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OB @B YRl B R IR EE (propidium monoazide, PMA) 53/ S48 (loop-mediated
isothermal amplification, LAMP) AL & 1572, AT PR s 20l 43 35 30 & 8K 18 (Staphylococcus
aureus) o [T, SRR T35 G4l €7 %) BK R R /K AN IR AR £ iRE i, B FEPMA-LAMP J7 v [ e il 2R
F. ARRY], PMAR RIKEES pg/mL, 650 Wik NHEJES min, PMARENS 5841 1.2 X 107 copies/mL4x #
AR IR SE ALY 1 . PMA-LAMP 7V RS AEIHIR65 “C . 60 min P 56 SO0 Y7 8550 28 45 38 €470 %) 3K B R S M muc
FEDR R PR, T S SSOARIR 76 4 08 €007 267 BK A1 XAt R 934 CFU/MML, S 6 R i R /K e RN Ay (et B
43512917 CFU/MLAI1.70 X 10° CFU/mL. g 572 AYPMA-LAMPJ7 i3 0] LLAT SUKHINE BOE A S (o A Bk, R0t 17—
Tl 57 PR AN 2 AR R R T 5%
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Establishment of PMA-LAMP Method for Rapid Detection of Staphylococcus aureus with Sublethal Injury

CAO Xiao', ZHAO Lichao'?, YANG Cuiqi', GU Lihui', OUYANG Guangyu', CHEN Jin', CHEN Sikai', TAN Qiwen', WANG Li"**
(1. College of Food Science, South China Agricultural University, Guangzhou 510642, China;
2. Guangdong Province Key Laboratory for Green Processing of Natural Products and Product Safety, Guangzhou 510640, China)

Abstract: In this study, a loop-mediated isothermal amplification (LAMP) assay combined with propidium monoazide
(PMA) treatment was developed for the rapid and efficient detection of Staphylococcus aureus with sublethal injury. The
sensitivity of PMA-LAMP was investigated by artificially contaminating food samples including frozen dumplings and milk
powder with S. aureus. The results showed that a concentration of 3 ng/mL PMA was optimal for completely restraining
the amplification of 1.2 x 10’ copies/mL of DNA from dead S. aureus which was exposed to a 650 W halogen lamp for
5 min. PMA-LAMP could achieve the specific detection of the unique nuc gene of S. aureus with sublethal injury at a
constant temperature of 65 ‘C within 60 min with a sensitivity of 34 CFU/mL. In addition, the PMA-LAMP assay was
proved efficient by using it to detect the viable cells in artificially contaminated samples, with a sensitivity of 17 CFU/mL
for artificially contaminated milk powder and 1.70 x 10° CFU/mL in artificially contaminated frozen dumplings. It can be
concluded that the PMA-LAMP assay can efficiently detect S. aureus with sublethal injury and provide a new technique for
detecting S. aureus in food samples.
Key words: food safety; Staphylococcus aureus; sublethal state; propidium monoazide-loop-mediated isothermal
amplification (PMA-LAMP); rapid detection
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S H O EERE (Staphylococcus aureus) J&—#f
NEBLBRMEESURE, FESEMEE, JIEZew
hEE. HAUR B E I 2O0E, EE I PUE . HER AR
W7 0 FSH A48 i) 4 38 €0 ] A BRBR (AR e LG LR
Mo TEEAERY A0 B A2 A B AE A R AAE B N [ — FloRe ik
HIERMEPRES, S/ARE. Sk pHAE BCER 25 1) o %
H T B Tl YH R HE N SRR . T BUE B A B BAR A R
TEEFEME PR FAERKEEPIGE )], HAMRIEZTETR
IR B IR A B ARSI, EEENARKASET, T
HOCTAN R Be 8 05, IR AR K, A B BU% 7
7, ORI )RR YT R N 2 AT IE BT
HE . AREE, SWEHARRELE RN NT
TR 2 i N ol A i S BB IR A BV AT RE 7R R
B, ZREAR G WAL GBI EOER B, 0T &K
6 VA P AN A o P

P T3 b BTTEAR 7K e DA ok S5 £ ot A AR 4 2
R ARG AR, WRE RGP IET. 48
N5 8 €07 2] BR B (1 7 5B A W EE XU . (polymerase
chain reaction, PCR) KH 38455 13 Fnuc, 7 4MIAH H
SIS PCRAG I 42 3 (R 4 BR 1, (ELLRE oA e 7,
[R BFF 0 0 S0 R S 1 4 i £ 7 6 BR B (1) DR R )
BRI AEESY, KA FEES Y (loop-mediated
isothermal amplification, LAMP) A& —FhHr A% IR Y
a7, AR S RTE6S CIEMR 44 T 60 min Py B AT 5€ 1%
ALy, SR LTEEE (propidium monoazide,
PMA) & —Flik BEERL R S BRGLRE,  mT DL Ik B0 44 i 1
AN o T 4 B PR 4 B T S min DA b i 95 2O T
{FE NN 5 IPMA S il S BEZIR  (deoxyribonucleic
acid, DNA) FLHrAcBk, MifiPHES 72640 i H AxDNA
M4 34, [F BT 58 4 B4k U 2 I PMA DLk B0 tH 0 “ AR
PR g5 R, SR R G R — 4 I A B A
EH, HPMASLAMPH RS &, 0f LK WSSt A 4
P RSB X 40 K

A2 5 ) P T 285 A M1 o 5 9 7 JE R W B B
A 4 TR ) B HE N W EORRES . R PMAHERRBE
Y IDNAT-HE, 7 PMA-LAMP 5 {2 RS AG I 45 6
B PR, O HAS I ARCR BEAT R, DU SZ T EOR
A Z20E IV BB 2 £ YR E00 41 BR %) M 00 A B A AT A R A
5%,

1 E5EHE

L1 RS0

4 v 07 ) BRI AR HE B B (9526003, T H H [E
BE AN A A L), R4 C A& N IRIFAE FLEIK
fE75 g/L NaClf{ & FR 3l Rt o FH0.5 mmol/L LB R

B, —20 CHEEFR (57.5% NaClIEW) %M F476 dik
AT T4 B (10 2 3k 45 HL BT I PCRAS 562 11 37 35 B R 75 4
TR AR,

PMA (AALRFD % [EBiotium Al ; Bstk
FrBXDNA¥ &8  New England BiolabA &]; & FE 3
e, WCE W (brain heart infusion, BHI) #:zaE. Il
PR TARMIVEDRHEARAR . AR, HETE
B tra)  RET RIS AE R A A .
1.2 {XF{HRE

Gel Doc 2000%X 18 %24t 5% [EBio-Rad A A
SAS-67120i 4l /K #4243 EMillipore/A 7] ; 1HHH
M EETVIPSA A GE-1008 KA HUNEDR
HARAF; 650 WK ERL  {EBEOsramAF]; 5417R%&
HEAFEE O E Eppendorfik 4y A TR A7) ; HHeS11
HAGER KBS REEFENESRIGRERAR; LXAR
FISE R 7R K DU T %) s
1.3 ik
1.3.1  LAMPHI#¥#it

TENCBIZHE 7 H 3k HL 4x 28 6070 %) 3K B nuce 2k B 7
G, #ATZEHN, GRS XIRE 5. LAMP
LT EA G, B ARANGIY) (F3RIB3) | W%k
WalY (BIPFIFIP) , #il i FEIEHFLAMP S it &
Mo Z46 BigHEmEME AR ARG K51, 51775 W
1R,

#1 LAMPRRSIHFH]
Tablel Primer sequences targeting the nuc gene for LAMP reaction
SRR 5 [751
FIP  5-CGTTTACCATTTTTCCATCAGCATATTTGACAAAGGTCAAAGAACT-3'
BIP  5-TCAAGGCTTGGCTAAAGTTGCTTATTCGCTTGTGCTTCACTT-3
F3 5-TGCAAAGAAAATTGAAGTCGA-3'
B3 5-CGTTGTCTTCGCTCCAAAT-3’

132 GHre iR = i %

HOUTE AT 4 8 € 78 6] BR 1 F P T K T I BHIES 77 2k
37 CIRGIGFRE, BT 10 (515 LR,
R FH IR AT AR o T R IR T
133 FEAIPMALLFE

PMAV T W B A, B 3%0.5 mg/mL{H
PMAEM, —20 CHEGLRAF . H1 mLi]& 4 1) w2 &
F LS mLEE &S, A6 pL 0.5 mg/mLEIPMAVER
{FPMA 2R B E 93 pg/mL, PMASH EWRIES
) AE SR A AT NG AL FES min, FH 650 WK s 2T
BE 55 min, JEHEAZERRT, FEMETK E, HAEFEE LR
20 cmAb. AZIEJE I 10 000 r/min .05 min, i
#4F T DNAFZEL .

1.3.4  AS[EACFRFEAH T PMA-LAMPY 3%

I3 AR AR H S A AR M I S ) % ST 40

ZAEWR 75 "C/KHE10 miny 70% 5 P9 % AL FE 10 min'" Al
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SAHMT IS 10 min, LIRSS IRATE TR, 37 CH3%
24 hjEWige, TR FAHEE R TE S BCR0RT, CHZHAET .
FIPMA 4L 3 DA F3 Fh 7y 20 Ab BE A S0 M8 7, DAAS
PMAXT B . %ot T A F A S A, A
NLAMP [ . [ DNARSAR A TLAMPY ™ 3 AL 3K 04T
13.5 PMAFREIRAE

BT mL 4 3% (0% 747 3K 18 8 40 i 0 B8 20 i 2 7 v
TEHEBEOE T, IMAPMA, fHPMA {45 &K 5 4>
BINOL 1. 3. 5. 10, 20, 50 pg/mL, HF5EPMASLIE
P DNAF 3G (1 $5 K 57 5 9 B2 A il JE R DN AS 1 (1) I
AN, TR VRS AR R A, SRR N
LAMP J5 37 FRIDN AR i AT LAMPY 38 A1 HL K 7347
13.6  BEGEA]

Y 4> 3 (078 2 BR B G B 29 (1.2X 107 CFU/mL) A1
B B (1.2X 107 copies/mL) &1 mLE T T i 5504
W, A3 pg/mL (KRR PMA, 1E= %0 T ik
JEALEES min, SRJEH650 Wi 2T IR, e BB G i [A]
N1, 5. 10, 15, 20 minf130 min. $EEDNAYE K [
RSTAR EEA T LAMPY 34 ALK 3 #7
1.3.7  PMA-LAMP 5y I 4 3 €25 %) 3K B 14 R S

V8 4 0 £ ] 28] BR T TR AR LA T A B R UK EAT 10 £
EECRRRE, FREEEI X107 1X107°, 1X107°, 1X107,
1X107° 5 NFREEEREAT T 5. BRI AT AT
e P T S ATE30~ 3002 [A] (AR BE JEAT V1 4. HUA
PRI TS mLE T o B0 T, 253 pg/mL
(AJREWEE) MPMABHATALEE, $2HUDNABIAR AT
LAMPY S FTHLIK 4T, LAR 8 R .
1.3.8  SEBRAESh A
1.3.8.1  ZHEEREFE BN TARU G e ) 2%

P F AT AN IR0 B ACARAS 4 0 27 40 BR 1 LA B

WIR A .

®2 RABRPEBIRESRGHGRE N G R

Table2  The proportion of S. aureus with sublethal injury in mixed system
il _ TR A AL _ TEHFEIRAS &3 (]
WHICRE HEGURE EIEREPT LB %
1 1 000 0 100
2 500 500 50
3 100 900 10
4 10 990 1
5 1 999 0.1

A 1 2 3 108 4 BR U\ TR IR BRI A A, S

KIGFFEFD IR R3S - AR R P4 S 8o

KT B W RE R RFIEE, DIEBIEREK

< B O] 2 B R ) RO BB T

®3 RABRPLEBRREUBELECHERERDIIRE,
KIGFF BT & B Al

The proportions of sublethally inured/heat-killed S. aureus,
Salmonella and E. coli in mixed system

Table 3

gy EURRARE REUPRESN P KB RAWHIIIORS
N AL CRAREAL KRN AL SRR

PR BRAEER, R E . YT IR A& 3 6
B PR R R TR, 37 CIREFRER . Wikl
AR ECN10° CFU/ML . AR 2 0k &1 Se 6 40E
oINS = UKV P o 7 /N TN S o8 7 ARG S o VNS L S
it RS 7K S B ) 4 € T R R B
¥R 51 N28.6% . 24.0%. 32.7%. 6.0%. 17.8%. 0.6%,
DAL IEAT N L5 Qe i T R I BC LG o 4 3 35088k

1 1000 0 500 500 50

2 500 500 500 500 25

3 100 900 500 500 5

4 10 990 500 500 0.5

5 1 999 500 5000 0.05
1.3.8.2  FEMARETALFE

FIT 3 125 K R0 W5k MR T BE AL R DG, A il A2 N
TG Y EUAE 2 & o R A R B 2 R, B e % I GB/T
4789.10—2010 (& Sl LD =A% 3K B A
I0) BUFEGAESH AW EIKE, WRAEE, HhH
FESVHHAT KB, ARG HHAT B bREA I, RIS 5o A &
A& AR EIRE AR T AT G250 Hl%
IKERBTRE, W25 ghfah (R EEAEAD , IA225 mL
T R AR 22 M v P A 38, I RORE b SR
1.3.8.3  ANA LI EBEIRAS 4 0 (03 AT BR TR (1 Al

1 mL AN [A] b3 ) 30 35080 IR A5 B W o il B A &
9 mLAE S SRR, IRAIE & R R REE, 4K
FEAL800 r/min .03 min, BB /KEHIRE A, Bk
TEWR R 2 E &0 %, 10 000 r/min .05 min
WCEE R K, HEATPMAALEL, DU ECAIDNA AR AR it 47
PMA-LAMPAGI o R 300 (FE it A5 BH 16 T
1.3.84  EAHEHFRE RS

1 mLA% K3 WL VR & 10 B B2 P 229 mL &) Kl
W, TREMEN B SR ERE, 20 K R 800 /min B0
3 min, BRZEGKBEHBER, W EERERESHNTLE
B0, 10 000 r/mins 05 minliAE R A, FEATPMALL
H, DURHUPDNA R i TPMA-LAMPAG I . [RIFEf
JIEAT Wk i ek .

2 ZRES

2.1 N[FEAEEEFELN M FJPMA-LAMP

RANNPMA &L HE [ 5t f 4, A [ ol 3 4% 14 Ak 2
IS0 DN A REY 38 R S I B BROIR 21 o I
PMAALFR (RS2 240, 75 “CoK I AIT70% 5 P e v v Ak 3
10 min/i5 15 B[ FEAN I 2 - PMA AL B 5, JLDNA ¥ 14
RG], TEY S IR A, PMAREA ZBH 1ESE
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YNHH DNARIY 1, B 1FTR. BEARE AR T
SHOFERE LTINS, B2 R %A 5
HBA W AN T ( A0 e, 2B T 40 P A% R 1) 45
i, PMARRES LA SDNALE A, BT UADNAY 13
B ZBPMAI A o

M. 100 bp DNA ladder; 1.BHMEXTR; 2~4. KA
PMAXTEZH: S AALEE; 6. R PARE; 7585,
1 FRFENAZ AT PMA-LAMP Jz 3 {8
Fig.1  Influence of different stress conditions on the PMA-LAMP reaction

2.2 PMAJ K E AL

1500 bp

500 bp

100 bp
M. 100 bp DNA ladder; 1. RIIPMAXIRZL; 2~7. PMAJR
BWRERICNT, 3. 5, 10, 20, 50 pg/mL; 8.1 .
B2 PMAREWRER 12X 10" CFU/mL & % {0 i 5 ERH % 1R A
Fig.2 Influence of PMA concentration on 1.2 x 10’ CFU/mL of DNA

from S. aureus viable cells

1 500 bp

500 bp e

100 bp

5. 10, 20, 50 pg/mL; 7.FIVEXS I 8. ARINIPMAXT 4.
3 PMAREIREX12X10" copies/mL & % 13 AR & FEAMNRAIRE W
Fig.3  Influence of PMA concentration on 1.2 x 10’ copies/mL of DNA

from S. aureus dead cells

H 2] 5, 4PMAR R 89K FE mik 50 pg/mLEF, 3™
B S AR LU BB T A, SR HPMAK 17 B 4 i 5
WA K. MEBATLVEH, UPMAFEREZ AL ng/mL,
Red S8 26y, TS T EIR LG N 23 pg/mL %, fe
RN FEAN R DNARI Y 8, Rk, AseibikFRrPMA
b P 5T B E 3 ng/mL,  DURA £R BB 8 A7 R0 40 1) S8 TR
DNA# $8, [R5 /NPMAKS B 5 Bk 2, T ANEE
M LAMPH™ 14 1R
23 BRJeRTREIRAL

f# /3 ng/mLTPMA 23 5 %4 B 1.2 X 10 CFU/mL
(103 £ 5 20 ok AR A S ) B 40 B 1 R R AT A B, O
T rR R B 1 AS ) B ' e T Ach T T 1160 £ T A P vk
TR, DARBBUNSSGEATLAMP IR N . M PEI4TT DU
H, BROGI R 91 ~30 minftf, 35 4H MY RES G H A S
IR BEAR 26, S ERZ 1 minB@ AL TR 5, W] )
10" copies/mLAEANfUDNA I 1 . 454 LR 45 R, Ast
B % BRI IR SBR[ A5 min,  DARAR 2 R HIPMARERS 450
AR, A LAMPY 5 (9 5%, (7] B 48 2% 11
I T, REAE AT 0k A U 75 B )

M 1 2 3 4 5 6 7 8

1 500 bp

500 bp

100 bp

M. 100 bp DNA ladder; 1.RIIAPMAXIRAL; 2~7.
BEGE L, Sy 104 15, 20, 30min; 8.FHAHEX .
B4 B EXHE A PMA-LAMPR jii i) %M

Fig.4  Influence of exposure time on PMA-LAMP reactions of viable cells

1,500 bp

500 bp

100 bp

M. 100 bp DNA ladder; 1. RIIAPMAXfHEE; 2~7.

BESBETRIY1, 50 100 15, 204 30 min; 8. FHMEXTR.

5 B X FEAPMA-LAMPR B #8W
Fig.5  Influence of exposure time on PMA-LAMP reactions of dead cells
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24 PMA-LAMP 5L e HL REBUE

PLESEEe 45 IR, s N3 pg/mLIYPMAT]
IR FBE 71 1.2 X 107 copies/mL [ 4 5 €7 78] 4 BR 15 5E 4
JIDNA 438G, 1 % [ R 52 1 s 4 ™ 34 3 A s, A
U6 T REGE A RO ARSI A R 0 S EOREIR A 1 4 5
EHERR, #EPMAMYER =K )E N3 pg/mL, 650 W
X 24T R E IS [R] S min. oK kb B S (1) B AT 2R 4R
IXDNA, DL ARERGEITLAMP RN, Ml &2 PMA-
LAMP /5%,  DARHINE SOOEIRAS 1) 4 38 (] 2 BR 1

$3.4X 10" CFU/mLIE £ 50 B 4> 8 (0 3 % BR 5 HEAT
10 f5 £ LUBA EERRE, UM BRI FIRPMAKL 3 I RSk
J&, ZRHEEIRIDNA, DL ARG TLAMP B,
P CLRAL 258 N URHEI2.0% 35 e IR FL ik 0o 45
FILKE6, 4 EBE T B KR 934 CFU/mLELE &= i,
ARSI 2677, BT ARSI T (I PMA-LAMPAS I
P BOAEIY 4 €050 4 BR A 1Y) R B0 34 CFU/mL.

M 1 2 3 4 5 6 7 8 9 10

1500 bp

500 bp

100 bp

M. 100 bp DNA ladder; 1.BHMEX I 2~9. 43 (67 %)
FREEWRE J93.4X 107, 3.4X10°, 3.4X10°, 3.4X10%,
34X10°, 34X10°, 3.4X10'. 3.4 CFU/mL; 10.BHExT .
B 6 PMA-LAMPA:NJ5 3K R &
Fig. 6  Sensitivity of the PMA-LAMP method

2.5 PMA-LAMPJ5 V=52 1t

2.5.1  ANJE) BB G B AR < e €00 ) BR A TS G L R
i 45 R

<
—
N
w
~
w
a

1500 bp

500 bp

100 bp

M. 100 bp DNA ladder; 1~5.J84 B HHIE SOORLY Gk (R AT ER B R0k 152 40 1)
H3AX10°, 34X 10%, 34X10°, 34X10°, 34X10' CFU/ML; 6.[PEX R,

EH7 ALEEREGH DB &R CHERENPMA-LAMPR; iR
Fig.7  Limit of detection of PMA-LAMP for sublethally injured

S. aureus in artificially contaminated milk powder

Wk B 5 FIPMA-LAMPAS I 40 B 7 B 7~ 1~ 59k
WA AT, M REAY &, RIIPMA-
LAMP A& 8% far il 31\ AR5 Je 9k v T2 B0 B 4 3
1% BR B R R H PR 434 CFU/mL.

Y 2 AN [ L A7) 0 3505 B 4 9 €00 881 67 BR 1A 1) 3 4R 7K
R MG AR S, B TPMA-LAMPRS I, AS 45
DS, 1~4kiE A W7, 1Mi3.4X 10" CFU/MLIK &
FRAMERT RS 561, RN A e iR K e
P ELFEAY 4 2 (088 42 BR 1A RO RS H PR 93.4 X 10° CFU/mL.

1500 bp

500 bp [EE—-
v

100 bp

M. 100 bp DNA ladder; 1~5.J8 & i i I S48
G B € T BR T (M JEE 43 3.4 X 10°, 3.4 X 10%,
3.4X10°, 3.4X10°, 3.4X10' CFU/mL; 6.F xS
H8 ALGEHEHKRPIESIER SR CH AR
PMA-LAMP# i iR
Fig. 8 Limit of detection of PMA-LAMP for sublethally injured

S. aureus in artificially contaminated frozen dumplings

252 [FAINEA AR H ARG IR SRR S A A R

1500 bp

100 bp

M. 100 bp DNA ladder; 1~5.38% B+ 4L A
G 3% €8 1 BR A IO RE 43 5 1.7 X 10°, 1.7 X 10%,
1.7X10°, 1.7X 10>, 1.7X10"' CFU/mL; 6.3 % .
EH9 ZEEEFERERBRPEBFAESEACHEHREN
PMA-LAMPE; R
Fig. 9  Limit of detection of PMA-LAMP for sublethally injured

S. aureus in frozen dumplings containing non-target bacteria
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G K AL FE 5, #EATPMA-LAMPEG I, A& 45
RILE9, 1~4iKiEHFY W%, W RN SHIEER
B X PMA-LAMPAG I 25 A0, 1.70X 10" CFU/mLA
B s 38 4%y, ReBB AL I BN AL R B & A
Ak H A5 BT B 00 VR 7K 5 AR I BOPE Y 4 v 0 7 2] BR R 1
¥ 1 BE 291,70 X 10 CFU/mL .

1500 bp

500 bp

100 bp
M. 100 bp DNA ladder; 1~5.J& & & 7 S0
G O B R B IV 30 M 1.7 X 10°, 1.7 X 10%,
1.7X10°, 1.7X10%, 1.7X 10" CFU/mL; 6.1 V4% .
E10 SHEEEREDE LSRR SR A ERE R
PMA-LAMP#: Hi i
Fig. 10  Limit of detection of PMA-LAMP for sublethally injured

S. aureus in milk powder containing non-target bacteria

5] B A6 A H AR R 0 9K o R 25 S an B 10 B
N, I~SUCESIE Y &, PIPEX IBE A b1 4,
FHIPMA-LAMPGE % £ I 2\ T AL F B &5 3F B Ax
BT G 0 W K o T EAE B 4 v fR R A K BR B R HE BR
17 CFU/mL.

RIS R (KT7~10) KB, PMA-LAMPH;
B AR H bR Wk H T EOAE 2 4 B R 4 PR A HE BR
917 CFU/mL, Al & ={E H b5 5 38 R /K 428 A A R
1.70 X 10°CFU/mL.

3 & #

AT FEA FHnuc FE NEEEE D, @ SZIPMA 5LAMP
FORAA G G 1) TV R RS I 46 38 (0 BT BRI o muc BE TR
M SR EREE, AR, XS nuckE Rt —B676 bp
[ 270 Sk A 0 4 2 € %8 AT BR B, 0T 4 B €57 %) BK TR Ak
IR A BRB . AGIRYERE R . KR AW . 4k
P B M AT BT L B PR A5 I < B R T BRI G A
DNAZEATPCRY MY, 25 5L IR A7 4 0 10 41 %) B3R 1A fig
I EH B, MAESE e aREkay A
P B, R T nue ik DR RT DA ke 0 <6 v €0 ) A 3R A

(4 S PR Y o 5 — LR S B Rlmecd
SUA TR PR A2 PR 4 24 €880 1 BR 1R L mec ABE ™, AN
B R R I 4 35 €078 7 BR A TR Rr S PSR IR IR o nuc B[R] 2
ST OE R ERE PTG 10, W] DM R &5 (] A BR B RS 5
PERIFRE, AR N100%. Hik, T WHsEHEeEHE A
AR ERTE RS FAAZ RN, uac i R FHAR f S L PR,

S0 BE (I PMA AL B 521 PMA-LAMP 52 B ) 6 4
Wz, CERSEMEVGHRE SN, BT
YRR RIE M, BE T Ik 40 TR I 40 I 52 B I 41 B B S DNA K
BRE, i PMAXT 41 i ¥ 2 2 L A s B B AN,
DRl I A S 56 1 FEPMA Gu b, 25 3 I 7 L B e 4 HE B 7
TEA ARSI, A SRR, e I 2 ) R e
/No PMAS B G ¥ 5 )5 T2 =i 410 T O ab 21
5 min, FJH650 W= AT RS min, B0 EE 2GR
20 cm. SIYIREERIERT], 4 4519442 FSEDNA L4}
FLAMP M8+ 43 KB, 51 T 8 L AL F3 .
B3/NTFle. Ble, HA#F3. B3FHIHIT, AN T60~65C
Z A B RS A i B A A B R L A 124,
= BRI EAZ BT (deoxyriboncleoside triphosphate,
dANTP) & B FRAR I 5 BERUE, Lk B 10 A8 1 oK 2 52
FZ M EMe WK, i &R Bst DNAK A B
PE, RS EY AT AR, IR R 25 A,
LI AE I ANTPIR 1.2 mmol/L. @i PMAL
LAMPZ, &, N7 J PRsRs I SV 35 50 A <5 3 £ 1 26 BR T )
PMA-LAMP#i /5%, il R /%1434 CFU/mL.

A S 6 ST I PMA-LAMP 7 725 A % B Dy K 1 31 37 ¢
A G O R BRI . Z O IR A R AR I vk B
RESE R BAERE, R, PURMRE A, oK
S A AN G, 1R AT DATE 3 2 Bl
PEAE b X AT PR A TR R o R, ARG Al dh
r B B B ) T 0BT TR A YR A TR P RS v A I T
— PR

S 3 :
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