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a b s t r a c t

A label-free carp vitellogenin sensor has a strong potential for on-site monitoring on the possible contami-
nation of edible fish with endocrine disruptors as a sum parameter in an inland carp farm. In this study, we
performed a sensitive detection for carp vitellogenin with a direct-binding optical waveguide lightmode
spectroscopy-based immunosensor. Carp vitellogenin bound over the sensor surface quite specifically,
judging from the sensor responses according to stepwise antibody immobilization. This was also sup-
ported by a negligible sensor response found at bovine serum albumin immobilization. When plotted in
double-logarithmic scale for carp vitellogenin concentrations of 0.00675–67.5 nM, a linear relationship
mmunosensor
etection
arp vitellogenin
erum analysis

was found between analyte concentration and sensor response, together with the limit of detection of
0.00675 nM. The reusability of the immunosensor after the regeneration with 10 mM HCl was reasonably
good, as presumed from the coefficient of variability of 6.02% for nine repetitive measurements. The model
sample prepared by spiking a purified carp vitellogenin into a 10-fold diluted vitellogenin-free carp serum
in 9.45 nM showed the response ratio of 96.70% against 9.45 nM of the purified carp vitellogenin. When a
female and male carp sera induced with 17�-estradiol injection were analyzed, biomarker induction was
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even identifiable at 2000-

. Introduction

Vitellogenin, a potent fish biomarker for estrogenic activity, is an
gg yolk protein precursor and phospholipoglycoprotein in nature.
t is normally present only in the blood of female fish, but males
lso have vitellogenin gene(s) and the estrogen receptors(s) neces-
ary for vitellogenin regulation (Tyler et al., 2002). Therefore, the
xposure of female and male fish to endocrine disruptors such as
7�-ethinylestradiol (the contraceptive pill), dioxins and PCBs can
rigger vitellogenin gene expression, and as a consequence, vitel-
ogenin accumulates in the blood abnormally (Chen, 1983; Tyler et
l., 1996). Meanwhile, fish represents an important route of human
ontamination with endocrine disruptors because it constitutes the
pper part of the food chain. Therefore, a stringent surveillance on
he possible contamination of edible fresh- and salt-water fish with

ndocrine disruptors is required to improve human health (Kim et
l., 2006). From the above facts, vitellogenin monitoring seems to
e one efficient method for the assessment of fish contamination
ith endocrine disruptors as a sum parameter.

∗ Corresponding author. Tel.: +82 31 780 9131; fax: +82 31 709 9876.
E-mail address: k9130sen@hanmail.net (N. Kim).
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Until now, various analytical methods for vitellogenin have been
eveloped. Out of them, reverse transcriptase-polymerase chain
eaction methods (Celius et al., 2000; Custodia-Lora et al., 2004)
etermine mRNA of vitellogenin by transcriptional level. Whereas,

mmunoassays including enzyme-linked immunosorbent assay
ELISA) (Prakash Vincent et al., 2001; Mitsui et al., 2003) and
adioimmunoassay (Norberg and Haux, 1988), and electrophore-
is, Western blotting (Versonnen et al., 2004) detect vitellogenin
tself by translational level. The conventional methods described
bove had good sensitivity, however, suffered from possible inter-
erences from coloring substances and complexity in measurement
rotocol due to the use of radioisotope or enzyme label, and thus

imiting them laboratory-oriented in most cases (Kim et al., 2006).
herefore, it is necessary that sensor technology for vitellogenin
easurement be developed for on-site application in a fish farm to
onitor the health state of fish and to afford the basis on a high-

recision instrumental analysis for endocrine disruptors against the
ositive samples from a preliminary biosensor screening.
A label-free immunosensor based on antibody–antigen com-
lexation is a strong candidate for simple rapid determination of
sh vitellogenin due to its intrinsic high-sensitivity and specificity,
ogether with versatility in system setup, simplicity in measure-

ent procedure, reuse of expensive reagents like antibody and

http://www.sciencedirect.com/science/journal/09565663
mailto:k9130sen@hanmail.net
dx.doi.org/10.1016/j.bios.2008.04.013
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eal-time demonstration of sensor response on computer screen
Park and Kim, 2006). Until now, however, studies on the label-free
etection for fish vitellogenin are scarce. Darain et al. (2004) mea-
ured carp vitellogenin based on impedance spectroscopy using a
onductive terthiophene polymer-coated glassy carbon electrode.
im et al. (2006) developed a piezoelectric immunosensor pre-
ared by the chemisorption of an anti-carp vitellogenin antibody
hiolated with a heterobifunctional thiolation cross-linker, sulfo-
uccinimidyl 6-[3-(2-pyridyldithio)propionamido]hexanoate, and
easured carp vitellogenin concentration-dependently.
An optical waveguide lightmode spectroscopy (OWLS) biosen-

or is recently developed in the field of integrated optics and
xploits the science of light guided in structures smaller than the
avelength of the light. It has been applied for studying the phe-
omena at solid/liquid interface such as protein–DNA interaction,
ell adhesion and environmental monitoring (Vörös et al., 2002).
ccording to the label-free nature of signal transduction which
akes the analysis simple, an OWLS-based immunosensor can be a

trong candidate for on-site vitellogenin monitoring, supplement-
ng the conventional methods including ELISA (Prakash Vincent et
l., 2001; Mitsui et al., 2003).

Accordingly, this is the first report on the development of
highly sensitive label-free OWLS-based immunosensor for the

etection of vitellogenin in carp (Cyprinus carpio), one of the pre-
ominant freshwater species reared in Korea. We studied the
erformance of the above sensor operated at a direct-binding
rinciple and subsequently applied it to vitellogenin measure-
ent for the carp sera amplified with vitellogenin by 17�-estradiol

nduction. Compared to the conventional method like ELISA, the
itellogenin sensor of this study seemed to have merits on its sim-
licity and rapidity, together with its on-site applicability in a fish

arm.

. Experimental

.1. Reagents and transducer

Carp vitellogenin was prepared by the serum amplification

sing two intraperitoneal 17�-estradiol injections into carp and,
he following purification by a linear gradient DEAE, cellu-
ose column chromatography (Moon et al., 2006). The purified
arp vitellogenin thus prepared was used for the production
f an anti-carp vitellogenin antibody from rabbit and the reac-

c
r
i
a
t

ig. 1. Schematic diagram of the OWLS-based immunosensor system. The instrument wa
f sensor surface in a reproducible manner. (a) Buffer solution; (b) peristaltic pump; (c) in
GC sensor chip; (f1) waveguide layer; (f2) glass substrate; (f3) grating; (g) photodiode; (
ctronics 24 (2008) 391–396

ivity of the prepared antibody was determined by an ELISA
Moon et al., 2006). An amino-terminal silane compound, 3-
minopropyltriethoxysilane (APTS), and glutaraldehyde which
ere used for the silanization of an optical grating coupler

OGC) sensor chip (OW 2400, MicroVacuum Ltd., Budapest, Hun-
ary) and the following activation of the silanized sensor chip,
espectively, were purchased from Sigma–Aldrich Chemical Co.
St. Louis, MO, USA). All other chemicals were the products of
igma–Aldrich Chemical Co. or guaranteed reagents from various
uppliers, and double distilled water was used throughout this
tudy.

The diffraction grating of the OGC sensor chip had a surface relief
epth of ∼20 nm, grating periodicity of 2400 lines/mm, and grat-

ng area dimensions of ∼2 mm (length) and 16 mm (width). The
efractive index (nF) and thickness (dF) of the waveguide layer under
he diffraction grating were 1.77 and 170–220 nm, respectively. The
imensions of the substrate glass slide under the waveguide layer
ith a refractive index (nS) of 1.53 were 48 mm (length), 16 mm

width) and 0.55 mm (thickness).

.2. System setup

The OWLS-based immunosensor system of this study was oper-
ted in a direct-binding mode as follows based on previous reports
Kim et al., 2007a, 2008). The system was constructed with a
eglo digital pump (ISM 832A, Ismatec SA, Glattbrugg, Switzer-

and), a Rheodyne injector, the main unit (OWLS 110, MicroVacuum
td.) composed of a sensor holder with a flow-through cuvette
ttached over the OGC sensor chip, two photodiodes, a beam mir-
or, shutter and He–Ne laser source emitting a monochrome light
f 632.8 nm, plus a PC (Fig. 1). The individual parts of the sys-
em were connected with capillary tubing. During the operation,
he monochrome light was diffracted by the optical grating of the
ensor chip and started to propagate via the total internal reflec-
ion inside the waveguide layer. At a well-defined incident angle,
he phase shift during one internal reflection was equal to zero
nd a guided mode excited, which generated an evanescent field
hange in refractive index at the surface, caused by the added layer
esulting from the antibody–antigen complexation, was then mon-
tored on-line by the precise measurement of incoupling angle
s a function of time with the operating software of the sys-
em.

s equipped with a flow-through cell introducing a liquid sample to the grating part
jector; (d) main unit; (e) sensor holder; (e1) flow-through cuvette; (e2) O-ring; (f)
h) beam mirror; (i) shutter; (j) laser source; (k) waste and (l) PC.
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.3. Antibody immobilization

The anti-carp vitellogenin antibody was immobilized in situ
ver the surface of the OGC sensor chip with a slight modification
f the procedure by Polzius et al. (1996). The sensor chip was
rst dipped into piranha solution (H2SO4:H2O2 = 3:1, v/v) for
0 min with an extensive care to avoid heat generation, followed
y washing with distilled water for 5 min and hydration with
ot water around 90 ◦C for 1 h in sequence. The washed sensor
hip was immersed into 10% acetonic APTS solution (pH 3.5) in
cap tube at 75 ◦C for 3 h and heat-treated afterward at 100 ◦C

vernight in a convection oven. The amino-silanized sensor chip
as inserted into the correct position of the sensor holder and

hen the flow-through cuvette was attached over the sensor chip,
ollowed by fitting the resulting sensor holder into the main
nit of the immunosensor system. Antibody immobilization was
erformed in situ as follows. After washing with distilled water
or around 20 min at a flow rate of 200 �l/min, 200 �l of 2.5%
lutaraldehyde was injected into the system, followed by turning
ff the pump for 6 min to activate the diffraction grating of the
aveguide film. Then, the pump was turned on to wash the flow

ine with distilled water until a stable baseline was obtained. At this
oment, 200 �l of the final antiserum diluted with the reaction

uffer of the system, 4 mM Tris–HCl (pH 7.2), by 1:10 ratio was
dded into the flow line to the sensor surface at the above flow rate
nd eluent flow was stopped for 7 min to immobilize the antibody.
fter switching the system to flow mode until a new stabilized
aseline, the sensor surface bound with the antibody was washed
y the injection of 500 �l of 10 mM HCl. The eluent of the system
as changed to the reaction buffer and a new steady-state baseline
as established within 10 min. At this point, the system was

eady for sample measurement. To prepare the OGC sensor chip
reated with APTS only, two steps using the above glutaraldehyde
nd antibody solution were omitted. Likewise, the sensor chip
reated with APTS plus glutaraldehyde was prepared without the
ow of the antibody solution. The sensor chip immobilized with
ovine serum albumin (BSA) was made by treating 100 �g/ml BSA
issolved in the reaction buffer instead of the antibody solution.
.4. Analytical procedure

Five hundred microliters of different concentrations of carp
itellogenin were individually injected into the immunosensor sys-

3

w
r

ig. 2. Comparison of time-dependent surface coverage profiles of the OWLS-based immu
panel B). In panel A, the OGC sensor chip was treated with APTS only (· · ·), APTS plus glu
—). In panel B, the sensor chip was immobilized with bovine serum albumin (· · ·) and an
ctronics 24 (2008) 391–396 393

em in flow mode at the above flow rate, followed by elution of the
eaction buffer. A sensor response was regarded as a steady-state
hange in surface mass (ng/cm2), caused by carp vitellogenin, in
he reaction buffer before and after a sample addition. The change
n surface coverage during a measurement was automatically dis-
layed on the computer screen using the operating software based
n the measured incoupling angles comprising the transverse
lectric mode (˛TE) and transverse magnetic mode (˛TM). The
egeneration of the OGC sensor chip was undertaken in flow mode
y the addition of 500 �l of 10 mM HCl after each measurement.

.5. Sample analysis

Sample analysis was performed by two different aspects. First,
vitellogenin-free carp serum was prepared from a male carp

ccording to the method of a previous study (Moon et al., 2006).
hen, a model sample was prepared by spiking the purified carp
itellogenin, into a 10-fold diluted vitellogenin-free carp serum, in
.45 nM. The sensor response for the model sample was compared
ith that of the diluted vitellogenin-free carp serum to correct the
atrix effect. On the other hand, the sensor responses of a female

nd male carp serum, amplified with vitellogenin by 17�-estradiol
nduction, were measured after the dilution of the corresponding
era by 2000-fold and compared with those of a diluted female and
ale control serum.

. Results and discussion

The possibility of carp contamination with endocrine disrup-
ors due to the high burden of organic pollutants that are often
ischarged into rivers and lakes is a serious concern. In turn, this
lso implies that excessive levels of vitellogenin may be present
n the blood of carp in the inland water (Chen, 1983; Tyler et al.,
996) and necessitates the development of a new analytical device
or this protein. As an effort, a rapid and sensitive OWLS-based
mmunosensor was made to detect vitellogenin in carp serum in
his study.
.1. Specificity of the immunosensor

The specificity of the OWLS-based immunosensor of this study
as checked from two aspects. In the first aspect, the sensor

esponses were measured during each step of antibody immobi-

nosensor according to immobilization steps (panel A) and immobilized molecules
taraldehyde (– · –) and APTS, glutaraldehyde, plus anti-carp vitellogenin antibody

ti-carp vitellogenin antibody (—). Arrows indicate points of sample injection.
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Fig. 3. Concentration-dependent responses of the OWLS-based immunosensor for carp vitellogenin (panel A) and the resulting calibration curve (panel B). In panel A,
the surface of the sensor chip was sequentially treated with 0.25% glutaraldehyde (a), anti-carp vitellogenin antibody (b), 10 mM HCl as the regenerating solution (c) and
the reaction buffer (d), followed by the additions of carp vitellogenin at the concentrations of 0.00675 (e), 0.0675 (f), 0.675 (g), 6.75 (h) and 67.5 nM (i) after the baseline
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tabilization following 10 mM HCl treatment. Arrows with asterisk in panel A indica
t adjacent measuring time were averaged and error bars were inserted.

ization (panel A of Fig. 2). When a solution having 6.75 nM of
he purified carp vitellogenin was added into the reaction cell
ttached with the OGC sensor chip without antibody immobiliza-
ion (treated with APTS only, and APTS plus glutaraldehyde), the
hanges in surface coverage of 4.48 ± 0.76 and 5.63 ± 0.43 ng/cm2

n = 2) were obtained, respectively. These false positive values were
ossibly caused by non-selective binding of the analyte (Pyun et
l., 1998). They, however, seemed to be negligible considering that
he response of 51.47 ± 0.54 ng/cm2 (n = 2) attained with the sen-
or chip treated with APTS and glutaraldehyde, plus immobilized
ith the anti-carp vitellogenin antibody was bigger than them by

.14–11.49-fold. From this fact, we concluded that a meaningful
ensor response only occurred in the case of the antibody-coated
ensor chip (Park and Kim, 1998; Kim et al., 2007a). In the second
spect, the responses of the OGC sensor chips immobilized with the
nti-carp vitellogenin antibody and BSA, a serum protein irrelevant
ith the immune response of this study, were compared by adding

.75 nM of the purified carp vitellogenin into the system (panel B
f Fig. 2). As expected, virtually no sensor response approximat-
ng to the change in surface coverage of 2.88 ± 0.18 ng/cm2 (n = 2)
as found in the case of BSA immobilization. But, the response
f the antibody-coated sensor chip was evident, amounting to
8.47 ± 0.54 ng/cm2 (n = 2), thereby confirming a high specificity
f the current immunosensor to carp vitellogenin binding (Kim et
l., 2007a).

.2. Concentration-dependent responses of the immunosensor

The sensorgram of the OWLS-based immunosensor showed that
he surface coverage values of baseline increased steadily during
ach step of the immobilization procedure including glutaralde-
yde activation, antibody binding plus surface regeneration, and
luent change from distilled water to the reaction buffer (panel A
f Fig. 3). This fact clearly indicated that antibody immobilization
as performed properly (Adányi et al., 2007). When a fixed concen-
ration of carp vitellogenin was injected into the immunosensor
ystem, an abrupt increase and following stabilization in surface
ass was observed. Further dissociation of bound carp vitellogenin
as not found even at prolonged elution of the reaction buffer

Polzius et al., 1997). This type of kinetics is quite similar to the typ-

(
c
b
n
t

points of regenerant addition. In panel B, five values of change in surface coverage

cal binding profiles found for label-free optoelectronic devices like
urface plasmon resonance (SPR)-based biosensor which measures
he complexation between ligand–receptor or antibody–antigen
Leonard et al., 2004). As shown in panel A of Fig. 3, a sharp dip
n surface coverage occurred after every regeneration step, which
eemed to indicate the transient change in refractive index of the
luent due to the mixing between the reaction buffer and the
egenerating solution, 10 mM HCl (Adányi et al., 2007). A newly
stablished baseline surface coverage slightly moved downward
fter the washout of the regenerating solution. This unavoidable
inute change, however, did not affect on vitellogenin quantifica-

ion as shown by an extremely high correlation between analyte
oncentration and sensor response (panel B of Fig. 3). When var-
ous concentrations (0.00675, 0.0675, 0.675, 6.75 and 67.5 nM)
f carp vitellogenin were successively injected into the system,
he sensor responses of 5.01 ± 0.31 to 71.58 ± 0.67 ng/cm2 (n = 5)
ere obtained. Whereas, the change in surface coverage obtained

y the injection of the reaction buffer itself as a negative con-
rol was 0.12 ng/cm2. Furthermore, the three-fold value against the
tandard deviation of baseline drift that is routinely accepted as
he criterion for the determination of a meaningful sensor signal
as 1.14 ng/cm2. Based on these values, we presumed the limit
f detection (LOD) of the present immunosensor as 0.00675 nM.
he immunosensor showed an improved sensitivity compared to
direct-binding quartz crystal microbalance immunodevice which
ad a LOD of 0.4864 nM for carp vitellogenin (Kim et al., 2006). Also,
he sensitivity obtained in this study was even better than that for
atfish vitellogenin by 10-fold (Kim et al., 2007b), which seemed
o represent the difference in binding affinity during the immune
esponse (Kim et al., 2004).

The relationship between biomarker concentration and sen-
or response was plotted in double-logarithmic scale to obtain a
inear equation, as reported previously (Kuhlmeier et al., 2003;
olotovsky et al., 1997). For the linear response in panel B of
ig. 3, the regression equation of Y (log10 sensor response) = 0.3327X

log10 carp vitellogenin) + 1.3192 was obtained, together with the
orrelation coefficient (r) of 0.9904. The linearity like this has also
een reported in the label-free OGC and SPR immunosensor which
ormally measure sensor signals in a wide concentration range of
arget analytes (Homola et al., 2002; Kuhlmeier et al., 2003).
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F onses of the 10-fold diluted vitellogenin-free carp serum and model sample (panel B).
P nes 1 and 5, standard mixture of molecular mass markers; lanes 2–4, 80-fold diluted sera
f : (—), 10-fold diluted vitellogenin-free carp serum; (· · ·), model sample.
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Table 1
Sensor responses according to repetitive use after the regeneration procedure with
10 mM HCl

Measurement numbera Sensor response (ng/cm2)

1 46.42
2 42.05
3 48.31
4 42.96
5 43.57
6 41.76
7 45.32
8 40.56
9 46.96

M

l

F
1

ig. 4. Western blotting for vitellogenin in carp sera (panel A), and the sensor resp
anel A: lanes 1–5, Western blotting using the antibody against carp vitellogenin; la
rom male carp 1–3 without the induction with 17�-estradiol, respectively. Panel B

.3. Reusability of the immunosensor

From the previous reports on immunosensor development,
t has been recognized that the major source of error during a
epetitive measurement is the possible loss of immobilized anti-
ody after regeneration (Pyun et al., 1998; Kim et al., 2004). To
valuate the reusability of the current immunosensor, a carp vitel-
ogenin solution with the concentration of 6.75 nM was added
nto the immunosensor system nine times after the regeneration
rocedure (Table 1). The mean change in surface coverage dur-

ng the whole course of reaction was 44.21 ± 2.66 ng/cm2 (n = 9),
epresenting 95.61% of the sensor response obtained at the first
ycle measurement. This fact showed that the antibody layer was
lmost secured during sensor reuse, which might imply economic
spect of the present immunosensor compared to commercial kit

ssays like ELISA (Kolosova et al., 2000). The coefficient of vari-
bility, as an index of repeatability according to sensor reuse, was
.02%. This precision seems to be reasonably good considering that
he immunosensor of this study will find its applicability to an
nitial screening for the presence of estrogenic compounds like

e
b
e
o

ig. 5. Sensor responses of the 2000-fold diluted induced and control sera from fema
7�-estradiol.
ean ± S.D. (n = 9) 44.21 ± 2.66

a In each instance, 6.75 nM of the purified carp vitellogenin was used as the ana-
yte.
ndocrine disruptors in the inland and coastal water, and edi-
le fish (Chen, 1983; Tyler et al., 1996; Kim et al., 2006). We
xpect that the repeatability of measurement for the detection
f carp vitellogenin will be improved by using nine new OGC

le (panel A) and male (panel B) carp. (· · ·), control sera; (—), induced sera with
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ensor chips immobilized with the anti-carp vitellogenin anti-
ody.

.4. Matrix effect and model sample analysis

As the OWLS-based immunosensor of this study measures
he change in refractive index during an affinity-based process,
ntibody–antigen complexation (Kim et al., 2007a), the interfer-
nce caused by sample matrix might be present. Therefore, a
itellogenin-free carp serum was first prepared to evaluate this
ffect. As male fish have the dormant vitellogenin gene(s) and
he estrogen receptor(s) necessary for vitellogenin induction, this
iomarker protein is normally not present in the blood of male fish
Tyler et al., 2002). Based on this fact, we prepared the blood sera
rom three male carp and analyzed the presence of vitellogenin by

estern blotting. As depicted in panel A of Fig. 4, the serum in
ane 3 showed the band of carp vitellogenin (band a), which indi-
ated that it could not be used for our experiment. As the carp
erum in lane 2 did not show the corresponding band, we used it
s the vitellogenin-free serum to elucidate possible matrix effect.
he 10-fold diluted vitellogenin-free carp serum and model sam-
le prepared as described in Section 2.5 were determined for the
ime-dependent sensor response using the immunosensor system
f this study (panel B of Fig. 4). As expected, a significant surface
ass change was also found in the case of the diluted vitellogenin-

ree carp serum. To compensate for the false positive value, the
hange in surface coverage of the diluted vitellogenin-free carp
erum was subtracted from that of the model sample and the dif-
erence was regarded as the sensor response of the model sample.

hen this value was compared with that of 9.45 nM of the puri-
ed carp vitellogenin, the relative ratio (response of the model
ample/response of the purified carp vitellogenin × 100, %) was
6.70%. Whereas, the relative ratio determined for 9.45 nM carp
itellogenin in the model sample against the same concentration
f the purified carp vitellogenin with a commercial ELISA kit was
34.60%.

.5. Detection of 17ˇ-estradiol-induced amplification of
itellogenin in carp serum

From a previous experiment by the SDS-PAGE employing 7%
crylamide gel, we observed that vitellogenin was greatly induced
n the blood of a female and male carp, intraperitoneally injected

ith 17�-estradiol in the ratio of 1 mg/100 g body weight (Moon
t al., 2006). To evaluate the efficiency of the present OWLS-
ased immunosensor as a screening tool for induced vitellogenin,
he vitellogenin-induced sera prepared from the above carp were
iluted with the reaction buffer by 2000-fold and the sensor
esponses for the corresponding sera were measured (Fig. 5). The
hanges in surface coverage obtained with the induced female and
ale carp sera were 58.70 ± 1.90 and 45.00 ± 1.10 ng/cm2 (n = 5),

espectively. These values were considerably bigger than those
15.20–17.50 ng/cm2) of the 2000-fold diluted sera from control
emale and male carp. Therefore, we presumed that the label-free
mmunosensor of this study might be used for an extremely sen-
itive and rapid evaluation for the vitellogenin induction in fish
wing to the contamination with estrogenic compounds such as

7�-estradiol and nonyl phenol in a real-time scale (Tyler et al.,
002). Considering its intrinsic sensitivity and data convergence to
he calibration curve as shown earlier, the immunosensor might
lso be used efficiently for vitellogenin quantification in the blood
f the reared inland and coastal fish.

V

V
V

ctronics 24 (2008) 391–396

. Conclusions

In this research, we studied the performance of an OWLS-
ased immunosensor operated by a direct-binding principle and
ubsequently applied it to vitellogenin screening for the carp
era amplified with vitellogenin by 17�-estradiol induction. Based
n its high sensitivity, reusability and real-time presentation of
ensor response, it might be used as a good screening tool for
he initial monitoring on possible contamination with estrogenic
ompounds such as 17�-estradiol and nonyl phenol in a real-
ime scale in a fish farm. We think that further research with
he developed system should include the establishment of the
ormal range of sensor response in control fish, followed by
hecking the objects with abnormally high sensor responses.
hen, the screened objects might be further confirmed for the
resence of individual estrogenic compounds by instrumental anal-
ses. Simultaneously, an effort for the detection of vitellogenin
nduction according to the exposure to estrogenic compounds
iffering in molarity and chemical structure should also be
aid.

cknowledgement

This study was supported by a grant of Korea Food Research
nstitute (no. E071004).

eferences
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