
cc c

Effect of Polymer Architecture on Enzyme Activity in AOT/(m)PEG/Isooctane Reverse Micelles
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Introduction
Methoxy[poly(ethelene glycol)] (mPEG) is a common
polymer whose uses vary enormously. Notably, the
properties of this polymer change as the architecture of the
carbon chain changes. Previous research has shown that
the use of bis(2-ethyl-1-hexyl)sulfosuccinate (AOT) as a
surfactant in reverse micelles hinders the enzyme activity,
except when mPEG is introduced into the system1. The aim
of this research is to explore how enzyme activity is
impacted by linear versus cyclic (m)PEG architectures in
reverse micelles.
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A reverse micelle is a droplet of a surfactant-stabilized polar
solution measuring anywhere from 1-10 nm in a non-polar
solvent. The surfactant is able to stabilize the droplets
because it contains a polar head and non-polar tail,
effectively suspending these droplets in the non-polar
solution. They have a wide variety of uses but can most
notably be used drug delivery and as a catalyst2. An
extremely difficult issue to overcome with reverse micelles
is the impact of the surfactant on the activity of the reverse
micelle.

Both architectures were synthesized by mesylation to create
a good electrophile and Williamson etherification, with
either a mono or dihydroxy benzaldehyde to form the linear
or cyclic architecture, respectively. After nuclear magnetic
resonance (NMR) spectra were taken to ensure the full
reaction had taken place, the polymers were washed and
purified by column chromatography.

After the polymers were synthesized and purified, they
were assembled into the AOT/Isoocatane/(m)PEG micelles
using amounts found in various literature3. In order to
preserve conditions across the reverse micelles, all were
assembled with the same 𝑊 (AOT to water ratio). This 𝑊
=10 was shown to provide the most enzyme activity in
other studies.

Chromobacterium viscosum lipase (CBVL) was used to test
the impact of the (m)PEG on enzyme activity. After the
reverse micelles were prepared, incubated CBVL in
Phosphate Buffered Saline solution (PBS) was added to
assemble the reverse micelles. Olive oil was then added and
the solution and was given time to be hydrolyzed by the
enzyme.

A sample of each variety of micelle was added to a solution
of benzene and aqueous cupric acetate and vigorously
shaken. In this process, the free fatty acids coordinated with
the copper to form cupric soaps. The organic layer was then
separated and, using a spectrophotometer, the
concentration of the cupric soaps was measured, showing
the amount of triglycerides that were hydrolized.

Successfully synthesized two architectures of (m)PEG
oligomers, linear mPEG550BnCHO and cyclic
PEG600BNCHO. Assembled reverse micelles and studied
CBVL enzyme activity with olive oil. Found that the micelles
containing cyclic PEG600BnCHO increased enzyme activity
more than linear architecture.

Currently, it is difficult to draw a definitive conclusion as to
the cause of this increased enzyme activity. This research
will be repeated and applications of this will be researched.
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for spectrophotometer training.Scheme 1: Diagram showing the anatomy of an AOT reverse micelle.

Figure 1: 1H NMR (400 MHz) spectra showing mPEG550BnCHO (top)
versus mPEG550Ms (bottom).

Figure 2: 1H NMR (400 MHz) spectra showing PEG600BnCHO (top)
versus PEG600Ms (bottom).
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Scheme 2: Molecular drawing of the synthesis of mPEG550BnCHO.

Scheme 3: Molecular drawing of the synthesis of PEG600BnCHO.

Figure 4: Initial enzyme activity rates after 20-minute incubation period.
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Scheme 4: Hydrolysis of triglycerides by Chromobacteriumviscosum
lipase4 and resulting fatty acids from olive oil.5
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Figure 3: CBVL activity calibration curve based on oleic acid.
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