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Abstract: Objective: The aim was to develop a rapid, simple, and sensitive LAMP method for the detection of Gluconobacter to be used
in the yogurt industry. Method: Gluconobacter oxydans was selected as the type culture strain. Two pairs of LAMP primers targeting the 16S
rRNA (X73820) housekeeping gene of Gluconobacter available in GenBank were designed. Concentrations of the primers and Mg?" and the
temperature of the LAMP were optimized, and a rapid, sensitive LAMP assay for Gluconobacter detection was established. Sensitivity of the
assay was evaluated and compared with the PCR assay. Results: It was found that the LAMP primers showed high specificity and the LAMP
product sizes, after restriction enzyme-digestion, were consistent with the theoretical fragment sizes. The sensitivity of the LAMP assay for
Gluconobacter was 7.5 x 10" CFU/mL. The LAMP assay was found to be 10-fold more sensitive than the traditional PCR assay. The LAMP
detection limit was 7.5 x10% CFU/mL for artificial contaminated yogurt. Conclusion: LAMP amplification established in this study provides a
rapid,highly specific and sensitive method for Gluconoebacter detection. The LAMP method is valuable for its application and exploitation in
food industries.
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Table 1 Bacterial strains used for study

By B%BT H AT 4 AR R I in
1 CGMCC1.0637 FALFEATE 28°C, % A
2 CGMCC1.3748 REFAEATE 28°C, % 4.
3 CICC10357 REHEAFE 28°C, % &
4 CICC21682 BEALBEAT S B 30C, % A
5 CICC22519 BEALEEAT 30°C,E 4
6 CICC21683 BEALEEAF I 30°C,E 4
7 CICC21482 BF T KHA 36°C RHERA
8 CICC10420 ABHRYTIKE  37CERHEREA
9 CICC21560 B IAT 36°C RHERA
10  CICC21534 #KAER KH 36°C RHEREA
11 . CICC216 00 BEERNARE  TCHEHRRA
12 CICC6224 REHEIATE 37°C
13 CICC6076 HA S AT 37°CRA
14 . CICC6223 P38 37°C
15 CICC6077 BRIATE 37°CRE
16  CICC6069 LS AF 37°C R4
17  CICC21633 $igkgidkmE 37°C RMREA
18 CICC10389 K3k A A 37°C MR A
19  CICC21617 B iR 30°C FRHEREA
20  CICC10041 A ROATH 30°C FRHREA

21 CICC21699  .JsMa%k i KAk RARKE 26°C /R &

BT RS IR AARE 100.0 g, BERHEEW)

10.0g, CaC0;20.0g, (FfE 15.09) , Z&MH/K 1.0L,
pH6.8.

13 ¥

131 #H ¥ Fid= DNA 25

BEA AT E (CGMCCL.0637) &0 T L 1)
WitkREFEFEd, 30 °C, 200 r/min $EKREFE 48 h. H47K
KRR AR ARG 7738 BT vE T, W
SE FLA FRYNE IR N 755107 CFU/ML. 5% Ezup
FERAH B R R 20 DNA SR S s i S A AT
WK DNA, BRI F A DNA fEf77E
20°C, #%H.
1.32 3l4pikit

SEASCERIRGE, 7E GenBank B BERF I 1 2
ZHE 51 &35 : AB063287. AB128050. X73820.
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Table 2 LAMP primer

Primer Name Sequence(5°—3")
LashERg 4 ACGCGCAGAACCTTACCA
IR HEY] TGACGTCATCCCCACCTTC
s AGCTGACGACAGCCATGCAGGGACC
LRI 4
GGTTCAGAGATGGA

TGGGTTAAGTCCCGCAACGAGAGTC

TR 4 TCTCTAGAGTGCCCAC

1.3.3 LAMP FiktgE %

IR s R R AN R 3R AR SE,
€ T LAMP IR SR A2 25 il LAMP &
NAKRZIR: 2.5 mmol/L MgCl,, 0.6 mmol/L dNTPs,
FIP 1 BIP 4% 1.4 pmol/L, F3 1 B3 % 0.2 umol/L, 8U
") Bst DNA RATE R B, 10>Bst DNA KA i
22 (20 mmol/L Tris-HCI (pH 8.8), 10 mmol/L KClI,
10 mmol/L (NH4),SO4, 2 mmol/L MgCl,, 0.1% Triton
X-100) 2.5uL, 2 pL DNA i, F K 751N ek
%. 63 CHFHE 60 min, 85 “CZik)z i 5'min.

HU 5 uL LAMP 72455347 2. 0% IE AR AR FRK 3
T o ARYEEEIR UG RGO S i sk i7 FIWT LAMP 473
R
1.34 LAMP B AL 4¥ - MAb |

¥R LA 21 RS Bk 73 R T A R
BrgedE, BRIKREFR IS R S OE R4 DNA
YEN LAMP SR RIERR , LK R A KARE B iy
FAPEST . HE4T LAMP 348, DLIGAE 51 0 etk .
1.35 PCREMAK %

PCR Jx WAk &R: 10>EasyTaq buffer 2.50L, 1.0
mmol/L MgCl,, 0.4 mmol/LdNTPs, 10 pM _E Fiif5]
Y% 1, 2.5 U ¥] Easy Taq DNA polymerase, 2 pL
(1] DNA 154 H: K B KN E 25 Pl SRR

PCR [ BifEf7: 95 CTUEM:, 5min; 94 CA2
PE, 455s; 56 ‘CiB-k, 45s; 72 ‘CiEf#, 45s. AT
30 MEFF, 72 °CJE ZEfH 10 min. PCR KB4 5 L,
5 1 1L 1) 6xdoading buffer Y5198 4, 34T 2935 gk
LR K, MERHIKEE R
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1.3.6 LAMP Badnotr

FH R P UIEG Xbal BEATEEUISIE . 20 pL frIf
VIR MAR R0 F: 1L Xbal; 2 uL 10xMBuffer; 2 uL
0.1% BSA; 2 pL LAMP =4 KR R ZE KK 2
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KA. NPT 2% SRR L, W
HIPKZE 3
1.3.7 LAMP R E 3R

HRR PR B 77 5 AR AT TR (T R BB, PR K R ALK
B 7.5X 10'CFU/mML #Fe3] 7.5 CFUMML, IR
T G EUT R AT 1 1 JE PR 4L DNA, - BT ST 1)
LAMP J7iEd TR, e e VR R U o[RS
LAMP BETHRIB 26405140 (L3R 2) /EN PCR JRWif]
519, DIRFEIFRRZSREY DNA {E RIS T PCR
38, KPR RS, X LAMP T
RIFEIATVHD
1.3.8 LAMP &MIAL 75 4 B4

PR WO i 70 N T Y i idEAT K B AL B R AN
TR B . HX 25 g BRWYEE S NN 225 mL KB AR 2
Ehokeb, SR K A AT REAT B R B 10 R IR
Fike, BUSFREE A 1 mL 0 R A1 AT A
T, RHWRA LS BIFEIER A DNA, H
LAMP J7 A 5e i A 18 N\ L5 GeRR 9 tH PR o

2 HEREHH

21 HFRMEAMER

Kk 1 sl 21 PROGAERSEI DNA J&, 1E
LAMP J AR AT 48, B piaee s bk p il 2
T HBURFRIE SR SERANE 1, = PRATREAT AT RE
PGB, 1T R R IR R R TR AT 1 s S A
ARFREFT R LIR DY, RIS 5 IR
BLH R s 5k, TR T RIREAT R TR LAMP 506
.

M 1 23 456 78 9 10 12 13 14 15 16 17 18 19 20 21

B 1 EHEATE LAWP 514045 S A MR SRR R A R k]
Fig.1 Agarose gel electrophoresis for the specificity test of LAMP
primers for Gluconobacter
7£: M:100 bp DNA ladder marker;1- &% & 4247 &
(CGMCC1.0637 ); 2-#[E #4247 5 (CGMCC1.3748); 3-#] £j4&
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AF# (CICC10357); 4-BEfLEiAFHE 1 (CICC21682); S-EafLms
A 2(CICC22519);6-B41L.EEATH 3 (CICC21683); 7-M X311
KA 8-ASGEY KA, O-BAMATE; 104 KEW KH;
1235 EFAERE,; 12-ABAEIUTE; 13-HMIEATE,; 14-
HEGEIRE; 15 KIUTE; 16-BOUSEATH; 17-338 207
¥, 18-KMRA K, 19-8)miKE; 20-454F 3 AT H;
21N tE R KB RAR KA.

2.2 LAMP B ot 4 R

AHIFEBETHIR 14 P DD Xbal X LAMP 437
YIATRETIRAIE . Xbal (RSN siAT514) Ble AN
B2 Z [a], @ HSTHE AT AL, LAMP 51473111 Xbal
DT i 2= AR 1 BEK/IN A 273 bp. 228 bp £ 180
bp. @il 2 fizs, LAMP P4l s, ke
WFrF=A 1 F BOR /D S ERAE— 5.

M 1

500 bp

300 bp

«~—273bp
200 bp ~—228bp

«——180bp

[E] 2 EHEFTE LAMP F=4BEE 534
Fig.2 Restriction enzyme analysis for LAMP products of
Gluconobacter
7£: M: 100bp DNA ladder marker; 1-B&47,=47.

2.3 LAMP_ R Z A M 25

& 3 LAWP & MIEIFEAT I R 8UE
Fig.3 Sensitivity of LAMP detection for Gluconobacter
7E£: M.100 bp DNA ladder marker; 1. negative control; 2.

7.5%10°CFU/mL; 3. 7.5X10°CFU/mL; 4. 7.5X10*CFU/mL; 5.
7.5%10°CFU/mL; 6. 7.5X10°CFU/mL; 7. 7.5X10'CFU/mL; 8.
7.5x10° CFU/mL.

W SRR FE B VT DNA 23 BIE AR, LA
KB ZE KBRS AT LAMP Al 55 77
ER R, R PCR 77y B4 TR b . 55800
Kl 3 M 4. B 3 R, M4l TR A
7.5X10°~7.5x10" CFU /mL I}, $HREY 1 HBA 4605
LAMP S IUBH: 45 9L 24208 A2k 7.5%10°
I, RKEA LAMP F 3G, SRS Se DRI, A
WF UL AT HREAT 8 (1) LAMP A8 9 R R U R
75 CFU /mL. B 4 XKW, M40 E KRR IIKE N
7.5X10" CFU /mL 5 PCR J7iEASER #8 H H 194445,
HREE N 75%10° CRU /mL. Bl LAMP 46 7%]
BEAT B 1) R R 2 PCR slllfr) 10 £5.

M 1 2 3 4 5 6 7 8

500 by

& 4 PCR #&MEFEFTEAIRBUE
Fig.4 Sensitivity of PCR detection for Gluconobacter
7Z: M: 100 bp DNA ladder marker; 1. negative control;  2:
75X10°CFUImL; 3: 7.5%10° CFU/mL; 4: 7.5X10* CFU/mL; 5:
75x10° CFU/mL; 6: 7510 CFUImL; 7: 7.5>10" CFU/mL; 8:
75x10° CFU/ImL.

24 LAMP A L7446 i IR

[E 5 LAWP #&M A TiSRERF LR R BB
Fig.5 Sensitivity of LAMP detection for artificially contaminated
yogurt
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7Z: M:100bp DNA ladder marker; 1. negative control; 2. 7.5
X 10°CFU/mL; 3.7.5X 10°CFU/mL; 4. 7.5X 10°CFU/mL; 5.7.5
X 10°CFU/mL; 6. 7.5X 10°CFU/mL; 7. 7.5X 10'CFU/mL; 8.7.5
X 10°CFU/mL.

4 1.3.8 BTk /7 1ESZHL YY) DNA 4T LAMP 373,
2k B LR 5, FRRUEVRIE N 7.510" CFUIML ¥5 441
FRUGEEN, oy sy, SPIMEA R, BRI R
LAMP J7 LA BAURE 5t (A H BR 24 750 CFU /mL.

3 i

3.1 ATEER, HIMEAT AR A RS AT LRI
BRHIREFIHME, 7T LAy Aillty R AT I 257 R

RITH o FIEAT BT PR AL LR A SR ARIE,
E A X6 R L TR A B RS DN 7 9 PR A e i T L
o FEARPE R R A RS B AT B RS G, R
i S B R T TR G INR S W L v o | AN N 8
F K.

3.2 SIMIITEERT LAMP D5k e EE, A
SRR B R 1K 22 2% 7 41 EAT BLAST 23T,
WS P RV AR I HLJE SRR R SR I — B 16S
rRNA. (X73820) J¥41, FIH LAMP 51#¥ ittt
ITAELE BT . H LAMP 59256 8+ 2 415 9t 756
VIE, 20t H — 40T ) S B I B R PO i el R
ARG, T R TR B S R Y BRI At (15
Wi RNFPIERETINEACE F BCS B EARE 2R
LRI T A 240 LAMP 438

3.3 WIS LAMP. A7 A6 4l g 1
BN 75 CFUIML, 5@ PCR il 75 v#AH LA,
LAMP J7 751 RIS 2 HFLPCR 11 1045 AR HEAT
LB R LA T N VG e, BB Bk i A
W, WE LAMP 7 4 Bk W SEAE At R 750
CFRU/ML 5 45 3 T8 AN 21 46 1 1948 W) R % 75
CFU/mL, Zr#i )i R Al A2 7 DNA 202, mT
FRFL P R SRR, B S B A A,
SEEE DNA SARZ R, NIEZRRY IR A
IHIVER, R B e P A TR AC B, ok
L DNA FIFRE TV, 2 mr SeBm e il At P
34 ZELATR, ABFFTENLH LAMP A HEF B
ITERA R R REUE SRR SESRRN
W52 FCEROR GRS T R E], PTTE 3 /NN T8 AR
R, HIGH & St ki AC s, Al s AS g IS T
PCR Ji%. 54k, MSESS G EVE. ARAAT A
K> 1% LAMP J7350] R TR LA A B A BT ) PR
K.
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