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Study on pulsed field gel electrophoresis and multilocus sequence typing of Cronobacter
isolated from powdered infant formula
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(Key Laboratory of Food Safety Risk Assessment of Ministry of Health, China National Center for
Food Safety Risk Assessment, Beijing 100021, China)

Abstract; Objective To investigate the majority molecular typing characteristics of Cronobacter contamination in powdered
infant formula ( PIF) , analyze the genetic correlation of strains from different provinces, and provide technical support to
track diseases of Cronobacter infection in China. Methods Pulsed field gel electrophoresis ( PFGE) and multilocus
sequence typing ( MLST) were used to analysis 49 strains isolated from PIF from 19 provinces in China. Results Totally 49
strains of Cronobacter were divided into 38 clusters, no obvious dominant cluster and aggregation were found. There were 15
ST types and 2 new ST types in 49 strains, ST4, ST1 and ST64 were the dominant types, accounted for 20.4% (10/49),
18.4% (9/49), 10.2% (5/49), respectively. The result of PFGE and MLST showed that strains with the same PFGE type
also had the same MLST type, however, the same MLST type was not necessarily related. Conclusion Cronobacter isolated
from PIF in China showed highly polymorphism and discreteness, it could predict that the infant infected by Cronobacter
contamination in PIF in China was mainly sporadic, the incidence of outbreak of multiple people was low.
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KW 5 AR LR AN TR N B B AT T R G
F2EE RO T MLAE BB 2 TR A il e 45 R
5 I e I PR B R e . HRTAF ST & BE, T bk O
A1 (sequence types, STs) 5 5¢ B i #1 16 &G A7 78
— R I, T BOR AR LN R B AT A
ST4 B4 7t ST7 B2 5 )l N QeI %, ST8 L AR 5
I R B AR O (H I A — & S BO A= )L S

ik o 3% B B L YK ( pulsed-field gel electro-
phoreses, PFGE) 27 1L W) % 3 BURY “ G bR ife” , )™
12 O 9 Tt i s DR 2H 4k S B FLAS ] f 15 R Ak 1)
AL AHOCMERIE 5T o 5 B 9T T 1 22 6 50 91 0 A
(multilocus sequence typing, MLST) J5 ¥ 3 % o
atpD \fusA glnS gitB .gyrB .infB I pps LA KA
(Y810 2 53 , 300 3k 15 090 28 B30 28 L X 304 T Bk ST AL
ARWFSERT A 19 A/ | iR X/ B T2 LG 75k ok
TR B 49 BRI B AT IR UEAT PFGE Al MLST 432, #859:f
FE H AT LI 75 48 15 Y e 2V A I B9 2 20 100
RURFAE SOt A 5 Ak , 0 BT AS ) L IXC 1) BT bk 2% 2% AH G
R 3 5 B VAT T | A5 0 R R R R SR

1 #MREFE
L1 kR
LT BRI

49 By B iR A 20 B A 2012—2014 4 42 [F
19 AN/ HIG X/ 5T 22 LS 75 k3 il , A2 45 L
U AR CH R AR B TG TR AL TR
LSS IN NG NS - BN TN TN T DT
BN B o bR R AR O VD T R (HO812) , Hh AR 52
0 % DR
L 1.2 AR5 ]

PCR 4" 1§ {X ( C1000 ) | & & W 18 % 4E ( Gel
Doc) |k 37 E i 1 9K AL ( CHEF-mapper) ¥ 5 3¢
[ Bio-Rad, Fo b4 (325 B A= W g BL 3% ) 8 4l KA,
A TR TR

Tris base \Tris-HC1,2 x GoTaq Green Master Mix
¥y [ 5% [E Promega, 2 i 5 [H 241 DNA 42 BUs5R] &
(bR R MR A AL B H A R 2 7)), ko 5B s
(BHA  Jb 5t B HF B R A BR 2w ), 8 A B K (78[5
Merek ) , BR i ¥4 P V) B Xba 1 | Spe 1 34 [ 3% [
New England BioLabs, + — %% J& fif 2 4/ . SeaKem
Gold (SKG) BniflgH [ SE K BD,

1.2 J5k
L2.1 HkTGE

BT - 70 CUKFE hURAF B 49 Bk v B 35 AT T RN
ZH R bk (HO812) R 40 T BHA |,37 CHi3%
24 h, PRHCH TORE PR RN BHA B R 5,37 C B 5

18 h,
1.2.2 MLST

FH A0 B 3 41 DNA 42 B3 75 & 3 I TR Ak
DNA,7 X4 R I H 7519 1 51913k A PubMLST [
WLl F s 1 iR, PCR RN & (50 pl) .
2 x buffer 25 pl, FFES[4 (10 pmol/L) 45 2 ul, ¥
f% DNA 2 pl,ddH,0 19 pl, PCR JZ i 4514 :96 °C Hi
A5 PE 1 min, 96 C A5k 1 min,58 “CiE K 1 min,72 C
FEH 2 min, 3t 30 MEH,72 CIHEMH 5 min, PCR =
Y b SR A W BOR A BR S | I, I 45 SR 4R
2% PubMLST #K75 B #k ST 71,

F 1 EIRFTE MLST 519751
Table 1
S FPH(5'-3")

F.CGACATGAAAGGCGACAT
R:TTAAAGCCACGGATGGTG
F:GAAACCGTATGGCGTCAG
R:AGAACCGAAGTGCAGACG
F.:GCATCTACCCGATGTACG
R:TTGGCACGCTGAACAGAC
F.CATCTCGACCATCGCTTC
R:CAGCACTTCCACCAGCTC
F:TGCACCACATGGTATTCG
R:CACCGGTCACAAACTCGT
F.:GAAGAAGCGGTAATGAGC
R:CGATACCACATTCCATGC
F:GTCCAACAATGGCTCGTC
R:CAGACTCAGCCAGGTTTG

MLST primers of Cronobacter

atpD

SusA

glnS

gliB

gyrB

infB

pps

1.2.3 PFGE

PTG 1R 45 T OB 85 15 7% , T 3 ml TR 40 i &
¥ (100 mmol/L Tris-HC1,100 ml Z, — & P4 Z, %,
pH =8.0) il ji 4.0 ~ 4.5 22 [Qu 8 & W5
400 I AW E 1.5 ml EP & 37 C/K¥% 5 min,
FA20 pwli B2 4 20 mg/ml (125 1§ K A 400 pl
1) 19 SKG It b, 1R 57, il VE 5 B 5 B i) 4 4 1) fie
P 50 ml B0, A S ml 46 i 2R I
(50 mmol/L Tris,50 nmol/L £, —_}# DU 2.8 ,1% + —.
K MU, pH = 8. 0) Al 25 ol W H 20 mg/ml (1)
HABE K,55 CHEEKE 170 o/min fiRZHF 2 h,
F R WA TR ZE I K 50 CIEYE 2 IR, BIR
10 ml; fi #4 ) TE 22 w3 50 C ¥k 3 K, B K
10 ml; VR JG A BCHLE T 5 ml TE 9 4 CIRFE. X
YeH Xba 1 Spe 1 WP Y] 37 C/K 2 h J5 HL UK.
HL UK 2%« UK BEJIE 1% SKG Bl # 2.2 L.0.5 x
TBE HLUKIK , i FE 14 C, I 5mE 6 Vem, L] £
FE120°, ik v i E] 2. 16 ~ 63.8 s, HL UK 5574 30 ~
700 kb, HL Yk BF A1 18 ho HL UK 45 0 J5 , H] GelRed %t
0 30 min, 7§ K BBk 2 WK K% B ] BioNumerics
V7. 6 Bl R A AT AR B
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2 H£ER ST % ,ST4 ST1 Fl ST64 g UL 75, Hivp ST4 %13
2.1 MLST % 10 tk, 5 2 H R BRAY 20. 4% (10/49) , ST1 AIHE 9 Fk,
ARWETEXE 49 ¥R 5L B AT R AT MLST 3 B2 ATk A 18.4% (9/49) . ST64 AL 5 Bk, (42
RELKE T AE RN B A A R OHEROE IS B W bR Y 10.2% (5/49) ol i A I 4 R 4R L
PubMLST [ 3 , 444 4 (i S [N B(E -4 EUMI L A9 7 PubMLST 3,2 A7 A BLAG ST R4 0 o i 5 I A
bk ST B4, 49 PR ARIEAT 1S AT ST BURN 2 N3 440 ST645 il ST646, Hofth ST 7 He A /r ik, WL 1,

ST4 ST1 ST64 ST17 STI2 ST22 ST21 ST136 ST148 ST196 ST456 ST40 ST93 ST184 ST266 ST645 ST646
STH!

Pl 1 49 oo W AT B ST 43 Aii 15
Figure 1  Distribution of 49 Cronobacter strains of ST
2.2 PFGE % LUK g B A FAT 0 2 M S e Sl a4 i, A
4B 49 BRIEX EFT R #E4T PFGE 4334 44 Xba 1, U 38 PO IRl i 43 AL, 4l Dy 1~ 38 AL ¥ UL
Spe T T4 ity 11 1) 45 S F BioNumerics V7.6 #4174 2, Hirp 8 % (12287 .12288 .12286) 4+ K 2 4~ F &Y,
JE53 M. PFGE 3% AR K T 85. 0% 1 1 #k 1) 8A A4 4% 2 MR TA (12287 12288 ) , I Ak AH AL

PFGE ANALYSIS -
2O TR 2SI T LEBRATRR2YI 8BTS apDfusdginS gltB gyrB infB pps s
- 13245 4 5 1 3 3 5 5 4 =W
13025 4 5 1 3 3 5 5 4 Em
12289 4 8 1 3 3 5 5 4 P
12290 4 5 1 3 3 5 5 4 BE
12343 4 5 1 3 3 5 5 4 R
13132 4 5 1 3 3 5 5 4 L3a]
13296 266 5 1 3 3 s 131 4 Al
| 12287 4 5 1 3 3 5 5 4 A
| | 12288 4 5 1 3 3 5 5 4 2]
L 12286 4 5 1 3 3 s 5 4 mm
| 12158 19 55 17 9 98 58 5 125 it
1 12165 196 55 17 9 9% 58 56 125 b
12227 4 5 1 3 3 5 5 4 mm
| 12161 456 80 77 %0 101 3 20 132 L
| 1 12248 456 80 77 0 101 3 20 132 IR
L 12180 40 3 15 28 22 5 8 19 AW
[ 12358 148 15 67 49 9 14 19 15 =MW
L 14015 148 15 67 49 9 14 19 15 IR
12280 22 16 1 19 19 26 5 26 U
[—{ CAIYANG10 22 16 8 13 40 15 15 10 deE
L 12208 22 6 1 19 19 26 5 26 @il
14018 646 55 172 203 42 107 47 81 MM
| 13196 12 18 17 10 12 18 24 18 M
112232 12 18 17 10 12 18 24 18 Ei
12157 64 16 8 13 40 15 15 10 @t
12252 184 3 3 74 97 8 20 107 I
| 14019 17 3 12 186 5 16 20 14 P
[ 1 14020 17 3 12 16 5 16 20 14 AR
— [ 13225 17 3 12 18 5 18 20 14 zm
| 12216 136 6 18 9 5 3 73 87 WA
1 12228 136 16 18 9 5 3 73 87 MM
13201 1 1 1 1 101 1 1 st
12360 1 1 1 1 =
_ 13125 1 1 1 1 1 1 1 1 [11T:)
’—|:' 13124 1 1 1 1 101 1 1 I
13114 1 1 1 1 101 1 1 FH
L 12043 1 1 1 1 101 1 1 f
13056 645 1 1 1 15 1 1 -2
13111 1 1 1 1 101 1 1 1 3
| — CAIYANG301 12 18 17 10 12 18 24 18 dtm
P — R FA L1 1 1 101 101 1 1 feE(d
1215 1 1 1 1 101 1 1 st
13136 64 16 8 13 40 15 15 10 &
CAIYANG29 64 16 8 13 40 15 15 10 4@
12189 64 16 8 13 40 15 15 10 Mt
12190 64 16 8 13 40 15 15 10 @t
13018 93 5 1 3 2 5 % 190 jEE
T 13126 21 3 1 13 18 11 17 13 WA
L 12229 21 3 1 13 18 1 17 13 W

2 49 BB AT B PFGE B
Figure 2 PFGE typing of 49 Cronobacter strains
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100. 0% , V. 72 6] #H {6l &£ >k 87.0% ;22 #Y (14019,
14020, 13225 ) 43 R 2 AW &Y, M7 7Y [i) 46 8L
86. 0% ,Hr 22 A UG 2 k1 (14019 ,14020) , B4
FRAELLEE R 100. 0% ;27 %4 ( 13125 13124 13114) 43
2 AN A RS (A A AL 93. 5% , Hovh 27A A
4G 2 BRI (1312513124 ), B Bk 8] A0 AL BE
100. 0% ;32 % (12150 (12151) 43k 2 4> #| if #4
B FHALL B A 89. 0% ;35 71 (12189 .12190) L4 K 2
AN AL, RS [R] AR BLEE S 91.0% . 9 AL (12158,
12165) . 11 % (12161, 12246) F1 19 % (13196,
12232) 4547 2 BRI, DA AR [E] AHBLEE 2R 100. 0% 5 FL 4%
S RALEE 1 BRTA o

3 itig

ARWFFEFH PFGE A DNA 7K 7%t 49 #k o2 ' 14
FFIA bR DE 4T 40 F 40 A4, 38 1 LA DNA 38 80 Y
MMIPERS R E G R R, IR 38 A il k£
By R [R] 4 AR LR IR T 80. 0% , & 5 B M 4% v U AH
P, WAL A BN HS RS RERS, F
B 19 A3 X R R T 22 LB 7 43 19 50 2 3 AT 1 1R
HA 28 e 8ok P8 it mT DA f i) 3% = 22 LS
D3RS Y T B AT R BOR LR DLEOR R T
M N R I 5 R F A LR AR,

ARFIFGE () 49 Bk 7L B AT B ST4 U 10 #k,
o 4 B AR A 20. 4% |, B L BC 7 R 43 S bk i 3=
TG, 508 VAT I ST4 B 5 397 A LRI & A0 G, A7
a7 ST4 I Af &% ST1 ., ST8 . ST12 ., ST21 . ST64 Fil
ST201 RY MY & bk A7 B SR B T TR A 1, X AT fig 5
ST4 A A B2 UL J5 A i bk e B0 ) = 28 A0 530 %8 D) AH
5, FWATG Y ST4 AT bR A9 B ILTC 7 £ 5 X 2 40 )L
A IRTER X . AHBFST ST1 BUA 9 Bk, o5 4 B bk
(4 18. 4% , b, J& B L TC 5 8 vh 43 5 1Y) 3 22 A0 1) =2
—, X 5 SONBOL Z'" fy 4 i #1 [, [ At
HIMELRIGHT 4" Hzi 1 ST1 %77 i 5 37 £ JL i
B A G . ST12 #Y 3 #k , i &R 6. 1% , %7
ARG A LI 3 B L BOIRBE /N B 45 i R o
TEAT 17 A B G ST266 %15 ST4 HIAY infB I H
FEAE 25 5, M Hh — AN R B ST645 7 5 ST1 Al
1 gyrB R AFTE 22 5 . MLST 43 9 4 A ALY J=)
R 6 o RV PR 40 780 [ B Al Sz e T 7 A L IR e 1
TERAE I AR A SO, I ARG VA 38 3 0 990 UL

PFGE F MLST Z5 5456 ot = W, HA A R 1Y
PFGE # /) B4 #k A AH [7] 9 MLST #Y | ifij 46 [7] MLST
RHAR —EHARESMWEL LR, X5 MLST &4
Xt 7 A BRS04 R LN 2 A8 v AT 40,

PFGE JEJE T 40 1 2k [N 41 DNA A7 [L & N i B A
W 2 SR BER A G . ABEFE A PFGE 1
MLST 73 BRI AR XS 3 (5 19 /> 4 X 22 L HE 77 43 ok I8
(4 58 2 VAT R EAT OF 5 A0 20 A7, 9020 R T R AR Y
LN Z 80, 2T HAr i a5 R, i 5 20 A 2 1
PRABEAT 3 [ H i 22 JLBC 5 B 15 G 50 & Vi AT
(9 £ B0 13 BURRAE Bm AT bk, B0 50 B VR AT R AT
AEAT SR BB i 28 4 KUB
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