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g8 A novel highly sensitive and selective moleculaityprinted polymer (MIP) cryogel biosensor for
39 determination of microalbuminin urine samples walsricated. The MIP gel was prepared based on the
§0 graft copolymerization of acrylamide with N;Rethylenebisacrylamide on chitosan using humannser
gl 10 albumin (HSA) as the template. The sub zero polizaton allowed the solvent to form ice crystalslan
2 left a macroporous cryogel structure when it waawibd. After removing the template, the specific
§3 imprinted surface on the cryogel pore walls wasdusedetect HSA via a redox mediator (ferrocene),
24 entrapped in the cryogel, using differential putstammetry (DPV). The electrochemical detectiorswa
.%5 improved by the presence of graphene that has dmaposited within the polymer. For determination of
%6 15 the albumin, the fabricated MIP cryogel biosenswveed a high sensitivity with a wide linear rande o
27 1.0x10* to 1.0x106 mgL! and a low limit of detection of 5.0xfOmgL? (S/N=3). The sensor also
28 provided a very good reusabilitye., the sensitivity remained >90% after 9 cycles iofling-rewashing
29 (18 analyses per cycle), while the sensitivity odgcreased to 90% after 6 weeks of storage at room
§0 temperature. The biosensor also showed a goodiséiedoth against bovine serum albumin (BSA) and
S1 20 sSome common possible interfering compounds nornm@kgent in urine (ascorbic acid, uric acid, urea,
%52 sodium, chloride, potassium and creatinine). Theekent performance of the biosensor was confirmed
%i by analyzing the microalbumin in urine samples, esslilts were in good agreement with those obtained
5 by the standard immunoturbidimetric meth&2Q.05).
? radioimmunoassdy immunonephelometfy chemiluminescence

Introduction

Human albumin is a protein normally found in bloand when

%9 25

#0 this protein leaks into the urine through damagth&kidneys it
91 is known as microalbumin. Microalbumin plays an artant role

2 in the early detection of chronic kidney diséasendothelial
43 dysfunctiof and diabetic complicatios The importance of
44 30 detecting microalbumin has attracted many resegrolps to
45 develop various detection systems, including imnturimdi-
46 metric®, spectrophotometfyimmunoresonancescattering
j; *Trace Analysis and Biosensor Research Center, Prince of Songkla
49 35 lEJniversity, Hat Yai, Songkhla 99112, Thailgnd .

Center of Excellent for Innovation in Chemistry, Faculty of Science,

50 Prince of Songkla University, Hat Yai, Songkhla 90112, Thailand
51 ‘Department of Chemistry, Faculty of Science, Prince of Songkla
52 University, Hat Yai, Songkhla 90112, Thailand

53 40 “Department of Applied Science, Faculty of Science, Prince of Songkla
University, Hat Yai, Songkhla 90112, Thailand

immunoassay, fluorescence  immunoassgy HPLC?
so electrophoresi$ and by use of a biosendbr Each of these
methods has its own advantages and limitationsh sas
expensive instrumentation for HPLC and the high adstsing
antibody based assays. On the other hand, thefuselogical
sensing elements has some advantages and hasotaeref
ss promoted biosensors as suitable analytical dewcesany fields.
Biosensors, especially with electrochemical detsct@ve been
widely studied due to their fast response, higlsieity and low
limit of detection, as well as their small sizedawften low cost
for constructiof™ 16
s0 One of the areas of biosensor development is ifintpeovement
of the biosensing elements. The expense and silstigptto
environment changes of many natural sensing elentente led
research workers to develop mimicked counterpais
interesting approach was to develop molecular injng
s method$’. A molecularly imprinted polymer (MIP) is a synttoe

54 *Department of Physics, Faculty of Science, Prince of Songkla University, recognition element involving the creation of aogwition site in
55 Hat Yai, Songkhla 90112, Thailand the polymer scaffold. Compare to biological recoignitelements
56 . g " | e.t@ o 5674288753 the MIPs offer benefits such as a specific recagmitvith a high

45 * Corresponding author email: panote.t@psu.ac ¢h, - - : .
57 L On study leave from Department of Chemistry, Fgcof Science and binding affinity, hlg_her_ physical robustness, legpense and the
58 Engineering, Jenderal Soedirman University, Purstokéndonesia 70 ease of mass fabricatihn These advantages have led to a study
59
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of various MIP based sensbt$°
In addition to the development of the sensing efgméhe
support of the sensing part also plays an importalet Various
porous structural supporting materials with largeface areas
have been employed to improve the sensors perfaensuch as so
a porous filter membrafk nanoporous aluminum oxitfe
porous silicoR®, a hydroget and a cryogéP % The large
surface area of a porous cryogel has been repmrtedrease the
biosensor sensitivity and stabifiin this work, the advantages
10 of the MIP and the cryogel were used to fabricat@@oalbumin s
biosensor. The cryogel was prepared by polymednadit a sub-
zero temperature from monomers dissolved in watgren the
ice crystal are formed and melted away when thatvexy; leave
a macroporous gel netwdfk The MIP cryogel was produced
15 from a biocompatible material of chitosan graftedypcrylamide 7o
(CS-g-PAM) using human serum albumin (HSA — the gealas
a template together with entrapped ferrocene (Fg) aa
electroactive element. The oxidation of Fc was reéed using
differential pulse voltammetry (DPV) where the signwas
related to the binding event of the MIP and HSA.abidition,
graphene (Grp), with its excellent electrochemisatformance s
that has been widely applied to increase the @edransfer in
sensor and biosensor developm&tft was also employed. The
combination of Grp, entrapped in the pores walll #me large
s surface area of the cryogel helped to enhance tbsetsor
performance. 80

o

20

o

Materials and Methods
Materials

Chitosan (CS) from shrimp shells (low viscosity, 020Pa.s, 1 ss
30 % in acetic acid at 20 °C), acrylamide (AM), NjMethylene
bisacrylamide (BAM), ferrocene (F408 — 98%), humanum
albumin (HSA), bovine serum albumin (BSA), L-ascorbicid,
creatinine and uric acid were all from Sigma-AldriSteinheim,
Germany). Ammonium peroxodisulfate (APS) and urezrew
s from Merck (Darmstadt, Germany). Sodium dihydrogen
phosphate and disodium hydrogeiphosphate were from Ajax
Finechem (Sydney, Australia). Graphene nanoplatel@t5
layers, thickness of 8 nm, surface area 600-75@ i particle
diameter < 2 micron) were from Cheap Tubes Inc (Bdadto,
40 USA). 9

o

Preparation of modified

electrode

a protein-imprinted cryogel

A protein-imprinted cryogel was prepared using CBAM. The
grafting was prepared according to previously dbedrwork® 100
45 with some modification to make an MIP cryogel. hiefh CS (50
mg) was dissolved into a 1.0 % acetic acid solu(®® mL),
mixed with AM (135 mg), BAM (15 mg) and adjustedpH 4.6
by adding sodium acetate. An appropriate amour@rpfand Fc
(see optimization study) were then added and mikedoughly 105
so followed by an appropriate amount of the HSA (sptnaization
study) and sonicated for 5 min to obtain the CS-Bkp-Fc HSA
solution.
The electrode was made from a gold rod (3.0 mm efiam
99.99% purity) that was polished using aluminargsr(5.0, 1.0, 110
ss and 0.3 um, respectively) and electrochemicalljexdcin 0.5 M

sulfuric acid for 25 cycles (0.1 — 1.5 volt, scater 100 mVg).
To modify the electrode (Fig. 1) a 200 pL of 20%SAR0lution. .
was added to the CS-AM-Grp-Fc-HSADSO!Utiors o 4aiisneok
polymerization. Then 5.0 uL was dropped onto tletebde and
immediately stored at -20 °C overnight. The modifeddctrode
was then thawed at 4°C for one hour and rinsed détlonized
water. A non cryogel modified electrode was alsepared in the
same way without the cryogelation process (freezamy
thawing). The HSA template was removed from the ifiext
electrode by soaking in a 10% (v/v) acetic acidusoh
containing 10% (w/v) sodium dodecylsulfate (SDSy ® h
providing an MIP modified electrode with Fc and Guptrapped
in the polymer matrix. A non MIP (NIP) cryogel médd
electrode was also prepared with the same proceuiurhe
absence of the HSA template.

Characterization of the MIP Cryogel modified electode

The morphology of the MIP cryogel was examined veitdSM-
5200 LV scanning electron microscope (SEM) (JECdpah).
The pore size of the cryogel was also estimatethégsuring the
pores as seen in the SEM images. The binding dfiiRecryogel
to the analyte was electrochemically studied usinghree-
electrode systeni,e., a fabricated working electrode, a Ag/AgCI
reference electrode and a Pt counter electrodejented to an
eDAQ potentiostat (Model EA161, EDAQ, New South ¥l
Australia) controlled by EChem v2.1.12 software. TiéP-
cryogel modified electrode response was the oxdafieak of
the electroactive Fc entrapped in the cryogel aattaied by
differential pulse voltammetry (DPV). The DPV wapeoated
from 0.0 to 0.4 V, against the Ag/AgCI referencectrlede, with

a scan rate of 50 mV'sa step width of 100 ms, a step potential
of 5.0 mV, the pulse width and pulse amplitude wB9enV. The
DPV was performed in a 10 mL batch system with 50
sodium phosphate buffer contained 50.0 mM of KCltlas
medium.

90 Optimization study

The optimization study was performed for the MIRogel
fabrication (amount of Grp and HSA) and the opersii
conditions (buffer concentration and pH). A series HSA
concentrations (1.0x10to 1.0x10 mg LY was tested and the
DPV response (3 replicates per concentration) gerthe
logarithm of the analyte concentration of each rogétion
condition was plotted to get the sensitivity (slopé the
calibration plot), where the highest sensitivitydicated the
optimal conditions.

The Grp configuration on the fabricated biosensas wtudied in
each of two ways. One was to add Grp as the &sadrl followed
by the layer of the CS-g-PAM, Fc and HSA compod@ep(CS-
AM-Fc-HSA). The other was to add only one layer thg
composite of all the componenite., CS-g-PAM, Grp, Fc and
HSA (CS-AM-Grp-Fc-HSA). The better configuration was
further tested for the Grp concentration betweean@ 10.0 mg
mL

Using the optimal Grp condition, the template caorion
(HSA) was studied in the range of 5.0 to 60.0 mg*mL

For the operational conditions, the concentratibrthe sodium
phosphate buffer (25, 50 and 100 mM) and pH (5.530) were
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%9 Fig. 1 The Chitosan grafted polyacrylamide MIP cryogelhwiraphene and entrapped ferrocene using a hurmam sdbumin templatelectrode
@0 preparation. The —COOH grosipf HSA moleculeican form a hydrogen bond wittNH2 group of polymer. CS : chitosan; AM : acrylaegidBAM :
1 N,N'-methylenebisacrylamid@PS: ammonium peroxodisulfate; HShuman serum albumiisDS : sodium dodecyl sulfa
2
43 s optimized with the electrode prepared with the mpticonditions 1.0x1d mg L
44 of HSA and Grp. Studies on stability
32 The study of possible interferences For the operationastability study, one modified electrode w
47 The selectivity of the MIP cryogel biosensor to edtt the used to detect a series obncentration of HSA 1.0x10* to
48 albumin level in urine was tested against ureajusodchloride 1.0x1¢ mg LY after which the bound HSA was removed
49 10 potassium and creatinine that @enerally found in thurine®, dipping the modified electrode ia 1.0% (v/v) acetic acid
50 Sodium, chloride, potassium anckatinine were tested from 0. 0 solution containing 1.0% (w/v) sodium dodecylsdf§EDS) for
51 to 4.0 g !, while urea was tested between 0.10 and 2. 15 min. This was called a cyctend the operational stability was
50 These selected concentrations covered the uppédr diimeach determined by the number of cyc before the sensitivity
3 component found in normal urinieg. (in g L™) urea 9.3, chloride  decreased to less than 90%or the storage stability, sev
> 15 1.87, sodium 1.17, potassium 0.75 and creatini@*2Other electrodes were fabricated and used to measuid3i#eas in the
54 electroactive interferences found in the blood sashascorbi s operational stability test. Each electrode reented the storage
55 acid (0.10 to 10.0 mM) and uric acid (0.10 to 3.®I)mwere alsc for 1 to 7 weeks at room temperature. The sensésviof the
56 tested. To prove the selectivity of tMIP cryoge for detecting  electrode to detect HSA fdiifferentcertain storage periods were
57 albumin, bovine serum albumin (BSA), a protein with struct compared.
gg 20 similar to HSA, was also tested in the range1.0x10* to
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Urine samples analysis the protein to and from the MIP of the cryo( The cryogel
porous structure not only facilitat protein transfer, but. also.
increased the surface area, thus inefeased3ihiel/ aunmioK

35 imprinting receptors that coul@nprove the sensitivity of th
fabricated biosensor. Besid#é®e specific recognition s of the
MIP, it has alsdbeen reported that the MIP cryoged a larger
hydrodynamic volume compared to tNIP cryogel, due to the
larger surface area of the imprinted molecule oa thyogel

w0 surfacé” *% In this condition, the water molecules carryiig
analyte can easily penetrate into the polymericirctaf the

Urine sample$rom Songklanagarind Hospital, Hat Yai, Thail
were tested. fie slopes of a standard curve and a spiked ¢
(sample with a series of HSA concentratiorgre first compare
s and analyzed by Two-Way ANOVA tdetectany matrix effect.
The samples, with an appropriate dilution (accaydio the
matrix effect test), werthen analyzed with the biosensor and
result wasstatistically compared to those from the stanc
method of immunoturbidimetriGused by the hospital) using t
10 Wilcoxon Signed-Rank test.

cryogel.
Results and discussion Electrochemical properties of themodified electrode
Characterization of the MIP cryogel modfied electrode The detection of the HSA wdsased on the oxidation the Fc

entrapped in the cryogel matrand analyzed using differential

s pulse voltammetry due to its high sensiti*®. The MIP-HSA
binding is most likely based ahe formation of ydrogen bonds
between the Nkgroups that arevidely available on the chitosi
and polyacrylamide MIP surfacend the COOH groups on the
HSA surface similar to grevious report ofthe interaction

so between a pyrrole based Mihdbovine serum albumii This
MIP-HSA binding event waperformed in a batch system witt
min mixing after which the binding would take plas

The scanning electron micrograph of the MIP cry showed an
interconnected porous structure (Fig. 2a) v no pores were
1s observed for e non cryogel form (Fig. 2t The high
magnification SEM image of MIP modified electrodeowed &
rough surface (Fig. 2c) while the NBurfaceis smoother (Fig.
2d). The diameter of the pores of the cryogeb-20 um, were
much larger than the size of the HSA (13.6 x 2Z.&nn® %9,
20 and this would allow foan easy transfer (rebind or remove)

20 pm 1pum

Fig. 2 SEM micrographs showing porous structure CS-AM-Grp-FCHSA MIP cryogel at x2000 (a), an MIP non cryogelx@000 (b). the hig
45 magnification of MIP surface at x20000 (c) and Isurface at x20000 (
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Fig.3 (a) An example of the decrease of the oxidation peith the
addition of the analyte. (bResponses of the MIP cryogel modifi
electrode (solid line) shows a better sensitivitgrt the MIP non cryogt

5 (dashed line).

The oxidation peaks of the Fc decreased with tini the
addition of the HSA, because the MHSA binding blocke the
electrontransfer of the F@he DPV responses reachesteady
value at 10 min (5 min interval measurens from 0 to 20 min)
10 Wwhere a complete binding occurred. Therefore, 1 of binding
was allowed before recording the response. Theesuration ol
the HSA was quantified based on the decline ofpiak currer
(Fig. 3a) In comparison to the MIP non cryd modified
electrode, the MIP cryogetlectrode has a 2.1 time higt
15 sensitivity (Fig. 3b). In contrast th&lIP cryogel modified
responseat a high
concentration of HSA (about 0.5 pA forthe NIP cryogel
response compared about 7 pA for the MIP cryog with 10.0

electrode showed only a verjow

mg L't HSA)

20 Optimization study

Graphene with its advantages, i.e., it hdsgh charge mobility
(200,000 criV™t s wide potential window 3
exhibit a well-defined redox pe¥x*! was applied to increase

and can

oo ..o b ee® B~ o

@ Se
ceo” © e U
8 Qo0 L &%~ e®
N TS o NTeN——

-
. Ferrocene el
200

mmm Graphene = o

MIP Cryogel 10 A

25 000 010 020 030 040

Fig. 4 The CS-AMFc MIP cryogel with the different configurati of
Grp. (a) Grp on the first layerGr/CS-AM-Fc-HSA), (b) Grp as a
composite (CS-AM-Grp-F¢iSA). (c) the base line comparison of
modified electrode with theifferent Grp configurations, (i) without Gr
35 the oxidation peak is lower than -AM-Grp-Fc-HSA (ii), whereas the
Gr/CS-AM-Fc-HSA(iii) showed a high background curr

40 electron transferA comparison othe two configurations showed
that the Grp composite (C&M-Grp-Fc-HSA, Fig. 4b) had a
better sensitivity (1.3 time higl) than when the Grp was added
as the first layer on the electrode (Grp-AM-Fc-HSA, Fig. 4a).
This was because the @@Qf-AM-Fc-HSA had a higher

4s background currentHg. 4c (ii))) that resulted in a lower peak
height, hence, a lower sensitivitWhen a composite without
graphenavas tested it showedlower response than the one with
graphene (Fig. 4c (i)-(ii)).

so The Grp in the CS-AM-GHFc-HSA composite was then
optimized for its concentratio and the sensitivities of the
biosensor increased with the amount of Grp frono @®.75 m¢
mL™. In this condition, the addition of G to the MIP cryogel
composite increasdtie electron transfeand resulted in a higher

s5 oxidation peak anfinally improved the sensitivity. However, the
sensitivity decreasedhen the concentration of C was more
than 0.75 mg mt due tothe high background curre that
resulted in a low response, similar to that meted above.
Therefore, 0.75 mg mtof Grpwas used for further studi
The amount of théemplate was another important far that
affected the MIP efficiené¥. Increasing the temple from 5.0 to
30.0 mg mL* improved the sensitivity of the biosen because

s the number of MIP holes increas As a consequence the ability
of the biosensor to capture the ane was extended. However,
too manytemplates (30.0 to 60.0 mg %) caused the sensitivity
to decrease. This may be because when there aren&my
templates, they can beme close to one ather or exist as an

70 aggregateThe intermolecular exchange of disulfide is onesos
of albumin aggregatidf and the possibility of aggregation w
increase with the concentratiorhis resulting in MIP holes those
was not ideal, sdhe effectiveness of the Mito capture the

This journal is © The Royal Society of Chemistry [year]
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analyte was significantly reduced.

As for the effect of the HSA structurihe MIF-HSA interaction
and theelectrochemical detection were greatly affectedthy

buffer conditions andhe concentration and pH the sodium
phosphate buffer were optimized. The optimal coods#, with

the highest sensitivitywere obtained at 50 mM arat a pH of
6.50. The sensitivities increased from pH 5.50 t606then

decreased at higher ptlues. This may due the HSA having a
conformation change after being moved from a nétdra basic

conditiorf*, hence, the MIFHSA binding was reduct.

Performance of the modified electrode

Linear dynamic range and limit of detection

Under the optiral conditions, the relationship betvn the
decrease of the oxidation pedWd)(and the logarithm cthe HSA
concentration (mg t) showed a linear correlation (Fic5)
between 1.0x18 to 1.0x10 mg L* (y = (136+0.06) log (x) +
(6.3£0.1)) with a correlation coefficient (0f 0.9916 and a mit
of detection of 5.0 x I®mg LY(S/N = 3).

Selectivity study

The selectivity tesusing the closely relateBSA protein was
performed under the optimal conditions using a eseof

concentration of BSA from 1.0xT0to 1.0x10mg L. Under the
same concentration range the response of the MIP cry

biosensor to BSA has a much lower relative sensiti(d.16

times) compared to the HSA detecti@ven at 1(mg L™ of BSA

the response was still much lower than the LOD 8/t

Other possible interfering compoundsich as urea, chlorid

sodium, potassium and creatinisbowed noredox peak that
could affecthe analysis. On the other hand, oxidation s were

observed for theelectroactive ascorbic acid and uric acid

relatively high concentrations, beginning3a® mWV for ascorbic
acid and 1.0 mM for uric acid.

However, the potentiatthat these oxidation peaks occurred w

not the same as the oxidatipotential of F that was used to
measure the MIP-analyte interferenceig( €). Thus, these
electroactive compounds would not interfere with the H:

measurement.

8.0
7.0
6.0

5.0

1.0" 1.0" 1.0" 1.0" 1.0“ 1'0' 1‘07
c (HSA) /mg L1
Fig. 5 The linear response of the CS-AM-Grp-HSA MIP cryogel to

detect HSA. Inset, an example of the decreaseeobxidation peak wit
the addition of the analyte.

45 Stability study
For the operational stabilityest, the sensitivi af(}?erwk‘rﬁicﬂ%nﬁne
number of subsequent bindimgashing ccles: (b3 drjections. @erx
eo cycle) was compared to the first cycle. The re@asensitivities
of the fabricated biosensor were greater than after 9 binding-
washing cycles (a total df62 injections The decrease in the
biosensor sensitivity may due to the harsh comtiase for
regenerationAlthough the mild aci-detergent used to remove
es the template couldisturb the stability of thHSA structure, the
repeated process may also affect the MIP strucnck affinity
performance. The cavities of the MIP cryogel biesgrmmay alsc
beblocked by small molecules durithe adsorption process, and
resulted in a lower sensitivity after certain bimg-washing
70 cycled®.
In the case of the storage stabi results showed that the
electrode could be stored at room temperafor up to 5 weeks,
es during which the biosensor sensitivity remed at more than
90% (RSD 6.1%). The sensitivity then decreased t8%7:nd
82.7% in the 6th and 7th weakspectivel.

es Urine samples analysis

The effect of the urine sample matri>sshowed that at a

10%dilution, the sensitivities athe standard HSA and of samp
75 spiked with HSA were not significantly differerP> 0.05). Thus,

at this dilution factor anynatrix effect can be ignore The urine

samples were then diluted withe running buffer at least 0

times before being analyzed by the MIP cryogel d&isor

Tablel shows the albumin level in the urine samplesinbthty
g0 the biosensor and the immunoturbidime assay.

75

45,0
40,0
35.0
30.0

« 25.0

=200

10.0

5.0

0.0

0 0.1 02 0.3 0.4

E (vs Ag/AgCl)/ V

0.5 0.6

Fig. 6 The effect of possible interfering compounds on BBV
measurement of HSA detection by the-AM-Grp-Fc-HSA MIP cryogel

85 biosensor, the peak of a blank signal (i), withadeition of 1.0x1* HSA
mg L* (i), 3 mM of ascorbic acid (iii), 3 mM of uric ati(iv) while urea
creatinine, sodium, potassium, chloride provideahilair peaks to th
blank (v).
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Table 1 Albumin level in urine samples obtained by the Mikogel Conclusion

biosensor compared to the standard method usdtelyospital.
This is the first report of an MIP cryog%ﬁg%%‘ﬁ@ﬁ@‘ﬁn
electrochemical detection for the determinatiormdéroalbumin

Sample Biosensor (mg£)®  Immunoturbidimetric assay (mg*)

1 4.2+0.1 4.3 ) . .

2 3244 314 30 in urine. The combination of MIP and cryogel on tleveloped
3 1440420 1440.4 biosensor provided an excellent performance, witteyy wide

4 2170+40 2102.4 linear range, a low limit of detection and highestivity. The

g ?}ég %2 performance of the fabricated biosensor showed a&dgo

agreement B> 0.05) with the urine sample microalbumin
‘mean+SD,n=3. 35 detection compared to the standard immunoturbidimetethod
generally used by hospitals. In addition, this treéalower cost
s The recovery test has also been validated by spikifferent ~ MIP cryogel biosensor, in comparison to the antidHBased
concentrations of a HSA standard solution to aeusample (1.0  biosensor, also provided a better stability witlsie storage
to 10.0 mg L) to obtain final concentrations after &' tibnes. handling.
In comparison to some other methods used to detextein
(Table 2), this fabricated biosensor showed a wiiherar range « Acknowledgements
10 (5 order of magnitude) with a lower limit of detiect than most
of other MIP based biosenstts' and other microalbumin
detection methods such as by HPLC, resonance sr;ng?ter
chemiluminescenc® fluorescenck.
The biosensors with the better linear range and bifrdetection
1s were based on anti-HSA using capacifvand electrochemical
impedance spectroscofydetectors. However, the fabricated
MIP cryogel sensor provided a better stability with to 162
analyses compared to 44 analyses for the anti-HSIAQUEIS.
Furthermore, the antibody based biosensors requiretbw
20 temperature storage, whereas the MIP biosensot i
biological component, can be stored at room tentpera

We would like to thank The Thailand Research Fund
(BRG5680003), The Higher Education Research Promatiwh
National Research University Project of Thailand RFENRU),
Center of Excellent for Innovation in Chemistry (PERCIG),
4s Trace Analysis and Biosensor Research Center at Pufice
Songkla University of Thailand.The financial suppfor Amin
Fatoni from the Directorate General of Higher Ediorg
Ministry of Education and Culture of Indonesia iscaratefully
acknowledged. Thanks also to Dr. Brian Hodgson $sistance
so with the English.

55

25

Table 2Comparison of the fabricated biosensor with oth& llased biosensor used to detect protein.

System Analyte Linearrange/ mg [ LOD /mgL™? Detector Selectivity against  Recycle References
MIP based
EMIP-coated CdTeQDs BSA 33.5-670 6.7 Fluorescen BHb 3 (93%) A
dBSA -CdTe -QDs Lys 0.20 — 122 0.10 Fluorescent Cyt, mBSA, BSA 6 (83%) 4
3-APBA-BSA BSA 20-100 20 SPR Hb, Lys a8
PEDMAH-NPs Lys 0.30-20.2 1.2x790 SPR BSA, cyt 5 49
PEDMAH-NPs Lys 0.2-1500 1.2 x 10 QCM BSA st
Si-NP/CdTe BHb 1.3-135 0.6 Fluorescence BSA, OB 6 (91%) *
3-APBA — Au-Cr Hb 50 — 5000 0.4 SPR BSA, OB, Lys s
Other sensing based
Anti-HSA HSA 0.03-0.96 0.02 Resonance scatteriimgerfered by other 6
Fluorescent proteins
avidin-biotin, anti FITC HSA 0.15-15 0.089 Chemiinescent 10
cyanine 5 HSA 10 - 320 55 Fluorescent 1
HPLC HSA 4 -240 34 uv 12
Anti-HSA / AgNPs HSA 6.6x1%" — 6.6x10° 6.6x10" Capacitive 52
Anti-HSA / porous gold HSA 6.6x10- 6.6x10" 6.6x10’ EIS BSA, AFP 44 analyses s
CS-AM-Grp-Fc HSA 1.0x10*- 1.0x14 5.0x 10 Amperometry  BSA, UA, AA, Crt, 9 (>90%)  This work

urea, K*, CI, Na" (162 analyses)

EMIP: epitope molecularly imprinted polymer; QDstastum dots; BSA: bovine serum albumin; dBSA: dersied BSA; 3-APBA: 3-

s0 aminophenylboronic acid; PEDMAH: poly(ethylene @y dimethacrylate-Nmethacryloyl-I-histidinemetéster);NP: nanoparticle; OB: ovalbumin; lys:
lysozyme ; BHb: bovine hemoglobin; Hb: hemoglohiyt: cytochrome; SPR: surface plasmon resonancec&llary zone, FITC: fluorescein-iso-
thiocyanate; EIS: electrochemical impedance spgotqoy; UA: uric acid; AA: ascorbic acid; Crt: criede.

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 | 7
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