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Identification and Typing of Cronobacter spp. by
MALDI-TOF MS
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Abstract: Identification and typing of Cronobacter spp. was performed by matrix-assisted laser de-
sorption/ionisation time of flight mass spectrometry (MALDI-TOF-MS). Protein mass spectrometric
profiles obtained from reference strains and isolates of Cronobacter spp. and Enterobacter cloacae,
Enterobacter aerogenes were compared and analyzed, characteristic peak at about 5740 (m/z) was se-
lected as biomarker for identification of Cronobacter spp., 27 of 28 isolated strains could be identified
by this marker. Cluster analysis of whole protein mass spectrometric profiles of 32 Cronobacter spp.
strains shown that Cronobacter spp. could be divided into 6 different types. MALDI-TOF MS can be
used as a new technology for identification as well as typing of Cronobacter spp. based on the protein
mass spectrometric profiles.

Keywords: Cronobacter spp., MALDI-TOF MS, Identification, Typing

HEWMB: “T— L EFRE I RSB (No. 2006BAD04A08); [H 5 Fiks: s R BHE 31815 H (No. 20071K180)

*BIAEE: Tel: 86-10-85783587; DX: yqychen@yahoo.com.cn © thER SRR AR TIBE S 44858 http:// journals. im. ac. cn
s BE: 2010-02-05; 3 HE: 2010-05-21



1170 wehGEHR

2010, Vol.37, No.8

i B AT T (Cronobacter spp.) 218 12 it J5 k3 fi
E B LA RR Y S BRI, AR TS IR
AT R, AR LR T Ry A T AR R,
ARG 3] B 2 AT TR YT G o 3 A R BN A Y
31%0, R, % 5 B AT A R A S e ) e S
A B ) SR DA AE 1980 AE B BT IR A 44 FLE X
J5i, XCF 2008 4 i — Rl B 23 v B TR T
J& (Cronobacter spp.), J& F 4~ 5 A8 fp (H
Cronobacter sakazakii TR ) 1 A0 B VGFF
FE [ (Genomospeciese) fll 3 ASEHE AP, A%
WA R A2, B HAgR A o8 1 AR P =X
{1 B2 055 i FF TR A A I D Y, DA% 5 A A R
%0, T2 18-24 h, 1 HICHE X 4 hl—Ff, X
AR E 2R L0 5E B AT ARSI 19 75K, TR
YRl rm, RECHY WA BRKEZEEST
(Amplified fragment length polymorphismas, AFLP) .,
16S rRNA 42751 lL %5 . DNA-DNA 7238 9255 & ZAv;
SN S Z2 R AT RE 5 1, H ok SEAR AR 8 A AR 1
e EEFEHC  TARR R, P, #E S — M e
Y 5E 5RO R, MR e B AT g . i H
[0 a3 I 38

L4k MALDI-TOF MS T4 E 4301 & J il
B, JE A A I R GER FR AR W bR ) B N
JUFf 443 9 50 0 22 X6 40 B 1 A7 %8 5 A4y 21O,
LIPS EZR RN 77k E R RN R R Dt G B R
26 R TR PR 43 88 bk 19 el S e T, BT TN
5 Y P 55 1) 0 TR R P 40 AT B T . A SO
MALDI-TOF Jif i AR XiF 320k 72 B i FF 11 (L Hh 28k
AR BIRR) . 2BRARIL 9 S 2 AR AR o BRI R AT
T HTWESE, B AR LT T BN v B T e S B R
PR TE R B, ST B A b v R T O
PRI B 48 20 RS RO R, ot — 2D T S s 2 ik T
T DR AR I 5 B ki
1 MRSk
1.1
L1.1 SRIGEMR: b 34 Bk, ok AP EKGRBE R &L
AR YR ORI B L0 (IQCC), ZH R A
5 [ B 75 TR Fob AR 98K 0 (AT CC), 43 55 Bk AR A B
%1, J API20E (bioMérieux)iFf7 T % 5E .
L1.2 RFIFLES: K OB Hial) . S (G
4y Rk LE); druEd)BOn & A Bk R S5 11

http://journals.im.ac.cn/wswxtbcn

Z KPR EYI BUR A9, WE 4 pmol/uL, FEJHK
A o-TRIE-4-35 3 A B R (a-cyano-4-hydroxycinnamic
acid, CHCA)TE50% & M5 (7%2.5% TFA) ™ B9 1f F1 i
o BEFERG . B MK SR (TSA) N BD A
P o AR 1 A - 1B RN F Y Autoflex
TOF/TOF 111,

1.2 A%

121 R ERRAER: B 34 bk 4 ) e A 2
BIRRGT, 37°C BiFrid i’ . RIG LR T TSA
|, 37°C 5555 1824 h, A K HUPARTE, &M,

1.2.2 #mbl&: HIER LM TSA EHk
5-10 mg i, WA 1.5 mL Eppendorf &, il
A 300 pL R ZERIK, (PR, FinA 900 pL
JooK 2B, A4 2]; 10000 r/min 850 2 min, 3%
FWEW; A 50 uL 70%WH R, AFARIRS), ENA
50 uL &, 4R %27, 10000 r/min #.0> 2 min,
#H.

1.2.3  A#: HU1 pL BB E T MALDI #F 5 0
b, B, N1 pL BRI, P

1.2.4 [RIE4#r: SmartBeam HOGEE, K 355 nm,
BEAFE RS R 500 MEOEIK S, s
Fil m/z 2-20 kDa, FER4& BN [E] 200 ns, Ji1# AL
20 kV, HRECHIE 18.6 kv, BHEHIE 6.5kV., R4 FE
Al 15 SREE IR R, SRS SRIBURRIE V(S B,
PAARAS AT SER M

2 HR5H5W

2.1 MALDI-TOF X FigHER MR S
211 RFENEESEREHKEIAINEL MALDI-
TOF = Bi%: DIH R BOR A AR 5 I 2R (R
i I, HEST AR AR SR E . B 1 4 8k
TP E S R . 2 BRI X R B Rk B 1 AT
PRI ST B8 1) o s R

212 T ENAEEARERIEXMAELN MALDI-
TOF R4 #frs P50 b H o i [ 33 ] W08 51 454
PR PR () 1) 2 5 R[] %) 8 10, 0 T 0a (UL 3% 2)
FEXT AT, 4 Ak vl B A B S 25 B K B8 T T e L AE
5740 m/z BB 1 S AHGE B U (R 2 RO
RIRECT), @04y 28 Mk vd B R B 4 8 kR
FE, B 1 BRBRIB AT 1QCC10407 4b, HI7E 5740
m/z B IR 1 S B T BRI ), o5 0 TR AR
() 96.4%, TEA W=t J5 5 50 B v AT 1R 35 A AH

© PEMERMEDMMRIAEATIESREESE http://journals. im. ac. cn



A 55 MALDI-TOF [ £ A X 58 2 Vi AT 1 ) 42 7 5 70 1Y 1171
%1 SREK
Table 1 Bacterial strains of analyzed
Fre Wk AR 34 BARHL T 44 TR IR T
No. No. of strains (IQCC)  Chinese name of strains Latin Name of strains Source of strains Remark

1 10403.0 B T R R Cronobacter spp. ks 53 B TR AR
2 10403.1 B T R R Cronobacter spp. ks 53 B TR AR
3 10403.2 T B R Cronobacter spp. LT 43 B TR AR
4 10403.3 T B R Cronobacter spp. sk 43 B TR AR
5 10403.4 T B R Cronobacter spp. LT 43 B TR AR
6 10403.5 5B T R R Cronobacter spp. Wk A=Y RS
7 10403.6 5B T R R Cronobacter spp. Wk A=Y RS
8 10403.7 5B T R R Cronobacter spp. sk A=Y RS
9 10403.10 B R Cronobacter spp. gL I3 S TR PR
10 10403.11 8B T R R Cronobacter spp. Wik 53 B TR AR
11 10403.12 8 B T R R Cronobacter spp. Wk 53 B TR AR
12 10403.13 B T R R Cronobacter spp. ks 53 B TR AR
13 10403.14 B T R R Cronobacter spp. ks 53 B TR AR
14 10403.15 B T R R Cronobacter spp. ks 53 B TR AR
15 10403.16 T B R Cronobacter spp. 5k 43 B TR AR
16 10403.17 B ey 5w 2 T AT TR Cronobacter sakazakii ATCC 29544 SRk
17 10403.18 B ey 5w 2 3 A 1R Cronobacter sakazakii ATCC 29004 2 Rk
18 10403.19 B ey 5w 2 AT TR Cronobacter sakazakii ATCC 12868 S5 Wbk
19 10403.20 T W7 5a B AT Cronobacter muytjensii ATCC 51329 S5 Wbk
20 10403.22 5B T R R Cronobacter spp. I3 A=
21 10403.23 8B T R R Cronobacter spp. J7 5 T8 53 B TR AR
22 10403.24 8 B T R R Cronobacter spp. J7 5 8] 53 B TR AR
23 10403.25 B S Cronobacter spp. Y55 I3 S TR PR
24 10403.26 T8 AT R R Cronobacter spp. J5 i 53 B TR AR
25 10404 o B i R Cronobacter spp. A 53 B TR AR
26 10406 5 B W T R Cronobacter spp. A 53 B TR AR
27 10407 55 B R Cronobacter spp. A 43 B TR AR
28 10409 T B R Cronobacter spp. IR 2% 43 B TR AR
29 10410 T B R Cronobacter spp. LT 43 B TR AR
30 10416 5 B AT R Cronobacter spp. Wik 53 T bR
31 10418 5 B AT R Cronobacter spp. PET 53 T bR
32 10419 8B T R R Cronobacter spp. NE I3 S TR R
33 10460 TS AT R Enterobacter aerogenes ATCC 51697 Xof HE A
34 10461 398 i T T Enterobacter cloacae ATCC 35030 Xif B TR AR

LI 19330 P 81 R ™ S T DA 3K —SREAIE,
I, 78 LIRFRE ST, 5740 m/z BT 1] {E
K B B EORUE S S AR IR . S
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ATCC51329 43 %I7E e £ b, fFEFREE R,
ATCC29004 il ATCC12868 — F MLl i & Al ¢
B, B ATCC29544 fifE—E %R, H-H% 5
ATCC29544 F1 ATCC51329 #f o AH L 1 55 £ 3
ATCC29544, % 5 1 T st A% Fe i 0 397 19 4 28 45 R e
S A3, X AT UL RS2, AR 32tk
Wk 625, (HIX 6 KIFAFE 6 MHTFP.

© PEMERMEMFRITEATIEESHEESER http://journals. im. ac. cn

http://journals.im.ac.cn/wswxtbcn



1172 wehEgaR 2010, Vol.37, No.8
1500 F A 9475.2 1500 B 5741.5
1250 F 1250
— 1000 E — 1000
= F =
o L =
% 750 F s 750 2
<) F 54 =
2 F = *®
E 500 F = 500 p © o
F o v
250 E 250 E g
0 : 0 1 L I.l .J L L L IT L L 1
N RO IR\ SR\ SR\ SR\ SN SN VN
S PR TSNS PSS
miz
1250 F 1%0E
— 1000 F — 1000
= o =
< L <
% 750 B = = ﬁoEn
g E E =] [Ve)
2 FS £ EAN " o
=500 o = 500 B Y e Sl 2 O
- L NR S < e
250 [ 250 cg E5 8| % W 3
F DT IR — T
0 kb | T 0 Brethin ol o VT e by
\} \} Q \} Q \) Q Q Q \] \} \] \) \} \} \} \) \) L
\) \) \) \) \) \) \) \) S 8 \) W) N\ N\ \) N}
MR SN PN SN NN \QQQ \\QQ \,»QQ FTFEFETTS S S
mlz mlz
1500 1500 F F 6253.5
1250 1250
— 1000 — 1000
=1 =
3 s o
-~ 750 750 N < o
g 5 a.o2e d 3 2
b=} b= Tenea o ~
=500 E 500 = §§§E E§§¢§
250 250 F | 27T 1 J _‘{I okl
R (=)}
0 o AL s

E1

Fig. 1

RFENERE 4 KRB RRABTE. =SBITENRERE

Mass spectrometric profiles of four species of genus Cronobacter spp., E. aerogenes and E. cloacae

Note: A: ATCC29544; B: ATCC12868; C: ATCC29004; D: ATCC51329; E: ATCC51697; F: ATCC35030.

mE s — X ¥ WS % WK
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Table 2 Peaks obtained from the analysis of six reference bacteria strains with MALDI-TOF MS

C. sakazakii C. sakazakii C. sakazakii C. muytjensii E. cloacae E. aerogenes
1QCC10403.17 1QCC10403.18 IQCC10403.19 1QCC10403.20 IQCC10461 1QCC10460
(ATCC29544) (ATCC29004) (ATCC12868) (ATCC51329) (ATCC35030) (ATCC51697)
2690.8 2853.2 2853.9 2690.3 2690.7 2525.7
2789.6 2870.8 2870.9 2855.3 2821.1 2696.5
2825.3 2883.7 2883.9 2868.0 2853.4 2789.2
2853.1 5708.6 4737.6 2883.7 3127.0 3043.8
3127.3 5741.9 5708.6 3159.2 31384 31453
3158.0 5769.4 5741.5 3637.3 3155.2 3179.2
3580.0 5795.8 5769.0 4183.9 3164.9 3579.2
3637.4 9475.8 4364.5 3176.8 3621.8
3659.4 4738.5 3396.3 3823.0
4183.8 4761.0 3423.8 3837.9
4365.2 5142.7 3581.7 4101.9
4447.2 5380.8 3598.3 4183.7
4502.4 5711.8 3622.3 4364.3
4617.1 5738.3 4163.5 4448.1
4628.0 5768.5 4183.5 4496.7
4737.4 6254.5 4206.4 4568.5
5045.2 7274.5 4365.6 4582.4
5142.7 9476.9 4447.2 4739.0
5347.2 4568.2 4769.8
5380.8 4752.6 5017.5
5409.4 4762.6 5097.2
5611.3 5120.2 5142.9
5706.2 5148.3 5264.9
5739.7 5381.0 5394.2
6254.4 5408.1 5418.8
Cronobacter spp. IQCC10407 } a
Cronobacter spp. IQCC10403.6
Cronobacter muytjensii ATCC51329 b
Cronobacter spp.{ CC10403.5 \
gronogacier spp. %‘88 1 83?23; 14
ronobacter spp.
Cronobacter sgg IQCC10403.7
gronogacter spp. IQ88%8283§4 .
ronobacter spp. | ;
Cronobacter sgg 1QCC10403.22
Cronobacter spp. 1 CCAl gﬁ(ﬁﬁgnn/l
vonnhactor caolkazalii
gronogacter sakaiaké'iCAl"(l)“g(% 12868 / d
ronobacter spp.
—] Cronobacter spp. IOCC10403.13
Cronobacter spp. IQCC10403.10 } e
gronogacter sa %a]%lC‘Al’(l;g(%29544
{7 5
C;gngggz‘z: 235 1QCC10403.16
Cronobacter spp. IQCC10403.23
Cromabactor soh. 10CC10410
Cronobacter spp. IQCC10409
Cronobacter spp. 1QCC10404
Cronobacter spp. IQCC10403.2 f
i Cronobacter spp. 1QCC 10419
[ et
- Cronobacter spp. ;
— Cronobacter sgg 18CC10403. 11
Cronobacter spp. IQCC10403.4
: 4': Cronobacter spp. IQCC10416
i : ; ] i i i i 5 ] - Cronobacter spp. IQCC10403.12
1000 900 800 700 600 500 400 300 200 100 0

Distance level
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Fig. 2 Cluster analysis diagram for thirty-two strains of Cronobancter spp.
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Fig. 3 Three-dimensional scatter plot of the Principal
component analysis of four Cronobacter spp. strains

Note: a: ATCC29544; b: ATCC29004; c: IQCC10403.3; d:
ATCC51329.
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