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A quantum dot: A high-resolution transmission electron micrograph of cadmium
telluride nanoparticles. (The scale bar in the lower right is 2 nanometers long, or
two millionths of a millimeter.) Credit: Nagpal Group, University of Colorado,
CC BY-ND

A new tool is emerging in the fight against antibiotic-resistant bacterial
disease. Beyond the global efforts to limit overuse and abuse of
antibiotic drugs, nanomedicine is finding additional ways to attack these
superbugs.

Nanoparticles, a million times smaller than a millimeter, are proving to
be stable, easy to deliver and readily incorporated into cells.

In recent work, a group of researchers at the University of Colorado, of
which I am a member, has used nanoscale quantum dots – minuscule
semiconductor particles with specific light-absorption properties – to kill
drug-resistant superbugs without harming the surrounding healthy tissue.

Once introduced into the body, the quantum dots do nothing until they
are activated by having a light shined on them. Any visible light source
(a lamp, room light or even sunlight) can be used for this. So far our
research has focused on topical infections on the skin; deeper inside the
body, brighter lights or more nanoparticles may be needed.

When activated by light, the quantum dots start generating electrons that
attach to dissolved oxygen in the cells, creating radical ions. Those ions
interrupt biochemical reactions which cells rely on for communication
and basic life functions. In this way, we can target and kill very specific
bacterial cells that cause illnesses.
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https://phys.org/tags/quantum+dots/
http://www.nature.com/nmat/journal/vaop/ncurrent/full/nmat4542.html
http://www.nature.com/nmat/journal/vaop/ncurrent/full/nmat4542.html


 

  
 

  

What a superbug looks like: A modified atomic-force micrograph of multi drug-
resistant E. coli. Credit: Nagpal Group, University of Colorado, CC BY-ND

The superbug threat

Antibiotics are used not just to treat active bacterial infections; they are
also routinely given to patients undergoing surgery, and people with
compromised immune systems from diseases like HIV and cancer.

Bacteria that are resistant to more than one antibiotic drug – or
"superbugs," as they are commonly called – infect more than 2 million
Americans a year, and kill 23,000 of them. Globally, they kill more than
700,000 people each year.

Projections by a United Kingdom government research panel suggest
that if unchecked, superbugs could kill more than 10 million people each
year by 2050. That would far outpace all other major causes of death –
including diabetes, cancer, diarrhea and road accidents. The economic
cost is estimated at US$100 trillion by 2050.
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http://www.cdc.gov/drugresistance/
http://www.cdc.gov/drugresistance/
http://amr-review.org/
http://amr-review.org/
http://amr-review.org/sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf
http://www.scientificamerican.com/article/antibiotic-resistance-will-kill-300-million-people-by-2050/
http://www.scientificamerican.com/article/antibiotic-resistance-will-kill-300-million-people-by-2050/
http://amr-review.org/


 

Focusing on a target

There are other nano-scale medicines for fighting infectious bacteria.
When exposed to light, they heat up, killing all cells around them – not
just the disease-causing ones. They therefore require special tools such
as proteins or antibodies that selectively stick to desired cell types, to
deliver them to very specific locations. That in turn requires the ability
to accurately identify target cells.

Our method is an improvement because it allows more specific targeting
of cells to be treated. Quantum dots with different sizes and electrical
properties can help create different disruptive ions. That can allow
doctors to choose disruptors to kill invading bacteria without harming
nearby healthy tissue.

The activated quantum dots upset the balance of chemical processes,
called "reduction-oxidation" or "redox" for short, in disease-causing
bacteria in order to kill them.

Using this method and only a normal light bulb, we were able to
eliminate a broad range of antibiotic-resistant bacteria. The bacteria
were provided to us in the form of actual clinical samples from the 
University of Colorado School of Medicine. They included some of the
most dangerous drug-resistant infections: methicillin-resistant 
Staphylococcus aureus; extended-spectrum β-lactamase-producing 
Klebsiella pneumoniae and Salmonella typhimurium; multi-drug-resistant 
Escherichia coli; and carbapenem-resistant Escherichia coli.

We were also able to make nanoparticles with different reactions to
light, including having no response or even improving cellular
reproduction. Increasing the growth of superbugs is not desirable, but
this discovery may allow us encourage the growth of useful bacteria,
such as in bioreactors, which can help manufacture of biofuels and 
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http://www.etp-nanomedicine.eu/public/about-nanomedicine/nanomedicine-applications/nanomedicine-in-cancer
http://www.wiley.com/college/boyer/0470003790/reviews/redox/redox.htm
http://www.ucdenver.edu/academics/colleges/medicalschool/Pages/somWelcome.aspx
http://www.biotopics.co.uk/microbes/penici.html


 

antibiotic drugs.

Taking the next steps

So far our work has been in test tubes in controlled labs; our next step is
to study this technique in animals. If successful, this technology could
boost the fight against multi-drug-resistant bacteria in the short term and
well out into the future.

It might, for example, spur the creation of a new class of light-activated
drugs, lead to development of special fabrics with LED lights for
phototherapy, and even form the basis of self-disinfecting surfaces and
medical equipment.

And while the bacteria will continue to evolve to seek survival, our
ability to control the specific reaction of the quantum dots once activated
could let us move more quickly in this fight where defeat is not an
option.

This article was originally published on The Conversation. Read the 
original article.
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