OVA 44,757.791

41 OVA (A)

TC-OVA (B)

- OVA-TC 45319.64

45319.64 - 44757.79 = 1.26

Twana

4.1 OVA

ELISA TC
OVA 41

MALDI- TOF MS OVA 4.4751.79

45,319.64 561.85 T7C 444,44

TC  OVA 126
TC-OVA OVA
] J) 5.08 ppm ( 4.1) 1

MALDI-TOF MS




4.2

41

OVA-TC (
10
20

)

56

TC-OVA BCA

TC-OVA
o0 (ppm)
053 5.03
026 5.12
508
12-3F RPMI 1640 10% FCS

indirect ELISA 343
ELISA
C | 4.2)



42 12-3F indirect ELISA

() 450

1 1038

5 1018

40 1.083

80 0921

100 0.915

200 0.923

400 0.745

800 0.407

1,600 0.09

3,200 0.145

6,400 0.078

PBS ( ) 0.112
RPMI 1640 media ( ) 0.086

( ) 1161



4.3
(protein G sepharose)
pH 2.7
280
(42
BCA
3.67 ppm

12-3F

(affinity chromatography)

(fraction)

fraction 812

12-3F

fraction
BSA (

43

812

{ lgG2

04-1.55

2)
5.30 ppm

58



4.2

4.3

'
at

MNIAAN AL 1N

280 11 1131A3

E

1.8 -
1.6 A
1.4 A

1.2

0.8
0.6
04
0.2

BCA

10

(fraction)

15 20 25 30
280
PH 27 (-4 -)
(ppm)
5.30

3.67

59



44 SDS-PAGE

SDS-PAGE
4.4 4.3
66 (kDa)
2 62 25
heavy-chain light-chain
(2008) Harlow Lane (1988) [15, 42]
2 H-chain L-chain
4.4
SDS-PAGE
Relative mobility
(kDa) (cm) (Rf)

Phosphorylase 97.4 15 0.27
Bovine serum albumin 66.2 2.2 0.40
Ovalbumin 45.2 3.15 0.57
Carbonic anhydrase 31.0 43 0.78
Trypsin inhibitor 215 55 1.00
mAb 12-3F heavy chain 62.41 2.75 0.50

mAb 12-3F light chain 24.76 4.85 0.88



1 2 3 4

97 kDa

66 kDa % ,

45 kDa B

30 kDa - ommm

20.1 kDa

43 SDS-PAGE 1

FBS (5 )

2
3
4
5
6

4.5

Indirect competitive EFISA
1,000 ppb

44

61

5 6
Heavy chain
AR R 62 kDa
Fight chain
= 25¢0a
( 2.5 )
10% FBS (5 )
(5 )
(10 )
TC
PBS
450
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2.0000
®
1.0000 ¢ o
0.5000 *
0.2500 %
0.1250 AR
b
0.0625
0.01 01 1 10 100 1000
logarithm concentration of TC (ppb)
4.4
indirect competitive ELISA TC-OVA 5ppm
2 ppm
4.6
4.6.1 Ag-captured direct competitive ELISA
(Direct cELISA)
46.1.1
HRP (TC-HRP)
TC-HRP
direct ELISA 0.5,
1,25 5ppm TC-HRP 0.05-20 ppm
direct ELISA 1

4.5



2.5 ppm

4.5

vppnw

0.050
0.100
0.250
0.500
1.000
2.500
5.000
10.000

20.000

TC-HRP

0.461

0.894

1.435*

1.865

2.209

2.395

2.460

2511

2.507

525  1lppm TC-HRP

TC-OVA direct ELISA

450
Ab (ppm)

25 1 05
0.343 0.211 0.102
0.701 0.411 0.190
1.123* 0.609 0.227
1526 0.818 0.239
1.769 0.956 0.356
1.935 1,072 0.487
2.125 1.339 0.626
2.218 1476 0.770
2.212 1.595 0.980

ELISA

0.25, 0.25

63
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46.1.2

TC-HRP 46.1.1
0-1,000 ppb
B/BO B
BO
1C9
% B/BO 50% 5 ppm
TC-HRP  0.25 ppm ICD 20.13 ppb 25 ppm
TC-HRP 025 ppm ICD 10.73 ppb ( 4.5)
ICD 2 2.5 ppm
TC-HRP 25 ppm ICD

direct competitive ELISA

100 - TC-HRP and Ab LOD ICs
X concentration (ppb) (ppb)
75 - X TC-HRP 0.25 pg/ml  8.03 20.13

Ab 5 pg/mi

®  TC-HRP 0.25 pg/mi 2.82 10.73
Ab 2.5 pg/mli

0

L] L] L] L ] L ] L] L)
104 103 102 10" 10° 10' 10% 103 104
logarithm concentration of TC (ppb)

45 Ag- captured
direct competitive ELISA TC-HRP
5 0.25ppm 25 0.25 ppm



TC-HRP

Fab

TC-HRP

4.6.2 Ag-captured direct competitive ELISA
(direct cELISA)
(GAM)
4621
Fc
Fab
[43]
CELISA ELISA 96
5 ppm
10 ppm TC- HRP  0.25- 40 ppm
4 4.6

1, 25, 5 10 ppm

TC- HRP

65

direct

1,255

5 ppm



4.6 TC-HRP direct ELISA
direct competitive ELISA

450
TC-HRP
Ab (ppm)
vppnu
1 2.5 5 10
0.25 0.098 0.119 0.116 0.123
0.5 0.177 0.235 0.211 0.210
1 0.327 0.429 0.394 0.409
2.5 0.818 1.021 0.956 0.989
5 1.356* LD12% 1.578* 1.652*
10 1.676 1.908 2.028 1.916
20 1.987 2.193 2.199 2.169
40 2.000 2.211 2.260 2.290

* ELISA

66
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46.2.2

direct competitive ELISA TC-HRP 4
46.2.1 0-1,000 ppb
IC% 4 TC-HRP 5 ppm
05, 1,25 5 ppm ICH 14,05, 22.04, 23.76 33.83 ppb
( 4.6) Lppm TC-HRP 5 ppm
ICH

direct competitive ELISA

100 = Ab LOD  ICs,
concentration (ppb) (ppb)
® Ab 1 pug/mi

75 - Hg/ml - 497 14.05

¥ Ab25pug/ml 528 22.04
X Ab5pug/m  0.86 23.76

O Ab10pg/ml 540 33.83

25 -

0 T T 1 T T T g
104 103 102 10" 10° 10' 102 10° 10* 105
logarithm concentration of TC (ppb)

4.6
TC-HRP Ag- captured direct competitive ELISA
(GAM) 5 ppm
TC- HRP 5 ppm 1,255 10 ppm
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4.6.3 Ab-captured indirect competitive ELISA
(indirect cELISA)

46.3.1
OVA (TC-OVA)
TC-OVA indirect cELISA
ELISA 96 TC-OVA 0.5, 1, 125 25 5
ppm 0.01-2 ppm
1
3 TC-OVA 1125 2.5 ppm

005, 0.025 0025 ppm ( 47)



4.7

(ppm)

0.010

0.025

0.050

0.100

0.250

0.500

1.000

2.000

TC-OVA

indirect competitive ELISA

450
TC-OVA (ppm)
0.5 1.00 1.25 2.50
0.501 0.605 0.685 0.209
0.848 1113 1.178* 1.209*
1.166 1.465* 1.585 1.566
1.575 1.841 1.918 2.002
2.083 2.255 2.273 2.356
2.227 2.360 2.408 2.422
2.333 2.342 2.449 2.444
2.379 2.400 2.248 2.217
¥ ELISA

indirect ELISA

5.0

0.661

1.166

1.504

1.977

2.37

2.491

2431

2.339
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4.63.2
Indirect  competitive
ELISA TC-OVA3 4.63.1
0-1,000 pph* : 4.7
TC-OVA 1ppm 0.05 ppm ICH 1.46 ppb TC-OVA 1.25 ppm
0.025 ppm 1CH 1.13 ppb TC-OVA 2.5 ppm 0.025
ppm IC% 2.04 pph TC-OVA
1.25 ppm 0.025 ppm
100 - TC-OVAand Ab LOD  iCgp
concentration (ppb) (ppb)
O TC-OVA1 pg/ml 0.07 1.46
75 = Ab 0.05 pg/mi
= A TC-OVA1.25ug/ml  0.09 1.3
g 50 4 Ab 0.025 pg/ml
X O TC-OVA 25ug/ml 020 204
Ab 0.025 pg/ml
25 -
0 e

104 10° 107 107 100 107 100 105 10¢
logarithm concentration of TC (pph)
4.7
TC-OVA Ab- captured indirect competitive ELISA
TC-OVA 1 1.25 2.5 ppm 0.05, 0.025
0.025 ppm



1

4.6.4 Ab-captured direct competitive ELISA
464.1 TC-OVA
(Ab-biotin)
TC-OVA
Ab-biotin direct competitive ELISA
TC-OVA 0.1-5 ppm Ab-biotin 0.025-5 ppm

TC-

OVA TC-OVA

TC-OVA 0.125, 0.25 0.5 ppm ~ Ab-biotin  0.05, 0.1 2.5 ppm
4.8



4.8 TC-OVA  Ab-biotin direct ELISA
direct competitive ELISA

450
TC-OVA e
Ab-biotin (ppm)
tppm;
0.025 0.05 0.1 0.25 05
0.100 0.205 0.345 0.689 1.022 1.323
0.125 0.266 0431 0.746 1.115% 1615
0.250 0.345 0.678 1.395¢ 1.959 2.444
0.500 0.665 1.303* 2.303 2.609 2.783
1.000 0.772 1611 2.639 2.172 1.646
1.250 0.850 1.724 2.625 2.863 2.861
2.500 0.957 1911 2.718 2.988 2.946
5.000 0.932 1.857 2.763 2.669 2.838
* ELISA
46.4.2
direct competitive ELISA 3
464.1 0-1,000 ppb
OVA 0.125 ppm 0.25 ppm ICY

2.63 ppb TC-OVA 0.25 ppm



3

01 pom |Cso 2.83 ppb TC-OVA 05 pom
05pm  1Cs 4.40 ppb
TC-OVA 0125 ppm 05
ppm TC-OVA
direct competitive ELISA 48
100 TC-OVAand Ab-biotin ~ LOD  1C3)
concentration (ppb) (pph)
75 TC-OVA 0.125 pg/ml 019 2.
Ab-biotn 025 pgmi O 2O
0, . TCOVAD25 ggiml 043 283
Ab-biotin 0.1 pg/ml
TC-OVA 05 pg/iml 0.73 4.40
25 " Ab-biotin 8.85%9ng|
10~ 103 102 101 ¥ 101 102 103 104
logarithm concentration of TC (ppb)
4.8
TC-OVA Ab-aptured  direct
competitve TC-OVA 0.125,05 025 ppm

025,01 005 ppm
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465 ELISA

4 competitive ELISA
ICx  LOD 49
Ab-captured indirect competitive ELISA
Ab-captured direct competitive ELISA, Agrcaptured direct competitive ELISA  Ag-captured

direct competitive ELISA GAM |Cs 113, 263, 10.73 1405
poo 2 Ab-captured indirect
competitive ELISA Ab-captured cirect competitive ELISA
indrect  competitive  ELISA HRP-
conjugatedgoat  anti-mouse  19G direct
competitive ELISA Ag-captured direct competitive ELISA
|Cs 1405 ppb
Fab Fab
Fab
ELISA
ELISA 4
LOD €50

MRL (25 ppb)T. 2 Ab-captured indirect cELISA  Ab-captured
direct CELISA

10 LOD MRL
Ab-captured direct cELISA

Ab-captured  indirect
CELISA



49

Ag-captured direct
competitive ELISA

Ag-captured direct
competitive ELISA
TC coated with
qoat anti mouse Ig

Ab-captured indiirect
competitive ELISA

Ab-captured direct
competitive ELISA

4.1

471

TC-OVA

ELISA

(pom)

Ab 1ppm
TCHRP 25 pom

Ab 1pom
TC-HRP 5ppm

qoat anti mouse 5ppm
TC-OVA 125 ppm
Ab 0025 ppm

TC-OVA 0.125 ppm
Ab-biotin 0.25 ppm

215

215

35

215

|Cso
(ppo)

1073

1405

113

263

Ab-captured direct competitive ELISA

direct competitive ELISA
0.125 ppm

5

497

0.09

019

0.25 ppm



0-1,000 b

GaphPad Prism 4,03 X
pob Y
0- 20 ppb 410 49
410 M) (SD)
direct competitive ELISA
D
(ppb) 40
0 137 00%
05 132 0059
05 1259 0078
| 10% 0047
25 0900 0057
5 0.742 0003
10 0589 0016

20 03% 0.034



7

g 1.6

1.4 P y =-0.234In(x) + 1.0945
5 TS R?=0.9926

i 8 1.0 \ "
' < 08 ' a
a
i O 06 &
‘ 04 &
; 0.2
.00
?' 0.1 1 10 100

logarithm concentration of TC (ppb)

49 direct competitive ELISA
412 OVA
direct competitive ELISA
3484 3 1145 e
(sensitivity) ICx L kS R 092 101
(410 1 ICr LOD
1 2 (410
15

direct competitive ELISA

123 prb



100 - ICso LOD OD 450
"™ (ppb)  (ppb) (TC= 0 ppb)
75 - e 1h 092 0.04 1122
g v 15h 1.01 0.04 1.523
g W X 2h 123 013 1726
25 -+
0 L] L) | ] L) Ll
104 10 102 10' 10° 10' 102 10° 104
logarithm concentration of TC (ppb)
410
115 2 GraphPad Prism 4.03
TOOVA 0.125 ppm 05pm 1 direct
competitive ELISA
413 blocking solution block
blocking solution ELISA
[37] blocking  solution
direct competitive ELISA 3484
blocking soluion 3 5o 1% BSA  1%O0OVA

ICs0 041, 475 6.28 pob
( 41) " % blocking solution
direct competitive ELISA

78



L . IC;, LOD
blocking
v Seluien (PPb) _(ppb)
L ® 1%O0VA 6.28 0.22
8 v 1%BSA 475 0.19
m 50 4
X O 5%skimmilk 0.41 0.07
25 4
0

L J L] LJ L} L]
10“4 10° 102 10" 10° 10' 10% 10°® 104
logarithm concentration of TC (ppb)

411
blocking solution 1%OVA, 1%BSA 5% skim milk
GraphPad Prism 4.03 TC-QVA 0.125 ppom
0.25 ppm direct competitive ELISA
474 '
TC 2 (Ca', Mg: )
] TC
ELISA matrix  effect
TC
EDTA TC
EDTA TC ' [37]
direct CELISA
3454 PBS  3.35% EDTA (90 mM) 1C

1 0.4-05 % EDTA 011

19



3.35%
EDTA

00 20pw

PBST
ELISA

1.600

3

ELISA

PBS, PBST  PBS

matrix effect
TC

- PBS  PBST
34s 4

10%

1C

PBS  PBST

1.400
1.200
1.000
0.800

0D 450

0.600
0.400 -
0.200
0.000

412

0.1

1

10

logarithm concentration of TC (ng/ml)

PBS, PBST  PBS

TC  PBS

100

10%

80

)i

13 2 0, 4

2551025 %

direct competitive

X standard TC
a PBS
A PBS- Tween-20

® 10%MeOH in PBS



415

8l

34112
(ercent of
oossreactivity)  100,56,27, 23 1%
(penicllin G), (FZD), 1 1 (Norfloxacin)
(CAP) (Clenbuterol) 0.01%
( 4.11) TC TC
(TGHCL),
(RTC), (DC), (CTCHCY)
(QTGHCY) TC
41 (cross-reactivity, CR)
CR%)
(TGHCY) 100
(RTC) 86
(DC) 21
(CTCHCY) 23
(QTCHCY) 9
(enicllin G) Q0L
I (FD) Q0L
"1 (norfloxacin) .01
(CAP) Q0L
(clenbuteral) <01
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416

4761 (sensitivity)
dlrect
competitive  ELISA 34111 (LOD)
0.183 ppb (LOQ) 0.627 pob
412 MRL 1
412 (sensitivity)
450 lOD L
ETE L R e
1318 130 133
133 13 138 3P 008 018 062
138 130 139
4.75.2 (recision)
direct  competitive
ELISA intra-variaion assay  inter-variation assay
(% coefficient variation, % CV)
intra-variation assay 1C9 1%835
inter-variation assay 4 1169-18.71

413 W 1 45



8

4.13
intra-variation assay ( =9)  inter-variation assay (N=4)
(bob) Man D %ev M D Y%ev
0 1% 0060 442 124 029 176l
025 B3 006 72 1B 025 B8Bn
050 133 0106 789 114 018 162
1.00 L5 0047 408 107 011 166
250 086 005 310 086 01 1B
500 062 0040 5% 0700 002 1®
10.00 0619 o012 1% 066 00 123
20.00 0443 0037 83 043 003 4R
N 4
48
0,25,5,10,25,50, 100 200 ppb
34.12 ( 4.13)
(accuracy) % recovery
B recovery 814111496 | 4.14)
(recision) % CV  intra-variation assay
inter-variation assay %CV  intravariation assy % CV  inter-variation assay
415

% recovery



4.16
% CV 20%
414 (accuracy)
direct competitive ELISA
TC (ppd) (Ppo)
(9
25 2.1800.01
5 5.750.02
10 10.5610.04
5 24.090.10
50 48.820.26
100 94.76i0.62
200 162.8211.42

matrix

recovery (% =9)

11118
1149%
10660
%.34
9763
94.76
8L41

84

(80-120%

V(% =9

3%
2%
3%
404
533
6.
812



415

25

(iorecision)

raketch =9

recover (%
90.1540.89
11433084
84174564
8400357
71871028
99.57+4.55
12136719

11118+438
10744518

10580588
8719451
10276646
B 53
PDHI/
10915+4.29
114.%+3.38

Yocv

0%
073
6/
45
0%
451
5%
3%
A8
830
517
629
3
601
38
2%

rerach(\:9

recovry (9

Y62 163

VP28 2D

Yocv

direct competitive ELISA
intra-betch ( =9
(o) recoy () Ycv
10 5208 T4
RELHR T4
PI#MR 4B
10684066 (6l
R4A7+173 9%
PBR3% 44
100126334 33
106608374 3%
5 10770£88 817
BLLE D0
11609838 37
WpeL28% 23
LTI
BLT4623 7@
%7446  4T6
%6344385 4

inter-betch (=)
reoey@  Y%cv
PN+ 132 133
BRL2B 2B



435( )

(precision )
intrartetch ( =9)

recover %9 Y%cv

9701523 53
810 20
12461266 214
Qo263 28
35 483
BB+ 146
HPp=e67 707

IeBH2 53
D4 H% 55

B5MHATE 4
1005414 19
114818 1B
A £349  4p
bHhH1 68
8LO4AR 607
U2 5

inter-betch (N=s)
recoey (@ Ycv
oLoM1647 T
741325 UM

direct competitive ELISA

rakech (9

recover (%9
U125
8B+ 118
10798248
153,0042.59
7%+ 166
ALl 524
6087 3%
81414710

Y%ocv

21
1946
23
164
217
698
6l
872

ertetch (NG

recovery (%9
P643+30.13

Y%cV
26



2
y=-0.317In(x) + 1.4044
1.5 R?=0.9847
g 1 ® 5td.TC
o .
05 y = -0.329In(x) + 1.3909 W spiked honey
R2=0.9923
g |
0.1 1 10 100 .
B logarithm concentration of TC (ppb)
413
416
recovery (%) intra-batch ( =9) inter-batch (N=s)
%cv %cv
"1 01.64-99.39 1%83H 12.7517%
N 8
recovery  Yrecovery inter-batch 415
inra-baich ~ %CV intra-hatch 415
inter-baich ~ %CV inter-hatch 415

87
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49 ELISA
LC-MS-MS

2 ELISA
LC-MSMS 3412
5 100pm
(Central [ah) ' (ALS)
direct competitive ELISA
Y% recovery 98-112%% 25 ppo MRL
(%5 ppo) LC-MS-MS Central lah
ALS % recovery R66-107P%  GBT-T7.72%
TC 10ppo A1
% ecovery LC-MS-MS
ALS  Y%recovery 80%
80-120%
Central lab
Vinas 4 NAEDTA ALS
Khong, Hammel Guy [46] oxalic acid
Central [ab
ELISA direct competitive ELISA
LCMSMS  Centrd lab Y recovery
80-120% TC
LC-MSMS TC 10 ppb
Ab-captured direct competitive ELISA 25 ppb
LC-MS-MS affinity (
L Ag-Ab) 1 sensitivity

mobile phase, detector
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417

LC-MS-MS

(=9 LC-MS-MS ( =2) LC-MS-MS ( =2)
Central lab ALS
Measured cone. £ D Measured cone. £ D Measured cone. £ D
(op) % recovery (pph) Yorecovery (pph) Yorecovery
245+ 004 B 2698 +0.76 1079 1943 +0.64 7112

112940.04 1129 B66+ 119 9366 68.721 162 6372



410

91

TC Ab-captured direct ELISA
1 9 1C
TC( 419 2 TC
MRL b Hs 1C 2950 2878 pn
TC  6.7-16%0ppb MRL
418
1.600
1.400 ’\\‘ y=-0.322In(x) + 1.2275
1.200 R?=0.9946
o 1.000 fnSe
g 0.800 \
© 0.600 \’\
0.400
0.200
0.000
0.1 1 10 100

414

logarithm concentration of TC (ppb)

1C




418

1C

0D 450
1197
106/
126
L35
0710
1059
1234
0837
151

11.00

1648
1056
6.10
4950
1690
980
2878
930

92



	บทที่ 4 ผลและวิจารณ์ผลการทดลอง
	4.1 การเชื่อมต่อระหว่างเททระไซคลินกับ OVA
	4.2 การผลิตแอนติบอดี
	4.3 การทำแอนติบอดีให้บริสุทธิ์โดยใช้โครมาโตกราฟฟีแบบคอลัมน์สัมพรรคภาพของโปรตีนจี
	4.4 การตรวจสอบความบริสุทธิ์ด้วยเทคนิค SDS-PAGE ของแอนติบอดีหลังจากทำให้บริสุทธิ์
	4.5 การตรวจสอบความจำเพาะของแอนติบอดีหลังการทำให้บริสุทธิ์ต่อ TC
	4.6 การเตรียมชุดตรวจสอบ
	4.7 การเตรียมชุดตรวจสอบต้นแบบด้วยวิธี Ab-captured direct competitive ELISA
	4.8 การวิเคราะห์เททระไซคลินในตัวอย่างน้ำผึ้งด้วยชุดตรวจสอบต้นแบบ
	4.9 ผลการเปรียบเทียบการวิเคราะห์ตัวอย่างโดยการใช้ชุดตรวจสอบ ELISA และเทคนิค LC-MS-MS
	4.10 ผลการวิเคราะห์ TC จากนํ้าผึ้งที่มีจำหน่ายของไทย โดยเทคนิค Ab-captured direct ELISA


