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T
he lifestyle of the bacterial predator Bdellovibrio 
bacteriovorus bears a striking resemblance to the 
creatures in the Alien movies. Propelled by its long 
polar flagellum, this nanoscale killer swims about 
randomly until it encounters a prey bacterium. When 
it finds and identifies a prey cell, the bdellovibrio 

predator burrows through the outer membrane and takes 
up residence in the prey periplasm, sealing off the outer 
membrane behind it. The bdellovibrio excretes a variety of 
enzymes to digest the prey cell, growing larger and larger 
as it breaks down and assimilates the prey cytoplasm. At 
this stage in the life cycle the growing predator protected by 
the carcass of its prey is called a bdelloplast. When the prey 
cytoplasm is totally devoured, the predator cell divides into 
progeny cells that lyse the outer membrane and swim away 
to find some new cell to consume.
 B. bacteriovorus consumes a wide variety of Gram-negative 
prey, but is harmless to other bdellovibrios, Gram-positive 

bacteria and eukaryotes. Because of this broad yet specific 
spectrum of target organisms, the role of bdellovibrios in 
the environment and potential applications in industry, agri-
culture and biodefence are of particular interest. In the past 
couple of years, we have explored the predator’s behaviour 
at interfaces and surfaces with an eye towards examining 
its role in biofilms and other complex microbiological 
communities. Atomic Force Microscopy (AFM) has proved 
especially useful in exploring the interaction of bdellovibrios 
with prey in these environments.

Using AFM
With AFM, a small, pointed tip is scanned across the surface 
of a sample. Small deflections and alterations in the behaviour 
of this tip are then used to generate an image of an object’s 
shape and contours. In general, AFM can resolve features 
on the nanometre to micron scale. With soft microbiological 
samples such as our predator and prey cells, we have used 
AFM to resolve small structures on individual cells, such as 
scars, flagella and pili, as well as to study groups of bacteria 
at once (Fig. 1).
 AFM provides high-resolution information about the sur-
face of a sample, so we might not expect it to reveal anything 
about the interior of a cell. However, it turns out that we 
can in fact learn a lot about the interior of bacterial cells as 
well. For example, we can clearly distinguish the growing 
bdellovibrio predator inside of the periplasm of an invaded 
prey cell. The shrunken ball of cytoplasm also can be 
discerned (Fig. 2).
 Thus AFM provides a useful complement to traditional 
forms of microscopy, given that its resolution is better than 
light microscopy, but that samples require minimal or no 
preparation compared to electron microscopy. It is important 

to note, however, that the cells of interest must sit on a solid 
surface to be imaged. Given the importance of surfaces and 
interfaces to bacterial growth, this requirement has provided 
little difficulty and also new areas for exploration.

Studying communities
 We initially grew simple bacterial communities on sterile 
polycarbonate filters placed on top of agar medium plates, 
an environment perhaps best described as a hydrated air– 
solid interface. Both prey and non-prey organisms, including 
several strains of Escherichia coli, Aquaspirillum serpens, Micro-
coccus luteus, Ensifer adhaerens and mutant host-independent 
Bdellovibrio, grow robustly, and divide and spread outward 
across the surface of the filter. The cells can be easily imaged 
by AFM right on the filter without modification.
 Interestingly, when bdellovibrio predators are mixed 
with a Gram-negative prey population, they thrive in these  
surface communities. Within the first few hours after 
deposition onto the filter, only prey cells are seen, but 
soon the first bdelloplasts appear. The predators and 
bdelloplasts multiply and within a few days the bdello- 
vibrios completely dominate the surface, forming a contin- 
uous lawn of large, well-fed predators. No prey cells are left 
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 Fig. 1. AFM image of E. coli ZK1056 on a glass surface. With this 
technique, bacteria can be imaged without staining or drying under 
vacuum, and structures such as individual flagella and pili can easily 
be resolved. Modified from Núñez et al., (2005) Methods Enzymol 
397, 258, with permission from Elsevier.

 Fig. 2. Despite the fact that AFM is by nature a surface technique, 
the curved shape of the Bdellovibrio predator is clearly visible 
growing inside the ruined, rounded carcass of the prey cell. Modified 
from Núñez et al., (2005) Colloids Surf B 42, 267, with permission 
from Elsevier.
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alive except for a few refugees found 
at the outside edges of the bacterial 
community (Fig. 3).
 The astounding success of bdello-
vibrios in these surface communities 
raises several interesting questions. In  
particular, we wonder about the nature 
of the air–filter interface. How thick 
is the layer of liquid above the filter? 
How do the bdellovibrios hunt on a 
surface? Do they swim or just wiggle?  
It is believed that the force generated 
by the movement of the flagella and  
the collision with the prey cell is import-
ant for penetration of the prey cell,  
but how much force can be generated 
on a flat surface within a tightly 
packed community? Bdellovibrios 
clearly dominate these communities, 
consuming all of the prey cells and 
growing to extraordinary lengths, un- 
like in the wild or even in liquid  
medium in the laboratory. Is their suc- 
cess due to the benefits of a 2-dimen-
sional (as opposed to a 3-dimensional) 
search? Do they receive additional 
nutrients by ‘grazing’ on cell debris?

Bdellovibrios in biofilms
Given the success of bdellovibrios 
in hunting and devouring prey com-
munities on the hydrated air–solid 
interface of a filter over a culture plate, 
we began to wonder how successfully 
the predator would hunt within other 

interfacial environments, in particular 
within biofilms. We prepared simple 
model biofilms by growing a ‘biofilm-
forming’ strain of E. coli, ZK1056, on 
glass coverslips half-submerged in 
growth medium. These E. coli prey  
cells formed a dense, matted film on  
the glass at the air–liquid interface. AFM 
revealed that these cells adhere to the 
glass in clumps, utilizing multiple pili 
and flagella as well as a layer of excreted 
sticky extracellular material. As on the 
filters we found that the predators 
hunted quite successfully within this 
surface community, devouring most or 
all of the cells and leaving little behind 
but debris, even when the prey cells had 
24 hours to establish themselves before 
the predator was added. Within these 
simple biofilms, protective features, 
such as excreted extracellular materials 
and compact clumps of cells, do not 
seem to protect the prey cells from 
the bdellovibrio predators. Neither do 
slow-growing prey escape the predator, 
as they might escape antibiotics. Only 
in more concentrated, sugary growth 
medium can the prey cells reach equili-
brium with the predators (Fig. 4).

Other uses of AFM
Thus far we have primarily exploited the 
imaging functions of the atomic force 
microscope to investigate Bdellovibrio 
predation. Notably, other investigators 

have used AFM in different and elegant ways to explore 
their favourite microbes. Some have probed structures of 
subcellular and molecular assemblies on cell surfaces and 
freeze-fractured membranes, including porins, S-layers 
and the purple membranes of Halobacterium. Others have 
elucidated the effects of environmental factors and antibiotics 
on cellular integrity by repeatedly poking microbial cells with 
the AFM tip to measure the cells’ physical properties. Other 
groups have quantitatively measured forces of adhesion 
between specific cells, surfaces and molecules. Another 
interesting approach to biological exploration with AFM is 
to measure the real-time dynamics of cellular processes such 
as division, motility, contraction or ‘breathing’ occurring in 
solution or at a hydrated interface. This kind of measurement 
has been used successfully with eukaryotic cells, but less 
frequently with prokaryotes. 
 Finally, there are many variations of scanning probe 
microscopy, including AFM, and also electrochemical force 
microscopy and magnetic force microscopy that may have 
some applications to microbiological systems. We expect to 
employ some of this large array of techniques to learn more 
about the ways in which Bdellovibrio finds and consumes its 
prey.
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 Fig. 3. Bdellovibrio predators devour E. coli 
prey on a surface. (a) Initially, the prey cells 
divide to cover the filter surface densely. 
(b) After 1–2 days, Bdellovibrio predators 
and bdelloplasts begin to appear. The 
bdelloplasts, such as the three indicated 
by arrows, can be distinguished from the 
unmolested prey cells by a rounded shape, 
a smooth surface texture, a shrunken 
cytoplasm and a distended periplasm 
inhabited by the oblong, coiled predator 
cells. (c) Within 3–5 days, the surface of 
the filter is entirely covered by the oblong, 
vibrioid predators. Fig. 3b is modified from 
Núñez et al. (2003) Biophys J 84, 3383,  
with permission from the Biophysical Society.

 Fig. 4. AFM images of bdellovibrios 
attacking model biofilms. Unlike staining 
methods, AFM allows us to distinguish 
normal prey cells from predators, 
bdelloplasts and cell debris. (a) The biofilm-
forming E. coli strain ZK1056 attaches to a 
glass surface submerged in liquid and forms 
communities there. (b) In this interfacial 
environment the predator bdellovibrios 
attack and devour prey cells. Modified from 
Núñez et al., (2005) Colloids Surf B 42, 
266–268, with permission from Elsevier.
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