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Abstract

This research focused on potentiometric immunosensor for the determination of
human Alpha - fetoprotein (AFP) by screen-printed electrode (SPCE). The effective
immobilization of the antibody comes from the entrapment by biotin on  screen-printed
carbon electrode and then modified by bifunctional glutaradehyde. As well as the amines of
antibody will be cross-linked by glutaradehyde and became compact film.  Optimization
condition ~ for  potentiometric ~ detection of AFP  were studied comparison with
electrochemiluminescence immunoassay (ECLIA).  Thus , the developed immunoassay may
provide a feasible alternative tool for determining AFP in human serum in clinical

laboratory.
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Ab
AFP
Ag
CA
CEA
CvV
KCLIA J
EIS
ELISA
IRMA
MA
Min
PBS
PSA
9RSD
SPCE
D

Antibody

Alpha fetoprotein (AFP) (Tumor markers)
Antigen

Cancer antigen (Tumor markers)
Carcinoembryonic antigen (Tumor markers)
Cyclic voltammograme
Electrochemiluminescence immunoassay
Electrochemical impedance spectroscopy
Enzyme-linked impedance assay
Immunoradiometric assay

Immunoassay

Minute

Phosphate buffer solution

Prostate - specific antigen (Tumor markers)
Percent of Relative Standard Delviation
Screen- printed carbon electrode

Standard delviation
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11
(hepatic sinusoid) (fenestration)
40-50
[1][4].
(portal vein)
(melanoma) [2-3]. (Hepatocellular carcinoma ;
HCC)
45 48
(Tumor markers)
(biological fluid) 2
CEA 5AFP, PSA, CA 199
HCG, Calcitonin, ACTH PAP,
ALP, LDH, GGT Tumor marker
Alpha fetoprotein  (AFP) fetal serum protein 1956
glycoprotein 120 Kd yolk sac /Liver/

placental barrier
AFP
AFP
(hepatocellular carcinoma /hepatoma)
0% /
[2]] AFP tumor markers



(hepatoma)!

/ /
3-6 AFP
>500 .
5 . AFP AFP
I 0 [1]
AFP Immunoassay RIA/EIA/CICA/ELISA
Immunoassay
High dose Hook Effect Heterophile
antibodies
( Screen-printed carbon electrode )
(SPCE)
AFP
12
1 - AFP
2 AFP - (Screen-
printed electrode)
3 AFP
Immunosorbent assay (ELISA)
4 AFP
13
1 - AFP
2 AFP - (Screen-
printed electrode)

AFP
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anti- AFP
AFP
immunosorbent assay (ELISA)
AFP

Immunosensor AFP

(Tumor markers)
Clinic

Immunosensor



2.1

screen-printed carbon electrode (SPCE)
alpha-1-fetoprotein (AFP)

4

(Ece

el ~ el awe A

E)

(ion-selective electrodes)



(membrane)

Voltmeter

211

E=E°-(0.0592/n).log(apod/a k)
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221 (biosensor)

(hiological - detector)
(transducer)

2.2

Analyte

Biolaver Type Transducer

2.2

(biosensor)
2
(transducer)
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2.2.2 (Immunosensor)

Bioreceptor
Enzyme

catabolism

biosensor 2.3

The bio?ieal
sensing element

2.3

Antibody

immunoglobulins ~ (Ig)

anabolism

Signal transdncer

20%

catabolism

anabolism



AFP antibody
“Biotin film

reen-Printed
~Carbon Electrode

7
Biotin-N H-OC(CH2)3-N H-CO-Biclii
2.4 Protein Receptor

(24

(olfactory receptor for smelling)

Transducer
Amperometry, Potentiometry ~ Photometry

Amperometric HA)?2 02 HD?2
02 reduce
Potentiometric pH  pi
H+
Photometric .
fluorescent |luminescent optic fiber

Clark  Lyons (1962 : 29(7])
1962 glucose oxidase
Yellow  Springs
Instrument 23 Y3 .. 1974



2.2.3
(Immobilization of immunoagents)

2
L
Ag Ab
2
Ay Ab
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(digoxin)
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2.3

AFP antigent standard

solution

Ag/AgCl

KW / .antigen-antibody reaction

VAT ¢ v
Sbrem-Prhited
~Carton. Electrode
2.5 AFP
Screen-printed Electrode (SPE)
26 21

Reftrentt fl’<tr<kU
Ag/AqCl
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! stripping voltammetry
phthalocyanines ( )

(disposable)

24 alpha-I-fetoprotein (AFP) [
AFP Single chain glycoprotein

AFP 1

AFP testicular, lung,liver,
stomach ~ pancreas [2-15]14 AFP

AFP
AFP



AFP

(hepatitis)
hepatocellular carcinoma

28

AFP
(cirrhosis)

(Hepatocellular carcinoma ; HCC)

12
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29

Human fetal liver: immunohistochemical staining for alpha fetoprotein using NCL-AFP.
Note cytoplasmic staining of hepatocytes. Paraffin section.

241
- AFP Single chain glycoprotein

242 (Ab)
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2.9
Chun-Liang Feng, et al (2000)[10] I[mmunosensor
potentiometric Immunoglobolin (1gG) anti-lgG silver (Ag)
electrode l9G antigen-antibody reaction
Immunosensor 0.2-
12 ng/mL 28

Miloslav Pravda, et al (2001)[L1]

allergy antibodyies (Ige)

screen-printed carbon electrode (SPCE)

amperometric pY%minophenyl alkaline phosphatase ~ +300 mV
- enzyme-linked immunosorbent assay (ELISA)
= 6
lgE 0.09 ng/mL 30
Hua Yu, et al (2004)[8] Immunosensor AFP
SPCE
HRP
AFP 30°
B HRP
12 mM 6 mM
2 AFP 0-20 ng/mL
20-150.ng/mL 0.74 ng/mL
- 2 6.6%
4.2% AFP 10 ng/mL 100 ng/mL AFP
pH 7 10 4°
AFP
Zhu Qiang, et al (2006)[12] potentiometric Immunosensor
AFP anti-AFP platinum disk electrode gelatin
film silver nanoparticles anti-AFP
glutaraldehyde antigen-antibody reaction ~ electrochemical reaction

AFP
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5 60 pH
Jie , etal Huangxian Ju (2007)[13] tumor maker
simultaneous  multianalyte Immunosensor chip HRP
enzyme  Immunosensor chip tumor maker
2 CA19-9  CAL%L 0.2 0.4 ng/mL
Immunosensor chip working electrode 2 reference electrode

electrochemical biochip



3.1
311

3.12

31
32
33
34
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AFP

Microprocessor pH/lon Meter (pMX 3000)
Mill- Q ( Milford , MA",USA)
( Denver Instrument Company )
(- Eltrosonic type 0.7 profi , USA)
( Tokyo Rikkakai Co 9.td.Type A-3 , Japan )
-3 (SPCE)

Monoclonal Anti-01-Fetoprotein ( AFP ) CLONE C3 Mouse Ascites Fluid( SIGMA)
Monaclonal (X-Fetoprotein ( AFP ) ( AFP Control) ( )

AFP ELISA Kits( )

Glutaraldehyde ( Analytical grade,SIGMA )

Potassium haxacyanoferate (I11) ( Analytical grade,Carlo Erba )
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6. Phosphate - buffered Solution ( PBS) pH6.5,pH7 ( Analytical grade, Merck )
1. Gelatin solution ( Analytical grade,SIGMA )

8. Biotin solution ( Analytical grade,SIGMA )

9. Serum sample ( )

10. Distilled water

3.2
321
Corel Draw Vertion 12 Adobe Illustrator Creative Suit 2
4

I} (Conducting track)

/A

3

4, (Insulation)

4 31
110mm
31

115436
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2. 60°c
30
3 60°c
30
4, / 60°c
30 /
o) 60°c 30
3.3
1 -1
2 0.005 M KFe(CN)6
3 N 2
34
34.1 AFP
3411 SPCE 0.1 Mnnitric acid - acetone
10 fiL 1 air-dried
3412 anti-AFP ( Lng/mL ) 20 (iL
20 jiL 4° 2
3413 3412  20Jyg 10
4° pH 7
air-(ried
34.14 glutaraldehyde  (wt%,0.3%) 10

uL 30 3 4° PBS pH 7
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34.2 AFP

3421 pH
glutaraldehyde ( 34.1)

01 M 25 mL
Potassium haxacyanoferate (I11) 0.005 M 25 mL AFP
10.02 ng/mL 20 |iL 200

pH 1M
pH 5555 16.0,6.5 57.0,7.5 18.0 (mV)
3422
glutaralcehyde ( 34.1)

01 M 25 mL
Potassium haxacyanoferate (1l) 0.005 M 25 mL AFP
10.02 ng/mL 20 pL 200

201

25,30,35,40,45550 °c
3423

AFP 10.02 ng/mL ( 34.2.1)

20 pL : 1

10
343 anti-AFP
3431

AFP 0- 214.44 ng/mL (
(mV) (Microsolf excel))



3432
AFP 10.02 ng/mL
pH 10
%RSD (Percent of Relative Standard Deviation)

%RSD = (SDJ X) X100

SD.
X 10
3433
AFP 6.1 - 33953 ng/mL
3421 pH
AFP
ng/mL
3434
AFP 10.02 ng/mL
pH
, (
pH ) 50%
3435 AFP
AFP
pH ( 3421)
1
34351
AFP 10 |iL

( 01 M

20

3421

0 - 33953

3421

4 C

AFP

25 mL
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Potassium -haxacyanoferate (1l) 0.005 M 5 mL pH 65)
10 pL
AFP 10 pL -
3A3.5.2 AFP
AFP (calibration
curve)
3A3.5.3 AFP

Electrochemiluminescence immunoassay (ECLIA)



41 anti-AFP
Glutaraldehyde
411
KFe(CN)6 0005 M
Ag/AgCl
anti-AFP
Glutaraldehyde
0.005 KFe(CN)6 10 pL
anti-AFP Glutaraldehyde
, 41
a W
anti-
? N
Glutaralcenyce
(. B
>
time (mil)
41 potentiometric response (- mV) 0.005
KFe(CN)6 anti-AFP Glutaraldehyde

2
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14 potential (-mV) 0.05

KFe(CN)6 anti-AFP

Glutaraldenyde Potassium hexacyanoferate (I1)

(Fe 2434
jon anti-AFP jon
anti-AFP
42 AFP
421  pH AFP

AFP 10.02 ng/mL 20 pL
( 01 M 25 mL
Potassium haxacyanoferate (1) 0.005M 25 mL)
glutaraldehyde pH 5,55,6.065,70,75
8.0 pH 4.2
42 pH

AFP 10.02 ng/mL 20 pL

42 AFP
1002 nglmL 20 pl oH 5,55, 6.0, 65
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10,75 80 pH 65 potential (-mV) -60.43 £ 0.25 mV
potential  (-mV) pH 65
pH AFP 0.02 ng/mL 20
pL pH 6.5 potential
( AFP) ( 4.1)
biotinylated~anti-AFP - Glutaraldehyde
bifunctional , - CHO cross linkage —, amino
anti-AFP ' KjFetCN),:
jon -CHO , amino AFP anti-AFP
antigen—antibody reaction ion potential

The effect of cross linkage by Glutaraldehyde

Biotin-NH2+ OHC-(CH23CHO + Biotin-NH2 —)

Biotin-NH-OC(CH23NH-CO-Biotin

43 cross linkage glutaraldehyde
biotinylated - anti-AFP

422
AFP 10.02 ng/mL 20 pL
( 01 M 25 mL
Potassium haxacyanoferate (I11) 0.005M 5mL)  pH 65 !
glutaraldehyde 20

25,30,35,40,45  50°C 44
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iL :
30°c  potential
anti - AFP
AFP
423
20 |iL
10

25

pH I
AFP 10.02 ng/mL 20 JIL
pH
AFP 10.02 ng/mL 20
AFP

jon
AFP 1002 ng/mL

1

potential (mV) 45
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45 potential (mV) AFP 1002 ng/mL
—
potential (mV) AFP 10.02 ng/mL
I 5 5 6043 +
0.5 mV {~~[A5)
potential (mV) 5
4.3 anti-AFP
43.1
AFP 10.02
ng/mL 20 JiL (
0.1 M 25 mL Potassium haxacyanoferate (I11)
0.005M 25 mL) glutaraldehyde
pH 65 potential (mV) cross linkage
amino  anti-AFP KFe(CN)6 jon - CHO
amino AFP anti-AFP antigen-
antibody reaction jon potential

AFP 0- 214.4 ng/mL
46
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y=-31203x +210.38

R2=0.9991
46 potential AFP 6.1, 305,
489 , 911 , 116.1,160.8 2144 ng/mL
4.6 glutaraldehycle
AFP potential 6.1 - 2144 ng/mL
y=-31203x+21088  R2 0.9991
-3.1203
432
AFP 10.02 ng/mL pH
6.5 10 potential
10 %RSD 41
%RSD - (SD./X)x100
SD. 10



Standard Deviation)

AFP
glutaraldehyde

¢

6.1 - 339.53 ng/mL

(Gran’s plot)

28

%RSD (Percent of Relative
10.02 ng/mL

anti-AFP

Ghitaraldehyde
6101
-1.491
2.46

AFP

(Gran’s

AFP 125 ng/mL
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434
AFP 10.02 ng/mL pH 6.5
60+5mV
4°C pH 65
2 48+ 5mV ( 49)
- AFP
(disposable)
48 Potentiometric responses (mV)
AFP
435 AFP
5 AFP
potential 4.2
436 AFP
AFP

Electrochemiluminescence immunoassay ( ECLIA)
43
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42 potential 5
Samples Potential Concentration of AFP by
(mV) Y=-3.1203X +210.88 (ng/nL)
1 162 15.06+0.0863
2 1094 32.54+0.0529
3 60.1 48.32+0.0300
4 1362 111.22+0.0505
5 -416.1 200.92+0.0682
43 AFP
Electrochemiluminescence immunoassay
(ECLIA)
Sample By SPCE immunosensor By ECLIA
(ng/mL) (ng/mL)
1 15.06+0.0863 15.00
2 32.54+0.0529 3250
0 48.32+0.0300 48.30
4 111.22+0.0505 107.8

5 200.92+0.0682 200.00



3. ' (min) )

3l

51
AFP
AFP
Electrochemiluminescence immunoassay (ECLIA)
511 AFP AFP
( 0.1 M 25 mL
Potassium haxacyanoferate (11) 0.005M 25mL)
AFP . [1:1] 51
5.1.2 anti-AFP
Glutaraldehyde AFP
52
5.1.3 AFP
Electrochemiluminescence immunoassay ( ECLIA)
53
51 AFP
Condition
1. pH 6.5
2, (CD) 0-30



L.

5.2

2.% RSD
3.Detection Limit (ng/mL)

4.

Parameter
$

(Day)

anti-AFP

Glutaraldehyde

y= -3.1203X + 210.88

2.46
125
1

32

5.3 The determination result of AFP by SPCE immunosensor and ECLIA method

Sample By SPCE
Immunosensor
(ng/mL)
1 15.60
2. 32.54
3. 48.32
4 111.22
5. 200.92
52
521
52.2
52.3

5.24

By ECLIA
(ng/mL)

1500
32.50
48.30
107.60
200.00

AFP

Agreement (%)

98.00
99.80
99.95
9.83
99.54
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