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Laboratory of Biomimetic and Environmental Materials (LBEM)
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Laboratory of Biomimetic and
Environmental Materials

Within the branch of Environmental Science
and Engineering, our laboratory focuses on
biomimetics, specifically, engineering bioma-

terials derived from the marine environment.

Biomimetics is simply the science of mim-
icking biology. Human design is an endless
variation of nature, creative yet not original.
Like many inventions we now enjoy, we take
advantage of the intelligent design of nature
to advance our lives. For example, the shape
of the airplane is derived from the wings of
birds and the paddle fins for swimming are

from the fishes. Similarly, our lab observes



things in nature at a microscopic level and
studies how each of their function is sup-
ported perfectly by their biological, chemical
and physical components, so that we can
mimic and apply their characteristics in
order to improve our society. In addition, we
aim to engineer environmentally friendly

materials.

Diagram 1

Examples of inventions inspired by the chemical and struc-
tural design principles from nature. From top to bottom:
burdock inspired Velcro, shark skin inspired Fast Skin and
human eye inspired camera lens.
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Why marine species?

As the marine environment has much in common
with the human body, understanding these marine
biomaterials will inspire new paradigms for engi-

neered biomaterials.

Similarities of the human body and the marine envi-

ronment include:

- Naturally salineenvironment
- Variation of control over fluid flow
- Fouling by flowing via macromolecules

- Degradation of organics via cellular activities

Graduate student research introduction

Diagram 2

Marine species studied at the Lab of Biomimet-
ics and Environmental Materials. From the top
clockwise: Mussel, Hydroid, Crab, and Squid
Beak.Diagram 3Multidisciplinary Research

The mussel that we often enjoy eating at the seafood
restaurants grow on the rocks by the sea. Although
they are tiny, they encompass enormous adhesive
ability to stick to the rocks against the great power of
the waves. The secret to their strong attachment lies
in their foot. Mussels have feet that secrete a long
thread with a rounded end called byssus. This byssus
is what attaches directly to the rocks; it is basically
glue that works in water! So, by looking at the differ-
ent compositions of the byssus, we are able to find a
novel underwater adhesive which can be applied as
a biomedical material.

Another extraordinary quality found in the marine na-
ture is the stiffness and the durability of the under-

water materials. We can observe this from the beak
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Why of the squids and cuticles of the hydroids. Amazingly, these materials

are light weight and their compositional analyses show little or no ex-

marine istence of minerals. Yet, their mechanical strength is comparable to

. 9 the strength of the human teeth, i.e. one of the strongest bones in the
speCles‘ human body!

Experimental research points the source of the mechanical strength
found in these creatures to the chemical bonds and interactions. The
tiny molecules interacting with one another in a complex and extensive

ways build up to produce a firm and protective underwater material.
These robust yet reversible interactions include:

- Coordination bonds (Mussel adhesive proteins)
- Hydrogen bonds (Whelk egg capsule proteins)
- Electrostatic interaction (Sandcastle worm adhesive protein)

- Hydrophobic interaction
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BIOCHEMISTRY
Ertain g aton
i acid modécations
Sequencnaiass spec.
CHEMISTRY PHYSICS
Anabical cheristry '.I o Maodel & Theory
ool R At an:a“wm
¢ esearch Single motecular probeng
tistenats propacties.
WiCranang mechanics
Applcatins
Diagram 3 Diagram 5
Multidisciplinary Research A. Marine hydroid Aglaophenia latirostris,
B.Hydroid is stained red to indicate the presence of DOPA
[Arnow Stain), C. SEM image of sprig showing three zooids.
The details of our investigation are based ona multidisciplinary research which includ-
esthe area of biochemistry, chemistry, physics and materials. As the research requires

wide knowledge in different areas, it encourages the lab members to have cooperative
Approaches o . _ _ _ N

discussions and brainstorming sessions. Moreover, it allows us many opportunities to
work with other labs in different fields to widen our perspective. The experiments done in each field are unique
in purpose and design but together they form one unified answer. In biochemistry, we can extract and purify
protein from a targeted species and analyzeits components -the amino acids. And through chemistry, we can
account for the structure of the molecules and the abundance through spectroscopic methods. Through physics,
we can test the mechanical force, tensile strength, and even make sample models. And from the materials

aspect, we can start from building nanostructures and head towards making real-life applications.

CBR NBT Armow
-

Wi
114

Diagram 4
From left to right: protein purification (biochemistry), EDX spectroscopy (chemistry), Surface Force Apparatus [physics), application in the dental
field (materials)
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The species that | am interested in is called the hydroid.
04 What is intriguing about this creature is that it contains
melanin, chitin and Iron [II-DOPA complex. These three
Aglaophenia Latirostris  components have been previously found to be the key
players for stiffness, hardness and wear resistance in

other marine species. But never were they found all together in one species like it is in the hy-
droid.

The verification of these components in the hydroid utilizes different experiments and methods.
First, the presence of DOPA can be tested by a technique called Arnow Staining. Simply, you
can confirm the presence of DOPA if you see a color change from the original color to a dark
red color. As you can see in Diagram 5, we see the color from yellow-brown changing to dark
reddish brown. To confirm the presence of melanin, we took aninfrared spectroscopy data of
known melanin, in our case Sepia melanin, as the control to compare with the melanin in our
sample. In general, spectroscopy is a method to attain the structural or the composition infor-
mation of a sample by shining a certain form of light through the sample and observing how
the light shines through in different angles or strength.When we compared the data of these
two melanins, the graphs matched closely and we were able to conclude the presence of
melanin. However, we do not know they type of melanin that is present through this spectroscopy
and we need to further investigate the unique function of melanin in the hydroid.

Lastly, we want to identify chitin. First, through the biochemical composition and the amino acid
analysis, we were able to know that the carbohydrate found is made up of mostly chitin. We
confirmed this finding by comparing our chitin with the chitin extracted from the crab shell.
Using the x-ray diffraction (XRD) method, we saw that the chemical structure of our hydroid
chitin sample showed similar chemical structure with the chitin sample from the crab shell
that we had tested. During the verification experiments of these components, we were able to

conjure up more hypotheses to explain the extraordinary mechanical strength of the hydroid.

What is yet left to be explored is the relationship between these three components: melanin,
chitin and Iron IlI-DOPA complex. We want to know how exactly each component or a combi-
nation of these components functions to increase the mechanical strength and how strong the
hydroid actually is compared to the synthetic materials that are in use.This researchiis like put-
ting the pieces of a puzzle together, each piece of the puzzle must be observed carefully not

only on its own but also with its relationship with the other parts of the puzzle.
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Severe Accident
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