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Establishment of a fluorescent loop-mediated isothermal amplification
method for detection of # Streptococcus hemolyticus
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ABSTRACT: Objective To develop a fluorescent loop mediated isothermal amplification (LAMP) method for the
detection of § Streptococcus hemolyticus. Methods Four pairs of specific primers were designed for spy1258 gene
of S Streptococcus hemolyticus. The amplification conditions of LAMP system were optimized, and the specificity
and sensitivity of the method were evaluated. At the same time, this method and the traditional national standard
method were used to detect 10 kinds of milk powder samples. Results The method was specific and intuitive, the
best reaction conditions were obtained when the ratio of inner and outer primers was 3:1 and the reaction temperature
was 63 °C, the sensitivity of the method could reach 100 fg/uL, the detection limit was as low as 9.8 CFU/mL, and
the results of LAMP method were consistent with those of traditional national standard method for 10 kinds of milk
samples. Conclusion The fluorescent LAMP method established in this study is rapid, intuitive, sensitive and
specific, and can be used for the preliminary screening of f Streptococcus hemolyticus in food.
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BUEIMVEEEER T (B Streptococcus hemolyticus, BHS)TE
ARz, TEK, R iRk, NIRRT
foid . FLith AR A TE, B BRI B TE, BA ZF
FORAE T M ER . AMER BFILERS), TR0 .
BIVRR AT 5 R ARLT 3 P2 FE A il PR E Rl

PRSI 0 8 R B ) D TR R S 8 e i
R B Y bR E AT . T Y0E B B TR 1Y
J2 B R B0 S AL spy1258. dnaseB . speB Fll sof F:RP7,
J&i 3 ARy sim B 7 R T I sof 2 DK D 1L T AN 375 B B A
FIRSHER, AUAE 40%~50%01 A TEHERR 1 1 3R 1k ; DnaseB
FER RS PEAR AR S, oM BR TRt s Bk Ah, EFE
BHS H1F AL SpeB JEHEJE—Fh Yt (R it i 4544
BB, JUPAEAEF A A WERERRTE . Spy1258 2 — M
FE ML, X g v AR R R e, T RE
S SYRRE S R GRS aE R B0, SR, VR g
X LRI 4 BE DR Rl RAEAS o PRt G I B 3 it 1 %
BR1E . LANGLOIS 281144 T spy1258 PCR #1 dnaseB PCR
5 BRI 4 U R A, spy1258 PCR A BIURR Al
FeFPER 100%, 75—t et 48 1, spy1258 qPCR H 2
NI PR I 8 375 1 P 5 3K T 1) BURE [ speB qPCRIK,
A REE T PCR BT P, oA T4
1P 472 (loop-mediated isothermal amplification, LAMP)#;
W B s M PEEEBR P M JC A8 . LAMP F RN —FliE 45
R R PREA I H AR, BAFER A RIS 45
SPESR . BRAEMRT A, X BRI, AT LU
BT ARG I £ 2 4 (AR B4R I A g S0
LAMP M9&5 SR A€ — A LA T ik MUk - A R L 1Y)
VARG . DKL . B . SR TOIA NS, Suatue
JeiE e — RS A PO R H 505 DNA 454, K
ARSI 800~1000 FEHEGY FEL, ik R NTOLIF
S 5 AR BUOBUEE DNA 43 (1950 2Z ] 14 2% 2R % SRz 1Y)
AL A DU A 7 U718 2 ik e ok B N A 2R
B, APt R R, BRRS E— LRI RT-LAMP [
P AR BRSNS B A spy1258 HENT B W I
PEBEER T 1R 529806 LAMP ¥, DAE SEBUNT 6 5 A am 4
IR A A PRSI

1 MR5RZE

1.1 #R5EHE

FRUETE bR & I A AT ERE ATCC 6538. KRIGHTF
ATCC 25922, A% 40 B34 A= 22 R [G B CMCC(B) 54002 .
BiFEV TR E CMCC(B) 50071 . 2, 7% i 1 4 BR B

CMCC(B) 32210, RIEIMPEINE ATCC17802. #F &
[CHH FSCC 219005() R AR B A RA ). Bst
DNA AW . 2x MK . HE . 2GR MR
e A BRAFD); AN L4 DNA RBGAHI &G E
OMEGA 2. 51HIH e T A TR AR MRS R
CikEyi
12 UFE5E%

5415D /N 3 B 0L . Mastercycler ep gradient PCR
P 1S (5 [ 3 A 44,3 ] ); NANODROP2000 3B 224183
JEEETHE E IR KRB 2 F]); Deaou-16A THIR DG
DS MM 3ok A P B ARAT B A )
1.3 XLWHE
1.3.1 DNA #6454 &

Fl OMEGA /A vl 4B #: K 20 DNA R BURH| &2 g
VS MAMERERR G . GEBURH . £ W AMEERE . RIBIRETH .
AL ARG A A TR A L VDT IR A L RV MR
PRUEBR PR DNA, e 5 40 6 B 1A 41 B 1)
DNA ¥R S 4l
132 35l4ikit 56 m

H4E GenBank A7 (% M PEAEER A spy 1258 FEH ¥
51, FIF Primer Explorer V5 #4111 4 % LAMP H# 514
5191, 35 2 44519 F3. B3 Ml 2 55514 FIP. BIP.
SIYIH LA TAY TRERRSERAAER. 514
AL 1.

#1 LAMP 3|45
Table 1 LAMP primer sequence

ZFE FEF(5-3)
F3 CCTTACTAAAAAGGCTGGTATC
B3 GAGTTGCGGAAATTTGAGG
FIp TCCAGAGTGTCATTTTTGAAGTGAT-AATA
GAGGAACCTTCTACCTCC
BIP TCAGGCTGAAATCTACACAGACAC-GCGGT

TATAAATTCTCTATGTTCT

133 LAMP R E k% B A&MHeEs

SRH 25 uL i LAMP VAR R, SRR LAMP 23K
ZHEIENT Y spy1258-FIP 1 spy1258-BIP % 1.6 pumol/L,
spy1258-F3 F1 spy1258-B3 45 0.2 pmol/L, 2xJ v 2% K
12.5 uL, DNA RA1 8 U, 54k N 0.5 uL, 2 pL e,
JBalik 2 25 uL, RAJE, MA 1SR

B RV AR R IR A Deaou-16A fH LA I
PCFHSE N 1 ng/uL AR B 45 (% BEEA RGN, 52 o7 i
FESYHIBEE N 60, 63, 65 °CILJV 45 min, WZE LAMP JZ
NEAESR, B S ROV BEE . PIAMS I LG A3 3l 1:1
1:2, 1:3, 1:4, 1£ 63 °CILL 45 min, MEE LAMP L4558,
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I 7 FoR UL AN B Ry SE 6 X B, HEA TV I PR R
BRR S PESEE, FR I E KRR K A B X, S0 B PR
G35k B MPERERRTR . AEPUICH . &AM AT . K
WA v . SRR A MR AR AR IO L (REEVTTIRIA . /Y
MR, B3E LAMP 5994 Sk
1.3.5 LAMP X #UE B A &

A5 Pk BEBR TR DNA FEARH IR 10 55075 Bk i e
6 MRFEBEIE . 3R13 DNA YBEZ3 51020 1 ng/uL | 100 pg/uL
10 pg/uL. 1 pg/uL. 100 fg/uL. 10 fg/uL, £ 2 puL JEfT
LAMP JZ 3, #fiE LAMP 2o 4 R A% .

F3ETR 24 h ¥ PERERK T BHI %, LAJCEK 10
fEhh LD AR, A0 0 B R B 1A 100 pL #E4 774
B, JEHEE DNA, BU2 pl & &8 Bbh B T T DNA 2847
LAMP 14, #57E LAMP 5 AYAG: R
1.3.6 LAMP & BAE 432 Fik 5 3140m) 10 ra-nd g s
Ao 4% R

435SR LAMP 81 GB 4789.11—2014 (£ 4h2e 4>
EZbRE EMEYERIE p BRI M MEAEER RIS ) 465
DU 10 3 FUGL2EE (1) A8 W R St s I PESERR TR, JRA5 3L 1 6y
FEG A TI5Yebe i, RVIBR RS0 B i M EE R 1| 36
(#15 pL)BA 25 mL 495k, Lo 2 Ao ik iy i ichk
KRETENE, B6IE LAMP 7552 B ik i w474

2 HER5HH

2.1 BIBMMEKERNL-LAMP FERNEY SR
Sk

LAMP H:52E5 6 p ¥ M PS5 ER L N 41 DNA ¥~
Bl SR £R, TG B X R AT ST R 2R .
A [ e B2 R fE B bk DNA 43 BI7E 60,63 Fll 65 °CJfif 45 min
KB, 63 °CHf LI T,k 65 °CHl 60 °C/NKZ) 6 min, i
60 65 °CIY TAEAH, H 3 AR T OB AR L AR
Y3, FCHRANE 1 TR b PR UE RN AR R A, A
FIHEPE 63 CCHE MY IR . A SRR, Py
SNBIHRE L 3:1 I B SUR AR (] 2).
22 BinMHEIKERL-LAMP M55

PEE 7 FiE WA RV SE IR IR, SR T I R
BUFESPESEES, FRIR B KR RGE K R B X B, SEad 2 iR an
K 3 R, HA B I PEREERE 1 S TRyt <, M
PELER, T EANERETE 60 min 52N HIE] I3 H BHS I iy
22, ULHIZET W) JX B R B A R S
23 BIAMMHEKERAL-LAMP KN REE

W p VA MPESEER T DNA BEM IR 10 1550 B vk
R 7T A HBERREE . 3715 DNA B 43504 1 ng/uL .

100 pg/uL. 10 pg/uL. 1 pg/uL. 100 fg/pL. 10 fg/pL.
1 fg/pL 4T LAMP J i, B 4 A7 A1, BHMERIAR DNA
WA 1 ng/uL . 100 pg/pL . 10 pg/pL .1 pg/uL 100 fg/pL
Bf, LAMP ¥JREd 34, H Cr{H B PH A A5 0 e B 1 sl /N i
TR, AR R (<100 fg/uL), IS H<S™IE
Pruaah £k, BFLL LAMP S W B 75 BSR4 B A ok BE 0
100 fg/uL, R LAMP ¥EXF B ¥ I 14 4% BR v 1 o IR
WA & 100 fg/uL.

LA G TR /K H4 Vs I R T R AN AR R I, A I HURE
LAMP (B 5), 5@ P IE R T, 4R ER,
¥ HiFR 4 9.8 CFU/mL.

2.4 U LAMP JERN G R g ia M ke

J33R Fl LAMP #: 71 GB 4789.11—2014 J7 84600 10
By A s PR BEER TR, JFAE I 1 GRS TS R A,
LAMP Z5 5L ULIE 6, sample7 i B i ML PEEEBRTE, HATHE
SRR B VR AR EEER 1, LAMP 25 5 5165 FARE—2L,
VLA A ST F & 559 LAMP [ i (4 2 RE RS M A 4 . o
aryR it p o AL SRR, W% G AR RR S it 43 B
IR AR . A S B A, X BRI ST 4
KA K, 20FE 4 d ARERIGEE, AT
R IERE R KA AR I A (1 d A24)

3 HFie5iie

K0 By IMAEBEER 1Y spy1258 KM 3 v il — B
SIFHIER LAMP 5380541, 5% 6 ASARF XL, 15
HNANFIRTEIY, FHE T LAMP 2N R S5, 3%
Ty I L v o Ak I R D, T LAt TR ) BE RS RE 1
K, TUNZBIYE X MESEEREE ) spy1258 FEFFRR T
I AR = RS

ARG S T B XT B Vs L 55K A spy 1258 FEIH
WITIPEOE LAMP IR R, X259 i
TR . RS RS BRI T T 5000 . 25 R M9 LAMP
FRE BT R R, BAES RN 3:1, B M ERERR
W LAMP W IR N 63 °C, B I M4EBRk I DNA 1)
FARKEIHE R 100 pg/ul, FEKMBRIEE 9.8 CFU/MmL,
KT 566 LAMP ¥ERT 10 43 S2BRRE SEf 46 g v
M PERERRE, AL 1 YOS YL AR ke, 255 1E
G EbREE—E, HARKRGR M TR o X kb B Py Al
58, FUEEEL X M B ER B scpd BT LAMP 5]
Yy, BB 16.7 CFU/mML, X7 22OV 4o 14 i 5 Bk 14 14
Dnase B FER 1T PCR 5|4, #iiliFRy 83.8 pg/uL, AIRAH
FETEENT 1) LAMP IR R, HAT RUZ HSRARER . 28 BAT
R, AHFTHE ST BT I EEER B D8 LAMP Rl Jy 2 HA
PR W, REUE RS R GRS, TR AT RS
W B IR B BR T B A T 3
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Fig.1 Establishment of LAMP reaction temperature
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Fig.2 Establishment of the concentration ratio of internal and external primers in LAMP reaction
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Fig.3 Specificity test of LAMP reaction
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Fig.4 Sensitivity test of LAMP reaction
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Fig.5 Detection limit of LAMP reaction
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Fig.6 LAMP reaction results of § Streptococcus hemolyticus in 10 milk samples
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