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INTRODUCTION

Overview

Sunstorm Research Corporation is an R&D and licensing company specializing in porous
polymer materials. The company occupies an R&D facility in Mountain View, California that is
equipped for development and evaluation of a wide range of polymers. GMP capability will be
completed by the end of 2008. Through its intellectual property, Sunstorm can offer exclusive,
world-wide licenses for a variety of applications including immobilized enzymes.

This monograph describes Sunstorm’s underlying technology and discusses potential utility of
these advanced materials in immobilized enzyme applications. Also contained is an outline of
the avenue whereby a customer can obtain access to this unique technology.

Licenses, FDA Approvals and Development Agreements

Boston Scientific Corporation has been licensed for a line of embolotherapy products; the license
additionally covers local delivery of therapeutic drugs. Boston Scientific obtained FDA approval
for products developed under Sunstorm’s patents and these products are currently marketed
world-wide.

Other pharmaceutical companies are involved in development programs utilizing Sunstorm’s
technology for drugs used in pain management, cardiovascular intervention and inflammatory
treatment.

Patent Situation

Sunstorm offers licensees protection under grants of seven USA patents, two European PCT
patents, one Australian patent and two pending Japanese applications. These patents include
method and process claims as well as composition claims. In addition, Sunstorm filed three
patent applications in 2007 and expects to file at least two additional applications in 2008.
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UNDERLYING TECHNOLOGY

Types of Polymer Supports

There are commonly considered four types of polymer supports that have been used in enzyme
immobilization applications:

1. Non-porous polymers
2. Microporous (“gel”) polymers
3. Macroporous polymers
4. High internal phase emulsions

Non-porous Polymers

Non-porous polymers are highly cross-linked copolymers that contain pores sufficiently small
that they are impenetrable by most molecules. Binding of enzymes occur only on sphere
surfaces. This results in good mass transfer characteristics but mass loading is very limited due
to rather small surface area. See Figure 1A.

Microporous Polymers

These “gels” are copolymers wherein pores are found in the interstices created by low cross-
linking. Pores are large enough that many biomolecules can penetrate and interact with surface
moieties. However, pore sizes sufficiently large to accommodate macromolecules require very
low cross-linking. This renders such polymers physically unstable. They swell in solvents and
change porosity in gradients. See Figure 1B.

Figure 1A. Non-porous polymers are created by
preparing a highly cross-linked copolymer. The
resulting pores are too small for most molecules to
penetrate. Enzymes may be bound only on sphere
surfaces. Mass loading capacity is small.

Figure 1B. Microporous polymers are created by
preparing a low cross-linked copolymer. These
materials are often called “gels”. By lowering cross-
linkage, pores can be made sufficiently large to
accommodate macromolecules, but the polymers
are physically unstable and swell in solvents.
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Macroporous Polymers

These highly cross-linked materials have large irregular pores that terminate within the
copolymer matrix. Biomolecules can enter these pores, but penetrate only a few angstroms due
to the irregularity of the pores and their termination within the matrix. These polymers do not
swell in solvents. See Figure 2A.

High Internal Phase Emulsions

High internal phase emulsions are polymers containing high degrees of porosity and other
unique features. They are highly cross-linked and therefore rigid. They do not swell in solvents.
They are further characterized by having extremely large cavities of micrometer dimensions
that are interconnected by a series of smaller pores. These interconnections permit full
penetration into interior surfaces even of very large molecules. “CavilinkTM “is the trade name
for these highly porous materials. They differ substantially from macroporous polymers that are
characterized by the presence of irregular pores of Angstrom dimensions that terminate within
the polymer matrix. Features of these two structures are illustrated in Figure 2.

Fig. 2A. Conventional “macroporous” polymers
are characterized by irregular pores that terminate
inside matrix. Pores are of Angstrom dimensions
and are generally not interconnected. Total
porosity is generally in the 50% range.

Fig. 2B. CavilinkTM polymers are “high internal
phase emulsions” characterized by uniform
cavities of micrometer dimensions that are
interconnected by a series of smaller pores. These
materials can also have very high porosity,
sometimes exceeding 90%.

SEM Photos

Differences in polymer appearance are illustrated in SEM photos shown in Figures 3A and 3B.


