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Objective In order to establish a double-antibody sandwich ELISA for Mycobacterium tuberculosis (Mth)
secreted protein MPT64,and its preliminary application was explored. Methods Indirect ELISA and ELISA double an-
tibody binding system were used to screen paired antibodies with high affinity and recognition of different epitopes from
several anti-MPT64 mAbs. Protein A affinity chromatography purified paired two ascites mAbs. One of the two mAbs
was conjugated with biotin and used as the detection antibody,and another mAb was used as the capture antibody. The
checkerboard titration was used to optimize the concentration of capture antibody and detection antibody,and the double
antibody sandwich ELISA was established. The conventional conditions were used as the initial reaction conditions,and
the conditions of coating.blocking,antigen-antibody and substrate reaction links were optimized gradually. MPT64 anti-
gen detection was used to evaluate the key parameters such as detection limit,linear range, precision,accuracy and specific-

ity of the ELISA system established by this institute. The system was applied to analyse the content of MPT64 in the cul-
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Results The paired antibodies of anti-MPT64 H2F4 and

ture supernatant at different stages of Mtb H37Ra growth.
A5B2 mAb were successfully screened by ELISA. The purified mAbs were obtained by liquid chromatography. The anti-
body titers of the mAbs were 1 3 102 400 and 1 # 51 200. The MPT64 double antibody sandwich ELISA method was es-
tablished, with biotin-coupled A5B2 mAb as detection antibody and H2F4 mAb as trapping antibody. The conditions of
ELISA method were optimized as follows.1. 25 pg/mL H2F4 mAb coated enzyme plate.4 °C overnight,washed.2% BSA
blocked at room temperature for 1 h, washed,samples were incubated for 2 h at room temperature, washed,2. 5 pg/mL
Biotin-A5B2 mAb incubation at room temperature for 2 h, wash,0.5 pg/mL Avidin-HRP incubation at room temperature
for 1 h,wash, TMB chromogenic detection. The lower limit of detection of MPT64 of ELISA system was 39 ng/mL,the
linear range was 39-1 250 ng/mL,which had good specificity. This ELISA method was used to detected MPT64 of Mth
culture,and showed that was linearly positively correlated with the number of viable bacteria. 12 days culture of Mtb was
tested positive of MPT64 by this ELISA method. Conclusion The Mtb MPT64 double-antibody sandwich ELISA es-
tablished in this study has good accuracy,accuracy and specificity, which can be used for MPT64 quantification and Mtb

growth detection, which provides a theoretical and experimental basis for the development of TB rapid diagnostic reagents.
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— i Mth H37Rv 22 52414 X 2(Regions of differ-
ence, RD2)H1 Rv1980c(mpt64) IEH 455, MPT64 {L
FAAET Mtb . i A 77 A5 T BCG f4E K 24 NTM
HR T T I B A R 1Y) UV T MPT 64 B 5 e
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WAL  Biotin-A5B2 mAb A K A, 2% ML 4537
FEIEMAL 2 Bk mAb (4G T AE MR B OFF 6 48 b iR 1
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Table 1 Antibody titer and subclass of each MPT64 mAb = - -
20 Jifd bk 2 5 ERES TN LRSS W] B A 12 h
The number Antibody (X10°g/mL) Antibody - ’ N
of the cell titer Relative affinity subclass o
o |
A2E7 1:2 560 3.13 IgG1 0.6
) |
A3D9 1:2 560 6.25 I1gG1 -
A5B2 1:2 560 3.13 IgG1 i
0.01— . : . : : : . . r r T T
C4F5 1:2 560 6.25 IgG1 S AL PSP P F P L F PP
C8HY 1640 12. 50 IgG1 S AR v L N e
D7G6 1:320 25. 00 IgG2a BRE
= A5B2 H2F4
F5E2 1:1 280 6.25 IgG1
H2F4 1:1 280 12. 50 I1gG1 N N N
’ £ 2 ELISA %3 MPT64 mAb B %15t £33
H4A11 1:1 280 12.50 IgG1

2 HURER XA
MG AHXT 55 F ) 45 R % A5B2 mAb, If ik 5
FLFECO ) AR mADb, 55 E 1. A 3 Bkit MPT64
mAb 5 A5B2 mAb WZE IR E AT KT 40% .43 5
J& C8H9.F5E2 H2F4, £ B H ARG MPT64 4T i &
fii5 A5B2 mAb AN, AT 2404 S B o, PR ik 4
H2F4 #1 A5B2 #k mAb T )5 225 .
100-

80+

il

A2E7 A3D9 C4F5 C8H9 D7G6 F5E2 H2F4 H4A11

Additivity Index (%)

1 8% mAb 531 MPT64-A5B2 mAb K9 Bt % # i
Fig. 1 Each mAb was paired with an anti-MPT64-A5B2 mAb
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U H2F4 5 ASB2 k2% 22 98 4 M bk v 55 /0 BUIE
JiE SN 45 B K . 3 3d Protein A 3% 12 #r 4l 1k 18
7K mAb, & I Be X BT AR RO . S5 R R, H2F4 H
A5B2 BRZE4E mAb B HARZCH 430 1+ 102 400
(0.020 pg/mL) A1 1 : 51 200€0. 039 pg/mL) (K& 2),
R 2k mAb HRER IS MPT64 FEHSE A .
4 BWENESKRNNEASREIRE

P4 ¥ &R 1950 MPT64-A5B2 mAb i 4 4
Biotin-ASB2 mAb., /2 WAL AA .0 ELISA (%46 4t
. SRJE UL H2F4 i AR P, A8 8 0 2 125 0 o ik
HAEMUEE AR WMEER 2, 4 H2F4 mAb WS 1. 25
pg/mL,Biotin-A5B2 mAb K 2.5 pg/mL B, SLE4H
Ao (EHEIE 1,S/N B UGk %k B 41 & if 17

Fig.2 Antibody titer detection against MPT64 mAb

x2 HEOGSHRMNREASHMEL

Table 2 Optimization of capture and detection antibody combinations

WPk H2F4 B HL I Biotin-A5B2(prg/mL)
(pg/mL) Detect antibodies Biotin-A5B2
Capture antibody
HoF4 10,000 5.000 2,500 1.250 0.625 0.313 0.156
5.000(S) 1.287 1.1963 1.129 0.941 1.008 0.774 0.619
5.000(N) 0.238 0.219 0.210 0.210 0.211 0.210 0.209
2.500(S) 1.23  1.1606 1.083 0.84 0.694 0.541 0.576
2.500(N) 0.225 0.211 0.208 0.206 0.204 0.203 0.201
1. 250(S) 1.202 1.136 1.049 0.943 0.758 0.628 0.581
1. 250(N) 0.222 0.214 0.206 0.201 0.197 0.195 0.193
0.625(S) 1.117 1.025  0.989 0.894 0.572 0.579 0.484
0.625(N) 0.226 0.215 0.204 0.199 0.194 0.191 0.189
0.313(S) 0.997 0.873 0.642 0.561 0.506 0.365 0.465
0.313(N) 0.229 0.216 0.203 0.197 0.190 0.188 0.185
0.156(S) 0.577 0.548 0.514 0.507 0.45 0.366  0.388
0.156(N) 0.223 0.212 0.201 0.196 0.191 0.185 0.180

TS h i N Oy B IR AL B A, 1

5 XWHEFES ELISA I8 &7
X ELISA A Jy 1 09 45 [ i A B8 w4 1 kA7 41
1k, A W e 0725 BR ol 4 a3 3,

£ 3 WMy FEL ELISA K £ MR K
Table 3 Optimization of all aspects of the double antibody

sandwich ELISA

AR 100 B vk g LEE i 7]
Reaction system Reagents and concentrations  Temperature Time
HHARBLIR 1. 25 pg/mL H2F4 mAb 1C >12 h

E2 il 2% BSA Xl 1h

Bl R DU il 2 h

LoRUE7IREN 2.5 pg/mL Biotin-A5B2 mAb EiR 2 h

&Y 0.5 pg/mL HRP-Avidin FEiR 1h

6  MELik 30 ELISA 75 3% B9 81U 4 36 E

G T RS A TG T B ) e R R T 4 9 A
B ELISA BU@ M i — > F8 4w, Al BRI , B0k
PEl G, FH A ST ) ELISA J7 kAl MPT64 & 41 &
., Cut-off fH N A, =0. 191, MPT64 & 39 ng/mL
BF 750 BH A REAS IR BR R 39 ng/mL (& 3 A, £k
P 71 P12 ARl s v 1 8 A A I e D ) e R 2 e IR
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JER X, & HZ H 738, 24 MPT64 78 39~1 250
ng/mL JE B NI, MPT64 ¥R 5 A, D0 (F &2 21
A, Hml H 5k vy = 0. 000 8x + 0. 125(x N
MPT64 ¥,y i A).R°=0.982 3(JK 3B),

1.8+
-o- 0D450
157 -v- cutoff
1.2
2
o 0.9+
o
0.6

L L] 1 ] ] T ] T 1] 1
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
MPT644UR( ng/mL)
A

1.2 y = 0.0008x + 0.125
R? = 0.9823

0.0 T T T T T T 1
0 200 400 600 800 1000 1200 1400
MPT644J&E (ng/mL)
B
A KIIREIE B 2 ERIE
3 WHA R ELISA B4 ) BR 70 2% 14 36 [ 38 E
A Detection limit verification B Linear range verification

Fig.3 Minimum detection limit and linear range verification
of the double antibody sandwich ELISA

7 MWK 30 ELISA 75 3% #7588 HE

e B 1 2 %o [ — A i 22 R O A T 4 R Y — Bk
VAl 28 S5 R ECCCVO R/ R B PR B 47 . A B 5T ST
) ELISA 79 CV R 5. 353 % ~9. 459 % , & B 45 &
FEEEAR, T E B M R R AF . AR R A
S AE Z 1] B — B PETRAL S IR Bz 3T 100 %6, HE B
PEMLE . ARBFGE ST B ELISA J7 325 i [B] 050 R 46 0 £
Bk 89. 177 % ~104. 390 % , & B K 1 {8 55 P16 42
RS MR R (R D,

R 4 Wik ELISA K45 78 1% Fn 4 7 38 9F

Table 4 Precision and accuracy verification of the double
antibody sandwich ELISA

MPT64 i G 2 9 U A P 90 UE
(ng/mL) Accuracy verification Verification of accuracy
Concentration
of MPT64 Mean SD  CV(%) Mean SD  CV(%)

1250 1122.188 60.072 5.353 89.775 4.806 1.699

625 652.435 52.851 8.101 104.390 8.456 2.990
313 306.692 19.354 6.311 98.142 6.193 2.190
156 139.338 13.180 9.459 89.177 8.435 2.982

8 WHLk L ELISA ik H4s R 180T
IR ELISA K& I 5 36 4 MPT64 & H il

£ L R PO AR AR DA RO TR A0 T B L 45 R s T
%l B A RHR I 32 Sy BT 1 . 5 Mitb 5 —Fh B CnpB
TesE U (E 4A) . Ms J&F NTM. %% MPT64 [f]
VE A HF] — B 43, 6%, Spn g I 1) 18
DL A, RABURL A S 0 ELISA J5 ¥ BCG L Ms
Ml Spn WARE L, 25 R WM. 24 Mtb H37Rv
R R EE 7 T 50 pe/mL ., H37Ra B R ¥R B &
F 100 pg/mL BRI B L (P 4 B) . A O L A BF 5
S ABT AR I 0 ELISA A J7 i o) 5 1U5] Mitb h
B MPT64, %) A [f] % 1 9 Mtb B #k WA — & A9 3 )
AE 1, BN JC oG P O, B B0y i e e

129 < MPT64  -o DKM
-~ CnpB -~ NaCl
4 BSA -+ Hi
0.8 = RERK = Tis
. o BEREDN
a
o
0.4+
.................................. =~ = Cut-off
0.0 T T T T T
1:1 1:2 1:4 1:8 1:16
BRE
A
1.2- & = MPT64 - BCG

% H37Rv -+ Ms
& H37Ra -+ Spn

ODysp

1 T ]
200 100 50 25 12.5
pg/mL
B

A AL E A A P A4 IR T B A A E A AR
5 43 Bt
B 4 WH AL ELISA B4 R HEIRIE
A Identification analysis of each component during the prepara-
tion of purified protein B Identification analysis of bacterial protein.
Fig. 4 Specificity verification of the double antibody sandwich ELISA

9 Mk ELISA FiEH#S N A

224l Mtb H37Ra B #E M ZE K il 26, 2 B ALY
CSURLL AL TR O R e WL T A4 By
Bt(E 5 Ay, MPT64 3222 iy X804 Mtb 43, i
RAERFRE 12 d MPT64 A6 I Jg B . 5 Sciik [13]
BIRFFTEE R —2, Y Mtb G &4 5. 1X10° ~5. 55
X10" CFU B}, 4 & K5 7% L3 h MPT64 Bk & 5
Mtb 1% B 8B BCIE ARG, H R IH iy f ol y =
17.237x+1. 660 5(x & Mth H37Ra i HE % CFU, y
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