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A New Biosensor for Chiral Recognition Using Goat and Rabbit Serum
Albumin Self-Assembled Quartz Crystal Microbalance
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ABSTRACT Quartz crystal microbalance (QCM) biosensor was used for the chiral recognition
of five pairs of enantiomers by using goat serum albumin (GSA) and rabbit serum albumin (RbSA)
as chiral selectors. Serum albumin (SA) was immobilized on the QCM through the self-assembled
monolayer technique, and the surface concentration of GSA and RbSA were 8.8 x 1072 molcm 2
and 1.2 x 10 ' molcm™2, respectively. The QCM biosensors showed excellent sensitivity and
selectivity. Meanwhile, the chiral recognition of SA sensors was quite species dependent. There
were differences between GSA and RbSA sensors in the ability and the preference of chiral recog-
nition. To R,S-1,2,3,4-tetrahydro-1-naphthylamine (R,S-1-TNA), R,S-1-(4-methoxyphenyl)ethylamine
(R,S-4-MPEA), and R,S-1-(3-methoxyphenyl)ethylamine (R,S-3-MPEA), the preference of the
stereoselective SA-drug binding of the two kinds of SA sensors were consistent. However, to R,S-
2-octanol (R, S-2-OT) and R,S-methyl lactate (R,S-MEL), the two kinds of SA sensors had opposite
chiral recognition preference. Moreover, the interactions of SA and the five pairs of enantiomers have
been further investigated through ultraviolet (UV) and fluorescent (FL) spectra. The UV/FL results

were in accordance with the consequence of QCM. Chirality 00:000-000, 2012.
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INTRODUCTION

The detection of individual enantiomer remains an interest-
ing and challenging task in analytical chemistry. It is well
known that the molecules of different enantiomers can have
significantly different pharmacological functions in living
system, such as transport mechanism, toxicity, potency, and
so on. Enantiomers have identical chemical and physical
properties, and they only perform differently in a chiral envi-
ronment. As a result, chiral recognition is challenging in
chemistry, but nature offers an excellent alternative because
chiral recognitions are fundamental phenomena in biological
systems. Most biochemical processes routinely discriminate
chiral molecules, such as drug distribution through the circu-
latory system by reversible binding to serum albumin (SA).!
Accordingly, SAs have emerged as a class of ideal chiral
selectors because they are one of the most abundant and
extensively studied proteins in the circulatory system.? SAs
have been widely applied to various chiral discrimination
processes, such as high-performance liquid chromatography
(HPLC), affinity ultrafiltration, affinity capillary electrophoresis,
and thin-layer chromatography.>® The degree and preference
of stereoselective drug-binding processes are not necessarily
constant among species. 1. Fitos et al.” investigated stereoselec-
tive binding of benzodiazepine and coumarin drugs to SAs from
human and six mammalian species by chiral chromatographic
technique, and they found that the binding stereoselectivity of
tofisopam in humans was opposite to that in all other species
(dog, bovine, horse, pig, rabbit, and rat). A similar qualitative
difference existed in the binding of R-warfarin and S-warfarin:
human serum albumin (HSA) and rat serum albumin (RtSA)
bind S-warfarin to a greater extent than R-warfarin, whereas
rabbit serum albumin (RbSA) has the opposite enantioselectiv-
ity.1® Arai et al.® applied capillary affinity zone electrophoresis
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to investigate the enantioselective ofloxacin—albumin binding
and the results showed that albumins from different species
(rabbit, goat, dog, bovine, horse, egg, and guinea pig) pos-
sessed different chiral separation abilities. Because animal
models are usually used in protein binding, pharmacokinetic
and pharmacodynamic studies, the conclusions derived from
these studies are often extrapolated to humans. It is important
to identify interspecies differences in the enantioselectivity of
the protein-binding process.

Chromatographic techniques such as HPLC, gas chroma-
tography, and capillary electrophoresis with chiral stationary
phases (CSPs) have been well developed in enantioseparation
of chiral isomers over the past decades.!®!! They exhibit
some advantages, such as high efficiency, easy standardization,
and widespread use. However, some drawbacks such as expen-
sive CSPs, laborious and time-consuming operations, have
been shown in practical studies. In comparison with those
traditional methods, quartz crystal microbalance (QCM)
sensors for enantiomers recognition and determination have
been testified in the literatures previously reported, as much
more mass sensitivity, rapider analysis speed, lower
cost, more suitable for realtime analysis as well as potential
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lab-on-a-chip use.'?'® Toyo’oka et al.* firstly developed QCM
sensors immobilized with CSP materials as a simple, rapid,
and effective screening method to predict separation
efficiency of pairs of enantiomers during chiral HPLC. Guo
et al.”® used QCM technique to predict the chiral recogniz-
ability of a chiral selector (I-phenylalanine) for L-mandelic
and D-mandelic acid. Ng et al.'® have demonstrated 10 chiral
sensors immobilized with mercaptyl perfunctionalized
B-cyclodextrins, which exhibited the promising enantioselec-
tivity to three pairs of enantiomers (R,S-methyl lactate, R,S-
ethyl lactate, and R,S-2-octanol) in the gas phase. Chan
et al.'” have reported enantioselective molecular imprinting
polymer-coated QCM for the recognition of L-tryptophan.
Cheng et al.*® designed and synthesized three chiral bicyclo-
dipeptide-bearing calix[4]arenes for application in gas QCM
sensors, and all of these compounds exhibited significant
chiral discrimination for the enantiomers of methyl lactate.

The key step for selectively sensing chiral compounds
using a QCM sensor is to build a chiral surface with recognition
sites for the enantiomers. Self-assembled monolayers (SAMs)
of thiolates often constitute a base layer of thiolates with free
carboxylic acids as terminal groups. Carboxylic acid can be
activated by 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
(EDC) and N-hydroxysuccinimide (NHS) for protein binding.
By this method, proteins can be chemically bound with
controlled order and density on the gold surface. Because
SAs are biological macromolecules, their native structures should
be carefully preserved during immobilization to maintain their
functionality.'>%> Researchers have used SAM techniques to
successfully fabricate various QCM biosensors, which exhibited
excellent response and bioactivity.?>2® Herein, SAM was selected
as the immobilization method to anchor proteins.

In our previous work, we developed a class of QCM chiral
sensors with self-assembled bovine serum albumin (BSA) or
HSA for realtime chiral recognition, and these biosensors
got promising selectivity.?” Regarding the aspect of species
dependency in chiral-drug recognition of SAs, a series of
new chiral biosensors with self-assembled RbSA and goat
serum albumin (GSA) were fabricated for realtime chiral
recognition in this work. In addition, the interactions of SA
and the enantiomers have been further investigated through
ultraviolet (UV) and fluorescent (FL) spectra.

EXPERIMENTAL
Materials

The structures of five pairs of enantiomers obtained from Alfa Aesar
(Tianjin, China) are shown in Scheme 1. Both GSA and RbSA were
purchased from BaiTai Ke Biotechnology Co., Ltd (Luoyang, China). The
solutions of GSA and RbSA were freshly prepared in the buffer (0.05mol1™!
Tris-HCI and 0.1moll™! NaCl, pH7.4) and diluted to the experimental
concentration. All other chemicals were of analytical grade. Deionized water
(Aquapro, ARU-L-500L) was used throughout the current research.

Quartz Crystal Microbalance System

The QCM measurements in gas phase were carried out using AT-cut,
8-MHz quartz piezoelectric crystals (Chenhua Co., Ltd, Shanghai, China)
(1.2-cm diameter, 0.5-mm thickness, and gold plated on both faces). The
QCM measurements in liquid phase were carried out using AT-cut quartz
crystals coated with gold (fundamental frequency of 5 MHz, Q-Sense AB,
Sweden). The immobilization processes of SAs on QCM crystals were
measured by a home-made flow injection analysis (FIA) system, which
was similar to that used in the reported literature.?® Chiral discrimination
was investigated by using a home-made QCM gas system described
previously.?"%°
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Scheme 1. The structures of five pairs of enantiomers.

The Fabrication Procedure of Serum Albumin Self-
Assembled Quartz Crystal Microbalance Biosensor

The SA quartz crystal sensors were prepared by using a three-step
assembling process. The QCM crystal was cleaned with piranha solution
(98% HySOy : 30% HyO4 (v/v) 7:3) for 5~10 min and thoroughly rinsed with
deionized water and ethanol, followed by drying with N,. Subsequently,
QCM crystal was immersed in 1mmoll™! of mercaptoacetic acid in
ethanol for 24h at room temperature to form a SAM. Then, the SAM
was activated with 2mmoll~! of EDC and 5mmoll~! of NHS in mixed
aqueous solution for 3 h.

The third step of self-assembly process was monitored using QCM
integrated with the FIA system. The EDC-NHS-activated quartz
crystal was mounted in the FIA system and rinsed with 0.05moll™* of
Tris—-HCI (0.1mol1™! of NaCl, pH7.4) continuously until the frequency
reached stabilization under the flow conditions (20 ul min~1). The solvent
was then changed to 1.5 x 10 °moll™! of GSA or RbSA in Tris-HCl
solution. The frequency shifts were recorded versus time.

Chiral Recognition of Five Pairs of Enantiomers by Quartz
Crystal Microbalance Biosensor

The SA-fabricated QCM biosensors were mounted in the gas phase
pulse-measuring system,?? a vaporization pad that allowed microscale
enantiomeric samples to be evaporated. Predried pure nitrogen was used
as carrier gas. The gas flow rate was controlled at 250 -+ 2 mlmin ! by an
Alicat mass flow meter. Sample injection volume was 4.0 pl.

Ultraviolet and Fluorescent Spectra

For UV and FL spectra, a 1.0 x 10 °mol1™! of SA in Tris-HCI buffer
(2.0ml) was added accurately into a 1.0-cm quartz cell and then titrated
by successive additions of 1.0 x 1072mol1™! each single enantiomer to
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attain a series of concentrations gradient. The UV absorption measurements
in the range from 240 to 320 nm were performed on a UV-1700 spectropho-
tometer (Shimadzu, Japan) at room temperature. Fluorescence spectra were
recorded on an FLS920 spectrophotometer (Edinburgh, England) from 285
to 450 nm at room temperature.

RESULTS AND DISCUSSION
Real-Time Monitor of the Self-Assembly Process of
Immobilization Serum Albumin to the Activated Quartz
Crystal Microbalance Surface

Quartz crystal microbalance integrated in an FIA system
has the advantage to work continuously and to monitor online
binding of the analyte; hence, a highly automated perfor-
mance can be achieved.?® FIA system was used to monitor
the third step of self-assembly. As shown in Figure 1, the
frequency gradually decreased when 1.5x 10~°moll™! of
GSA or RbSA in Tris-HCl solution was flowed over the
activated QCM surface. The frequency shift indicated the
mass increase of SA on the activated QCM surface. After
about 5-6h, a plateau was reached. Afgsa (—33 Hz) was lower
than Afgpsa (—45 Hz), indicating stronger adsorption of RbSA.
The SA functionalized QCM surface was a monolayer and
rigid deposition, so the surface concentration (@) of SA can

be calculated using Equation (1):**%7
o=-c "

where Cis the mass sensitivity constant (C=17.7ngcm 2Hz !

for a 5MHz crystal %%), M is the molecular weight of chiral
selector (for GSA, M =66,300 Da; for RbSA, M =66,150 Da>’).

On the basis of Equation 1, the surface concentrations of
immobilized GSA and RbSA were 8.8 x 107> molcm ™2 and
1.2 x 10~ mol cm 2, respectively.

Real-Time Chiral Recognition of Enantiomers by Goat
Serum Albumin and Rabbit Serum Albumin Sensors

The frequency changes were measured against time as
each single enantiomer was injected into the gas system to in-
teract with GSA or RbSA. The decreased frequency indicated
interactions between enantiomers and SA, and the results could
reproduce over five consecutive measurements. Frequency
shifts were the same when individual R-enantiomers or S-enan-
tiomers were introduced onto the blank sensor, implying
no enantioselectivity. The interactions of five pairs of
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Fig. 1. Immobilization of goat serum albumin (GSA) and rabbit serum
albumin (RbSA) to the activated quartz crystal microbalance surface.

enantiomers on GSA-modified and RbSA-modified QCM bio-
sensors are shown in Figs. S1 and S2 (Supporting Information).
The binding affinities of GSA and RbSA for five pairs of enantio-
mers were enantioselective. In addition, the frequency shifts
were significantly different in response to the absorption of
enantiomers on both GSA and RbSA sensors.

The QCM chiral discrimination factor cgcps of five pairs
of enantiomers for both the GSA and RbSA sensors were
calculated according to Equation (2):2"?°

oQeM = Ak or dlocm = AL ()
Af AR

For GSA sensor, the oy can be ranked in decreasing order:
R,5-1,2,3,4-tetrahydro-1-naphthylamine (R,S-1-TNA; ogcpr=
1.34) > R,S-1-(4-methoxyphenyl) ethylamine (R,S-4-MPEA;
aocy=1.22) > R,S-methyl lactate (R,S-MEL; agcpr=1.16) >
R,S-2-octanol  (R,S-2-0T; ogcp=1.12) > R,S-1-(3-methoxy
phenyl)ethylamine (R,S-3-MPEA; «gcp=1.06). Similarly,
the agcpr of RbSA sensor can be ranked in decreasing order:
RS- 1-TNA (0gcpr=1.28) > R,S-4-MPEA (0gcpr=1.19) > R,S-
2-0T (egcmr=1.14) >R S-MEL (xgcp=1.11) =R,S-3-MPEA
(xgepr=1.11). R,S-1-TNA, R,S-4-MPEA, and R,S-MEL were
more easily recognized by the GSA sensor compared with
the RbSA sensor. In addition, the RbSA sensor showed
slightly higher chiral discrimination for R,S-3-MPEA and R,
S-2-OT than GSA sensor (Fig. S3, Supporting Information).

Chiral discrimination factor (xgcps) can’t be normalized to
the surface concentration of immobilized SA molecules (the
surface concentration of RbSA sensor was higher than the
GSA sensor). The selectivity of the sensor was affected signif-
icantly by both the surface concentration and the nature of
chiral selectors (GSA and RbSA). Although SAs of different
species have similar structures with 70-80% identical amino acid
sequence, RbSA and GSA show different chiral recognition abil-
ities, which are similar to the literatures reported previously.”

Comparison of the Discriminating Abilities of Serum
Albumin from Different Species

Chiral discriminating abilities of four SA chiral sensors
(BSA%", HSA?", RbSA, and GSA) were listed in Table 1.
S-enantiomer of 1-TNA was always better bound as indi-
cated by the higher frequency shifts than the R-enantio-
mer (S>R), whereas R-enantiomer of 4-MPEA always
showed stronger binding than S-enantiomer (R>S). On
the other hand, the other three pairs of enantiomers exhib-
ited opposite stereoselectivities for the SA of different species. In
case of R,S3-MPEA, R3-MPEA was preferred to S-3-MPEA
for all species except for HSA, which exhibited opposite
enantioselectivity (S>R). To RS-2-OT and R,S-MEL, RbSA
chiral sensor showed its special enantioselectivity, RbSA
bound S-2-OT and S-MEL slightly stronger than R-2-OT and
R-MEL, whereas the three other SA sensors (BSA, GSA,
and HSA) have the opposite enantioselectivity (R > S).

Serum albumins of different species have very similar
structures, with 70-80% identical amino acid sequence.’?
However, the degree and preference of the stereoselective
drug-binding process are not necessarily constant among
species. Similar phenomena were also found in other drug-
SA binding.””® Our results, as well as those published in the
literatures, might reflect a species specific sequence of the
amino acids and conformation, which constitute the specific
binding sites for 3-MPEA, 2-OT, and MEL, whereas the

Chirality DOI 10.1002/chir



CHEN ET AL.

TABLE 1. The agcy of four serum albumin sensors

Species QCM chiral discrimination factor agcp

1-TNA 4-MPEA 3-MPEA 2-0T MEL
Goat (GSA) 1.34 (S>R) 1.22 R>S) 1.06 R>S) 1.12 R>S) 1.16 R>S)
Rabbit (RbSA) 1.28 (S>R) 1.19 (R>S) 1.11 (R>S) 1.14 (S>R) 1.11 (S>R)
Human (HSA) 1.57 (S>R) 1.18 (R>S) 1.06 (S>R) 1.16 (R>S) 1.13 (R>S)
Bovine (BSA) 1.34 (S>R) 1.20 R>S) 1.16 R>S) 1.15 R>S) 1.11 (R>S)

The value of HSA and BSA are from our previous work.?”

QCM, quartz crystal microbalance; GSA, goat serum albumin; RbSA, rabbit serum albumin; HSA, human serum albumin; BSA, bovine serum albumin.

sequence of the binding sites of 1-TNA and 4-MPEA were
less variable among species.

Investigation of the Interaction Between Serum Albumin
and Enantiomers by Ultraviolet Spectra

Goat serum albumin has an absorption maximum of
280 nm, which can be assigned to the aromatic heterocyclic
hydrophobic groups of Trp residues and Tyr residues.®
Hence, UV spectra of the samples in the range of 240-320 nm
were recorded (Fig S4, Supporting Information). With the
addition of the single enantiomer of R/S-1-TNA, R/S-3-MPEA,
and R/S-4-MPEA to GSA solution, the characteristic absorption
peak of GSA at 280 nm gradually increased in intensity with a
slight blue shift. Addition of 1-TNA, 4MPEA, and 3-MPEA
may induce the peptide chain of SA to stretch and the aromatic
heterocyclic hydrophobic groups of Trp residues and Tyr resi-
dues to be exposed. At the same time, hydrophobic interaction
was weakened, and the energy of # —n and 7 — 7 transition
was increased, which resulted in a slight blue shift when the
complex was formed.?” After adding R-2-OT or S-2-OT and R-
MEL or S-MEL, the peak at 280 nm decreased without any shift
in wavelength. It may be explained that the hydroxyl groups
(—OH) in 2-OT and MEL form typical hydrogen bonds
with the amino acid residues of SA molecules, and some
covalent bonds in SA molecules would be weakened.?” In
addition, the absorption intensities of the two spectra between
R-enantiomers and S-enantiomers were different, indicating
their different interactions with GSA. Similar UV spectra of
RbSA with five pairs of enantiomers can be found in Fig. S5
(Supporting Information).

Ultraviolet binding constant (K,) was calculated according
to the modified Hildebrand-Benesi Equation (3): 323

1 1 1
Ay—A K, C
where K, is the binding constant, C is the concentration of
enantiomer, Ayp—A is the change of absorption intensity of
SA by addition of single enantiomer. There were good linear
relationships between 1/(A9—A) and 1/C, and all the regres-
sion coefficient (R*) were larger than 0.99 indicating the 1:1
complex conformation. The larger binding constant Ky
means more stable complex formed between SA and single
enantiomer. The chiral recognition factor (xyy) was deter-
mined using Equation (4): "%

P :gKR 1gKG| @
gKg + 1gKs
All the binding constants (K4) and UV chiral discrimination
factors (xyy) were shown in Table 2. In comparison with the
QCM results, the similar UV chiral discrimination trend was
found.

+1 3)

Investigation of the Interaction Between Serum Albumin
and Enantiomers by Fluorescent Spectra

Goat serum albumin emits strong intrinsic fluorescence at
332 nm when excited at 280 nm. The fluorescence intensity of
GSA was obviously weakened with increase of the concen-
tration of 10 single enantiomers (Fig. S6, Supporting Informa-
tion). The possible factors of fluorescence quenching
were the alteration of GSA conformation and the change of
the microenvironment because of bind of R-enantiomers or
S-enantiomers. FL spectra of RbSA with five pairs of enantio-
mers can be found in Fig. S7 (Supporting Information). When
experimental conditions such as pH value (Tris—-HCl, pH7.4),

TABLE 2. The ultraviolet binding constants (K,) and ultraviolet chiral discriminition factors (apy)

Enantiomers Binding constants K, oy

GSA R* RbSA R* GSA RbSA
R-1-TNA 104.3 0.9928 84.4 0.9952 0.355 0.319
S-1-TNA 775.2 0.9922 454.5 0.9938
R-4-MPEA 1995.0 0.9922 1831.7 0.9939 0.244 0.128
S-4-MPEA 383.1 0.9951 740.7 0.9906
R-3-MPEA 1486.2 0.9999 1559.4 0.9999 0.016 0.024
S-3-MPEA 1326.3 0.9999 1312.3 0.9983
R-2-0T 48.4 0.9987 41.6 0.9980 0.074 0.093
S-2-0T 36.7 0.9995 59.8 0.9996
R-MEL 54.5 0.9924 42.3 0.9987 0.101 0.048
S-MEL 37.2 0.9999 50.8 0.9990

GSA, goat serum albumin; RbSA, rabbit serum albumin.
Chirality DOI 10.1002/chir
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TABLE 3. All the fluorescent binding constants (K,) and fluorescent chiral discrimination factors (agy)

Enantiomers Binding constants K, oFL

GSA R* RbSA R* GSA RbSA
R1TNA 81.3 0.9917 81.1 0.9959 0.330 0.291
S-1-TNA 461.4 0.9919 364.1 0.9928
R4-MPEA 1149.4 0.9955 1846.5 0.9914 0.266 0.153
S-4-MPEA 219.3 0.9967 635.3 0.9949
R-3-MPEA 2091.5 0.9975 92072.5 0.9976 0.029 0.042
S-3-MPEA 1670.0 0.9916 57619.5 0.9960
R2-0T 703.1 0.9965 498.1 0.9926 0.095 0.137
S-2-0T 387.0 0.9978 1241.8 0.9951
RMEL 213.5 0.9904 234.6 0.9989 0.136 0.053
S-MEL 107.7 0.9911 319.9 0.9933

GSA, goat serum albumin; RbSA, rabbit serum albumin.

temperature, and ionic strength were fixed, fluorescence
quenching may result from ground complex formation, energy
transfer, and dynamic quenching processes. The dynamic
quenching is caused by the collision between FL molecules
and quenchers, whereas static quenching is due to formation
of nonfluorescent complexes through the reaction of FL
molecules and quenchers. To shed light on the fluorescence
quenching mechanism, fluorescence quenching data are
analyzed by the Stern-Volmer equation®*, and quenching rate
constants (Kq) for GSA and RbSA were listed in Table S1
(Supporting Information). All the Kq data were larger than the
maximum value of collision quenching constant (2.0 x 10*°1
mol !s™Y), which confirmed that the SA quenching processes
were caused by static quenching mechanisms.*® Thus, associa-
tion constant (K,) and the number of binding sites (#) can be
obtained from the double-logarithm curve on the basis of the
static quenching Equation (5):3

Fy,-F
F

where F, and F are the fluorescence intensity before and after
addition of single enantiomer, respectively, and [@] is the
concentration of single enantiomer.

Fluorescence chiral recognition factor («z7) is defined in
the same manner as UV discrimination factor (o). The bind-
ing constants (K,) and FL chiral discrimination factors (ozy)

lg

= lgK, +nlg[@)] )

TABLE 4. Comparison of chiral discrimination factors from
quartz crystal microbalance, ultraviolet, and fluorescent

techniques
GSA RbSA

Enantiomer oQCcm oLyy oFL, oQcm oLyy OFT,
R,S-1-TNA 1.34 0.355  0.330 1.28 0.319  0.291

S>R S>R S>R S>R S>R S>R
R,S-4-MEPA 1.22 0.244  0.266 1.19 0.128  0.153

R>S R>S R>S R>S R>S R>S
R,S-3-MPEA 1.06 0.016  0.029 1.11 0.024  0.042

R>S R>S R>S R>S R>S R>S
R,S-2-0T 1.12 0.074  0.095 1.14 0.093  0.137

R>S R>S R>S S>R S>R S>R
R,S-MEL 1.16 0.101  0.136 1.11 0.048  0.053

R>S R>S R>S S>R S>R S>R

GSA, goat serum albumin; RbSA, rabbit serum albumin.

are shown in Table 3. For each pair of enantiomers, QCM chi-
ral discrimination factors (xgcp), UV discrimination factors
(oyy), and fluorescence discrimination factors (xzy) were con-
sistent (Table 4), which indicated that these SA-modified
QCM chiral biosensors were sensitive and selective enough
to recognize enantiomers. It might become a simple, rapid,
and real-time chiral recognition method in the future.

CONCLUSIONS

A series of QCM chiral biosensors were obtained through
SAM of SA (GSA or RbSA). The processes of the immobiliza-
tion of SA to the activated QCM sensors were real-time
monitored using QCM integrated with FIA. The surface
concentrations of GSA and RbSA immobilized on gold surface
were 8.8 x 1072 molem ™2 and 1.2 x 10~ mol cm ™2, respec-
tively. These SA QCM chiral sensors exhibited excellent
sensitivity and enantioselectivity to five pairs of enantiomers.
However, the chiral discrimination of SA sensors was species
dependent. There were differences between GSA and RbSA
sensors in chiral recognition degree and preference. For
GSA sensor, the maximum ogcy value was 1.34 (R,S-1-TNA)
and the minimum was 1.06 (R,S-3-MEPA), whereas for
RbSA sensor, the highest and lowest chiral discrimination
factors were 1.28 (R,S-1-TNA) and 1.11 (R,S-3-MPEA
and R,S-MEL), respectively. Meanwhile, to R,S-2-OT and
R,S-MEL, opposite chiral recognition preference was
observed on two SA sensors. Moreover, the UV and FL spectra
have been used to investigate the interactions between SA and
enantiomers. The chiral recognition trend based on QCM, UV,
and FL techniques were consistent. Because the investigation
of chiral recognition was carried out in gas phase in this work,
samples were limited to the enantiomers, which can easily
evaporate. Further studies will focus on chiral recognition by
QCM technique in liquid phase.
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