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Abstract: [Objective] The study aims to establish visual loop-mediated isothermal amplification (LAMP)
assays for detecting Streptococcus agalactiae and Streptococcus dysgalactiae, thereby providing technical su-
pport for rapid and accurate diagnosis, and effective prevention and control of bovine mastitis. [Method] ¢/
gene of S. agalactiae and 16S rRNA genes of S. dysgalactiae were selected as target sequences. Specific LAMP
primer sets were designed and screened. The optimal LAMP reaction system was established by optimizing the
concentrations of Mg”", betaine, and dNTPs, and the reaction temperature and time. Calcein fluorescent dye was

added to the reaction system for visual detection. The specificity and sensitivity of the established assays were
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evaluated. The developed LAMP assays and conventional PCR assays were used in parallel to detect 300 clini-
cal milk samples from Ningxia, China, and the detection rates of the two methods were compared. [Result] The
optimal primer sets for the LAMP detection of S. agalactiae and S. dysgalactiae were Sa-1LAMP-2 and Sd-
LAMP-3, respectively. For both LAMP systems, the optimal Mg®" concentration was 5 mmol/L, the optimal
dNTPs concentration was 1. 6 mmol/L,and no betaine supplement was required. The optimal reaction tempera-
ture for both assays was 65 °C, while the optimal reaction time was 50 min for S. agalactiae and 40 min for S.
dysgalactiae. The optimized method generated specific amplification signals only for the target bacteria, with a
detection sensitivity of 5. 0X 10" copies/pL, which was 100-fold higher than that of conventional PCR. Clinical
milk sample detection results revealed that the positive detection rates of S. agalactiae and S. dysgalactiae were
42.0% and 32.3%, respectively, which were higher than the corresponding rates of 31.0% and 24.3% ob-
tained by conventional PCR. [Conclusion] Visual LAMP assays for the detection of S. agalactiae and S. dysga-
lactiae were successfully established. The developed assays possess high sensitivity, excellent specificity, rapi-

dity, simplicity, and visualized readout. Therefore, they are suitable for on-site point-of-care detection and epide-

miological investigation of mastitis-associated streptococci in dairy cows.
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L A B FLRE 300 03, & .
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2 [ New England Biol.abs 2> & ; Hif 32 #if , 1 € [
Sigma Hl Biotium 2 7 & £ ; DNeasy PowerFood Mi-
crobial kit, J FE E QIAGEN A A ; 85 w4 £, W F
oh ] 2R AE AR )RR 2 B 5 4l R D 4 DNA 4 Gt
A&, T et B B AR ) RO R A
dANTP Mix . Jiz bz /42 3850 & DNA B 8] i it 51
& % iE DNA P29y 4463 R & DL KK 9 FF T Ik 2
A4 Ml DHSa, W T b 50 R AR A AL B A BR A A
50X TAE .pUCS7 # 1k & Premix Taq, FIb 5t Ta-
KaRa/EWAMA B AN ERHR W T2 4
EYEARARAF

1.1.2 £ %3 A Bst 2.0 DNA Polymerase.
x1 AEEHRNERER
Table 1 Basic information of the experimental strains
PR Bk 44 B Strain name PR B 5 Strain No.

oA BEBR B Streptococcus agalactiae

1= FLAEEK R Streptococcus dysgalactiae
FLBHEEK R Streptococcus uberis

& WO A ER 1A Staphylococcus aureus
fili 4 5 B AA W Klebsiella pneumoniae
KIGFF Escherichia coli

R A BRE Staphylococcus epidermidis
MK Enterococcus faecalis

WA FE VD TR B Salmonella typhimurium
A S AR SN T Pseudomonas aeruginosa
FERIEMERR T Clostridium perfringens
PR A0 3G A 2R 0 RE T Listeria monocytogenes

ATCC 12836
ATCC 9542  ATCC 35666
ATCC 700407
ATCC 6538 ATCC 29213 ATCC 25923
ATCC 13883 .CMCC 46117
ATCC 8739 . ATCC 35150 ATCC 25922
ATCC 35984 . ATCC 49134 . ATCC 14990
ATCC 29212
ATCC 14028
ATCC 15442
ATCC 13124
ATCC 19114

1.2 A &%

1.2.1 DNABEA IR K FH 4w 5L P 2 46 0t
) & 4R HUEE IR 20 R B 59 DNA, £ J§ Nanodrop 8000
ME DNAWRE 5408 . 1.8 mLFLF T 2 mL EP
B, T 13 000 r/min 2514 N0 1 min, 37 B3, 0
A1 mL A= R K E B S AR O, EE BRI 2 IR D
F B LA 0 2% BT 43, Bl S KR Deasy Power-
Food Microbial Kit 4 /F 3t BI $2 BUFLFE DNA . 55
i 15 1) DNA £ 35 F — 20 CI- A7 & H .

1.2.2 ¥ARBLES 3 4%t A NCBLUEEE
OB T A OBE BR W oo (GenBank ID:
HQ148672. 1) Fil {5 7L £ Bk 18 16S rRNA i A (Gen-
Bank ID:EF121447. DJ¥ %1, H BLAST x40 H
v 58S 1. R Primer Explore V5 %K {4 1%
Hofb 1 16S rRNA B LAMP 51 %y , 454> 5 5 #4531
SHGIY, AT Y& A5 F3 R B3 3R 519
LE MILB LI K Fle-F2 fl Ble-B2 X B4 i 49 51
YIFIP 5 BIP, [6] B, & X JC FLAE BR B ofb Fs 2L 5E

BRI 16S rRNA B £ &% i1 1 X PCR 514, 41
B 4 )k 293 #1551 bp, CFLAEERH LAMP
M PCR 51 ¥ 73 % i 4 N Sa-LAMP ,Sa-PCR, {£#
B BR A LAMP il PCR 51 %) 43 5l iy 45 & Sd-LAMP
M SAd-PCR. B 59 il A TAEY TR BM A
R A B, T 5L 3 2.

1.2.3 FAtrfsmey s & LLICFLAE R A5 3L
HE Bk A A K 4 DNA AR, PCR ™1 ofb F1 16S
rRNA S, W AR % 0 50 pl, 138 Premix Tag 25
pl, 1E B 1 519 (10 pmol/L) 4% 1 pL, B DNA 1
pl,ddH,O 22 pL. KR FEF:95 °C 5 min;95°C 30's,
65 °C 1 min, 3£ 32 MEFF ;72 °C 7 min, ¥ 347 Y &
1Y% Syt Hi W 58 e P VRS DN i 2R A G Il i 5 i Ak, 3 42
& pUCS7 # & , 3 # pUCS7-cfb, pUC5H7-16S
rRNA, 546 2 K #F 5 DH-5a )& 2 S 4000, 76 %
SN HE BRI LB VAR bk P se R B USRI
I e B 5 A B A MRk B BT A T AR TR
A BR S R AT DT S AE , HARAE b — 20 “CORAF# .
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Table 2 LAMP and PCR primer sequences

BIEYE2 519741 (5~ 3")
Primer name Primer sequence(5— 3")
F3-1 TGACATCGACAATGGCAGC
B3-1 CTGTCAGTGTTGTCTCAGGATAAAT
. FIP-1 TCTGAAACAGTACGTGCTGTCCACTTTTTCGCTATTATCAGTCGCAAGTGT
SaLAMP BIP-1 AGGCTGATTTGGTAAAGCAAGACATTTTCATATCAATTGACATTGCTTCTGAA
LF-1 GTCGTATCTGTTTCTTGTGCTTGA
LB-1 TGAAATATGGTGATACACTAAGCGT
F3-2 GTGGCTGGTGCATTGTTATTT
B3-2 AAGGCTTCTACACGACTACCAATA
. FIP-2 ATTTCTCAACTGAATGCTATCTTGATCTTTTAAGTGACAACTCCACAAGTGGTAA
SalAMP2 BIP-2 AGATAATGTTCAGGGAACAGATTATGATTTTGTTGGCACGCAATGAAGTCT
LF-2 CATTTGCTGGGCTTGATTATTACT
LB-2 AMCGGTTAATGAGGCTATTACTAG
F3-3 AGTAGCTGCACATCCTGAAAAT
B3-3 TACGTGAACRTGGTCATARTGGT
FIP-3 CTGCTAAACCTTTACCATGATCACCAAAAGCTTATAAAGAAAAAGTAGCGTCAAC
SaLAMP3 BIP-3 ACATTTCATATGTTATCTGGCAACAAAAAAGCAGTAACGCCACCACGAT
LF-3 CGGTATGTACTGAATTCATTAACTCC
LB-3 GCTAATACTTGGAATGCAATGCC
F3-1 ATCGTAAAGCTCTGTTGTTAGAGAA
B3-1 TCAGCGTCAGTTACAGACCAGAG
) - FIP-1 GCCACTGCCTTTAACTTCAGACTTATTTTTCCACCATGTGACGGTAACTAAC
SELAMP BIP-1 CGCTTTGGAAACTGGAGAACTTGTTTTGTGTTCCTCCATATATCTACGCA
LF-1 GCCCAATAAATCCGGACAA
LB-1 TTCCATGTGTAGCGGTGAAAT
F3-2 ATCGTAAAGCTCTGTTGTTAGAGAA
B3-2 TCAGCGTCAGTTACAGACCAGAG
. i FIP-2 TGAGCCACTGCCTTTAACTTCAGATTTTTCCACCATGTGACGGTAACTAAC
SELAMP?Z BIP-2 CGCTTTGGAAACTGGAGAACTTGTTTTGTGTTCCTCCATATATCTACGCA
LF-2 CCAATAAATCCGGACAACGCT
LB-2 GAGAACTTGAGTGCAGAAGGGGA
F3-3 ATCGTAAAGCTCTGTTGTTAGAGAA
B3-3 ATCGTAAAGCTCTGTTGTTAGAGAA
. . FIP-3 GCCACTGCCTTTAACTTCAGACTTATTTTTCCACCATGTGACGGTAACTAAC
STLAMPS BIP-3 CGCTTTGGAAACTGGAGAACTTGTTTTGTGTTCCTCCATATATCTACGCA
LF-3 CCAATAAATCCGGACAACGCT
LB-3 GAGAACTTGAGTGCAGAAGGGGA
N F GTGGCTGGTGCATTGTTATTT
SaPCR R AAGGCTTCTACACGACTACCAATA
o F CACATGTTAACCATTTAAAAGGTGC
SEPCER R AGCCGCTTTCGCCACC
1.2.4 LAMP 3] 4 & ff & DL R Ar e 5 1 pL, B Hx DNA 1 pL, ddH,0 9.2 pl. & B 7¢

pUC57-cfb.pUC57-16S rRNA 3 i %4 #4 | ddH,0
S BT B X 3 4l LAMP 51 EAT 0 % . #0462
W AR 2 AL $E Isothermal Amplification Buffer 2. 5 ul.,
Bst 2.0 DNA Polymerase (8 U/pl) 1 pl, #f 5258 (5
mol/L)2.4 pLL,dNTPs(10 mmol/L)2. 8 ul.,MgSO,
(100 mmol/L) 2 pl., F3/B3 5] % (10 pmol/L) %
0.25 puL.,FIP/BIP 5] %) (10 pmol/1.)4% 0. 8 pL.,LF/
LB 5] 4 (10 pmol/1) 4% 0.5 pl., EvaGreen (20X )

Roche Light Cycler® 480 II 52} % )¢ % it PCRAY
F 65 CH 4 1 h, il ol ey Wi R LA TN 51 Y
My 1 M RE S5 AR R

1.2.5 LAMP R EAK & Fo o 4F 694040 LABORLAR
#E & pUCS7-cfb, pUCS57-16S rRNA Sy BH 1 % BE
ddH.O 2 B P X B OND |, SR HY B I 3R 3 36 X LAMP
BB AR AN AT AL . R B Mg R B A
WK 2,3,4,5,6,7,8,9F1 10 mmol/L ; it 3¢ fif vk B
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494 0,0.2,0.4,0.6,0.8 F 1.0 mol/L; dNTPs
We o 21.0,1.2,1.4,1.6,1.8,2.0,2.2H1 2.4
mmol/ L ; & W i BE 4351 4 61,62, 63, 64,65 166 °C;
2N R 1] 43591 28 20, 30,40, 50,60 min, 3 i HE A
) S5 A8 T B 18 RO S s A A A R RN AR A
1.2.6 THAALAMP R m#yE s 1EMALE IR
NEARZ HIA L pL 45 B 48 3R 9B YR B B A T
T B 4 T v Hh 65 °C I N A I R TR) PR HR U 8% 2
AL A RN AR R R Ry B A R
)y B

1.2.7 #FH3 4 LUK bR fE & pUCST7-clb .,
pUC57-16S rRNA 1y BHPE %] B, ddH.O y BH 7 X
B, H bR T R (I 7L 5% 35K T R 45 L B BR D) Sy B A
A, AR H AR 1A BE R BV RE A TE AR G Y S R
AT AL LAMP 338 o [l 0 47 PCR Y3 , 4714 5
YIFE 50 0L 3 2, e AR &R AR P UL 1. 2. 3715, X 4
PR AT 100 BRRRMEBEIE UK . 45 B LR PO
£k A Ak &5 R K PCR HE Ik 6 BT 2 37 LAMP 7 %

(R S AT IR
1.2.8  RAEFM WA TR AR HE S pUCST-clb,

pUCS57-16S rRNA % Jit & ¥ B 43 ) i 89. 36 F
65. 8 ng/pL K55 V1 E (45 U1 /pl) =6. 02X 107 X
JEORE R BE (ng/pl) X 1077/ (R B X 660D, 1F 51T
54 2 Fh R S B R 2. 4 X 10 R 1. 5X 10" £ 1L/
plo K 2 Fh SR B4 — B 2 510" # 01 /pl
J& HEAT 1O A5 A% LU B, il £ (5 X 10°) ~ (5X 10°) #%
DU/ pIl 1Y 7 A6 B2 bR e &, 23 0l 2E 47 v 46 LAMP
A PCR A I, G5 2 Ry i i AR . 36 L)
ddH,O g B4 %) B .

1.2.9 W AR A A& R A WAL
LAMP ;3 75 35 % 300 403 05 4 LA #E 47 A8 0, (W) B
FH PCR 7k AT A7 R0 O BED | H A — 35 4G
S, VA T ST 7 15 A S R R A ARG I b i 1 FH R
FAT S

2 HER555Hr

2.1 [RAEIARAEROWE

K% 2 /R 1 Sa-PCR 5 Sd-PCR 5147, 43 5
XF JC LB BRI ofb 545 FLEE PR A 16S rRNA K [ i
T PCR Y3, 9 8 7= 4 22 1% B0 i Bl o5 i vl Ok A
W, 85 3 8RB 04 KN 539 249 2 293 F1 551
bp, 5 W A B — B D, X A pUCST-
cfb M pUCS57-16S rRNA #4777 50 3iF , 7751 b X 43

ras KR, 91875 5 T FLEE R A ofb B2 R R A3
HEBR A 16S rRNA J A 1 £ <F X B 91 58 4 — 3,
& W FORL bR A b pUCS7-cfb Fl pUCS57-16 SIRNA #J
R, AT R S5

M 1 2

2000 bp

1000 bp
750 bp
500 bp 551 bp
250 bp 293 bp
100 bp

M. MDA Marker; 1. TFLEEERE ofb HE M ;2. {5 FLAE BRI 16S rRNA,
M. DNA Marker; 1. ¢f6 gene of S. agalactiae;2. 16S rRNA of
S. dysgalactiae.

BT JEFLEEBR T ofb B PR RS FLEE BRI 16S rRNA (1
PCR¥"#4
Fig.1 PCR amplification of ¢fb gene of S. agalactiae and
16S rRNA gene of S. dysgalactiae

2.2 LAMP 3| 4% 3%

2 PP EEER TR A LAMP 5| 9 20 A 4™ 38 25 51 4 &
2w, HE 205, L pUC57-cfb 1 pUC57-16S
rRNA J 84, 51 4 Sa-LAMP-2 ( [ 2-B) fil Sd-
LAMP-3CI# 2-F) 43 5 7E v T 46 Ja 27 #1129 min
BB Y S S A A, XA B
i £ b 5L LR (g ST R RE I BLE ALK 4 30 [
5 2 BF P 0 RS R W AR B AR AR S P IG5 5, R
WA s TR/ . B, U 50 fe 2435 H Sa-LAMP-
2 F1 SA-LAMP-3 519 53 5 AE 2y JC 7155 BR 18 458 2L
BEER B A e 8 LAMP 519 .

2.3 LAMP R M ZBHK

2.3.1 Mg® . # ¥ A ANTPs R E etk 781
fib 45 1 P8 R R AE 5 B0 R, 6 Mg® L SR Bl
dANTPs (¥ BE AT Ak o 25 R (I8 3~5) bR, Y4
Mg® ¥ B 2 5 mmol/L AN S A S 5% (0 mol/L) H.
ANTPs ¥ # 1. 6 mmol/L I, 2 Fh &% BR 1 19 7 14 5%
R, R R R PO R K, Mg R T Ek
e T UM R I X o S B 0 A AR B U O (E )
PRI, T 2 ol BR i LAMP K 0 1A 2 b OG5 4
Tl 326 HL Mg® " F ANTPs f 3 W B 43 91 5 70 1. 6

mmol/L.
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850.0r g ©32.01
S [ A 3 E
5 40.0 pUC57-cfb @ S24.0f pUC57-16S rRNA
22 30.00 P20k N
g 2000 ddH,0 K160
E’ 10.0F | 2 S5 8.0f d'deO
0.0 — T ey ———— |,
0 5 10 15 20 25 30 35 40 45 50 55 60 0 5 10 15 20 25 30 35 40 45 50 55 60
50.01 32,01
£ s0.0f € g aok
@y L pUC57-cfb o 524.0 pUC57-16S rRNA
52300 RER B | S
2 20.0f 4dH.O ;}(hlso
=2 Yoot [ =3 sof ddit,0
2 10. =
= 0.0k 1 I n . : . ) ! ) . ) . 0.0k ! g I I i ; I h L ) ) )
0 5 10 15 20 25 30 35 40 45 50 55 60 0 5 10 15 20 25 30 35 40 45 50 55 60
5 M %L Cycles TG M £ Cycles

A~C. 25054 Sa-LAMP-1,Sa-LAMP-2 1 Sa-LAMP-3 4 3445 R D~F . 205105514 Sd-LAMP-1,Sd-LAMP-2 1 Sd-LAMP-3 " 45
A—C. Amplification results of Sa-LAMP-1,Sa-LAMP-2,and Sa-LAMP-3,respectively. D—F. Amplification results of Sd-LAMP-1,
Sd-LLAMP-2,and Sd-LAMP-3, respectively.
12 JC 3L Bk v A FLEE BR T LAMP Kl 51 4 i 16
Fig.2 Screening of LAMP primers for S. agalactiae and S. dysgalactiae

Fig. 3

500{ A
g 40.0 2 mmol/L; 3 mmol/L; —— —_— »‘77
4m 5 F =4 mmol/L; -5 mmol/L; G
@3 30,0
R 8 | == 6mmol/L; 7 mmol/L;
® g 20.0 w8 mmol/L; ==9 mmol/L;
= 10.0F 10 mmol/L; — ddH,O
0.0 - . : s ——— : : : :
0 5 10 15 20 25 30 35 40 45 50 55 60
5007 g
L ————
g 40.0 2 mmol/L; 3 mmol/L; - P 1
4 § 30.0f ~— 4mmol/L; 5 mmol/L;
= § | = 6 mmol/L; — 7 mmol/L;
® 2 20.01 8 mmol/L; == 9 mmol/L;
= 10.0F — 10 mmol/L;— ddH,0 .
0.0 : ; : : . e : o e i
0 5 10 15 20 25 30 35 40 45 50 55 60
16 ¥ % Cycles

A. TAEEERTA ;B fFALEEBR T . A. S. agalactiae; B. S. dysgalactiae.

B3 Mg vl B X 0 FLAEBR 1A R s FLEE BR 1 LAMP 4 1 52N 19 5% i
Effects of Mg”" concentration on LAMP amplification results of S. agalactiae and S. dysgalactiae

50.0 A
L 0mol/L; — 0.2mol/L; e e — e ——————e
g 40-0" 0.4 mol/L;— 0.6 mol/L; 7
o S 30.0 0.8 mol/L;— 1.0 mol/L;
RER: — ddH,0
{gg 20.0
= 10.0f
0.0 —— L T L L L L ) L . |
0 5 10 15 20 25 30 35 40 45 50 55 60
50.0T B
2 40.0[ —0mol/L; —0.2mol/L; v-—~——-—-‘j'_—-_;:j*;i£
o £ s0.0f ~0.4 mol/L;— 0.6 mol/L; P
e 9 nni 0.8 mol/L;— 1.0 mol/L;
R 3 |
5 200 ddH,0
= 1001
00— 1 o ——— i G— L L L ! L )
0 5 10 15 20 25 30 35 40 45 50 55 60
15 ¥R % Cycles

A. TAEERRT ;B. (FFLEEBR A . A. S. agalactiae; B. S. dysgalactiae.
L4 SR B %) 0 FL 4 Bk T A5 FLEE BR A LAMP 315 SO 19 52 10

Fig.4 Effects of betaine concentration on LAMP amplification results of S. agalactiae and S. dysgalactiae
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Fig. 7 Effects of reaction temperature on LAMP amplification of S. dysgalactiae
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Table 3 Detection results of clinical samples by visual LAMP assay for S. agalactiae and S. dysgalactiae

EA iRIDIRES FHE A A P A A K iy 2/ %
Name Detection method Positive samples Negative samples Detection rate
TS A ER AL LAMP Visual LAMP 126 174 42.0
S. agalactiae PCR 93 207 31.0
27 B R AL LAMP Visual LAMP 97 203 32.3
S. dysgalactiae PCR 73 227 24.3
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