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Editorial 

     Microbial infection is one of the major challenges to 
human health world-wide. Millions of deaths are caused 
by infectious diseases and malfunctioning medical 
device or equipment [1]. A variety of drugs have been 
developed to combat with all kinds of bacteria. 
However, due to the injudicious usage of these 
compounds, some bacteria have acquired resistance to 
most of them over years. Nowadays researchers are 
developing novel antimicrobial drugs to wipe out 
pathogenic bacteria before the emergence of resistance 
[2]. Thus, to address bacteria resistance towards 
antimicrobial is the essence of reducing infection. 
 
     There are several classes of most commonly used 
antimicrobial compounds: quaternary ammonium 
compounds (QACs), silver nanoparticles (AgNPs) and 
antimicrobial peptides (AMPs) in addition to 
traditionally used small-molecule antibiotics, such as 
penicillin. Traditional small-molecule antibiotics based 
on the inhibition of key enzymes are easily susceptible 
to the development and rapid dissemination of 
mutations in the target that confer resistance already in 
the last several decades and call for substitutions [3]. 
AgNPs is usually classified as more environmental 
unfriendly compounds due to their transformation 
product’s long half-life, general accumulation and 
toxicity towards live organism [4]. QACs has also been 
used widely as broad spectrum antimicrobials since 
they target bacteria membrane which requires more 
genetic mutations [5].  
 

     Thus those small QACs have been touted as being 
difficult to generate resistance against, but this is 
proving to be incorrect by recent reports [6]. 
Commercial antimicrobial QACs have high stability and 
therefore inevitable accumulation in the environment. 
Long exposure of sublethal doses of QACs will drive the 
evolution and finally selected the strains immune to 
similar structures [7]. However, this mechanism has not 
gathered enough attention towards current 
development of new antimicrobials. AMPs, primarily 
also cationic in nature, are a class of larger molecules 
often used by microorganisms for defensive purposes. 
While it has been stated or supposed that resistance to 
these agents is harder to develop, their natural origin 
ensures that a variety of resistance mechanisms are 
known to exist or can be evolved [8].  
 
     Still, the ability of natural antimicrobial peptides to 
disrupt bacterial membrane integrity has inspired the 
development of many different types of charged 
synthetic oligomers or short polymers [9-11]. Because a 
great number of examples of these molecules 
successfully resisting natural defense mechanisms have 
been reported, they represent a promising approach 
towards antimicrobial applications.  
 
     The slow resistance development to charged 
oligomers/polymers may be attributed to its 
multivalent display of charged center. It has been 
reported that even for the small QACs, increasing charge 
center number from one to two will significantly reduce 
the probability of emergence of resistance. A variety of 
polycations have been tested as potential antimicrobials 
and the resistance development is also taken into 
consideration, including polyionenes [12,13] and 
polymers acquired from controlled polymerization with 
charged groups installed onto side chain [11,14-17]. 
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Figure 1: Classes of degradable polycations and their potential towards resistance development. 
 

     Currently the antimicrobial resistance has been 
characterized mainly through two dimensions. The 
most common way is to monitor MIC (minimum 
inhibition concentration) changes after repeated use of 
drugs at sub-lethal doses. This assay usually requires 
weeks of time for exposing certain concentration of 
healthy bacteria cells at logarithmic growth phase to a 
series of drug solution with varying concentration, thus 
not trivial to perform conventional antibiotics, such as 
ciprofloxacin, have become the most popular 
benchmark to be compared with novel cationic polymer 
in this method [12]. It has been clearly proved that 
cationic polymer has great potential in reducing the rate 
of resistance development, however, the comparison 
between different types of cationic polymers is still 
lacking. Recently a novel phenomenon has been 
reported in the investigation of resistance towards 
degradable Polycations [13]. Repeat exposure of E.coli 
cells towards degradable and nondegradable 
polycations led to two totally different results. Trying to 
mimic the reality of expansion of colonies in 
environment, cells have been exposed to polycations 
freshly made and kept in 37oC for 24 hours periodically. 
MIC of degradable polycations towards E.coli increased 
more slowly. And instead of cross-resistance, a cross-
susceptibility has emerged, which is exposure of 
degradable polycation make E.coli make it more 
susceptible to other cationic molecules. For the first 
time, this phenomenon shed lights on a new direction to 
design of polymers for antimicrobial usage. According 
to similar findings in removal of QAC antimicrobial 
periodically, it seems the MIC increase indicating 
tolerance of certain antimicrobial is not permanent, 
called adaptation instead of resistance [18]. Thus, 

without more detailed mechanism study, it is difficult to 
conclude there are any genetic changes in the 
generations of cells treated with cationic compounds. 
 

 
 
Figure 2: Illustration of changes in MIC of various 
antimicrobial agents (Ciprofloxacin representing 
traditional antimicrobial and Cetylpyridinium chloride 
representing small molecule QAC) against E. coli upon 
multiple sublethal dose exposures. 
 
      Another way to confirm the potential of anti-
resistance-development material/molecule is to 
examine its activity towards clinically isolated drug-
resistant bacterial strains, the most common example of 
which is MRSA (methicillin resistant Staphylococcus 
aureus). A variety of cationic compounds, both small 
molecules and macromolecules, have been confirmed to 
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be effective towards superbugs which can resist most 
common traditional antibiotics [19]. While the strains 
resisting QACs haven’t been widely tested in new 
antimicrobial cationic materials yet. That provides a 
valuable dataset to control resistance development to 
this new class of antimicrobial polymer. Combining with 
the long term monitoring MIC, the test again strains 
with resistance already developed will become a 
standard way to approve and screen degradable 
cationic polymers towards the battle against bacteria. 
 
     Not only benefiting from slow resistance-
development, biodegradable cationic polymers are also 
facilely employed as building blocks for various 
biomaterials. Wound dressing materials usually were 
required to break down in a certain time window while 
maintaining antimicrobial function to prevent 
infections. Both natural and synthetic polymer based 
hydrogel could use the design of building in degradable 
cationic motif [20]. After the materials were broken 
down, the degraded product in low molecular weight 
was expected to be less toxic and easy to be 
metabolized. Another application is to coat degradable 
polycations on the surface of bulk material or device. 
Each layer of coating is decorated (covalently attached) 
or packed (via supramolecular interaction) with 
cationic antimicrobial components [13-21]. After one 
layer is exhausted or fouled, the environmental 
stimulated degradation will refresh the surface to be 
actively antimicrobial again without releasing majority 
of antimicrobials into outer environment to raise 
resistance concern. 
 
     Bacteria will inevitably find methods of resisting the 
antibiotics we develop, which have to be slowed down if 
not completely prevented to create a healthier and safer 
society. Among current strategies towards this tough 
problem, employment and development of next 
generation degradable cationic polymers had been paid 
little attention. However, it could lead us to a brighter 
future with the diversity in structure and high 
antimicrobial efficiency of polycations in addition to 
even lower resistance resulting from degradable linkage 
which chemists are able to contribute most. 
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