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FIGHTING BACTERIA: HOW CAN WE PREVENT
HOSPITAL-ACQUIRED INFECTIONS?

Meital Reches*

Institute of Chemistry, Center for Nanoscience and Nanotechnology, The Hebrew University of Jerusalem, Jerusalem, Israel

Bacteria live with each other in an organized network called a biofilm. The
biofilm allows the bacteria to communicate with each other and transfer
i) GIFTED nutrients and signals from one bacterium to another. This communication
¥ CLASS, EIN provides the bacteria with new properties that allow them to survive, even
0%, when they are exposed to harmful compounds that usually kill them (for
::;’:ﬁ? THRVA example, antibiotics). These persistent bacteria can now cause what are
called hospital-acquired infections because patients often get them while
in a healthcare facility, like a hospital. Hospital-acquired infections obviously
endanger the health of patients and may lead to death. So, it is important to
find solutions that prevent bacteria from forming biofilms. My research group
designed and synthesized a compound that forms a coating on different
materials and does not allow bacteria to form biofilm. This compound may
be useful in the future as a coating for medical devices, water desalination

CELL WALL facilities, and food preparation surfaces.
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A rigid layer made of

proteins and sugars that

defines the borders of the WHAT ARE BACTERIA AND HOW DO THEY LIKE TO LIVE?
cell, provides it with
ggﬁgﬁ; iﬂfgg%:ﬂd Bacteria are small organisms that cannot be seen with the naked eye. To detect

environment. them, one must use a microscope. A bacterium is made up of a cell wall that
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What do bacteria look
like? A. Bacteria live
together and form
colonies on the surface of
the laboratory dish. In the
picture, the colonies are
the round yellow dots.
Each dot contains
thousands of bacteria.

B. It is possible to dye the
bacteria with a fluorescent
dye that colors the live
cells green. This staining
method allows us to test
materials for their
antimicrobial activity.

C. Each colony is made
up of many micron-size
bacteria. A micron, also
called a micrometer () is
10 m.

The most basic living unit
that has all the
characteristics of life—
respiration, motion, and
reproduction.

Reches Fighting Bacteria

surrounds the genetic material and other structures that are needed for the
bacterial cell. Bacteria are the most abundant form of life on our planet. They
exist in multiple sizes, shapes, and colors. Bacteria reproduce by division,
where each cell divides into two new cells, called daughter cells. Within half
an hour or so, bacteria can double in number. Many bacteria are not harm-
ful to humans and are considered “good” bacteria. These good bacteria are
beneficial to humans. For example, “good” bacteria can take up the space of
harmful bacteria and by doing so protect us from infections. Other bacteria
help us to digest our food [1]. Harmful bacteria, also called pathogenic bac-
teria, cause various illnesses.

Bacteria live in colonies, in which each bacterium is surrounded by many other
bacteria that protect it from the external environment. Within the colony, the
bacteria communicate with each other using chemicals. These chemical signals
help the bacteria to form a network called a biofilm (Figure 1). Another name
for a biofilm is a plaque. The term plaque is often used by dentists to describe
the bacterial layer on teeth. This layer is well attached to the teeth and secretes
materials that destroy the teeth. A biofilm can provide bacteria with resist-
ance to antibiotics, which can usually kill individual bacteria (Figure 1). As a
biofilm, some bacteria can still live, multiply, and cause infections—even in
the presence of antibiotics. These infections are a major problem in hospitals,
where they harm and even kill the patients. To prevent these infections, hos-
pitals and the healthcare system invest much effort to clean hospital facilities
and medical devices [2].

An antibiotic is a compound that kills bacteria. Antibiotics stop essential
cell activities that allow the bacteria to live. For example, some antibiot-
ics harm the cell wall and some prevent the bacteria from reproducing.
The first antibiotic, penicillin, was discovered over 90 years ago. Since
then, many other antibiotics have been found. Since the discovery and use
of antibiotics, bacteria have evolved that resist antibiotics and multiply
even when antibiotics are present. These are called “antibiotic-resistant
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A substance that is made
up of more than two
atoms that are connected
by a chemical bond.
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bacteria.” Antibiotic resistance evolves by mutations (genetic changes) in
the bacterial DNA that allow the bacteria to survive in the presence of
antibiotics. A year ago, the World Health Organization published a report
on 12 different bacterial strains that are resistant to antibiotics [3]. For
these antibiotic-resistant bacterial strains, solutions other than antibiot-
ics must be found to kill the bacteria. My research group believes that, if
we can prevent biofilm formation, we will be able to successfully fight the
antibiotic-resistant bacteria.

Many research groups around the world are trying to find compounds that
will prevent biofilm formation. Some of that research focuses on finding com-
pounds that will prevent the first step of biofilm formation. In the first step
of biofilm formation, large molecules such as proteins and polysaccharides
(large sugars) are produced by the bacteria and stick to the surface that the
bacteria are growing on. These substances provide a “glue” for bacteria, and
that is how biofilm formation starts.

Over a decade ago, several research groups showed that small particles of
silver can kill bacteria and the groups suggested that these particles might be
able to act as a new antibiotic. However, it was later found that these particles
can also kill human cells and are dangerous to humans. So, silver particles
were banned from use. Another material that was suggested to possibly pre-
vent biofilm formation was polyethylene glycol (PEG). This compound can
bind up many water molecules, which prevents the bacteria from sticking to
the surface. However, PEG breaks down over time, and so it is not possible
to use it for long-term applications. Other researches tried to mimic natural
surfaces that prevent bacteria from sticking to them. For example, lotus leaves
are always clean, even though this plant usually grows in swamps and shal-
low water. The lotus leaves stay clean because there are many bumps on the
leaves that are covered with wax. The combination of bumps and wax helps a
water drop to slip from the leaf, dragging all the dirt with it, like a mop. This
phenomenon is called “the lotus effect” Many research groups are trying and
even succeeding in mimicking this effect. However, mimicking the lotus effect
often requires expensive and complicated production processes that are limited
to small surfaces. Therefore, this solution cannot yet be used in hospitals or
other places where we want to prevent biofilm formation.

Interrupting the communication among bacteria is another possible way
to prevent biofilm formation. Bacteria communicate with each other using
various chemicals. One bacterium produces a certain molecule and another
receives it and produces a different molecule as a response. Synthesizing mol-
ecules that harm this communication, by blocking the signals, is another option
to fight biofilm formation [4].
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The molecules that make
up proteins.
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My research group developed a small molecule that prevents the sticky bio-
logical molecules (proteins, sugars, etc.) from adhering to surfaces, and there-
fore reduces biofilm formation [5]. To form this “non-stick” coating that will
prevent the attachment of biological molecules to a surface, we mimicked the
chemistry of Teflon®. Teflon® is a non-stick material used in the production of
frying pans. This molecule we developed is made up of amino acids. Amino
acids are the building blocks of proteins. We chose amino acids because they
are not toxic to humans, they are easy to synthesize in large quantities, they
can be stored in the refrigerator for years, and, most interestingly, because
they can self-assemble. Self-assembly is a process by which molecules spon-
taneously form an ordered structure, without any need for external energy.
In other words, these amino acids can interact with each other and connect
like Lego building blocks.

To adhere our self-assembling non-stick molecules to the surface, we used
another amino acid, one that serves as the main component of mussel’s adhe-
sive proteins (MAPs). Mussels can attach strongly to rocks in the sea and hang
on during high and low tide. Mussels adhere using strings made of MAPs
that are rich in the amino acid L-3,4-dihydroxyphenylalanine (DOPA). This
amino acid enables MAPs to adhere to any surface—metal, glass, and plastic.

We synthesized our non-stick molecule in the lab, in the form of a powder
that looked like powdered sugar. We dissolved this powder in a liquid and
sprayed it on different surfaces. We then performed several measurements to
prove that the molecules indeed self-assembled on the surface. To test if the
coating prevented bacterial adhesion, we incubated the coated surface in a
solution that contained a million bacterial cells and their required nutrients.
We always tested two types of surfaces: one with the coating (the experi-
ment) and the other without the coating (the control). The surface without
the coating served as a control, because it showed us the number of bacteria
that would adhere to a surface without a coating. According to our previ-
ous experiments, the strain of bacteria that we used produced a biofilm on
the surface within 9 h. Therefore, we waited 9 h before we took the surfaces
out of the solution of bacteria. To determine how many bacteria we had on
the surface, we scratched the surface with a toothbrush and transferred the
bacteria from the toothbrush to a plate that contained food for the bacteria.
This plate is called a Petri dish (Figure 2). Bacteria grew on the Petri dish and
formed colonies. Each colony resulted from one bacterium that came off the
surface. We counted the number of colonies and found that the number of
bacteria on the coated surface was significantly smaller than the number of
bacteria on the non-coated surface.

To make this coating useful in real life applications, we still need to prove that
the coating can reduce the number of bacteria under normal conditions in
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Determining the number
of bacteria on a surface.
A. In the first step, the
surface (the colored
rectangle at the bottom of
the container) is placed in
a container that holds the
bacteria and their
nutrients. B. In the second
step, the surface is taken
out of the container and
the bacteria are scraped
from the surface using a
toothbrush. C. During the
third step, the bacteria are
plated on a dish that
contains all the necessary
food for the bacteria. On
this solid surface, the
bacteria grow into
colonies. The colonies
appear as rounded spots
or dots on the plate (see
Figure 1A). Each colony
originates from one
bacterium, and therefore,
the number of colonies
reflects the number of
bacteria on the original
surface.
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the outside environment. This means that the coating should survive sunlight,
scratches, and exposure to high and low temperatures. In addition, it is neces-
sary to prove that the material is not toxic to humans. These tests are called
regulation assays, and they are required for any new material. The material
we developed is currently being tested in regulation assays.

Unfortunately, an ultimate solution that completely prevents biofilm formation
does not exist. Biofilms not only cause hospital-acquired infections but they
also harm the quality of food and water. Research groups that try to solve the
problem of biofilms have come up with several different solutions, but there
is still a need for a coating that will be stable enough, will not come oft from
the surface, will not be toxic to cells, and will be easy to apply and inexpensive.
We hope that the solution we proposed, made up of amino acids, will provide
a good solution to the problem. Do you have your own idea for a solution to
this problem?
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We are in six grade, in the gifted track in Petah Tikva. There are 27 kids in the class: 17 boys
and 10 girls. The kids come from all over the city. The class is very social and we meet a lot
after school. We are very curious and autodidacts and we love to explore various topics.
Most of us like to read and develop our minds. Some of the kids excel in bridge, chess, play
musical instruments, and play football and basketball.
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