HYDROGELS

Proteins are like fish in that they need water to survive —
without it they lose vitality and become unable to carry out
their functions. A new hydrogel material for protein microarray
chips keeps the proteins wet and lively.
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igh-density DNA microarray chips have been

enormously useful tools for probing deep

and wide-ranging questions in biology, but

they can’t track protein activities. Although

DNA chips can be fabricated and stored dry
forlong periods of time, the formation of high-density
protein chips to fully understand protein functions has
so farbeen a tremendous challenge. This is because
proteins need to beinawet environment in order to
remain structurally intactand carry out their biological
functions. Despite the serious effort and progress made
in fabrication techniques, this simple requirement is still
abarrier to the development and use of suitable protein
chips. In thisissue of Nature Materials, Itaru Hamachi
and his group present anew hydrogel scaffold designed
to overcome this barrier’.

Complex cellular functions are carried out largely
through the intricate and subtle interactions of proteins
— protein—protein, protein—RNA, protein-DNA, and
protein—cofactor (a small molecule essential for some
proteins to carry out their function). In the theatre that
is the biological cell, proteins are the main actors,and
DNA is the script. A clear and quantitative view of how
many actor proteins are on the stage at any given
momentis crucial for understanding cellular function.
Protein chips can provide us with that view.

The main interest of Hamachi’s group has been in
synthesizing and screening new biomaterials from
combinatorial and composite libraries of sugars
coupled with other small molecules. Their effort
has indeed paid off in this important discovery.

Their new biomaterial is a hydrogel formed through
the supramolecular assembly in water of a small
molecule (less than 700 daltons) with a hybrid
structure. At one end, this molecule contains a polar
moiety (a sugar) that interacts favourably with water —
that s, it is hydrophilic— and at the other end, linked
through an amino acetate unit, are two non-polar
moieties (two methylcyclohexyl rings), forming a
hydrophobic group.
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Figure 1 The correct environment for proteins. a, When proteins are in an aqueous solution, they can fold
properly, with their hydrophabic core (the green cylinder) tucked up inside and their hydrophilic shell (the blue
cylinders) exposed. b, When proteins are left to dry or if they encounter a hydrophobic surface or solvent, they
lose their folded structure and turn themselves inside out. ¢, When proteins are embedded in a hydrogel
scaffold made of nanofibres, such as the one synthesized by Hamachi and colleagues', the environment that
surrounds them is nearly 99% water. They can fold properly and thus carry out their full biological functions.

This material has an extremely high affinity
towards water molecules, and thus the ability to form
ahydrogel at very low concentrations (in the range
0f0.1% or 1 mg per ml), creating a dense network
of nanofibres. Within this network, water molecules
can easily penetrate and dwell in the hydrophilic
cavities (see Fig. 1), which creates a habitable
environment where proteins can carry out their
normal functions, such as catalysis, for instance.

This is a significant step forward from current protein
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chips containing antibodies or receptor-binding
domains, because simple binding is only one of the
many functions proteins can have, hence these chips
have very limited potential to study the full extent of
enzymatic functional activities.

The key to the success of Hamachi’s approach lies in
the combination of different building blocks to make
these materials, in a similar way to biological systems —
assembling them bit by bit from the bottom up.

A good example is a seashell or a tooth, where very small
amounts of proteins are used to construct the scaffold
that allows inorganic mineral to self-organize into a
well-ordered structure. The structure confers special
properties tailored for a particular function. The same is
true for Hamachi’s hydrogel scaffold, where sugar and
peptide moieties are combined to build a useful
medium to array proteins. An axiom that works for
fabricating materials at the nanoscale level is: two is
always better than one.

A number of peptide- and protein-based hydrogels
have been discovered and developed over the last
decade*'°. These hydrogels form well-ordered
nanofibre scaffolds with extremely high water content
ranging between 0.1-1%, similar to that reported by
Hamachi and co-workers'. These nanofibre scaffolds
have been used for three-dimensional cell cultures, for
controlled release of drugs, and other uses— but until
now not for protein chips. Their range of applications
will certainly expand in the coming years as more people
become aware of their potential.

The thing that all these different hydrogels have in
common is an extraordinary capability to trap water.
Where does this property come from? The answer may
lie in their nanofibre structure. Although they have little
in common in terms of their basic chemical
components, primary sequences, and origin of

materials, they are all amphiphilic— that is they have
both hydrophilic and hydrophobic parts—and
self-assemble into well-defined nanofibres with high
aspect ratio and surface area. These nanofibres form
networks containing nanosized hydrophilic cavities that
accommodate small clusters of water moleculesina
space where convection and flow are reduced — much
like the small Greek islands that break the waves of the
Aegean sea—thus allowing the protein activities to be
unhindered. Thisis in sharp contrast with many
synthetic and biological polymeric gels that often form
microfibres and microcavities,and hence have
significantly reduced surface area and can entrap less
water compared with those formed from nanofibres.

The next big challenge will be inexpensive
large-scale production of hydrogels. For any materials
to be widely adopted, cost is often the determinant
factor. A few milligrams of material may be enough to
prove a concept in the laboratory, but hundreds of
kilograms to tons may be needed to manufacture the
material at industrial scale to spur a new industry.
Without solving this problem, the best research will
remain just the best research.
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