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Abstract

Electrochemical properties of the two standard electrodes, glassy carbon electrode (GCE)
and platinum electrode (PTE) were examined using cyclic votammetry (CV) technique.
Measurement of a ferri-ferro ion exchange under K,Fe(CN), at pH 7.0 with nitrogen atmosphere
has indicated similar electrical conductivity capable for electrochemical performance. Although
some differences in cyclic voltammogram were appeared. A high response to electrical
measurement by CV and differential pulse voltammetry (DPV) has been steadily verified even
after modification of each glassy carbon and platinum electrode surface with either 85% or
95% DD chitosan natural biopolymer with their signify patterns. Successful immobilization of
sugarcane white leaf plant DNA (SCWL-DNA) onto the chitosan-modified electrode was illustrated
by an atomic force microscopical (AFM) observation. An efficiency and a stability of SCWL-DNA
immobilization on these modified electrodes were confirmed by CV and DPV investigation through
the standard K,F e(CN):'/ K3Fe(CN)64' exchange system. Electrochemical behavior of the
immobilized SCWL-DNA on GCE was further traced out using methylene blue (MB) as the DNA
intercalator and guanine indicator. Both CV and DPV responses in tris buffer saline (TBS) pH 7.0
supporting electrolyte have suggested the quantificable possibility of this DNA on the GCE
surface. It has been shown that the specific DNA-MB interaction peak current (Ip) at -0.25V
potential (E) was increased following the increase of SCWL-DNA concentration. The results were
more appreciated with DPV according to the more obvious peaks. The amount of SCWL on the 2
mm radius surface chitosan-modified GCE then could be calculated in term of an EC, as 1.38344
E-21 ng and the correlative regression between peak current obtained and log of DNA
concentration could be formulated as the equation of Y = -0.95669+0.5286X with the R value of
0.9916 concerning the DPV results. Thus, these electrochemical studies suggested the system could
be applied for qualification as well as quantification of the target DNA which are necessary steps of

the require DNA sensor fabrication.
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CV = cyclic voltammetry

DPV = differential pulse voltammetry
DD = deacetylation degree

DNA = deoxyribonucleic acid

MB = methylene blue

Ip = electric current

Ipa = anodic electric current

Ipc = cathodic electric current
A =ampare

E = electric potential

vV  =volt

SCE = electrical scan rate (millivolt/second)

AFM = atomic force microscope
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voltammetry (DPV)

o [ 1 [ 4 a 4 A, .
mmsastaninszuanazdnd e 14 lunsIns1a1u3F cyclic voltammetry
(CV) 11235 Differential pulse voltammetry (DPV) #181A399 EcoChemie Autolab PSTAT 30
~ a 14 S U A o
nauaudeTlsunsunouiumes GPES 1195%U 5.9 ¥09UTHN Metrohm Autolab B.V.,
7 @ ag :J
Utrecht, szmemnsasuaus lagldwad lWihvwa 10 ml szuvdidninga 3 97 fAe
ag v . A | A 2 X da v ¥
a1anInsa ¥ (working electrode) Milu GCE %50 PTE F9NUUIANUNAIMUIYI 2 mm
v ad Y a A d ’a g
NUBLAN INTAD1909 (reference electrode) iU Ag/AgCl/3M KCl HAZIAADTOIAN INTA
{3 g’; =4 1 LY o [ a
(couter electrode) MW platinum  Netneumiaa liihdesriinsviaeendiauain
Aq ¥ . ¥ sy o o
d1sazaren 1l supporting electrolyte 0onlHvua Tagmsununalouna lulasuang
1 (4] 1 9 =
WULNERE19T 08 10 UIN
o @ Y] 1 a 4 axy A a A ac
MNTUMIIAA ez NATIZH 1Al CV  oasvdoulszanininvosdianinsa

a ad o < a
Und sanInsadaudas wazmsaseaduehvune 19 supporting electrolyte 2 ¥iiafe 1)
1.0 mM K,Fe(CN), Tumsazais 0.1M phosphate buffer saline (PBS) pH 7.0 Tumsld

Ang I T195995241319 -0.2 89 +0.6 V NOATINITAUAY 25, 50, 100, 150, 1A 200 mV/s UAL 2)
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20 mM TBS pH 7.0 Tumslddnd Iniha9321919 0.0 B9 -0.5 V NdasIimsauny 25, 50,

100, 150, ttag 200 mV/s

1w

[l @ A, ad 1 o o o
arumatamduanu i leeds DPV ano@anInsaniiuiasvasy imsialu

o 9

A g

supporting electrolyte MIUUA158ZA18 20 mM tris buffer saline (TBS) pH 7.0 4ai1n15799

v Y
nszuamnaduludng Iii19521919 0.0 89 -0.5 V

d
m‘;ﬂ‘;’maaué’wné’aa@amsﬂmmamau (Atomic force microscope)

o v @ L4 aag A =K 9 = Lil Aa Y

MNITATIVADVUDNANHUUDIALDULD VIQﬂﬁi\‘lﬂ?ﬂﬁWiG]f'Jﬂ']WulﬂIﬂCBWUUuW‘L!W'Jﬁ‘hﬂ
gjj ad 9y 9 4 9 A = [
GU'J@LaﬂI‘VI'iﬂ Tﬂfﬂ‘;b'ﬂa@\‘]fﬂqa‘ﬂiﬁﬁu&!ﬁﬂ@%@]ﬂm(ﬂa'ﬂ\‘]AFM)‘VI‘Nﬂ’NMa$Lﬂﬂﬂi$ﬂﬂu11ulﬂﬂ3

= Yo s 9 A A o o s 3 o w
‘ﬂ)’\‘]ulﬂﬁ‘llﬂ'J']iJ'E)Hl!,ﬂ31$Wﬂ']3ﬂls]ﬂﬂﬁﬂﬂﬁ]']ﬂﬂiﬂﬂiﬂllﬂﬂ"lf ﬂ?ﬂ ﬂﬂﬁﬂ@!ﬁsﬁu 109 ﬂ?\‘]L‘VIW"l

A

w30 l9fluluea XE-70 (Park Systems Corp., Suwon, Korea) FudoudonuszU
asuiuaesAIunuale Tlsunsy XEP uaglisunsy XEI wazAsmAURB e TN
0.2 nM ﬁ 12 uM Au5TUY trye non-contact mode L8 cantilevers ﬁﬁJu PPP-NCHR silicon
VUASANUD tip < 10 nM uawiwmammﬁ 42 N/m (Nanosensors TM, Neuchatel,

Switzerland)

WHan1InNaasl

£ % d‘ a &’ W A I
Tﬁﬂal‘u"llTﬂl@]Qi’)i’)ﬂ‘mﬂﬂ"ﬂ1ﬂ!‘lf@)ul‘ll\ﬁﬂ‘ll‘lﬁ1ﬁ3ﬂ!!ﬁ$ﬂ1§ﬁﬂﬂﬂ!i’)u!i’)

o

o < oy oy g ) A A
Wafn5ﬁ'li'Ji]Lla$15]5'3FﬂLﬂllf]EJ']Q@uﬂﬂﬂLﬂUIiﬂiﬂmT}ﬂqﬂqi@@ﬂ Glumlﬁwu‘i/]@'llﬂ@flll
o =\ = 1<

~ @ < A ]
ﬂj’]ﬂ WHIAYATDHIU Gﬁﬁlﬂulﬂl@lw’lgﬂ@jﬂﬂiﬂqiigﬂqﬂﬂlﬂ\iiiﬂﬂﬂ’miuuiq a1TnN

Q

Y @

o ] Y A I v @ o @ ' A Y o o
A10819uReeNNanyueeIMSulsaee Ay uazd1sesalee Isane lsa msuns
v 2 g Y Yy v g 7 v o ES
ﬂﬂﬁ@ﬁllﬁ%ﬁﬂﬂ@!,’E']uLfJL’]JTﬁiﬂEI%1ﬂ§Iuﬂﬂﬂlﬂuiiﬂiﬂ"lﬂﬁuu AEMIUNTULa NI IReIaIU
] Iy A = o [ o v a3 gi 1 1
ATNUD °1wnﬂ51nmmmwammumiummﬂ@maumiumum”lﬂ Glumummmwmaau
=1 ax v a3 as 1 1 v 9 axy .
!,ﬂ%umﬂmﬁmiﬁﬂ@mauLmﬁmi@mq NUINITANAANIYIT phenol-chloroform extraction

@ [ 9 1% =0 =1 9 <
NAI9819UAIY CTAB buffer 1¥iNaaN5ADUIBVDIAOI091N00811)1 15ATUv1(SCWL-

a

v I'd : b4
DNA) NANNUTgNEEINI1IDN159U95IUNIIT solid phase extraction 498 column kit 151
] o v

DNeasy Kit tpudusagiliiimssiniaiiumsilaemldiluediann deawisamldld

a g ~ @ a <= A o v W A A
ALUIBNITEAUANNUIFNTIY 1.8-1.9 L?J@WIEJ‘]Jﬁ]'lﬂﬂ"liﬁﬂﬂﬁi"lﬂﬂﬂaullﬁﬁﬂA /A AT

260 280
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auvamaliiluniivesddanInsaGCE nazdianInsaPTE
TumsnagevauanisiilnivesdidnInsaGCE uisumeunudianInsapTE 1u
anmilnd ferhinsasintalaeit cyclic voltammetry (CV) wunldwansialuglves
arlanuduiuisenienszua@ vazdnd Wi (E) luszuy supporting electrolyte UD4
1.0 mM KFe(CN), Tua1sazats 0.1M PBS pH 7.0 fifimsuandeu ferri-ferro ion 1u
wad i danmd 1 Slunsl ov veaGeEYnd devhmsaunulunsazsasimsaunuie
25, 50, 100, 150, 11a2 200 mV/s vaszinmd 2 unsl cv snnsaunuluudazsasins
quaune s SasuTuiy  vesstdnInsAPTE Mnwamsnaassh ldansoagllan
&SﬂiﬂSQ%Qﬁawﬁﬂﬁﬂiz?m%quﬂuﬂwiﬂlﬁi’f’ﬂu@;mﬂﬁmamaquaﬂsmmqmﬁ"lvﬁ’h

VA

-0500x10 *®
-0.400x10 5
-0.300x10
-0.200x10 5+

-0.100x10 4

ilA

0<
0.100x10 4
0.200x10 4

0.300x10 4

0.400x10° - T - : . . .
07 05 02 -00 -03

E/V

H ad 4 o o
a1 sl cyclic voltammogram U84 @Laﬂiﬂ‘iﬂglassy carbon (GCE) Wevhmsianseud
wazdnd IWlihiszaumsaunusnst 25, 50, 100, 150 tag 200 mv/s TuszvaIsazals 1.0 mM

K,Fe(CN),"/ K,Fe(CN)," 11 0.1 M PBS # pH 7.0 & gm#igl 25 °C
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-0.400x10F

-0.300x10*
-0.200x10-%
-0.100x10

0

1A

0.100x10
0.200x10*

0.300x10 5

0.400x10

0.6 0.5 0.4 0.3 0.2 0.1 [} 0.1 0.2 0.3

Mun 2 sl cyclic voltammogram U®4 BianInga platinum (PTE) Werhmsianssuauay
And Tfhnszaumsaunudns1 50, 100, 150 uag 200 mV/s luszuvaisazaly 1.0 mM

K,Fe(CN),"/ K,Fe(CN)," 11 0.1 M PBS # pH 7.0 & gm#igl 25 °C

anvamelnliuniivesdraninsaaanias chitosan-modified GCE uazdianInsaaauilag
chitosan-modified PTE
A o 9| ad [ 9 A =
nnmsasreaeuaniansiin InivesddanInsadauilas aremsnaoUAITFINN
Aa a adg v Aa ad
TaTlas1uriia 85%DD #3i® 95%DD GCE UUAIMI01an INIAGCE nuRIvioEanInga
PTE 110911115A529901A87F cyclic voltammetry (CV) Wy lawanisialugdueensin
[ o J 1 [
ANUAUNUTIZUINNTLUT (D) wazdng 1l (B) Tuszuy supporting electrolyte U943 1.0 mM
{ { 4 Y]
K,Fe(CN), Tud1sazate 0.1M PBS pH 7.0 Nlinsuanildeu ferri-ferro ion Tuad i @3
A I ad @ . . A o
2 3 Wunsl cv vessanInsaaauiad 85%DD chitosan-modified GCE (U9%1n15
1 @ 1 I
aunulunaazdasimsaununs 25, 50, 100, 150, 4ag 200 mV/s Hazn i 4 Wunsl cv
[ @ ad o
nmMsaunulunnazensinsauny vedsian Insaaauiad 95%DD chitosan-modified GCE
~ ~ I 1 [ [ 1 ad
vaznnwns Wuasn v anmsaunuluuaazsns1msaunuadnald  ueddlan Insa

aa11)ag 95%DD chitosan-modified PTE
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-0500x10

-0.400x10
-0.300x10
-0.200x10

-0.100x10 4

ilA

o
0.100x10 4
0.200x10

0.300x10 4

0.400x10 T U T
07 05 02 -00 -03

t/s

M 3 131 cyclic voltammogram Y94 B18n IN3Aglassy carbon(GCE) NIAADUAISAITHININ
laTawmuwiia 85% deacetylation degree (chitosan 85DD) tieymsianssuauazdng liihin
FTAUMIAUNUDATY 25, 50, 100, 150 1AL 200 mV/s IUILUVAT8LAIW 1.0 mM K,Fe(CN), '/

K,Fe(CN)," 114 0.1 M PBS # pH 7.0 &4 qavifi 25 °C

-0.250%x10

-0.150x10 -

-0.050%x10

ilA

0.050x10

0.150x10 4

0.250x10° T T T
0.7 05 0.2 -00 -03

Mun 4 231 cyclic voltammogram U84 B1An INgAglassy carbon(GCE) MAABUAIATFINMN
laTawmuyia 95% deacetylation degree (chitosan 95DD) tieyimsianszuauazdng lWihin
FTAUMTAUNUDATY 25, 50, 100, 150 LA 200 mV/s IUTLUVAITZAIY 1.0 mM K,Fe(CN),'/

K,Fe(CN)," 11 0.1 M PBS 11 pH 7.0 &4 qaunigil 25 °C
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-0.750x10

-0.500x10

-0.250x10 %

0.250x10%

0.500x10%

5
0780107 05 02 0 03

d‘ . ad . A A 9 =
MU s aa cyclic voltammogram U84 ’E]mﬂI‘ﬂiﬂplatmum(PTE) MindeualeasdInnla
Tas1UtiA 95% deacetylation degree (chitosan 95DD) 1oymsianszuauazang IWihnszay
MITUNUBATI 25, 50, 100, 150 uaz 200 mV/s TuszUUEITazals 1.0 mM KFe(CN),/

K,Fe(CN)," 114 0.1 M PBS 1 pH 7.0 &4 gl 25 °C

=

o < R A g xR Y = A U
anugusalumsasstisueiignassaremsiimwlnlasuuudianInsadauas
) ¢ . . y X a

mﬂmﬂﬂvﬂam@amaﬁummm@u(Atomlc force microscope) asndou Iaseaswnur Iy

@ A @ A R a3 a 9 g’; a d
FZAUYANANIOIZAVUT TUMA NDATIVAOUNANITATIADUD SCWL-DNA VUHININUVINAN

~ @ ad v o ]

vvesmsyinm ln lasunldindoudaulasdanInsasudyanu lvih wun aunsoase

adg A o A A { . '
WAL UM IMAToUAD SCWL-DNA Miilufidueaeiae) (single stranded DNA) gneaiog

a a [ [ [ @ o [ =
vty la Tasuainaneduyany  1azdiausoInvIan MUY IF U189

H 9 H
U a18iAeI1Ue1 SCWL-DNA Hi 1ddvinadszaina 10-15 u Tuwas dadsingluawdi 6
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nm

= a g it = . A v Y ¢
sl 6 mmAwengnasswuiavula ey WeasiaeusIendosganssaitsiezaoy
v d { { Q
(Atomic force microscope) FIAWTOATIVNUADUBAIWIABIVOI SCWL-DNA NIAUUIAAINY

Y < PR
ninveudumea e lantvualszana 10-15 w1 Tumas

nganssumaliluaivesdiduengnassuudianInsadaui/as chitosan-modified GCE
namsiamueanszuaez 1ua (Ipa) waznszuaazIna (Ipc) N¥1ednd Inihsznang
= . 3 3- 4 A o
0.2 94+ 0.8 V luszuu supporting electrolyte 1w K,Fe(CN), / K,Fe(CN),” NizaumMIaunu
Y
8931 25, 50, 100, 150 taz 200 mV/s wuNiaymand Ifhuanaedueanly Taseuise
o = A [ YR ( 9 1 Y o ~ ~ [ v 1
uSeuieuiionaasnNuduwus uszauaaa 18 dan i 7 Nuaasnnudunusserig
v o Y A o Y o 2 ad @ dy
aszuanudng Inlihindaldndamsasa SCWL-ssDNA vusidnInsadauilasi vinmsaunu
Y o . Y = = < A
AYOATINAZIZUL  supporting electrolyte U1NAU Yz NNIWN8 1Wuns vl Ccviuaaswa
v Y X
nFouivunszuauazdndluihuel§izeor redox AAavwiiongia GCE (a) v
ad @ o { o
dranInsaGCEaaulasaromanaoud1ssinnlalasu lalagub) wazdyniun ldnds
R aa a ag @ Y =
A1IA3IADULAIUAYIVEY SCWL-DNA UudianInsaGCEaaulasaleassininlalagu
A o A < v o Jda Y .
()NOATIMITAUNU(scan rate) 100 mV/s  tazmwi 9 Hunsilanuduwusiyaudy (linear
regression) 91N1NT81 redox Y9I SCWL-ssDNA U3nsziaoy Iua(lpa) Haznszuans Ing
(Ipc) INMIIAIULARZEATINMIALAUN 25, 50, 100, 150 LA 200 mV/s 1aaliA1 R Ye3 Ipa Lag

Ipc 131 0.9992 tag 0.9979 MudAu
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-0.750x10°

-0500x10° {

-0.250x10° 4

ilA

04

0.250x10°4

0500x10° 4

0.750x10°% ; ‘ ‘ ‘ ‘ ‘ :
07 05 02 -00 -03

AN 7 A 1vleyclic voltammogram M ldndannmsaseduenanannseadulsaluvii
Aannwe I Tawarauanudutu 50 ng/ ul $1194 2 ul VUBIAN TNTAglassy carbon Aauilag
Y A =S dl o [ [ Y ti' [ 1Y

femsmdevasdinmlalamy Wevmsianszuauazdnd IWFhnsedumsaunudns 25,
50, 100, 150 1@z 200 mV/s 1UT2UVA1TAZA19 1.0 mM K3Fe(CN)63-/ K3Fe(CN)64- 11 0.1 M

PBS 7 pH 7.0 &4 @il 25 °C

-0.500x10®

-0.400x10°°4
-0.300x10%4
-0.200x10°%4

-0.100x10°%4

ifA

04
D.100><10'5—‘
D.200x105—‘
0.300)(105:

0.400x10°. : : : : : : :
07 05 02 00 03

[ 1 Aa g

M 8 N3 cyclic voltammogram ta@aInamMsIeuneuseni1981an InsAGCEaoe(a)

v ad [ o 1

vaian InsaGCEAaulasdaremsnaoua1szIninlalasulaTagiu®d) vazdnaunla
(% G A ad o 9 =

NAINTATIADUIDENBIABIVOI SCWL-DNA UUdIan INTAGCEfaulasdrearsdinnlala

F1U(c) ﬁ5ﬁ51ﬂ1iﬁllﬂu(scan rate) 100 mV/s meldszuvasazals 1.0 mM K3Fe(CN)63—/

K,Fe(CN),” 114 0.1 M PBS # pH 7.0 &4 g 25 °C
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5 J
<C 4
S
— 37
& 2
=]
1 4 R = 0.9992
-2
R= 0.9979
SE -3 1
S
—
>
oS4
=2
-5 4

4 6 8 10 12 14
Sguare root of scan rate

Y o v J o { [
MNA 9 ANUFUNUTUBINTZUA oxidation (Ipa) AZNTLUA reduction(Ipc) Gumanumunuﬁ"lﬁ'wm

2 ax = ag o Y S
N3ATIADUOIASIUDY SCWL-DNA Dudian InsaGCEaamasdrea1stininlalaaiu
Anunnmsialuudazseuveansaunui 25. 50. 100. 150. 1ag 200 mV/s TuszuUmsazaly

1.0 mM K3Fe(CN)63-/ K3Fe(CN)64- 114 0.1 M PBS 1 pH 7.0 &4 gaugil 25 °C

a Y, = 2 = = a s Y . .
ngAanssumalnluniivestidweiignasswudianinsaaauilas chitosan-modified PTE
TumstamveanszuaozTua (Ipa) naznszuaazIna (Ipe) N¥1dnd 1Tz
= . 3 3- 4 A 9
0.2 09+ 0.8 V luszuu supporting electrolyte 11/ K,Fe(CN), / K,Fe(CN),” NizaumMIaunu
[ T A ] dy =1 9| 1 [
8931 25, 50, 100, 150 1AL 200 mV/s wuNimusymand ihuanaenueesnly Tasauise
o = d’ [ o J [ 1 Y o d' d' 1Y v J 1
WS euieuionaasnNuaun s luszaua1ea 18 A Inn 10 NuaaanNuauNUFTL1HI
LYY { o [ ad Y]
aszuanudng Iihinialandansnsa SCWL-ssDNA vudianInsadauilas chitosan-modified
Yy o . Yy 9 A A 3
PTE 910MITFUNUAIIDATUIASTEUY supporting electrolyte YINAU YUSNHNINNT 1 WWuns
] H 9 1
cviuaasnaSeuiounseuauazdnd IWiveslfnse redox Mnavuiiierinisia PTE
v ad @ [ {
(a) nudianInsaPTERAUasdemsadoua1sFInnlalasiulalasiub) vaydygiun
Y o KX A a A ad o Y =
lavaeansas Ao aeReIves SCWL-DNA vudianInsaPTEAAULaId 815510 M a
A o 1 I o v Jda
Tas1u(c)NENTIMIALAU(scan rate) 100 mV/s  wazamwin 12 Wunsianudunusiyaduy
(linear regression) 3101381 redox Y9I SCWL-ssDNA Y9430z IuA(Ipa) agnszLa
Az Ina (Ipc) NNMIIATUUABLOATINTEUAUN 25, 50, 100, 150 1A 200 mV/s 1aglA1 R Y04
3| o o A = '
Ipa uaz Ipc 1Hu 0.98913 uaz 0.99689 awaau uazieofSeufeuaivesnseuaias
] o aan i A 2 @ Aad g’,
dnd IrlThiia'ldueallfisen redox MifATU a1 B@3INITALAY 100 mV/s YBIDLAN INTAN
a [ Y] [ a 14 a
¥Ha GCE uaz PTE neouuazvasnmsaaulassieans Inamwessssumalalasu uaz

o = vy g AN Yo A
Nad1NN1INTI SCWL-ssDNA L1a1 ﬂﬁWiJ']ﬁﬂﬁ?ﬂWﬁﬂllﬂﬂ\TWWTI\iﬂ 1
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-0.750x10 ~*

-0.500x10 ~*

-0.250x10 ¥

ilA

[]

0.250%10 *

0.500%10 *

0.750x10 * T T T
0.7 0.5 0.2 0.0 -0.3

a . AN Y o ° =2 g A A o P 3
WA 10 A5 1cyclic voltammogram N IA¥EIINTIINTATIRD MO BRI NANAIING BT 1
! A Yy ° a g .
Tsaluvnnnannde W Tanaiauanududy 50 ng/ pl 1494 2 ul VU INIA platinum
[ 9 A = dl o [ [ 9] td' [y
dautasdemsnaevasmiamlalamy  devhmitanszuauazdng Wihiszaumsaunu
9731 25, 50, 100, 150 1@ 200 mV/s TUsZVUAITaZA18 1.0 mM K3Fe(CN)63-/ K3Fe(CN)64- 11

0.1 M PBS 7 pH 7.0 &4 gauvil 25 °C

0.500x10°%

0.400x10°5 b
0.300x10°5 c
0.200x10°5
< 0.100x10° a
0
0.100x10°
0.200x10°
K
0:300x10: o7 05 02 00 03
E/V

v 1 Aadg

2WA 11 519 cyclic voltammogram uaasnamsiLeueussui1981an InsaPTEA08(a)

v ad o [ {

vaian InsaPTEsauasdremanaovasdininlalasiulalasub)  vazdygunla
% =KX a g A ad o 9 =

NAINITATIADUIDENBIABIVOY SCWL-DNA 1udian InsaPTESaulasdrearsyininlala

F1U(c) ﬁgﬁiWﬂiiﬁLLﬂu(scan rate) 100 mV/s meldszuvesazals 1.0 mM K3Fe(CN)63_/

K,Fe(CN)," 11 0.1 M PBS 1 pH 7.0 &4 qaunigil 25 °C
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0 4 R = 0.98913 -

O 4 R = 0.99689 -

Ipc x 10°
N

-7 4 - B

T T T T T T T T
-2 o 2 4 6 8 10 12 14 16
Square root of scan rate

H [ Y] 4 [ {
MNA 12 ANUFURUTUDINTZUA oxidation (Ipa) aenIud reduction(Ipc) vouduanun'ld

o R aa = ad [ 9 =
NAINITATIADUIDEBIAEIVOS SCWL-DNA UudIan InsaPTEAauasdreasyininlala
FIUNNDUINNMTIA TULABETOUVRINMTAUAUA 25, 50, 100, 150, uaz 200 mV/s IUTLUL

#1502019 1.0 mM K3Fe(CN)63~/ K3Fe(CN)64- 11 0.1 M PBS 1 pH 7.0 84 @i 25 °C

H ] o 4 o a L4 as . A o
M39N 1 meenszuauazdAng IiuieihnsdnizidleIs cyclic voltammetry (CV) 199131
NI ELNU(scan rate) 100 mV/s meldszuvesazals 1.0 mM K3Fe(CN)63'/ K3Fe(CN)64' lwoiwm

~ a v adg a ad a
PBS 1 pH 7.0 2 g 25 °C 1ANITINDLAN INTAFUA glassy carbon (GCE) a1an Insaxila
ad o o = o
platinum (PTE) a1anInsa GCE /1 PTE sautlasdremsinaouanssininlalaany uazmsia
o o =R A ~ [ Y I A a dal Y 9
NaININMIasIaR e nananneseiuIsaluvnmannde W Tanarananuudy 5o

o ad o ' a
ng/ pl WU 2 pl vUBaa Insaaauilasunazriia

Electrode species E, L, (nA) E, L.(wA) | L/, AEp AEP 12
(V/sc (V/SCE)
E)
Bare GCE 0.5136 | 2.4136 | -0.0806 | -3.3255 | 0.7258 0.4330 | 0.2165
GCE-Chitosan 0.4229 | 1.4297 | 0.01007 | -2.0837 | 0.7879 0.4129 | 0.2065

GCE-Chitosan-ssDNA | 0.4129 | 2.3697 | 0.01007 | -2.8592 | 0.8288 | 0.4028 | 0.2014

Bare PTE 0.6043 | 2.6404 0.0 -2.7487 | 0.9606 | 0.6546 | 0.3273

PTE-Chitosan 0.6043 | 4.1141 | -2.0142 | -7.1960 | 0.5717 | 0.8057 | 0.4028

PTE-Chitosan-ssDNA | 0.6043 | 3.1046 | -2.0142 | -4.4333 | 0.7003 | 0.8057 | 0.4028

28




A15ABUAUBIVDY chitosan-modified GCE 1iin1539 SCWL-ssDNA A0a15 Methylene
blue M1 DNA intercalator
lumsasavaounganssumanil Iiwes SCWL-ssDNA  #1@390¢UU  chitosan-
a < o 1 ! <

modified GCE 91nM3AARAINAIDUIOAINA1IAIUA1T methylene blue (MB) #4141y DNA
. A o ' ag ' A ] . Y I v A
intercalator NIUWIZAOAD WD IagnW1za UMWV guanine taza1usolmiuartives

Aaan I 3| . . ¥ °
ﬂ;] 561 redox V09RO UIB 1UTE VY supporting electrolyte 13 tris buffer saline pH 7.0 i

Y

Y] v J [ 9| . [ A
Iamanuduiusvesnszuauazdndluihlusduuuues cyclic voltammogram @A W13

=

1 o { % : 3| 1 o

FUAAIYAFIGA (peak)UDINTZLA Ipa 1Az (Ipc) & AAnd lihinganilaaaiuamsumzes

aan 1 I [ o 1 1 1 {
U315z nINADUBAUMB Aofmunis Ep Mlszum -0.25V Tuuaazseuvesnmsaunui

] H Y
25, 50, 100, 150, 1ta 200 mV/s 1azilioyiIN15A329eaUUHN381 redox MAAYN 11INM3TATAY
a < 3 1
5 differential pulse (DPV) AE1H150A5219NUNTUIINYUIUVOIAIGIZANTO peak YOINTZII
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