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Scientists have found an exciting new way to fight a big problem
called bacterial biofilms. Biofilms are made up of billions of bacteria
living inside a sticky substance, a bit like a slime monster. Within
biofilms, bacteria are protected from medical treatments and the
human immune system. To make matters worse, biofilms are an ideal
place for the emergence of new forms of bacteria with improved
defenses, which are often called superbugs. Biofilms and superbugs
make people very sick, and they are increasingly more difficult to
treat. However, scientists may have come up with a new solution—a
special liquid metal that can change shape with the help of magnets.
It turns into tiny ninja-stars and spears that can pierce through the
cell walls of bacteria. When this special liquid metal is exposed to
a rotating magnet, the tiny stars whizz around like a whirlwind,
destroying bacterial biofilm and killing the superbugs inside.
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MEDICAL IMPLANT

A device that is inserted
into the body of a sick
or injured patient for a
long period, to restore
or improve the function
of a body part.

BACTERIA

Tiny single-celled
creatures that can
either promote health
or disease depending
on their type and what
part of the body

they colonize.

BIOFILM

A slimy layer of
microorganisms, like
bacteria, that stick to
surfaces and each
other, often found in
places like your teeth
(as plaque) or on
medical devices.

IMMUNE SYSTEM

A collection of cell
types and proteins that
recognize
disease-causing
invaders and mount a
response to

eliminate them.

Figure 1

A hip replacement
implant has been
colonized by a slime
monster! In this
scenario, unwanted
bacteria that contacted
the metal implant
before or during the
surgery quickly attach
to the implant and
began to multiply.
Eventually, these
bacteria form a biofilm,
which contains sticky
substances that shield
the bacteria from
medicines and the
human immune
system.

INFECTIONS OF MEDICAL IMPLANTS

Maybe you know someone, perhaps an elderly family member, who
has had some kind of medical implant. Medical implants are incredible
modern inventions that can often restore the functions of damaged
body parts, improving the lives of ill or injured patients. For example,
titanium rods can be inserted into badly broken bones to guide
the healing process. Sometimes elderly patients require knee or hip
replacements due to failing joints. In patients with narrow or weakened
blood vessels, a small metal tube called a stent can be implanted into
the blood vessel, to keep blood flowing through the body. These are
just some examples of devices that are implanted into the human body
for medical purposes.

While medical implants are incredibly useful, they are not perfect. This
is because they are an attractive home for bacteria—tiny single-celled
creatures 100 times smaller than the width of a human hair. If bacteria
are given the chance, they will quickly attach to medical implants
and multiply until there are billions of cells. They coat themselves
in a sticky, slimy substance that strengthens their attachment to the
implant. This colony of cells is called a biofilm, but you can think of it
as a slime monster made of bacteria and their sticky substances (Figure
1). From the outside, the slime monster might only look like a blob
of goo, but within the slime, bacteria are superpowered. Inside the
biofilm, bacteria can communicate using chemical signals, enabling
them to work together to adapt to their environment and obtain food.
The sticky substance covering the slime monster protects the bacteria
from drug treatments and the human immune system, so they are very
difficult to kill. Scariest of all, different types of bacteria inside the slime
monster teach each other how to build new weapons and defenses,
by sharing genes. Bacteria that have acquired new defensive abilities
in this way are called superbugs, and they are one of the toughest
challenges in medicine. So how do we vanquish the monster? Well,
scientists are swiftly finding new solutions.
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SUPERBUGS

Bacteria that have
become harder to kill
with antibiotics, making
them a serious threat
to health.

ALLOY

A mix of multiple
metals, that creates a
new material with
unique properties, like
mechanical strength or
resistance to rust.

Figure 2

(A) A liquid metal
gallium (Ga) droplet
finds an iron (Fe)
power-up. (B) Gallium
grabs the power-up,
which gives it the
power of magnetism.
(C) With the help of
magnets and its iron
power-up, gallium
shapeshifts into a more
fearsome form!

MEET GALLIUM, A SOLUTION TO THE BIOFILM
PROBLEM

Gallium is a metal, but it is unlike most other metals you have
probably heard of. Gallium has a very low melting temperature (only
30°C), meaning it melts in your hands! Unlike other metals, gallium
can cleverly wrap itself around complex structures or combine itself
with other materials. You might have heard the term alloy, which
means two or more metals that are mixed together to make a new
material with useful properties. Scientists have combined gallium with
other metals, such as silver or copper, to make various alloys with
unique properties and purposes. Gallium-iron alloys are particularly
interesting. Iron is one of the most commonly used metals in the
production of many useful products, and it is highly magnetic. Can
you guess what happens when you mix gallium with iron? You get a
new material that is both magnetic and liquid at body temperature.
The solid iron particles become embedded in the liquid gallium, and
when they are exposed to a magnet, the iron particles move within the
liquid metal and cause it to change shape. Imagine that... a magnetic
puddle of metal!

At this point you might be thinking, “that is interesting, but what is
useful about a magnetic liquid metal?” Well, an intelligent group of
scientists discovered that this exciting material can be used to Kkill
superbugs in biofilms [1]. They combined gallium and iron, and then
used high-energy soundwaves to break up the new alloy into tiny
droplets that are smaller than bacteria. When the researchers placed
the liquid metal on a dish with a magnet underneath the dish, they
saw the droplets morph into new shapes, including rods and stars
(Figure 2). Much like ninja-stars, these objects can cause some serious
damage to unsuspecting foes.

Liquid gallium metal

Iron power-up Shapeshifting gallium

Figure 2

Even better, the researchers realized they could create a whirlwind
of shapeshifting gallium droplets by rotating the magnetic field. To
test their invention, the researchers grew biofilms in a plastic dish
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Figure 3

A slime monster is
shredded to pieces by a
whirlwind of
shapeshifting gallium
alloy particles. (A)
Iron-gallium droplets
are delivered to the site
of infection, either by
injection, or as a
surface-coating prior
to implantation. (B) A
magnetic field is
applied to the droplets,
causing them to morph
into sharp-edged stars.
(C) The magnetic field
is rotated at a high
speed to create a
whirlwind effect,
causing the sharp stars
to break up the biofilm
and eliminate the
bacteria within.

and dropped the magnetic liquid metal droplets on top. They then
placed a rotating magnet under the dish to activate the liquid metal.
The biofilms did not stand a chance against a whirlwind of ninja
stars (Figure 3). After performing this spectacular attack against the
slime monster, the researchers used a microscope to visualize the
destruction. What they saw was nothing short of amazing, as the
biofilm was nowhere to be seen—all that remained was a small number
of bacterial cells, and most of them had serious damage. Without
the protection of the biofilm, bacteria are much easier to fight using
medicines or by the immune system.
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Figure 3

IS GALLIUM TREATMENT SAFE?

While the iron-gallium alloy is an impressively effective way to Kill
bacteria and remove biofilms from surfaces, it is still very important
to consider the safety of using such a strategy inside the human body.
You may be familiar with another liquid metal, mercury, which is used
in thermometers and is known to be toxic to humans. To settle this
concern, scientists must consider safety from two perspectives. First,
is gallium toxic to human cells? And second, would a whirlwind of
shapeshifting gallium droplets destroy the human cells surrounding
the medical implant?

To address the first point, researchers grew human cells in a laboratory
and exposed them to gallium to see if the metal affected the health of
the cells. In many cases, human cells were shown to function normally
in the presence of small amounts of gallium [2]. In fact, the safety
of liquid gallium has prompted some researchers to use this metal
to create new cancer treatments [3]. This safety result is extremely
important, because it suggests that, in small amounts, gallium does
not cause any serious harm to the human body, unlike mercury.
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Furthermore, gallium has been shown to be effectively eliminated
from the body through the kidneys [4]. In contrast, mercury builds
up in the body and causes damage to the nervous system. But how
about magnetically activated gallium whirlwinds? It might seem like
a gallium whirlwind would be as harmful to human cells as it is to
bacteria. However, human cells are typically 10-50 times larger than
bacteria. So, the large size of human cells might enable them to
withstand the forces of a magnetically activated gallium whirlwind.
Researchers tested this in the lab using human cells and observed no
harmful effects of the liquid metal, either with or without magnetic
activation [5].

SUMMARY

Overall, this exciting research may one day be used to fight real
infections in real patients. The work that we presented shows that
magnetic particles of a gallium-iron alloy can kill biofilms grown in
a plastic dish—but more research is needed to determine the best and
safest way to use this treatment in people. It may be possible to use
shapeshifting gallium as a coating on the surfaces of medical implants.
This coating could act as a trap for invading bacteria that could
otherwise produce dangerous biofilms. However, scientists are still a
long way away from using this technology in real medical implants, as
further safety testing is required.
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