
第49卷第4期 Vol.49,No.4
2019年4月 JOURNALOFUNIVERSITYOFSCIENCEANDTECHNOLOGYOFCHINA Apr.2019
文章编号:0253-2778(2019)04-0268-08

  Received:2018-10-10;Revised:2018-12-18
Biography:LIUHao,male,bornin1988,master.Researchfield:electroanalyticalchemistry.E-mail:hao0925@mail.ustc.edu.cn
Correspondingauthor:WUShouguo,associateProf.E-mail:sgwu@ustc.edu.cn

Aglucosebiosensorbasedongraphene-Prussianblue-chitosan
compositefilmfabricatedbyelectrodeposition

LIUHao1,WUShouguo2
(1.ChangzhouHygieneVocationalTechnologyCollege,Changzhou213002,China;

2.DepartmentofChemistry,UniversityofScienceandTechnologyofChina,Hefei230026,China)

Abstract:Thelayer-by-layerstructuredcompositefilmofgraphene-Prussianblue(PB)-chitosan
(CS)wasfabricatedonaglassycarbonelectrodebythree-stepelectrodepositionmethodandused
forglucosesensing.Graphenenanosheetsweredirectlydepositedontotheelectrodethrough
reductionofgrapheneoxidebycyclicpotentialscanning.Then,aglucosebiosensorwas
fabricatedbyelectrodepositingPBnanoparticlesandglucoseoxidase(GOD)-chitosanhybridfilm
(GOD-CS)onthegraphenemodifiedelectrodesuccessively.Thesurfaceoftheresultingmodified
electrodewascharacterizedbyelectrochemicalmethodsandscanningelectronmicroscopy.Under
optimalconditions,thebiosensorshowshighsensitivity(50.29mA·L·mol-1·cm-2),low
detectionlimit(12μmol·L-1)andfastresponsetime(3s).Alineardependenceofthecatalytic
currentuponglucoseconcentrationisobtainedinawiderangefrom0.02to10mmol·L-1.In
addition,thesensoralsoperformswellformeasuringglucoseconcentrationsinhumanblood
serumsampleswithoutanypretreatment.
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基于电沉积石墨烯/普鲁士蓝/壳聚糖复合薄膜的葡萄糖生物传感器

刘 皓1,吴守国2

(1.常州卫生高等职业技术学校,江苏常州213002;2.中国科学技术大学化学系,安徽合肥230026)

摘要:在玻碳电极表面通过三步电沉积法制备了石墨烯/普鲁士蓝/壳聚糖复合薄膜葡萄糖生物传感器.通
过循环伏安法将氧化石墨烯电化学还原,在电极表面直接得到石墨烯纳米层,在石墨烯纳米层上成功电沉积

得到普鲁士蓝纳米粒子和葡萄糖氧化酶-壳聚糖复合薄膜,制备的修饰电极通过电化学方法以及扫描电镜分

析了其性能与结构.在最优条件下,该生物传感器表现出了灵敏度高(50.29mA·L·mol-1·cm-2)、检测

限低(12μmol·L-1)、响应时间短(3s)等特点.电极响应电流与葡萄糖溶液浓度在0.02~10mmol·L-1

范围内具有较好的线性关系.此外,在对人体血清样本的检测中,该传感器同样表现出优异的性能,对血清中



常见物质具有较强的抗干扰能力.
关键词:葡萄糖生物传感器;石墨烯;普鲁士蓝;壳聚糖;电化学沉积

0 Introduction
Diabeteshasbecomeoneofthemostcommon

publichealthproblemsnowdays.Therefore,the
researchonthedetectiontechniqueofthehuman
bodyglucoseisofgreatsignificanceandnumerous
studieshavebeenreported.Amperometricenzyme
electrodes,basedonglucoseoxidase(GOD),have
beenplayingaleadingroleinthemovetowards
simpleeasy-to-usebloodsugartesting.Usually,
the detection is accomplished by monitoring
hydrogenperoxidegeneratedbytheGODcatalyzed
reactionofglucosewithoxygen[1].However,the
higherpositiveworkingpotentialsmightleadto
interferences from reducing species such as
ascorbicacidanduricacid.Tosolvethisproblem,
theelectroactivemediatorshavebeenadoptedto
improvetheelectrontransferofhydrogenperoxide
atthesubstrateelectrodewhichallowsmonitoring
glucoseatloweroperationalpotentials.

Graphenehasrecentlyattractedatremendous
amountofattention.Itsnovelphysicochemical
propertiesthat arise from the strictly two-
dimensional(2D)andone-atom-thickgeometry[2],
suchashighsurface-to-volumeratio,superior
thermal conductivity, excellent electrical
conductivityandrobust mechanicalproperties,
whichmakeitastrongcontenderforpotential
applications in synthesis of nanocomposites,
fabricationofvarioussensorsandmicroelectronic
devices[3-6].Oneofthepromisingapplicationsof
grapheneiselectrochemicalsensing,sincethe
graphene modifiedelectrodeexhibits wonderful
electrochemicalbehaviors.Sofar,mostofthe
graphenefilmsonelectrodeshavebeenobtainedby
drop-coatingofthechemicallyreducedgraphene
oxide (GO)sheets[7].However,theprepared
graphenefilm by drop-coating methodis not
stable,andthe methodisalso notefficient.
Recently,electrochemicalreductionofGO has
drawngreatattentionduetoitsfacileandgreen

nature,andthethicknessoffilmscantransform
withdepositiontimeanddepositionpotentials.In
thisstudy,wepreparedgraphenefilmonelectrode
directly in a GO dispersion solution by
electrodeposition,accordingtoRef.[8].

Prussianblue(PB)isanimportantinorganic
polycrystalwith well-knownelectrochromicand
electrocatalyticproperties.Sinceitwasdeposited
onthesurfaceofelectrodebyNeffin1978[9],PB
hasbeenwidelyemployedinmanyresearchareas,
suchaselectrochemistry[10],electrochromics[11],
magnetics[12] and potential analytical
applications[13-14]. As a most advantageous
transducer,PBhasrapidcatalyticreactionrate
towardreductionofhydrogenperoxideatlower
overpotential[14],leading to many researches
focused on PB-based sensors and biosensors,
which can excludetheinterferencefrom the
coexistingsubstancessuchasascorbicacid(AA),
dopamine(DA)anduricacid(UA)inbiological
samples[14-15].Furthermore,thenanocompositesof
PB and graphene,which can produce signal
amplification and increase the sensitivity of
biosensor,havealsobeeninvestigatedinrecent
years.

Also,chitosan(CS)isakindofnaturalporous
biopolymerwithattractivecharacteristicssuchas
biocompatibility,nontoxicity,high mechanical
strengthandexcellentfilm-formingability.In
mostcases,CSmembranescontainingGODwere
oftenmanuallycoatedonthemodifiedelectrodeto
fabricatebiosensors[16-17].However,itmayresult
inuncontrollablethicknessofthefilmandpoor
reproducibility. Recently, electrochemical
depositionhasbeenreportedasasimpleand
controllablemethodfortheformationofCSfilm.
Specifically,CSisawater-solublepolyelectrolyte
atlowerpH(<6.3).WhenthepHvalueishigh
than6.3,itbecomesinsoluble.Thisproperty
allowsCS hydrogelto bedepositedontothe
electrodebyincreasingthelocalpHatelectrode
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surfaceandthefilmlayercantightlyattachedto
theelectrodeandretainitsnaturalproperties.
Moreimportantly,othersubstancessuchasmetal
nanoparticlesandenzymessuchasGODcanbe
incorporatedtoformthebiocompositesduringthe
electrodepositionprocess[18-19].

Herein, a layer-by-layer structured
nanocomposite film glucose biosensor was
constructedsuccessfullybasedonelectrodepositing
ofgraphene(EG),PBandGOD-CShybridfilm
ontothesurfaceofaglassycarbonelectrode,
respectively.GODwasmixedwithchitosanand
immobilizedin situinthe deposited chitosan
hydrogelduringtheelectrodepositionprocess.As
aresult,thisglucosebiosensorshowed good
performancesandwasappliedtodetectglucosein
humanbloodserumsamples.Thecharacteristics
ofthebiocompositebiosensorwereinvestigatedin
detail.

1 Experimental
1.1 Chemicalsandreagents

Allchemicalswereofanalyticalgradeandusedas
received.Oxidizedgraphite wassynthesizedfrom
naturalflakegraphitebythe Hummers method.
Potassium ferricyanide (K3Fe(CN)6),potassium
chloride (KCl), ferric chloride (FeCl3 ),
L-cysteine, L-cystine, L-histidineand and
hydrogenperoxide(H2O2,massfraction30%),
wereallpurchasedfrom GUOYAO GroupCo.
(Shanghai,China).Theexactconcentrationof
hydrogenperoxide wasdeterminedbytitration
with potassium permanganate. Uric acid and
ascorbic acid were from Shanghai Chemical
Reagents(Shanghai,China).Chitosanfromcrab
shells(85%deacetylated),dopamineandglucose
oxidase(GOD,EC1.1.3.4,lyophilizedpowder,
245U·mg-1)from ShanghaiYUANJU Co.
(Shanghai,China)wereproduced by Sigma.
Glucosestocksolutions(0.1mol·L-1)were
preparedand allowedto mutarotate atroom
temperaturefor24 h before use.Allstock
solutionswerepreparedwithdeionizedwater.
1.2 Instruments

All electrochemical experiments were

performedonaLK2005Electrochemistry Work
Station(LANLIKECo.Ltd.,Tianjin,China).A
conventional three-electrode configuration was
employed,consistingofthemodifiedglassycarbon
electrode (GCE,3 mm in diameter)asthe
workingelectrode,asaturatedcalomelelectrodeas
thereferenceelectrodeandaplatinumwireasthe
counter electrode. Phosphate buffered saline
(0.025mol·L-1KH2PO4/K2HPO4,pH6.86)
with0.1mol·L-1KClwasusedasthesupporting
electrolyte.DifferentpHvalueswereadjustedby
addingthediluentofHClorKOHintothesupporting
electrolytesolution.Allelectrochemicalmeasurements
werecarriedoutatroom temperature.Scanning
electronmicrographs(SEM)ofgraphene,Prussian
blueandGOD-CShybridfilmswereobtainedfrom
aJEOLJSM-6700FSEM system.TEMimage
analysis wascarriedoutonaJoelJEM 2010
microscope.
1.3 Electrodepreparation
1.3.1 Directelectrodepositionofgraphene

Theprepared graphite oxide powder was
exfoliatedinaphosphatebuffersolution(PBS,pH
9)byultrasonicationtoforma1.0mg·mL-1GO
colloidaldispersionsolution.Beforemodification,
theGCEwaspolishedfirstonawetfineemery
(SiC)abrasivepaperandthen with alumina
slurries(0.3 μm)untila mirrorfinish was
observed.Afterthat,itwasrinsedthoroughly
with deionized water and dried with N2.
ElectrolysisintheGO dispersionsolution was
carriedoutbyusingcyclicvoltammetryinthe
potentialrangefrom -1.5to0.5Vatthescan
rateof20mV·s-1,andthentheEG modified
electrodewasdriedintheairatroomtemperature.
1.3.2 DepositionofPB

ElectrodepositionofthePBfilmwasaccomplished
asfollows:theEGmodifiedGCEwasinsertedina
solutioncontaining2.0 mmol·L-1 K3Fe(CN)6,
2.0mmol·L-1FeCl3,0.1mol·L-1 KCland10
mmol·L-1 HCl,thenelectrodepositedataconstant
potentialof0.4V(vs.SCE)for120s[14-15].Afterbeing
washed,thePB/EGmodifiedelectrodewastransferred
intoanothersolutioncontaining0.1mol·L-1 KCl
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and10 mmol·L-1 HClandelectrochemically
activatedbypotentialcyclingscanfrom0.35to
-0.05Vatarateof50mV·s-1untiltheCV
curveswerestable.Finally,theelectrodesurface
wasrinsedwithdeionizedwateranddriedinthe
air.Forcomparison,PBwasalsoelectrodeposited
onthebareGCEintheabsenceofgraphene.
1.3.3 PreparationofGOD-CShybridfilm

A0.5% chitosansolutionwaspreparedby
dissolving0.5gofchitosanpowerinto100mLof
2.0%aceticacidandstirredatroomtemperature
untilcomplete dissolution.The GOD-chitosan
solutionwaspreparedbydissolving25mgGODin
5mLchitosansolution,thenthePB/EGmodified
electrode wasimmersedin GOD – chitosan
solution,andelectrodepositedagainataconstant
potentialof-2.0Vfor300s.Asaresult,the
GOD-CShybridfilmwasdepositedontheEG/PB
modifiedelectrode.Moreremarkably,thewhole
procedureforpreparationcouldbelimitedin1h.
Finally,theobtainedelectrodewasdriedintheair
atroom temperature and then stored in a
refrigeratorat4℃beforeuse.

2 Resultsanddiscussion
2.1 TEM and SEM characterization of the

nanocompositefilms
TheTEMandSEMimagesoftheEG,PB/

EGandGOD-CS/PB/EGfilmsareshowninFig.1.
Fig.1(a)presentstherepresentativeTEMimage
ofGOcolloidaldispersioninaphosphatebuffer
solution(pH9).ItrevealsthatGOwasentirely
exfoliatedasindividualnano-sizedGOsheetswhich
areafewlayersthick,andthatthesheetscontain
alargeamountofexpandinggraphiticedgeplanes
thatmayfacilitatetheimprovementonboththe
synthesis of other nanoparticles and its
electrochemicalbehaviors.Asconfirmedbythe
SEMimageshowninFig.1(b),theEGsheets
electrodepositedontheelectrodelooklikesilk
waveswithhighspecificsurfacearea,andthe
crumpledstructureisbeneficialforthefurther
immobilization of PB nanoparticles. Fig.1(c)
demonstratesthatthe PB nanoparticles were

depositedonthesurfaceofEGtoform EG/PB
compositenanosheets.Inaddition,theinsetshows
thatthePBnanoparticlesweredepositedonthe
kinkedandwrinkledareasfirstly,whichimplies
that the wrinkled areas exhibit higher
electroactivities.When GOD-CS wascombined
withtheEG/PBcompositefilm,asshowninFig.1
(d),theobtainedhybridfilmwasuniformandthe
thicknessis controllable, which implies the
successfulattachmentofGOD-CShybridfilmto
theEG/PBmodifiedelectrodewhichprovidedan
excellent platform for GOD immobilization.
However,whilethefilmwasobtainedbymanual
drop-coatingmethod,itwasroughanduneven
withsomeagglomerateonthesurface(seethe
insetinFig.1(d)).ItindicatedthattheGOD-CS
hybridfilm obtained by electrodeposition was
preferable.

(a)TEMimageofGOdispersedinPBS(pH9);(b)SEM
imagesofEGfilm;(c)SEMimagesofPB/EGfilm,insetshows
thePBdeposition;(d)GOD-CS/PB/EGfilm modifiedonthe
GCE,insetshowsthefilm obtainedby manualdrop-coating
method.

Fig.1 TEMandSEMcharacterizationofthenanocompositefilms

2.2 ElectrodepositionprocessofEGmodifiedelectrode
Thecyclicvoltammograms (CVs)ofGO

reductiononGCEaregiveninFig.2(a).One
anodicpeak(A)andtwocathodicpeaks(BandC)
wereobservedduringtheredoxreactionofGO.
Thegradualincreaseofthepeakcurrentswith
successivepotentialscans (directionofarrow)
indicatesthattheelectrodepositionofgrapheneon
theGCE hasbeenachievedsuccessfully.The
strongcathodiccurrentpeakCisattributedtothe
irreversibleelectrochemicalreductionofGO,and
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theanodicpeak A andcathodicpeak B are
attributed to the redox pair of some
electrochemically active oxygenic groups on
grapheneplanes.Inaddition,theelectrodeposition
ofgraphenemaybeachievedonotherconducting
surfaces,andthegraphenefilm modifiedonthe
electrodeisverystableduetoitsinsolubilityin
commonsolventsandcompatiblitywiththeglassy
carbonstructure,andthismakesitpossibleto
immobilizeotherparticlesorfilms.
2.3 ElectrocatalysisofPB/EGfilmtoreduction

ofH2O2

ToinvestigatetheeffectofEGonthecatalytic
action, we compared the responses of the
biosensorsnewlypreparedwithandwithoutEGto
H2O2.AscanbeseenfromFig.2(b),withthe

additionof10mmol·L-1 H2O2intoPBS(pH
6.86),thecathodicpeakandtheanodicpeakon
PB/EG/GCEelectrode,measuredwithitscyclic
voltammogram, increased and decreased
distinctly,respectively (Fig.2(b),curveA).
ComparedwiththeCVcurveintheabsenceof
H2O2(Fig.2(b),curveB),itischaracteristicof
anelectrochemicallycatalyticreactionofPBto
H2O2. Correspondingly, only small current
responsetoH2O2onPB/GCEelectrodecanbe
observed(insetinFig.2(b)).Itisreasonableto
considerthatthelargercatalyticpeakcurrent
comes from the cooperation between PB
nanoparticlesandEGfilm.Thisresultshowsthat
thePB/EGfilmcanactasaneffectivecatalystto
thereductionofH2O2.

(a)CyclicvoltammogramsdepictingelectrochemicalreductionofGOinPBS(pH9)onGCEat20mV·s-1,thearrowindicatetheincrease
ofpeakcurrentduringpotentialcycles;(b)CyclicvoltammogramsofPB/EGmodifiedelectrode(A)inthepresenceand(B)absenceof
10mmol·L-1H2O2at50mV·s-1inPBS(pH6.86).InsetshowsCVsatPB/GCEelectrodeinthesamecondition

Fig.2 ElectrodepositionandelectrocatalysisofPB/EGfilm

2.4 Optimizationofworkingconditions
Thelayer-by-layerstructured GOD-CS/PB/

EG composite film modified electrode was
constructed as a glucose biosensor. Detailed
experimentsontheinfluences ofthe applied
potentialsofthemodifiedelectrodeandthepHof
thetestingsolutionwereinvestigated.Theeffect
oftheappliedpotentialsontheamperometric
responsesofthebiosensorwasstudiedbetween
-0.3Vand+0.3V(seeFig.3(a)).Theresults
reflectedthatthemaximumresponsewasreached
at0.0Vandthispotentialwasselectedasthe
workingpotential.Moreover,thebiosensorcan

alsoavoidtheinterferenceofsomeelectrochemical
activesubstanceswhenappliedtoserumsample
analysisatthislowerworkingpotential.Fig.3(b)

givestheeffectofthepHvalueoftheworking
solutionontheperformanceofthebiosensor.The
optimumresponseofthebiosensorupontheacidity
ofthebuffersolutionwasobtainedinpHrange
from5.0to7.0,whichislowerthantheoptimum
pHobservedforfreeGOD.Thisphenomenonmay
beexplainedbythebuffereffectofCSbecauseit
hasagreatdealofaminogroups,whichcan
provideasuitablepHmicroenvironmentforGOD.
ItrevealedthattheCSisanexcellentimmobilizing
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matrixandactivityholderforenzyme.However,
theresponsecurrentdecreasedatpH8.0,dueto
PBparticlesbeingunstableanddissolvablein
neutralandalkalescentsolutions[20].Considering
thattheoptimumacidityformanyenzymeswas
withinthepHrangefrom6.5to8.0,andthatPB

isinstableatalkalinepH,itwouldleadtotheslow
decreaseofthesignal,sophosphatebufferedsaline
ofpH6.86waschosenforthedetectionofglucose
soastoensurehighersensitivityandstabilityof
thebiosensor.

Fig.3 Effectsof(a)workingpotential,and(b)pHvalueonthecurrentresponses
oftheGOD-CS/PB/EGbiosensorto1.0mmol·L-1glucose

2.5 Amperometric response of the biosensor
toglucose

Topinsetdisplaystheresponsetolowconcentrationofglucose.
Bottominsetshowsthecalibrationcurveofthebiosensorasa
functionofglucoseconcentration

Fig.4 AmperometricresponsesoftheGOD-CS/PB/EG
modifiedelectrodeatpotential0.0Vinphosphatebuffer

saline(pH6.86)forsuccessiveadditionofglucose

Sinceamperometryis much moresensitive
thancyclicvoltammetry,it wasemployedto
estimatethelowdetectionlimit.Fig.4displays
theamperometricresponsesofthebiosensorupon
the successive injection of glucose into the
electrochemicalcell.Underoptimalexperimental

conditions,thereductioncurrentincreasedsteeply
andthenreached95%ofthesteady-statecurrent
inlessthan3s.Theresultsimpliedthatthe
responseofas-preparedbiosensorwasveryfast.
Thecurrentresponsesofthebiosensorexhibiteda
lineardependenceonglucoseconcentration,with
thecalibrationequationofI(μA)=0.31+3.52c
(mmol·L-1).Thelinearresponserangeofthe
biosensorisfrom0.02to10mmol·L-1witha
correlationcoefficientof0.9970.Thesensitivity
ofthisbiosensorwas50.29mA· L·mol-1·
cm-2,whichwasmuchhigherthanotherreported
glucose biosensors based on PB modified
electrodes,suchasGOD-CS/PB/Bi2Se3biosensor
(24.55mA·L·mol-1·cm-2)[21]andpoly(3,4-
ethylenedioxythiophene)/PB/MWCNTs glucose
biosensor(2.67mA·L·mol-1·cm-2)[22].The
detectionlimitof12μmol·L-1wasestimatedata
signal/noiseratioof3.
2.6 Stability,reproducibilityandinterferencesof

thebiosensor
Thestabilityofthebiosensorwasdetermined

bystoringin4℃for20d.After10dand20d,
thecurrentresponseretain97.3%and94.8%,
respectively.Thecurrentresponsesto1.0mmol·
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L-1glucoseweremeasured6timesusingthesame
modified electrode with a relative standard
deviation(RSD)of3.2%.Forthreedifferentand
freshlymademodifiedelectrodes,underthesame
conditions,the RSDs wereobtainedlessthan
3.6%.These resultsindicated thatthe as-
preparedbiosensorhasahighstabilityaswellas
goodreproducibility,whichmakesitapplicablefor
practicaluse.
It is well known that some typical

electroactivesubstancessuch as ascorbic acid
(AA),uricacid(UA)anddopamine(DA)etc.
mayaffecttheamperometricresponseofglucose,
sowealsoinvestigatedtheinterferenceeffectsof
AA,UAandDA,whichnormallycoexistwith
glucoseinrealsamples.Thephysiologicalglucose
levelis3to8mmol·L-1andtheotheroxidizable
interferentsarepresentatlevelsaslowas0.1
mmol·L-1inhumanbloodserum samples,
therefore,interferencetestswerecarriedoutby
adding0.6mmol·L-1glucose,followedby0.2
mmol·L-1 commoninterferents.Theresults
demonstrate the negligible effects of the
interferents(Fig.5).

Fig.5 Interferencetestsofthebiosensorinphosphate
buffersaline(pH6.86)containing0.6mmol·L-1

glucoseand0.2mmol·L-1othercommoninterferents

2.7 Glucosedeterminationinserumsamples
Finally,inordertoillustratethepractical

utilityoftheresultingglucosebiosensor,human
serumsampleswereassayed.Threefreshserum
samplesweresuppliedbyalocalhospital,which
werefirstlyanalyzedwithastandardclinicalassay

basedonglucosedehydrogenaseelectrodemethod.
Then every 100μL ofserum samples were
successivelyaddedinto10.0mLphosphatebuffer
(pH6.86)undertheoperationpotentialof0.0V.
AsshowninTab.1,verygoodagreementbetween
thetwosetsofdataallowsustoascertainthe
practicalapplicabilityoftheproposedbiosensor,
whichsuggestedthattheproposedbiosensoris
promisingforuseindetectionofglucoseinserum
samples.

Tab.1 Amperometricdeterminationofglucose
inhumanbloodserumsamples

Blood
sample

Givenby
hospital/
(mmol·L-1)

Proposednonezymatic
sensor/

(mmol·L-1)

RSDa

/%

1 4.1 4.2±0.15 2.6

2 6.0 6.2±0.17 3.0

3 10.0 9.8±0.13 2.3

[Note]aRSD(%)calculatedfromthreeseparateexperiments.

3 Conclusion
Insummary,anovelglucosebiosensorwith

good sensitivity,selectivity and stability was
constructed by three-step electrochemical
deposition method. As the electron transfer
mediators, graphene and PB films were
electrodeposited successively on the substrate
GCE,thenGODwasimmobilizedbydepositinga
biocompositefilmcomposedofCSandGOD.The
methodissimpleandeasytocontrol,andthe
wholeprocessneedsonlyashortperiodoftime.In
addition,theresultingCSfilmcontainingGOD
keepsgoodbioactivity,whichmakesthebiosensor
possessofgoodbioactivitiesandhighstability.
Theinterferencesfromcommoninterferentssuch
asAA,UAandDAcanbeavoidedduetothe
lowerworkingpotentialbeingused.Moreover,
the presence of the EG film increased the
conductivity and electroactive sites of the
biosensor.Combined with the advantages of
graphene, PB nanoparticles and chitosan
membrane,thelayer-by-layerstructuredbiosensor
exhibitslowdetectionlimit,widelinearrange,
fastresponse,goodoperationalstabilityandanti-
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interferenceability.Theresultsindicatethatthe
proposedthree-stepelectrodeposition hasgreat
potentialforfurtherdevelopmentofotherenzyme-
basedelectrochemicalbiosensors.
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