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Antibiotics are medicines that prevent and cure 
bacterial infections. They are essential for treating a 
wide variety of diseases and underpin much of 
modern healthcare, including cancer treatment, 
surgery, and organ transplants. 
 
Unfortunately, bacteria can develop the ability to 
survive antibiotic treatment. This is called antibiotic 
resistance, and it is a growing problem that could 

make many infections and common medical 
procedures much more dangerous in the near 
future. A landmark study from early 2022, which 
assessed the scale of the issue, concluded that 1.2 
million people across the world died from antibiotic-
resistant bacterial infections in 2019 alone. 
 
Bacteria can become resistant to antibiotics in many 
different ways. One common way is the production 

Microbiology 

Blocking protein folding to fight antibiotic resistance 
by R. Christopher D. Furniss

1
 | Postdoctoral Research Fellow; Nikol Kaderabkova

2
 | Postdoctoral 

Research Fellow; Despoina A.I. Mavridou
3
 | Assistant Professor 

May 13, 2022 

 

1
: Science for Life Laboratory, Department of Molecular Biosciences, The Wenner-Gren Institute, Stockholm 

University, Stockholm, Sweden 
2
: Department of Molecular Biosciences, The University of Texas at Austin, Austin, United States 

3
: Department of Molecular Biosciences, The University of Texas at Austin, Austin, United States and John 

Ring LaMontagne Center for Infectious Diseases, The University of Texas at Austin, Austin, United States 

 
This Break was edited by Olivier Kirchhoffer, Scientific Editor - TheScienceBreaker 

Antibiotics are the cornerstone of modern medicine, but their effectiveness is threatened by the growing 

problem of antibiotic resistance. Recent research has identified a new strategy with the potential to restore 

the effectiveness of a range of currently used antibiotics, including drugs of last resort. 
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of resistance proteins, which either break down 
antibiotics, or defend the part of the bacteria that 
the antibiotic targets. Either way, they prevent 
antibiotics from being effective. A tried and tested 
approach to overcome the problem of resistance 
proteins is the use of molecules called adjuvants. 
Adjuvants and antibiotics are mixed and given 
together; the adjuvant binds to the resistance 
protein, stopping it from working, and the antibiotic 
is left free to kill the bacteria. However, there are 
limits to this approach. Each currently used adjuvant 
only targets one type of resistance protein, and some 
resistance proteins have even evolved to break 
down adjuvants as well as antibiotics. 
 
In our recent study, we asked whether we could 
prevent bacteria from building resistance proteins in 
the first place. We also wondered whether a new 
kind of adjuvant could work for several types of 
resistance protein, by blocking the assembly of these 
proteins, instead of just inhibiting their functions. To 
test these ideas, we turned to the disulfide bond 
formation (DSB) system, a group of bacterial proteins 
that help assemble a large number of other proteins 
in an area of the cell where many resistance proteins 
are found. The fact that the DSB system is not found 
in mammals makes it a good candidate for targeting 
the bacteria only, without affecting any human 
proteins. 
 
With our potential “target” identified, we decided to 
investigate its importance for two different kinds of 
resistance proteins: β-lactamases and mobile colistin 
resistance enzymes (MCRs). β-lactamases cause 
resistance to β-lactam antibiotics like penicillin, the 
most commonly prescribed antibiotics in the world, 
while MCRs cause resistance to colistin, a powerful 
“last-resort” antibiotic used when an infection is 
resistant to all other available drugs. 
 
We started by introducing the genes for 12 different 
β-lactamases and 5 different MCRs into two different 
strains of harmless laboratory Escherichia coli, one 
with a working DSB system, and the other without a 
working DSB system. Cells with a working DSB 

system were resistant to the antibiotics we tested, 
but the cells without a working DSB system were not, 
even though they had the genetic instructions to 
make the resistance proteins. When we measured 
how much of each resistance protein was present in 
the two different E. coli cells, we saw that most 
resistance proteins were not even made if the DSB 
system was not working. When a resistance protein 
was still being made, we measured its activity. In all 
cases, we found that if it had come from cells that 
lacked a working DSB system, it did not function 
properly. 
 
Encouraged by these results, we wanted to see 
whether we could use a chemical to achieve the 
same effect. To do this we used a small molecule 
found by another team of scientists that stopped the 
DSB system from working. When we exposed 
antibiotic-resistant bacteria isolated from patients to 
antibiotics alone, they survived, but when we 
exposed them to both antibiotics and the DSB 
system inhibitor, the previously resistant bacteria 
were killed. On the microscope we could even see 
bacteria bursting open when given the antibiotic and 
inhibitor combination! 
 
Finally, we tested if our idea worked in a living 
organism using wax moth larvae, which are 
commonly used in antibiotics research. We injected 
two versions of an antibiotic-resistant Pseudomonas 
aeruginosa strain into the larvae, one with a working 
DSB system, and the other without. We then treated 
the larvae with an antibiotic. The bacteria killed the 
majority of the larvae in all but one case: when the 
P. aeruginosa without a working DSB system was 
treated with the antibiotic.  
 
All of this evidence suggests that the DSB system 

could be a good target for a new type of antibiotic 

adjuvant. Clearly, much more work needs to be 

done, but if all goes well DSB system inhibitors could 

be used in the future as new, broad-acting adjuvants 

to help keep antibiotics working for the benefit of 

everyone.

 


