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Abstract — We report the basic characteristics of porous silicon urea sensor and
conductimetric membrane strip ImMmMunosensor.
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Fig. 3. SEM images for PSi surfacefal, its

cross section(h) and EDX spectrum: current

density is 10mA/cm®
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Fig. 4. Cyclic voltammogram for the electro-
polymerization of pyrrole. Scan rate is 10mV/s.
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Fig. 5. SEM image(a) and EDX spectrum(b) for
the urease and PPy coated PSi corss section
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Fig. 6. Limiting current vs. urea concentrations
curve obtained by LSV method.
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3. Conductimetric membrane strip

immunoesensor
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A. Sample

absorption
Front  Side

Cellulose
membrane
{Absorption

pad) —

Immobilized
ant ibody

Nitrocellulose
membranc
(Signal
generation
pad)

Glass [iber
membr ane
(Sample
application
pad)

Ant ibody
-gold
conjugate

Anqute
Buffer medium

B.

C. Signal
generation

Immunoc—
reaction

Fig. 7. A membrane strip assay gystem based on immuno-chromatography and the concept of
detection. The system consists of three membrane pads (AX (1) glass fiber membrane for sample
application; (2) mnitrocellose(NC) membrane with an immobilized antibody on surface; and (3)
cellilose membrane for medium ahsorption. After loading the labeled antibody with colloidal gold
on a site of the glass membrane, a medium containing analyte is introduced into the strip by the
capillary action and the binding between the analyte and the labeled antibody takes place(B).
This binding complex is transferred by the flow to the NC membrane and then reacted with the

immobilized antibody for signal generation(C).

of 718 Ao® o SHEHT o F sgel
AL A9 Fhesith, Add gold ¥4
Z o] 43 AV ARE 2FWHL YA o
¥ 3Ehr) L] )R AtAer Holyd #F

AL AFsoh AAZ, AZIZE 2
oA gg-aa 92 pold YAE BDF
Hog FHAA QA HEAGUE A7 4

fL‘l

o
52
o= gE:AJ|uz AZHAEEE BAEF
Fwol At AaHoer FALUI2]
ujabd o9} go| wAE drNEE B
o] of Eabe V& S o
NE e vatel EFo| M3l =4
B AESE GBAq LS e
Qv 2 A e Hu
¥ gl-zqg}jr_ = }*5].7}] A7 ACEE &25T
EEE 7 ].750] /\hq.]xlog ABEn
8ol WY W opiz FAas)e] 4
olr b chAen, WEEE
gold Aol 218 W2 :
2 1 BAE
o

p

Herez ga
= AmeH o

4

3118 A -gold E20]= FF4 34
9 o

2de w487 99

Al el 2 @
At gold PAL T3¢ AL F

ALN0] mL)S gold £9@ mL)H &%
st 308 Tk vrEEA. Gold A
A EHE casein FHCE FEFHIACH

e Z2dAE AR A7RR| 4TAAN 2EHH
Ak A7)sped AswALs AL£sH7] H
3}, ammonium persulfate (APS)] &4 3t
|2 aniline GHAS 4AgA 7| HHE 9

£35l oad ALY EAS] polvanilineS
et vH14,15]. Gold F2e|=-34 %
Aol Az=AHN FLIF F7EM goldst
A 2 WS A7l 3 polyaniline &4 F
7V i 30% B Al TR

3.1.2 37 2Agskd $9bd = (thick-film
electrode)2] A3
AAge AME HAXEHE 51967
e NC wWrggls ARAMZ ALEse F
FASE Az FEPa"How siye
HE = Uﬂ_‘ii’ﬂ?_] AE T =

o j=
ARE F T

mm)é /ﬂLLO}%’iE}. NC =dg<le] inter-




digitated A =590 HSA tisl gA4
TAZ zhetaE ol o =S
At Ao A7 HZFEEE whEets] HEl,
£ el AEE Sl

kA st

HSAel d&l AAlE A+ NC HE#Hcgl
Z~EY (5 x 20 mm)el v A = e
05%(v/v) glutaraldehyde® Ap-&3te] 343
Ao g nAsEATE

313 38 BEAa e g g B2y

Lot mo) Azxdrsg =3ss #s
Zz4e Wod IzoEdgs E4x2do)
Fal-gold Fmolr FEA elx wAZ
oA E WAege AEHS Abgsd 7A

HAvk Azd d92EH AaYE AxS
vt (Fig. 7, A). 4713 vhep o] Az
AE2EYS o] 8 E4ALHe HSA I
=89l & gy gl E

[«]
o =AY FehEAguded o T

e
H—li
oo
g

3.14 A71&s #4449 74 3 24
A=A 2R polyanilineo] FH¥ A
2o FA sl A Alzd 9 goldet #
A7k nggd Wedgd ~uy d=s A
gto] A7 ARE S 72 WY
Eads E4A2e S AZsAn (Fig 8)

Front
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- against
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Electric medium flow

contacts Fi(;;
. P _~Immabilized
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electrodes eneration” <
pad ... Ant ibody
-gold
conjugate
Fig. 8 conductimetric immunosensor design

utilizing screen-printed thick film electrodes in
an inlerdigitated structure. The electrodes
were printed on the NC membrane through a
patterned screen (two-by three interdigit), and
the antibody was immobilized on  the
interdigitated area. This electrode membranc
replaced the signal generation pad of the
assay systemshown in Fig. 7.
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Fig. 9. Comparison of different detection

methods of gold signal produced by
antigen-antibody reaction in an
immuno—chromatographic assay. The color
signal  was assessed in  terms of
signal-to-noise  (S/N)  ratio  based on
photometry (photo). For contrast, the gold
density was also determined by measuring

the conductivity {conduct} along the signal
line shown line in Fig 7.
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Fig. 10. The concept for enhanced electron
transfer with a conducting polymer adsorbed
on the surface of gold colloids (the top) and
determination of optimal concentration of
polyaniline used for the gecld may bridge
adjacent particles for conduction resulting in a
signal enbancement. However an excess
amount of polyaniline f{(eg. 1 mg/mL)
cross—linked the gold particles to precipitate
and, thus, caused an adverse effect.
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Fig. 11. Dose response curves obtained by
utilizing different methods of gold generation,
le. conductimetry and photometry, from
polyaniline- bound gold colloids used as
tracer, The same signal generater was
emploved in the two different detection
systems  {the top panel}) and  their
performances were compared after
transformation of the measurements 1o
signal-to—noise ratios (The bottom). This
revealed that the signal generation based on
conductimetry resulted in an exXponential
dose-response  pattern  and,  consequently,
signal amplication.

A WEgel AEY immunosensor?
Ao AEAew g4 (3 Fd) £
BAg AlgEo] 2@ gold EEo)= U=}
ol AEAHDEAE EYst

{(molecular wire)S A1 ZH3zd &

A (52 F)E z@eis dEyd ~EHY
Ao AdFAD o2 g 48 (2
BE, G, Ax 5o AFENd A8
T e WEAY AEYH ¥ dqAdE A
Ladnh oy FAUAEE A F7HA
A& B ojiE 1 AVIHAER JEE F
Aey] A8 dvtdoez vgd A AAY

ARE WEHE AT F oy dde AT
gk FEdow, AFEA % owdd iH
A 2EHE JAAREN A7IT vaL
oAtk olsh T woleAM AzriEe
FE-FA 9gd slad AukgA2E
oo EAawgd 54 DNAE @A s: 9
A HENEE oled aadAM B fFuA
Ao AR = FdA 484 5 AT

FaER

11 D. Noort, 5. Wwlin-Klimtstrom, H. Arwin,
S. Zangooie, I. Lundstrom, C.-F. Mandenius,
"Monitoring  specific  interaction of low
molecular weight biomolecules on oxidized
porous silicon using ellipsometry”, Bio-
sensors & Bioelectronics, Vol. 153. No 34,
pp439-449, 1998.

[2] M. Thust, M. J. Schoning, S. Frohnhoff, R.
Arens-Fischer, P. Kordos, H. Luth, “Porous
silicon as a substrate material for poten-

tiometric biosensors”, Meas. Sci. Technol.,
Vol 7, pp26-29, 1996.

[31 V. S.-Y. Lin, K. Motesharei, K.-P. S.
Dancil, M. J. Sailor, M. R. Ghadiri, “A

Porous Silicon-Based Optical Interferometric

Biosensor”, Science, Vol. 278, pp&40-843,

1997, '
[41 M. J. Schoning, F. Ronkel, M. Crott, M.

Thust, J. W. Schultze, P. Kordos, H.
Luth, “Miniaturization of potentiometric
sensors  using  porous silicon  microtech -

nology”, Electrochemica Acta, Vol. 42, No
20-22, pp3185-3193, 1907

[51 R. W. DBogue, “Novel porous silicon
biosensor”, Biosensors & Bioelectronics, Vol.
12, No 1, 1997,

[6] T. Osaka, S. Komaba, M.
Tanabe, “High—sensitivity urea sensor based
on the composite film of -electroinactive
polypyrrole with polvion complex”, Sensor
& Actuators, Vol. B 35-36, pp463-468, 1996.

[7]1 P. Price et al, Principles and Practice of
Immunoassay, 1997, Page 579-603,

[81 R. Chen et al, 1987, Clin. Chem. Vol. 33,
Page 1521-1525.

f[oI M., P A Laitinen, 1996,
Bioelectron.,, Vol. 11, 1207-1214,

[10] S. C. Lou et al, 1993, Clin. Chern., Vol. 39,
619-624.

[111 S. H. Paek er af, 1999, Anal. Lett, Vol. 32,
335-360./

[12] A. Heller, 1990, Acc Chem. Res.,, Vol. 23,
128-134.

Sevama, K.

Biosens.



[13] T. M. Swager, 1998, Chem. Res., Vol. 31, [153] T. A. Sergeyveva et al, 1996, Sensor.

201-207. Actuat. B, Vol. 34, 283-288.
[14] T. A. Sergeeva et al, 1996, J. Anal. Chem., [16] S. A. Fernando, 1992, J. Immunol Meth.,
Vol. 51, 394-396. Vol. 151, 67-86.




