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Abstract

In this paper, we develop a cost effective and disposable voltammetric sensing platform involving screen-printed carbon elec-
trode (SPCE) modified with the nanocomposites composed of multi-walled carbon nanotubes, polyelectrolyte, and tyrosinase
for bisphenol A. This is known as an endocrine disruptor which is also related to chronic diseases such as obesity, diabetes,
cardiovascular and female reproductive diseases, precocious puberty, and infertility. A negatively charged oxidized mul-
ti-walled carbon nanotubes (MWCNTSs) wrapped with a positively charged polyelectrolyte, e.g., polydiallyldimethylammonium,
was first wrapped with a negatively charged tyrosinae layer via electrostatic interaction and assembled onto oxygen plasma
treated SPCE. The nanocomposite modified SPCE was then immersed into different concentrations of bisphenol A for a given
time where the tyrosinase reacted with OH group in the bisphenol A to produce the product, 4,4'-isopropylidenebis(1,2-
benzoquinone). Cyclic and differential pulse voltammetries at the potential of -0.08 V vs. Ag/AgCl was employed and peak
current changes responsible to the reduction of 4.,4'-isopropylidenebis(1,2-benzoquinone) were measured which linearly in-
creased with respect to the bisphenol A concentration. In addition, the SPCE based sensor showed excellent selectivity toward
an interferent agent, bisphenol S, which has a very similar structure. Finally, the sensor was applied to the analysis of bi-
sphenol A present in an environmental sample solution prepared in our laboratory.
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2.1. AV S M=

Bisphenol A (C;sHj60,, Sigma-Aldrich), Bisphenol S (Cj2H;oO4S,

Sigma-Aldrich), nitric acid (HNOs, 60%, Sigma-Aldrich), sulfuric acid
(H2SO4, 95%, OCI), sodium chloride (NaCl, Sigma-Aldrich), tyrosinase
(Tyr) from mushroom (7164 U/mg, isoelectric point of 4.7, Sigma-
Aldrich), poly(diallyldimethylammonium chloride) solution (PDDA, 35
wt.% in H,O, Sigma-Aldrich), dimethyl Sulfoxide (DMSO, > 99.0%,
TCI), methanol (99.9%, Merck)E AFE-alT) QitetEAE| 2l
(phosphate buffered saline, PBS)] 7%, 10x PBS (pH 7.4, Thermo
Fisher)& &= 109 248 & pH 7.00 $50] v i34 A2 Y
A7181857g o) ARgF3iTh BB 8- MilliporeAt HEIE o] &
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A /&3] 4,4'-isopropylidenebis(1,2-benzoquinone)©] F THFigure
2b(yellA Aoz veld 317). ©]F -0.08 V (vs. Ag/AgCholA] $
Auke-S F8 HAAE Wol 4 4-isopropylidenebiscatechol 7} F WA
I AAFHS JebdthFigure 2b(NolA HAHoz vehd 314
0-MWCNT-PDDA-Tyr W= 5332 12738 SPCES] %, Tyr &4
Qs 99l AR 2008 V (vs. Ag/AgChOlA] 4 .4-iso-
propylidenebis(1,2-benzoquinone) AJ/JE2] SHAREG<] 25k AF7k2
W3S B 5= 99l FSIR U o-MWCNT-PDDA-Tyr Wit
FAZ 1FE AZo] Tyr E4E 149 AFRtt 2L 559
BPAC] tfgh SHAAF ghe] Bishy}t o Avkes 21s & glon, o]
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Figure 1. Fabrication procedure for o-MWCNT-PDDA-Tyr nanocomposite.
Representative TEM image of (i) o-MWCNT, (ii) o-MWCNT-PDDA-Tyr
nanocomposite. Creation of BPA specific electrochemical biosensor
SPCE was modified with the o-MWCNT-PDDA-Tyr nanocomposite.
Representative SEM images of (iii) bare SPCE and (iv) o-MWCNT-
PDDA-tyrosinase nanocomposites physiadsorbed on SPCE.

N

Bisphenol A

a \(x“)

oo, oot

4-[2-(4-hydroxyphenyl) 4,4'-Isopropylidene
propan-2-ylJcyclohexan-1-one biscatechol

I
whee

o
4,4'-Isopropylidenebis
(1,2-benzoquinone)

—
[
=

sy

(2]
7
Ny~
3—/

; [ i
Ty oo 08
E/V (vs.Ag/AGC]) |

02 00 02 04
E /V (vs.Ag/AgCl)

Figure 2. Representative cyclic voltammograms for 5 pM BPA in 10
uM PBS buffer (pH 7.0) using (i) bare and (ii) Tyr modified and (iii-v)
o-MWCNT-PDDA-Tyr nanocomposite SPCEs. BPA concentrations
were varied from (iii) 5, (iv) 10 and (v) 15 pM. Scan rate = 50 mV/s.
(b) Scheme showing (I) direct oxidation of BPA and (II) enzyme-substrate
reaction of tyrosinase and BPA.
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Figure 3. (a) DPV data of different concentration of BPA from 2 to
1S pM detection using o-MWCNT-PDDA-Tyr nanocomposites on
SPCE. BPA reacted with Tyr in 10mM PBS buffer (pH 7.0). DPV
parameters are as follows: step potential = 15 mV, modulation
amplitude = 50 mV, modulation time = 0.05 s, and interval time = 0.5 s.
(b) A plot of DPV peak current versus BPA concentration.
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Figure 4. A series of DPV data for (i) 3 pM BPA only, (ii) 3 uM
BPS only, (iii) a mixture of 3 pM BPA and 30 pM BPS, and (iv) a
mixture of 3 pM BPA and 300 pM BPS. Each solution was prepared
in 10 mM PBS buffer (pH 7.0). Inset shows the molecular structure
of (i) BPA and (ii) BPS.
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Figure 5. (a) A set of DPV data for 10 x diluted environmental sample
(ES) using o-MWCNT-PDDA-Tyr nanocomposites on SPCE. The
sample was diluted using PBS buffer (pH 7.0). The known
concentration of BPA added to each ES solution was varied from 1.5,
3, 5,7 to 10 pM. (b) A plot of DPV peak current versus spiked BPA
concentration. The solid marker ([J) is the diluted environmental
sample only without spiking of BPA.
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