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BACTERIAL PROLIFERATION

Off the wall

Bacteria that grow and proliferate despite having been stripped of

their cell wall may provide insights into how primordial cells could have

propagated billions of years ago.
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Image A technique has been developed
that allows several distinct species of
bacteria (left) to grow without their cell

walls (right)

ne of the most intriguing events in the
O history of life on earth is the evolution
of self-replicating cells. Indeed, it is daz-
zling to even think about the complexity of the
evolutionary changes required to go from a ran-
dom mixture of molecules to highly organized
bacterial cells that are capable of replicating
themselves. A predominant theory is that RNA
may have formed the basic genetic element in
primordial cells and also catalysed reactions,
only later to be followed by DNA and proteins
(Gilbert, 1986; Orgel, 2004). Encapsulating
these molecules inside a single structure would
have been a key step towards creating life.
However, many important questions are still a
matter of debate. How did the primordial cells
become encapsulated? How did these primitive
life forms proliferate in the absence of proteins?
And how did the molecular machinery needed for
cell division emerge?
Now, in eLife, Romain Mercier, Yoshikazu Kawai
and Jeff Errington at the University of Newcastle
show that in the absence of their cell wall, different

classes of bacteria proliferate using common
principles (Mercier et al., 2014). Such cells can
proliferate without the molecular machinery that
is usually needed for cell division and cell-wall syn-
thesis (Figure 1), thereby providing insights into
what ancient microbial life could have looked like.
One of the defining structures of modern bac-
teria is their cell wall, which is predominantly
composed of a polymer of sugars and amino
acids called peptidoglycan (PG). It was demon-
strated around 80 years ago that many bacteria
can grow without a structural cell wall: these bac-
teria are called L-forms because they were first
discovered in the Lister institute (Klieneberger,
1935). Classically, L-forms were isolated by cul-
tivating cells in solutions containing high levels
of chemicals that inhibit the synthesis of pepti-
doglycan, and lytic enzymes that break down
cell walls (Allan, 1991). However, the difficul-
ties associated with this method have meant
that a consensus regarding how L-forms grow
and proliferate has so far remained elusive.
Mercier, Kawai and Errington now show that
common principles for L-form proliferation exist
in Gram-positive and Gram-negative bacteria.
Previous work focused on the Gram-positive
Bacillus subtilis (Mercier et al., 2013); now they
have now generated L-forms in the Gram-
positive bacteria Staphylococcus aureus and
Corynebacterium glutamicum, as well as in the
Gram-negative Escherichia coli. L-form growth
could be readily realised in these bacteria by using
antibiotics that specifically block early steps in
cell-wall precursor synthesis (Mercier et al., 2014).
Despite these bacterial species diverging
billions of years ago, their L-forms proliferate in
very similar ways. In all the bacteria examined by
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Figure 1. Bacteria divide in different ways depending
on whether or not they have a cell wall. In bacteria with
a cell wall (left), a protein called FtsZ must accumulate
and form a ring that contracts to divide the cell.
However, Mercier et al. found that this process is not
required for bacteria without cell walls (L-forms) to
divide: instead, the division of such cells is explained

by physical principles that follow from the inhibition of
peptidoglycan (PG) synthesis and increased cell
membrane production.

Mercier et al., L-form proliferation occurred inde-
pendently of the cell division machinery nor-
mally used by bacteria, which involves a protein
called FtsZ forming a contractile ring (Bi and
Lutkenhaus, 1991). Mercier et al. demonstrated
this FtsZ-independence in E. coli by using an
unstable plasmid carrying an extra copy of the
ftsZ gene. In the presence of this plasmid, the
wild-type ftsZ gene could be deleted, after which
growth in the walled state became dependent
on the plasmid. However, when L-form growth
was selected for in these cells, the plasmid was
readily lost; in other words, FtsZ had become
dispensable for cell proliferation. The same con-
cept applied to the L-forms of C. glutamicum
and S. aureus, which is consistent with the idea
that the underlying principles of L-form prolifer-
ation have been conserved among bacterial spe-
cies that diverged more than 2 billion years ago
(Errington, 2013; Mercier et al., 2014).
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L-forms can also be prepared from the
Streptomyces genus of bacteria (Gumpert, 1982;
Innes and Allan, 2001). Streptomycetes them-
selves are multicellular (Claessen et al., 2014),
and L-forms derived from them are very similar to
those derived from unicellular bacteria. This loss
of multicellular growth in the L-form suggests that
having a cell wall was a prerequisite for the devel-
opment of multicellularity.

Although blocking peptidoglycan precursor
synthesis helps L-form bacteria to form, previous
work on B. subtilis showed that increased cell
membrane synthesis is in fact crucial for L-form
proliferation (Mercier et al., 2013). Moreover, like
in B. subtilis, reducing the amount of membrane
synthesised in E. coliand C. glutamicum prevented
the proliferation of L-forms. The strict correlation
between the reduced production of the peptido-
glycan precursors and the increased rate of mem-
brane synthesis in L-forms is puzzling.

Mercier et al. recently proposed that the
increase in membrane synthesis causes the cells
to have an abnormal surface-area-to-volume
ratio (Mercier et al., 2013). This may drive
shape deformation and scission events that
generate smaller progeny cells with more thermo-
dynamically favourable surface-area-to-volume
ratios. Taken together, these results indicate that
to support L-form growth and proliferation in a
wide range of bacteria, it is essential that the
cells increase the amount of cell membrane they
produce.

Overall, Mercier, Kawai and Errington have
found that the L-forms of unrelated bacteria pro-
liferate in a similar manner, which is independent
of the complex machinery used by modern bac-
teria when they proliferate. This reinforces the
idea that L-forms might resemble the early life
forms that existed before the invention of the cell
wall, which has contributed to them being the
most diverse and successful organisms on the
planet. Thus L-form biology allows us to further
improve our understanding of the origin of bacte-
rial life. At the same time, work on L-forms pro-
vides food for thought in terms of what is really
essential for life: indeed, scientists searching for
the ‘minimal genome’ might need to ask them-
selves if it really does need to include genes for
cell-wall synthesis and cell division.
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