Vibrio alginolyticus
Vibrio diazotrophicus
Vibrio furnissii

Vibrio fluvialis

Vibrio metschnikovii
Vibrio parahaemolyticus
Yersinia enterocolitica

total
*1: Enterobacter cloacae complex
*2: These bacterial species can not be identified by conventional phenotypic methods.
*3: Salmonella can only be identified on genus level.
*4: These bacterial species misidentified by MALDI-T OF MS.
*5: These bacterial species misidentified by other methods.

QD= — W — — — N

—_
—

107 17
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7T U —BEHREIZ0~3RTH Y, 1Y D OBEREE
Bs D nFe, [FE TE RWENRZE ) 57, MALDI-TOF
MSIETIE, T4 75 U —IZBEENTW A OfEE
B2 T < VRS 72 D OBEERE D R ERE R IC R & <

FET LN DD, FTo, FIERE & [F— RO
ORI IZABELMHEREA DL L VO REILHDH 2
b, THMIZOWTOR EBSRU EaREkT o2 L
WXV RIEBERM LT D EELLNT.

Table 4. Identification of Bacteria Isolated from Clinical samples by MALDI-TOF MS and Other Methods

Other methods (n)

MALDI-TOF MS -
species genus

- Mismatched bacterial names
mismatch

Acinetobacter junii 1
Aeromonas caviae 1

[\
[}

Campylobacter jejuni
Campylobacter rectus
Campylobacter showae
Citrobacter amalonaticus
Citrobacter braakii
Citrobacter freundii
Citrobacter youngae
Enterobacter aerogenes
Enterobacter cancerogenus
Escherichia coli

Hafnia alvei

Klebsiella oxytoca
Klebsiella pneumoniae
Morganella morganii
Proteus mirabilis
Providencia rettgeri
Pseudomonas aeruginosa 1
Pseudomonas koreensis 1
Salmonella sp." 2
Staphylococcus aureus 2

DO = = b et e e e

W N = =

2 Enterobacter aerogenes *, Yokenella regensburgei

1 Raoultella planticola ™

1 Citrobacter koseri™

total 47 6

*1: Salmonella can only be identified on genus level.
*2: These bacterial species misidentified by other methods.
*3: These bacterial species misidentified by MALDI-T OF MS.

Table 5. Identification of Yeasts by MALDI-TOF MS and Other Methods

Other methods (n)
MALDI-TOF MS

species genus mismatch

Candida guilliermondii 1
Candida intermedia 1

Candida metapsilosis 3

[=)}

Candida orthopsilosis

—_
(=1

Candida parapsilosis
Candida pelliculosa
Clavispora lusitaniae
Debaryomyces hansenii
Lodderomyces elongisporus
Pichia membranifaciens
Rhodotorula minuta
Rhodotorula mucilaginosa
Saccharomyces cerevisiae

Torulaspora delbrueckii

D N N0 = N = = 00 A

Trichosporon ovoides

o]
N

Wickerhamomyces anomalus

[’}

Zygosaccharomyces bailii

Zygosaccharomyces rouxii 6

Intens)
[au] Klebsiella oxytoca

H04

Raoultella planticola

i

intensity
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05

e .

2000 4000 6000 000 10000 1[2101902

Fig.2. Mass Spectra of Klebsiella oxytoca and Raoultella planticola

subtotal 90 (84.9%)

not reliable identification 16* (15.1%)

total 106

* : These strains identified the following bacterial species by other methods.
Candida sorbossivorans (3), Candida infanticola(1), Candida. Spandovensis(5)
Citeromyces matritensis(3), Filobasidium capsuligenum(1), Rhodotorula dairenensis (1)
Torulaspora delbrueckii(1), Trichosporon ovoides(1)
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4. MALDI-TOF MSZFIf L7z REDOFIR & ER R

MAICE U RERIE, fEIE DA LR R B i
BT H24REHILA L, RS IMATIE CI348 L. L Th -
72. —J, MALDI-TOF MSIETIZ¥ —5 > M7 L— MK
(951K) (2O Z2FFHARETH Y, FlRFELARETH
o7, Fio, KLFEOPNDLE X ) —)v - FhEERIHET
AL ZIT > T2 A THANBRETH Y, KIFRFERH
HENFTRE CTH 7. ZD LD R PHOMIE S & RN
1%, MALDI-TOF MSIEDENRIE & R TEAI 72 i & & %
5“51-4,12).

MALDI-TOF MS% FIl ] U 7= & 349 O [F E 13,
BRI N EE 7 OB AR E, 1ERIEE GV—EEE
RU7z. F£7o, WRIC LY EY AL A RN D 2 &
I2&v, REBEDR ENRIAEFNTZ. —FHT,
Enterobacter cloacae FEifxH 75 & HEREEE RN HE LIS 12
ONTIHE, RER/BEREEae=—JK, EEERARSED
DM E RS LAY T, HEEA &Ry 2 Hfir-emik
LMETHDL EB DI,

* & »
B DAy S T M B OB RS DWW CE BT
(MALDI-TOF MS) % F\\7= B fE[RIE D 7= @ O R LB 3
ERREL, FERIETH D AP e L ST AL 5]
FEMTIEC L D [RERE R & i LTz,
AMLERYE A R LR, 7 VA REIIFmIELY b
TH ) )b« FERALEENE LT BERHE L D Y

Wik ) —)v « XlRhhitis & RIS ORIERE 2R LT,

MALDI-TOF MSik & sz 3 1) 2 EfER & o — g
WX, RS HEEME27SETIER L L93.8%, L L
549%TH Y, RBLE L FHEEMESTHR IR L~
93.0%, FEL/L825%Th v, BERF1068E TIL84.9% ) FH
LAV T—E LT, BRI OB 030% % (5 &
T\ 7z Enterobacter cloacae JEixE VT IO TIETH
FEEERINNEETH Y, B RSEGHE O L~/ To
—HRMNMEL o TR EEZ b

MALDI-TOF MS#% F|H L 7= & B kgAY o F €1,

Z L DRI TIERIE L RZEORERE LR L. L)
L, BN OMSNAEMEIIZIGICDIsZ &b, &
DICAEREE RO DT-DIZITA N NTATAT T Y —D
KEERDLLERS D EBEZ L.

El [z3
AEMLOEIZY -0, HESITEE R O Y 7 b
TZTIZONWT IH W IE & £ U BRI AT
RN BL B S AR I OV B I 28 R S R Y S =R L VR
7-LET.
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Identification of Bacteria and Yeasts Isolated from Foods Using Matrix-Assisted Laser Desorption Ionization-

Time of Flight Mass Spectrometry

Satomi UEHARA?, Yumi TAKAHASHI?, Makiko KOBAYASHI?, Rei KATOH?, Yukari NISHINO?, Yukako SHIMOJIMA®
Noriko KONISHI?, Takashi CHIBA?, Keiko YOKOYAMA®?, Akihiko HIRAI? and Kenji SADAMASU*

Bacteria and yeast isolated from foods were identified using a matrix-assisted laser desorption ionization time of flight mass
spectrometry (MALDI-TOF MS), which is a new method for the identification of microbial species. Results of species identification
using MALDI-TOF MS were compared with the results obtained using a biochemical identification method and DNA sequence
analysis. Most bacterial species were examined using the direct smear pretreatment method, but other methods were used for Vibrio spp.
and yeast. For Vibrio spp., identification rate of the ethanol/formic acid extraction pretreatment method was higher than that of the
formic acid method. To identify species of yeasts, the formic acid and ethanol/formic acid extraction methods indicated equivalent
levels of precision in identification.

Using MALDI-TOF MS, a total of 275 bacterial strains was identified and classified into 27 genera and 59 species. These results
agreed with those obtained using conventional methods at a rate of 93.8% at the genus level and 54.7% at the species level.
Enterobacter spp., which accounted for 49% of the strains tested, was particularly difficult species of bacteria to identify using either
method. The difficulty in identifying this species may help to explain the low matching rate in species identification between the
methods. Using MALDI-TOF MS, a total of 106 yeast strains was identified and classified into 11 genera and 18 bacterial species.
These agree with those obtained using conventional methods at a rate of 84.9% at the species level.

Identification of bacteria and yeasts isolated from foods using MALDI-TOF MS showed high accuracy comparable to conventional
methods at the species level. Because the types of microorganisms isolated from foods are diverse, it is important to increase the

number of mass spectra included in in-house libraries to raise identification accuracy.

Keywords: MALDI-TOF MS, species identification, isolated from foods, Enterobacter spp.
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