$-4r 2012 & ICBEB R'5/=3 ¢ 3

A RE
2012 2  FF 1428 3 BRI R 3 § (ICBEB)
2012 International Conference on Biomedical

Engineering and Biotechnology (iCBEB)

JRIFE - W2 T RELE

WL EER RS L o T maRiEnk
AL R < R

DR 0 2012.05.28 ~2012.05.30

2 p ¥ ¢ 2013.04.30



#&

’“v%‘prﬁ‘gm%ﬂﬂi TRk Eami g FEaN R L
By g ETES < Fﬁg ¥ A A/FH”AP%*“i%LﬂJ,E,«EJﬁ#B M oo

EE R LR Y EERC B Rk
ii? P % ?ﬁﬁ’/{jyb '%‘V)»’f(—ffrf\-"mg‘i* BRI ’}é‘g‘g i&g
Fd FRT Fica F 1 amfrtn e (IEEE) 9% £/ < 8 upg, B
ERBEFLPF L ‘Lbﬂ“f’”?ﬁ”ff:w*i"ﬁ‘*«f"fﬁ 5 e JY
4#%%‘52\'1%\{?3 FJedE ~ e 2 e ?\q‘l FeH s ApR T L XA ¢
Fi,kb‘mw-rﬁ > ‘q_;L;-d i]ﬁ]m;} ’f‘—"ﬁ, ﬁiﬁﬂ‘-ﬁhg (IEEE) d13x »
EBrERRF R+ 1 A28 ¢ i T4 (IEEE Xplore) » Ak 1 42
733 2 2 (Engineering Information Inc., ED) 2~ 2w % o
B R DI F 5 2 gk 5] TR R (Science Citation
Index Expanded, SCI)# 7|48 i B2 7| & 7 & & - o (7 € LT 48
FEE R LR B RE RN



20 PSP PTR PR 1



» 2

p e

AEELL PRI P FRAME LSRR RO F L 1
?ﬁw—@zmﬁmﬂﬂé’&ﬁ*ﬁiﬁﬁéﬁ 4#§§i$m
FREOEHD AT AR f@£$%%4wﬁﬁ’“wg%*6ﬂ
ﬁﬁ?ﬁbﬂﬂé%4#f§1ﬁﬁ4#&%%%%%§i%%”§
PO RAMAFEERBTEFTINEEF P F R TRt A
HJTU% o 4 4 kBl B (Impedimetric PSA Immunosensor) ;> p 7 4 &
NAPRPBEZL Z2PRBBE-PHERIGBITY EF K
FLAF G A FE RRIL AL 2EHE > SEF
HE SN EL R PR B RFFRER L B R avkd A kil
oo B3 E L REG W6 s RE S A (SCL # 7 od s R%E

JlJ)__P o

3§ HREEL &R

ZMZi%?§Wﬁ£4#ﬁwﬂ %731 ¢ (iICBEB) § & d 2 WT
Fioa F 1t ¢ (IEEE) 9%, B+ B kygk g Rz F 4
#wg VI RAP R RS E AP FEC L AP FY

@kg%&g~@%a@$1ﬁﬂwww%&i%ﬁ’éﬁ*SH
28-30 p ¥ BLRF R B AT (Regency Hotel, "™ p % )E+ > €&
PR AE 3 %8 7 & RIEE ’?Z»L:Lgpiviﬁ_"mlzi'f%g
1484 5 HIR%E €A (ICBEBZOlZ} AR L ¢ F A
BRE-2FRAE - A1E7 > 2 FRRIRL

R S R g g’éiéﬁp\ SREEAIR TR BEALAE
FEARELIE > ITEdmAAMI S FF #2 (BioMedical
Engineering) % 2 4 #1 & (Biology Sciences)Af & * 48 » = &5 & e
LAZZER » AR AT TAPMBITE LIFTE ) URMEBERA KT T ZF
BRE2RR -

R v ﬂe. FEa R k= gfggu LA @ﬁ‘?{g&; 5@1;&: P 3« A
ﬁ&%a B MR B EARMAR S T JEP 5 T G TR R
2= /ﬁf L/Z"I"”@t—p ok dmre et ex 2 Fiep (The
Evaluation of Cell Respiratory Effect of Magnetic
Nanoparticles Using Viability Assay and Chronoamperometric



Method) ;> i smerhlamid &=t » R * NIT(F 4 &4 > &
- ﬁ;é‘;fg;% 3BT R > TR NS mbe ’ﬁ{ﬂ‘ii%%? ¢t ex 48 (3-(4,

5-Dimethylthiazol-2-y1)-2, b-diphenyltetrazolium bromide)) -
F1* & i* 48 (Ferro cyanide)k & 5 =t b enq i 58 > 3= i
R 7

o

ER=E
X p = iFE@a1 + & (Nanyang Technological University)« Prof.
Ng Yin Kwee 7 2 1% # W 2 & FE L RIE* © 5% R
(Thermography Measurements in Biomedical Applications: breast
tumour) » #& 31 7 Az dh AR S M E(IRT) > * MR A A G B R
NLEF R R EEREEYER o L ALRGE P g & LAR R

ﬁ,ﬁia%¢~4ﬁ~A%V&“@%p‘“*ﬁﬁ*?;’j&
%%&mdxmmsawéﬁ BT g o dole th AR S Kok ks ?i%ﬁ’

- A BRR D S E R RIE F - AR TR R R
ﬁ%ﬁuF'Vﬁw’thﬁﬂﬁgéw%~4ﬁv“%a 7oA
o AT g A RE 0 P2 AT HEHAHRA KT E %@*%ﬁiﬁ’

ﬂ&i?%??ﬁwpﬁgiﬁim’%ipiﬁﬁ4ﬁvgém‘
FREEY

R EZZHR

BB S0 Wﬁﬁﬁ%ﬁﬁgﬁ’ﬁgﬁﬁﬁﬁ
B3R AP FOEP T UG h D EE F Y B R AR
g3 g%ﬁ?%ﬁ\%m»&%ﬁﬁﬂﬁwﬁi Fﬁ =3
DLBBATERS RAPRE T FRAL G SRR LR
PR AR PIRES T T U JEATART L AR 0 F B A2
épfﬁﬁiiiﬁ&%i%ﬁﬁ@%’ﬁ?%wFm%mi—ﬁ—

R - l‘!i‘r’{ﬁ%?&é S BIE AR v Y 0 Ham
m%mﬁjw; WURABNT B A BN AT R DR PT R
K E ”ﬂkkﬂﬁwP ﬂ%&ﬁ~£%?r%ﬁpWW
Foded 23 23~ T R EE s BBER A% B S EHERT

ﬁ@iﬁ,%&gsﬁﬁa§~$ﬁaT&w%m¢%$@jgﬁ%ﬁ%ﬁﬁ
Ak

g s 1 ThdpFRIELIFPMNETH > B I -
BimdmaT oo BRER LY S EABLEERHEFTY 02 Tl



(R SR R XYL S AN EE NPT S AN
ttﬂ@vﬁéﬁ'*mﬁﬁm‘?d %"“F‘ R P R

& SR e B0 T L B A S R i p e
W BN F RGBS R e Ach B A H A ¢ B B BFT
AR E o B TR R A A

-

~

o

7m1n

%%?é}i‘&ﬁn‘r—;’ﬂ cg‘;gu&%z\vjrxfe?ufg)%
Ff’??’ ¥} 12 ;;,{H '%raw»’ﬁﬁgg %J—Féogfi\:l VRS e
%;@ ﬂmJ A ,4 94%“5‘3*,‘?% L_]_”]WS;&;—A‘c‘ g ﬂa)i’éﬁ"?%wp
1%? ﬂw'“w’—owwﬁ RAREL ST R BH AT

ST SN S S RN R SRR ] AR
%ﬁ‘%\»éﬁvkél* xR BN AR e R SR T G T

AR A E R

\\\?’;r

W FH LR

P ERF T RIS T f 0 0024 pFE
R 4 PR E f ke bR B g A M TR
TR R S OT R T O F AP o ¥ S BT
TR A A ATDRE o



g ——

RERAD. R tead
b ‘v\‘ N I \ .?:') | ‘\‘_:‘ = ey

=

§ ik




¢ Bonim

FRIER

Conference Schedule

2012/05/28~30
May 28 ~ May 30, 2012

08:00-18:00

st iTHtRG © AP IRE SIS
Registration Location: Regency Hotel Macau

Note: You

can register at any time during the conference

Tuesday Morning, May 29

09:00-09:15

Frmz(

Opening Ceremony

09:15-09:30

FIEEGE
Welcoming Speech
Prof. Vai Mang |

09:30-09:40

KEBREER

Pose for Photographs

09:40-09:50

ZRER
Coffee Break

09:50-10:50

AR L
Keynote Speech 1: DNA Smart Materials and Devices,
Prof. Dongsheng Liu

10:50-11:50

BHEGR 2 ¢

Keynote Speech 2: Thermography Measurements in
Biomedical Applications: breast tumour, fever etc, Prof. Ng
Yin Kwee

Tuesday Noon, May 29

12:00-13:00

T

Lunch Location: Macau Ballroom, Regency Hotel

Tuesday Afternoon, May 29

15:00-16:00

N==e WA

R 3
Keynote Speech 3: Bioengineering and Global Health, Dr.
Roderic I. Pettigrew

16:00-16:15

ZRER
Coffee Break

16:15-17:15

BSR4
Keynote Speech 4. Magnetic Resonance Imaging for
Translational and Basic Life Sciences, Professor Ed X. Wu

Tuesday Evening, May 29

5




18:00-19:00

i
Dinner
Location: Macau Ballroom, Regency Hotel

Wednesday Morning, May 30

09:00-11:50

CEP 3R 1 AYRE2TE
Oral 1: BioMedical Engineering
Guia Room

OB =33 2 © VR
Oral 2: Biology Sciences
Taipa Room

CEEE =385 3 IR TR
Oral 3: Environmental Engineering
Drawing Room

Wednesday Noon, May 30

12:00-13:00

TE
Lunch
Location: Macau Ballroom, Regency Hotel

Wednesday Afternoon, May 30

15:00-17:30

ISR L ARSI
Poster 1: BioMedical Engineering

AR 2 1 AR

Poster 2: Biology Sciences

AP EEFR 3 T BB AR
Poster 3: Environmental Engineering

Wednesday Evening, May 30

18:00-19:00

RS
Dinner
Location: Macau Ballroom, Regency Hotel

Thursday, May 31

09:00-09:30

Please gather at Regency Hotel

09:30-16:00

Have a nice trip at Macau




2012 International Conference on Biomedical Engineering and Biotechnology

Impedimetric PSA Immunosensor

Prostate Specific Antigen Biosensor

Congo Tak-Shing Ching, Tzong-Ru Chou, Tai-Ping Sun and Hsiu-Li Shieh
Department of Electrical Engineering
National Chi Nan University
Puli, Nantou County 54561, Taiwan, ROC
Corresponding author: Congo Tak-Shing Ching (tsching@ncnu.edu.tw) and Tai-Ping Sun (tps@ncnu.edu.tw)

Abstract—Regular check of blood prostate specific antigen (PSA)
level is very important as it is related to prostate cancer. Hence,
this study aims to build up a novel impedimetric PSA
immumosensor (PSA-IMS) for accurate measurement of PSA.
The impedimetric PSA-IMS was fabricated with PSA antibody
immobilized on screen-printed carbon electrodes. Impedance
measurement at a specific frequency ranges (22.80 Hz — 2.57 kHz)
showed that the PSA-IMS has an excellent response range (6.25 —
400 ng/mL), with r>>0.9, which covers the normal physiological
and pathological ranges of blood PSA levels. Intraclass
correlation coefficient (ICC) showed that the PSA-IMS has
excellent reliability and validity (ICC>0.95). In conclusion, a
simple and reliable PSA-IMS was developed and it is capable of
precisely determining blood PSA levels in the range of
pathological and normal physiological regions.

in both the normal physiological and pathological ranges.

Keywords-Prostate specific antigen; Immunosensor; Impedance

L INTRODUCTION

Prostate cancer is a global health problem that presents one
of the 21" century's biggest medical challenges. It caused
primary man death all over the world (3 position) [1] and in
Taiwan (7" position) [2]. In Taiwan, the youngest person
suffering from prostate cancer is less than 30 years old [3], and
many Taiwan people has a poor prevention concept of prostate
cancer. About 50% of prostate cancer is in an advanced stage
by the time the patient or clinician detects them.

The biomarker for the prostate cancer is prostate specific
antigen (PSA) [4]. Regular check of this biomarker can reduce
the incidence or mortality rate for the people who are at the
high risk of prostate cancer. However, routine blood PSA level
can only be assayed in hospital or clinic but not at home.
Although there are some published PSA biosensors papers,
many of them are complicated in their fabrication procedures
[5,6]. Hence, this study aims to build up a novel impedimetric
PSA immumosensor (PSA-IMS) for accurate measurement of
PSA.

978-0-7695-4706-0/12 $26.00 © 2012 IEEE

DOI 10.1109/iCBEB.2012.247

II.  MATERIALS AND METHODS

A. Reagents and Solutions

Commercial reagents, with no additional purification, were
used in this study. Phosphate-buffered saline (PBS),
glutaraldehyde and bovine serum albumin (BSA) were bought
from Sigma Chemical Company (St Louis, MO). PSA and PSA
antibody was bought from Enzo Life Sciences (Farmingdale,
NY) and Novus Biologicals (Littleton, CO), respectively.
Deionized water (resistivity > 18MQcm), purified by a
Millipore Milli-Q UFplus System (Bedford, MA), was used for
all solutions preparation.

B.  Equipments

All impedance spectrum measurements were conducted by
the use of an impedance analyzer (Precision Impedance
Analyzer WK6420C, Wayne Kerr Electronics Ltd, UK).

I pril’lting

) W s Step2:
| Graphite
printing

7+ Step I:
Silver
printing

> Fabrication
completed

Figure 1. The fabrication steps for the PSA immumosensor. The substrate is
polyethylene terephthalate. After each layer screen printing, it is placed at
80 °C for 30 minutes in order to dry the layer before the next layer screen
printing.
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Figure 2. The PSA-IMS impedance response to PSA at various concentrations
(6.25, 50, 200 and 400 ng/mL) within the frequency range of 20 Hz — 10
MHz. At a specific frequency range (22.80 Hz — 2.57 kHz), an excellent linear
response range (6.25 — 400 ng/mL), with r*>0.9, was observed.

C. PSA-IMS fabrication

Screen printing technique is employed to construct the
sensor with screen mesh size and screen emulsion thickness
equal to 390 counts per inch and 25 um, respectively. Fig. 1

shows the construction steps. Each sensor has 3 different layers:

1% layer of silver conducting tracks, 2™ layer of graphite pads
and the 3™ layer of epoxy insulating shroud. The substrate is
polyethylene terephthalate (PET) sheet. After each layer screen
printing, it is placed at 80 °C for 30 minutes in order to dry the
layer before the next layer screen printing.

For PSA antibody immobilization, glutaraldehyde (2.5%, 4
pL) was dropped onto the graphite pads of the sensor.
Subsequently, a mixture of PSA antibody (4 pg, 2 uL) and
BSA (0.1 M, 1 uL) was dropped again onto the graphite pads
of the sensor and kept at 4 °C overnight.

D.  Measurements of the PSA-IMS impedance response to
PS4

All impedance spectrum measurements were carried out at
room temperature and recorded over the frequency range of 20
Hz — 10 MHz. Within this frequency range, there was 100
frequency points per logarithmic decade. The amplitude of the
perturbing wave was limited to 100 mV.

To perform the measurement, the PSA-IMS was connected
to the impedance analyzer. PBS (10 uL, 25 mM, pH 7.0) was
pipetted onto the PSA-IMS. After waiting for 60 seconds,
impedance spectrum of the PBS (Zpgs) was then recorded.
After that, the PBS was removed and 5 uL PSA (6.25, 50, 200
and 400 ng/mL) was subsequently pipetted onto the PSA-IMS.
After waiting for 180 seconds, the PSA was then removed and
the PSA-IMS was immersed and softly washed with PBS (25
mM, pH 7.0). Then, a fresh PBS (10 pL, 25 mM, pH 7.0) was
consequently pipetted onto the PSA-IMS. After waiting for 60
seconds, impedance spectrum was recorded again and this
recorded impedance spectrum is called impedance spectrum of
the PSA (Zpsa). The PSA-IMS impedance response to PSA is
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Figure 3. Calibration curve of the PSA-IMS on measuring PSA (6.25 — 400
ng/mL) at 26 Hz, within the specific frequency range (22.80 Hz — 2.57 kHz).
The PSA-IMS has excellent linear response, with r’=0.95 and sensitivity of
-72.53 Q/Log(ng/mL).

calculated by subtracting Zpsa from Zpps (i.e. Zpsa — Zpps) of
PSA at various concentrations.

Three discrete measurements were conducted consecutively
with the intention of testing the reliability of the impedance
spectrum measurements.

111

Fig. 2 showed the subtracted impedance spectrum (i.e.
Zpsa — Zpps) of PSA at various concentrations within the
frequency range of 20 Hz — 10MHz. A specific frequency
range (22.80 Hz — 2.57 kHz) was found, in which an excellent
linear response range (6.25 — 400 ng/mL) could be obtained,
with r*>0.9. This excellent linear response range covers the
normal physiological and pathological ranges of blood PSA
levels. Fig. 3 showed the calibration curve of the PSA-IMS on
measuring PSA at 26 Hz. It was found that the PSA-IMS has
excellent linear (1*=0.95) response with the sensitivity of
-72.53 (Y/Log(ng/mL).

In order to evaluate the ability of the PSA-IMS on PSA
determination, evaluation study had been conducted at the
frequency of 26 Hz (Table 1). It was found that the PSA-IMS
was able to precisely determine the concentrations of PSA
(6.25 — 400 ng/mL) with the maximum percentage error of
3.00%.

Reproducibility of a variable can be evaluated by intraclass
correlation coefficient (ICC). ICC>0.75 is generally suggested
for good reliability [7]. In medical measurements, ICC>0.90 is
definitely required so as to guarantee reasonable validity [8]. In
this study, the ICC(3,1) value was 0.95 (Table 1) and this
suggests that they have excellent reliability and validity.

RESULTS AND DISCUSSION

Research is ongoing to study the interference study, the
long-term stability of the PSA-IMS and real sample (i.e. PSA
in blood) study. This result will be reported in due course.



Table 1. Evaluation of the PSA-IMS on the determination of the concentrations of PSA solutions at the frequency of 3.5 MHz.

Standard Measured PSA Concentration (ng/mL) Mean SD o Intrarater
PSA Solutions (ng/mL) (ng/mL) 7o Error Reliability
(ng/mL) Trial 1 Trial 2 Trial 3 {ccs,n
6.25 5.98 6.41 6.12 6.17 0.22 3.00

25 2532 25.39 2523 2531 0.08 1.26 095
100 101.89 96.42 98.90 99.07 2.73 2.19

400 399.85 394.05 393.03 395.65 3.67 1.09

IV. CONCLUSION

A simple and reliable impedimetric PSA immumosensor
was successfully designed and developed. A specific frequency
range (22.80 Hz — 2.57 kHz) was found, in which an excellent
linear response range could be obtained, with ?>0.9. The PSA
immumosensor has a linear working range, 6.25 — 400 ng/mL.
It is capable of precisely determining blood PSA levels in the
range of pathological and normal physiological regions.
Therefore, a screening method was proposed in this study with
the advantages of rapidity and inexpensiveness.
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