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Abstract: By entrapment in (surfactant modified) silica sol-gel matrixes, alkaline phosphatase (AlP) s

naturally with optimum activity at pH 9.5 s was kept functioning at extreme acidic environments as low as
pH 0.9, and acid phosphatase (AcP) s naturally with optimum activity at pH 4.5 s was kept functioning at
extreme alkaline environments, up to pH 13.0. Propositions are offered as to the origin of the ability of the
matrixes to provide such highly efficient protection and as to the origin of the synergetic enhancing effect
when both the silica and the surfactants are used as a combined entrapping environment. It was found
that the protectability of the enzymes against harsh pH values is dependent on the nature of the surfactant.

Background

As the name of the enzyme alkaline phosphatase (AlP)
implies, its catalytic activity (hydrolysis of phosphoesters to
phosphate and to the corresponding alcohol or phenolate) is
optimal at basic pH values (9-101,2). Here, we show that by
utilizing the protective features of sol-gel materials, one can
keep this alkaline enzyme active under extremeacidic condi-
tions, going down the pH scale to as low as pH 0.9!, and that
when, for comparison purposes, the acidic enzyme acid phos-
phatase (AcP, optimal performance at pH 4.5-6.02) is entrapped
in these materials, it is kept active under extremealkaline
conditions, as high as pH 13. Silica-based sol-gel materials,
with and without surfactant modification, were the key to these
unusually large effects, which amount to practical alteration of
the classical phosphatases’ properties.

We recall that sol-gel materials have proven in the last two
decades to be versatile carriers of active dopants.3-5 Diverse
reactive functionalities have been introduced into these materials
by either direct physical doping6-8 or covalent attachment.9-11

Of the various families of functional sol-gel materials that have
been developed, one, which has progressed particularly fast,
has been the family of sol-gel materials with biochemical and
biological activities.12-16 Enhanced stability of entrapped bio-

molecules,17 ease of their heterogenization,18 compatibility with
opposing reagents,19 the convenience of tailoring the chemical
and physical properties as needed for specific bioapplications,17

improved endurance of the entrapped proteins to denaturing
thermal conditions,17 to long-term storage conditions,20,21 and
to organic solvents22,23are but some of the reasons for this fast
growth. Here, we show an extreme pH-protectability of enzymes
provided both by silica sol-gel matrixes and throughsynergism
between matrix and surfactant interactions, thus utilizing yet
another observation, namely, that the properties of dopants can
be tailored and modified by the coentrapment of surfactants
within sol-gel materials.24,25Finally, we note that the interaction
of enzymes with surfactants in solution was studied in various
contexts, such as providing enzymes with hydrophobic working
environments26,27 and shifting the optimal pH for activity.28,29

Results and Discussion

The activity of AlP entrapped in three types of sol-gel
matrixes is shown in Figure 1A, and in Figure 1B, it is compared
to the activity in solution.
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