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Background:

Aims: 1) To develop a simulated chronic wound model that better

• P. aeruginosa causes serious, chronic, often antibiotic
resistant infections in vulnerable patients including:
• Wounds: E.g. burns/chronic diabetic ulcers
• Devices: E.g. catheters and ventilators
• Respiratory: cystic fibrosis and immunocompromised
(e.g. cancer chemotherapy or ICU) patients
• It is a WHO-designated high priority ‘ESKAPE’ pathogen
causing the majority of hospital-acquired infections,
along with MRSA
• Able to survive in harsh environments and able to
metabolise a range of nutrients including arginine.

reflects a real wound infection than conventional culture. 2) To
observe AaaA gene expression and activity using this model to
better understand its role in chronic wounds.

AaaA
• The Arginine-specific aminopeptidase of Pseudomonas
aeruginosa A cuts peptides to release the amino acid
arginine, likely for nutrition or use in cell signalling.
• AaaA is important for maintaining chronic infections in
mice, though its mechanism of action is unknown.
• AaaA is a potential antimicrobial or vaccine target, as it is
not prone to mutation, and is tethered to the outside
surface, making it accessible to drugs or antibodies.
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Computer-generated model of AaaA.
Cyan section tethers AaaA to the outer
cell surface, pink section contains the
aminopeptidase enzyme (residues in
magenta make up the active site) which
cuts peptides to release arginine.

Map of possible AaaA functions and mechanisms

The simulated chronic wound model mimics the
structures and nutrients found in a wound bed
Simulated wounds include
various components:
1) Matrix
2) Wound fluid
3) Immune factors
This model uses animal
products to recreate
elements of a wound bed.
This reduces the need to
wound and infect live
animals for preliminary
work where a simpler
model would suffice.

CFU counting shows AaaA provides a growth advantage
in the SCW after 24 hrs
Counting Colony Forming Units (CFU) measures how many live
bacteria can be recovered from a sample, indicating their ability to
grow and survive. The sample is harvested, serially diluted and
spotted on plates. Each live bacterium in the spot grows, forming
one colony per cell. These are counted and used to calculate an
estmimate of live cells in the initial sample. Left: CFU recovered from the
After 24 hrs, a
significantly higher
amount of live wild
type bacteria were
recovered
compared with the
ΔaaaA mutant,
suggesting having
the gene for AaaA
confers a survival
advantage.

simulated chronic wound infection
model comparing PAO1L wild type
and ΔaaaA mutant. Data are
displayed as mean with SD (n=6).
Statistical significance of differences
determined by Shapiro-Wilk normality
test followed by Brown-Forsythe and
Welch’s ANOVA test with Dunnett T3
multiple comparisons ***p≤0.0005).
Right: Example CFU counting plate.
5 µL spots of
SCW samples
infected with
PAO1L wildtype, diluted
10-4 , 10-5 and
10-6 (top to
bottom)

RT-qPCR shows the aaaA gene is switched on in the SCW
model, and most highly expressed after 16 hrs.
RT-qPCR measures the amount of RNA (‘switched on’ genes) in a
sample. The RNA is converted to DNA, and ‘primers’ specifically
detect the aaaA gene, if present, and make one copy per cycle.
Copies of aaaA DNA increase exponentially each cycle which is
detected using dyes (ΔRn). The number of cycles needed for the
signal to pass a ‘noise’ threshold (Ct) can be used to calculate the
initial amount of RNA present. Lower Cts indicate more initial RNA.
The Cts of aaaA in wildtype P. aeruginosainfected SCW samples
were normalised against
control genes to give a
Relative Quantity. aaaA
was expressed (i.e.
switched on) in all
samples, and at its
highest after 16 hours.
Left: Example RT-qPCR trace showing detection of aaaA using SYBR Green dye. Threshold shown as line at 0.441.
Right: The relative quantity (RQ) of aaaA over time. RQ calculated using RpoN and RpoS as endogenous controls,
ΔΔCt, used to calculate the RQ, for each time point was -1.8277, -0.7163 and 0 for 16, 24 and 40 hrs, respectively.

Arginine concentration is higher in uninfected SCW beds

Photographs of SCW beds. Top: SCW model in a silicon
mould mounted on a slide after 16 hrs. Green colour
comes from compounds produced by P. aeruginosa. Wound
fluid contains foetal bovine serum (with complement) and
peptone. The matrix uses collagen extracted from rats’ tails.
Bottom: P. aeruginosa-infected SCW model in a 96-well
plate after 48 hrs. View from below, showing collagen and/or
biofilm distribution. Wound fluid is as above plus horse blood.

Method
Rat tail collagen plus simulated wound fluid were mixed
and polymerised to create the simulated chronic wound
(SCW) bed, then either unmutated (wild-type) P.
aeruginosa or P. aeruginosa with the aaaA gene knocked
out (ΔaaaA) were added and incubated at 37˚C. Samples
were harvested for CFU counting, RT-qPCR and free
arginine quantification by enzymatic assay.

To determine if AaaA releases arginine, L-arginine
was quantified in 16 hr SCW samples. Sensitivity
was too low to detect differences due to AaaA, but
did find infection with P. aeruginosa reduces free
arginine, indicating arginine is being used up,
suggesting a need for further arginine scavenging.
Right: Arginine assay to compare free L-arginine levels in the SCW model. Larginine in uninfected samples is ~4-fold greater than infected. (Line at mean, n= 4)
Statistical difference determined by Shapiro-Wilk normality test followed by BrownForsythe and Welch’s ANOVA test with Dunnett T3 multiple comparisons, *p≤0.05).

Conclusions: The SCW model provides a simple way of studying
P. aeruginosa and other wound pathogens in an environment more
closely resembling a real chronic wound. Here, the SCW model was
used to verify aaaA is expressed in the wound context and may confer
a growth advantage. More work is needed to understand its function.

