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ABSTRACT

A bacterial biofilm is a community of adhered bacteria protected by an extracellular matrix
of biomolecules. In the biofilm state, bacteria can be more than 1000 times more resistant
to antibiotics than planktonic bacteria, and eradication is virtually impossible.[1] In this
project, we investigate a particular type of bacteria, Pseudomonas aeruginosa, which is
known for forming proliferative biofilms. The Soong et al. study highlights the importance
of a specific enzyme called salivate in the biofilm formation of P. aerations.[2] However,
the substrates for the enzyme are unknown. Our hypothesis is that this enzyme cleaves
sialic-acid-like sugars from the surface of the cell and enables bacterial cohesion, forming
biofilms.
We tested our hypothesis through cloning of the gene PA2794 which codes for
sialidase,[2,3] and purifying the expressed protein. Our results from purification of sialidases
show a low yield, ~10% of that expected. Although we did not obtain enough protein
to set up our assay, our results have lent us more insight into the structure of sialidase,
which we hope will benefit future experiments with biofilms.
In tandem to this approach of inhibiting biofilm formation, we also tested the effects of
extracts of natural products on P. aeruginosa. Because sialidase promotes biofilm formation
of P. aeruginosa by hydrolyzing glycoconjugate-linked sialic acid to increase adhesion, we
chose 17 plant species containing compounds similar to sialic acids, to test whether then
can inhibit sialidase. We did this by measuring the optical density of bacterial cultures
after adding the inhibitors and staining with crystal violet. Our data show that bacteria
P. aeruginosa (PAO) measured 0.938 at OD540. The top five inhibitors reduced the OD
level of PAO to 50-64% at the same wavelength (lemon peel – 0.473, goji berries – 0.494,
ginseng – 0.549, hawthorn – 0.585, white fungus – 0.596). The efficacy of these natural
inhibitors is comparable with positive control (PAO + bleach – 0.546), which reduced the
OD level of PAO to 58%. We hope these results help further studies that investigate the
active compound in these top extracts, eventually leading to a therapy to prevent biofilm
formation of P. aeruginosa.

Introduction
Pseudomonas aeruginosa is gram-negative,
opportunistic human pathogen and a leading cause
of pneumonia, lung infection in cystic fibrosis.[3]
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The bacterium infects the cells lining the respiratory
tract by forming a biofilm, a structured community
of microorganisms within a self developed matrix. A
joint study by Xu et al. confirmed the enzyme sialidase
as a facilitator of mucosal infection by participating
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in biofilm production.[4] However, it is not certain
what the enzyme substrates are. We believe that
P. aeruginosa encodes a sialidase enzyme (PA2794)
that cleaves sialic-acid analogues present on flagella
and lipopolysaccharide (LPS) of P. aeruginosa. If it is
proven that the enzyme sialidase cleaves sialic acid
analogues from those surface polysaccharides, this
enzyme would indicate a novel therapeutic target for
preventing bacterial infection of P. aeruginosa.
Natural plant products provide a diverse array of
chemical structures and are known to possess
a plethora of biological activities. Pseudomonas
aeruginosa is occasionally a pathogen of plants.
Seventeen different plant species were selected
based on the underlying principle that plants possess
non-specific chemicals used in passive resistance to
pathogens.[5] Methanolic extracts were made and the
inhibitor’s potency measured using a crystal violet
reporter assay. Discovering potential inhibitors could
lead to the identification of their relevant biofilm targets
or potential therapeutics for P. aeruginosa infections.
Objectives
a) To determine whether surface polysaccharides on
P. aeruginosa, lipopolysaccharide or flagella, are the
true substrates for PA2794 sialidase enzyme.
b) To identify any natural products that may contain
an inhibitor of P. aeruginosa biofilms.

Materials and Methods
A) Cloning, Expression, Purification of Sialidase
Four sets of chromosomal DNA were extracted from
Pseudomonas strain PAO1 and amplified by PCR,
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consisting on a technique based in generation of
millions of identical DNA copies of a specific stretch.
Figure 1a shows the four genes on a gel at their
expected number of base pairs: 1314 bp and 810 bp.
One of these genes was then ligated into first vector
PCR2.1 and the recombinant plasmid was inserted
into E. coli, which was then grown and harvested.
Plasmid DNA purification and digest were done and
the second gel confirmed that our DNA insert was in
the vector [Figure 1b]. The DNA was then cut out from
the gel, purified and inserted into a second vector
PET30 and grown in E. coli to express the DNA of
protein sialidase.
The bottom band on the gel seen in Figure 1c
indicates that sialidase was successfully cloned.
The bacterial cells were lysed and an attempt was
made to purify the recombinant protein by using
column chromatography, shown in Figure 2. We did
not detect a large quantity of protein by measuring
the absorbance of each fraction, and so we ran an
SDS-PAGE gel to determine which fractions most
likely contained the protein.
The fractions were run on a blue gel and the protein
was detected on a western blot, as shown in
Figure 3, using an antibody to the histidine- tag that
we had introduced.
B) Biofilm Assays with Natural Products
Methanolic extracts of selected plant materials were
made by chopping up a weighed amount of each
plant material and incubating in methanol (1:5 v/m) at
room temperature overnight.[6] The supernatant was
removed and dried down and then re suspended
in H2O. To set up the biofilm assay, an overnight

c

Figure 1a-c: PCR and cloning of PA2794 neuraminidase gene from P. aeruginosa
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culture of PAO was diluted in fresh LB at 1/200 and
100µl was added to each well of a 96-well microtitre
plate. Inhibitors were added in 1:10 ratio of inhibitor
to PAO and the plates were incubated at 37°C for 24
hours. The plates were washed to remove planktonic
bacteria, and 125µl of 0.1% crystal violet solution was
added to each well to stain the adherent bacteria.
The wash was repeated to remove crystal violet
not specifically staining biofilm. Then 200 µl of 95%
ethanol was added to each well to solubilise biofilms
for 10 minutes, and contents of each well were
transferred to an optically clear flat-bottom 96-well
plate. The optical density (OD) of each sample was
measured at a wavelength of 540 nm, to determine if
there was a reduction in biofilm formation.
Figure 2: Protein purification of C-terminal full-length protein sialidase

Results
A) Preventing Biofilm Formation by Inhibiting
Sialidase
We have successfully cloned and expressed the
protein sialidase PA2794, as shown in the PCR
and cloning gels, but have not yet purified enough
protein to do an assay. The C-terminus full-length
tagged sialidase proved to be difficult to isolate
because the yield in the elution pools from protein
purification was much lower than expected. As seen
in the protein analysis in Figure 2, the blue line is the
absorbance level of our interested protein, sialidase.
The red line shows the absorbance level of a counter
ion when added at a constant gradient to elute the
purified protein. As seen in the blue line, the elution
pool from fractions 18-20 show a very minimal rise
in absorbance, much lower than standard. There
is another slight shoulder in fractions 14-16, which
suggests that our protein might exist in those
fractions. These fractions 18-20 and 14-16 were then
concentrated 30 times and were run on Western blot.
The X-ray image showed a clear band near the 47.5
kDa marker, which represents our C-terminus tagged
full-length protein. It also displayed a lower band, a
sign of protein degradation.
B) Preventing Biofilm Formation with Natural
Inhibitors
Of the17 original species of plants we investigated, five
demonstrated anti-biofilm properties: lemon (Citrus
limon), golgi berries (Lycium barbarum), hawthorn
(Crataegus monogyna), white fungus (Tremella
fuciformis), and ginseng (Panax quinquefolius).
These five inhibitors lowered the OD levels up to 50%
[Figure 4], with an acceptable level of certainty
measured by P-level as seen in Table 1.
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Figure 3: Detection of protein sialidase by SDS-PAGE and Western blot

To ensure the validity of our results, a systematic control
was done as shown in Figure 5. A positive control of
P. aeruginosa (PAO) in bleach as well as PAO in water
confirmed that in these cases, biofilms did not form.
Then we determined whether the concentration of the
extract affects its abilities to inhibit biofilm formation.
The five most effective inhibitors were diluted into
1/10 and 1/100. The results in Figure 6 indicate that
the extracts were so potent that dilution did not affect
their efficacy. Our last idea was to combine pairs of
inhibitors to see whether they have cumulative effects.
Figure 7 shows that the combination of white fungus
and ginseng was promising, although most inhibitors
were most effective when used alone.

Discussion
A) We tried to purify the sialidase protein, but our
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Figure 4: Bar graph showing the average OD of biofilm assays added
with inhibitors in a 1:10 PAO: inhibitor ratio. The red line is the average
of OD of PAO biofilms in 1/200 concentrations.

Figure 5: A systematic control was done with a negative control of PAO
and two positive controls with water and bleach

Figure 6: Biofilm growth in dilute extracts of top inhibitors

Figure 7: Eﬀects of combination of top inhibitors on biofilm growth

Table 1: Corresponding statistical analysis with Figure 4
PAO SDS

Mean
Standard error
Median
Standard
Deviation
Range
Minimum
Confidence
Level (95.0%)

0.939
0.053
0.928
0.200

1.145
0.131
0.929
0.474

Lily Green Dulse Yellow Red
Bulbs Munga
peas beans
Beans
0.759 1.422 1.419 0.985 1.415
0.051 0.110 0.093 0.065 0.072
0.725 1.479 1.476 0.870 1.339
0.190 0.425 0.335 0.224 0.269

0.710
0.570
1.280
0.116

1.383
0.711
2.094
0.286

0.701
0.437
1.138
0.110

1.340
0.793
2.133
0.235

1.049
0.829
1.878
0.202

0.602
0.780
1.382
0.142

0.840
1.069
1.909
0.155

Lemon Lentils Ginseng Black Lily Dried Grape Seaweed White Aloe Ginger Goji
peel
sesame seeds haw seed
fungus vera
berries
0.473
0.014
0.453
0.052

1.282
0.119
1.213
0.460

0.549
0.027
0.541
0.103

0.994
0.038
0.968
0.142

0.791
0.039
0.791
0.146

0.585 0.911
0.018 0.062
0.566 0.937
0.069 0.225

0.894
0.041
0.930
0.152

0.596
0.041
0.604
0.153

0.712
0.041
0.709
0.158

1.131
0.139
0.969
0.482

0.494
0.028
0.451
0.106

0.197
0.418
0.615
0.031

1.470
0.716
2.186
0.255

0.339
0.422
0.761
0.057

0.394
0.817
1.211
0.082

0.552 0.261 0.744
0.533 0.504 0.510
1.085 0.765 1.254
0.084 0.038 0.136

0.523
0.589
1.112
0.088

0.516
0.338
0.904
0.088

0.436
0.487
0.923
0.088

1.283
0.540
1.823
0.306

0.348
0.387
0.735
0.061

results suggested a low yield of sialidase. The
secondary band on the Western gel was a sign
of protein degradation, which could explain our
low yield of purified protein. Another explanation
for the outcome lies in the location of the Histag on the protein. The position of the tag may
affect protein behavior and its ability to bind to
metal ions in the column chromatography. We
speculate that the tag was embedded within the
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core of the protein structure, and thus lowered
the affinity between the metal and the His-tag.
Therefore, when we purified the protein on the
chromatography, much of the sialidase did not
bind to the column.
B) The top five inhibitors tested, lemon (Citrus limon),
goji berries (Lycium barbarum), hawthorn (Crataegus
monogyna), white fungus (Tremella fuciformis), and
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ginseng (Panax quinquefolius), have all reduced
biofilm formation up to 50%. These results may be
due to the particular families of compounds found
in those plants such as flavonoids in lemons and
triterpenes in hawthorn, as well as polysaccharides
in the fungus and goji berries.[7] Ginsenoside, for
example, is a target component in ginseng that could
have properties that inhibit biofilm formation. Mass
spectrometry will determine the compounds that
exhibit activity in the future.[8]

Conclusion
A) Preventing Biofilm Formation by Inhibiting
Sialidase
We conclude that the C-terminus, full-length protein
sialidase has been cloned and expressed, but
methods have to be modified to increase yield in
protein purification in order to set up an assay.
Next steps:
1. Cloning of the N-terminal His-tagged full-length
construct
2. Protein purification of the N-terminal construct
3. Setting up of separate assay with LPS and flagella
of P. aerugino and testing its activity with sialidase
after we have enough protein
4. Presence of activity confirms our hypothesis
that bacterial sialidase does cleave to sialic acid
analogues, which could be a novel therapeutic
target in inhibiting biofilm formation.
B) Preventing Biofilm Formation with Natural
Inhibitors
We conclude that methanolic extracts of lemon peel,
goji berries, American ginseng, white fungus and haw
inhibit the formation of biofilms in the P. aeruginosa to
a similar degree as dilute bleach. They remain potent
in dilutions up to 1/100 and demonstrate no synergy.
Relevant Applications
Anti-biofilm sprays and wipes can be synthesized
from plant extracts which have shown inhibition. Said
products have numerous applications throughout
healthcare, increasing sanitation. Numerous
P. aeruginosa infections occur every year from
infected catheters and endoscope, which can be
treated with anti-biofilm wipes that have no toxicity
towards humans.[9] Knowledge of the inhibition of
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sialidase can be translated to pharmaceuticals, which
can treat P. aeruginosa infections, particularly in cystic
fibrosis where common antibiotics seem to have no
effect due to the added resistance of the biofilm in
the mucosal membrane.
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Suggested Glossary (prepared by Pamela Barraza YSJ editor)
PCR (Polymerase Chain Reaction): A laboratory
technique used to synthesize large quantities of
specific nucleotide sequences from small amounts
of DNA using a heat-stable DNA polymerase

N-terminal (amino-terminal residue): The only
amino acid residue polypeptide chain with a free
amino group: defines the amino terminus of the
polypeptide

Ligase: An enzyme that catalyzes the joining of two
molecules.

Hydrolysis: A chemical reaction that involves the
reaction of a molecule with water: the process by
which molecules are broken into their constituents
by adding water.

Recombinant plasmid: An extra chromosomal,
independently replicating, small circular DNA
molecule: commonly employed in genetic engineering
DNA digestion: Enaymatic hydrolisys in DNA to
yield their simple components.
His-tag (Histidine-tag): Protein tag with a string
of six His residues.
LB (Luria- Bertani medium): Generic rich material
for celluar growth.
Column chromatography: Tool for protein
purification that uses a mixture or proteins added to
a column where a specific antibody binds its target
protein and retains it on the column while other
proteins are washed trough.
Mass spectroscopy: a technique in which
molecules are vaporized and then bombarded
by a high-energy electron beam, causing them to
fragment as cations.
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Glycoconjugate: A molecule that possesses
covalently bound carbohydrate components (e.g.,
glycoproteins and glycolipids)
Vector: A cloning vehicle into which a segment of
foreign DNA can be spliced so it can be introduced
and expressed in host cells.
S D S - PA G E ( S D S - p o l y a c r y l a m i d e g e l
electrophoresis): A method for separating proteins
or determining their molecular weights that employs
the negatively charged detergent sodium dodecyl
sulphate
C-terminal (carboxyl-terminal residue): The
only amino acid residue in a polypeptide chain with
a free carboxyl group.
Eluate: The influent from a chromatographic column
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