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Abstract A novel technique for monitoring of low molec-
ular mass analytes using a flow-injection capacitive
biosensor is presented. The method is based on the ability
of a small molecular mass analyte to displace a large
analyte—carrier conjugate from the binding sites of an
immobilized biorecognition element with weak affinity to
both compounds. A model study was performed on glucose
as the small molecular mass analyte. In the absence of
glucose, binding of a glucose polymer or a glycoconjugate
to concanavalin A results in a capacitance decrease. Upon
introduction of glucose, it displaces a part of the bound
glucose polymer or glycoconjugate leading to a partial
restoration of capacitance. Experimental results show that
the change in capacitance depends linearly on glucose
concentration within the range from 1.0x107> to 1.0x10"
M, corresponding to 1.8 ug ml™' to 18 mg ml™" in a
logarithmic plot, with a detection limit of 1.0x10°
(0.18 pg ml™") under optimized conditions. In addition,
by modifying the molecular mass of the glucose polymer,
amount of biorecognition element, and buffer composition,
we were able to tune the analyte-sensing range. The
developed technique has the benefits of expanded dynamic
range, high sensitivity, and excellent reusability.
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Introduction

Glucose is the major carbon and energy source in cellular
metabolism. Its deficiency or overproduction could have a
deleterious effect on cellular functions. Therefore, highly
sensitive glucose monitoring systems are continuously
sought due to their potential applications in conditions
where the glucose levels are very low such as in cell
cultures and microbial fermentation processes [1, 2].
Several biosensors, including turbidity sensors [3], visco-
metric affinity sensors [4], piezoelectric sensors [5], and
surface-plasmon-resonance-based sensors [6], were devel-
oped for glucose measurement. However, they are mostly
confined to millimolar glucose concentrations, which
restrict their applications for monitoring of very low
glucose levels. Glucose sensors based on fluorescence
spectroscopy have been adopted by many groups due to
their high sensitivity and superior specificity [7, 8].
However, the sensor performance suffers from nonspecific
changes in fluorescence which could compromise the
sensor’s accuracy and reliability overtime. Furthermore, the
measurements are functions of not only glucose concentra-
tion but also fluorophore concentration [9]. Among these
methods, the electrochemical approach is more amenable
due to its inherent rapidity, simplicity, low cost, and possible
miniaturization.

Most of the electrochemical glucose biosensors are
based on the use of an enzyme such as glucose oxidase
[10], glucose dehydrogenase [11], and glucokinase [12].
However, such enzyme sensors are prone to interference
from electroactive species; usually suffer from drift, and
lacks reproducibility [13]. Apart from enzymes, several
ligands have been employed for glucose recognition,
including boronic acid derivatives [14], periplasmic binding
proteins [15], antibodies [16], and lectins such as human
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lectins [17] and the plant lectin, concanavalin A (Con A)
[18]. However, intense research efforts to develop affinity
sensors for glucose have focused on Con A, since it had
been first employed for glucose sensing by Schultz et al. in
1982 [19], due to its inherent stability and activity in the
physiological pH range [20]. Based on this system, several
analytical techniques were developed for glucose measure-
ment, including optical- [21], electrochemical- [22], and
viscometry-based assays [23].

Capacitive biosensors have attracted wide-spread atten-
tion in clinical, environmental, and biotechnological appli-
cations. They are based on the theory of the electrical
double layer which exists at the surface of a metal electrode
in contact with an electrolyte solution. Binding of an
analyte to a biorecognition element immobilized on the
electrode surface increases the thickness of the dielectric
layer above the electrode surface and hence, causes a
parallel decrease in capacitance that is proportional to the
concentration of the target analyte. Unfortunately, capaci-
tive biosensing is restricted to analytes capable of increas-
ing the thickness of dielectric layer either directly by virtue
of their large sizes, such as proteins [24, 25], glycoproteins
[26], polysaccharides [27, 28], and nucleic acids [29], or
indirectly by inducing a conformational change in the
biorecognition element upon binding to it, such as heavy
metals [30]. On the other hand, low molecular mass
analytes lacking the previous properties cannot be detected
by capacitive biosensors. This paper demonstrates a new
technique to enable capacitive biosensors to measure low
molecular mass analytes, using glucose as a model. In brief,
the sensing mechanism is based on the ability of glucose to
displace a glucose polymer or glycoconjugate from the
glycoligand binding sites of Con A. To demonstrate proof-
of-concept of the developed technique, factors affecting the
sensor response were elucidated, including the size of the
glucose polymer, amount of immobilized Con A, and buffer
composition.

Materials and methods
Chemicals

Concanavalin A from Canavalia ensiformis, dextran (aver-
age molecular weight: 10, 39, 71, 298, 500 kDa), p-fructose,
D-maltose, methyl x-D-glucopyranoside (Me-o-Glu), methyl
a-D-mannopyranoside (Me-a-Man), «-lipoic acid, and ace-
tonitrile 99.8%, were all from Sigma-Aldrich Chemie
(Steinheim, Germany). D-glucose and N-(3-dimethylamino-
propyl)-N"-ethyl-carbodiimide hydrochloride (EDC), were
purchased from Fluka, Sigma-Aldrich Gmbh, Germany.
1-Dodecanethiol was obtained from Aldrich (Deisenhofen,
Germany). Immunoglobulin G (IgG) was the product of
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Pharmacia (Uppsala, Sweden). All buffers were prepared
with water treated with a Milli-Q system, preceded by a
reverse osmosis step, both from Millipore (Bedford, MA,
USA). All dextran solutions were dialyzed against distilled
water (molecular weight cut off, 8 kDa).

Concept of competitive capacitive biosensing technique

The technique is based on the competition between a small
molecular mass analyte and a large analyte—carrier conju-
gate for binding to an immobilized biorecognition element
with weak affinity to both competitors. Binding of a large
glucose polymer such as dextran or a glycoconjugate like
IgG to the biorecognition element (Con A) immobilized on
the electrode surface results in a capacitance decrease. This
is reversed by introduction of the low molecular mass
analyte (glucose) which will displace either the large
dextran or IgG at the glycoligand binding sites of Con A.
Consequently, the glucose concentration can be interrogat-
ed by measuring the shift-back in capacitance. The
electrode can be regenerated with the glucose polymer or
glycoconjugate since the nature of binding between glucose
polymer- or glycoconjugate-Con A and glucose is well
known to afford reversible glucose sensing [31]. The
mechanism of analysis is schematically depicted in Fig. 1.
As earlier mentioned, the direct binding between glucose
and Con A cannot produce any change in capacitance. This
is due to the small size of glucose which is not sufficient to
increase the thickness of the dielectric layer above the
electrode surface. In addition, binding of glucose to Con A
does not induce any conformational changes in the tertiary
structure of Con A. It is noteworthy to mention that we
have successfully employed this technique in a reversed
manner to measure IgG and detect its aggregation, using the
same analytical platform with immobilized Con A [26]. The
decrease in capacitance caused by injecting a glyconjugate
(IgG) was used to determine its concentration. The
electrode surface was successfully regenerated with con-
centrated glucose solution. However, in the present study,
the increase in capacitance caused by injecting glucose is
employed to determine its concentration. Conversely, the
electrode surface is regenerated with either a glucose
polymer or a glycoconjugate solution.

Preparation of the Con A-modified gold electrode

The sensing platform is based on self-assembled mono-
layers (SAMs) of «-lipoic acid with the carboxylic group
covalently coupled to Con A. Prior to SAM deposition, the
gold electrode (© 3 mm, 99.99% purity) was sequentially
polished using alumina suspension with particle diameters
of 0.1 and 0.05 um for 3 and 2 min, respectively. Next, the
electrode was thoroughly washed with distilled water to
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Fig. 1 Schematic representation of the mechanism of CCBT for
glucose assay. In a glucose is infused to the transducer with surface
bound concanavalin A. The binding will not result in a capacitive
change (graph on the right) due to the small size of the target

remove the alumina. Consequently, the electrode surface
was checked for any alumina remnants using an optical
microscope. Thereafter, the electrode was placed in a Teflon
holder and plasma-cleaned for 15 min (Model PDC-3XG,
Harrich, NY). The modified electrode was prepared
according to a four-step procedure, starting with (1)
construction of SAM by immersing the electrode in a
solution of 1% « lipoic acid in absolute ethanol overnight.
This was followed by (2) activation of the carboxylic acid
group by immersing the electrode in a solution of 1% EDC
in dry acetonitrile for 5 h then drying with high-purity
nitrogen. (3) Protein coupling step was achieved by
incubating the electrode with 40 uL of 1.0 mg mL™" Con
A in 5.0 mM Tris—HCI buffer containing 1.0 mM of CaCl,,
MgCl,, and MnCl,, pH 7.4 overnight at 4 °C. The same
buffer was further employed as a mobile phase for
capacitance measurements. (4) Finally, a surface blocking
step was performed, using 10 mM 1-dodecanethiol in

molecule. In b, the glucose polymer dextran is infused and binding to
Con A results in a registered decreased capacitance. ¢ Shows the
displacement of dextran by glucose where the capacitance is restored
to the original baseline level

ethanol, to assure a complete electrochemical insulation of
the gold electrode.

Capacitance detection system

The capacitive biosensor system consists of a four-electrode
flow-injection manifold cell with a volume of 10 puL. The
Con-A-modified gold electrode serves as the working
electrode. A platinum foil and a platinum wire serve as
the auxiliary and the pseudo-reference electrode, respec-
tively. An external reference (Ag/AgCl) electrode was
placed in the outlet stream to correct for the potential drift
of the platinum reference. The electrodes are connected to a
potentiostat, which is further linked to a personal computer
via a fast data acquisition unit (Keithley Instruments,
Cleveland, OH, USA) In order to reduce the noise in the
system, the potentiostat is driven by the data acquisition
unit, which in turn, is powered by the computer through a
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galvanically insulated power supply. This is to isolate the
noisy computer power from the sensitive analogue parts. A
diagrammatic presentation of the system is provided
elsewhere [26]. The platinum pseudo-reference electrode
controls the potential applied on the working electrode
though it does not have a well-defined potential. However,
such electrode is necessary to improve the potentiostatic
control of the working electrode, leading to a sharp
response in a small flow cell. Therefore, the potentials of
platinum and Ag/AgCl reference electrodes are compared
prior to pulse application and the computer calculates the
potential, which has to be applied to the platinum electrode
in order to make it behave as an Ag/AgCl reference. The
mobile phase was pumped with a peristaltic pump (M-312
Gilson, France) at a flow rate of 50 uL min™". All injections
were performed via a 250-uL loop. Prior to loading the
glucose sample, the glucose polymer or glycoconjugate was
injected into the flow cell and a stable base line was
achieved after 20 min. Subsequently, the glucose sample
was loaded to the flow cell and the capacitance was
monitored for 15 min. The principle of detection involves
capacitance measurements made by applying a potential
pulse of +50 mV to the working electrode at every minute
during the binding event between Con A and either the
glucose polymer or glycoconjugate as well as glucose.
Consequently, the current decay evoked by the potential
step was sampled with a frequency of 50 kHz. The total
capacitance at the working electrode/solution interface was
continuously monitored using an in-house built computer
software.

Results and discussion
Capacitance measurements

The Con-A-modified gold electrode was placed as a
working electrode in the four electrodes flow-injection
manifold cell. To evaluate the capacitance resulting from
the potential step, a model describing the electrode/
solution interface with the equivalent circuits must be
applied. The simplest model to describe this interface is a
resistor—capacitor in series (RC-model). According to this
model, the current evoked by the potential pulse will
follow Eq. 1:

i(f) = u/Ry x el 7/R*C) (1)

Where i(t) is the current at time ¢, u is the applied pulse
potential, R is the resistance of the recognition layer, ¢ is
the time elapsed after the potential pulse was applied, and
C is the total capacitance measured at the working
electrode/solution interface. The values of R, and C were
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determined by the computer software, using the linear
relationship between In(i) and ¢ as shown in Eq. 2 [32].

In i(7) = In(u/Ry) — (t/R, x C) )

The analytical signal appears when the analyte binds to
unoccupied binding sites of the immobilized biorecogni-
tion element and consequently increase the thickness of
the electrode sensing layer. The displacement of the
electric double layer created during the potentiostatic
pulse will cause a decrease in capacitance which is strictly
proportional to the analyte concentration.

As shown in Fig. 2a,b, binding of dextran to Con A
brought about a consequent decrease in capacitance, ACd.
The average value of ACd can be determined from the
following formula: ACd = Cy—C), where C, and C,
represent the average of five consecutive baseline values
before and after loading the dextran, respectively. However,
upon injection of glucose, it displaces dextran from the
glycoligands binding sites of Con A with a consequent
increase in capacitance ACc. The average value of ACc
can be calculated as follows: ACc=C,—C,;, where C; and
C, represent the average of five consecutive baseline values
before and after the glucose injection, respectively. The
necessity to evaluate an average of five capacitance values
was previously proved by calculations [33], and the last
five cycles of capacitance related responses were evaluated
as a reliable analytical signal, as described elsewhere [34].
It is worth noticing that the binding between glucose and
the bare Con A surface could not produce any change in
capacitance, and hence it is necessary to measure glucose
using a displacement assay.

Tuning of sensing range and sensor response

To demonstrate proof-of-concept of the competitive capac-
itive biosensing technique (CCBT) and optimize the sensor
performance, we investigated the effects of the glucose
polymer size and Con A and metal salts concentrations on
the sensor response.

Effect of glucose polymer size

It was hypothesized that the displaced glucose polymer or
glycoconjugate, specifically, its size and binding affinity to
Con A, can cause a significant effect on the glucose sensing
range and the signal detection sensitivity [35, 36]. In this
study, the glycoligand binding sites of Con A were
saturated with 1.0x10~*M of dextran (500, 298, 71 kDa),
and 1.0x 10 M of dextran (39, 10 kDa) and IgG, each at a
time. Saturation was evidenced by the lack of capacitance
change upon further glycoconjugate injection. A series of
glucose concentrations, ranging from 1.0x10°° to 1.0 M,
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Fig. 2 a,b Time course of capacitance changes obtained upon loading
the glucose polymer followed by its dissociation by the injected sugar.
a Capacitive measurements of several glucose concentrations, includ-
ing 1x107M (GI), 1 x10M (G2), and 1x10"'M (G3), whereas the
biosensor was subsequently regenerated with 1.0x10>M of the
39 kDa dextran (D) after each glucose injection. b Magnification of
the capacitance response obtained after loading 1x107>M of the
39 kDa dextran followed by an injection of 1x10~'M glucose. ACd is
the decrease in capacitance caused by binding of the glucose polymer
to Con A (Cy—C;) and ACc is the increase in capacitance due to the
glucose polymer dissociation (C,—C)

were injected and ACc for each aliquot was calculated,
where ACc is the capacitance increase due to the
dissociation of the glycoconjugate by the injected glucose.
The biosensor was subsequently regenerated with an
injection of the tested glucose polymer or glycoconjugate
after each glucose injection. As shown in Fig. 3, the largest
change in capacitance in response to glucose (ACc) was
observed with the 39 kDa dextran. When the molecular
weight of dextran was increased, smaller changes in

capacitance were typically observed. This is because the
equilibrium constant of the interaction was higher and
requires higher glucose concentrations to displace the
dextran bound to the glycoligand binding sites of Con A
[37, 38]. Furthermore, the glucose sensing range itself was
reduced when the 500 kDa dextran was used. We also
noticed that using IgG, instead of dextran, resulted in a
smaller change in capacitance in comparison to those
obtained with dextran. Again, this could be ascribed to
the high molecular weight of IgG (150 kDa), compared to
the 39 kDa dextran. However, this observation clearly
illustrates that the signal obtained is not solely dependent
on the molecular mass of the displaced molecule, but also
depends on other factors such as charge density, mode of
interaction, binding strength, etc. [39]. On the other hand, a
concomitant narrowing of the sensing range was associated
with dextran (10 kDa), presumably due to its small size
which was not sufficient to produce major changes in
capacitance upon dissociation from the surface of Con A.

Effect of Con A and metal salts concentrations

A preliminary determination of the linear range concen-
trations of glucose was performed and four glucose
concentrations (1.0x10%-1.0x10"'M) were utilized in a
one-factor-at-a-time optimization approach. As shown in
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Fig. 3 Glucose calibration curves by CCBT using five glucose
polymers, including 1x 10™*M dextran 500 kDa (Dx500), 298 kDa
(Dx298), 71 kDa (Dx71), and 1x10>M dextran 39 kDa (Dx39),
10 kDa (DxI0), and one glycoconjugate, namely 1x10°M IgG.
Symbols denote mean values of triplicate measurements of capaci-
tance. The capacitance is represented by mean values and standard
deviations of all measurements
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Fig. 4 a,b Modulation of sensor response by Con A and metal salts
concentrations, at four glucose concentrations, including 10™*M (o),

concentration on the sensitivity of biosensor, using 5 mM Tris—HCl
buffer containing 1 mM of the metal salts (CaCl,, MgCl,, and MnCl,),
pH 7.4 at a flow rate of 50 uL min~'. b Effect of metal salts
concentration, using 0.75 mg mL™' Con A and 5.0 mM Tris—HCI
buffer (pH 7.4), containing different molar concentrations of the metal
salts at a flow rate of 50 pL min™

Fig. 4a, the sensor response increased with increasing the
Con A concentration up to 0.75 mg mL,' which is
equivalent to 37.5 pg of Con A on the electrode surface.
Further increase in the Con A concentration was accompa-
nied by a reduced sensor response, presumably due to
increasing the electrode insulation as a result of increasing
the thickness of the protein layer immobilized on the
electrode surface [40]. The effect of the metal salts
concentration on the sensor response was elucidated, as
shown in Fig. 4b. The largest sensor response was observed
with a metal salt concentration of 5 mM, probably due to
enhancing the Con A-carbohydrate interaction. Further
increase in the concentration was accompanied by an
increase in capacitance and instability of the base line,
which impair capacitance measurements. This could be
attributed to the fact that solutions of high ionic strengths
may produce pinholes on the electrode surface due to the
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removal of the insulating SAM layer [28]. Furthermore,
increasing the electrolyte concentration causes a compres-
sion of the diffuse ion cloud above the protein layer,
resulting in an increased capacitance [41].

Post-optimization glucose sensor response

A validation experiment was performed to assess the sensor
performance and to verify the optimum conditions for the
factors investigated in this study. We studied the sensor
response toward various glucose concentrations ranging
from 1.0x10® to 1.0 M in 5 mM Tris-HCl buffer
containing 1 mM of CaCl,, MgCl,, and MnCl,, pH 7.4.
The biosensor was subsequently regenerated with 10°M
dextran (39 kDa) after each glucose injection. It was
observed that the detection of glucose is linear from 1.0x
10° to 1.0x10 'M, corresponding to 1.8 pug mL ' to
18 mg mL™', with the regression equation of y=0.694x+
5.428 (R*=0.997), where y is the change in capacitance in
nanofarad and x is the logarithm of glucose concentration in
moles. The detection limit was 1.0x 10 °M, corresponding
to 0.18 pg mL ™", at a signal-to-noise ratio of 3. The relative
standard deviation (R.S.D.) values were between 1.5 and
3.7% at the tested glucose concentrations. The reversibility
and response time of the sensor were investigated using the
same experimental setup. Reversibility of the sensor
response was demonstrated by prompt return to baseline
after introduction of 1.0x10°M dextran (39 kDa) subse-
quent to challenge with 1.0x10°~1.0x10"" M glucose. The
response time was about 15 min. Such relatively long
response time makes it suitable only for offline analyses.
After optimization, the sensor exhibited an average of
150.5%, 126.8%, 115.7%, and 89.2% increase in response
at glucose concentrations of 1.0% 104, 1.0x 1073, 1.0x 1072,
1.0x 10 "M, respectively.

Potential applications of CCBT
Capacitive monitoring of the molecular weight of dextran

The effect of the molecular weight of dextran on the change
in capacitance obtained upon dextran—Con A binding was
investigated. Dextran polymers with different molecular
weights (71, 298, 500 kDa), and 1:1 combination of 71 and
298 kDa, with a number-average molecular weight (Mn) of
185 kDa, and a similar combination of 298 and 500 Da,
with Mn of 399 kDa, were tested. Consequently, the
capacitance change (ACd) after each sample injection was
registered, where ACd is the capacitance decrease due to
the binding between Con A and dextran. The system was
subsequently regenerated with 1.0 M glucose after each
sample injection. As shown in Fig. 5, it was observed that
increasing the molecular weight of dextran, within the
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Fig. 5 Linear plot of capacitance change as a function of the
molecular weight of dextran using CCBT. Reference points: 1x10*M
of dextran (71, 185, 298, 399, 500 kDa). Symbols denote mean
values of triplicate measurements of capacitance. ACd is represented
by mean values and standard deviations of all measurements

tested range, was accompanied by a proportional increase in
the ACd value. The linear regression equation was ACd
(nF)=0.0032xmolecular weight of dextran (kDa)+1.1859,
with a correlation coefficient of 0.973. The R.S.D. values
were 0.9, 4.5, 4.6, 3.6, and 3.0% for triplicate measure-
ments of dextran molecular weights of 71.4, 185, 298, 399,
and 500 kDa, respectively. The response time was about
20 min. The results ensure that the newly developed technique
can be utilized for the estimation of the molecular mass of
glycoconjugates, providing simplicity and high sensitivity.

Capacitive monitoring of carbohydrates binding affinity
to Con A

In the carbohydrates—Con A study, several small sugars
(glucose, fructose, maltose, Me-x-Glu, and Me-x-Man) were
allowed to displace dextran at the glycoligand binding sites of
Con A in a dynamic situation and the course of interaction was
quantitatively monitored. The glycoligand binding sites of
Con A were saturated with a solution of 1.0x10°M dextran
(39 kDa) in the optimized mobile phase. After establishing a
stable baseline, a solution of 1.0x10>M of the tested sugar
was subsequently injected and ACc for each sugar was
registered. The biosensor was subsequently regenerated with
the dextran solution after each sugar injection. As shown in
Fig. 6, it was observed that there is a linear agreement
between the ability of a certain sugar to displace dextran at
the Con A surface, represented by its ACc value, and its
binding affinity to Con A (Ka). The linear regression
equation was y=0.022x+3.502 (R*=0.97), where y is ACc
value in nanofarad and x is Kax10*> (M'). The R.S.D.
values were between 1.2 and 6.5% for the tested sugars. The
response time was about 15 min. The ACc values were

y=0.0219x + 3.5018
R?=0.97

0 T T T T T T T T T T )
0 20 40 60 80 100 120 140 160 180 200 220

Ka x 102 (M)

Fig. 6 Linear plot of capacitance changes versus the affinity constant
(Ka) of several sugars to Con A. Reference sugars are: 1.0x10>M of
glucose (Ka=5.9x10°M "), fructose (Ka=13.7x10°M '), maltose
(Ka=28.8x10°M "), Me-x-Glu (Ka=49.4x10*°M "), and Me-«-
Man (Ka=206.0x10°M"). Symbols denote mean values of triplicate
measurements of capacitance. ACc is represented by mean values and
standard deviations of all measurements

found to obey the following order: Me-a-Man>Me-x-Glu>
maltose>fructose>glucose. The association constants of
these carbohydrates to Con A were previously determined
using equilibrium dialysis in 0.025 M cacodylate buffer
containing 1 M NaCl, pH 6.2 at 2 °C. A good agreement was
achieved between our results and the reported Ka values for
these sugars: 206x 107, 49x10% 29x10% 14x10%, and 5.9%
10°M™', respectively [42]. The substantial increase in
capacitance obtained with Me-ax-Man and Me-x-Glu could
be ascribed to the high binding affinity of methylated sugars
to Con A compared to the non-methylated counterparts [43].
Our results strongly suggest the potential of CCBT for
monitoring carbohydrates—Con A interactions with simplic-
ity and high sensitivity.

Conclusions

This work represents the first trial to develop a capacitive
biosensor for monitoring of a low molecular mass analyte
in a competitive fashion. The technique employed in this
study is based on employing a weak binder as a
biorecognition element immobilized on the electrode
surface followed by charging it with a polymer comprising
several units of the analyte of interest. Upon loading the
tested analyte, it displaces the polymer allowing a sensitive
interrogation of the tested analyte. Combining the ability of
this technique to detect small molecules together with the
inherent sensitivity and broad detection range of capacitive
biosensors offers a promising tool for monitoring of small
biomolecules. This technique also offers the possibility to
tailor the dynamic sensing range by modifying and/or
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changing the polymer. In other words, a high-sensitivity
assay can be obtained by utilizing a polymer with low
affinity to the biorecognition element and hence it can be
easily displaced with a low concentration of the target
analyte, and the converse is true. The possibility of tailoring
biorecognition elements with controlled affinity to their
target analytes employing combinatorial chemistry [44],
computational chemistry [45, 46], molecular imprinting
[47], rational design [48], or combinations of one or more
of these will undoubtedly open new avenues for the CCBT.
The versatility of this technique lies in the fact that it can be
utilized in a reversible manner. For instance, it can be
utilized for estimating the molecular mass of glucose
polymers, whereas the system can be regenerated by a
concentrated glucose solution. On the other hand, the
technique can be employed for glucose analysis and
monitoring of the binding affinities between different
oligosaccharides and Con A. In this case, the system can be
regenerated by a concentrated glucose polymer solution. This
is acceptable since the binding between either the glucose
polymer- or glycoconjugate-Con A and a small sugar is well
known to afford reversibility [31]. Future work will be
devoted to expand the model study described here into some
relevant analytical challenges using a competition between a
hapten and a macromolecular structure conjugated with
several hapten molecules for binding to an immobilized
bioelement with weak affinity for both competitors.
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