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Abstract

A gravimetric surface acoustic wave (SAW) biosensoased on the biotin-streptavidin and
antistreptavidin-streptavidin recognitions, has rb@arried out. A network analyser and a pulse

excitation technique were used to monitor both &omgie and phase changes.

The SAW biosensor presented a total selective rétog of streptavidin-antistreptavidin and
HRPstreptavidin-antistreptavidin. The presence BPHHorseradish peroxidase) affects neither the
selectivity nor the sensitivity (of order of 0.28M) of the biosensor, nevertheless, it causes a
reduction of binding kinetics by a factor rangingtween 2 to 5, as well as a diminution of
antistreptavidin saturation concentration (of 40Rgsults showed that equilibrium constants can be
different, depending on evaluation method (fronuis#iton values or from linear part of the output

signal variation according to solution concentnatio

Keywords: Surface Acoustic Wave sensor (SAW), antigen-adffbi@cognition, binding constants,

reaction kinetics
1 Introduction

Surface acoustic waves sensors (SAW sensors), vwinsgple is based on variations of propagation
media properties, were largely used for gas detedtl, 2], and have recently revealed their great
potential for chemical and biological species didecin liquid media [3-9]. These devices are still

subjected to many technological developments, inffethus new prospects for label free detection of

increasingly small quantities in real time.



Because of their high mass sensitivity, SAW deviaes among the most attractive sensors for
biological applications, particularly as DNA biosens [10, 13] and as immunosensors [14-16], based
on the highly specific binding between antibodied ¢éheir corresponding antigens. The development
of a specific biorecognition surface on a solidfidyinterface is of high significance in the areds
drug screening, proteomics, and biosensors. A pyircizallenge in developing such an interface is the
design of a biorecognition layer that will possedse desirable properties of specificity,
biocompatibility, and reversibility of the bindirgyent [17].

Achieving an immunosensor involves the immobilizatof an antigen (antibody) as bioreceptor, the
antibody (antigen) being the ligand. Many methodsehbeen used to immobilize the bioreceptor
probe on the biosensor surface [18], but the nastist uses biotinylated self-assembled monolayer
[19]. Grafting a specific layer on the sensor diresiarea constitutes a key stage, which makes the
biosensor selective to particular molecules. Theass of this stage determines the performances of
the achieved sensor.

The goal of this study is the development of an imasensor combining the sensitivity of
gravimetric transduction, and affinity between sale molecules:
biotine/streptavidine/antistreptavidine (antisteafdine was from a rabbit) and
biotine/HRPstreptavidine/antistreptavidine (HRPstagidine being a streptavidine associated to
horseradish peroxidase). The various biosensoizagiah steps and temporal follow-up of sensor’s
response in each case will be presented. Effeatsacfomolecules presence will be discussed, before

evaluating equilibrium and association constants.

2. Experimental setup and materials
2.1. SAW sensor design

Among the variety of available non-labelled senstte most promising ones are the SAW devices
since they are able to independently extract tire muass and viscosity signal of a deposited layer
[20]. The developed sensor consists of a dual dixeey fabricated on a 36°rot Lithium tantalate
(LiTaOs) piezoelectric substrate. Chromium/gold (20 nmri8%) interdigital transducers (IDTs) were
photolithographically patterned with a periodicty A = 40 um which corresponds to an operating
frequency of about 104 MHz. Each electrode consis8) double finger pairs, minimising thus triple
transit interferences, as observed for the simiplgef pairs first prototype [10]. Two shear horitain
acoustic waves propagate on LiTaO3 36° rot: surékamming bulk waves (SSBW) and leaky SAWs
(LSAW). Metallization of the sensing area (the oegbetween the IDTs) with 20/80 nm Cr/Au thin
layer, favours leaky SAWs propagation [21, 22]; #veustic energy is thus confined close to surface
substrate, making the sensor highly sensitive yopanturbation occurring in the propagating medium.

Gold metallization permits also to provide a sugaburface for molecules grafting and to make



devices less sensitive to ionic strength variatigighis effect, we have tested the SAW respoose t
NacCl solutions (from 0.1 M to 1 M), and no changewred, as expected.

For successful uses of SAW devices in liquid mealithjidic cell has been designed: a Kalrez® cell i
placed over the sensing area to contain solutiodsta insure interdigitated transducers insulation
(Fig.1). Kalrez® was chosen among other mater@$t$ biocompatibility and mainly for its “nature”
since it doesn't stick to the sensing area, likdvFDand doesn’t need an additional joint like PMMA.
It causes an additional attenuation of the surfeaee of only 5 dB at the fundamental frequency of
104 MHz. A PMMA sill including inlets and outlets then added. Experiments were driven using
peristaltic pump (Gilson Minipuls 3) to insure cotous fluids flow at a 190 pL/min rate.

In order to cancel temperature and pressure fltions a dual-delay-line configuration was useé: th
delay lines are inserted in a pulse mode systeim twid independent paths. The measured parameter
is phase and/or amplitude shifts of the sensing éiocording to the reference one. A HF generator
carries out a 104 MHz frequency signal, which isdmated via a HF amplifier, by means of a
rectangular pulse signal generator (pulses tragwuency is about 10 kHz and their width is adjiste
between 1.5 and 2 us). The resulting signal is tpglied to the sensor input. The output signal is
then injected into a comparator to estimate itsprend amplitude variations, according to the paigi
HF signal. A “boxcar integrator” synchronized ore thulse signal generator, permits to select the
useful signal (according to its delay) and to sief@veraged and integrated over fixed duratiofr) an
digital analogical converter.

In parallel, HP 8711C network analyzer has beenl tsaneasure amplitude and phase variations of

the output electrical signal.

2.2. Chemical and biochemical reagents

1,2-dipalmitoylsn-glycero-3-phosphoethanolamiihg-(biotinyl) (biotinyl-PE) was from Avanti polar
lipids. 16-mercaptohexadecanoic acid (MHDA), boviserum albumin (BSA) blocking agent,
streptavidin, rabbit anti-streptavin and immunogliii G (IgG) sheep were purchased from Sigma—
Aldrich and HRP-streptavidin was from Serotec.

For all biosensing experiments, the buffer solutipAl 7.4) was a phosphate buffered saline (PBS)
containing 140 mM NacCl, 2.7 mM KCI, 0.1 mM PO, 1.8 mM KHPO,. All reagents were of
analytical grade, and ultrapure water (resistivifyl8.2 MQ.cm*) produced by a Millipore Milli-Q
system was used. Before any experiment, SAW dewie@s immersed for 30 min into a piranha
solution (1:1 (v/v) 98% K50,/ 30% HO,), then rinsed with ultra pure water and immediatépped

in a methanol solution. Despite its drastic chamdhis procedure allows to obtain a clean and pre

activated surface, suitable for the next operations



3. Biosensor realisation
3.1. Self assembled monolayer for mation

Various successive steps must be carried out osdhsing area of the gold metalized delay line, to
obtain an antibody/antigen sensor. The first omesists on the grafting of biotinylated self-assesdbl
monolayer. Primary, a methanol solution is brougihtthe sensing area using the peristaltic pump.
When phase stability is reached, a continuous ftdwa mixed solution of MHDA (1 mM) and
biotinyl-PE (0.1 mM) is pumped. A mixed self-assémbmonolayer (SAM) is thus formed and
permits the development of an efficient surfacenuk&y for the immobilization of antibodies onto
gold surfaces. As mentioned in our previous wo; P4], the formation of this SAM requires nearly
10 hours.

After rinsing the device with ultra pure water, &M solution (0.2%, w/v) was drained into the flow
cell, at room temperature, in order to block fregaces between biotin molecules. A subsequent
rinsing with PBS permits to remove non fixed BSAsRIts presented in Fig. 2 show that this layer

formation generates a phase variation of 2.2° imittutes only.

3.2. Streptavidin immobilisation as antibody

A solution of 5 pl/ml of streptavidin - antibody PBS was then injected in the flow cell and let in
circulation until the signal became stable. A fimalse with PBS permits to remove unbound
streptavidin. In the same way, we have also imns®dl a Horseradish peroxidase conjugated
streptavidin (HRPstreptavidin) to check the SAWssea response in the presence of macromolecules,
able to cause steric effects.

Similarly to previously described steps (BSA andMBayers formations), biotin-HRPstreptavidin
and biotin-streptavidin recognitions have been nowad via phase variation versus time (Fig. 3). The
first injections of HRPstreptavidin solution (2.8nthen 5 nM) lead to cumulated phase variations of
about 1°. Fig. 3 shows also that the reaction $s, flne output signal stabilization being reached a
600 s approximately. Successive additions madedsiple to determine the sensor’s linearity range,
up to 10 nM, for which the sensitivity was estinthge 0.25°/nM.

3.3. Antibody-antigen selective recognition

To test the sensor’'s selectivity, we have used rdaiastreptavidin produced in rabbit as a specific
antigen and an 1gG sheep as a non specific orat, Ei66 nM of anti-streptavidin were injectedfie t
flow cell leading to phase shift of about 0.4°, @his characteristic of antistreptavidin-streptavid
(antistreptavidin-HRPstreptavidin) recognition (Fig). After that, and once the signal stability
reached, 1.66 nM of IgG sheep were added. No siggddtion occurred showing that there is no

recognition between antibody and the non speciitigan. The experiment was repeated many times



until sensor’s saturation, and the same resulte wbtained confirming the sensor’s selectivity.sThi
signifies that in spite of the presence of the HRI®, streptavidin-antistreptavidin recognition site
remain accessible. The sensor’s sensitivity alsth &fected by macromolecules presence. Values of
(0.21 £ 0.10)°/nM and (0.22 + 0.09)°/nM were obgalrwithout and in presence of HRP, respectively.
Nevertheless, the effect of HRP appears clearly amtigen concentration saturation values:
(23 +2) nM and (10 + 2) nM in absence and presenttRP respectively (Fig. 5). Another effect can

be shown on recognition reactions kinetics aslittvé mentioned in the next paragraph.

4. Recognition reaction Kinetics, results and discussions

Analysis of antibody-antigen recognition reactidfisetics, in presence and in absence of HRP,
showed differences as observed on Fig. 6, whersepbariations versus time during HRPstreptavidin-
antistreptavidin and streptavidin-antistreptavidiecognitions are compared. Results show that
conjugating streptavidin with Horseradish peroxelasreases sensor’s output stabilization time from
1000 s to 2000 s. Moreover, and by using an exg@e®cay as model, we can extract time constant
of the two reactions. Much important difference viasnd between the two constants: 140 s with
HRP and 30 s without HRP.

Another approach to analyse kinetics is given leyauation 1 [19, 20]:

%: Ko
dt

n[antI - SaV] (Q’nax - 40) - koff @ (1)
Where @is the acoustic phase; [anti-sav] is the antigemcentrationk,, andky are the association
and dissociation constants.

Using numerical approach, equation 1 becomes:
A(d%J/A¢= K,.[anti —sav] + K (2)

Plots representing equation 2 (Fig. 7), permit gpeeémental estimation of boty, andky, then the
equilibrium constantkey = Kon / Ko
Only data corresponding to the sensor linearitygeaare considered there. The obtained values are

gathered in table 1.



Table 1. Experimental values of binding constants

Binding reactions Kon [M's"] Kofr [$7] Keg [M7]
Anti-sav/sav 1.9 10 2.210° 8.6 10
Anti-sav/HRPsav 5.710 9.310 6.1 16

The equilibrium constark, can also be determined starting from saturatidnega by considering the

Langmuir equation which traduces the concentradependence on the signal phase shift [14]:

@ [C]

ﬂmD1Q+u@

3)

Whereg,; corresponds to the maximum phase shift (saturatiure).

The experimental determination kf, leads toky = 6.7 18 M for streptavidin-antistreptavidin and
Ky =2.2 1§ M? for HRPstreptavidin-antistreptavidin. The firstlue of Ko IS consistent (within
uncertainties) with this determined from lineargarmeasurements, but the second one is different

enough, due to the saturation value which is affébly HRP presence.

5. Conclusion

In this study we have carried out a gravimetricfasrg acoustic wave biosensor based on biotine-
streptavidine and antistreptavidine - streptavide@gnitions. We have showed that grafting several
molecular “layers” on the SAW sensing area doesifféct neither sensitivity nor streptavidine-
antistreptavidine recognition, in presence or rfothe Horseradish peroxidase (HRP). However, the
presence of HRP causes a steric effect that leads teduction of both antigen concentration
saturation value and the kinetic constagi Khe obtained results, mainly the high affinitydan
specificity of antigen—antibody interactions, shtwe potential of developing SAW immunosensors
for biomolecular interactions, especially in theeldi of clinical analysis. The relatively easy
construction of a specific biological assembly be BAW sensors can so supply a wide variety of
bio-recognition, such as DNA, RNA, antibodies ootpins (indicators of viral infection), with
concentrations lower than 1 nM.
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Fig. 1. Schematic representations of the variouts jpd the sensing system (left) and pulse
mode system diagram (right).
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Fig. 3. Phase variation versus time, during bietRPstreptavidin recognition.
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Fig. 4. Phase variation versus time, during amigarvidin-streptavidin recognition, and signal

stability after IgG sheep injections.
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Fig. 6. Comparison of recognition reaction timeswofistreptavidin-streptavidin and antistreptawidin

HRPstreptavidin. Model is used for the first parft$he two plots to extract time constantans.
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