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433 MHz Lithium Niobate Microbalance
Aptamer-Coated Whole Zika Virus
Sensor With 370 Hz/ng Sensitivity

Subhashish Dolai and Massood Tabib-Azar , Senior Member, IEEE

Abstract—Three different microbalances were coated with
aptamers with thiol termination designed to attach to
the capsid proteins of the whole Zika virus. The first
microbalance was a 5 MHz commercial AT-cut (QSense) quartz
microbalance that showed 1 Hz/ng sensitivity with minimum
detectable signal (MDS) of 1 ng. The second sensor was a
10 MHz AT-cut quartz sensor that was extracted from a com-
munication filter. It had 10 Hz/ng sensitivity and MDS of 0.1 ng.
The third sensor was a 433 MHz Lithium Niobate (LiNbO3)
sensor that was also extracted from a communication filter.
It had 370 Hz/ng sensitivity and 2.7 pg MDS. These studies
verify binding of the aptamers to the sensor surface and the
Zika virus. They also clearly show the advantage of using the
LiNbO3 high frequency microbalance.

Index Terms— 433 MHz Lithium Niobate crystal microbalance, whole virus sensor, Zika, aptamer.

I. INTRODUCTION

Z IKA virus (ZIKV) pose a great danger as it spreads from
a pregnant woman to the fetus causing birth defects like

microcephaly and other congenital abnormalities. According
to Vital Signs Report, around 14% of 1450 babies had
Zika related health problems. It also causes Guillain-Barré
syndrome, neuropathy and myelitis in adults. Hence early
effective detection of Zika is necessary to control epidemic and
as well as treatment. The different types of detection method
of ZIKV includes serum analysis employing viral RNA or
antibody-based detection assays [1], [2], molecular based
detection assays like reverse transcription-polymerase chain
reaction (RT-PCR)[3]–[9]. The molecular based detection
method involves DNA extraction and then labelled detection
using fluorescent probes, provides high sensitivity and speci-
ficity but at the same time requires specialized laboratory and
expensive procedures. Aptamers are oligonucleotides that are
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designed to bind to specific sites of tissue, cells, pathogens
and biomarkers. They are highly specific and unlike antigens
that deteriorate as a function of time, they remain viable
nearly indefinitely. When the aptamer binds to a specific
target, its charge content shifts and changes, and its config-
uration may become different. These attributes along with
the added mass and other changes that may occur in the
mechanical [10], [11], optical [12], electrical [13]–[18]
and thermal conductivity of the functionalized material or
aptamer-target complex can be monitored to sense the
target virus [19]. Here we use mechanical resonators coated
with the Zika aptamer. When these surface-immobilized
aptamers bind with Zika, the over-all mass loading on the
resonator increases and affects its resonant frequency and
bandwidth. To immobilize the aptamers on the microbalance,
we used aptamers with a thiol (sulfur) linker that is known
to covalently bind with gold and almost any other metals.
We verified aptamer mass loading by measuring the resonator
frequency shift after washing the aptamer-coated microbalance
with de-ionized water. The same process was repeated after
introducing the Zika virus. Fig. 1 shows the schematic of the
Zika virus and the aptamer used to detect it. Zika virus is
an RNA virus that belongs to the category of Flaviviridae,
similar to Dengue virus, Japanese encephalitis virus, yellow
fever virus and West Nile virus. The virus is a 40 nm diameter
sphere with single capsid protein with lipid envelope hav-
ing two membrane associated proteins (M and E) [20], [21],
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Fig. 1. Schematic of a) Zika virus, b) the aptamer with one end thiol
and the other end a protein that attaches to the capsid protein of the Zika
virus. c) Schematic of Zika virus attached to the aptamer immobilized
on a gold substrate. d) The predicted schematic of folded structure of
Aptamer (Image obtained from BasePair BioTechnology Inc).

schematically shown in the Fig. 1(a). The mass of single
Zika virus is 43 kDa or 7.1×10−20 gm. The aptamers are
artificially created single strand, DNA/RNA oligonucleotides
used as recognition molecules for a target species. Aptamers
are also called chemical antibodies and can be engineered to
bind to specific proteins, amino acids, drugs, viruses with high
specificity and affinity [22], [23]. The specific aptamer we
used in our study was obtained from BasePair Biotechnolo-
gies Inc [24] and it consists of 32 nucleotide chain having
molecular weight of 10 kDa (1.66×10−20 gm), that targets
and binds with Zika SF9 envelope protein [25].

Quartz crystal microbalances (QCM) are piezoelectric res-
onators that are commonly used in measuring mass loading
from the binding event. When an alternating electric field
is applied, the inner dipole in the quartz crystal causes
mechanical strain producing ultrasonic waves, resulting in
crystal vibrating at a resonant frequency [26]. Their resonant
frequency changes when mass is added to their surface.
The sensitivity is described by the Sauerbrey equation [27]
where the change in mass �m on a certain area A, can be

calculated from, �m/
A = � fn

(ρqμq )0.5/
(−2n f 2

1 ) , where,
� fn is the change in resonant frequency, ρq is the den-
sity and μq is the shear modulus of quartz. AT-cut quartz
is usually used because of its favorable temperature coef-
ficient (±3 ppm/(−10 ◦C - +40 ◦C) [28] and its ability to
operate in liquids due to its shear-mode vibration, enables
it to be used in liquid applications. The Lithium Niobate
oscillator (Fig. 2(a)) used in our work is a surface acoustic
wave (SAW) device based on interdigitated electrode (IDT)
demonstrated (Fig. 2(b)). The frequency of the SAW device
is calculated from the distance between the electrodes in
the IDT, and the frequency of operation is typically high
(50 MHz – 5000 MHz), resulting in high mass sensitivity [29].

Atomic force microscopy (AFM) studies were done to show
that aptamer sticks to gold surface and Zika on aptamer.
Fig 3(a) shows the AFM scan image of Zika on aptamer

Fig. 2. Photograph of commercial 5 MHz quartz and 433 MHz Lithium
Niobate (LiNbO3) microbalance sensors extracted from a) commercial
filter (SFR433A). b): Schematic of the Standing Surface Acoustic Wave
(S-SAW) sensor. The transducer converts the electrical energy from
oscillating circuit to mechanical wave. c) Schematic of the microbalance
measurement set-up.

on gold substrate, clearly showing the step height from the
aptamer layer to Zika agrees with the dimension of a typical
Zika virus. The minimum lateral lengths of ∼80 nm corre-
sponding to two viruses with 40 nm height. The SEM image
(Fig. 3(b)) also shows lateral lengths of ∼80 nm, which shows
that the Zika agglomerate as they get immobilized on the
surface coated with aptamer.

II. EXPERIMENTAL PROCEDURE

The experiment was carried out on commercially available
AT-cut gold coated 5 MHz quartz crystal (Fig. 2(a)) as a
benchmark. Before preparing the sensor surface with the
aptamer, the sensor was pretreated with acetone, ethanol
followed by washing with DI water, successively and finally
drying under nitrogen stream, in order to get rid of any
contaminant from the surface. The resonant frequency of
the crystal was measured using Agilent 4395A Network
Analyzer, with the sensor fixed to inhouse made fixture. The
resonant frequency was measured for 5 times with modified
LabView program which extracts the resonant frequency from
the spectrum data for 5 MHz commercial QCM (Fig. 4(a)),
10 MHz communication crystal (Fig. 4(b)) and 433 MHz
LiNbO3 SAW resonator (Fig. 4(c)). The instrument driver
for Agilent 4395A Network Analyzer has been obtained
from National Instruments website and then modified for
added functionality to save the spectrum data along with

Authorized licensed use limited to: IEEE Xplore. Downloaded on July 23,2024 at 02:12:14 UTC from IEEE Xplore.  Restrictions apply. 



DOLAI AND TABIB-AZAR: 433 MHz LITHIUM NIOBATE MICROBALANCE APTAMER-COATED WHOLE ZIKA VIRUS SENSOR 4271

Fig. 3. a) AFM image of aptamer and Zika on gold substrate. Zika sits on
aptamer with step height of ∼40 nm. The lateral dimension shows that
the zika is agglomerated in form of islands. The scale bar is 991.5 nm
(b) SEM image of Zika on Aptamer. The scale bar is 500 nm.

the track and acquisition of resonant center frequency. The
aptamers required activation for proper folding. The steps
involved resuspension of the dried aptamer using resuspension
buffer provided by BasePair Biotechnologies Inc. The aptamer
solution was then diluted to 100 μM working concentra-
tion using Aptamer Folding Buffer (BasePair product), and
then subsequently heated to 90◦C −95 ◦C for 5 minutes
and then cooled down to room temperature for 15 minutes.
The 100 μM working aptamer was diluted to 1 μM solution
using buffer solution. The buffer solution used is prepared
with 1x concentration of Phosphate Buffer Saline (PBS) and
1 mM of magnesium chloride (MgCl2). Then 2 μl of 1 μM
thiol aptamer was dropped on the sensor surface and kept in
hydrated container at 80◦C for 10 minutes. The sensor was
then dipped in DI water, to get rid-off the excess aptamer
and blow dried in mild flow of nitrogen stream and 5 sets
of resonant frequency measured in similar ways. This was
repeated 3 times at different areas on the sensor with 2 μl at
each time. After this 2 μl of stock inactivated ZIKV sourced
from Zeptomatrix, was added to the aptamer coated sensor for
5 minutes to allow the binding with the aptamer and similarly
dipped in DI water bath to get rid-of the excess and blow

Fig. 4. Spectrum of (a) 5 MHz commercial QCM (b) 10 MHz communica-
tion crystal and (c) 433 MHz Lithium Niobate SAW sensor under pristine
condition and after adding aptamer and Zika virus added. (d) Shift in
center frequency of Lithium Niobate resonator repeated for 3 sensors.

dried with mild stream of nitrogen and the shift in resonant
frequency was measured (Fig 5(a) and (b)). The stock solu-
tion of Zika had a concentration of TCID50/ml titer [20],
and the total number of Zika in 2 μl of stock solution
was ∼3.5×108 estimated from the SEM image. Similar set
of experiments were done for 10 MHz communication quartz
crystal. The 10 MHz crystal was de-packaged and cleaned up
as mentioned above and the resonant frequency was measured.
For aptamer coating, 2 μl of 0.1 μM concentration was
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Fig. 5. a) and b) Δf as a function number of surface aptamers and Zika
viruses on 5 MHz gold coated microbalance (S1 and S2).

Fig. 6. Δf vs Δm with Aptamers a) and Zika viruses b) added on the
sensor surface on 10 MHz quartz communication sensor (Q1 and Q2).

used for 1 minute and rinsed in water bath to remove the
excess. Due to aggressive nature of the thiol end, any high
concentration of thiol aptamer or prolonged exposure peels off
the contact electrodes, rendering it useless. This was repeated
in similar fashion for 3 different location on the sensor surface
for both Aptamer and the ZIKV with the shift in resonant
frequency (−�f) response shown in Fig 6(a) and (b).

The measurements on the 433 MHz Lithium Niobate crystal
was done similarly with 2 μl at each time for 3 times total
and the ZIKV was added for one time only due to extremely
small size of the sensor, as it spread throughout the sensor
covering the whole aptamer coated surface. The spectrum
and the resonant frequency have been shown for 5 MHz
commercial QCM in Fig 4(a), 10 MHz communication crystal
for Fig. 4(b) and Fig. 4(c) for each of the caseswhere aptamer
and ZIKV was added a single time. The negative shift in
resonant frequency implies the mass loading on the sensor
surface after adding aptamer and Zika virus. Fig 4(d) shows
the resonant frequency obtained for each after coating with
aptamer and Zika virus and repeated for 3 different 433 MHz
LiNbO3 sensors. The reducing resonant frequency implies the
increasing mass loading due to aptamer deposition on the
sensor surface and Zika on aptamer. Each of the measurement
was taken at IF bandwidth of 30 Hz with 800 points over
a SPAN of 800 Hz for 5 MHz and 10 MHz crystal and
800 kHz for 433 MHz Lithium Niobate crystal.

III. RESULTS AND DISCUSSION

Fig 5(a) shows the results of 5 MHz gold coated commercial
sensor showing effect of adding mass to the sensor surface.
The −�f was calculated with respect to the resonant frequency
of the clean sensor. The increasing trend implies that the
thiolated aptamer was attaching to the gold surface and thus
immobilizing the aptamer. The number of aptamers has been
calculated from the Avogadro number of molecules in 2 μl of
the 1 μM thiol aptamer solution, which corresponds to the
number 1.2 × 1012. The mass of each Aptamer is ∼ 10 kDa
which results in 19.2 ng for each 2 μl of 1 μM Aptamer
solution. The average sensitivity obtained from the results of
the 2 sensors was ∼1 Hz/ng obtained by eliminating the noise
floor [30]. Each of the points in every 2 μl added was an
average of five measurements.

The typical maximum shift in the frequencies from the
average of 5 measurements was ∼ 2Hz. The sensor response
to zika virus is shown in Fig 5(b), which shows an increase in
�f shift with each time addition of 2 μl of stock zika solution
which corresponds to ∼2×10−11 gm of Zika virus. However,
the frequency shift is much higher than the Aptamer number,
which can be explained by probable deposition of residue
from virus suspension solution that came with the stock Zika,
on the sensor surface. Fig 6(a) and 6(b) shows results of
the 10 MHz commercial communication quartz crystal. The
10 MHz crystal had a higher sensitivity of 10 Hz/ng, with
an average maximum error of ∼1 Hz in measurement of the
resonant frequencies. The sensor response S2 in Fig 5 and
Q2 in Fig 6 saturates as the analytes (aptamer/Zika) are added
in successive steps, because of the overlapping coverage of the
analyte on the sensor surface. Hence, the successive addition
of analyte on the sensor surface after the first instance, only
deposited a little mass on the sensor surface.

Figures 7 (a) and (b) show the results of the 433 MHz
Lithium Niobate crystal. The trends are similar to that of
the gold coated 5MHz as well as 10 MHz crystal hence
clearly showcasing that the thiolated aptamers are binding
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Fig. 7. −Δf vs m with Aptamers a) and Zika viruses b) added on
the sensor surface 433 MHz Lithium Niobate communication crystal
(LN1 and LN2).

to the metallic electrodes on the surface. The relatively high
resonant frequency resulted in average shift in frequency
of ∼480x more than the 5 MHz crystal and ∼203x more
than the 10 MHz crystal for the same amount of Aptamer
added. This resulted in increased sensitivity to ∼370 Hz/ng
which is improved by a factor of ∼400x than the 5 MHz
commercial crystal. The average error shift in resonant
frequency was ∼900 Hz. The response of sensor LN3 was
limited to the first aptamer coating as, due to aggressive nature
of the thiol end of the aptamer, peeling off the metallic contact
on the surface, rendering the sensor useless. The same results
were obtained using the 10 MHz quartz crystal.

The response to the Zika for both the 10 MHz quartz
communication crystal (Fig. 6(b)) and 433 MHz Lithium
Niobate crystal (Fig 7(b)) is similar to that of the 5 MHz
commercial sensor with much higher frequency shift than the
approximate number of Zika added each time. The probable
cause has been discussed in the previous section. The slope
obtained by linear fitted curve shows near similar characteris-
tics for corresponding sensor concerned.

The frequency response of the commercial 5 MHz
crystal and 10 MHz communication crystal was measured
with 801 points and the SPAN was set to 800 Hz over the
resonant center frequency at an IF Bandwidth of 30 Hz.
This provided a minimum detectable frequency shift to
800/801 Hz ≈ 1 Hz. Hence, from the previously discussed
results of the 5 MHz and 10 MHz crystal, the minimum
detectable signal (MDS) is the mass loading corresponding to
1 Hz shift in the resonant frequency, which is 1 ng and 0.1 ng,

respectively. For the Lithium Niobate, all other measurement
parameters are similar except the SPAN of 800 kHz was used.
Hence, the step size in the frequency spectrum for each point
is 800 kHz/801 ≈ 998 Hz. However, the IF bandwidth used
for measuring the spectrum is 30 Hz, which divides the span
of the frequency into small segments of 30 Hz and measuring
the frequency response, providing high resolution and stable
output response. Hence the minimum mass loading can be
considered for 1 Hz shift.

IV. CONCLUSION

This paper demonstrates the use of Lithium Niobate
communication resonator for the first time as a very sensitive
whole virus detector with ∼ 400 times better sensitivity than
typical commercial 5 MHz quartz microbalance. The thiolated
aptamer binds to the surface electrode of the Lithium Niobate
microbalance making it target specific to bind to zika viruses.
This could be generalized to any whole virus sensor provided
the aptamer is engineered to detect the target virus.
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