22 % W3 SR = T S Vol. 22 No. 3
2022 43 A Journal of Chinese Institute of Food Science and Technology Mar. 2 02 2

MERmtRIEEFEFENTBEERT FHE

L, W¥w, E O, x M, FHE, FxH, EFX

(W B R Rb AN  ARA 611731)

WE ATHPERSRTFEPOFTALFEFAORATHEL, 2N RBBET LT BEFALILRATAR AT ERR T2 HG
10 #R R 2 F 5 AF 1 AT A R 40 8 30O8 AT/ ® B %47 BF ) R 3 (MALDI-TOF-MS) \VITEK 2.16s rDNA %5 , R0 % 12
BF ) o AL (MLST) 77 ik &b 5 8 W #kitk 47 5 AL, 5F *& PubMLST 40 #% & P 322 #k P B 5 B AR 247 5L 28 947, 5 R AW .5 740
m/z W0 B @M ) O L F B AT a9 45 AR 5 380m/z 6 255miz v T 159mlz WL WY F AT 2K, TAEA Bk A
AR REIE, 163 S B M A TA 10 bR SR A B L F HEATH , 5 A 4 A ST & (ST21,ST73.ST60.ST7) , £ &4 & kR

ABERR BB AT ETAIEEAGASAS HYHEAES BYILRF AR, T2 RATHAKA ST21 B AR
ASMERTEM LT ZEAFATRAGTERR AATAERGIEEEIARE AN THRIKELT ZFE AP AR P

1R,

KB AT EMB; FREAS; LML EN/ R B AT A R % (MALDI-TOF-MS); & &% 4

XEHRS 1009-7848(2022)03-0273-08

5 B AT (Cronobacter spp.) 72 W HF T FE
W— IR AR RIS 3 A4
FRMR 55 22 [C PR TR, 2008 4F 9k X o si s, JFk
38 16 Wi (biogroups )™ 1980 4F: LTI, %
R B0 R AR — BRI
T (yellow—pigmented Enterobacter cloacae)”
1980 4F- Farmer 45PHa i 4% B 48 5 A LIS 0 5%
PR RURAPE 3 AT R T A T3 AT R R O3
Hok |, T8 44 K B U5 4 AT 14 (Enterobacter sakazakii) o
2008 4F, Iversen 45 i 9t AR iC -4 1Y i Bk
Ji 22 A5 P8 SRS (f-AFLP) DNA %432 (165 1D-
NA 47 90 53 87 77 1% 3587 % B Ui i F TR 24T R 46
SPRWITE, R KX — R 2 AR S E
SRR, O B I AT B E SO — BT
J& , B v B AT B & (Cronobacter spp.) , 1% )& 145
7 AFRL3 AT A

B U 52 % 15 ¥ & (Cronobacter sakazakii) J2: 7
BT R B R BUR T, R R
JU A= A A A 55 B ACIR 0 85 2 A A DL R 22
gl U, 5 B A= LI B 58 /N B 45 W R A I 55

g =R
E&WAH:

2021-03-26
P 5% o S T TR 28 4 DG BB R AT R o
%10 (2018 YFC1603900)

R AF(1985—) , 5 14 i R TR U

# 22 L E-mail : ruixidddd@163.com

EERIT:
BEEE:

DOI: 10.16429/).1009-7848.2022.03.030

P, I AT BE T | K™ B AR 28 R G AT AT BF
GERWY LA PTG 2 N S A I RS, B
JUBET5 W53 BN o S B iy e 22 v A 1A Y 3 4% 1
WA VR 22 SCHRHI TE TR W5 % LA R A
LTI 70 € @7 N e A | = = TR oI 5
B iy 5 22 VAT BR . R, Bl v 5 2 U AT T Y SR
VI A S, A ) PR AL R

O F B i v B R TR 9 B0 LS B T T R
D AN TR AR TR ) 25 S R R A 3 Y 2 B T
20 B R T e Y BT S A R AT 0 DR
B, B AR B R s AT R o0 42 o £ o vl B ey
B R E QE LE R AL A 4 A
(Multi Locus Sequence Typing, MLST)$ A f&f .
P, HERE, BURSSR Y T % W AT I
XF BTz T A Ay oy BLBE SR R
2018 4F 5 H, i % W FF I MLST %040 % (https ./
pubmlst.org/cronobacter/ ) £ Y& 55 3 U5 Sk £ 5 BE i |
I PRAE S PREEHRE i 55 0 B T AR 1 875 Bk, 4
602 Fit ST &4,y 50 B Wit T 1 MLST J¥ 81 HLxf | E Ak
I3 HT R AL T B S

AR SO BT Bt v B 5 2 Ve AT T O3 S TR R
HEAT Y08 Koy ¥ 53 AL, WESE A TR it o B iy e 27
WP ISR OC R, O TR i B 50 2 Vi AT
P AT RE TS Gk U8 | AT AR B B iR kS
HeHE



274 hoE

i oF i

2022 455 3 #

1 MRERE
1.1 #HREIRH

RIFE G T E AR ', A
i R R i 22 A BlRE 4G 3648 B % ) B SR R AT Ak
FERRAT

- HE -4 -2 5L R (HCCA ) 5 it , 7 [
Bruker 73 ] ;Bacteria Test Standard (BTS) % #fE 5
Al , 78 [ Bruker 23 w5 45 22 FCBA 1 40 1 48 5E K

5 2 21341) , 1k [ Mg FLBR 20 ) 5 A PR R PR A 4 B

K & (185 .9164), H A Takara 23 ) ; B IR 52 &
VAT TR b R TR BR 3% EY BE 3R ) R AE bl
(ATCC) ; BH I8 i 1 W81 A o 181 A , v 6] B2 2 240 1A f
JRAE B L (CMCC)
12 NFE5iEE

Autoflex speed & J5i 4l Bl #OG #f Hr/r 25 R AT
Bf 1) BT % A (BEE A BioTyper™ 2.0 Lo X 51 14 I
flexAnalysis 3.4 JBU3% 53 B4 ), 78 [E Bruker 23
A3 VITEK 2 Compact System 4= [ sl 4 1) % &
R0,k E MBI F] B PCR Y, 52 [ Eppen-
dorf 73 7] ; Universal Hood II # &R AZAL, & [E
Bio—Rad 72 7 ;5804R %! Eppendorf ¥ % B O H
% H Eppendorf 23 7l
1.3 Ak
1.3.1 WIS AR IR AT
PEATAL B 4 B GB 4789.40-2016( £ & i 4= 1 2
K 50 2 AT o JE (R0 [ A T ) G 30 )USTA o 4G
B J7¥E, X BVE R AR A T s B VR AT R AT 0 B
BEFR 0 B 0 TR FH TR R K SR BRI (TSA) 4lifk 2
UG DR AT TR Fhas 1 26 T R G o B i ke D DL
1,
1.3.2 & T 5l B BOG 8 B /B B AT I T B 3
(MALDI-TOF-MS ) 4 R £ J2 40 A K51k 56 14
QL IEFD T TSA P4 ,36 °C, 57 5% 16~18 h, #EHK
TR ¥ Uk A /. MALDI-TOF-MS #E 42 [, W jn 1
L 70% (VIV) R H R, =3 H AR TR 5, 00 1 pl
a-FHE -4 FE LR (HCCA) HE B, A SR It
T4 M o R RE J7 ¥ AR SE AR I ] 45 Bacteria Test
Standard (BTS) FpifE A HEFEA . K H FlexCon-
trol™ 3.0 Bt b 4 A 42 5E AR BL T5 % MBT_FC 2%
BRI BTS At it BT (5], X AILAR 2R A7 A o fiff AR
HEJT 17 VE S HOR B S B 18], B S &

ME 5 W, KR BUGRE & S T A BioTyper™ 2.0
PR T P AT BT AR LS b, AR E
S50 FIH flexAnalysis 3.4 420 B ik 56 B8 Bk i
T, o3 B A 10 T R B B I 25 S

133 il w AR EE RS ASIHEDE
EFR G (VITEK 2 Compact System ) Bt £ [ 4 2% [K
B 20 T 2 7 S 4 R UL I 5 R A a6 e i
A%

1.3.4  16s tDNA JF5I 0 M1 R H 40 56 N 41 42
onon) G, e BRI WY A5 4R A £ B0 T ik 1) Ak K]
21 DNA, 16s rDNA J3 14" % B SCHR[ 16 41 3t J7
LT, 8 NCBI P35 (http : //blast.ncbi.nlm.nih.
gov/Blast.cgi ) BLAST 72 /3 K U 45 & % 16s rDNA
FI RN R 51, I MEGA4.0 #4F% FH 48 $:75 B vk
(Neighbor—Joining), LA 1 000 7/F ¥4 217 £ e M4
I K BEAL R, A1 SR e R ] 29 530725 (maxi-
mum-~parsimony ) F1 iz K AL #R 5 1 (maximum-like-
lihood ) ¥4 ZE SHE AR ART , 65 TiF 4 42 7 2 ARARS 0 ME AR 8 .
135 ZAisiJy80 3 850 Bt R Al PubMLST %4
P £ (https ://pubmlst.org/cronobacter/info/protocol.
shtml) 248 50 B T 18 8 260 57 51 40 2L 51 )
MY R, X or BRI 7 A AL EEH (apD
SfusA glnS gltB .gyrB .infB .pps) #HATP I T
g BRAT (9 25 A7 S X7 51 i A PubMLST %540 53
B A5 I B B 7 51 7Y (Sequence type, ST) . K7 &
BRI R 1 7 A S50 35 [P 4 RGOS A1) MEGA4.0
BRIy B TR AR SRR AR, [R]IPRE 23 B TR Ak A BB
J¥ 5155 PubMLST 41 2 v 322 #k (#0% 2018 4F 5
J1) e 23 18 1) B R g 5 34 A TR A A AR 20 B
AW 53 B 10 R B 50 2 v AT 1 5 A Ly B
B R Z ARG OC R

2 ZBR55H
21 RBEEHRIBEELER

MBI £ RE A A B 164 BR AT, &
MALDI-TOF-MS e i 6 4, Hov 10 # R B
IR 58 2 VAT B BRI 7 2 A A B A o B R (ATCC
29544) 1B V8 B AT R AR E B Bk (CMCC (B)
45301) 43 BIAE J b o B FbR o B VE 2 2% b
TR0 TR R S 25 SR B BRI LR 1,
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Table 1 The resource and identification results of the isolates
Bk %5 EEER KR A
MALDI-TOF-MS VITEK 2 16s rDNA
B14 R % F AT (2.301%) B % F AT E (EIY) B9 % F 54T (98%°) BN
B15 B 2, F AT (2.427) W % T AT (ED) R 5 5 AT (99%)
B16 PR S8 F AT 8 (2.354) B A ¥ AT (EL)  BOF & ¥ 35478 (99%)
B27 PR 5%, % AT (2.072) B 56 % AT (EL) TR S8 T AT (98%) ¥R Rk At
X21 B %, F AT (2.029) B 5 F AT A (ED)  BOF L F #AFH (99%) ZRE(RGA)
X23 TR 5 5 AT H (2.28) W % T AT (ED) R % 5 54T (99%)
X67 PR S8 T AT 1 (2.343) W % T AT (ED) R & T AT (99%)  AD 458 k4
X68 B S8 F % AT (2.105) W % T AT (ED) R £ T 24T (99%)
B74 B 5 % AT (2.151) B £ T AT E (EI) Y 2 ¥ 54714 (98%)
X81 B ¥ AT (2.321) B % T AT E (EI) R A ¥ %4718 (99%) EitF A
ATCC 29544 P % 5 AT (2.397) B L ¥ AT (EL)  BOF E ¥ 3247 8 (99%) ATCC
CMCC(B) 45301 T ) B 4T 16 (2.393) [ 38 W AF 1 (K1) P38 B AF T (99% ) cMce

4 TE ;a 8 BioTyper™ 2.0 B Fp 45 52 S0 45 1 19 %5 72 40 b # 7R VITEK 2 %622 45 - 4 Excellent identification;c 78 16s tDNA J7 41 5

Y SE SR B AR LR

2.2 MALDI-TOF-MS ##r 4 &

T A R 5 B bk 22 MALDI-TOF-MS % % /3
PR T 2.0 (AT & %506 2 )& 19 K7 A 7T i 245 2]
K, HEELE RS VITEK 2 A L% & & 16s
rDNA @S5 R —30(3K 1), FIH flexAnalysis 3.4
B G b 0 TR bR B T (BT 1) B A B R B %
VEFFBETE 5 740 m/z B30 S 0 2] 25 06 | 138
FT 1 b5 1 T Bk (CMCC (B) 45301) 7£ 5 740 m/z B
T ARG 3 B 0, 6B 5 740 m/z BT 0 2R B
T UG Shy B UR 5 AT R A TR R 1 o BT D
BB b RE Al R IR 0 B U6 v o R RS A A TR AR
(ATCC 29544 ) (¥ I 1% B, % B0 J0r 43 55 A= 0 pk A
7159 miz Bt A 2 8571, {H ATCC 29544
TE 7 159 m/z B3 ARG DU 2] 85 1, 2 B & T RE
rh i B i v 2 A TR S AR ME TR R ATCC 29544 T
RI22 S8 K, HbEE B16 . B27 \B74  X23 BF A= B Ak
TEE, 7E 5380,6255 F1 7 159 miz B VT 1 B 1
W22 R, X SR W fE BT Sy i — 2D TR ik
43 I SRt AR
23 BUNEAFINSBSHER

STE ARG T A SEALE B (apD fusA \ginS |
gltB .gyrB .infB .pps ) J7 51 Z& PubMLST % ¥ 2 H X
AT, IR 10 BE B 58 B AT I 4 B TR AR Ak 4
A~ ST Y435k ST21 ST73 .ST60 . ST7(# 2) ., AD

35 5 OK b v 43 S Y BRI v B AT T TR R B AT
F 3 Bk B R R X67 .X68 . B74 435 R 3 Fh A ]
[y ST #Y ST7 .ST60 ,ST21, ST73 Pt I vd & ifs
PR (SCAE IR AU T8 AR R 1, E BT A £ B i v
A3 R A A ST21 B BRIRY 52 B AT B (n=6)
W 7 AL EE A 4 H R S R MEGA4.0 #44:
Fa R AR AT 0L 53 B TR RR 43R 4 AT 43 32, 4%
Brét R 5 MLST 43 45 - —3% (Kl 2), PubMLST
Bl T v 43 B T B AT B R 2R A At R R
B, D B R o 2 g A 1 7R A2 | 22 R X e
AR RAT, LAST21 AN, MRS &
At R LTC JT B BR R v AT R AT B A
AWFFE ST B0 10 BREUR 5 B IEFF I T, A S bR
(X21.B14 .B15 .B16 .X68) 5 PubMLST %t )%
RAT I R S o B MR R GO REGE, A 3 bR
(B74 X67 . X23) 575 Kt M AH Y 9 h o B ik ok
GeR ZBGIT A 1 RR(X81) 5 LB 5 Wik b4y B
MR R BR (K 3),

3 #it5itie

Bl Uit 5 25 AT TR TS G T LR o | AR B A L &
By LR A A K A FRE GB10765-
2010 & i 2 A B G hn ol B2 LIL J7 & b )R B
et I iy = i el R Oy S ) S R )
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Fig.1 MALDI-TOF-MS mass spectrum of the C. sakazakii isolates
*2 MIEEFTEFESBEK MLST B4R b1
Table 2 MLST analysis results of X68
C. sakazakii isolates 100815 ST 21
"é_ B14
" atpD  fusA  gInS giB gytB infB  pps ST i;
B4 3 11 13 18 11 17 13 21 52 ] e
—C ] ost7
B15 3 11 13 18 11 17 13 21 B74
100 \—{ :l ST 60
B16 3 11 13 18 11 17 13 21 100 X7
B27 55 14 59 70 70 70 80 73 —
0.001
B74 12 7 8 8 10 16 43 60
X21 3 11 13 18 11 17 13 21 B2 BRiERZTETED S EK MLST F 53Rt
X23 10 7 6 7 9 14 9 7 Fig.2 The phylogenetic tree of the MLST sequences
X67 12 7 8 8 10 16 43 60 for the isolates
X68 3 11 13 18 11 17 13 21
X$1 3 11 13 18 11 17 13 20 4R A A LA R A Y

CAARELHI/100 g7, BRIERUHT A L L 224l LAE , B
U3y 58 2 U R B8 X e AR AR IR A7 7 s 11
e, 2 B B R P B B AR iEZR D1 2251
OO E AT AR T B A A e E B AR IS
BAE "I RUEY), SR E I A B BIRER P

iz R ARE) Iz, W s A LB S A A B
NBE, B W7 U0 5, — el 1 T /2 1
A B e v, PRI L A e g A7 SRR 2R
TE 72 S5 PR 2016 4EXF 100 iy A 2K & fhit 7 e %
VAT AN, 2 B 288 i b 50 B AT TR 0 20 B
RN 21% , 3 B TR Bk Th BT vE B AT R 81% A
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Fig.3 The resources and genotyping of the C. sakazakii of China in PubMLST database
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TOF-MS HA 5 Pl R | & 3,
Sy ATREIN B BT RS L W AR AT R R R AR R
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FboR 5 740 m/z B3R 15 A B Ui 5w 25 0 AT 1R YRR
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FEER 43 AL B0 1 it 52 M S R AE A AT R R
AR SR AN EE AR R EAE R U/ R
PubMLST %48 e rf = & 19 B8 {5 B o e %
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BT 20 B S E o | PA B 0 v 2 AT TR TR
B & & i v A AL B O BUR R, 45 G
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T8 AAT R B o7 47 4 it i (AR .l i T R
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Isolation, Identification and Molecular Characterization of Cronobacter sakazakii
in Ready-to—eat Foods

Ma Bingcun, Chen Xueqiang, Wang Can, Liu Yang, Li Zengting, Li Yanxin, Cui Xuewen’
(Microbiological Inspection Center, Sichuan Institute for Food and Drug Conirol, Chengdu 611731)

Abstract The aim of this study is to investigate the contamination of Cronobacter sakazakii in ready-to—eat foods, and
to analysis the epidemic strains isolated in China. Ten strains were isolated from ready-to—eat foods, and the identifica-
tion was performed by use of MALDI-TOF-MS, VITEK 2 and 16s rDNA sequence analysis. Multilocus sequence typing
(MLST) method was employed for genotyping of the isolates. The phylogenetic tree was constructed by analyzing the se-
quences of the strains which were isolated in China in PubMLST database. MALDI-TOF-MS results revealed that the
protein peak of 5740 m/z is the specific protein in C. sakazakii, and there are some differences in the proteins peaks of
5380 m/z, 6255 m/z, 7159 m/z which provide basic data for further genotyping by MALDI-TOF-MS. There were ten C.
sakazakii strains identified from 163 isolates. MLST analysis results demonstrated that there were four sequence types
(ST21, ST73, ST60, ST7) of the 10 isolates and the main resources of the isolates were cereal foods. The main re-
sources of the isolates in China were clinical, plant food and infant formula. The ST21 strains were more epidemic than
the others in China. This study provide basic data for source tracking, epidemiological investigating and control of C.
sakazakit, it is useful in reducing the dissemination risk of C. sakazakii in ready—to—eat foods.

Keywords Cronobacter spp.; ready—to—eat foods; Matrix—assisted laser desorption/ionisation time—of—flight mass spectrom-

etry (MALDI-TOF-MS); food safety



