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Role of the biofilm matrix

S0 matrix perierms various

functions:
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Single species Enteric biofilm on glass - microcolonies
(Skillman, 1998)
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E. agglomerans GFP & Klebsiella G1 (Skillman, 1998)




Dual Species Biofilms

DUAL SPECIESBIOFILM SHOWING NEUTRAL INTERACTION
[L.C.Skillman,1998]




Composition of the Biofilm Matrix

VWater
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Matrix Polysaccharides




Biotilm Matrix Exopolysaccharides




Microbial Exopolysaccharides

Carbonyarate Composition

Organic and | nerganic substituents




Microbial Exopolysaccharides

Carnonydrate Composition

TVpical monesaccnarides: D-gIuCose,

D-galactose; D-mMannose; L-1uCose,; L -rnammnose;
D-glucurenic acia, D-galacturonic acid, -
guitrenic acia, D-mannurenicacia, N-acetyl-D-
glucosamiine; N=acetyl-D-galactosamine

May Deother rarer sugarse.g. Aminouronic acids ete.




Acid substituents found
Exopolysaccharides




Some Biofilm Exopolysaccharides
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Microbial Exopolysaccharides from
Gram Negative Bacteria

PlySical Properiies o1 pelysaccnarides
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Polysaccharide Heterogeneity

-

S1011M: may’ contaln morethan one
POlymEr may e PolyalSperse
Polymer may Vary In acylation
POlyMer may carry/ delective side-

cnalns

ENZymIc aegradation may’ occur




Natural families

I.e. Structurally related Exopolysaccharides
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Xanthans and Acetar
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Mutan the homopolysaccharide
from Streptococcus mutans




EPS from Klebsiella K& and K&2

3-B-D-GlcpA
1¢4
— [3-B-D-Glcp-(1—>3)-B-D-Galp-(1—>3)-a-D-Galp-1- ] =
12
1
a-D-Galp
Klebsella aerogenes K8
3-[3-D-Gl¢cpA <6-L-Glcp
1
4
— [3-B-D-Glcp-(1—>3)-B-D-Galp-(1—>3)-a-D-Galp-1-] =
12
0.CO.CH,

Klebsella K82




Hal oferax mediterranea EPS

l —> [-4--D-GlcpNACA-(1—> 6)-a-D-Manp-(1— 4)-- D-Glcp NacA-1-| —

N2
o)




Staphyl ecoccus epidermidis Biofilm
Exopolysaccharides

Polysaccharidel
|6-5-D-GlepNAC-(1 6)-5-D-GlepNAC-(1— 6)--D-Glep-N-(16)-5-D-GlcpNAc-(1 6)-[5-D-
GlcpNAc-(1—>

1 (Cationic)

Qi

Ratio: GlIcpNAc: GlcpN c.

Polysacchariae |l

f@ﬁ}r ~QJQ’ NAC-(1 6)-p-D-GlcpNAC-(1—>6)-- D-Glcp-N-(16)-[3-D-GlcpNAC-(1 6)-[5-D-

Ratio: GIcpNAC: GlepNi ¢. 16:1
Also contains: pnosphate and succinyill hall esters (Anionic)

S QR

Results off Mack et al. (1996) J. Bacteriol. 178, 175-83.




Colanic acid the exopolysaccharide from

E.coli, Salmonélla typhimurium and other
bacteria




The exopolysaccharide from benzene tolerant
Rhodococcus sp. 33

Pyr
46
/0]
—> 4)-[5-1D-Galp-(1-—>4)--D-Glep-(1-—>3)--D-Man p-(1-—>4)-5-D-GlepA(l—
Results oii Urai, M., Aizawa, T. Carbonydr. Res. 2006, 341, 616-623




Pselidomoenas aeruginosa alginate

No GulA-GulA sequences

O-Acetyl groups are attached to many of the D-mannuronoesyl residues




Typical Molecular Weights off EPS
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Multiple Polysaccharide Production by some
Gram Negative Bacteria

Bacterium Polysaccharides produced:
Azotobacter chroococcum Alginate and Type specific EPS
Erwinia amylovora Type specific EPS or Levan’
Escherichiacoli Type specific EPS* or  Colanic acid*
Ent. geroviae 1.15 Colanic acid type* and/or

Glucomannan*
Pseudomonas spp. Alginate or Levan'
Rhizobium méeliloti Succinoglycan* or Galactoglucan*
Rhizobium/Agrobacterium spp. Succinoglycan* or  Curdlan*
Staphylococcus epidermidis  Polysacch.|* Polysacch. | 1*

e - * (Oneor moresugar nucleotide precursors shared

+

e Only synthesised from sucrose




Factor s affiecting composition and
structure of the biofilm matrix

Nutritional environment - nutrient
availability, nutrient balance

Physical environment

Ql; AQQ - 21 ) P Q ht
Stress! €.g. diurnal variations, i light,




Determinant propertiesof EPSIn
the biofilm matrix
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Hydration - the water in the




Hydration and related eftects




Polysaccharide Properties

Inseluble — bacterial cellulose, mutan
Soluble (but highly: viscous) — colani
D UIUDIC \J,,, “‘i‘)“‘/ -uJJ,,u) G 0)tellbE
bacterial alginate

Highly soluble — various, low: mass
polysaccharides




Determinant physical properties
of EPSIn the biofilim matrix




Edinburgh University

Binary networks

Four types of binary networks can be
visualised. Type (a) consists of a single
polymer network containing a soluble
second component. Type (b) contains
two independent interpenetrating
networks. In type (c) both polymers form
independent networks, but these
networks are phase separated into
distinct regions. Intermolecular binding
between the two polymers to form a new
type of coupled network is shown in (d).




Factor s affiecting properties of
EPS in the biofilm matrix
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Effects of pyruvate ketal groups
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Effects of acetyl groups
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Factors affecting adhesive role
of EPS in the biofilm matrix




Protein: Polysaccharide Interactions




EPS:Protein Interactions in the
Biofilm Matrix




Biological interactions in biofilms
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Effects of matrix/antimicrobial
interaction

Selectively bactericidal - killing some but




Role of matrix EPS in maitial
adhesive interactions
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Biofilm Matrix Polysaccharides
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Matrix Exopolysaccharides in
Biofilms
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Interactions of matrix
polysaccharides

{0 exclusion o water




Phages and the Biofilm Matrix




Polysaccharide depolymerase




Effects of phage/bacterium interaction

IDisselution: of _'r_lo__r_lologous EPS e.g. Enteronacter
al JUJ OINENaNS or Ne p@lysagcha_r.lcl,e destruction e.g. E. Ol
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Bacterial cell lysis with release ol bacterial periplasmic &
cytosolic contents (may imclude turther polysaccharases
and lytic enzymes)

[Localised or generalised destruction oi the biofilm




Specificity & Products from Phage Enzymes

S

C o.r.r.l_r.r_lo.r.ll | 2 repeat units
)/ |
Usually / unaiitected by acyl groups

=
—
CU
=
|®
j_
s
(:"\
{ab
jas
o
X
jas
190
CU
195
O
=
—
O
—
e
L
C\)
tab
(:"\
k"\
e
(3%
jab
=
a
_—
CU
j_
S
fad
7%
QU
L




Bioiilm Properties
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Biological interactions in biofilms
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Biotilm bacterial types
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Biological interactions in biofilms

. In all these mteractions, EP'S will play a




Effects of bacterium/antimicrobial
interaction

Inhibition by EPS
Failure to reach target
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EPS:Protein Interactions in the
Biofilm Matrix

[Localised phase separation within the




Biotilm Enzyme Activities







The Edinburgh Biofilm Team

Karen Ta_w - dlsi.ﬁeua.ru [S/antimicrobials
(At Plymouth Marimne laboratory)
Joanne Greated - Stapn. epldermiadls

Se!

Lynn Kennedy - ever‘ /[Ll.l.r.l e
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(ILab Superintendant — Cambridge University: Stem Cell [Laboratory)
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