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With a prevalence of 1 in 2500 live births, cystic 
!brosis (CF) is the most common hereditary 
disease a"ecting Caucasians.1 CF normally 

manifests itself as a chronic, recurring lung infection that 
results in irreversible lung damage and ultimately respiratory 
failure.  Pulmonary infections in patients with CF are 
notoriously di$cult to treat because P. aeruginosa—the 
primary pathogen implicated in CF—exists as a surface-
associated community known as a bio!lm.1 In addition 
to being involved in the pathophysiology of CF, bio!lms 
are associated with a long-list of diseases that include 
periodontitis, middle-ear infections, endocarditis, and 
infections of implanted medical devices such as catheters.2

Bacterial bio!lms are de!ned as a surface-associated 
community of cells enclosed in a self-produced polymeric 
matrix.2 Bio!lm formation, a ubiquitous characteristic of 
bacteria, allows them to better survive in the real-world 
where nutrients and environmental conditions are in a 
constant state of %ux.3  Schematically, bio!lm formation 
involves arrival at the surface, initial attachment, the 
formation of microcolonies (small aggregates of cells), 
bio!lm maturation, and dispersal (leaving the bio!lm to 
begin the cycle again).2,4  After microcolony formation 
begins, the developing bio!lm initiates the synthesis of a 
slimy and highly-organized matrix composed primarily of 
DNA, protein and polysaccharides.2,3  

In addition to providing structural support for the bio!lm, 
the matrix protects bio!lm cells from the host immune 
system by shielding free radicals employed by neutrophils, 
hindering phagocytosis, and interfering with opsonization 

(tagging of bacteria by antibodies).5,6 #e bio!lm matrix 
also binds antibiotics and contains antibiotic-degrading 
enzymes.3,7 Lastly, the matrix gives rise to metabolic 
heterogeneity (di"erent rates of metabolism) of bio!lm 
cells—a consequence of gradients in nutrient, waste product, 
and signaling molecule levels—that renders the cells 
themselves highly resistant to antibiotics, which generally 
depend on the disruption of active metabolism.2  To use 
an analogy, not only are bio!lm cells hiding in a protective 
castle (the matrix) but they are also wearing armor (intrinsic 
antibiotic resistance).  Indeed, bio!lm cells are up to 1000 
times more resistant to antibiotics compared to motile cells 
allowing them to persist—and subsequently recolonize the 
host—despite cycles of antibiotic therapy.2,8  #erefore, the 
development of inhibitors of bio!lm formation represents 
a viable strategy to ameliorate bio!lm-associated infections 
such as those experienced by CF patients.

SMALL-MOLECULES AS INHIBITORS OF
 P. aeruginosa BIOFILM FORMATION

Previous small-molecule screening by Master’s candidate 
Iwona Wenderska of the laboratory of Dr. Lori Burrows 
identified the eukaryotic kinase inhibitor palmitoyl-DL-
carnitine (pDLc) as a potent disruptor of P. aeruginosa 
biofilm formation. The purpose of this project was to 
characterize the structure-activity relationship of pDLc by 
exploring whether related compounds possessed similar 
inhibitory properties. By understanding how certain 
chemical moieties (groups) of pDLc contribute to the 
overall inhibition, we can gain a better understanding 
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of the biofilm formation process and possibly identify 
more potent inhibitors.

#e Burrows laboratory uses a highly optimized assay to 
quantify the bio!lm formation by P. aeruginosa.  #e bio!lms 
are grown overnight (19hs) on plastic pegs immersed in 
culture containing P. aeruginosa strain PAO1.  After this 
incubation period, the pegs are washed to remove non-
adherent bacteria and then stained using crystal violet dye 
(a dye also used in gram-staining) to quantify the amount 
of bio!lm.

#e starting point of the project was to determine the bio!lm 
inhibitory properties of palmitoyl-DL-carnitine’s (pDLc) 
chemical moieties: the polar carnitine head-group and 
hexadecanoic acid.  Interestingly, only hexadecanoic acid 
(and not carnitine) was able to inhibit bio!lm formation. 
Since these results suggested that the lipid moiety of pDLc 
was of particular importance, other saturated fatty acids of 
varying chain length were tested for their bio!lm-inhibitory 
properties.

Only a subset of fatty acids is able to inhibit P. aeruginosa 
bio!lm formation at micromolar concentrations (Table 2).  
Interestingly, the naturally occurring 14- and 16-carbon 
fatty acids, but not the synthetic 15-carbon acid, exhibited 
the most potent bio!lm inhibition properties; this suggests 
that even modest di"erences in fatty acid chain length may 
a"ect their signaling properties.  Hexadecanoic acid is found 
in nature as an antimicrobial present in plant extracts.9

Fatty acids are similar to detergents in so far as both 
compounds are known to make surfaces slippery (act as 
surfactants), which may physically interfere with bacterial 
attachment and subsequent bio!lm formation.  #e surfactant 
properties of fatty acids made it unclear as to whether their 
inhibitory action was due to this physical e"ect or speci!c 
signaling mechanisms.  #erefore, to elucidate the nature of 
the observed inhibition, the ability of common laboratory 
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FIGURE 1: Palmitoyl-DL-Carnitine contains two chemical moieties—carnitine and hexadecanoic acid—joined by an 
ester linkage.  Note that hexadecanoic acid is also called the non-IUPAC name palmitic acid, and that is where the palmitoyl 
portion of palmitoyl-DL-carnitine’s name originates.

TABLE 1: Summary of the e#ects of pDLc and its derivatives 
on bio"lm formation. With the exception of the carnitine, all 
compounds shown inhibited bio!lm formation by PAO1 in a 
concentration-dependent manner.  The EC50 is de!ned as the 
concentration of the test compound at which bio!lm formation is 
reduced to 50% of the vehicle-treated control.  EC50 values below 
25μM are generally considered to be excellent.
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TABLE 2: Fatty acids di#er in their ability to inhibit PAO1 bio"lm 
formation. The EC50 is de!ned as the concentration of the test 
compound at which bio!lm formation is reduced to 50% of the 
vehicle-treated control.

Systemic Name    Chain Length                    EC50

Nonanoic Acid   9             Not e#ective

Decanoic Acid   10             Not e#ective

Dodecanoic Acid   12             Not e#ective

Tridecanoic Acid   13             Not e#ective

Tetradecanoic Acid  14             25 μM

Pentadecanoic Acid  15             Not e#ective

Hexadecanoic Acid  16             30 μM

Heptadecanoic Acid  17             Not e#ective

Octadecanoic Acid  18             Not e#ective
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detergents to inhibit bio!lm formation was investigated (as 
an example, Figure 1 shows data for the common detergent 
sodium-dodecyl sulfate). #e detergents had only modest 
e"ects on bio!lm formation (30% inhibition), and at higher 
concentrations they counterintuitively induced bio!lm 
formation (>200% increase). 

Based on the results, certain fatty acids and pDLc can act 
as potent inhibitors of P. aeruginosa bio!lm formation.  
Furthermore, the observation that common lab detergents 
are unable to inhibit bio!lm formation in the same range 
of concentrations as the fatty acids and pDLc raises the 
possibility that the observed e"ect is not physical but 
may instead act through speci!c signaling mechanisms.
P. aeruginosa has several fatty acid responsive transcription 
factors that modulate its gene expression.10  #e ability of 
fatty acids to interact with these transcription factors was 
shown to be highly dependent on the chain-length of 
the fatty acid, consistent with our observation that only 
the 14- and 16- carbon fatty acids appreciably inhibit 
bio!lm formation.11 Odd-numbered chain length fatty acids, 
which do not occur naturally, were interestingly less e"ective 
at inhibiting bio!lm formation than their even-numbered 
counterparts. #e fact that the two chemical moieties of 
pDLc—hexadecanoic acid and carnitine—were individually 
less potent than pDLc at inhibiting P. aeruginosa bio!lm 
formation illustrates beautifully that the whole is greater 
than the sum of its parts. 

Implicated in the etiology of fatal diseases like CF and many 
nosocomial infections, bio!lms are clearly a widespread 
healthcare problem.2 Bio!lms also make headlines in 
industry; for example, the recent contamination of a Maple 
Leaf Foods plant with Listeria monocytogenes bio!lms resulted 

in the deaths of 22 Canadians.12 On the bright side, bio!lms 
can be harnessed to bioremediate polluted environments and 
purify sewage.13  Nonetheless, in a medical context at least, 
the development of bio!lm inhibitors may improve the 
e$cacy of current antibiotics and increase the life expectancy 
and quality of life of patients with bio!lm-associated chronic 
infections.  Further research is currently underway to 
determine whether pDLc and related compounds increase 
the susceptibility of P. aeruginosa bio!lms to antibiotics.  
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FIGURE 2:  Detergent-induced bio"lm formation. 
The response to SDS is similar to the other detergents 
screened, and none were as e#ective as the fatty acids or 
pDLc at inhibiting bio!lm formation.  Planktonic growth is 
de!ned as growth in the culture medium (motile, non-bio!lm 
cells) and is measured to ensure that test compounds are not 
inhibiting bio!lm formation by simply killing the bacteria.
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