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Functional Design of Electrochemical Biosensors

Daluwathu Mulla Gamage Preethichandra and Mitsuyoshi ONODA*

School of Engineering and Technology, Central Queensiand University,Bruce Highway, RockhamptonQLD 4702, Australia
*Graduate School of Engineering, University of Hyogo, 2167 Shosha, Himeji, Hyogo 671-2280, Japan

In order to improve biosensor performance namely, the sensitivity, response time, and linear range values, novel
amperometric polypyrrole (PPy) glucose biosensors, achieved by three different immobilizing techniques namely,
physical adsorption, coentrapmentand a two steps method of coentrapment superimposed with physical adsorption had
been studied. Different enzyme loading and material properties resulted in varied immobilizing techniques lead to
dissimilarities in characteristics.

In this study, Pt coated Anodisc™s with 0.2 2 m maximum pore size were used as electrodes to polymerize PPy at
0.3mAcm™ using a solution containing 0.05mol/l pyrrole and 0.1mol/l NaPF,.The polymerization time was optimized to
90 s.In the coentrapment method, glucose oxidase (GO,) (1mg/ml) was added to the monomer solution while an aliquot of
GO, (5 1 [) was placed on the pre-polymerized electrode for physical adsorption.A combined procedure of these two
techniques was used as the last immobilization technique.Physical adsorption method gave a sensitivity of 3mAcm™
(mol/Iy"! and a linear range of 0.5-13 X 10°mol/I with a response time of a 3 s.Sensitivity in the case of coentrapment was
3.75mAcm (mol/1)"! while it showed a value of 4.45mAcm™ (mol/)"! in two step immobilization thus giving 25 and
48% increases respectively.Response times of 9 and 8 s in latter cases reveal the possible repercussion taking place at
enzyme immobilization in three dimensional (3-D) PPy matrix and the delay occur in glucose to reach the enzyme.Linear
range of the two step method was extended up to 16 X 10°mol/I due to the reinforced enzyme loading.

Keywords : Polypyrrole, electrolysis polymerization, alumina nanotube, glucose oxidase, enzyme adsorption,
enzyme entrapment
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Fig.1 Basic principles of biosensors.
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Fig.2 Schematic illustration of electrolysis polymerization cell.

b, A—F/=—%RVBE THEMIEOHRE
E&faim%wﬂﬁtﬁé<ﬁkn\ﬁhdiot
SEBRPRBLhRVWI EbHD DO, ok RE
REAKIGOXEAET L LTE, ZOENICEHNE
EREREEORZSIBIVERGRERENEZS
N, BEILL - TTEROME, EEEERE, 2L
RESEBEZRIETZENDD

(2:2) BRESRGHE D ©
ERESEIC L 28BS0 FES O BUGHERI,
AR O TR Eflie OFEHEFRIER I8
IS E S L TWA R OHEICIZHHI N T
W, ko T, BEBBISEMEITE 2 OBEEE 5T
WIOWTREAL->TEY, RERGESBBRMICER SN
TWd, Lavl, EMNCIZRO X 9 72 BUSHEER —
BiZZF AR TWS, WTFRIZLTHLEMREAE
TiE, B ERERGICSBHOTETFORZEESE
S w— L BREA A, FNICEERBEET 55 TF0
AT 7 RBERELTND,

BREAEIC L 2 EEMR S FOERIE 25
LBE, BMEARISICLoTE/ ~—14F 4720

anode

f?¢@§29¢{5l§""+Q}t

S
Mi ! ,ﬂ-. M-Ms — M- M‘ B.M M e polymer
‘\\‘[ H
Reaction 1 : clL\ctrophll\ulg.timli n coupling reaction

o
35 “M-M —===ee polymer

Reaction 2 : radical coupling reaction

3 HEREEEHUS

Fig.3 Electrolysis polymerization reaction.

M : monomer



225D BFRHEE SN, T0 ) LHEEESRE
l2, BUIEF—ErZitEbhs, TORBR, EEK
ELNBFORICMEYY 3 7o b (H) BEESKR
WEETHILILD, BEERGHE/ —b08
FOB XX IZL-TRIY, ERLI=ZFZHINVAF
Ay (BAAY) 2EMELTDIH 9TV T ERT
o R ALRIGABRYIRENRTETTE2HDLEEZLN
5, BEARIGE LTIX FigdDEIG! : EFBHBRY v
TN TRISHDWVRRE2: SV ANVA v T ) v TR
BOELENTHDEEZLNEN (ZIZ T, MIETE
J ==Y ) BN EAER AR CERRT
VEERZ L, FEESRSRERIEORONTE
T AR OIS T, EDBI~DE <
—REMREA A OB EEE L 2TRER SRV
HEARIGHEIBRTObONIEFICEMEL 2V F—/72
REEBELATWARY, Tbh, BRESIIEER
Mz L 2 BREERF DOE /) ~—OBILRIEH D WITET
FSC L nBtE L, FEEICEHDZ PhNAF 4
HAVETVHINT =AU BEREIN, FO%, By
TV TRIGEBRT 1 b fbE iR L TEASET
THLEZLNS,

3. BftsE glucose NAF Y& PPy ROES
(3-1) glucose /53 # 1 4

234 A i3, 19624F(T L.C. Clark Jr. & C. Lyone
DD TREL TUUK O, EEERRTFOELKIRTR
LLEBETRREL, BETHERSREM, RELR
EOSEFTICHERAHMFIN TV, BEREENY)
HTEE &= DIE19674£ T, SJ. Uplike & GP. Hicks
Lo TWB D, BFELAFEERE, MbIDHE
THUZBE(L S iz GOk i, glucose Z & LR T TK
KORIEHAE L, glucose L, Fva ) T2 b
RN EEEERT D LRI, BEEEZERT D,
Z O, pH OETRBBRLARBREDRMEMH> 7,

H
Q.
glucose + O, 9% H}[ﬁiﬂ + H,0,
L)

Gluconolactone

i
o LLL,

Gluconic acid
H,0, — 0,+2H* +2¢

DX REHRIZEY glucose BENKRESD, 7 F
THERCEERE TH D GO T N UM KEBEEZEE
bt s HEliraEe RIS TV ®, 72, glucose
AAFEYOREEZRETHERE LT, AT,

“BEOEREI", “BROREN". (EE50RE". “5
FORWEHE". HDHVT “FEEOFHRLE 2 LYEEL
B O ERZRT 2 Z LEFRARTH S, &

WX BRIERE Mo OBBET A >

ETHE, ZOLIREREZSHICEVT, R FEFo—
/v (PPy) % > glucose /3o A& - DikgER Iz
DUVWTHRRT L7,

(3-2) PPy S (1
Fig3lZ R FHED PPy (3. LLEBMES I EfEE
ERFRET F—TREBKETHE, EGLEPPYD
HERT, BEEEMFICHEFETABLEBRMBT Tt
—¥E S/ em OFE\VMEERY, 7o, PPy IRBEEE
HICER TV BT TR AFERMELRFT, N1
Y OME e LTIBD TESTHS 1209,
Fig2il " T RBMESEEOEABE L LTITO (1~
U h—HERbY) BEMNT T AR, dMEEEE4E
(PY) R, ZREEMIZ Ag AgCl ZHW\WT, BRES
ERIlot, EMEOHRITE/ ~—LLTEr—
N (Py) 0.05mol/l (FnYeifiT 3. #iEEI8%) . Ff
WHE & LT bR b U o A (NaPF,, Ftid
FTE) 0.lmol/l, FEHICIZZREKZER LI, EER
(0.3mA/cm?) BEE S T PPy 4187,

(3-3) F&E (9)-(11)
ERICEeTESMESTARELA VWL,
d-glucose i Sigma-Aldrich /& EE/LIZAEH L= GO,
i Aspergilus Niger . E.C.1.1.3.4. 210U/mg (U/mg I%,
lumol DRFENRYWE (BRELED.) OREICHEE
TEOMRDES) THHMELENL, ThERFEA

| B et
IREERICEERCEE A M A T2 5E, KEKD pH fED
Eib &2l 5 o gl r vz pH6.5D VU L ERIE
fREHE (PBS) 0.05moll iX, Y VEEZAKFEHY T A
(KHPO,) B8 LU EAFEZF b Y 7 A (Na,HPO,)
MEBER LT, BSERIZEICAVS Imol/l glucose
BEREHOHEDHE L. KEROKIE THERT

Lz

(3-4) BRILE

glucose /34 A& o OREE TR X 0 FHE L7
®)

o

(EIGE)
(glucose D BE X B ETE)

I T, BEISEIL, Imol/l @ glucose RFBEIET A &

5 u ! (glucose DPEEES<10" " mol/l (ZFHY) ZELER L, 0.4V

(Ag/AgCl) DEBEZHIM L{KRET PBS BERK
10m! {2 L T F L TRDT,

T RE=

(3:5) 7L FtEF/ H@E (Anodisc™) 0V
S A Y ORREE, BRI CHREOR EE &
BICEVWT, EELERE LTPPy T/ HIESILEE



TEEMHENME B2BEFE 1S
J. Soc. Elect. Mat. Eng. Vol.23, Noi 2014

B ER L7, FIMFLE2000m O 7V I FHEDOEL
W)/ #E EH (Anodisc™, Whatman ) ZEMRE L
T, BA®EF (JEOL) o lon Sputtering Device

(JFC1500) ZM\ Pt 28k L, ERESOEEEM
EEE L,

(3-6) RIEHERE
EREBSCEMCERAEL B2 TOER(LENL
FEBIL, Fig2il "+ =ERES/FFBE AT}
7 L3 Automatic Polarization System (HSV-100) T{T
o7, PPy E&EESRIHOTIIFHEIVET / HEE
BOKELZ, BENMEMBEOEERNE FHME
{Superscan, SS-550) MW THZ L, PBS @ pH
{Z. Eutech ¥ Cyberscan pH100/RS232 % {# ffl L TFAH
155 -
M, ARE TR —EORRIL, FHITBR~SR2WVER
DIREE300K FRENER P TEM L,

4. EBHESLURH
(4-1) BomESER OO0

F 7 %MD Anodiscs™ %+ Wi &= H T 5 PPy ¥
ORI Az, BEHFEE0.8cm’® Anodisc™ %
<AZLT Pt 2Ry 2&EEF L, Bbhiz Pt/
Anodisc™ EAEIL, Fig2lZTT Ag/ AegCl BIREME,
LA BRER D & 12 5 = EHBSLEEA R RO
Bl L, BMES T, SEEES TOARERIL,
EXMIC@mREmRIIS U ThEs, EERISEMN
FRELBEESISICE L BRIIERRIZED
. ERBRIE7 777 4 —RITREY, EARFHE LK
EiI g AR e nmbhTnd O, KERT
IXEAEFE 245, 90, 18035 X TR00F) & fi~ (kLT
[BEDRE S PPy BEZ{ER L. 2mg/m! @ GO, IEik5 1
[ 2ETLTHEREICZLY GO, #EEL, /514
Ut EEMNLE, ThbtrdOEEHRNEZT
WV, (3-4) BITRAEFRAZAVTEUHREELK
O, REEEIIOESEEMN T/ER L /= PPy BT
Hoh, GO, EE PPy ROBBESMM & Lz,

{4:2) glucose oxidase NDEE{L
BERER TR LEELMEO—2X, B~
FOBERETH S, BREAT(LE L L TR, L
B, ‘BB, SR ZEBachTn5 @,
“IEEREE" ° “YUBE" X BELEROBEN
AERNDT, BHENLOBEORBEIINGI NS, L
ML, RECLIIBEORENREZ VT ENIR
R D,
AEBRTIE, BROBEEREL LTRLEMTES
TR EEME S T ORR R A L aiEE",
FLTINLME ZOEE Li=“2-step IE"IZ DWW T H#R

i3 o

“GERE" TiX, Py £/ = iZlmg/ml ® GO, #M % .
PPy DBMES 21T oz, —FH. “WBREE" Tid,
GO, DETEEE (210U/mg D2mg/ml) 71635 ul 2
L. H6nUHEMRES L= PPy A7 5 Anodisc™
EWEICE T L, “2-step 3" L 4&{HiT7 “AFEE"
L “pERAEE" RHELEEEELERL, B¥
BEEDOHERZ R~

AEBRTHWE Py OEBHRERESICENT, &
fRiE~ GO, ZWML7=BE (“GO,FY") LERE~
GO ZHMLA2VES (“GOEL") TEHAL=EN
CEAMMOBEERA~, ‘GO EL” 0B4, B
BRABER LN/ S RBEY—7 BBll&h, ES
Bt ICB I 54 ) I= XA = DRR M H B0
REBAEOELYE PR LIZEELTWE0E LA
2V, EEREOMEICHATHEFIT NS VBEEEEL
—Z7i3, MHOTEHMTEREZTL, EELYEDN
BWREALTVWARWEITHE, Z0Z &k, EFE
BT L D IEE ICH— 2 PPy IS PLEBRmICHER &
nNTWaZ EEmREL, T/ 4 X0OMILEFTHE
BEHWEZERERICLY, EORNEETIIH#E PPy &
NodF ) Fa—TEERLTWDEERXD, B
XEESREMICR LTI & A LT TIRE—ElAT
T, “GO, EL"OBADOES (¥90.8V) (ZH~AT, ¥
ML 723548 O EMIZH0.25V O TR L aL450.55V
D—EMETT, EREMIX GO TRMOFELISL,
2TRILTHD, ZhbDBAMRIZ. GO, DM
Lo TEMEOHBROMMELLH L, EEEMD
T (025V) 8| & T LEXLND, o T, “GO,
" OEEERAWTES Lz PPy BOIBmAE
MEREFALTWHLHESNS,

(4-3) PPy +/ HIE 27L& SEM #i5k

TS FHD Anodisc™ 2 EMESRICE/L LT
FIBT B2 Pt DAy ZHEEHRTT 7=, Anodisc™
DOF ) #ILEED PLALT# kT WEMEHRT L
BOEXH50nm @ Pt BEBAER LT-, Pt Ay 4
K L7= Anodisc™ (X, 7/ EAMTALIFTERE L
T/ERL, PPy 2BE LB TLT /M EERL
TWADT, HAEPPY EEBLZ LN TES, o
T, BEAFH (B hid, fREHE) 2EElk
L, Ex&HHTAZLBEEL2D, GO, BEFEIT.
10—100nm BEDOK & SO FREET S Z LERHM
S2TW3 19 ER4 2 Anodisc™ o ##H FLE 2
200nm DFE, GO, BIEICHT HEIEEEZL D L.
AFLR TR 2000m 72526 GO, 2 EiE Led W\ EE X
bhp U9,

AEBRTIL, (4-1) BITRAT=& 5 ISH0F DO ERF
EARMTEMREIRARE Y, PPy BEITE YA



KEXOMILEER L TWAH LELS, T/bb, PPy
DO, EARMOBRBL LLICHNTS0T, B
fREA M A0 L VB 25 & PPy IEMBEL A2
b, By ERE@MOS;/ MILA PPy [ECHEY, &
CHRBENETT5LE45,

EETE B MEE (SEM) % F VW CEEIFLEE200nm
® Anodisc™ D/ MIFLE L OMHEHOBEEZTo 1=,
Anodisc™ DOt IL, S OMEPHEICERETH L
2 FTICEF L TWARTFRBRI s, —F.
Pt & A%y # 7% L= Anodisc™ |3, FHMILE (G
BER) 200nm OZFLEMEEFLTEBY, Py OERE
AT LV Anodise™ #E &R A PPy B CHfE S 1L PPy
AR XL TS, Anodise™ 13, MIFLEE GRAEER)
10—200nm L LEMEZFLTHY, BRESICE
D PPy MIEAEREN D, Anodisc™ DHIEPEEICE
fRE S L= PPy & GO, % “WAFiE" IC X 045 & |
DTN PPy MIBENHI RoTWAZ LABBEIN
1<

Anodisc™ |3, PPy iz BREE A%, & 5ICFNICH
< GO,DOWHEHTE A MEMELHFFLTHWADT,
glucose CEEH S FITHIENZB &0+ FRL LT
INEREb KE{UEBCELHTEELRH S,

GO, BEFE DRI FR1Z10—100nm OFEFHIZH Y 19,
GO, #fET - wICAEKEATE PPy THIE L /-
Anodisc™ flE X, WELRMILEEZALTVWAS, BV
2B &, T/ %IE PPy Ml (PPy #1F) 1X. GO &
BORT AT 2—H L LTHEHETHY, PPy T
Ml L7-M 04 U ARESR DY A LBHIE A ATRE T
HHLEZOND, AERTIE, Sp!D GO HEA
OWEIERENTEY, BODTORTHD, HAIEL
7= glucose 734 A HiE, (4-4) BiTHRRD K512
EREOBERRA CEEL, PPy MIENEY LTz

Anodisc™ ZFiVVA Z L THEUR BRELERTEE
(9)-(11)

(4:4) + /) #F. Pt/PPy.“glucose BHEDERLE
(9)-(11)
BRI A R T E AR M90R T8 = PPy /PR %
BT ERISERE 21T > 12, Figdit GO, DEE(LZ
“REET, BB BLO “2step 17 & LI
Anodisc™ i3 L USEE © PPy I GO, & “Wagik”
THEEALZEBERA WV TER LIS A i
0.4V (vs. Ag/AgCl) OEEZEINML, 5%10"*moll @
glucose ZHEHEAYIZIE T (1mol/l DEFREEEIRS 1 [ % 10m!
@ PBS (T T) L TER L7- B e\ A & a8
R DBR AR, NEBRUERILZ, BROMNE
B—iod 5w, MABPERTEREZRE L,
Anodisc™ E#i & iV V=& 9T, GO, DEE{LEIC
BE{R e < BTiEiE A B4y B L7z glucose #iMN45 &

WX BRIEF AT HORETH( >

IRIFRRICRCERIIEML ., BRI, EFRE
DEFAEDI0% (CEES D, ZDE I, BEAV
(vs. Ag/AgCl) LW HERWEECTEMEL ., BRHE®D
PHETIZRWT AL VE (B30 C) PREE R
YomitoRBENH x5 0 BRMALE
200nm @ Anodisc™ & FV =& o ClE, “RAEE ©
A, BEE3mAem? (mol/ly' T, ML, 0.5—13
X 10%mol/l, IEEHEHB3H ThH o7, “BIFE" TIL,
3.75mAcm™ (mol/l)' DRE N E b, AT %
FE TR THTMNICR<0.5—9X 107 mol/l, JFZRE
M9fb & Ar oz, “2-step 57 TIERIL =& LV DREEE
i, 445mAcm? (mol/)' X AE< A2V, BIHEELIE
<720, 05—16X10%moll BB HAL-. LasL, e
BRI “EEEHET LAEEILEL, WAook, ‘A
fEE” BEU “2-step” B TIERHAELS 725 DI,
GO, 7% PPy M BLYE < (T3 T ZEMMIcaiE s h 5
ZEILEBEEXD,
— 75, ITOHHMH 7 ARIC Pt ANy FHEF L TE
WBe L, BRREASLMEE Anodisc™ BHELF—L LT
PPy /PR A ERL L, “Wa&EL” T GO, ZEEL LT

i
Iy Vi i A
501 €y /co 7l P o
I S A B 4 A
_ 40 : "W.\_ g Lot v -
)
é ~ - .I‘ g
g 30 #‘ v: +* GO, ey GO, phytical ailsorption
> * e
t i'-']‘ o*
= 20 Col I 0. N )7/ ¢ I L
&) P .. u i : —uurm?#{n waie buffer. |
-t Enld el
10E I
: e e

1 1
00 100 200 300 400 500 600 700
Time (s)

{4 3HEOBE(E 2-step &, QfFEB LUWRFE T
GO, #EE(L Lz & &, & T 5 BUARY 22 B HE O RER
K04V (vs. Ag/AgC A EIIN L T pH 436,50 U - EstE i i
PBS {25%10™mol/l @7 o7& gAY o T L, 2-step 3%
I2& % GO DEEIL. PPy EEOPZEMEIZImg/m! @
GO, Z M A TV, D E2mg/ml @ GO TR 65 u l #17
ML O L, BUERIZ LD GO mEE(kIL, PPy EAH
ICEARRIZ Img/ml @ GOx ZFML TIT o7, WMAFEICLS
GO, DEE(IZ, PPy ZEA L7cth. 2mg/ml @ GO, JFEkifEh»
B5ul #ERLTHIEFLE,

Fig4 Typical amperometric performances of the sensors with
2-step GO,immobilization, GO, coentrapment, and GO, physical
adsorption, for successive addition of 5x107mol/l glucose to pH
6.5 PBS at 0.4V (vs. Ag/AgCl). 2-step GO.immobilization was
done by adding GO, (Img/m/) to the electrolyte during PPy
polymerization and by adsorption 5y / of GOy (from 2Zmg/ml)
afterwards. GO, coentrapment was accomplished by adding GO,
(1mg/m/) to the electrolyte during PPy polymerization. After PPy
polymerization, GO, physical adsorption was accomplished by
adsorption 5 . / of GOx (from 2mg/m/).
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Fig.5 Current response with an addition of 5x10™mol/l of
glucose in to 0.05mol/l phosphate buffer for PPy nanotube array
seonsors with 100 and 200nm of pore size and PPy film
synthesized on PUITO glass electrodes. both loaded with GO, by
physical adsorption.
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Tablel Analytical performance comparison of polymer based glucose biosensors

ivity (mAem2(mol/l)™!)

(pore size : 200 nm)

Response time (s)

#2 GO, DEE(LEDEBENCLZ

A Y N3 — AL A OB ER

Table2 Performance comparisons of glucose biosensors based on the difference in GO, immobilization techniques.

Physical adsorption

Coentrapment method

2-step method

Sensitivity

(mAcmZ(mol/l)1) 3

3.75 4.45

Linear range
( X103 mol;’l)

0.5—9 0.5—16

Response time
! 3
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