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SV R B ARG | R AR T A AR S
T Z N T sh Wi 5 AE Y09 B K A A Y0 v
ARG Fr g5, k) A AR A 4 s SR AT
FEARM & T MR AR PO A R 4 4%, OB A T8
DA PR A5 Sl DR B P e IR 7 % 7, ke BRIk
YRARATAE 5 min PRGN ZE SR, HAR S0 R 4T,
TS 5 S I o 8 2 AT R B A5 T
R R ST all P M A B R WA 1P S 7 Wi S
EEAETRIE LT 10 min BIAT B R AGMEE R, w4k
SRS P A 4 S 8 SR T R S T K i R T K
BEF (10 PR A I 7 3, I T 0 R X A o 25 A
3.7%~7. 1% K 45 B 5 LC-MS/MS % —2, B
— 5 B AT AT RS

AR 455 5 92 22 BT B AR (] AR A1 T PRk A
R L RS R A B, i, 257 0 R
(LS TR S o o A 5 N i A B I v P A
T AP SUBE 009 75 1) I A 4 DR AR 2% %K
AARATTE 5 min P58 0O SRR DN, HL5 0T F o I
(O FC A 55 058 SURY Wi A2 S T AR R SR
JV 97 A1 FBE AR 4 S 2 IR BT B AR £ 5~ 10 min PIAE ] L)
R 2 55 B B, KPR M 0.1 weg/mL, H AT, % F
TMV A6 MR AR 55 A7 & i DLARGE 45 T I AR5
AT T AT 0035122 3] 4 — o R s M A TMV
(RIS A 43R 2, I % 00 0 BB E AT 1T, LA A
SEEIAT TMV (RS HE N DU K U FIUES | 17 1k 96 35 AT
P4 HICZE I () B Sy i — 25 5 2 Al AP0 25 75 s
AR S
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1.1 FEMPMSRF

M 2R H = F , 3 23 fySege s Horp 15
SEHRFEACA W B A AL HAE , 28 PCR BV TMV
FIBAPEREA ;5 0y ARG TMV BAEREAR ;3 4
PCR 1 TA 53 i) B A B AT 25 | 28 75k B 22 7 1
LAY R,

BALB/ ¢ /MR (I A HE"S : SCXK2019-0010) , B
DU (b)) Y HARA IR AW TMV-CP 2, bt
EHIRELH B0y A5 FR 2 ] ; pET28a-TMV-CP 5 41 Jii

KL, 38 A (RO ey A B | s KB AT R BL21
(DE3) Bz A5 4L, X & A E AR A A BR 2 w5
MK S (ELISA ) 12GR) & 2R LIS F & 1 (BSA) 5+
PHE-B-D-H At 2 FUBEE (TPTG) 2EHT R TG, 7 [
Sigma 2\ A ; FEAE R =4, I 25 5 Ak 2R db A
BN ] AR 4 R (NC ) , g 7 AR MRk
HRAF] . AL Ry [ 7= o b4l
1.2 FEMNFEE5ES

TH2-072HT AMEIREE IR, T DY A YR A
PR T GL=-21 M i 5 V4 R B O HIL, T8 i AL
ODHULES A FR 2 & ; IMAGING - GB 85 [ AR X,
Jb T SR BR 2 7 DHP - 500 U L 15 3746
KR AR LA B2 R ETC811 & PCR 4%, 4t
AR MEBE A R A BR S B GT-710 B e 4 4x
SR, AL BB R A PR A F
1.3 A%
1.3.1 BRARSBNRKAREBE  RASK
JENE o S e e N = N B (1 3 B W 7 N B U 1 =
TMV-CP & [ 35 1K iUk pET28a-TMV-CP | ¥ H % 4k
ZRIGHFFIE BL21( DE3) J&52 2520 M vh s Rk 4715
AR A, IRt — 2 Al f5 1N S JiL il 1 4 50 9
BRI ERE /W4T % TMV-CP 2 BB sE B HiR AR
QR 11 S o B o T 1 N B KA R (PR R o 2o
b, F 37 CHARMFFHT 2 h, &, 0,01 mol/L,
pH (BN 7. 2 WBERRZE IR 53 51 TMV 55 B d i4
MR 1gC FiBeS) 1 mg/mL, f08% T NC B8 |4
R (T 26) M4 (C k), F 37 CHMHT
HET16~18 h, . Bl £ 09 NC BERGIE 2) PVC
JEEAR L, TR b 2R F i ORI IR 7K 48 2 i RS
FIJEA LRI EI A 3 mm T8 AYSRAT | 2 74l ()
SR v BIAS R A A AT 45
1.3.2 SLIGVAMREH K LB Bre bt FREE 1A
10 g BERHZ Y 5 g NaCl 10 g Bl 20 g, %
F 1 L, & RAR LB B3 MR T 2R

ST BB = P S S o 2. 42 g KR
1.36 g NaCl 29.22 g, W 97 pH fH £ 7.4, EHX E
1L,

VMW FRIBUBKR M 10. 212 g, A 500 mL P
W,V pHIHR 7. 4,
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Fig. 1
1.3.3 EHEBRRZE 4HMREE W 1.0 pL
pET28a-TMV-CP 21 JFi 47 fin A 100 wL K 5 1
BL21(DE3) /&322 40 i, vk 30 min, T 42 C 4%
N #AGE 60 s, 4RZEVKIA 3 min, LA 500 wL JGHiiR

P LB 8535 0E T 37 °C 180 r/min £/ AR 1 55
45 min, B 100 pL B FRWHRM T & A RIBHE %
(50 pg/mL) B REAR LB AR 172 5 0 i 5 5%
K H PR RCRES RAF B V5 M F 3 mL &
50 wg/mL RABEE R WA LB KR, T 37 <C |
220 r/min Z5 15T 4 3 15 37 A B R 57 B 20 T LA
1:100 2] 200 mL 54 50 pwg/mL KAREE R IR
LB 55373k T 37 °C 220 o/min &R PR R
F%3~5 h; fF ODy, 5% 0.6~0.8 B, JIIA 20 plL
1 mol/L IPTG ZHZWEEH 0. 1 mmol/L,F 16 C |
200 r/min 7 T 5235 16 h,

B—ERMER T 4 °C 8000 r/min 514 T 5
> 10 min, 5 FIEW, O/ B AR DLEE, 10 TTVE A
100 mL P-HARIEA T 5B IF |, TR 38 S R A T 4k
e, T 4 °C 12 000 r/min 2514 F &0 20 min, 53
B IR RE R R LIS T NI R R AE AT
aifb e B A, WCHEAS TR B Bt 1 28 11 R b 3

Schematic diagram of preparation path for colloidal gold test strips

17 SDS-PAGE %I HLIK

1.3.4 BuERAHERAESELEE G
R 6~ 8 JEl i HEM: BALB/c /MR, %E@iﬁﬂ%] il
D5, LAglifl TMV-CP 4 1 A Fa988 i 0r He i AT e i
Wi , A5 20/0N BRUM 3 5 2R 11422 ELISA 324 1 42 1fi
THRCH fe 0 0 /1 BURGE 20 L o HC 5 B 7 4
G, Gt f A sE IS ARAF R 43I TMV B 5
BT A 10 A A 5 3 3 4K P 35 e o e MK, T < 1R
TR Rk > ali b AR A5 PR T L4, i F ELISA
AR G R HUAEAT S

1.3.5 @R HEE  SRAFEIR =k 5k
ARG TOR S K TMV BT B AR 10 B 40
KA, BT 20 W T mL R & IR T
O A 4 wL 0. 2 mol/L BRERHRNZE wh it , Ik 7 1%
A1 A 10 pg/ml TMV S FEREPURIER IR =
IRV 30 min; fITA 50 pl B 20500 10% ) BSA
VIR AT 2 RN 30 min FEATEL; T 4 °C
12 000 r/min 24 F &0 5 min, 35 L35, UUiE A
WeREN 0. 02 mol/L By PBS 2 i (& 1% BSA 2%
FEHE 0. 05% RILALEENR -20, #5 TC R dE , B 803
R BG4 CHRAF, &H.
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1.3.6 JEEEH TMV R CEERrEEt BT 1 em UL
T RIRER B0, 06+0. 01) g BT B IR, (4 A
JEERR FEAMITIES s LA 0. 3 mL REASHEEI (0. 02 mol/L
PBS(pH {E~ 7.2) .0.05 mol/L BB (#lifiz &% whik , pH
{4 8.0) .0.05 mol/L Tris-HCI (pH {4 8.0)) , &
STV R A 5 52 O 58 70 TR 50 5 WH IS 58 )
1 min Dh_E, i BV B RRA il . — IR IR
EIRFFRI , T E I8N 3 % (29 90 pL) Tk
AR 1 I 10 min JFAESE R,

FRAUE C 2 T LW a FBHPE(+)
CEp TLARE FNHIHE(-);C LR aEn
FAAURT R, [l A AR 4 73 A e T
LW AABUE (T ), T=100, F M BHE(+) ; T<100,
FIHBAPE(-) o
1.3.7 BAEERRFERBRITEN 1) BIEE.
HRBAPEREAS 42 1. 3. 6 FriR ik AT AT AL 3 s | 7E1F
R R A TMV-CP 28 1, il 8 7 5 8 vk 4331 36
£]0.01 wg/mL.0.10 pg/mL 1.00 pg/mL. 10.00 ug/
mL100. 00 wg/mL, FEFHA4E A AR, LA T= 100
AR FRe AP B e vk FEAE A AR AR A I R

2) HEREME (IR 4R 4 %) 20 ) 28 PCR #IARY
HHERE S (450 S01~S20, Horb S01 ~S05 M BATE
FEAS, 806 ~ S20 9 FHAEREA ) HEAT RN, AR 455 B |
PR REAS B R I 0, 25 e LA T %) o ff 2

3) F S AR A0 PCR A 43 SRS AR
TN 2E | B AN BE 0 1 DAY Y o B A AT
FEAREATRGEIN , I LA TVV BF: RN BE P SR o
HR, 2% ORI R e DL A ) S e

2 GRE

2.1 EHERRELERSW

TMV-CP AL RANE 2 fis, Hih M £ &
FIbRIE, 01,0203 Fl 04 /R B HUA) 4 4> B 53
Pk, - IPTG 15 31, +F£R IPTC R )5, H
2 0[ L H5RESX ML, & 1PTC S5, &
L ORI 4 A S REDURTELY 20 kDa 403 HH 81 1
SRS A F TR S BN EA R AR
=3 Ho 01 5B s BRI A SR B IR AR,
s EEAEAREZY Wik, G4k 01 5
HrE A T 2k,

2.2 ERAERAUERSH

TMV-CP 25 F1 4lifk, 25 R an &l 3 fros, Hrf oM
FORE A TARIL, T 5 2R Wl R & 1—5 Fom
VW HIEL 3 AT, DRERTAAAE R B4l 4 P
WAMVE RS bR 22 AR, A AR s —
Image J X557 AT IR BE SR AT, 45 3% Wl L4l i 35 3
90% , BV EE 41 25 14 i Al AL RUR R4,
2.3 BRERARREFESHR

PO S WA RO W B2 A S 4 T St
M EERR W RS AS A— & B PRI
AT ARG B BOR R Y | RO R i 47 3% S i
MR, AR B A OR8] — B 5, 77 DU FL 23 DA FH
PG AR | 55 Ja — 1 BH A L 1 s R 3 45 B Ay i A
B, U R B, A BT R v R G
ELISA 0 B K00 1:27 000, & IR K h
B BE 5 5 5 i TG I 2R AR 39) 8 A6
TMV HFEREHUARME IS 53R BR R 16,

01 02 03 04

26 kDa

17kDa S

A2 TMV-CP EaRikzR
Fig.2 TMV-CP protein expression results
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Fig. 3 TMV-CP protein purification results
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2.4 et ERFRULERS T

2.4.1 ZMBEBAMERNFE UK G W)
BV DR BT 25 A 76 3R TH , AR iC AR R 1Y pH (EX]
TH NG ARCR RAUR I A T R
ARFFEE L W) 1 mL BRSO3 BmA 1 pL,
2 uL.3 pl.4 pl.5 uL 9 0.2 mol/L B MR H 2% vhif
KISTRRAY pH B, I8 TR I i 4 i 404 0 T
FPAR 40 R S A A, 5 SR LR 1, iR 1 AT
MERFRADE MBIl 4 WL i, SRk e
o, HRE VRO ; T (H K, R A 4 1 pH
EAEPUAR A SRS, —H BRSNS, A
RARERIE, FIL, EEE 4 wL RS B E PR
) I

2.4.2 HIAREREMBE PUAREREDRS
SEMPUR 5 R 42 1 45 5 R0R K B hRbt ik it e
D BRSO R SO TMV 558 B Bt A
JtE e (5 wg/mL 10 wg/mL 20 pg/mL) , I-H5 fr
A5 AR 1A 2% FH T B A 08 R o 4 R 25 2R
W2, HER 2 ATAL BEE DU BT v BE R 14K
5 T2 EOBWHG R, SHUATTE RN 10 pg/mL
BF, THEfRR, T4 Bt i IR, H &P ikfae i
I, PRBL, B8 10 pwe/mL N iE B A PR vk B
2.4.3 RHE NCERBHE NC R MR
ST R RL FER T LR KN E R A
TE N T 2 BT 3B | 3 S I & 2B 2003 S R A
BEDY . ARBIAE AR T 3 FhISARLAY NC BE BH PR
(T=100) ARG, 45 R E 4 o, HIE 4 7]
1,3 R NC X BHPERE SR G T 4R B T T {22
BB E (B 7 2B Coefficient of Variation, CV)
e EME 22 5, R, 388 CV F/hiy CN140 4
TEFL NC

2.4.4 HRREURBIFEE ARIWEAREBORS
SRR S P00 SRS G HE TR A A A
AR . AR T 3 R A IO
BRI  BHPEREAS 1 2 5 00, 25 R an sl 5
o HIE S AT Ad A 0. 02 mol/L PBS 1E A kA4
IR, BHEERR AR S AR R 8 A5 16 A5 11 5 155 Bl
B Hor 2 AR BOR A B, B, 8 0. 02 mol/L
PBS 1B Ry B R A $E U

k1 Sipfmehibs R

Table 1 ~ Optimization results of buffer addition
«fFJiLuL%/ %ﬁ%ﬁx 0. % %:: @E@ B T
1 ke ROEBIRIE / /
2 3 DR / /
3 e/ LR / /
4 e MXRE  WAE,ERRE 394

5 SEALf MREE  WAE, B 264
/RN R PUR O AT B BOR, R AT 0 R
LRI

A2 RARREREMRMLER
Table 2 Optimization results of antibody

quality concentration

b, BERKOSNEN  peow  p

3 PR T I
(pg-ml™)

5 AN FaxE Rk 86T 256
10 ANl BoE WA, EWEA 566
20 AR ) RoE W4, EWRA 466
220 -

2001 SO1[___]s02
1800 Cr=12.61% Cr=1427% [ ]s03[__]so4

[ CV=6.76%

160F o o
1401 | | = | — ]

120 -
S 100+

80 -

60 -

40 -

20F

0

Inon 100 Tianren 110 CN140
NCJERP

B4 NCREHRILER
Fig. 4 NC membrane optimization results

2.5 REEMBEERIENERIWT

2.5.1 KPR AR SR AIE 6 Fras.
Kl 6 nI %, i TMV-CP 2 s il B 1 T 8, T 4%
BRI TAEE TN ;2 TMV-CP 2 [ BT i
WA 0.01 wg/mL B, T {H FFEZE 100 LT, A&
ESEONBAYE, P, BL T>100 AYEAE TMV-CP EH
JRt ¥ 0. 1 pg/mL /E i AUAR IR I BR

2.5.2 fEREME MERRPESCHRAS R 3, MR 3 AT
LS Ay BAHAEAS G I 25 SR 25 R B 14 5 15 4 BHAEE AR AR
Hf ST SR AR BAME IR 5% 93. 3%,
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Sample extract ion solution optimization results

Fig. 5
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Fig. 6 Detection limit experiment results

BAFE R 95. 0% HERVERS .
2.5.3 FRME FHRUEXELATURIE 4, hE4
TR, FHAS 3 200 235 A 00 JR% % 0 R DA T 2 | 38 4t IXE
ZNTE DR Y SRR RN AR A SR O I,
B WL AR R HA DL 5 TG 58 SRR e e
L3y I

R SRe FH 40 Ak 1) A0 R4 0 2 S 5 K ™
Bk I T TMY R G AR 2% T vk, 6 I i
o BEATURL ) B 1K B 1 R 224 18. 3 ng/mLL, {H R AT
BERIF A BT A T RE A AN T3] Dk 88 114 55 2 ke 4G T A
JERPEARG | B2 P |45 7 A 3R 562 ) BT TMIV-CP
R AE T | B AR A g e e S ph e PR SRR
TMV ) A B S 0 77 AR R 9 TMV-CP 2R
1T AR AR A e Skl A ik, A B TR
e G 75 925 B TR P AR S

A3 EAERBLER
Table 3 Accuracy experiment results
B s
S01, S02, S03, S04, S05, S11 -(T<100)

S06, S07, S08, S09, S10, S12, S13,
S14, S15, Sl6, S17, S18, S19, $20

+ (T=100)

K4 HFmEBRER

Table 4  Specificity experiment results

I e
\ — - D1
PR B LR M2 3R Lk

1L | R 1
FAME RS 243 190 254+
A i
WRAEIE oy mppem, 2 31 3 -
YN M TR R AR 32 30 28 -
BRULT BRI AR 30 39 34 -
TR TR Y SRR A 40 38 36 -

3 4Eip

ARWFFEIRT AT DL L T TMV A 44
DR 2%, O3 B 4 2 A S 22 MRS N2 4 L
HUA BB 10 pg/mL NC £ CN140 B K
AHLEU 0. 02 mol/L PBS, 4 TMV-CP #& |4 1 5t &
We B 100 weg/mL I E 0. 01 wg/mL, i & MR AL 5
AR 0. 1 g/ mL; {f FHIR AR 2545 28 PCR
WIRGLAR RN TG 3 B i B S 8 DR Y iR
BEM I ORE AR TG A8 SR, TIF B L3R 4K 4% R 5 1
BRI, A SO 46 B TMV R 1A 4 46 I3 406 45 o
YEfET L, 10 min P BEDR 0 /R 25 5%, AT H )oK
PR A S ARTIN , XT TMV ARG o 0 R R4 9 A AR
WeAVEF, At w7 Sy JH A 30 A 400 99 25 19 DRl A 0 442 1t
5%,

SE Ak
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Preparation and performance evaluation of colloidal gold test strips

for tobacco mosaic virus detection

WANG Chungiong' , LIU Kai' ,XIE Yonghui’,ZHANG Ke',LIU Chunming’,
ZHANG Xiaowei' ,SUN Haowei' ,CHEN Dan'
1. Yunnan Tobacco Quality Supervision and Test Station ,Kunming 650106, China;

2. Yunnan Tobacco Company Kunming City Company ,Kunming 650000, China
3. Yunnan Tobacco Company Honghe Prefecture ,Mile 652300, China

Abstract; To address the problems of the time-consuming and limited application of traditional tobacco mosaic virus
(TMV) detection methods, colloidal gold test strips for rapid and qualitative detection of TMV were developed
based on the double antibody sandwich method, and its preparation conditions were optimized. In addition, the
limit, accuracy, and specificity of the test strip were detected. The results showed that the suitable preparation
conditions for the test strip were buffer addition of 4 plL, antibody mass concentration of 10 pg/ml, and NC
membrane of CN140 type and sample extraction solution of 0. 02 mol/L PBS; The detection limit of this test strip
for TMV-CP protein was 0. 1 pg/ml, with no cross reactivity with tobacco bush top virus, tomato spot wilt virus,
and potato Y virus, and good specificity; Applied to actual sample detection, the total coincidence rate with PCR
was 95.0 %, the positive coincidence rate was 93.3 %, and the accuracy was good. This test strip could display
the detection results within 10 min and was easy to operate. It could be used for rapid detection of TMVs in tobacco
field.

Key words :tobacco mosaic virus ;monoclonal antibody ; colloidal gold immunochromatographic technique ;test strips
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