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In the course of bacterial growth and differentia�
tion, death of some cells occurs accompanied by lysis,
i.e., their degradation beginning with decomposition
of their cell envelope. This usually involves various
kinds of autolysis (self�destruction of bacteria). This
phenomenon is known for practically all microbial
groups. Apart from its basic importance, investigation
of the mechanisms of lysis is of practical value, espe�
cially for biotechnology. Allolysis is an instance of bac�
terial lysis, which is similar but not identical to autol�
ysis. Allolysis is cell lysis induced by other cells of the
same species [1, p. 456] or of closely related species of
the same phylotype. This phenomenon is somewhat
similar to autolysis, since the same autolytic enzymes
of the murein hydrolase group are involved, which
decompose bacterial cell walls. However, during autol�
ysis these enzymes decompose (completely or par�
tially) the surface layers of the producer’s cell wall, not
attacking the neighboring cells. Allolysis is similar to
heterolysis or, broadly speaking, to predation, when
the cells of another genus or species act as prey. The
term “cannibalism” is practically completely identical
to the term “allolysis.” However, since the term “allol�
ysis” was used to designate this phenomenon in most
publications dealing with the genus Streptococcus, it
was used in the title of our review. Allolysis is probably
associated with one of the types of differentiation of
the cells within a bacterial population into subpopula�
tions.

1. ALLOLYSIS IN STREPTOCOCCUS 
PNEUMONIAE: HISTORICAL PREREQUISITES 

FOR DISCOVERY 
OF THE PHENOMENON 
AND ITS MECHANISMS

Bacteria of the genus Streptococcus are attracting
ever�increasing attention in the microbial ecology of
humans. In infants, they colonize the nasopharynx
and the upper air passages, forming complex biofilms
and coexisting with the host as symbionts [2, 3]. This
equilibrium, however, is often disturbed, and S. pneu�
moniae may cause pneumonia, meningitis, or such less
dangerous diseases as otites and sinusites. Every year,
pneumococci�caused diseases are considered respon�
sible for about 1.6 million deaths worldwide, especially
among young children in developing countries [4, 5].
The mechanisms of virulence of S. pneumoniae are
presently subject to intense investigation [4].

Many S. pneumoniae strains, especially the clinical
isolates, have a thick polysaccharide capsule, which is
the main virulence factor. Over 90 serotypes of capsule
antigens are known [6]. Apart from the capsule, how�
ever, other virulence factors exist in pneumococci,
including the autolytic enzymes responsible for release
of the Ply toxic protein (see below) and also for the
phenomenon of allolysis. These enzymes are briefly
characterized below.

The LytA protein (36 kDa), the main pneumococ�
cal autolysin, is N�acetylmuramoyl�L�alanine ami�
dase, the product of the lytA gene. This protein con�
sists of two domains. It decomposes teichoic and tei�
churonic acids of the cell wall, targeting choline
residues. While the products of cell wall decomposi�
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tion possess toxic qualities, release of pneumolysin
(Ply protein), which has a cytotoxic effect and causes
β hemolysis of erythrocytes, is responsible for most of
the toxic effect. The strains with impaired LytA activ�
ity have lower virulence. LytA is among the best�stud�
ied autolytic enzymes not only in pneumococci, but
among bacteria in general [4, 7].

The LytC autolysin (55 kDa), consisting of two
domains, is a muramidase (lysozyme) [8].

CbpD (choline�binding protein, about 50 kDa) is a
product of the cbpD gene. It consists of three domains.
Together with LytA and LytC, this protein is involved
in release of pneumolysin from the pneumococci cells
[9]. In the cells of pneumococci, autolysins perform
the same functions as in other bacterial cells. They are
responsible for turnover and maturation of peptidogly�
can and participate in cell division and the separation
of divided cells. Moreover, they are involved in alloly�
sis, associated with the series of events related to the
onset of the competence state and genetic transforma�
tion. The sequence of the stages resulting in the com�
petence state in pneumococci and to absorption of
transforming DNA will be therefore briefly described
below.

1.1. Genetic Control of Competence in S. pneumoniae

In the case of genetic transformation, competence
is usually understood as the capacity of cell for sorp�
tion of transforming bacterial DNA and for its incor�
poration into the chromosome via recombination.

The competence state in pneumococci is deter�
mined by 22 genes, with their products being abso�
lutely required for transformation [1]. They are usually
subdivided into the earlier and later ones. The earlier
ones comprise eight genes attuning the cell to the
acquisition of competence. For example, the comM
gene is an early one. Its product, the ComM protein
located on the cell surface, prevents the competent
cells from being destroyed by the LytA, LytC, and
ClpD autolysins (see below). The remaining 14 genes
belong to the later ones. They are responsible for the
mechanisms of DNA binding and absorption and
DNA processing in the course of absorption, as well as
for recombination of DNA with the chromosome. The
sequence of events during development of competence
in the culture of pneumococci may be described as fol�
lows (Fig. 1).

At the onset of culture growth, the product of the
early competence gene comC appears in the cyto�
plasm, a peptide of 45 amino acid residues, the precur�
sor of the competence pheromone. It interacts with
the system of peptide export formed by the products of
the comAB genes. The pheromone precursor is cleaved
at the leader sequence site, and the “mature” phero�
mone is released from the cell. Synthetic preparations
of the competence pheromones have been obtained
for a number of streptococci. In order to initiate com�
petence in the experiments of transformation, addi�
tion of a synthetic pheromone to the culture of
“immature” cells results in improved synchronization
of the subsequent stages of competence.
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Fig. 1. Synthesis of the competence pheromone in S. pneumoniae and control of the competence genes (from [13], modified).
Surface cell layers (1); precursor of the competence pheromone (2); mature competence pheromone (3); products of the comAB
genes (4); histidine kinase, product of comD (5); phosphorylated product of comE (6); block of the early competence genes
(including comX) (7); and block of the late competence genes (8)
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Then, the two�component transmission system
begins to act: the pheromone contacts with its receptor
on the cell surface, the transmembrane part of histi�
dine kinase, the product of the comD gene (the sensor
protein). Activated histidine kinase phosphorylates
the product of the comE gene (the response regulator
protein), and the phosphorylated protein is accumu�
lated in the cell. The concentration of the pheromone
in the medium increases in the course of culture
growth, and the intracellular level of phosphorylated
ComE protein increases correspondingly. Starting
from a certain concentration, it binds with the pro�
moter of the comCDE operon and stimulate its activity
via positive regulation. Self�induction thus occurs,
and the cycle closes: the more pheromone is released
into the medium, the more phosphorylated ComE
protein is produced, which stimulates additional syn�
thesis of the pheromone [10–13].

The phosphorylated ComE protein has also other
functions: above a certain concentration, apart from
the stimulation of its promoter, it activates also the
synthesis of the comX gene product, sigma factor 70.
This sigma factor, in turn, by reaction with the pro�
moters of numerous (about 120) genes, initiates the
synthesis of their products. Some of these genes (the
later competence genes) are required for manifesta�
tion and completion of the transformation, while most
of them are responsible for other processes, so that
their inactivation has little or no effect on the transfor�
mant yield [14]. Due to such polyfunctionality of the
comX gene, substitution of the broader term “state X”
instead of “competence state” was suggested in one
publication [1].

The pheromones of Streptococcus may differ from
each other both in size and in amino acid composition.
In 42 clinical isolates of S. pneumoniae, two types of
pheromones (pherotypes) were found [15], while,
among 11 isolates of the mitis group streptococci, 9
had different pherotypes [16]. The pheromones are
able to efficiently induce the competence state only
within their pherotype [17].

1.2. Phenomena of Fratricide and Sobrinicide

In addition to the ability of some cells to absorb
experimentally introduced DNA, competent cultures
are characterized by emergence of proprietary DNA in
the culture liquid. It was evidently released from the
lysed cells of the pneumococci. This phenomenon,
described for pneumococci about 50 years ago [18],
has been known even earlier for other bacteria and is
termed spontaneous or natural transformation. A
causal relationship between the onset of competence
and lysis of some of the cells has been suggested by a
number of authors (see [19] for details). To prove these
suggestions, Hövarstein et al. (Norway) used a strain of
pneumococci with an inactivated comA early compe�
tence gene [20]. This gene is responsible for release of
the competence pheromone from the cell. Although

the strain did not form competent cells, the compe�
tence was restored on addition of a synthetic phero�
mone to the growing culture. The E. coli β�galactosi�
dase gene under a constitutive promoter was inserted
into the chromosome of this strain. Since β�galactosi�
dase could not penetrate through the cell envelope, it
was synthesized in the cell and was not released into
the culture liquid. It could be released only after cell
lysis. The strain was resistant to novobiocin.

During cultivation of this strain, the medium did
not contain free β�galactosidase and extracellular
DNA. The latter was confirmed by the absence of
transformational activity with the novobiocin resis�
tance marker. Immediately after addition of the syn�
thetic pheromone, both the extracellular enzyme and
extracellular transformational DNA were found. This
finding could be explained only by the pheromone�
induced lysis of some of the cells. The β�galactosidase
content indicated the lysis of about 20% of the cells in
the population. Since both competent and incompe�
tent cells were present in the culture, it was necessary
to determine whether the lysed cells belonged to any of
these fractions or were uniformly distributed among
them.

The next work of the same laboratory provided the
answer [21]. Two strains of pneumococci were used in
the experiments. One of them, similar to the previous
work, carried a mutation in comA, while the other car�
ried both comA and comE mutations. The product of
comE is a response regulator protein (see above).
Unlike comA, the absence of this protein was not com�
pensated by addition of the competence pheromone.
Moreover, the β�galactosidase gene and the novobio�
cin resistance mutation were inserted into the chro�
mosome of this strain. The strains were initially culti�
vated independently; then the cultures were mixed and
supplemented with the synthetic competence phero�
mone. It was able to induce competence only in the
strain with comA mutation. Soon after addition of the
pheromone, both extracellular DNA with the novo�
biocin resistance marker and free β�galactosidase
emerged in mixed cultures. The higher the number of
potentially competent cells was, the greater was the
concentration of the enzyme. The only explanation
for this result was that the cells unable to develop the
competent state were lysed, their lysis being directly
related to induction of competence in the partner
strain. The degree of lysis decreased significantly when
the cells of the potentially competent strain were
mutants incapable of synthesis of autolysin LytA, the
main autolysis enzyme in pneumococci [7]. Impor�
tantly, the wild strain did not release LytA into the cul�
ture liquid; the enzyme was, at least during the first
stages of the process, fixed at the cell surface. Contact
of the cells of two partner strains resulting in agglutina�
tion was required for lysis. At the initial stage of this
research, it was not clear why the cells of the compe�
tent strain, unlike the partner cells, were protected
from lysis. This was explained later (see below). The
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works carried out by Claverys and coworkers at about
the same time yielded similar results [22]. Related
works followed, carried out mainly in the same labora�
tories [9, 23, 24 and reviews 1, 25, 26]. Their results
may be generalized as follows (Fig. 2).

Apart from LytA, other lytic enzymes, LytC and
CbpD, are involved in the lysis of incompetent cells [8,
9]. A bacteriocin�like peptide CibAB (competent�
induced bacteriocin) joins the lytic activity of these
enzymes. Production of this peptide is controlled by
the gene comX. The competent cells producing the rel�
evant proteins and peptides localized at the cell surface
are resistant to their action due to the ComM and
CibC proteins of their cell wall. Incompetent cells
probably also produce LytA and LytC, although not
the resistance factors ComM and CibC. Incompetent
cells are, therefore, defenseless against the whole
complex of lytic factors. Lysis of incompetent, nonim�
mune cells occurs at direct contact with the competent
killer cells. The lysed cells release DNA, which is
immediately absorbed by the competent cells, as well
as various proteins, including pneumolysin (Ply pro�

tein) [4]. In [23], an elegant experiment is described.
The suspension of cells which did not reach the com�
petence state was applied to a plate of blood agar, and
then a drop of the solution of the competence phero�
mone was placed in the center of the dish. The zone of
β�hemolysis proportional in size to the pheromone
concentration appeared around the drop. This zone
resulted from the hemolytic action of pneumolysin
released from the lysed cells which had not attained
competence. Their destruction was in turn induced by
the part of the population that acquired competence
due to the action of the pheromone. Thus, lysis of
incompetent cells could be observed, apart from emer�
gence of DNA or β�galactosidase, also as release of
pneumolysin from the cells.

Lysis of incompetent pneumococci cells induced
by the competent cells within the population fits com�
pletely to the term “allolysis.” This is neither autolysis
in the narrow sense, since cell death was induced in
trans, by their neighbors, nor heterolysis, since a part
of the same cell population dies. In [24], this kind of
allolysis in pneumococci was termed fratricide. This
term indicates that the victims belong to the same spe�
cies as their killers.

Allolysis (fratricide) in S. pneumoniae is probably a
part of the chain of processes terminated by exchange
of genetic material (DNA). The competent cells
obtain this DNA from their neighbors by inducing
their death. Release of virulence factors, primarily
pneumolysin, from the lysed cells is another probable
reason for allolysis [7, 27]. Thus, induction of allolysis
in pneumococci, as well as induction of competence
in general, favors horizontal gene transfer [28, 29] and
plays a certain part in pathogenesis of the diseases
caused by these bacteria [30].

Together with fratricide, the phenomenon of
sobrinicide (killing of relatives, rather than brothers;
from the Latin sobrinus, “cousin”) belongs to manifes�
tations of allolysis in streptococci. In the case of
sobrinicide, lysis of one species of streptococci is
induced by the competent cells of another, closely
related species [1, 26]. Sobrinicide is closer to heterol�
ysis (and predation) than fratricide and, strictly speak�
ing, is somewhat different from allolysis.

Sobrinicide involves the same [28] or somewhat
different [31] mechanisms as fratricide. Sobrinicide
facilitates gene transfer from the lysed incompetent
cells of S. mitis and S. oralis to the competent cells of
S. pneumoniae [28], of from S. gordonii to S. mutans
[31].

Both fratricide and sobrinicide create conditions
for intense gene exchange between the Streptococcus
cells in complex biofilms of human oral cavity and
nasopharynx. Since these biofilms are cemented by
bacterial polysaccharides, nucleic acids, and proteins,
the competence of a streptococcal biocenosis in a bio�
film may be higher than in the case of free�living,
planktonic cells [32].
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Fig. 2. Allolysis in S. pneumoniae (from [25], modified).
The competent (1) and incompetent (2) cells are in con�
tact with each other. During the contact, various lytic
agents destroy the surface layers of the incompetent cell,
and its content, including DNA and pneumolysin, is
released into the environment. The competent cell is pro�
tected by the cell immunity factors. Lytic agents: LytA (3),
LytC (4), CbpD (5), CibAB (6). Cell immunity factors:
CibC (7), ComM (8). DNA released from the lysed cell
(9), Ply protein (pneumolysin) (10).
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2. ALLOLYSIS�LIKE PHENOMENA 
IN BACILLUS SUBTILIS

Sporulation in bacteria, which has been most stud�
ied for B. subtilis, is a complex process comparable to
some stages of eukaryotic ontogenesis; it has been dis�
cussed in hundreds of experimental articles and tens of
reviews and monographs. Eight stages of sporulation
are usually singled out, including the zero, preparatory
stage. The zero stage is sometimes termed presporula�
tion; during this period, the cell remains morphologi�
cally unchanged, while some of the previously inactive
genes are translated [32, 33]. Exhaustion of the nutri�
ent medium is the main stimulus for sporulation. The
spoOA gene, which belongs to response regulator
genes, is considered the gene initiating the process of
sporulation. Its product is a DNA�binding protein
exercising negative or positive control over transcrip�
tion of 121 gene [34]. Although many of the products
of the genes of this regulon are directly involved in
sporulation, some of them probably perform other
functions [35, 36]. The SpoOA protein becomes func�
tional after phosphorylation, which involves a com�
plex of three different histidine kinases and two other
proteins, SpoOF and SpoOB. Some of the genes of the
spoOA regulon react to low intracellular concentra�
tions of phosphorylated SpoOA, while others react
only to high concentrations of it [37]. This “concen�
tration play” is important for determination of the
sequence of activation of the genes within this regulon.
The cells in the population do not sporulate simulta�
neously. In [38], which will be analyzed below, the
number of sporulating cells was as low as 10%.

Among the operons of the spoOA regulon are two
operons, skf (sporulating killing factor) containing
eight genes and sdp (sporulating delay protein) con�
taining three genes. Investigation of the cells with
deletions of the genes of these operons resulted finally
in discovery of cannibalism in bacilli.

The number of viable cells in a B. subtilis culture
decreases significantly (approximately by 70%) during
the first stages of sporulation. This well�known fact has
been interpreted as a passive process of dying off under
starvation. However, [38] demonstrated that dying off
did not occur and sporulation was considerably post�
poned in the culture of the strains carrying deletions of
some genes of the skf and sdp operons. This finding
suggested that the decrease in cell number observed for
the wild type during this growth phase was an active,
rather than a passive, process associated with the func�
tioning of the genes of these operons; in the case of the
relevant mutants, their function was impaired. When
the skfA gene was controlled by the lactose promoter,
its induction by IPTG stimulated cell death. Experi�
ments with mixed populations of the cells with the
original genotype and the mutants incapable of sporu�
lation demonstrated predominant death of the vegeta�
tive, rather than sporulating cells. The cells involved in

sporulation are, therefore, somehow able to cause the
death of the individuals not involved in this process.

The product of the gene skfA is probably a peptide
with bacteriocin properties. The mechanism of its
action on the vegetative cells is unclear. The lytic
enzymes (of which B. subtilis has about 15 [39]) act at
a later stage, lysing the cells already killed by the SkfA
peptide. The lysis of these cells was confirmed by
release of β�galactosidase when the relevant gene was
introduced into the genome [38]. According to the
hypothesis suggested in [38], the products of the skfE
and skfF genes act as a pump, releasing the SkfA bac�
teriocin from the cell into the medium and thus pre�
venting the suicide of the presporulating cell. The
product of the gene sdpC is a toxic protein (63 amino
acid residues). It targets the cell membrane. The self�
regulated system consisting of two other genes of the
sdp operon prevents SdpC suicide [40].

Thus, presporulating cells are protected from their
own toxic products; these compounds kill the vegeta�
tive cells, in which the SpoOA protein is still not func�
tioning and the products o the skf and sdp operons are
therefore missing. For some time, the culture there�
fore consists of two subpopulations, presporulating
killers and vegetative victims. This phenomenon was
termed cannibalism [38]. Initially, low concentrations
of phosphorylated SpoA switch on the “early” oper�
ons of the regulon, including skf and sdp, and the
medium becomes temporarily enriched with sub�
strates due to the lysis of dead vegetative cells. Then,
after the secondary depletion of the medium, the con�
centration of phosphorylated SpoOA gradually
increases, resulting in the activation of the genes
involved in the visually discernable stages of spore for�
mation [41]. Some of the “early” operons participate
also in formation of the intercellular polysaccharide–
protein matrix in B. subtilis colonies grown on solid
media [42, 43].

Such subdivision of the cell population into sub�
populations at the onset of sporulation resembles the
subdivision of a pneumococcal culture into subpopu�
lations of competent and incompetent cells with
antagonistic relations between these groups. What is
the biological meaning of cannibalism during sporula�
tion? Article [38] cited above, as well as subsequent
works [44, 45], initiated an animated discussion in
which authors participated who worked with pneumo�
cocci and with the toxin–antitoxin (TA) system. The
latter is probably involved in the processes of apoptosis
in bacteria [25, 46, 47]. For example, the “last supper”
hypothesis was proposed: the cells at the onset of
sporulation require an additional source of energy,
which is obtained by releasing the content of the killed
bacterial cells into the medium [47]. Cannibalism in
bacteria is likened to apoptosis in eukaryotes, when
genetically programmed destruction of certain cells
and their replacement with other ones occurs. In this
case, the term “self�digestion” is proposed instead of
“cannibalism” [39, 46]. Finally, cannibalism is con�
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sidered among the mechanisms that help to tempo�
rarily overcome nutrient limitation and to postpone
the onset of sporulation, together with such responses
to medium exhaustion as mobilization of the chemot�
axis apparatus for the search of new nutrient sources,
utilization of the by�products of bacterial growth, etc.
[38, 48].

To end this chapter, we would like to cite Stragier:
“When hungry, eat your sister… but beware that she
does not eat you first! This is the motto of the soil bac�
terium Bacillus subtilis…” [47, p. 461]. The order in
which the required level of SpoOA phosphorylation is
achieved determines which cell will be a killer and
which a victim. The poorly known patterns of epigen�
esis in bacterial populations prevent its simultaneous
activation in all the cells. The term “bistability” is used
to characterize such cell differentiation within the cul�
ture grown in the same aerated flask and containing
individuals of the same genotype (see reviews [49–52].

3. ALLOLYSIS AND APOPSTOSIS SYSTEMS 
IN BACTERIA

Programmed cell death (apoptosis) is well�studied
in eukaryotic organisms. Recently, increasing atten�
tion has been paid to apoptosis in bacteria.

As was mentioned above, some authors investigat�
ing toxin–antitoxin systems in bacteria consider them
as an apoptosis instrument and are inclined to treat the
allolysis systems in bacilli and streptococci as a form of
apoptosis [46]. This point of view deserves attention,
although certain differences exist between allolysis and
the mechanisms responsible for the functioning of TA
systems. The action of TA systems of many bacteria,
which has been studied in a number of works (see
reviews [53–55]), is based on antagonism between the
products of the chromosomal modules consisting of
two neighboring genes. One of them, a long�lived
toxin decomposing mRNA, is constantly neutralized
by the product of another gene, a short�lived anti�
toxin, by formation of a complex of these two proteins.
Under stress conditions, however (especially at nutri�
ent limitation), the balance is impaired, since only the
short�lived, mRNA�cleaving toxin remains in the cell
and can no more be neutralized. The processes of
translation are disrupted, and the cells stop growing
and finally die. Their disintegration probably occurs
due to the action of autolytic enzymes, and the prod�
ucts of their lysis are used by the remaining living cells
as a nutrient source, thus enabling them to resume
growth. Unlike allolysis, however, the death of the
majority of the population is not induced by the sub�
population of specialized cells. Thus, in the case of TA
systems (at least in E. coli), no differentiation of the
population into the killer and victim cells has been
found. Moreover, the mechanisms employed in the
allolysis system to provoke the death of some cells dif�
fer from the toxins in TA systems; although pneumo�
cocci possess TA genes of the relBE system [56], these

systems are not active during allolysis of incompetent
cells within the population.

For allolysis, formation of specialized cells with
metabolic products lethal to other cells is required.
This phenomenon is therefore more closely related to
the processes occurring during the differentiation of
eukaryotic tissues and in populations of bacteria with
pronounced social behavior, especially myxobacteria
(see reviews [57–59]). These microorganisms have a
complex life cycle, with a stage in which the popula�
tion exists as autonomous vegetative cells followed by
a stage in which fruiting bodies, relatively large (up to
200 μm) multicellular structures of various shape on a
stalk above the surface of the medium, are formed. The
fruiting bodies consist of numerous myxobacteria.
Prior to formation of the fruiting bodies, the vegetative
cells aggregate, forming mounds. About 80% of the
cells in fruiting bodies are lysed, releasing peptides and
amino acids into the environment [60], and the
remaining living cells develop to form myxospores.
The death and disintegration of most of the vegetative
cells is required for myxospore formation. Death of
the vegetative cells is known to be caused by the
MazFmx protein, a homologue of the E. coli MazF
toxin (24% identity and 58% similarity). Similarly to
MazF, MazFmx cleaves mRNA, although at other
sequences: between UU in GUUGC, while the MazF
in E. coli acts at ACA sequences. The mazFmx gene in
Myxococcus xanthus has no neighbor (a closely located
gene of the antitoxin maze), and the Mrp protein, a
transcription regulator, acts as an antitoxin. The rele�
vant gene is located in another site of the myxobacte�
rial chromosome. Similarly to the MazEF system in E.
coli, both proteins are able to form a complex, in
which the toxin protein is inactivated. In M. xanthus
mutants with deletions of the mazFmx gene formation
of myxospores decreased by more than an order of
magnitude [61].

Actinobacteria also have a complex life cycle
including death and lysis of a considerable part of the
population. In these microorganisms, step�by�step
formation of different types of mycelium is known (see
reviews [62, 63]). For example, in the case of Strepto�
myces antibioticus, feltlike substrate mycelium is
formed 5 h after plating of the spores; it does not rise
above the surface of the medium. After 8–10 h, death
and lysis of most of the hyphal segments occurs, while
the remaining few segments form aerial mycelium.
After 25 h of growth, a second tour of hyphal death
occurs, resulting in a thinner aerial mycelium on
which sporulation begins after 48–96 h. The death of
the hypha of the surface and aerial mycelium probably
additionally enriches the nutrient medium [64, 65],
similarly to the death of some bacilli in sporulating
cultures. The enzyme systems involved in the changes
of mycelial type are probably related to those respon�
sible for cell differentiation in eukaryotes, including
calcium�dependent serine–threonine protein kinases
([66–68] and review [69]). Thus, apoptosis and differ�
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entiation of bacterial cells may be carried out by differ�
ent mechanisms.

Investigation of associated processes of compe�
tence development and allolysis in streptococci and
possibly in other bacteria may have applied aspects,
since disruption of these processes may affect the vir�
ulence of pathogenic microorganisms. For example,
inactivation of the structural gene of S. pneumoniae
serine–threonine protein kinase was shown to result in
complete absence of competence in the relevant
mutants, accompanied by a drastic decrease in viru�
lence [70]. In mice infected intranasally with these
mutants, the number of viable pneumococcal cells in
lung tissues and blood was four to six orders of magni�
tude lower than in the case of animals infected with the
wild type strain. Searching for the preparations target�
ing the proteins involved in various forms of apoptosis
is therefore an intriguing task for pharmacology.
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