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F
ood, food everywhere but not 
a morsel to eat. This is the
common perception of proto-
zoan participation, or the lack
of it, in biofilm dynamics.
The reason for this is that

when bacteria attach to surfaces they
notoriously coat themselves in a sugary
gelatinous matrix, which has always
been considered impenetrable to
grazers. But many protozoa can break
through the matrix and consume the
prey within. But is the grazing of these
sticky, sweet bacteria always good for
protozoa or does the sugar-coating
conceal hidden dangers?

What are protozoa?
Protozoa are the most beautiful micro-
bial creatures on earth, but I am biased.
After spending 3 years of a PhD count-
ing actinomycete colonies and phage
plaques on agar plates, I often think I
was just easily pleased when I saw my
first protozoan under the microscope.
But 14 years later I am still as excited to
see them as I was on that first day. The
literal meaning of protozoa is ‘first
animals’ and although some of these
single-celled eukaryotes are totally
photosynthetic (algae), most of them
are heterotrophic, i.e. they consume
particulate prey, especially bacteria.
Their role in water (plankton) as the
major predators of bacteria is un-
disputed and their ability to excrete

waste products such as ammonium and
orthophosphate is known to feed
bacteria in nutrient-poor environ-
ments. Whether protozoa perform a
similar role in surface-associated
communities (biofilms) remains to be
seen.

Protozoa are normally between 5 and
200 µm in size and exhibit a variety of
mechanisms to capture their prey. This
has led to a considerable diversification
of protozoan morphologies, but for
simplicity’s sake, they can be divided
into three groups; flagellates, ciliates
and amoebae.

Flagellates and ciliates
The flagellates possess one or more
flagella which are used for swimming
and the creation of feeding currents.
Water, containing prey, is drawn
towards the base of the flagellum where
they are ingested via cytoplasmic
extensions known as pseudopodia. 
The prey is then deposited into food
vacuoles. Some flagellates have a 
collar of tentacles at the base of the
flagellum which only allows the
smallest of prey particles to pass
through. Many flagellates attach to
surfaces by means of a stalk, allowing
more effective use of their flagellum/
flagella to produce larger feeding
currents than if swimming. Flagellates,
due to their small size (5–20 µm), are
considered the dominant predators of

� Coloured SEM of a freshwater ciliate
protozoan (Stentor). The trumpet-like
opening is surrounded by a rim of cilia (not
seen). The cilia beat to create a current of
water that draws food in, e.g. bacteria
(purple). WG / Science Photo Library
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Many protozoa can get through

the sugary matrix of a biofilm and

feed on the bacteria inside. What

seems like a sticky end may in fact

be a means for some bacteria to

exploit the grazing organisms for

their own benefit, as Jackie Parry

explains.

Sugar-
coated

bacteria:
wolves in
sheeps’

clothing?



pathogens with a route to the safe haven
they desire.
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protozoan close by, particularly if they
have an ulterior motive.

The potential wolves
Certain pathogenic bacteria are known
to avoid the digestive mechanisms of
protozoa either by escaping from the
food vacuole and replicating in the
protozoan cytostol, e.g. Listeria, or by
blocking the digestive processes and
multiplying within the food vacuole
itself, e.g. Legionella. Other bacteria
appear to resist the complete digestive
cycle and are excreted as viable, ‘super-
tough’ forms, e.g. some coliforms.
Either way, being inside a protozoan
cell provides a positive aspect to the life
of these bacteria by protecting them
from the harsh environment outside. In
addition, protozoa might have played
an important role in the evolution of
these pathogens in that, if a bacterium
can develop a mechanism to avoid

protozoan digestion in the wild, it
should also be able to avoid digestion 
in the macrophages of the immune
system. The protozoan–pathogen
relationship does appear to be one-
sided though, and the protozoa gain
nothing, they just waste energy on
processing a non-digestible prey or 
are lysed when bacterial progeny are
released from their cell. If cell–cell
signalling does occur between bacteria
and protozoa then surely they would be
able to detect a non-profitable prey,
avoid it and feed only on profitable
(digestible) prey – unless the prey was
not what it seemed. Pathogen densities
are notoriously higher in biofilms than
in the surrounding water and maybe 
by being part of this mixed bacterial
community, with all its many signals,
the protozoa are tricked into thinking
they are palatable. Thus sugar-coating
themselves may indeed provide these

� Coloured SEM showing a ciliate protozoan, Didinium (brown), in the process of attacking
another ciliate protozoan, Paramecium sp. (blue). Eye of Science / Science Photo Library

� Far left EM of a natural biofilm which developed on sandpaper after 5 days incubation in Lake
Carter, Lancaster University. The image shows a cluster of flagellated protozoa (10 µm in length)
on the surface of the biofilm matrix. It can be clearly seen that the majority of bacteria are
embedded in the extensive matrix, although some are more loosely associated with the surface.

� Left A naked amoeba which has ingested a number of photosynthetic bacteria (Synechococcus)
and deposited them in its food vacuoles. This image shows the amoeba under visible light and
the prey under green light, which causes the prey’s inherent chlorophyll a to fluoresce red.

bacteria in aquatic systems
with ingestion rates of 2–300
bacteria per flagellate per
hour.

The ciliates are another
protozoan group that feeds 
effectively on bacteria in
suspension, but their larger
cell size (15–200 µm) allows
them to exploit more prey
types such as algae, flagellates
and other ciliates. Ciliates are morphologically diverse and
possess cilia for swimming and creating water currents, which
draw prey to the oral area (cytostome) where they are then
deposited into food vacuoles. Once again, ciliates can attach
to surfaces and produce extensive feeding currents, some-
times yielding ingestion rates in excess of 1,000 bacteria per
ciliate per hour.

The impact of flagellates and ciliates on biofilm-associated
bacteria, in the main, appears to be one of disruption. Their
active movement and large feeding currents generate a 
significant disturbance that dislodges bacteria from the
biofilm, releasing them into suspension where they are 
eaten, i.e. a ‘slough and feed’ response. They are therefore
thought to be important in defining the topography, and
subsequent stability, of natural biofilms.

Amoebae
Amoebae cannot feed effectively on suspended prey, but 
are known to feed on attached bacteria. The naked 
amoebae move by projecting pseudopodia and crawling, 
and are more associated with surfaces than free-floating in 
the plankton. They envelop their prey within pseudopodia
before enclosing them in a food vacuole. Some amoebae 

are housed in a shell (testate
amoebae) and protrude
sticky extrashellular cyto-
plasm which trap prey before
bringing them to the main
body of the cell where they
are ingested. Amoebae are 
not fast-moving and do not
disrupt the biofilm to any-
thing like the extent of
flagellates and ciliates. Many

workers have confused amoebae with multicellular rotifers,
which possess trophy and can nibble/grasp biofilm stacks. 
But the amoebae cannot do this and appear to just sit on top 
of the biofilm as it grows and patiently ingest the sugar-coated
prey beneath. Amoebic grazing rates on attached bacteria,
either as naked or alginate (sugar)-coated cells, range from 
0.2 to 1465 bacteria per amoeba per hour, which are 
very significant.

So, in essence, all protozoa have the ability to consume
sugar-coated bacteria – either directly from the surface or via a
‘slough and feed’ mechanism. The question now arises as to
whether these predators are influenced by the composition of
the sugar-coating or can they detect the prey inside, possibly
via cell–cell signalling mechanisms? Studies regarding the
effect of prey ‘smell’, and subsequent ‘taste’, on protozoan
ingestion are non-existent but exciting work at the Plymouth
Marine Laboratory shows that different bacterial strains can
signal (‘talk’) to the eukaryotic zoospores of Ulva, as described
on p. 14; either saying ‘come and settle next to me’ or ‘go 
away and don’t settle next to me’. It would be interesting to see
if bacteria could also ‘talk’ to the eukaryotic protozoa in a
similar way. Your first thought might be that they should 
all say ‘go away and don’t eat me’, but some might want a
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If a bacterium can develop a
mechanism to avoid digestion
in the wild, it should also be
able to avoid digestion 
in the immune system


