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Abstract

A novel method for odorants detection is developed by integrating the
functional peptides from combinatorial chemistry and molecular imprinting
technology. The molecular imprinting technology is applied to enhance the
sensitivity and specificity of binding ability of functional peptide with the target
odorant. In the study, the hexapeptide library was prepared by using the
combinatory chemistry. The peptides were mixed with the target odorant to prepare
the molecularly imprinted peptides, then were coated on a piezoelectric quartz crystal.
Based on the positional screening strategy, the imprinted peptides with high binding
ability of butyric acid odorant was determined then the best amino acid candidates of
each position of hexapeptide were identified. The binding affinity of the odorant
with the imprinted peptides and non-imprinted peptides were also determined. The
result was shown that the imprinted peptides had higher sensitivity than the
non-imprinted peptides.  The binding ability of imprinted peptide was 1.2~5.5 fold
higher than non-imprinted peptide. The sensitivity of binding between the peptides
and the odorants was significantly enhanced by the effect of the molecular imprinting.
The combination of peptide library and molecular imprinting technology can be used

for development of odorant sensing tools.
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1. Introduction

The mammalian olfactory system can recognize and discriminate large number of
different odorant molecules.' The odor discrimination occurs during the association
of odorous ligands with specific receptors on olfactory sensory neurons. The
receptor protein plays an important role in odorant recognition and cell signaling.

The literature reports suggest that the extracellular loop and transmembrane domain
might be the major part of the odorant-binding domain in olfactory receptors.*>
The design of functional polymers that can selectively recognize molecules has
become an active area of research in recent years.*’

The recognition and subsequent complementary binding between a substrate and
an odorant molecule is the key step in the odor discrimination process. To mimic the
olfactory sensing system, a series of synthetic peptides as sensing materials were
designed and studied. The peptide library that is composed of thousands or millions
of peptide sequences offers a high throughput for drug screening or compound
screening.®’ However, the peptide library screening approach may have low
selectivity and sensitivity to the target compound.  Since the conformations of
peptides are considered as one of the key factors for absorption effect between
peptides and odorant molecules, integrating the molecular imprinting technology shall
create the selective recognition sites for the template molecule.®° These recognition
sites have a complementary shape and size with the template compound which can
enhance the sensitivity and specificity of binding ability of functional peptide with the
target odorant. ~ An imprinted functional peptide can form a specific configuration
with a complementary target odorant and increase the binding ability with the target
odorant.

The objective of our research is to develop a novel method for odorants detection
by integrating the functional peptides from combinatorial chemistry and molecular
imprinting technology. The butyric acid is selected as a target odorant to investigate
the sensitivity and specificity effect of imprinted functional peptide and non-imprinted
peptide on their sensing ability for odorant detection. The imprinted peptides with
high binding ability of butyric acid are selected by the positional screening process.
The potential amino acid candidates corresponded to six positions of hexapeptide are
identified.



2. Method

This study integrates the peptide library and molecular imprinting technologies.
The hexapeptide library was synthesized by solid phase peptide synthesis method.'%"!
Based on the positional screening strategy,'* 13 the 114 hexapeptide combinatory

libraries were prepared (F ig. 1).
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Fig. 1 Positional Scanning of Synthetic Peptide Combinatorial Libraries

O: “Known position” represents a known amino acid which is one of the 19 natural
L-amino acids (cysteine was excluded).

X: “Mix position” represents an equimolar mixture of the 19 natural L-amino acids
(cysteine was excluded).

C: Additional cysteine residue provides a thio (-SH) group to form a chemical
adsorption between the peptide and the gold surface of the piezoelectric

crystal.

These hexapeptide libraries were mixed with the target odorant to prepare the
molecularly imprinted peptides then coated on a piezoelectric (PZ) quartz crystal.'*16

Imprinted functional peptide preparation:

(@)  The hexapeptide was dissolved in the butyric acid solution to form the
covalently interaction between peptide and the template butyric acid.

(b)  The hexapeptide - butyric acid complex was coated on the surface of
piezoelectric quartz crystal.

(¢)  The template butyric acid was removed from surface of piezoelectric quartz

crystal.

Non-imprinted peptide preparation:
(@)  The hexapeptide was dissolved in the 75% ethanol solution.
(b)  The hexapeptide solution was coated on the surface of piezoelectric quartz

crystal.



The PZ crystal was served as a signal transducer to determine the binding affinity

of synthetic peptides for odorants (Fig. 2).
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Fig. 2 The Piezoelectric Crystal Served As a Signal Transducer

The sensitivity between peptide and butyric acid on a piezoelectric quartz crystal

was determined.
The change of frequency AF [Hz]

Sensitivity =
Coating amount of peptide AM [ngl

3. Results and Discussion

The conformations of peptides are considered as one of the key factors for
absorption effect of peptides on odorant molecules. The molecular imprinting
process is applied to enhance the binding ability of peptide with the target odorant
(Fig. 3). An imprinted functional peptide can form a specific configuration with a
complementary target odorant and enhance the binding ability with the target odorant.

Butynic acid

Fig. 3 Schematic Representation of Peptide Molecular Imprinting Process



The binding affinity of the odorant for the imprinted peptides were studied. The
imprinted peptides with high binding ability to butyric acid odorant were selected by
the positional screening process. The best amino acid candidates corresponded to
six positions of hexapeptide were identified.

On the basis of the positional screening approach of the 114 hexapeptide libraries,
the result was shown that His and Thr have higher sensitivity to odorant butyric acid
in the first position of hexapeptide library (CO;XXXXX). Therefore, the best amino
acid candidate in the first position of hexapeptide library is His or Thr. In the second
position of hexapeptide library (CX02XXXX), the best amino acid candidate is The
or Val. In the third position of hexapeptide library (CXX0;XXX), the best amino
acid candidate is Leu or Trp. In the fourth position of hexapeptide library
(CXXX04XX), the best amino acid candidate is Pro or Val. In the fifth position of
hexapeptide library (CXXXXO;X), the best amino acid candidate is Gly or Tyr. In
the sixth position of hexapeptide library (CXXXXXOg), the best amino acid candidate
is Tyr (Fig. 4). The top two amino acid candidates at six positions for hexapeptide

are shown in Table 1.
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Fig. 4 Binding Ability of Imprinted Hexapeptide Library with Butyric Acid

Xi | X2 | X3 | Xy | X4 Xq
1* amino acid candidate H T L. P G Y ]
2" amino acid candidate T |V | WwW/| Vv Y l

Table 1  The best amino acid candidate in hexapeptide

Based on the data of the amino acid candidates in Table 1, it was shown that the
butyric acid molecule was interacted with peptide through the hydrogen bonding
between the hydroxyl group of Thr/Tyr and butyric acid.

Assessment of the selectivity and specificity effect of imprinting functional
peptides on the odorant, the binding affinity of butyric acid for the imprinted and
non-imprinted peptides were studied (Fig. 4). The less sensitivity peptides (1-P, 2-G,
3-D, 4-H, 5-K, and 6-F) at the sixth position of the amino acid candidates were served
as a negative control. The result demonstrated that the imprinting functional
peptides (red bar) have higher affinity for odorant butyric acid than the non-imprinted
peptides (blue bar) at each position of the best amino acid candidate. The sensitivity
of imprinted peptide is 1.2~5.5 fold higher than that of non-imprinted peptide in those
position of the best amino acid candidate (Table 2). These data indicate that the

imprinted peptide have selective recognition.
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Fig. 5 Binding Affinity of Butyric Acid for the Imprinted and Non-imprinted

Peptides

Sensitivity of Sensitivity of Sensitivity Comparison
Imprinted Peptide Non-imprinted of Imprinted and
(Hz/ug) Peptide (Hz/ug) Non-imprinted Peptide

1-T 624 134 4.7

1-H 557 102 5.5

2-T 725 119 6.1

2-V 536 222 24

3-L 640 226 2.8

3-W 338 227 1.5

4-p 652 438 1.5




4-V 660 536 12
5-G 855 ' 409 2.1
5-Y 843 447 1.9
6-Y 655 547 1.2

Table 2 Comparison of The Sensitivity of Imprinted and Non-imprinted Peptides

Conclusion

The result showed that the molecular imprinting process can enhance the binding
affinity of peptide for the odorant and improve the selectivity and specificity of
peptides. The combination of peptide library and molecular imprinting technology
can be used for development of odorant sensing tools in environmental, food, and

medical sample analysis.
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