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Petroleum is the most-used energy source in the world. However,

YOUNG REVIEWERS: . . .
as you probably know, petroleum is a fossil fuel that is very

iﬁzis harmful to the environment, in addition to not being renewable.
AGE: 15 Biofuels are a type of fuel produced from plant material. Biofuels

are considered an excellent alternative energy source because they
MARCELLA are less polluting than fossil fuels. However, biofuel production is
AGE: 15 expensive. Therefore, scientists are working on many strategies to

reduce biofuel costs, particularly using computers to discover new
biotechnological products, or improve existing ones, to produce
more biofuel with fewer costs. In this article, we will tell you how
computers can be used to improve biofuel production.
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BIOFUEL

Fuels made from
organic matter, such as
plants. First-generation
biofuels are generally
those most easily
obtained, such as from
sugarcane juice.
Second-generation
biofuels are those
produced from organic
matter, as those
remaining from
first-generation
production.

BIOMASS

organic matter of plant
or animal origin.

FERMENTATION

Chemical process of
producing ethanol
biofuel from sugars,
generally made by
enzymes from yeast
or bacteria.

SACCHARIFICATION

Process of extracting
sugars (glucose
molecules) from
organic matter. This
process can be done in
several ways. For
example, enzymes can
be used to perform
chemical reactions to
break down the plant’s
molecules, releasing
glucose molecules.

ENZYME

A type of protein that
speeds up chemical
reactions. Also referred
as molecules

or macromolecules.
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BIOFUELS: AN ENVIRONMENTALLY FRIENDLY
ALTERNATIVE

Petroleum-based products are widely used to power our cars, to
heat our homes, to generate electricity, and to make plastics. Fossil
fuels, like petroleum oil, are buried deep within the Earth. They
take millions of years to form and their formation depends on
high-pressure environments and dead organisms like plants, algae,
bacteria, and animals (including dinosaurs). When burned, fossil fuels
release carbon dioxide. Therefore, the more petroleum burned, the
more carbon dioxide is released into the atmosphere, contributing to
global warming [1].

Biofuels may be a better source of energy. Biofuels can be produced
from plants, such as corn, sugarcane, and soy. Because they come
from plants that we can continue to grow, biofuels are considered
renewable and sustainable, which means we can produce this
kind of energy continuously [2]. However, biofuel production is
expensive. Many complex processes are needed to create biofuels
from plant biomass. So, many people still believe that petroleum is
the more cost-friendly choice, but they are ignoring the long-term
environmental issues.

For years, scientists have been working to improve biofuel production.
For instance, to produce biofuel from sugarcane, sugar is extracted
from cane juice and used to produce bioethanol (a type of fuel),
through a process called fermentation. However, lots of waste
biomass and sugar are left over after the extraction process. A recent
study in Brazil estimated that, if the leftover sugar was extracted,
biofuel production could be doubled [3]! Biofuel produced from
sugarcane biomass is called second-generation biofuel.

Second-generation biofuel production involves many steps (Figure 1).
Saccharification is a crucial step: enzymes are used to break down the
leftover sugarcane biomass. Enzymes are proteins, and like all proteins
they are made of chains of subunits called amino acids (that are
made by atoms). Enzymes speed up chemical reactions, like breaking
down other substances. The sugarcane waste and enzymes are mixed
together in a large tank, where the enzymes break down the waste
to release sugar. Different enzymes have different abilities to release
sugar from sugarcane waste [5]. Improving the less-efficient enzymes
could be a good strategy to improve this stage of biofuel production.
Computers can be used to detect the most essential characteristics
of efficient enzymes, then these characteristics can help scientists to
design enzymes that are more efficient.
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Figure 1

Production of first- and
second-generation
biofuels.
First-generation
biofuels are easily
produced (for example,
from the sugarcane
juice).
Second-generation
biofuels are produced
from the plant biomass
left over from making
first-generation
biofuels. This process
uses enzymes to break
down the leftover plant
biomass to release
sugar molecules (called
saccharification).
Converting sugar into
bioethanol is called
fermentation.
Computer simulations,
used together with
genetic engineering,
can produce enzymes
that are good at
saccharification, so that
biofuels can be
produced more easily.

GENETIC
ENGINEERING

Process of modifying
the structure of a
biological molecule
(mutation) through
laboratory experiments.
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HOW ARE COMPUTERS MAKING THE DIFFERENCE?

Scientists can use genetic engineering to generate enzymes that are
more efficient at helping chemical reactions happen faster. Genetic
engineering is complicated. It involves mutating the structure of
an enzyme and studying how the mutations affect the enzyme’s
function. There are zillions of possible mutations and combinations
of mutations—for instance, an enzyme with 400 amino acids could
be given 1949 amino acid mutations! A scientist could not possibly
make and test all of these mutations! Instead, computers can be
used to simulate mutations, pointing out the most promising ones to
test in lab experiments. Special computer programs can simulate the
structures of molecules like enzymes, based on their DNA sequences.
Some software even uses graphics cards (traditionally used for running
games) to show the functions of mutant enzymes as a movie [4]!
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ALGORITHM

A step-by-step
procedure used by a
computer to solve

a problem.

SIGNATURE
PATTERN

In structural
bioinformatics,
signature patterns are a
set of characteristics
obtained from
computing analyses of
some biomolecule. For
example, counting the
neighbor atoms
number (the final list is
the

molecule signature).
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ALGORITHM: A COMPLEX WORD FOR A SIMPLE THING

Computers are powerful, but they also have limitations. If we want
a computer to do something, a step-by-step procedure must be
created. This procedure is called an algorithm. For example, to design
a better enzyme, we must first understand the structure of the original
enzyme. Every enzyme has a unique signature pattern, almost like
a fingerprint, based on the types of atoms it contains. Enzymes are
composed of several atoms connected by chemical interactions.
Atoms are very small particles, and the distances between them are
also tiny. The types and locations of atoms in an enzyme determine the
enzyme'’s shape, function, and how efficient it is at biofuel production.
Thus, we created an algorithm to analyze each atom and its neighbors,
to give us the enzyme’s signature pattern. Using computers, we can
represent the signature patterns of enzymes mathematically, using a
list of numbers [6]. Then, using simple equations, we can calculate the
distance between the numbers to determine how similar enzymes are
to each other. Similar enzymes will have similar signature patterns and
might have similar functions.

Then, we proposed possible mutations for our non-effective enzymes
to make their signature patterns more like those of the efficient
enzymes. To do this, we calculated the distances among the enzymes’
signatures. This can be a little confusing. Look at Figure 2 to
understand better. Remember: similar enzymes will have similar
signatures. Also, enzymes with similar signatures will be closer
than enzymes with different signatures. Therefore, we can use
the distances to compare efficient and non-efficient enzymes. For
example, imagine that the blue enzyme is a known efficient enzyme
for biofuel production (do not worry, many other scientists probed
that before). Additionally, pink and green enzymes are two mutants
produced by genetic engineering (unfortunately, we do not have
additional information about them). Based on our algorithm, we
could suppose that the pink enzyme is the most efficient mutant for
biofuel production because its signature point is closer to the blue
enzyme’s signature point (the efficient one) than the green’s point (the
other mutant).

HOW DO COMPUTERS COMPARE MUTANT ENZYMES?

Suppose that each enzyme’s signature is like a star in the sky. Stars can
be grouped in constellations. How do we know which stars belong to
the same constellation? They will be closer, and their positions and
alignment will form some (slightly) recognizable shapes. We can use
shapes and distances between stars to detect which constellations
stars belong to. If you know the constellations, you can easily see them
by glancing at the night sky. But your brain already knows the forms
of the constellations. A computer does not know them; therefore, we
need to teach it. After learning the fundamentals, the computer just
needs to repeat the math. And computers are particularly good at
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Figure 2

(A) Visualization of
three enzymes. Note
that the blue and pink
enzymes have a similar
shape. Both are
enzymes used for
biofuel production, but
the green enzyme, with
a very different shape,
is not. (B) Enzymes’
representation as
atoms. Some of the
main atoms in each
enzyme are shown
connected to their
neighbors by lines. Our
algorithm counts the
neighboring pairs and
converts this into a set
of numbers. All these
numbers give us the
signature pattern of the
enzyme. (C) Here, each
signature is represented
as a sphere. Look how
the spheres of similar
proteins are closer.
Therefore, the blue and
pink enzymes have
more similar signature
patterns, different from
the green enzyme.
Figure generated using
PyMOL (ht t ps: //
pynol . or g).
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@

Figure 2

making calculations! Suppose you can detect a constellation in 1s.
In that case, a computer with a good algorithm could detect billions
of constellations in less than a second.

Imagine we are looking at a shining star on a beautiful night and we
see that it belongs to the Capricornus constellation. Now, imagine that
we have the magic power to move stars—to push them in random
directions. Suppose we want to move our star to the Sagittarius
constellation. So, using our power, we move our star several times,
until it stops closer to Sagittarius (Figure 3).

The same analogy can be made for computer simulations of enzyme
mutations. Each star represents an enzyme used in biofuel production.
The Capricornus constellation represents a set of enzymes that
are inefficient for biofuel production. Sagittarius represents efficient
enzymes. The “magic power” of moving stars represents the
computer’s ability to simulate mutation. Mutations can occur naturally,
but this process depends on many factors and can take millions of
years. Genetic engineering allows scientists to quickly insert mutations
into the structure of a molecule, allowing it to improve its activity
(or decrease).
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Yellow lines connect
the stars that are in the
same constellation.
Each panel of the figure
represents a use of our
“magic power” to move
stars. These
movements
correspond to
mutations of an
enzyme. After each
movement, we
calculate the distance
between the closest
stars from each
constellation. Note that
the purple, blue, and
red stars stay closer to
Capricornus, while only
the green star moves
closer to Sagittarius.
Therefore, only the
green mutation event
changes the star's
constellation. When
mutating enzymes, this
would mean
moadifications in the
structure of these
molecules.
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dC = distance to Capricomus dS = distance to Sagittarius

We simulate mutations by changing random parts of the enzyme.
Then, we observe whether the mutated enzyme has a signature
pattern closer to the known efficient or inefficient enzymes. If the
mutation makes an enzyme’s signature pattern more similar to that
of the efficient enzymes, we can assume that the mutant enzyme will
have characteristics similar to the efficient ones. Then, scientists can
make and test this mutation in the lab, to see if the mutated enzyme
actually is more efficient at biofuel production.

Over the last several years, many studies have been done to
improve enzymes for biofuel production. However, laboratory tests
are expensive and take a lot of time. Using computer simulations,
we can run millions of tests in seconds. Although they are not as
accurate as laboratory tests, computer results can help scientists to
figure out which laboratory tests are likely to give them positive results.
Designing algorithms for biological purposes is not an extraordinarily
complex task if you understand the biological problem well and know
a programming language (we recommend Python).

Computers are one of humanity’'s most amazing technological
advances. They are responsible for a revolution in life sciences,
helping scientists to improve biotechnological products like biofuels,
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bread, wine, cheese, yogurt, and many other foods, and to discover
important new vaccines and drugs. To continue on this path, we
need professionals with strong backgrounds in both computers and
biology. Does that sound like you? If so, someday you can contribute
to scientific discoveries that could change the world. So, come on,
join us!
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