L FORMS ISOLATED FROM A STRAIN OF SERRATIA!
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ABSTRACT

BanDpUR, Bosana M. (Massachusetts General
Hospital, Boston) anNp Louis Dienes. L forms
isolated from a strain of Serratia. J. Bacteriol.
86:829-836. 1963.—In an L culture isolated from
a strain of Serratia, two types of colonies devel-
oped, one (S-1) similar to the usual L colonies
with the centers embedded in the agar and the
other (S-2) similar in gross appearance to the
usual bacterial colonies. The S-2 colonies con-
sisted almost exclusively of large bodies and were
produced by the direct multiplication of the large
bodies. This occurred by enlargement, deforma-
tion, and segmentation. The organisms in the
two types of L colonies were equivalent, and the
type of growth was determined by environmental
influences. The high viability of the cultures and
the relative lack of autolysis permitted the study
of the reproductive processes and the resulting
growth under varying conditions. The basic
reproductive process, as in other L forms and
pleuropneumonia-like organisms, seemed to be
the multiplication of small granules, either free
or in small or large aggregates enclosed in a com-
mon envelope. It was possible to observe clearly
the growth of small granules from the large
bodies.

——mt s

Opportunity for the observations presented in
this paper was offered by the development of
large L-type colonies on a nutrient agar plate,
containing 3% NaCl, 109 horse serum, and
penicillin, accidentally inoculated with a strain
of Serratia. Transfers made from these colonies
grew abundantly at 30 C, and growth continued
for several weeks until isolated L-type colonies
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grew to the size of the usual bacterial colonies of
this strain. Autolysis was not prevalent in these
cultures. Two types of L colonies developed: one
type (S-1) corresponded to the usual L colony
with a dense center that consisted of small-sized
organisms embedded in the agar (Fig. 1). The
second type (S-2) had no center embedded in the
agar. When examined under low power, the S-2
L colonies had the appearance of the usual bac-
terial colonies of Serratia (Fig. 2) but no bac-
terial forms were present, and they consisted of
large bodies with an admixture of a few small
forms like the surface growth of the S-1 L col-
onies. The 8-2 L colonies grew at all concentra-
tions of penicillin tested. Transplants made from
both S-1 and S-2 L colonies grew in a similar
manner, and the eventual development of one
or the other of these two growth patterns ap-
peared to depend to a large extent on the method
of inoculation. S-1 L colonies with their agar-
embedded centers developed predominantly in
lightly inoculated areas of the agar; S-2 L col-
onies developed in more heavily inoculated areas.
A slight growth occurred on transfer of the L
colonies to broth with 0.59% NaCl, and more
abundant growth resulted from increased con-
centrations of salt. This growth consisted of
large bodies, most of which appeared to be auto-
lyzed and empty, again with a slight admixture
of small organisms. The reappearance of bac-
terial forms has not been observed in the absence
of penicillin, either in broth or on agar, from
either of these two types of growth.

In the present work we were interested espe-
cially in the reproductive processes responsible
for the development of the two types of colonies
on agar and for the growth in broth.

MATERIALS AND METHODS

The observations described in this paper were
made with one strain of Serratia. This strain has
been used in our laboratory for the absorption of
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oxygen in the preparation of Fortner plates, and
its origin is unknown. It grows abundantly, and
the cultures grown at room temperature are in-
tensely pigmented. Classification within the
Serratia was not attempted, because the tendency
to produce L forms usually is the property of a
bacterial strain. It is not the property of a species
or genus. Attempts made a few years ago to in-
duce L-type growth by similar techniques from
another strain of Serralia were not successful.
Two strains obtained from the American Type
Culture Collection were highly resistant to peni-
cillin, but they produced large bodies from which
L-type growth started. However, this growth
remained slight, and L forms did not continue to
grow on subculture.

" The development of the culture was observed
in stained agar preparations made at frequent
intervals, and, whenever possible, by observation
of the growth in slide preparations with phase
contrast. The technique of stained agar prepara-
tions has been described several times (Dienes,
1939; Madoff, 1960). The great advantage of this
method is that the growth developing both on
the surface and within the medium can be studied
and photographed.

Trypticase Soy Agar and Broth (BBL) were
used in these experiments. The nutritional re-
quirements of these L forms are not high, and
other nutrient agars would probably serve as
well. Media were tested with varying concen-
trations of nutrients, agar, horse serum, NaCl,
and penicillin.

REesuLrs

L forms developed from the bacteria on agar
plates that contained no animal serum, but we
never observed their development from the bac-
teria without increased salt concentration of the
medium. Transplants of L forms grew best on
media containing horse serum and 2 to 39, NaCl.
On plates containing 1% NaCl, a slight growth
developed with or without horse serum. A few
colonies developed, after prolonged incubation,
on subculture with 0.5% NaCl and 109, horse
serum. Growth was noticeably better when horse
blood replaced the horse serum, and the L cul-
tures could be propagated indefinitely on these
plates.

The concentration of salt influenced the abun-
dance as well as the speed of growth of the L
forms. With 2 to 39 NaCl, growth was detectable
after 3 to 4 hr at room temperature. With 0.5 to
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1%, only a few large bodies produced progeny,
and growth was noticeable only after a few days.
The few L colonies (S-1) that developed in these
cultures increased in size for several weeks until
they reached the size of average colonies grown
in the presence of greater concentrations of salt.

The development of L forms from the bac-
teria followed the usual pattern. The bacilli grew
into long filaments in the presence of penicillin.
This occurred even with the highest concentra-
tion of penicillin tested (3000 to 5000 units per
ml). Most of these filaments underwent autolysis
and disintegrated; some, however, grew into
large bodies up to 20 to 30 u in diameter. Exam-
ination of young cultures in stained agar prepara-
tions revealed that the L growth started from
these large bodies. Occasionally, after inoculation
of the bacilli into the agar, small granules ap-
peared to grow directly from disintegrated bac-
terial filaments. After a few days of incubation,
the bacteria were no longer viable and on sub-
culture only L forms grew.

When transplants of the L forms were made to
agar from either broth or agar cultures and ex-
amined immediately, large bodies were predom-
inant but were mixed with a few smaller forms
and granules. Figures 3 and 5 show the surface
of the agar inoculated from agar and from broth,
respectively. In slide cultures made from such
transplants and studied with phase contrast,
only the growth of large bodies was observed.
Figures 6 and 8 show the inoculum in a slide
culture where the large bodies were isolated and
started to develop into S-1 colonies after a few
hours of incubation; Fig. 7 shows the same colon-
ies after 12 hr of incubation.

The transferred large bodies were round or
slightly polygonal (Fig. 5). After a few hours,
the large bodies lying isolated on the surface of
the agar became even larger, their peripheries
became irregular (Fig. 10), and small granules
could be seen attached to their peripheries (Fig.
6 and 8). When examined after 12 hr, the L
colonies were visible only at the sites of former
large bodies. These colonies consisted of granules
of variable size embedded in the agar. On exam-
ination of a 24- to 48-hr agar culture, it was found
that almost all of the large bodies spread out on
the surface of the agar produced colonies.

There were organisms of all sizes in both broth
and agar cultures. In transplants made from
young cultures, small organisms were not nu-
merous, and we did not attempt to determine the
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size of the smallest organism that would grow.
When we crushed colonies, embedded in the
agar, that consisted almost entirely of small
organisms and reinoculated them into the agar,
only a few colonies developed.

The tridimensional structure of L-type colonies
makes it impossible to obtain clear photographs
of the young colonies with phase contrast or to
observe the multiplication of single granules.
The type of growth originating from the large
bodies and producing the young S-1 L colonies
is more clearly seen in photographs made from
dried stained agar preparations in which the
colonies are vertically compressed. Figures 11,
12, and 13 show the earliest stage of the growth
of the granules. The newly formed granules em-
bedding themselves in the agar stain darker than
the large body and are clearly apparent. In Fig.
13, the granules start to grow at multiple sites
at the periphery of the large body as well as
beneath it. The large body is deformed and seems
to consist of granules also. In Fig. 12, growth
starts at four places from the periphery of a large
body of moderate size, and two pairs of very
small granules are visible (a). Figure 11 shows
the growth starting from three large bodies. One
(marked a) is the same as in Fig. 12 but it is
slightly out of focus. On the second (marked b),
also visible in Fig. 12, growth has started at one
site and the small granules have produced a
darkly stained tiny colony. In the third (marked
c), a slight growth is apparent on both sides of
the large body. Growth starting beneath the
large body is further developed and extends as a
broken or twisted filament in the agar. As it is
situated inside the agar, this arrangement of the
growth cannot be the result of distortion.

A more advanced stage of the development of
the colonies is shown in Fig. 14 through 17. The
small elongated and double granules are best
seen in Fig. 14. To show the granules more clearly,
this photograph is reproduced with higher mag-
nification (Fig. 17, X 3500). In Fig. 16, it is
apparent that the smallest granules are at the
extending periphery of the small colonies.

The development of the S-2 L colonies followed
a different pattern. In this case also, the large
bodies increased in size, but, instead of small
granules appearing around them and becoming
embedded in the agar, their peripheries became
irregular with bulges and fissures. At this stage,
the large bodies appeared in stained agar prep-
arations to be aggregations of irregular forms 1 to
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2 u in diameter. Figure 9 shows such deformed
large bodies. Our observations do not indicate
whether the medium-sized organisms, derived
from the breaking up of these large bodies, mul-
tiply in this form or not. At the periphery of
large S-2 L colonies, the medium-sized forms
sometimes occurred in masses, many having
oblong or irregular shapes. This suggested direct
multiplication. On transplant, however, they
seemed to swell to large bodies from which fur-
ther reproduction started.

In broth, mucoid masses were produced which
appeared as swirls when the medium was agi-
tated. Multiplication seemed to occur in a man-
ner similar to that of the $-2 colonies but with
some modification. This growth in broth con-
sisted mainly of large bodies, many of which
were empty and are barely visible in the photo-
graph (Fig. 5). The darkly stained bodies were
of various sizes. Again, there was no indication
that the smaller forms multiplied directly or
grew out from the large forms as in the S-1 L
colonies. They were seen free or within autolyzed
and otherwise empty large bodies, where they
occasionally showed Brownian movement. The
arrangement of the stained organisms in the
cultures indicated that they were formed and
grew to a certain size inside the large bodies.

The main difference between the multiplication
in S-2 colonies on agar and the multiplication in
broth is that in broth the large bodies remained
spherical and did not break up into smaller forms.
In both cases, the organisms seemed to develop
within the large bodies, in contrast to initiation
of S-1 growth on agar, where small granules
appeared to grow out of the large bodies and
continued to grow in granular form. In solidified
gelatin, growth developed in the same way as in
broth; the large bodies increased markedly in
size but retained their spherical form. Agitation
is known to favor the development of L cultures
in broth, probably as a result of disintegration
of the mucoid masses and breaking up of the
large bodies. We have not studied in detail the
effect of agitation on the morphology of broth
cultures.

The development of the cultures and the mor-
phology of the organisms was markedly influenced
by the concentration of agar in an otherwise
appropriate medium. On a soft medium, with
0.75% agar and 29, NaCl, only S-1 colonies de-
veloped, but the organisms growing into the agar
were much larger than with 1.2 to 1.59, agar



FIG. 1. L-type colonies (S-1) with embedded centers; 24 hr; X 100. Wet stained agar preparation.
FIG. 2. L colonies without embedded centers (S-2). Unstained; X 0.
FIG. 3. Large bodies from agar cultures transferred to the surface of another agar plate; X 900.

832



voL. 86, 1963

and, after 24 hr of incubation, the granules inside
the agar grew to 2 to 5 u in size. On hard medium,
with 2 to 39 agar, the growth was noticeably
inhibited at first, and only S-2 type colonies de-
veloped. These remained small and the large
bodies, especially at the periphery, were very
large (10 to 20 w). After 24 hr of incubation,
secondary colonies consisting of very small gran-
ules developed under the large bodies. This sec-
ondary growth continued to increase for several
weeks, and at the edge of the inoculated area
thick, opaque colonies developed which had irreg-
ular peripheries. Autolysis was not prevalent in
these colonies. The granules in old colonies in-
creased in size, but no large bodies developed on
the surface or periphery of the colonies.

Not only the various processes of multiplica-
tion but also the appearance of the large bodies
suggest that at a certain stage of their develop-
ment they consist of small granules similar to
those which grow out of them. This was visible
with phase contrast at the same time that the
granules started to grow out of them. The gran-
ules in the large bodies are visible in stained
preparation (Fig. 4), and their enlargement be-
fore the segmentation of the large bodies can be
seen.

DiscussioNn

The L form isolated from Serratia attracted
our interest primarily because of the develop-
ment of S-2 colonies which seemed to be pro-
duced by the direct multiplication of the large
bodies. The large bodies which develop in
bacterial cultures, in L forms, or in pleuropneu-
monia-like organisms (PPLO) are usually not
observed to multiply in this form. If they repro-
duce, they produce bacteria or the small gran-
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ules of L forms or of PPLO. The origin of the
large bodies at the periphery of L colonies of
Proteus was carefully studied (Leiberfﬁeister,
1960). Moultiplication seemed to occur only in
the embedded center of the colonies. The pe-
riphery of the colonies on the surface of the agar
is apparently produced by the extrusion of the
organisms from the center and their enlargement
into large bodies. A similar origin of the large
bodies at the periphery of the colonies is sug-
gested in the L forms of the pneumococcus
(Madoff and Dienes, 1958). One instance of direct
multiplication of the large bodies was observed
by Tulasne and Lavillaureix (1957) in an old L
culture of Vibrio cholerae. The multiplication of
the large bodies in the L forms of Serratia could
be observed in the S-2 colonies and at the pe-
riphery of the S-1 colonies. This process followed
the pattern observed in a strain of Bacteroides
when bacteria were reproduced from the large
bodies (Dienes and Smith, 1944). The large
bodies increased in size, became irregular in out-
line, and broke up into irregular segments. In the
case of Bacteroides, this occurred only in large
bodies produced directly from bacteria and in the
absence of penicillin or other inhibitory sub-
stances. The fragments of the large bodies re-
sumed the usual bacterial structure during fur-
ther development. The L forms of Serratia lost
the ability to return to bacterial growth and the
fragments of the large bodies grew again into
large bodies, both in the presence and in the
absence of penicillin. The similarity of the process
observed in Serratia to the reproduction of bac-
teria from the large bodies in other bacterial
species suggests that in the L form of Serratia
the functions of the cell membranes are less
altered than in many other L forms. This is sug-

FI1G. 4. Large bodies at the periphery of L colonies. Note granules inside the large bodies. Wet stained

agar; X 2250.

FIG. 5. Large bodies from broth, some darkly stained, and some degenerated and unstained. Note granules

inside them. Wet stained agar; X 22560.

Fi1G. 6. Earliest growth of L-type colonies with embedded centers (S-1). Large bodies after 6 hr of in-
cubation at room temperature in slide culture. Phase contrast, X 900. The small granules growing from
the large bodies are bright, and the granules are visible in the large bodies.

FIG. 7. Same field as Fig. 6 after 12 hr of incubation. Phase contrast, X 900.

FIG. 8. Detail of Fig. 6, further enlarged; X 2250. The granules growing out from the large bodies are
bright and, where resolution is good, are very small. The boundary of the large bodies is not sharp; they

appear as groups of granules.

Fi16. 9. Earliest growth of the large bodies leading to colonies without embedded centers (S-2); 6 hr after
inoculation from agar culture. They are deformed with protuberances breaking into fragments. Larger
divisions and granules are visible in the large bodies. Wet stained agar; X 2260.

FIG. 10. Large body after short incubation showing growth starting from the periphery (S-2). Unstained;

X 2250.



FI1G. 11. Growth of small granules from the large bodies leading to the development of S-1 colonies.
Large bodies marked a show the earliest growth of the small granules. (b) Small colony of granules grow-
ing from the large body; (c) growth of granules from the large body; at the left, granules arranged in a
twisted filament. Dried stained agar preparation; X 2250.

FIG. 12. Same as a and b in Fig. 11, with different focus. (a) Several pairs of small granules are visible
growing from the large body.

FI1G. 13. Large body deformed with granules growing out of it at several sites (arrow). Dried stained
agar preparation; X 2250.

FIG. 14 and 15. Extension of very small granules in different directions inside the agar. Dried stained
agar preparations; X 2250.

FIG. 16. Large colony extending in different directions inside the agar. The smallest granules are at the
periphery. Dried stained agar preparation; X 22560.

FI1G. 17. Same as Fig. 14; X 3600. Enlargement shows the growth of the granules more clearly.

FIG. 18. Growth (12 hr) of human PPLO strain (4330). Impression from dried agar preparation; X 2500.

834



voL. 86, 1963

gested also by the high viability of the large
bodies and the relative absence of autolysis.

The morphology of the Serratia L cultures and
their method of reproduction are influenced
markedly by their environment. Most conspicu-
ous are the effects of the salt concentration and
the presence or absence of agar and the concen-
tration of agar in the medium. Whether the
organisms are crowded or are widely distributed
on the medium exerts a marked influence also.
These influences are complex and do not allow
for a simple explanation of the different patterns
of development in these cultures. Multiplication
in the form of small granules was observed only
on agar media. In very soft agar (0.2 to 0.49%,),
the large bodies multiply as they do in broth.
With the usual concentration of agar (about 1.2
to 1.5%), small granules grow out from the large
bodies lying isolated on the surface of the me-
dium, but growth was initiated only by the large
bodies and not by small granules transferred to
the agar. In transplants, crowding inhibits the
growth of granules from the large bodies. The
size of the granules and the initiation of their
growth are greatly influenced by the concentra-
tion of the agar. High concentrations of agar
inhibit the starting of growth of granules from
the isolated large bodies and favor the direct
multiplication of the large bodies themselves
(S-2). However, after some growth, secondary
colonies of very small granules grew under the
large bodies. A similar growth of granules oc-
curred on soft agar also under old isolated col-
onies. Probably it is an analogous phenomenon
that inoculation of the agar near a well-grown
culture produces small colonies consisting of
granules, but the colonies develop more abun-
dantly than after inoculation of fresh medium.
Thus, the influence of crowding may be either
inhibitory or favorable for the growth of granules.

We have observed no signs of multiplication
of the small granules in liquid medium. Multipli-
cation in broth seems to correspond to the growth
processes of the S-2 colonies. The new organisms
are formed and develop to a certain stage inside
the large bodies. This process could be followed
more clearly in the broth cultures of the L forms
of gram-positive cocci and will be discussed
elsewhere.

The basic cause of pleomorphism in bacteria,
L forms, and PPLO seems to be not a monstrous
growth of single organisms but rather the lack of
separation of the growing units from one another
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(Dienes and Smith, 1944; Dienes, 1960). This is
apparent in the formation of filaments and chains
in bacteria and in some strains of PPLO. In some
cases, it was possible to observe that the young
large bodies developing from bacteria are anal-
ogous structures. Under appropriate conditions,
they divide into groups of bacteria preformed in
them, like bacterial filaments (Dienes and Smith,
1944). Whether the units capable of individual
growth are fully separated or the large body is a
multinuclear organism is undecided. In some
strains of bacteria, transition between bacterial
forms to large bodies occurs as readily as in L
forms and depends just as much on the environ-
ment (Dienes, 1942). That the large bodies of
the L forms of Serratia at a certain stage of their
development consist of granules of variable size
was visible in microscopic preparations. It was
also indicated by the growth of small granules
from them at multiple sites at their surface.

The growth of small granules from large bodies
and their continued development in the early L
colonies was more clearly observed in Serratia
S-1 L colonies than in any other L forms. It is
apparent that the granules are well-defined or-
ganisms and not leaks of protoplasm between the
mesh of the agar gel. One of the most interesting
problems in the study of L forms is to determine
the conditions that permit their growth. They
grow apparently in the large bodies and inside
the agar, and substances diffusing from the large
bodies and from growing colonies may be both
antagonistic and favorable for their growth. OQur
knowledge of the large bodies and of the gran-
ules of the L forms is limited, and the present
work must be regarded as preliminary to more
penetrating studies.

The size of the smallest granules capable of
multiplication has played an important role in
the comparison of PPLO and L forms. The
marked influence of the environment on the
growth of the small granules of the L forms and
on their size makes it difficult to make a com-
parison of any significance. The size and shape
of the small granules in young agar colonies of
the two groups are closely similar. For the sake
of comparison, a photograph of vigorously grow-
ing young colonies of PPLO strain 4330 of hu-
man origin is shown in Fig. 17. The organisms in
these small colonies are considerably larger than
those made from comparable colonies of the L
forms of Serratia.

Two recent publications (Altenbern and Land-
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man, 1960; Meloni and Monti-Bragadin, 1962)
described the multiplication of the large bodies
in such form. Unfortunately, the morphology
was not followed throughout the whole develop-
ment of the cultures, and the possibility remains
that the large bodies might have been produced
by pleomorphic bacteria. The organisms in cer-
tain strains of bacteria after some growth are
transformed to large bodies in toto, but multipli-
cation occurs in bacterial form. The pleomorphism
of bacteria and the growth of L forms are closely
related; but, there are differences between the
two phenomena, and it is advisable to keep the
information relating to them apart.
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