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Abstract: This study investigated the binding affinity of constitutive androstane receptor (CAR)
with its activator, 6-(4-chlorophenyl)imidazo[2,1-b][1,3]thiazole-5-carbaldehyde O-(3,4-
dichlorobenzyl) oxime (CITCO) in order to develop a rapid method for screening of protein-
binding compounds. At first, the performance capacity of surface plasmon resonance (SPR) system
was confirmed by the interaction of commercial carbonic anhydrate II (CAII) protein and 4-
carboxybenzenesulfonamide (CBS) compound. The target protein, ligand binding domain of
human CAR (hCAR), was optimally immobilized on SPR sensor chip using amine coupling
method and then used to detect the interaction with chemical molecules. CITCO, known as a
hCAR agonist in previous studies was used as the positive control to develop the method for
determination of the binding affinities between SPR-immobilized CAR proteins and chemicals. As
expected, CITCO showed specific bindings to hCAR protein in this study, indicating the

application potential of SPR system in screening probable ligands of proteins.
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1. Introduction

The constitutive androstane receptor, also
known as nuclear receptor subfamily 1, group I,
member 3 is a protein encoding by the NR1I3
gene (CAR, NRI1I3) [1]. CAR functions as the
sensor of endogenous and
compounds, regulating the expression of

functional proteins which account for the

€xogenous
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metabolism, transportation and excretion of
these substances from the body [2-4]. Hence,
CAR is important in the detoxification of
foreign
environmental pollutants [5, 6]. Moreover,
pathological researches that CAR
relates to tumor development and cancer [7],
diabetes and obesity [8] diseases by ligand-
induction. Although the mechanism of action of
exogenous substances to organisms through the
CAR has been extensively studied, but most

substances such as drugs and

showed
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studies are performed in in vitro experiments
with reporter genes (based on CYP gene
expression). However, this method could not
show the initial attack mechanism of molecules
to organisms, meaning that it has not displayed
the specific role of the CAR in response to
exogenous substances [6]. Research on the
interaction of the potential ligands with the
receptor will contribute to completing the
picture of the attack mechanism of foreign
molecules to organisms from the first step and
clarifying whether a molecule can interact
directly or indirectly to the receptor. So far, the
method to determine the binding ability of the
ligand with the CAR is limited. Experiment on
the binding ability of CAR with ligands was
first performed by Moore et al. (2000) based on
the principle of fluorescence resonance energy
tranfer between the chromophore-marked
molecules. This experiment requires interactive
molecules that are labeled with biotine and
takes time for incubation with the target
receptor. With the goal to rapidly screen for
effective potential compounds of organisms
through CAR, development of a method to

rapidly detect ligands of CAR is necessary.
Surface plasmon resonance (SPR) biosensor, a
novel analytical instrument that is a multiplex
optical biosensor was used to monitor
bimolecular interactions without labelling the
molecules in real time through a SPR-based
detector. This technology is able to measure
directly and rapidly the interaction of small
molecules with immobilized macromolecular
targets [9, 10]. This study selected the SPR
system as an object to develop a biosensor
system for a rapid screening for potential
ligands of CAR.

2. Materials and Methods

Testing of instrument: CAIIl protein and
CBS compound (Bio-Rad) were used to test the
performance capability of SPR system. The
immobilization of CAIIl protein using amine
coupling method and the interaction of CAII with
CBS were conducted on SPR sensor chip
(Reichert) as described in the previous reports [10,
11] with the conditions described in Table 1.

Table 1. Summary of interaction conditions and binding affinities of CAIl and CBS

Protein CBS (MW= 201) Kinetic Equilibrium
Immobilization concentration References
(RU) (uM) k, k, K, K,
(1/ms) (1/s) (uM) (uM)
0, 0.08, 0.25, 0.75, 4 22 + .
2.22. 6.67.20 1.74x10 0.04 03 32 1.3 This study
CAIl 0, 0.08, 0.25, 0.75, 4 Turner
(21,400 + 5000  2.22,667,20  28x10 003 1.2 ND (2008)
0, 0.08, 0.25, 0.75, 4 Bravman
22.667,20  1:90x10 003 1.6 ND

(2006)
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His-hCAR and CITCO interaction:
Recombinant His-tag ligand binding domain
(LBD) of hCAR (Jena Bioscience) was
immobilized by amine coupling method in
running Hepes buffer (0.01M HEPES, 0.15M
NaCl, 0.003M EDTA, 0.005% Tween 20,
pH 7.4) [9]. CAR was prepared at 50pg/ml
concentration in Na acetate buffer (10mM,
pH 5.0) and was injected for 10 min at
25ul/min over the activated channel. The
interaction of CITCO and hCAR was
optimized through testing under different
conditions of concentration, injection flow
rate and contact time (Table 2). The PBS-T
buffer (0.02M Na,HPO,, 0.15M NaCl,
0.001M dithiothreitol, 0.005% Tween 20, pH
7.4 and 5% DMSO) was used as running
buffer and chemical dilution buffer [9].
Triplicate injections of each concentration
were done to check the reproducibility.

Data Analysis: Binding curves were
processed by aligning the baseline with start
injection signals, and by subtracting signals of
an activated and blocked reference channel. The
binding affinity was evaluated by equilibrium
dissociation constant (Kp) drawn from the
responses of the six analyte concentrations.
Responses were fitted to a simple bimolecular
equilibrium model at 50% saturation response.
Kp 1s given for a specific ligand binding to

13

CAR. No K, was given for non-specific
binding of the chemical with a maximum
plateau not achieved from dose-dependent
responses. Kp value is high then the binding
affinity is low. Obtained data were analysed
using GraphPrism software.

3. Results and Disscussion

3.1. The interaction of CAIl protein and CBS
compounds on SPR system

CAII that is known as a standard protein
was used for amine coupling immobilization in
this study [11]. The immobilization level of
CAII reached at 21,400 + 500 RU (Fig. 1).
CBS, a small molecule that was reported as a
ligand of CAIIl [11] was injected over the
CAIl channel with different concentrations
(Table 1). The kinetic (A) and equilibrium
(B) analyses were presented in Fig 2. The
binding affinities of CBS with CAIl were
shown in Table 1. The results of this study
were in agreement with previous reports [10,
11], revealing that SPR method is suitable for
determining of the
proteins and chemical compounds.

interaction between

4.0x10*
Injection
— Al
S 3.0x10% A2
& — A3
= — A4
5 20x10%7 — A5
Q A6
g
2 1.0x104 1
;:-* r \ Immobilizatio
| “:\ level
i e
0 |
T T T T
0 400 800 1200 160

Contact time (s)

Fig. 1. Immobilization level of CALL on the SPR.
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Fig. 2. Dose dependent response of CAII and CBS the interaction on SPR chip. (A) Kinetic analysis: thicker lines
represent a global fit of a simple interaction model to the experimental data (thin lines). (B) Equilibrium analysis:

plot follows dose-dependent manner with the curves fit to a 1:1 equilibrium.

3.2 Optimization of the interaction of hCAR
with CITCO on SPR system

For amine coupling, a protein needs to
dilute in a buffer that ensures a net positive
charge on protein. Such a positively-charged
protein will be attracted to the negatively
charged surface of sensor chip. Thus, the buffer
must be low ionic strength to minimize charge
screening. The optimal pH of buffer can be
predicted to be lower than the pl of protein one
pH unit [12]. However, amine coupling is most
efficient at high pH, because activated
carboxylic groups react better with uncharged
amino groups. Therefore, Na acetate buffer pH
5.0 that was approximately 1 unit lower than
the pI of hCAR (6.24) was selected for hCAR
dilution. The immobilization level of hCAR
was 8.900 + 240 RU (Fig. 3).

3.0x104

Injection
— Al
A2
A3 |
A4 |
A5 |

A6 —
Immobilization
level

2.5x10° -
2.0x104 —
15x104

1.0x104 1

r

T
1600

Response Unit (RU)

5.0x10°

T T
800 1200
Contact time (s)

Fig. 3. Immobilization level of hCAR on the SPR.
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CITCO, known as hCAR agonist [13] was
used as positive control to develop the method
for CAR-chemical interaction. To optimize the
interaction of CITCO with hCAR, the
maximum concentration of CITCO, the flow
rate and contact time were modified as shown
in the Table 2. The results of interaction
between hCAR and CITCO were presented in
the Table 2 and Fig. 4.

Table 2. Summary of interaction conditions and binding affinities of hCAR and CITCO

CITCO concentration Flow Contact Kn (uM) Note
(uM) (u:.;::sn) g::; His-hCAR Corresponded
LBD Figures
0, 12.5, 25, 50, 100, 200 100 60 21.2 Fig. 4-A2
0,0.6,1.9,5.6, 17,50 100 60 2.8 £1.1 Fig. 4-B2
0,0.6,1.9,5.6,17,50 100 120 6.6 £1.2 Fig. 4-C2
0,0.6,1.9,5.6, 17,50 25 120 7.2 £2.2 Fig. 4-D2
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Fig. 4. Dose-dependent response in the interaction of hCAR with CITCO on SPR chip.
(1) - Kinetic analysis and (2) - Equilibrium analysis

The data showed that hCAR responses
specifically with CITCO at all the experiments
as expected. However, the response levels of
hCAR with CITCO were different among
modified conditions. The first analyzation of
CITCO with the highest concentration was
done with 200 pM. The five other
concentrations were prepared by a twofold
dilution series. The data showed the
overlapping in the responses of hCAR at 50 and
100 uM of CITCO (Fig. 4-A1). Moreover, the
response in the lowest concentration of CITCO
was far from blank concentration in kinetic
analysis. Equilibrium analysis also presented a
3-10 times higher K, value (21.2 pM) than that
of other tests. It means that this dilution series
was not good for detect the binding affinity.
Therefore, the highest concentration of CITCO
was decreased to 50 uM and 5 other different
concentrations were tested by three-fold
dilutions in the next steps. The lowest Kp value
(2.8 uM) in the 2™ test showed the strongest
binding of hCAR with CITCO (Fig. 4-Bl).
However, the maximum response of hCAR
with CITCO approximate 20RU was same as
that of 1% test (Fig. 4-A1) and lower than those
of 3™ and 4™ tests with the contact time
increased to 120s (Fig. 4-C1 and DI1). These
results showed that the longer time for
interaction of hCAR and CITCO is necessary.

To check whether the flow rate affects the
interaction or not, the flow rate was decreased
to 25 pwl/min in the 4™ test. In this condition, the
responses of CITCO and hCAR were obvious
(Fig. 4-D1) and similar with the response of 3™
test (Fig. 4-C1 and Table 2). With the lower
flow rate, the requirement volume of CITCO
for interaction is less to help save reagents. The
results of this study revealed that the most
effective conditions of CITCO on interaction
with hCAR were at low flow rates and long
contact time. This is in accordance with other
interactions in which the reactors need time to
interact with others. Although the specific
binding of hCAR with CITCO was found as
expected, but the K values (2,8-7 uM) in this
assay were still higher than that in comparison
with other assays (~49nM) [13]. The difference
in these systems might be due to the distance
from the experimental model. In our in vitro
binding assay, we only used the LBDs of hCAR
but other systems were conducted the
interaction assay with the support by cofactor
SRC1 [13].

4. Conclusion

This study showed the specific binding of
hCAR and CITCO with equilibrium
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dissociation constant (Kp) ranged from 2,8 to 7
uM. Among tested conditions, lower flow rates
(25uW/min) and higher contact time (120s)
appeared to be good conditions for detecting
the specific binding affinity of CITCO with
hCAR. The results revealed that the SPR-
based biosensor system is an useful tool for
screening the potential ligands of CAR as
well as other proteins.
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X4c dinh tuong tac cua protein constitutive
androstane receptor véi CITCO bang hé thong
biosensor trén nguyén ly cong huong plasmon bé mat

Pham Thi Dau', Lé Thu Ha', Lé Hiru Tuyén',
Pham Thi Thu Huc‘mgl, Hisato Iwata’

"Khoa Sinh hoc, Tfu’dng Dai hoc Khoa hoc Ty nhién, DHQGHN,
334 Nguyén Trai, Thanh ){udn, Ha Noi, Viét Nam
2Trung tdm Nghién cuu Moi truong bién, Truong Dai hoc Ehime, Nhdt Ban

Tém tit: Nghién ciru nay xéc dinh 4i Iyc gin cua protein CAR v6i CITCO (chat c6 kha nang gin
va hoat héa CAR tur nguoi -hCAR) nham muc tiéu phét trién phuong phap sang loc nhanh céc chat c6
tiém nang gin Vi cdc protein. Trude tién, thiét bi SPR duoc kiém tra kha ning tng dung bang b kit
chuin gdm protein CAII va chit gin ctua né CBS. Tiép theo, protein dich dugc ma héa tir ving gen c6
kha ning gin véi ligand cia hCAR sé& duoc gin ¢ dinh 1én bé mit ctia chip cam bién SPR bang tuong
tdc cuia cdc nhém amine. CITCO, chét hoat h6a hCAR trong céc nghién ctru truée duoc s dung lam
chat kiém chung duong dé phat trién phuong phdp xdc dinh 4i luc gitta hCAR da gén c6 dinh trén chip
cam bién véi cic phan tir héa chat. Nhu mong doi, CITCO thé hién tuong téc dic hiéu véi protein
hCAR trong nghién ctru nay. Két qua cho thy tiém ning tng dung cia hé thong SPR trong viéc sang
loc céc chat c6 tiém ning gin voi protein CAR ciing nhu cdc protein khéc.

Tir khéa: Constitutive androstane receptor, CITCO, thiét bi cong hudng plasmon bé miit.



