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A3 G4 (Mycoplasma bovis, M. bovis) F& - WFWIE R S5 A E B BRI, £ 2 5] E A4l 42
FUIR RIS REFPI, ARG PR 55 5 FAths J5 kAR VR G R g ik Rk gy, 25 R EFR AP LIE LB K
LUk

H¥y e A TR X B0 A4 9 5 T 43 ol e S 2 S ARSI vk, SR B2 S TSR3 (¥ DRk A %5012
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Tiike (1) PMARSCEARNRER [ P48 Fr i MR TR OR <7 X O SE AR L R B, BTEIR Y 4 TR 1Y
Hi AR (loop-mediated isothermal amplification, LAMP) 5%, it % 4kHNES oppD/F- oppD- urvC
NEEFERIE) LAMP 51907 HE i . % P48 51 RIA 514 (FIP/BIP) 735l AR 20 6-FR 5L 58
Ehric, f LAMP S5#EaM i 4t 4 (Lateral flow dipstick, LFD) #E4T7454; FIFH B — 5 45 &9
St SR . BRI S R LL AL . VR IZ TV BUERYE . RE R EE M IRRN SR . (2)
FIF & PCR 2654 R4k P81 FE[H Fy BerF 165bp, 690bp 1455bp, 1674bp AL E ) A BEERAZ N
G Wk, FREAT & b BoEde, Ak P81 2K BEMH . 3@id MEGALL #1 NCBI ¥ 2 53t P81 B [H
SEYE. REBNAEPIE BTN P81 AR A SR 3D 5, RIS RHZER (oK. RIS
ST O] AR A R A L R 1 T R 43 AT & SR A% R IA 4liK L 41 P81 & [, #E4T SDS-PAGE Fl Western blot
YE.  (3) FIEL P81 HAESLINHE ELISA J7v%:, R BV IRIE (AL 2 B vk B . 1A
1B rivk 2 NN (1R 1 = NI 57 T 71 1= o 1IN = 1 L N1 7= TR % e 71 A= TR R
i IE] . A ROC 2R i€ [14% ELISA ikl (Cut-off) fH, A Z I ikEusdE. Rr kDl L&
S, R RAE SR R AT VP A

iR (1) AWFREINE LA TR P48 £ LAMP-LFD #:l /7% . 1% 7% /) P48 LAMP 5]
WAL T CHRIE R LAMP 51904 MR BERE N 60°C. 514 (F3/B3:FIP/BIP) IKE LN 1:4. XM
I TE] 2 40 min B 9 I R 56 s S AR M AZ BRI B2 9 17.28 fg/ul, ELAT kAR #E PCR kil 77 7% R
1000 fir; 5525 WPIRGE 5993 A S0 SR A AR BRI it 38 TE A8 R 5 1k [8] 5 4tk e — 8 12
TR 39 IR SRR, KRN 28.21%, R TATALFRAER) PCR ¥ (Rt R 23.07%)
(2) P81 B[ Fp 4 x4 BRI A% HE R AR AF S JF R s AR AT ol = R 5k 0 A B0 P81 25 A9
15 40 MolBTiE, 42 MpITE, 14 N, 22 MRS . ik, P81 B E ISR K FR B S
AR 2 m R TE B X 5. SDS-PAGE F1 Western blot #:ll25 SE 1], P81 & (A NAlIEMERIEEA,
K/ 100 kDa, HiZE A fg 5 2432 AR BH I M35 R AR5 v lobE, HA RIFIRBE M. (3)
PLEZ P81 B A NSEHUR, IHESL T E4E ELISA Jik. SAEPURGMIKEN 2 ng/mL; LM
Wi FEAE 40N 1:100, VEHIIFIE]DY 45 min; S AR 5% BSA, I [E] Y 150 min; e iEbs —
PURRREAEECN 1:500, {EFHIS (B 75 ming S fE & CUFFHE]A 10 min; I SHE N 0.1281; ELISA A&l



BORFRREAS N 3200 % 5242 R MEEL AT B 45 8 Ml [ PH I M 35 JE 22 SR BEs - Stk ] 54tk i 56
A5 BB T 10%;: 275 43 LB FE SR I 2 /R BRI SR8 65.09% (179/275) , JA % 57 i il
T VAR SRR IR B 45 R AT A N 97.20%.

510 (1) ARHFFEEE T2 SR P48 BERIR ST v Be, DS T UMy, R S VS K 2 38
AAUE R LAMP-LED Krll ik, (2) pIhRIA Al % & A BT S8 4 3 )54k P81 &
Fo  (3) 2T P81 & (A I g sr A4 S AR A (] H2 ELISA Rl 77 ik, B Bl SURPEFIRE Rk
2R BRI, KT 43 ) AT B A 1 T A S 2 S AR N 5V RS R T SR AR A P E )
FERIZ WA R A SR R AR SR

gE . A4Sk, P48 3L, P81 & ; LAMP-LFD; [8)4% ELISA



Abstract

Mycoplasma bovis (M. bovis) is an important pathogen of bovine respiratory disease syndrome,
primarily causing bovine pneumonia, mastitis, arthritis, and other diseases. In clinical practice, it often
co-infects or causes secondary infections with other pathogens, resulting in significant economic losses to
China’s cattle industry.

Objective: This study aimed to establish detection methods for M. bovis antigens and antibodies,
enabling rapid and effective diagnosis of M. bovis and providing technical support for its prevention,
control, and epidemiological investigation.

Methods:(1) LAMP primers were designed based on the conserved region of the M. bovis membrane
protein P48 specific gene as the target gene fragment. The LAMP primers, including oppD/F, oppD, and
urvC, were compared using a fluorescent dye method. The inner primers (FIP/BIP) of the P48 primer group
were labeled with biotin and 6-carboxyfluorescein, respectively, to bind LAMP to LFD. The reaction
temperature, time, and primer concentration ratio were optimized using the single-variable control method.
The sensitivity, specificity, repeatability, and clinical applicability of the method were evaluated.(2) The A
base at 165bp, 690bp, 1455bp, and 1674bp in the P81 gene fragment of M. bovis was mutated to G base
using overlapping PCR, and each fragment was ligated to assemble the full-length P81 gene. The
conservation of the P81 gene was analyzed using MEGA11 and the NCBI database. Secondary structure
and 3D structure predictions of the P81 protein were made using bioinformatics software, and
hydrophilicity, flexibility, surface polarity, and potential epitopes of the protein were predicted. The
recombinant P81 protein was purified through prokaryotic expression and identified by SDS-PAGE and
Western blot.(3) An indirect ELISA method was developed using the recombinant P81 protein. The
optimal antigen coating concentration, blocking solution selection, serum dilution ratio, enzyme-labeled
secondary antibody dilution ratio, blocking time, serum incubation time, enzyme-labeled secondary
antibody incubation time, and color development time were optimized using the checkerboard method. The
ROC curve was used to determine the cut-off value for the indirect ELISA method. The sensitivity,
specificity, and repeatability of the method were evaluated, and the clinical sample detection performance
was assessed.

Results: (1) The LAMP-LFD detection method for the P48 gene of M. bovis was successfully
established. The P48 LAMP primer set developed in this study was superior to previously reported sets.
The best reaction conditions were achieved at a reaction temperature of 60°C, with a primer
(F3/B3:FIP/BIP) concentration ratio of 1:4 and a reaction time of 40 minutes. The minimum detection

concentration of nucleic acid was 17.28 fg/uL, which was 1000 times more sensitive than the



industry-standard PCR detection method. There was no cross-reaction with nucleic acid samples from
pathogens associated with bovine respiratory diseases. Both inter-batch and intra-batch tests were
consistent. This method was used to detect 39 clinical nasal swab samples, with a detection rate of 28.21%,
which was higher than the detection rate of the industry-standard PCR method (23.07%).(2) Sequence
alignment of the P81 gene showed that it was highly conserved in M. bovis. Secondary structure prediction
revealed that the P81 protein contained 40 a-helices, 42 B-sheets, 14 turns, and 22 random coils. The
hydrophilic index of P81 was high, with several regions showing strong antigenic potential. SDS-PAGE
and Western blot results indicated that the P81 protein was a soluble expression product with a size of
approximately 100 kDa and specifically reacted with M. bovis positive serum, demonstrating good
immunoreactivity.(3) An indirect ELISA method using recombinant P81 protein as the target antigen was
successfully developed. The optimal antigen coating concentration was 2 pg/mL, and the optimal serum
dilution ratio was 1:100, with an incubation time of 45 minutes. The best blocking agent was 5% BSA, with
a blocking time of 150 minutes. The optimal dilution ratio for the enzyme-labeled secondary antibody was
1:500, with a reaction time of 75 minutes. The best chromogenic time was 10 minutes, with a cutoff value
of 0.1281. The maximum dilution of the ELISA was 3200-fold. No cross-reaction was observed with eight
types of pathogenic positive serum, including Pasteurella multocida in cattle. The coefficient of variation
for both inter-batch and intra-batch tests was less than 10%. Testing of 275 bovine serum samples showed a
positive rate of 65.09% (179/275), and the detection results were 97.20% consistent with those of a
commercial imported M. bovis detection kit.

Conclusion:(1) A high-sensitivity and high-specificity LAMP-LFD detection method for M. bovis
antigen was successfully developed based on the conserved fragment of the P48 gene.(2) The P81 protein
of M. bovis with good immunoreactivity was successfully expressed and purified.(3) An indirect ELISA
method for detecting M. bovis antibodies was successfully established based on P81 protein, with excellent
sensitivity and specificity.

In conclusion, this study established two detection methods for M. bovis—for antigen and
antibody—which can provide technical support for screening antigen-antibody double-negative animals,
disease diagnosis and monitoring, and vaccine evaluation.

Key words: Mycoplasma bovis;P48 gene;P81 protein;LAMP-LFD; indirect ELISA
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F1E & BAFRFMLTFMIL

F1E %L

1.1 X [EHRBARHER

HSFAR (M. bovis) R BRI BUT AR N BLFLAR A « -7 ZE Al 5 S8 11 ACAE IR
AT E H I, BRI B EAE EA4 R AW GE R (BRD) [ %
{1 B R 28 A0 J5 2 (R 712341 5P 223 5 BRD R (240 B SR AR — B, - SR
N AR AR S L RPISGE AR, SR T IPISGE RS R 1 N 4 2= S B0 R 2R
7,

PR VG A 20T, RS B BUAGE (1961 42D Bl B 5 3IH
tHAE 1983 fFEAHAR 7 2 B4 SCJRARS) . bl R & R TE AR 1 X 2 A7 2 3
JEAR AR AR B P10,

LL1 EFFERE TR

A3 JFEAR (M. bovis) —IRULIEA AN HEEAFHE M, N2 TEtE. e AT
AN ZE AR, Ha) 2 B R A R, AT A AR AU 2010 SE AR T 4R SR AR
FRUERR PG4S AR 7 51, & R/NZI08 1080 kb, A A B2 41 B 5k R 2H K /N 1)
20%~40%.

AR RARIER 4 G+C EUIERK, KZ1H 27.8~32.9%013, 40 H B A E NS5 F
K, BRZ =BG (TCA) , HOiE FIRMGNE . 2B, KRR, JFH
ANBE R I ] BB LS

A SCFARTE pH NP R AEKERAE, 24 pH/NT 7.0 B, 5 KA, 7R3
R IR G IRy, KIS MR — B NI, (B A KN, KR
A 24 h-48 hU'S). FE [ A% 77 B AR KI5 I TR) BE G, G 75 22 3~4 R A e HE I SL Y 1) AT
R WIEESE,

AR AARHRFE AR UK, ERERET, FAEERAL (60°C 5 min KiF) , {HIE
WA, 4°CRIAENE 2 N H, fEKFHREAEE 2 A LA B T4 SRR A 40
B, LN B R R T e R, BB E AR e DRI ] R SR S )
B- PN Bk fi ¢ e 0 1 AR LA T 2 M, (B s AR DA SR R B R B AR R 2 ) R

[21,22,23,04,25,26]
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1.1.2 SRITRE

SR IIE R ISR 2, R B M e A g AT A o Pl IR (i s 4
A AR H IR IRGERE R B 00T, R PG 455 45 R 2 S5k, did & o0 i HE ik
AMER BEAEDS), T R S ATEVE B AT i AR B E AT AR R, TR AR SR A AT DA
I N TR )77 251 AL R 720300 FEIG PR A e @ 4 ] DId i 28 9 ke i 4k 4 > A
AX A2 W FLA AR B G A S S AR 1) 32 BRI 2 — 1281,

e PR Hp A S S A4 i 5 A JE A A A n 4 i 2 . BVDV, %%ﬁeﬁﬁi i
PRSI . AARPEBRAT 3 25 R AE TR A IR, R AR TR A IS, 8 25 ™ &
(I PRI AR B2

REH 1983 FE R EMA R EERG S, 43 FBERERRATRESAT, If
BAFE BRI T R 3B S | 7 b X AR R IR 2 A AE F 973 SR E A T IR A 7975 1
BRI, A SCRARBATEZR A 30.86%3% . Tk =0T T HE 30 SFRAE ) 1) 3L B4 IR TE 27
BAEAR DN JE AT R A, For AR SR R REAR B PE 2R O 47.0% . 1T [ 40 A S5 AR B et
Sl T PEE R R AR PRI, AR S TR AR ()RR G ZR A A T TE R 2R B I SR
R E AL, FHYEZRIE 67.4%57,

1.1.3 IIEERERFRIET L

PSRRI G SR I AR ARG 2 . ST R TR FH RS, Hpg
NS LB 2 it 7 LR B8 A8 SO il 98 BE W% 51 S 2% 4 e LA A B ACTEAR - Ll
PRABRTCRF 20, BFE A PRIEE . PR RIS BT R AR I i st . £+
ﬁ?&ﬁmw@ﬁWW£W“W]E*Q%Wmm¢%#$u%ﬁﬂ%ﬁiﬁ il 5
RAE A B AL, G H 2RI AT, X5 A RSE MR AR, FOESIFX
ﬁW%ﬁE@%%%AHﬁ%MM$%ﬁﬂ%ﬁ““mﬂ

RAFURRRERIA, 1R 14 Rt BRI g S H U0 4, KA. R
PR IR TR o BRIEIE il LU, T3 28 R, JRGLAURIRAL 7L 5 AR AR . &5
SC, FLIRL RS )5 H ALY 511740,

R RIS H B 2R AMERFT R, A @ W ARE TR, S I IR A&,
FE BT OGS TR BR AT 4l R FUAR IS A, WO BERE, TR R RR AR UG, A2
T8 T DL S 8 A A R B I A I FR) TR R 745T,



F1E & BAFRFMLTFMIL

1.1.4 BUfRHIE

S EARAE TS ERPIOE R _EEATREOR AR ERPIRGE, 1B AT RN DRI IR B
T A SRR AEAE T A PN S AL FI A 375 P G BEELSO) o R 428 ) 58 T e A S s A J
G BUR AN “ a5 BB N AEAN R I PRI R BB A= SRR T DR AR
FUETENE A, TSR LR, IR SR PRI GL,

FER R NRIFEE LA AR IRE ST, L REHRANTE £ A B 1R SN
AWEFCUEN, A SRR AT AR RS0 RN 24 (PBMC) |, R BhHAETS TR A
FARBA 307, SRR IR R, B Vsp 55, BEW 515 LK RS E
TEM, 53 RUEAREA T, AT e 2 1520,

1.2 1ZW 7%

1.2.1 f®/IRIZH

T JE2 Wi B T AR AT AR A% B B DL 385 0 T A S R R R R AR 3R AT S R AR,
Iro AHAZH TSRS M 5, AR EH RS RLFHRER, &2 pH N 7378 MEE
R KRB IRE T A RE I 7 By BT R4S, A= SR AR B35 7 B i AERF € PPLO B 77 2%
H BAE TR IN T B 2R 1 SR ARIBUR B TR A R gt AT, R 2EAE 37°C, 5-10%[01) CO2 561 T
BEATER, T AR SRR A AR 218 04, WA HE 4-6 KA PrfT 15 77 5 8 R 21432
JEAAR A e A 12 BRSO

1.2.2 S FENFILHT

1.2.2.1 BEE8%E RN (Polymerase chain reaction, PCR)

H IR AR SR AR SEBS A2 Wi soR Jy PCR AN SR, & LI JE A A I RO 4 45
PRSIRARIR N TR), A A R R . R0 H AT SRR R, R
PCR FARGATRAGEGE, HIL T VR 2 B PCR HARATAE H 880 R BRI S Al o7 32,
TR IX T N T A= SR R 2 Wy 160.62.61.631,

1997 S H AL 16S rRNA J3 511X 4= SR A 4T PCR A, EJCiok F SRR
TeFLSTFARX I3 TFoRIOAN, 5 Sl i e 3 A SR AR VRS K] wrvCI1, oppD/FISSI3E TR 25
REN A SRR £ 2001 4F Pinnow =5 A ML 37 (1 5 30 PCR ] %7€ H A FH B Ji 771 4k



