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Abstract Enterobacter sakazakii was an emerging food-borne pathogen associated with meningitis sepsis and necrotizing enterocolitis ~ especially in
neonates with high potential danger. The conventional detection methods were time-consuming and operated arduously —sometimes gave ambiguous
signals. Increasing of reports showed the infant formula was the main infection vehicle. Consequently it was important that improvement of methods
for earlier detection and confirmation of presumptive E. sakazakii in infant formula to control and guard against the epidemic diseases due to
E . sakazakii . In this study PCR assay was developed based on ompA and o-1 4-glusidase genes. Expected fragments 469 bp and 673 bp were
produced from 8 strains of E. sakazakii including E . sakazakii ATCC51329 after PCR amplification but not from 70 strains of other bacteria. The
sensitivity is 10" cfu/mL and 10? cfu/mL by signal-PCR using ESSF-ESSR and ESF-ESR as primers respectively in pure culture —sensitivity of dual-
PCR is 10° cfu/mL. Detection limit in artificially contaminated infant formula is 10 cfu/mL and 10° cfu/mL by single-PCR with ESF-ESR and ESSF-
ESSR respectively. To investigate whether the presence of other bacteria in infant formula have any effect on the sensitivity of PCR  two sets of
experiment were designed. Different levels of other bacterial do not affect the PCR detection limit which indicates the primers are species-specific for
E . sakazakii . The investigation of actual samples shows that PCR assay is consistent with FDA standard method. The new method developed in the
study can be used widely to detect the presence of E. sakazakii in infant formula with higher sensitivity and specificity than conventional methods.
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30 omp A
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16S rDNA 16S-23S rDNA PCR
ITS Keyser " Angelika * Liu
9
2006  Nair " omp A 1
PCR
Lehner " 1.1
a- 1.1.1 1
a-1 4- ATCC51329
16S
rDNA FDA ¢
PCR
1
Species Number Strains or sources Species Number Strains or sources
Enterobacter sakazakii 1 ATCC51329 Listeria sp. 3 GIM
E . sakazakii 7 GIM L . monocytogenes 3 GIM
Escherichia . coli 1 ATCC25922 Salmonella . paratyphi B 1 CMCC50004
E. coli 1 ATCC8739 S. paratyphi A 1 CMCC50093
E. coli 1 CMC(C44102 S. arizonae 1 CMCC47001
E. coli 1 A.S1.751 S . thompson 1 CMCC50023
E. coliol57 3 GIM S . enterica 1 CMCC50335
E. coliO157 H7 1 ATCC12900 S . typhosa 1 CMCC50115
E . coli 25 GIM Salmonella sp. 10 GIM
Shigella sonnei 1 CMCC 51105 Klebsiella pneumoniae 1 GIM
S . flexnert 1 CMCC 51572 Yersinia enterocolitica 4 GIM
S dysenteriae 1 CMCC 51592 Enterobactercloacae 1 NPCPBP45103
S . dysenteriae 3 GIM Enterobacter cloacae 1 GIM
Listeria monocytogenes 1 NICPBP54002 Staphylococcus aureus 1 ATCC 26003
ATCC  American Type Culture Collection CMCC  China Microbiological Culture Collection
GIM  Guangdong Institute of Microbiology
NICPBP  National Institute for the Control of Pharmaceutical and Biological Products A.S Academy of Science.
1.1.2 DNA 37°C 1.OmL G~ G
PCR DNA -
DNA TE pH=7.6
UNIQ-10 DNA
1.2 PCR 1.2.2 2
1.2.1 DNA G G

NB TSB
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2
Primers Sequence 53 Position GenBank num. Products bp
ESSF 10 GGA TTTAACCGT GAA CTTT TTCC 325~ 346 DOO00206 469
ESSR ' CGCCAGCGATGTTAGAAG A 775 ~ 793
ESF GGC GGA GCC GAA TAA CTG 69877 ~ 69894 AMT05280 673
ESR CGT GCC CTG CAT GAG AAA A 70531 ~ 70549
1.2.3 50 pul. 10 1.6
x reactor buffer 5 pL 0.5 pmol/L 1.6.1
dNTP 150 pmol/L. 2.5 U Taq 5.0 ATCC51329 FDA
pL 50 pL 95C
2 min 94C 45 s 60C 30s 72C 5 lg 8mL
45 s 35 cycles 72°C 7 min PCR
50 pL. 10 x reactor buffer 5 pL.. ESF  ESR 10 1 mL 9 mL
0.5 pmol/L, ESSF ESSR 1.0 pmol/L.  dNTP 10° cfu/mL ~ 10° cfu/mL
200 pmol/LL. 4 U Taq 5.0 pLL 1.2.1 1.2.3
50 pL 95°C 5 min
94°C 50s 58C 55s 72°C 1.5 min 1.6.2
35 cycles 72°C 10min
1.3 PCR PCR
ATCC51329 2
70 10° cfu/mL ~ 10° cfu/mL
1 10° Cfu/mL
DNA 1.2.3 UNIQ- Escherichia coli 8099
10 DNA PCR 10* cfu/mL 10° cfu/mL. 107 cfu/mL
PCR 10° cfu/mL ~ 10" cfu/mL
1.4 PCR 8099
PCR 1.7
DFI ‘ PCR PCR
PCR 36 100 ¢
100 plL 900 mL. LB 37C
5- 4 -3- -a-D- 18 h DNA 1.0 mL DNA
37C 18~24 h 50ul. TE pH=7.6 PCR
! PCR 1.2.3
24h PCR FDA
1.5 PCR
ATCC51329
1mL 10® cfu/mL 2
NB DNA 2.1 PCR
DNA 10°~107° 10 ATCC51329

DNA Spl PCR 70
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1 2 7 2.2 PCR
FDA
PCR
PCR FDA
omp A 469bp 95% ~ 8 1234
9% a-1 4- 673bp 567 3 8
92% ~ 96 % PCR
M123456G7EN1234567T8EN FDA 3
8
8 Enterobacter
cloacae
1 PCR
M  GeneRuler DNA Ladder lanel Enterobacter sakazakit ATCC51329
lane 2 ~ 8  Enterobacter sakazakii isolates from powdered milks N 2.3
negative control.
1mL ATCC51329
- DNA 10
DNA 10"~ 1077
ESSF-ESSR 10" ~10°°
ESF-ESR
10° cfu/mL ESSF-ESSR
2 PCR ESFXSR PCR
M GeneRuler DNA Ladder Lanel E. sakazakii ATCC51329 Lane2 ~ 10" efu/mL  10° cfu/mL 3 4 PCR
8 E.sakazakii isolates from powdered milks Lane9 negative control. 10° cfu/mL 5
3 PCR
Method Strainl Strain2 Strain3 Strain4 Strain5 Strain6 Strain7 Strain8
PCR + + + + + + -
FDA + + + + + + +
DFI™ + + + + + + -

+"  E.sakazakii positive © -"  E.sakazakii negative
*  Validation of E. sakazakii by DFI culture medium

M 1 2 3 4 5 4L 7 L

by bp
TO0— —073
0—

3 ESF-ESR PCR
M GeneRuler DNA Ladder lanel ~9 DNA genomic of 10%cfu/mL ~
10° cfu/mL. respectively.

2.4
2.4.1 1.6.1

4 ESSF-ESSR PCR
M GeneRuler DNA Ladder lanel ~9 DNA genomic of 10°cfu/ml, ~
10° cfu/mL. respectively.

DNA ESF-ESR  ESSF-ESSR
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5 ESF-ESR  ESSF-ESSR PCR

M GeneRuler DNA Ladder lanel ~9 DNA genomic of 10° cfu/mlL ~
10° cfu/ml. respectively.

PCR
10° cfu/ml 10* cfu/mL
6 7 PCR 10* cfu/mL
8
bp bp
00— — 73

00—

6 ESF-ESR PCR
M GeneRuler DNA Ladder lanel ~9 DNA genomic of 10® cfu/mL ~
10° cfu/mL respectively.

M | 2 3 4 5 6 7 8§

Iip

bp
TO—

SH— — 440

7 ESSF-ESSR PCR
M GeneRuler DNA Ladder lanel ~8 DNA genomic of 10® cfu/mL ~
10" cfu/mL respectively.

M 1 2 3 4

b

T—
Mi—

8 ESSF-ESSR

ESF-ESR PCR

M GeneRuler DNA Ladder lanel ~9 DNA genomic of 10® cfu/mlL ~

10° cfu/mL respectively.
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2.4.2
1.6.2

1.2.3
10° cfu/ml ESF-ESR

a-1 4-

ESSF-ESSR
omp A

10° cfu/mL 10 cfu/mL
10° cfu/mL ~ 10" cfu/mlL
PCR 10° cfu/mL
10° cfu/mL PCR 10" cfu/mL
10° cfu/mL

9 10 11
6 7 & 910111213 14 15 16 17 1’8\

9 ESF-ESR PCR

M GeneRuler DNA Ladder lanel ~9 PCR product of infant formula
containing 108 cfu/ml ~ 10'cfu/ml. E. sakazakii in the presence of
10%cfu/ml. E.coli 8099 for each sample or lane Lanel0 PCR
amplification in infant formula containing 10°cfu/mL E. coli 8099 lane
11 ~ 18 PCR products in infant formula containing 10°cfu/mL

E. sakazakii along with 108 cfu/mL ~ 10" cfu/mL E. coli 8099.

S 6 7T B 90 TL 12 13 14 13 16 17 I8 M

10 ESSF-ESSR PCR

M GeneRuler DNA Ladder lanel ~9 PCR product of infant formula
containing 10° cfu/mL ~ 10°cfu/ml. E. sakazakii in the presence of
10% cfu/ml E. coli 8099 for each sample Lanel0 PCR amplification of
infant formula containing 10°®cfu/mL E. coli 8099 lane 11 ~ 18 PCR
products of infant formula containing 10 cfu/mL E . sakazakii along with
108 cfu/mL ~ 10" cfu/mL E. coli 8099

2.5
PCR 36
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TOH}
S

11 PCR
M GeneRuler DNA Ladder lanel ~9 PCR product of infant formula
containing 108 cfu/mL ~ 10° cfu/ml. E. sakazakii in the presence of 10°
clu/ml. E.coli 8099 for each sample Lanel0 PCR amplification of
infant formula containing 10®cfu/mL. E. coli 8099 lane 11 ~ 18 PCR
products of infant formula containing 10* cfu/mL E . sakazakii along with

108 cfu/mL ~ 10" cfu/mL E. coli 8099

5.55% FDA
PCR
3
>0 omp A
PCR 7o a1 4-
PCR
a-1 4- omp A
PCR
a-1 4-
ESF-ESR omp A
ESSF-ESSR "
PCR
a-1 4- omp A
PCR
10° cfu/mL 10" cfu/mL ESSF-ESSR
Nair
10
PCR 10° cfu/mL
ESF-ESR
ESSF-ESSR PCR 10°
cfu/mL 10° cfu/mL PCR 10* cfu/

mL
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70
ATCC51329 7
PCR

10

DNA
DNA
PCR
PCR
PCR
PCR
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