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I. INTRODUCTION

The ability of microcantilever, used in atomic force
microscopy, to bend (deflection) as a function of molecular
interactions at the cantilever surface or to vary the specific
resonance frequency due to mass loading, allows its use as
an excellent transducer to physical, chemical and biological
sensors. Recent advances in the design and development of
these sensors provide a simple microelectromechanical
system, easily microfabricated and potentially have very high
sensitivity [1].

Cantilever biosensors have attracted considerable
interest in several areas because of the highly specificity of
certain biomolecules (antibodies, enzymes, DNA, etc. ) and
can detect multiple biomarkers simultaneously with high
sensitivity and selectivity using very small volumes of sample.
According to the IUPAC definition [2], a biosensor is a
sensor which has biological components (e.g. cells,
organelles, or macro molecules) and detects their interaction
with the analyte by using a dedicated transduction
mechanism. Potential applications of these cantilever
biosensors include analysis in the fields like biomedical,
environmental and agricultural [3]. Other applications of
interest in agribusiness are the monitoring of pesticides and
metals in water. Regarding the determination of heavy metals
in water, it is reported the immobilization of the enzyme
(alkaline phosphatase) in various matrices for the
development of biosensors for detection of metals such as
cadmium, cobalt, zinc, nickel and lead in water [4]. This
paper proposes the development of devices for heavy metal
analysis using alkaline phosphatase immobilized on the
microcantilever surface.

II. ACTION AND RESULTS

Figure 1 shows the
characteristics of
microcantilever and the
construction steps of
device.
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Figure 1 — a) microcantilever
characteristics and (b, c, d, €)
construction steps of device.

The isoelectric point obtained in Figure 2 for the
solutions used in the immobilization of alkaline phosphatase
is 3.5. This pH value is showing that the immobilization have
a predominance of protonated carboxylic groups. Thus, the
enzyme was immobilized on the cantilever’s surface owing
to the fact that the interaction of the carboxylic group present
in the thiol (16-mercaptohexadecanoic acid) and the few
amine groups that were protonated. This fact indicates that
the enzyme was weakly immobilized on gold surface,
allowing a great mobility of this hydrolase on the
immobilization matrix.
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Figure 2 — Influence of pH on the
zeta potential of the solution of
alkaline phosphatase.

Table 1 shows an
increase in roughness with the enzyme immobilization on the
gold surface modified with thiol and a decrease with the
binding of divalent metals (Pb+2) in the enzyme. This result
indicates that the enzyme binds weakly to the gold, changing
its conformation with the binding of divalent metal to a

Table I. Roughness of films on the microcantilever in the
construction stages of device.
Construction Stages Ra (nm) Rms (nm)

Thiol 80.8 101
Enzyme 194 240
Pb*2 34.0 44.6

conformation that makes the surface smoother.

II1. REFERENCES

[1] THUNDAT, T.; MAJUMDAR, A. (ED.). Sensors and
Sensing in Biology and Engineering. Springer-Verlag, Wien-
New York, 399 p. 2003.

[2] MCNAUGHT, A. D.; WILKINSON, A. IUPAC
Compendium of Chemical Terminology. UK: Royal Society
of Chemistry, Cambridge, 1997.

[3] DENNISON M. J.; TURNER, A. P. F. Biosensors for
Environmental Monitoring. Biotechnology Advances, v. 13,
n. 1,p. 1-12, 1995.

[4] BEREZHETSKYY, A.L.; SOSOVSK, O.F;
DURRIEU, C.; CHOVELON, J.-M.; DZYADEVYCH, S.V;
TRAN-MINH, C. Alkaline phosphatase conductometric
biosensor for heavy-metal, ions determination, IRBM, v. 29,
n. 2-3, p. 136-140, 2008.

Contact: alexandra@cnpdia.embrapa.br Tel: (16) 2107 2831.




