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B B AR RBOKKIN P A A 2 A B IR O AT A, 25 28 S TUAR R R AR S IR AR R KU
RIS B IO T AR RGN = B0 3o 20 B 9 15 77 S AR AR S Ot PCR 257059k (R AN B[R] I A6 22 Fh 2
TB o ADFTEE— PRI 12 FhEIREOW B A8 R BT 1 RS, 2 FE R AR R SE 56 28 [ 70 5 A9 B vk
K2t i B Re S, 25 SRR 0 T e e R4, 7R TR I B BT A 2 (8] JC S8 OBV, o £ DNA JRAF- E AT L)
L E] 110 ~7 000 copy [ DNA 43, 76 B 2R /K- 1T LU ] 10° ~ 107 copy 5 H 9 B 1A, B & 8
SEYGUEN] 1 cfu/mL 4 BRI R AT AE S 39 T e A A B o 28 R R ) < B R A R T BRI AT B
H MR FT A 0157 H7 B2RLIRE B FORIPAT I 25 25 il AT 1T S 30 B L 7 o P9I 25 o
FFB DT ER R R B IR 2 AL B ™ AT 4 o FSEUEWIZOE A (9 R U HE PCR KF-IEAIG, (H
JEH R A R e PO R TR 55 B AR SR A, T AL T 1 e 2K b S5t B IR B0 T 1 R A I
KRB mil A EURMEBOR R s PO s JEEUK

FESZES: R 185.3 XHEFRER: A

2017 45 9 A 8 H bl 25 24 1E X 1] [ b ity =
HA(IMO) 358 T € & T s 28Kk M H TR
WA BN ) 11 161 2 249) (AT £ % 6 28K [
BRAZ) I ASC A, 4 2 4 24 1] A A 7
IRF 35.1441% , 45 2 BHOGRF 52 SR T
ISPVER AT, S 2FAE 2017 49 8 HIER
R A IMO T 2004 4R E, MLUE TR
HoK P E R SRR M, PEREAR E AL T EFL
I R T T AR 286 i Bk A 1) A o, LA B0
JE AR TR RO o (HR AR LA AR T B , 11
FUR AN B AEAE T R BK 1, 1A AU 1 AR e
KR T 238 50 PP, 2 8 BUn s a1
HOW T, B T ESLINE R i o 45 R R
WA KA G RO b 2 O

XK A A R 20K AT 48 1A
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BN Z 730 EE) 36.82 % H162.10%
FEFRE A LR B b Je 0 eh DL A 2 SO
A VD TR R PRI | A 2 AT 1 4
TR BRI | DY RE AR T R A I A R
FE L 25 M 2 R R e I K i 3R A R
A O R P K R BOR T R T RE S
TR AT AR R AT SR X 2K
JK Rl BEAF AR Y, 1 O T A B IR B
PR, R i 208 e B DRSS g 4T 20 AR 5, S
s I i LSO T ) g e DR A I 5

AR FH 09 15 G 80 i A s 0 7 9 f 4
W O RS, RS ~T d AR
B, R e BB BN 2 AR A 3R T AR
PRI A B PR S R B DLl A R
g R T B AR A DA R Y DR
75 3552 SO 2 1) ST , TR X 2875 3% XL
A DNA A6 S Bt (1 45 Ff 50— W) 2 05 5
JEATZ o T DNA 8 AR — Bl TR 2%
SERAEIN 735 , S AE AR MR (L AN R Lt )
R E AR VR ST IR IR, R R SR IC )
Ffdh (— R RE AR Y DNA) 2858 il W 28 5215 5
ARSI 23 A, BRIVl 2R A4 i 1) i 2 15 8, T A
) — b m 22 RO B o SCHR AR e e A S
TS A — 50 P BB X UL A £ R O TR 8
T2 PCR 519, ¥ 8 2o & 1y H AR B, 78
[l — 5K P b S8 R S S, R T | [ 25
RN EA35 R i 35 A ER AT 2 M 5 T R A
IR IFERE 25 AT S5 AE A L 12 Bl BN R

1 Me5I5k

1.1 FEHRRIEFRAKKIR

UPITER TR | BAHG 2= 07 QT IS A 2R LA 7
SPEAT R = S EBEAR B  BIA eI =5 1 2
HAF B K 25 o A TR R 5 Ui g A B W s i e
KW FF v 0157 : HT B b A5 HE T8 R W B 26 =
ATCC, FEFLINE DNA Sk B ERBEFR AR, &
B0 ) 2 3K R A A S 3 B A 30 1 B TR R
FEZOKEE B R AR 1 280K, 2
223t PCR A7 A I A B , HISRATE S 54Dl
ABIE
1.2 DNA 2EA*

el FH 240 B 5 PR 24 DNA 2 B & (.04
A1, Qiagen /2 w] ) JEHUZHTE DNA, HC 1.5 mL B4 E
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W ,12 000 r/min B.0> 2 min, F5 FIFK, EETT
UE , #2 BRI & DR 43 b i SR IBCD JRIZ I DNA
1.3 HEFRY L

13,1 5IYAERE

HY 1A R 5 a2 IR T 1 ey i
o JELARAS T SES e, 3 B R 4 B8 1% 16S rDNA
50 23S DNA RN BT 519, TR S [ 98
S8 P B A A O 5 S 10 T2 1658
rDNA 50# 23S tDNA 51 ¥)97 18 7 Be N Jo ik il 2
PREFR SR A T BRI P 5 e ik R B T F 5 1 P
TE
1.3.2 mMWFEE

B RS YL EARAE T, 20 AN SO =
1 PCR L, 4> 5z oy 28 4 T LI i 3] 2 52 %2,
PCR J5 04 34 W AT LASE 28 1 5 1 g 5 XAl 0
AGRSE FE AT AR o

PCR Jx W 1K & 4. 2X Mater mix 6. 25 ulL,
PrimerA/B 1 pL, PCR Grade H,0 0.75 pL, PCR
Control 2 L, Sample 2.5 pL,

SN AR 94 C FiAS P 5 min94 C AR
530 5,60 °C i 30 5,72 CHEAH 1 min,8 IF
B, BMERRR JGREZ AR 1 C o 8 MBS
JGi 94 °C A5E£30 8,56 C 3Bk 30 S,72 C LA 1
min, 30 MEH ;72 °C ,8 min,

1.4 ZRZRE

S3RITEA PCR RZ 14,5 L Z2 38U, i 4%
SN HG WA A B 2 SHE N, FE 30 min,
Z=2% J5 it i i washing buffer 3 000 r/min 2 min
PR, L BRSO G UG
1.5 KNERNREESHRE

DNA ZKP-AGI - B 2 L B PR 9 32 3 55 52 0 T
A R K ] £ PR AR T, 3 5 2 T L vk A ST AR
HEMZR KT 1, R B AR BE o K B30 18 T A el
2 DNA, 3§ A Thermo /3 ] i Nano-drop 2 000 C
ME DNA ¥k B2, AR 4l DNA ¥ 28 % 1 1
DNA H R3] K2y 10,100 F11 000 copy/ L, HU#%
BB EE DNA RO AZLE 7w g A6

TR T DNA 7K A6 < o 22 3 1) DNA B
&, #EEE] 10,100 A1 1 000 copy/wl
JE A R A T A o

R SR AR PG DU < oK 2 L TR R 1) 2o 3% 7
Y A= SRR AT 9 P TR, T8 e 22 T L vk
SEARUE RN ZR A 1, 00 E B R OD, T 5T Yk
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(cfu/mL) R HE I 5 19 BR1 e B, W5 T R 20 A7 6 B
#iBE, I 100 C 2@ 10 min, B 2.5 pL ##47 PCR
A,

16 =5. 2387 .

3 14 %7:0.9905)‘

£ 12

<10

§ 6

o 4

g 2

g o0

E 0 0.5 1.0 1.5 2.0 2.5 3.0

0D600

Bl ERENEREZ, RS
R E KLl E BaSO, &K
Fig.1 Standard curve for the determination
of bacterial concentration. The standard

material is the BaSO, solution.

1.6 FEmiAmREENE

Bz 5t PCR OGN Y 12 0 B 9 14 19 e
BOKHEA 3 Oy, B 5 mL, B3 05 5059 [ i H b 1
10,100 CFU/mL [ 5 FhE 245 1 mL, [R]EF RAAS
TR D R ) 2K A B X A 90 mLL )
TeREFR AL ,30 CHEFR 12 b1 2 L BETR
BRI AR BEER 7K, 100 C B 10 min, F
Fr i S I E

2 FERANTE

2.1 ZHfsE DNA 2B

K1 Qiagen 23w DNA 42 B & $2 g
BUEIRIIANER DNAZER N 1 fron. a1 nf
JLAE AR AR DNA,260/280 Z7E2.0 7ty , Uill]
Hh & A 852 RNA, A RNA BE#EATAL RS 5 1H.

&1 DNAHRERUK REENE

Tab.1 the result of DNA extraction and the detection limit
e RURJE/ (ng/ plL DNA £ 1% " SR
i BRI (ng/ L) BUHC mmem s
( Bacteria) Nucleic acid 0D260,/280 / (copy/puL) Diluti Liol

actena concentration DNA copies Hution muthiples copy
HIKTE Shigella 22 2.05 4.46x10° 10° 112
AR AT Sh. dysenteriae 37.5 2.17 7.22x10°° 10° 181
YWUSFT B E. sakazakii 5.5 1.99 1.02x10° 10* 255
GV TR salmonella 4.5 2.14 8.7X10° 10* 218
FARAAS ALY L monocytogenes 83.9 2.02 2.68X107 10° 670
SO IRE S. aureus 8.7 2.04 2.76X10° 10° 6 900
KIGHFE 0157 EHEC 0157 :H7 24.8 2.04 4.1X10° 10* 1025
AL ZE AT I B. cereus 27.6 2.08 4.9X10° 10* 1225
Bl MK V. Parahaemolyticus 30.1 1.98 5.4X10° 10° 135
2t C. jejuni 5.7 2.1 3.2X10° 10* 800
FES AT C. perfringen 2.9 2.03 8.9X10° 10° 2225
FEFEIRE V. cholerae 4.6 1.82 1.1X10° 10 2 750

2.2 BRFFENRE

2.2.1 SRR

A s B A BREAS 5o RIS, BH A IR

(E A R 2RSSR, BAPE RS BAL AN i B 2%

BTSN B & 112 55884, A8 10
2% PCR PHME X BB R AT F1 10 2% 4= 52 BH 1 X6 B 45
EF,8 ZCBAMEXT BRIRER, LA K 84 450 IR pE & — M
e

FIMZEE ATCC WL H 2 LR BRI SE 30 =
OB ERIL 12 RREEUEAT T 2250 S8 80 . Hivp 6 Fif
B B MR 2 A 4 R LI 2

B2 Wow, AT B B R 2258, 7605 7 i AH

ZAGT o XRWLE RS A, A Bl
Prr R BHPERL R

FATxk 22 o U5 [ e 7 [R] — kot A bk
Py e A, A 22 18] 9 0 R 5 UL R 3 i
o T LATR] BS80S0 B, ik R B
Fi AR S R, A T ARG DM ) T Pk =2 ) JE 58 S
IO, 58 4 R] LA T () IS 00 22 o B Y O 7R
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27 %

Shigella
positive

Salmonel la
positive

Cronobacter
sakazakii
positive

Listeria
monocytogenes
positive

0157
positive

Negative
control

E2 6MEREEFARBENRANREE
Fig2 6kinds of pathogens detection by chip for the detection limit

Twelve
pathogens
detecter

Negative
control

B3 12 #ERER DNA £
Fig3 Detection of 12 kinds of pathogens

2.2.2 ERMARE

XFF 2.1 A Y DNA AR, 34710 s
DNA ¥R B2, JFAR 4 DNA Z3F 00 R/ Al 58 i AR
REREIN ) copy $XANZR 1 Firw , W] LA 246 I e
Bl il o A5 B R, BERG IR 5.5 x 10 ng, HP
112 copy 1) DNA 5 X 4 B €67 25 2K A1 19 45 00
99,295 2.2 x10 7% ng, %4 7 000 copy [J DNA
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RIRFA TR I DNA By 2250, 14 A9 250 R 2
10% , 3 1 1285 1 BLAEA T AL R 1 %
227 10 4719 DNA BCH , gk i A~ Bis, i1k
WP S i, YOI TR 4 B (0 A A BR R | B 2
WrRE B R IR | A5 PR A RO R
MsE T H R OE, W 4a. £E 10° ~10° KF L A]
PATUE] 5 FER
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(a):
Positive control :
copies of pathoger

(b) :
Pathogens of 1 cfu
added for detection

(OF

Negative control

B4 HEERBROSRUE
Fig.4 Detection of Lysis solution by the chip

a: TUREE (U0 TT TG A 8 (0 7 BR A L RS b ) R M I

K P B BRI 2 R s o, SRS I

HHIGH ) TE 10* ~10° copies IFEIREI ;b A S R v i 21 %

a :Five kinds of bacteria detection in the concentration of 10* ~10° copies;b : Detection of bacteria added to ballast water; ¢, Negative control

2.3 AMRHPELRK

o7 FH e 38 0 R VR R S &1 e K i
PAEA TR, 25 SR LI 4b. N a] LU Y, i
T AR A S AR S FhIR A B B SO AT
PLKE] 1 cfu,

3 e

14 i DNA SESAORE DNA 282K il 1) 93 1ot
REFNAR A A M 4o e e 448 21 — o g de oS Bk
AT, 2RO 246 Dl A 00 g BT i) R A2 2 e, A
BRI B 2 T 5 o R AR 48 AT DAE A IR
ik 110 copy DNA BUEURN I , KKAR R T 4R 9K
MEes .

MHTHEE 25 Z Al §2 DNA J5 R4 A, H
TR R B 20 T AR GE AT L A I 20 TR ) 2
YR, FLAG T Ay SO b R RASK ) 10° ~ 107 7K
S, oI T R 4 T 114 5 ] R LR R 4 LA
ZINERF 71 AR f B2 48 T 12 B s 00 5 B[] 5 4] LA
TE 8 h N FE I, A7 4t T bR v A b G I £ 1 3
TR o

L HXT PCR AN A RBUZOFFT, T2l
ARADURE f 5 00 BT s G D00 AR i L34 T ) i B
DNA #£47 DNA JRK5P- R I 5€ B, 11 % F- R 8
AR 5 22 S TN TN TR BB PR, AR B 5 2.3
28R | 8RO 2 BIF T 1 4 b B IR E0W Y 2 E
PCR Az ill, A K¢ KAWASAKI 2575 A A 4G I 70 1]

PR 51 2 307 5 B A R i AT i 0157 Y 2 8
PCRG >0 A BRI 5 1t M AR A B 2
B, SCE AR 18 A ORI R R, X7 DNA
K53, FTLALE 10° ~ 10° (/RSP 14T B4
R {EL 2 PR A T 50 7E T RIS SR AT )2 DNA
WP ELIEIR LU B B DNA 4 TR ik, £ %
JEWT B IR S, B LA S PR I i R BR AT RE 2 B
/N, RIGUE AT fE

HATiZIr ik 5 e PCR Ik —HE, ABEX 2
TR it A PP AR 5 R A IR S 5 1A
PR BB 2 — N 25 A T, A 245 2Rl e
P2 A A B AL T BOR BRI . fEA SR
Hh T R DR N 7 5 T 2K R A B A
Kt — Pl X 1R R AR A S Pkt il 2E AT RGN
SRIFREES R 245 2R 5 A5 GG I 45 R R AT L AR
HiFA

B,

Sk
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High-throughput DNA microarray used for pathogens detection in the ballast
water

ZHANG Zilong'?, LI Shenwei'*, QIU Jin'*, TIAN Zhengan'?, LI Xiaohong®, ZHANG Jilun®,
LU Zhongshan®, LI Ping’

(1. Shanghai International Travel Healthcare Center, Shanghai 200135, China; 2. Shanghai entry-exit inspection and
quarantine bureaw, Shanghat 200135, China)

Abstract; The potential risk of foodborne pathogens in the ballast water to act as a major vector for public
health and port ecological environment has long been recognised. At present, the foodborne pathogens is
detected by culture and biochemical identification, Real-time PCR and other methods, which can not detect
multiple pathogenic bacteria. This study focused on the application of a high-throughput DNA microarray chip
p that can detect 12 kinds of foodborne pathogens. By the chip , every control strain of pathogen can be
specifically detected without inferring with other organism. In the level of DNA molecule, the chip can detect
the minimal 110 copies for the most sensitive Shigella, and the maximal 7000 copies for Staphylococcus
aureus. Pathogens with copies of 10*-10”, can be detected directly by the thermal lysis bacteria. ballast water
supplied with five kinds of pathogens of 1cfu/ml can be detected in 2 hours followed with several hours of
culture. the method for the simultaneous foodborne pathogens besides Staphylococcus aureus , Salmonella spp,
and Shigella spp, Listeria monocytogenes, Escherichia coli 0157 H7, Vibrio parahaemolyticus, Vibrio
cholera, Bacillus cereus Clostridium perfringens , Campylobacter , Cronobacter sakazakii, Shigella Castellani
could be detected. The minimum limit of the chip is higher than the PCR methods, while the chip of this
study was high-throughput, rapid and efficient in the detection, which could be a useful method for the
simultaneous detection of foodborne pathogens in the ballast water

Key words: High-throughput DNA microarray; Foodborne pathogen identificati; quick detection; ballast

water
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