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Abstract

lubricants. Their compositions contribute to the viscoelastic properties of mucus secretions. Gel-forming mucins have now been

Mucins are large glycoproteins that have been identified as the main component of various biological gels and

identified in a variety of organisms from marine molluscs to humans and are thought to cover and protect epithelial cells from
attachment and entry of pathogens. We employed a new approach using a combination of tryptic digestion and the fractionation by
hydrophobic interaction chromatography to enable the isolation and purification of mucins from the Blue Blubber jellyfish,
Catostylus mosaicus. The purified proteins were stained with Alcian blue indicating extensive glycosylation. Amino acid composition
analysis of the purified protein found that it was enriched for Ala, Glu, Thr, Pro and Val residues (together constituting 93 mole % of
the protein), which is typical for mucins. Consistent with this, monosaccharide composition analysis revealed extensive O-linked
oligosaccharides with N-acetylgalactosamine (GalNAc), galactose (Gal) and N-acetylglucosamine (GIlcNAc) as major
monosaccharide constituents. The purified C. mosaicus mucins inhibited the attachment of an ocular Pseudomonas aeruginosa (Pa)
isolate (Paer6294) to human corneal epithelial (HCE) cells grown in vitro.

Keywords Jellyfish; Mucin; Anti-adherence; Oligosaccharides; Pseudomonas aeruginosa

Background

Jellyfish are found throughout the oceans and seas of
the world, ranging from the waters of the Arctic and
Antarctic through to the equator. At certain times of
the year they swarm in their millions causing
problems for the fishing, power generation, shipping
and tourism industries. In Eastern and Northern
seaboards of Australia the most common jellyfish is
the edible Rhizostome, Catostylus mosaicus (commonly
referred to as the Blue Blubber jellyfish).

Mucins belong to a family of glycoproteins that
contains a large amount of O-linked oligosaccharides.
These oligosaccharides are responsible for the
viscoelastic properties of mucous secretions and for
providing protection of the exposed epithelial surfaces
from dehydration, microbial invasion and physical

injuries (Vanklinken et al., 1995; Watanabe 2002).

Secreted mucins present in the ocular tear-film of
humans have been reported to help maintain fluid
viscosity and facilitate Iubrication of the eye by
retarding fluid evaporation and anchoring the aqueous
tear-film to the underlying cornea and conjunctival
surfaces (Argiieso and Gipson 2001; Davidson and
Kuonen 2004; Gipson et al., 2004). In addition,
mucins in tear fluid also protect against pathogens by
acting as decoy receptors for the binding of pathogens
to corneal epithelial surfaces (Mantelli and Argueso
2008). Human tear fluid which contains a mixture of
secreted and shed membrane-associated mucins, was
found to be protective against Pseudomonas
aeruginosa (Pa)’s colonisation in both cultured
corneal epithelial cells (Fleiszig et al., 2003) and in an
animal model where corneas were challenged with
cytotoxic Pa (Kwong et al., 2007). Epidemiologic
evidence suggested that conjunctiva mucin secretion
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may be impaired in various disorders affecting the
ocular surface including dry eye syndrome, Sjogren’s
syndrome as well as other types of ocular surface
trauma. For
syndrome showed a significant decrease in mucin
MUCS5AC mRNA in a conjunctival epithelial sample
and associated reduction in MUCSAC protein in tear
samples (Argiieso et al., 2002).

example, patients with Sjogren’s

Mucins have recently been extracted from jellyfish.
Masuda et al (Masuda et al., 2007) reported isolation
and characterization of a novel jellyfish mucin named
gniumucin or Q-mucin, with structural similarity to
the human MUCS5AC mucin. Q-mucin contains
unique tandem repeat regions composed of 8 amino
acids with a consensus sequence of Val-Val-Glu-Thr-
Thr-Ala-Ala-Pro and is heavily glycosylated through
N-acetylgalactosamine (GalNAc) O-linkage to the two
Thr residues in the tandem repeat. Mucins in general
may have potential for wider commercial applications
due to their moisture retention, high viscosity and
lubrication abilities. For example, they are considered
to be potent protective coating substances for use in
the field of biomaterials (Chen et al., 2004; Sandberg
et al., 2009) due to their resistance to proteolytic
degradation and ability to aggregate and form
lubricating gels. They are also generally bio-
compatible and non-toxic. However, the extensive
post-translational modifications of mucins make their
synthesis through recombinant protein expression
systems very difficult. Moreover, current utilisation of
mucins is limited because of the difficulty in
extracting and isolating sufficient quantities from most
animals. These extractions also typically employ toxic
substances such as guanidium chloride (Berry et al.,
2003), acetone (Adikwu 2005) or a large amount of
ethanol (Masuda et al., 2007). Suitable extraction
procedures for marine mucins such as those from
jellyfish, molluscs and squids, which do not involve
the use of toxic substances and can be scaled up to
factory production level may pave the way for
utilising these mucins in the pharmaceutical, food and
cosmetics industries. Here we report the extraction,
composition analyses and microbial anti-adhesion
activity of C. mosaicus mucins.

1 Results

1.1 Isolation and purification of C. mosaicus mucins
Mucins were extracted from C. mosaicus bell tissue
(i.e. the umbrella-shaped body) of healthy jellyfish
(Figure 1A). Figure 1B summarizes the steps used in
the purification of bell mucin. Following tissue
homogenization and sonication, proteins in the supernatant
were concentrated by ultra-filtration followed by dialysis
against 20 mmol/L Tris-HCI (pH 8.0). During this
process, approximately 60% of the non-mucin
proteins and a blue pigment precipitated and were
subsequently removed by centrifugation (Figure 2,
lane B). Extensive glycosylation and the lack of
lysine and arginine (specificity determinants for
trypsin cleavage) in the repeat domain of previously
characterized Q-mucin (Masuda et al., 2007) suggested
that C. mosaicus mucin could be trypsin-resistant
whereas most other non-mucin-like proteins would
be digested by trypsin. Therefore, the supernatant
(Figure 1B, supernatant 2) was subjected to tryptic
digestion followed by hydrophobic interaction
chromatography (HIC). When the break-through
fractions from the HIC column were analysed by
sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE), a large trypsin- resistant
(120~300 kD) diffuse band was observed which was
strongly stained by Alcian blue (Figure 2, lane C) and
poorly with silver or Coomassie blue (data not shown).
These staining properties are typical of mucins (Sando
et al.,, 2009). The diffuse nature of the SDS-PAGE
band may be due to anomalous electrophoretic
behavior caused by substantial glycosylation, which is
also characteristic of mucins.

We also attempted to purify mucin proteins from the
mucus-like exudate released from the jellyfish when
suspended in air (Figure 1C). This exudate was
characterized by high viscosity and high lubrication
abilities (data not shown). Initial dialysis of the
concentrated exudate against Tris-HCl (pH 8.0),
150 mmol/L sodium chloride produced a pale light
blue precipitate constituting of approximately 30%-~
40% of the total protein in the sample, which was
removed by centrifugation. The supernatant was
tryptic followed by
ultrafiltration (Figure 1C). The presence of protein

subjected to digestion
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Ultrafiltration YM 10 (23 mL)
Dialysis Tris pH 8.0
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Supernatant 2 (23 mL)
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Figure 1 Outline of the experimental steps involved in the extraction and purification of jellyfish mucins

Note: Mature Catostylus mosaicus jellyfish showing bell and tentacles (permission to use from Oceanwidelmage.com, NSW,

Australia). Animals with a bell diameter of over 23 cm weigh in excess of three kilograms, with 60% of the weight as tentacles; A:

Bell, umbrella-shaped body of jellyfish; B: purification of bell mucin; C: Purification of exudate mucin

was checked by SDS-PAGE. Based on the SDS-PAGE
and the Alcian blue staining profiles of the trypsin
digested exudate (Figure 2, lane D), the presence of a
mucin-like protein could not be confirmed despite the
extract’s consistency. No attempt was made to further
characterize this material. It is possible that non-
proteinacious material could have been responsible for
the mucin-like physical properties of the exudate.

The protein concentrations in the bell mucin and
exudate mucin extracts were initially determined by
using the BCA protein assay with bovine serum
albumin as the standard (Pierce Biotechnology IL.,
USA). This yielded figures of 2.5 mg/jellyfish and

23 mg/jellyfish, respectively. However, this assay may
have underestimated the true protein concentration of
purified mucins due to their low Trp, Tyr and Cys
amino acid contents (Chen et al., 2008). To better

determine the yield of mucin, the bell mucin and the
exudate mucin were extensively dialyzed against
distilled water and a standard volume of each was
freeze-dried and their weights measured. These
estimates indicated that the yield of purified bell
mucin was 72 mg/jellyfish or 0.008% of the bell tissue
wet weight. The yield of exudate mucin was 391 mg/
jellyfish or 0.09% of the total jellyfish wet weight.

1.2 Amino acid and monosaccharide compositions

Analysis of the monosaccharide composition of the C.
mosaicus bell mucin revealed very high carbohy-
drate content (>50% of the dry weight) with N-acety-
lgalactosamine (GalNAc), galactose (Gal) and N-ace-
tylglucosamine (GIcNAc) as major constituents, and
minor amounts of mannose and sialic acid (Table 1).
The prevalence of GalNAc, in particular, is consistent
with extensive O-linked glycosylation. The excess of
GalNAc compared with other monosaccharides indicates
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Figure 2 SDS-PAGE analysis of jellyfish mucin

Note: The relative molecular mass and purity of mucin samples
were determined using SDS-PAGE; The proteins were resolved
by gradient 6%~18% acrylamide gels, visualised by first
staining with silver followed by a counter-stain with 1% Alcian
Blue; A: molecular weight standards; B: bell protein extract
following dialysis (supernatant 2 in Figure 1A); C: purified bell
mucin after tryptic treatment and HIC purification; D: jellyfish
exudate mucin after tryptic digestion; The arrow indicates

diffuse blue staining mucin bands

that there is substantial O-linked glyco- sylation with
only this monosaccharide. The presence of sialic acid
is consistent with the alcian blue staining of the mucin
and its poor affinity for hydrophobic interaction
chromatography. The presence of smaller amounts of
N-acetylglucosamine (GIcNAc) and mannose may
indicate the existence of either more complex
O-glycans or a of  N-linked
oligosaccharides. The amino acid composition of the

small quantity
bell mucin was heavily biased with five amino acid
residues. Indeed, the sum of Thr, Ala, Val, Pro and Glu
residues accounted for 93% of all amino acids (Table 1).
An abundance of Thr, Ala, Pro and Glu residues is
typical of most mucins (Chen et al., 2008). The
approximate equimolar quantities of Thr, Ala, Val and
to a lesser extent Pro suggests repetitive tetrapeptide
or pentapeptide (if Glu is also included) core
structures. This biased composition is also consistent
with the tandem octapeptide amino acid composition
present in Q-mucin (Masuda et al., 2007). The minor
amounts of Lys and Arg reflected the resistance of this

mucin to trypsin digestion.

1.3 Inhibition of bacterial adhesion

To test for bacterial adhesion inhibition activity of the
jellyfish mucins, we carried out experiments using the
human corneal epithelial (HCE) cell line grown in cell
culture and an ocular isolate of Pseudomonas
aeruginosa (Paer6264-GFP). Table 2 shows the effects
of bell mucin, exudate mucin and bovine MUCI1 on
the adhesion of Paer6294-GFP to HCE cells following
preincubation of the mucins with the bacteria. Bell
mucin was the strongest inhibitor of bacterial binding
to HCE cells compared to exudate mucin and bovine
MUCI. The latter mucin was prepared from bovine
milk and has been previously shown to interfere with
the binding of bacteria to various animal cells grown
in culture (Parker et al., 2010). The number of adhering
bacteria was reduced from 10.5x10° cells in the
control to 1.4x10° cells when 100 pg/mL of bell
mucin was used in the assay, i.e. 86% inhibition. The
result also suggested that bell mucin has more
anti-bacterial adhesion activity than bovine MUCI.
The exudate mucin showed both the rheological
properties of mucus (data not shown) and considerable
inhibition (26%~55%) of bacterial binding to HCE
cells (Table 2).

Sugars attached to the mucins are the likely candidates
binding bacteria and preventing their attachment to
HCE cells. Therefore we tested whether the major
monosaccharides found in C. mosaicus bell mucin
could modulate bacterial binding to HCE cells. When
GalNAc,
concentrations in the bacterial adhesion assay, both
GalNAc and Gal, were able to inhibit bacterial
adhesion to HCE cells (Table 3). Binding of bacteria
to HCE cells was not affected by Glc.

Gal and Glc were used at varying

2 Discussion

In this study we isolated bell mucin from the blue
blubber jellyfish, C. mosaicus, using a combination of
trypsin resistance to digestion and hydrophobic
interaction chromatography. C. mosaicus bell mucin
has high molecular mass (120~300 kD) with
oligosaccharides contributing more than 50% of the
molecular mass of the glycoprotein (Table 1 and
Figure 2). Amino acid and monosaccharide compositional

-4 -



Bioscience Methods

BM 2011, Vo.2,No.4,21-30 http://bm.sophiapublisher.com

Table 1 Amino acid and monosaccharide compositions of purified C. mosaicus bell mucin

Amino acid Compositiona (%) Monosaccharide Mole (%)
Serine 1.9 GalNAc 53.5
Arginine 0.3 GlcNAc 15.0
Glycine 0.5 Fructose 0.0
Aspartic acidb 0.5 Galactose 19.7
Glutamic acidb 10.0 Glucose 0.02
Threonine 24.8 Mannose 6.9
Alanine 229 Sialic acid 4.6
Proline 15.0

Lysine 0.3

Methionine 0.4

Valine 20.5

Isoleucine 1.7

Leucine 0.9

Phenylalanine 0.3

Note: a: pmole mucin amino acid/total mucin amino acidx100%, where total mucin amino acids is the sum of mucin amino acids
(except for cysteine, tryptophan and tyrosine); b: asparagines and glutamine are recovered as their acid form: aspartic acid and

glutamic acid, respectively

Table 2 Effects of C. mosaicus mucins on the adhesion of P. aeruginosa (Paer 6294-GFP) to human corneal epithelial cells grown in culture

Protein Final Concentration (pg /mL) Number of adhering bacteriax 10> Inhibition® (%)
C. mosaicus bell mucin 0.00 10.5+0.5 -
25.00 42+0.1 60.0
50.00 22+0.2 79.0
100.00 14+0.5 86.7
C. mosaicus exudates mucin 0.00 10.5+0.5 -
31.25 7.7+2.0 26.0
62.50 6+0.8 423
125.00 54+1.2 48.1
250.00 46+0.5 55.8
Bovine milk MUC1 0.00 6.5+04 -
100.00 44+04 323
BSA 0.00 6.5+0.4 -
100.00 6.4+0.7 1.5

Note: a: Mean number from two independent experiments (each with four replicates )+SE; b: [(number of adherent bacteria of

control-number of adherent bacteria of test sample)/number of adherent bacteria of control]x100%

analyses are consistent with a protein composed of indicative of a possible elongation of the carbohydrate
tandem repeats containing Val, Thr- GalNAc+ (+ is chain), Ala, Pro and Glu residues with an approximate
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Table 3 Effects of various monosaccharides on the adhesion of P. aeruginosa (Paer 6294—GFP) to human corneal epithelial cells

grown in cell culture

Monosaccharide Concentration (mmol/L) Number of adhering bacteriax105 Inhibition (%)
D-galactose (Gal) 0.00 11.5+£0.4 -
6.25 74+£24 35.7
12.50 6.0£0.8 47.8
25.00 7.4+0.6 35.7
N-Acetylgalactosamine 0.00 11.5+04 -
(GalNAc) 6.25 8.0+0.8 304
12.50 6.5+0.1 43.5
25.00 6.5+1.1 435
D-glucose (Glc) 0.00 11.5+04 -
6.25 11.8+04 0.0
12.50 11.6 £ 0.1 0.0
25.00 11.5+0.5 0.0

ratio of 2:2:2:1:1. The results are similar to the amino
acid and major monosaccharide constituents of
Q-mucin (Masuda et al., 2007). The presence of minor
amounts of mannose and sialic acid in C. mosaicus
bell mucin (Table 1) indicated the existence of more
complex O-linked glycans and/or N-linked glycans. In
contrast, the oligosaccharides of Q-mucin contained
no sialic acid (Uzawa et al., 2009). Urai et al (Urai et
al., 2009) has further characterised the glycan
components of Q-mucin and found a unique
monosaccharide, 2-amino-ethyl phosphonate (2AEP)-
(6)-GalNAc, using a combination of NMR and
ESI-MS/MS. This unique O-glycan was not detected
by us. However, the ester bond of 2AEP—-(6) ~GalNAc
could not be cleaved by hydrazidation or the
hydrolysis method that we used in our mono-
saccharide compositional analysis. The elution
property (e.g. retention time on HPLC) of this new

2AEP-(6)-GalNAc is very similar to that of GIcNAc.

Therefore it is possible that some or all of the bell
mucin GIcNAc may represent this new structure.
C. mosaicus bell mucin stained strongly with Alcian
blue which is sensitive to acidic sulfonic and carboxy

groups. The presence of sialic acid is consistent with
this staining pattern. Further research is needed to cha-
racterise the full spectrum of glycans on C. mosaicus
bell mucin.

Jellyfish mucins have high amino acid compositional
and sequence similarity to the human MUCSAC
mucin (Masuda et al., 2007), although they appear to
contain no (or minimal) Ser residues in any repeat
structure. MUCSAC comprises the majority of mucins
in the conjunctiva tissue and secretion and in human
tear fluid (Argiieso et al., 2002; McKenzie et al., 2000;
Jumblatt et al., 1999). MUCSAC are present at much
higher levels in human conjunctiva epithelia than
those for the secreted mucin MUC2 (McKenzie et al.,
2000), and it may be implicated in common eye
disorders. MUCSAC mRNA expression in eyes of
patients with atopic keratoconjunctivitis (Dogru et al.,
2008) and in tears of patients with Sjogren syndrome
(Argiieso et al., 2002) was reduced compared with
those of healthy individuals. In addition, MUCSAC
mRNA production is up-regulated in response to
P. aeruginosa and its exoproducts (Li et al., 1998).
The current hypothesis regarding mucin function and
tear film structure is that the secreted mucins, such as
MUCSAC, are part of the “first-line defence” barrier
that prevents pathogens from traversing the mucosal
barrier (Davidson and Kuonen 2004; Mantelli and
Argiieso 2008). Our study has demonstrated that
jellyfish mucins possess potential binding sites for
P. aeruginosa and prevent its binding to epithelial
cells grown in cell culture. There has been increasing
interest directed toward the protective properties of
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mucins as a barrier against bacterial attachment to
epithelial cells (Alemka et al., 2010; Bergstrom et al.,
2010) and the mechanisms by which bacteria can
utilise these mucin glycoproteins to facilitate adhesion
and colonisation (Vieira et al., 2010; Linden et al.,
2009). Our results show that GaINAc and Gal inhibit
adhesion of Paer6294-GFP to cultured corneal
epithelial cells and suggest that the interaction
between bell mucin and P. aeruginosa is glycan-
mediated. This observation is consistent with previous
studies reporting that the sugars GalNAc and Gal,
typically associated with mucins, bind to P. aeruginosa
pilus adhesions (Sheth et al., 1994; Ramphal and
Arora 2001). However, different P. aeruginosa strains
are known to exhibit different binding specificities to
mucins (Aristoteli and Willcox 2001) and some sugar
structures on mucins may be more favourable for
bacterial adhesion (Abbeele et al., 2009; Laparra and
Sanz 2009). Our results support this notion. Bovine
MUCI1 (21% GalNAc, 35% sialic acid) (Sando et al.,
2009) showed very strong binding activity to enteric
bacteria such as Escherichia coli and Samonella
typhimurium (Parker et al., 2010) but bound less
effectively to P. aeruginosa than C. mosaicus bell
mucin (54% GalNAc, 5% sialic acid) (Table 2).
Understanding the specific
bacteria and mucins is required in order to optimise

interaction between

their protective binding properties.

Jellyfish are an untapped resource of easily harvested
mucins and other bioactives such as collagen,
phospholipids and sphingophosphonolipids. Mucins
are found in abundance and in almost every organ of
jellyfish (Masuda et al., 2007) and we have
demonstrated here that a considerable amount of
mucin could be harvested from jellyfish (0.01% wet
weight for bell mucin). Interestingly, the crude exu-
date which requires very simple and low cost extra-
ction can yield a very high amount (0.1% wet weight)
of material (presumably complex oligosaccharides)
that have high bacterial adhesion inhibitory activity.

Our understanding of the biological functions of
jellyfish mucin is rudimentary. Jellyfish are known to
secret mucus to help clean their surface and to

discourage attacks by predators (Hanaoka et al., 2001).

In addition and like their mammalian counterparts,

mucins secreted by jellyfish together with their
interacting proteins may function to mediate various
cellular activities to enhance physical protection,
enhance tissue integrity and enhance non-immune host
defence (Senapati et al., 2010). These activities allow
the jellyfish to survive in their aqueous habitat.

In conclusion, a new and simple protocol was devised
to isolate mucins from jellyfish. Both the highly
purified material from bell and the crude exudate
mucins showed anti-bacterial adherence effects when
tested using an ocular isolate of P. aeruginosa. The
anti-Pseudomonas adhesion property of C. mosaicus
bell mucin probably occurs via interactions involving
bacterial proteins and the carbohydrate moieties of the
mucin. Jellyfish may be rich sources of novel mucins
exhibiting many different biological and mechano-
physical activities.

3 Materials and Methods

3.1 Jellyfish

Mature healthy Catostylus mosaicus specimens were
collected from the clear waters of Moreton Bay,
Queensland during the height of their spawning cycle
(October/November). The jellyfish were drained of
excess sea water and transported to the laboratory
where the tentacles and the bell were separated prior
to freezing at —20°C. External mucus-like fluid
(exudate) released from the jellyfish during transport
to the laboratory, was also collected and frozen at —20°C.

3.2 Mucin extraction from jellyfish bell

Two frozen bells (total weight 1 900 g) were thawed,
homogenised for 2 min using an Ultra-Turrax homo-
geniser (Janke and Kunkel laboratories, Germany)
and sonicated (Misonix Incorporated NY, USA) in
4x450 mL aliquots using a 7.0 mm probe for 30 s at
maximum power. To prevent proteolysis and microbial
growth, benzamidine hydrochloride (Sigma-Aldrich,
Australia), EDTA and sodium azide were added to the
homogenate to a final concentration of 1 mmol/L,
1 mmol/L and 0.04%, respectively and the sample
centrifuged at 70 000xg for 40 min at 4°C. The super-
natant was concentrated by ultra filtration YM 30
(Millipore Corp, MA, USA) to 100 mL prior to exten-
sive dialysis against 20 mmol/L TrisHCI (pH 8.0). The
sample was again centrifuged as above to remove the
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resultant heavy blue precipitate and the total protein
content of the clear supernatant determined by using
the BCA assay (Pierce Biotechnology, IL, USA).
Trypsin (Porcine, Sigma-Aldrich) was added at an
enzyme to substrate (Figure 1, supernatant 2) ratio of
1:20 to the concentrated supernatant and the solution
digested for 3 h at 37°C. Digestion was halted by the
addition of benzamidine hydrochloride, EDTA (and
sodium azide) as indicated above and the solution
further concentrated to a final volume of 36 mL. This
strategy relies on the relative resistance of mucins to
tryptic digestion.

3.3 Hydrophobic interaction chromatography (HIC)
15 mL (packed column volume) of high substitution
Phenyl Sepharose (GE Healthcare USA) was used to
fractionate the soluble extract. The trypsin digested
concentrate was dialysed against 50 mmol/L sodium
phosphate (pH 7.0), 0.8 mol/L ammonium sulphate
and applied to the column in 6x6 mL aliquots. The
break-through fractions were collected, pooled and
bound proteins recovered from the resin with a 10 mL
pulse of 50 mmol/L sodium phosphate (pH 7.0).
SDS-PAGE was performed on all fractions collected
from the HIC column to confirm the presence of
trypsin-resistant  proteins. Pooled break-through
fractions from the HIC purification were dialysed
against PBS and used for compositional analyses and
bacterial adhesion assays. The protein in the break-
through fractions stained strongly with Alcian blue
after SDS-PAGE and hence it was called bell mucin.

3.4 Protein extraction from external mucus-like
fluid (exudate mucin)

Nine hundred ml of external mucus-like fluid, released
from the jellyfish during collection, was thawed and
concentrated to 46 mL by using an ultra filtration YM
10 (Millipore Corp). The concentrate was dialysed
against 50 mmol/L Tris-HCI (pH 8.0), 150 mmol/L
sodium chloride and any precipitant removed by
centrifugation (70 000xg, 40 min, 4°C). The total
protein content of the supernatant was determined
using the BCA assay (Pierce Biotechnology), and the
sample was then digested with trypsin as described
Digestion was halted by addition of
benzamidine hydrochloride, EDTA (and sodium azide)
at final concentrations as indicated above and then the

above.

sample was concentrated to 23 mL, dialysed against
phosphate buffered saline (PBS) and frozen at —20°C.

3.5 Amino acid and monosaccharide compositional
analyses

For amino acid and monosaccharide compositional
analyses, the HIC break-through fractions rich in
mucin-like protein were pooled, dialysed against
50 mmol/L TrisHCI (pH 8.0), 150 mmol/L sodium
chloride and further purified by gel permeation
chromatography (GPC) on a TSK-Gel G3000SW
7.5 mmx30 cm column (Tosoh Corporation Japan).
Fractions eluting in the void volume were collected,
pooled, concentrated and dialysed against distilled
water and amino acid analysis performed by the
Australian Facility Ltd.,
(Macquarie University, Sydney, Australia) using stan-
dard protocols (Sando et al., 2009). Cys and Trp
contents were not determined. Monosaccharide com-
positional analysis was determined by the Glyco-
technology Core Resource Facility, (University of

Proteome  Analysis

California, San Diego, USA) using chromatographic
techniques (Sando et al., 2009).

3.6 Bacterial culture

A corneal isolate of P. aeruginosa (strain Paer6294-
GFP) was used in the study. This strain was originally
isolated from an infectious corneal ulcer (Aristoteli
and Willcox, 2001) and then engineered to harbour a
plasmid expressing green fluorescent protein (GFP)
(Christensen et al., 2007). This allowed the detection
of bacteria by fluorescence. The strain was taken from
—-86Cstorage and subcultured once on chocolate
blood agar plates (Micro Diagnostics, Brisbane, QLD,
Australia) containing 200 ug/mL carbenicillin at 35°C
for 18 h. The day before use, bacterial colonies were
resuspended in 0.01 mol/L PBS (pH 7.4). They were
then centrifuged at 3 000xg for 10 min, washed once
with PBS, pelleted and resuspended in Minimum
Essential Medium Eagle (MEM, Life Technologies,
Grand island, NY, USA) supplemented with 0.6%
(w/v) bovine serum albumin (BSA, Sigma-Aldrich)
and 0.035% (w/v) NaHCOs;.

3.7 Cell culture
Human corneal epithelial (HCE) cells were cultured
in modified SHEM (supplemented hormone epithelial
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medium) which is MEM supplemented with 5%~10%
(v/v) foetal bovine serum (FBS), 1.5 mmol/L L-glutamine
(Invitrogen), 50 pg/mL gentamicin (Invitrogen), 1 ug/mL
of cholera toxin (Sigma-Aldrich, St Louise, MO,
USA), 0.1 pg/mL of murine epidermal growth factor
(Sigma-Aldrich) and 5 pg/mL insulin from bovine
pancreas (Sigma-Aldrich). Monolayers of HCE cells
were grown at 37°Cin a humidified atmosphere of 5%
CO; in Tps or Tys tissue culture flasks (Becton-
Dickenson Labware, Oxnard, CA, USA).

3.8 Bacterial adhesion assay

100 pL of 5x10° colony forming units (CFU)/mL
Paer6294-GFP was mixed with 100 pL of serially
diluted mucins (50~200 pg/mL for bell mucin or
62.5~500 pg/mL for exudate mucin). The bacteria
were allowed to bind to mucin at 20°C for 2 h with
agitation. The mixture (100 pL) was then added to
HCE cells (1x 105/we11) grown in black 96—well plates
(Greiner Bio-One GmbH, Germany), and allowed to
incubate at 37°C for 1 h. BSA at the highest
concentration of mucin (100 pg /mL) was used as the
negative control. All assays were performed in
duplicate and the experiment repeated twice. Unbound
bacteria were removed by washing the wells with PBS
(x2) and the GFP fluorescence intensity of each well
was measured (emission 535 nm, excitation 485 nm)
using a Tecan SpectroFluor Plus. The numbers of
adherent Paer6294-GFP in the wells were interpolated
from a standard curve, which was run with each
experiment. Briefly, 100 pL serial dilutions of Paer6294-GFP
(100x10°, 50x10°, 25x10°, 12.5x10°, 6.25x10°,
3.12x10°, 1.56x10° and 0.78x10° CFU/mL) were
transferred in duplicates into a black 96-well plate
containing 1x10°/well of HCE cells. The bacteria were
allowed to bind to the cells at 37°C for 1 h after which
the cells were washed twice with PBS and the
fluorescence data were measured. A standard curve
was created by plotting the mean fluorescence data for
each concentration against bacterial concentration.

3.9 Monosasccharide inhibition

The monosaccharides used in this assay represented
those major monosaccharides present on bell mucin as
determined by the compositional analysis described
above. They were tested in a bacterial anti-adhesion
assay. D (+) galactose (Gal), N-acetylgalactosamine

(GalNAc), and D (+) glucose (Glc) (Sigma-Aldrich)
were prepared as 50 mmol/L, 25 mmol/L and
12.5 mmol/L solutions in PBS. 200 pL of each
mono- saccharide solution was incubated with 200 pL
of Paer6294-GFP (1x10° CFU/mL) in MEM in the
wells of a 24—well plate and then incubated for 1 h at
20°Cwith gentle shaking. Following this incubation,
100 pL of the Paer6294-GFP and monosaccharide
mixture was applied to HCE cells (seeded at 2.5%
10°/well) and incubated for 1 h (37°C, 5% CO,) in a
96-well plate. Following 3 washes with MEM,
fluorescence intensities in wells were measured and
the number of adherent bacteria was calculated from a
standard curve, constructed as described above.
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