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The ultrastructure of a variant (p) form of Mycoplasma is described. The
p-forms are characterized by dark-ground light microscopy as relatively rigid,
unbranched, filamentous organisms with discoidal swellings, and by electron
microscopy by the presence of an intracytoplasmic axial fiber extending
throughout the length of the cell and associated with a terminal structure of
characteristic appearance. In negatively stained preparations the fiber presents a

pattern of transverse light and dark major bands, the dark band being divided by
a central minor light band. The periodicity of the banding varies from 12.0 to 14.5
nm, and the width of the fiber varies from 40 to 120 nm. The fiber appears to be
composed of fibrils aligned parallel to the long axis. The evidence indicates that
the fiber contains protein and is devoid of nucleic acid. p-Forms were commonly
found in Mycoplasma strains derived from goats and occasionally in bovine
strains. They may have a wider distribution, as the growth medium was shown to
be important both for the expression of the p-character and for the selection of
the p-variant. The functional significance, if any, of the fiber and the terminal
structure is unknown.

The ultrastructure of a number of species of
Mycoplasma has been examined and has been
the subject of recent reviews (1, 10). More
recently, Rodwell et al. (18) briefly described a
previously unrecorded morphological form char-
acterized by dark-ground light microscopy as a
pleomorphic, relatively rigid, filamentous orga-
nism with discoidal swellings, and by electron
microscopy by the presence of an intracytoplas-
mic, banded, axial fiber. These variants, desig-
nated rho (p)-forms, were observed in cultures
derived from strain V5 of M. mycoides var.
mycoides and in strain Y Mycoplasma, which
had originally been isolated from fibrinous peri-
tonitis in a goat (13) and which is related
serologically to M. mycoides var. mycoides.
The morphology of the p-form and the struc-

ture of its characteristic inclusion are now
described more fully, together with observations
on the occurrence of this form in other myco-
plasma species, especially those of bovine and
caprine origin.

MATERIALS AND METHODS
The strains of mycoplasma examined and their

origins are listed in Table 1. The medium used in
most studies was the partly defined C2 medium (18)

or BVF-OS medium (19) supplemented with glucose,
glycerol, and oleate (17). For some work the medium
used was BVF-PS, which was similar to the supple-
mented BVF-OS except that ox serum (OS) was
replaced by pig serum (PS). PPLO medium (Difco)
supplemented by pig serum, yeast extract, and deoxy-
ribonucleic acid (DNA) (PPLO-PS medium) was also
used, particularly for the maintenance of mycoplasma
strains.

For electron microscopy of whole cells, the basic
method of preparation was as follows. Cultures were
centrifuged and suspended in a solution (NPM)
containing 0.25 M NaCl, 0.01 M MgSO4, and 0.02 M
phosphate (pH 7.0), at 0 C. Formaldehyde or glutaral-
dehyde solutions were added to give a final concentra-
tion of the fixative of 4% (wt/vol). After fixation at 0 C
for 2 to 16 h, the mycoplasmas were centrifuged and
suspended in water. When it was desired to obtain an
even and representative distribution of cells on the
electron microscope grid, a pseudoreplication tech-
nique was used. Drops of cell suspension were applied
to the surface of 2% Noble agar (Difco) plates. After
the suspending medium had been absorbed, the cells
were stripped from the agar surface on a parlodion
film which was then transferred to a parlodion-carbon
coated grid. For other examinations the fixed cell
suspension was applied directly to the c6ated grid and
the excess was removed by filter paper. To stain cells
negatively, a drop of stain solution was applied to the
preparation on the specimen grid, and after about 30 s
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the excess was removed by filter paper. The most
frequently used negative stains were 2% potassium
phosphotungstate, 2% ammonium molybdate, or 1%
uranyl acetate. As indicated in the text, other pre-

parative methods were used for the examination of
particular aspects of structure. Where appropriate,
the effects of suspending and fixative solutions on cell
morphology were monitored by the examination of
freely floating organisms by dark-ground or phase-
contrast light microscopy.

Cells to be sectioned were fixed in formaldehyde
solution as above, sedimented by centrifugation, and
suspended in a drop of 2% Noble agar. After secondary
fixation in 1% osmium tetroxide in phosphate buffer
(pH 7.2), the specimen blocks were dehydrated
through graded ethanol and embedded in Araldite.
Sections were double stained with lead and uranyl
salts. Electron microscopy was performed with a

Hitachi HU-llB instrument, and magnifications were

calibrated by the use of a cross-line carbon grating
replica with 2,160 lines per mm (Ernest F. Fullam,
Inc.).

For autoradiography, pseudoreplicated prepara-

tions were coated with Ilford L4 photographic emul-
sion by a loop technique and subsequently developed
in Kodak D19b solution.
The effects of protease treatment were examined in

unfixed cells and in cells which had been fixed with
formaldehyde and washed in 0.05 M tris(hydrox-
ymethyl)-aminomethane-hydrochloride (pH 7.5). Cells
were suspended at a density of approximately 1 mg
(dry weight)/ml in 0.05 M phosphate buffer (pH 7.4)
and the suspension was warmed to 37 C. Trypsin
(Sigma Chemical Co.; 11,000 U/mg) or Pronase (Cal-
biochem; 45,000 proteolytic U/g) was added to a

concentration of 0.1 mg/ml, and incubation continued
for periods up to 18 h. The suspension was then
chilled, and in most experiments formaldehyde was

again added to a final concentration of 4%. The effect
of the enzyme on the turbidity of the cell suspension
was measured at 650 nm, and samples of treated cells
were examined with an electron microscope.

Essentially the same procedure was used in the
examination of the effects of nucleases, by using
ribonuclease (Sigma Chemical Co.; 90 Kunitz U/mg
protein) and deoxyribonuclease (Sigma Chemical
Co.; 28,000 U/mg). When using deoxyribonuclease,
0.01 M MgSO4 was added.

RESULTS

Distribution of p-forms. Species and
strains of mycoplasmas in which p-forms
were observed. Mycoplasmas from several host
species have been examined for the occurrence
of p-forms. The results are shown in Table 1,
which also shows the origin of all cultures
examined. In unselected cultures, many of the
caprine strains contained p-forms. In some they
were the most abundant growth form, whereas
in others they were rare. Similarly, in bovine
strain 801, which is serologically related to M.
mycoides var. mycoides, p-forms were abun-

TABLE 1. Occurrence of p-forms in mycoplasmasa
grown in BVF-OS or BVF-PS media"

Country Refer- p-Mycoplasma strain of origin encec FormSd

Bovine
M. mycoides var. my-

coides
PG1 (= 3278) Not recorded 7
Gladysdale Australia 12
V5 Australia 6
H22/1 Australia 18 +

M. dispar England 11
L2917 Australia 5 +
N29 Australia 5
801 Australia e +

Caprine
Y Australia 13,18 +
Y2b Australia 18 +
KH-1 Australia e +
PG3 Turkey 6, 7 +
Lister (pp goat) Turkey 14 +
Smith Turkey 6 +
BQT Turkey 6 +
Cov. 3 Turkey 6 +
Ojo-1 Nigeria e +
Ojo-2 Nigeria e +
OSB-42 Nigeria 8 +
N108 Nigeria 8 +
Vom Nigeria 5
G1/61 Sudan 8
Cal. goat U.S.A. 12 +

Ovine
M. arginini, G230 U.S.A. 7

Avian
M. gallisepticum, S6 U.S.A. 9

Acholeplasma laidlawii
Sewage A, PG8 England 7
Sewage B, PG9 England 14

a All strains listed here are from the collection maintained
by G. S. Cottew at this laboratory.

b Several strains of mycoplasmas, including M.
bovigenitalium (PG11), M. bovirhinitis (PG43), M. pneumo-
niae (FH), and M. gallisepticum (QXO) are not included, as
satisfactory growth was obtained only in PPLO-PS medium,
which does not allow p-forms to develop.

c References were selected to give some indication of the
origin and history of the strains examined, and in some cases,
relationship to other mycoplasmas.

d p-Forms: +, observed; -, not observed, in cultures grown
in BVF-OS or BVF-PS media. The relative abundance of
p-forms, which varied greatly, is not indicated here as it is
largely dependent on cultural conditions.

'G. S. Cottew (personal communication): 801, isolated
from eye of cow; KH-1, isolated by K. L. Hughes from udder
of goat; Ojo 1 and 2, isolated by M. 0. Ojo from goats.

dant, whereas in arthritis strain L2917, they
were rarely seen. We have not observed p-forms
in the stock laboratory strains (V5, Gladysdale,
PG1) of M. mycoides var. mycoides other than
in the variants derived from V5. The mor-
phology typical of this species in BVF-OS is
shown in Fig. 1.

Effects of medium on incidence of p-forms.
The isolation of p-forming variants Y2b and
H22/1 from Mycoplasma strain Y and from the
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FIG. 1. M. mycoides var. i

BVF-OS medium, showing its
morphology. The filaments we
swellings were spheroidal. No p

Electron micrograph of fixed, ur

represents 1 MAm.

,pectively, has been accounted for only about 0.1% of the population
Itured from C2 me- (Fig. 2b). During six additional passages in
Ily the most abun- BVF-OS medium, three of which were by means
rains were grown in of single colonies on solid medium, the propor-
proportion dimin- tion of p-forms remained at about this low level.
re. This effect was This was not a simple reversion to the mor-
)y using these two phology of the original culture, and the degree of
,s of both strains pleomorphism was much reduced (cf. Fig. 1 and
Lch strain was seri- 2b). After this passaging through BVF-OS me-
and BVF-OS me- dium, the cultures were transferred back to C2

y being sought by medium, in which they were maintained
and electron mi- through an additional 11 passages. During this

period, the proportion of p-forms progressively
ntained by passage increased until it was again the predominant
apidly became and form (Fig. 2c, d). Both strains of mycoplasma
iant cell type (Fig. behaved in a similar manner.
Jh liquid BVF-OS We did not observe p-forms in cultures in
f p-forms progres- PPLO-PS medium, even with strains in which
the sixth passage they were the predominant cell type when

grown in BVF-OS or C2 medium, but the
capacity to produce p-forms in BVF-OS me-
dium was retained for at least two passages
through PPLO-PS medium.

- - _ The incidence of p-forms is thus seen to be
strongly influenced by the growth medium.
p-Forms were abundant in cultures of some

P - caprine strains of Mycoplasma, particularly in
/ - N 108, Ojo-2, PG3, and OSB-42, grown in

/ , ./ BVF-OS, even though these strains had not
*Wa previously been cultivated in medium C2.

-, Morphology and structure of the p-fiber.
-tt* ~ Whole cell preparations and isolated fibers.

* w ^,*t * The p-form is characterized by the presence of
an intracellular fiber (p-fiber) which exhibits a
cross-banded structure. This fiber extends

* . -,S throughout the length of the cell as a single,
' *~ si continuous structure (Fig. 3). Where the cell
* _I ,A diameter is relatively large, the p-fiber tends to
VI curve gently in a more or less helical shape of no

AO fixed pitch (Fig. 3b), but in thin filaments the
* fiber is straight (Fig. 3c). In suitable unfixed

and unstained cells, the p-fiber can be faintly
discerned by electron microscopy, but for ade-

_,, tquate preservation and demonstration of struc-
* < f ' ture it is necessary to use fixed cells, negatively

stained. The appearance of the fiber under
* _J' these conditions is not affected by the particular

V * _ negative stain used (potassium phosphotung-
state, ammonium molybdate, uranyl acetate).

* a J Fibers could be prepared which were largely
free of other cellular material by a procedure

msgrown in involving controlled tryptic digestion and sonic
ntypidspleomorphic disruption of fixed cells. The morphology of the

?re flexible and the isolated fibers did not differ from that of the
,-forms were present. intracellular fibers and served to confirm that
stained culture. Bar the detail observed was not due to overlying

cytoplasmic or membranous material.
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FIG. 2. Effect of medium on the incidence of p-forms in the H22/1 strain of Mycoplasma grown in C2 and
BVF-OS media. Electron micrographs of fixed, unstained cultures. Bar represents 1 gm. (a) After serial
subculture in C2 medium, almost all cells were of the p-form; the filaments tended to be rigid and the swellings
tended to be discoidal. (b) Culture was then transferred to BVF-OS medium and was serially subcultured in
this. p-Forms (arrow) were rare, but the morphology had not reverted to that of the original non-p-culture shown
in Fig. 1. (c) Culture was then transferred back to C2 medium. On first subculture a few short p-forms (arrow)
were present. (d) At the sixth subculture in C2 medium, p-forms were again becoming the dominant form. All
the elongated cells are p-forms. Arrow indicates knoblike terminal structure shown at higher magnification in
the inset (bar represents 0.5 gm).
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ULTRASTRUCTURE OF p-FORM OF MYCOPLASMA

FIG. 3. Continuity of the p-fiber throughout the length of the cell is shown in p-forms of differing
morphology'. In (b) the fiber tends to form a loose helix. In (c), which is typical of the rigid filaments composed
of discoidal swellings connected by a slender thread, the fiber is straight. Terminal structures (TS) are present
in (b) and (c). Fixed, negatively stained. Bar represents 200 nm.
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FIG. 4. p-Fibers partially isolated from fixed cells by protease treatment. Note the range in the width of the
fibers and the retention of the TS (arrows) at the end of several fibers. Negatively stained. Bar represents 200
nm.

In negatively stained preparations, the diam-
eter of the p-fiber varies between cells (Fig. 4),
from about 40 to 120 nm, and to a lesser extent
within a single cell.
Each p-fiber presents a pattem of transverse

light and dark major bands, the dark band
being divided by a central light minor band
(Fig. 5). The periodicity of the banding, meas-
ured in a representative series of organisms,
varied from 12.1 to 14.5 nm and was not
significantly different between fixed and un-
fixed cells. The major light band measured 6.3
to 8.4 nm in width, along the axis of the fiber,
and the dark band measured 5.2 to 6.3 nm.
Although the alignment of the bands was usu-
ally orthogonal to the longitudinal axis of the
fiber, variations did occur and in some segments
they could be found tilted. Occasionally several
segments, each tilted at a different angle, could
be seen in a single fiber (Fig. 6).

In addition to the transverse banding pattem,
striations could be seen parallel to the long axis
of the fiber (Fig. 7). These striations appeared
to be due to parallel-aligned fibrils about 3.0 nm
diameter and tended to give a beaded appear-
ance to the minor light band (Fig. 5, 7).
The p-fiber was completely intracytoplasmic,

and no evidence was seen of any limiting
membrane. Fibers were never seen to branch,
and the only variation from a single fiber that
was seen was a partial longitudinal separation
into two parallel fibers.

Sectioned organisms. In sections of Aral-
dite-embedded cells, the p-fibers showed some
differences from those in the negatively stained
preparations. In longitudinal sections that had
been postfixed in osmium and stained by lead
and uranyl salts, the p-fiber showed the same
general banding pattem (Fig. 8), although the
minor light band was difficult to demonstrate.
The most frequent periodicity of the banding
was about 10.0 nm, with a range of about 9.0 to
12.5 nm. In transverse section (Fig. 9, 10), the
p-fibers were evident as relatively translucent
areas of more or less circular outline. The
boundary of the fiber was not sharply defined,
and in most fibers no internal structure could be
resolved. Occasionally it was possible to distin-
guish a few circular profiles of about the same
diameter as the longitudinal fibrils seen in
negatively stained material, but of such low
contrast as to preclude satisfactory examina-
tion.

Stability of the p-fiber. In the unfixed cell,
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the p-fiber was very sensitive to osmotic effects,
and any treatment which caused swelling of the
unfixed cell led to the disappearance of the
fiber. For example, cultures of filamentous
p-forms were suspended in NPM solution and
the osmolarity was varied by altering the con-
centration of NaCl; fixative was then added to
the solution and the cells were examined by
electron microscopy. A few osmotically swollen
cells appeared when the NaCl concentration
was reduced to 0.1 M, and the proportion of
affected cells increased progressively with de-
creasing molarity until almost all cells were
swollen at an NaCl concentration of 0.025 M.
However, in all solutions, and even when sus-
pended in distilled water, a few cells resisted
osmotic swelling. In slightly or moderately swol-
len cells, the p-fiber remained discernible and
its periodicity remained unaltered. Because of
the irregular manner in which the filamentous
cells changed shape as they became swollen, the
enclosed p-fiber became irregularly twisted and
folded within the swollen segment. Under these
conditions the appearance of the fiber was that
of rigid segments with sharp, angular bends at
which the fiber split transversely across most of
its width (Fig. 11). In more completely swollen
cells, the p-fibers were rarely seen, but if present
they retained their normal appearance. When
cells were first swollen osmotically and then
returned to an isotonic medium before being

fixed, they did not return to their original shape
but became irregularly crenated and folded.
However, the p-fiber again became demonstra-
ble, although no longer co-incident with the
long axis of the cell, and fibers retained many of
their angular bends.
The effect of osmotic swelling on the appear-

ance of the p-fiber was confirmed by suspending
unfixed cells in varying concentrations (1 to 6%)
of ammonium molybdate solution, which also
served as a negative stain. Again, osmotic
swelling and disruption of cells were correlated
with the loss of the p-fiber as a discernible
entity.
The effects of the ionic or nonionic nature of

the solute and of Mg2+ concentration were
examined by suspending cells in modifications
of NPM. Neither replacement of NaCl by equi-
osmolar concentrations of sucrose nor reduction
of the Mg2+ concentration affected the structure
or stability of the p-fiber other than through
osmotic effects, although the omission of Mg2+
reduced the stability of the plasma membrane.

After cells had been fixed by formaldehyde or
glutaraldehyde, they were no longer susceptible
to osmotic swelling and retained essentially the
same morphology seen in unfixed preparations
by dark-ground light microscopy. The p-fiber
was also stabilized by fixation and could be
isolated and washed without apparent altera-
tion.

FIG. 5. Filamentous terminal portion of p-form cell showing detail of the fiber and the terminal structure.
The fiber almost completely fills the plasma membrane (m) in this portion of the cell. The minor light band
which divides the dark major band is somewhat beaded in appearance, and suggestions of longitudinal
striations are evident in some areas. The p-fiber ends at the broad, electron-translucent plate (p) of the TS.
Several longitudinal fibrils (arrows) penetrate this plate. Fixed cell, negatively stained. Bar represents 100 nm.
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FIG. 6. Isolated p-fiber showing variability in the angle at which the cross striations lie in relation to the long
axis. Some variation in periodicity is also evident. Negatively stained. Bar represents 200 nm.

FIG. 7. Isolated p-fiber, showing detail of its structure. The tilting of the cross-banding in portion of fiber
shown here is apparently due to slight alterations in the register of adjacent longitudinal fibrils. Fiber isolated
from fixed cell by protease and ultrasonic treatment, negatively stained. Bar represents 100 nm.
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FIG. 8. Longitudinal section through p-form, and its fiber. Uranyl and lead stain. Bar represents 200 nm.
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FIG. 9. Transverse section of p-form, showing plasma membrane (m), ribosomes (r), and p-fiber (R). No
structural detail of the fiber can be resolved. Uranyl and lead stain. Bar represents 200 nm.
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FIG. 10. Transverse sections of p-forms. The large
figure is comparable to Fig. 9 and has been cut
through a swollen portion of the cell. The two small
sections have been cut through the thin threadlike
portions of the cell and show the cytoplasmic space to
be almost completely filled by the p-fiber (R). Uranyl
and lead stain. Bar represents 200 nm.

Composition of the p-fiber. The study of the
effects of enzymes or chemical reagents on the
p-fiber in unfixed cells is limited by the instabil-
ity of the fiber as a recognizable structure once

the cell becomes osmotically damaged, and by
the probable lack of contact between fiber and
reagent in undamaged cells. When Formalin- or

glutaraldehyde-fixed cells were exposed to the
action of trypsin or Pronase for several hours,
the p-fibers became eroded, lost their banding
pattern, and finally were completely disinte-
grated. Under the same conditions ribonu-
clease, deoxyribonuclease, detergents,and lipid
solvents were without demonstrable effect on

the structure of the p-fiber.
Autoradiographs of cells in which the DNA

was uniformly labeled by growth with 3H-
thymidine showed (Fig. 12) that labeling was

restricted to the swollen portions in p-forms of
the beaded type. The threadlike connecting
portions of the filament and the terminal knob-
like swellings were unlabeled and thus were

apparently free of DNA.
The isolated p-fibers have not been satisfac-

torily stained. Phosphotungstic acid and uranyl

acetate, when used as positive stains, were
retained by the p-fiber only very slightly, if at
all, and did not alter the pattem of banding
from that seen by negative staining. Lead salts
alone or with uranyl acetate resulted in staining
that lacked differentiation of any structural
elements.
Terminal structures. In a large proportion of

p-forms, the p-fiber terminates at one end, and
occasionally at both, in a structure of highly
characteristic appearance (Fig. 5). If the termi-
nal portion of the cell is of narrow diameter, this
terminal structure (TS) is often recognizable in
unstained preparations as a slight knoblike
swelling (Fig. 2d), but where the diameter of the
terminal portion of the cell is greater, the TS
may only be recognized when stained. The TS
has not been observed without an associated
p-fiber.
The overlying plasma membrane appears to

be an integral part of the TS and is attached
firmly enough to the cytoplasmic components
for the association to remain when the cell is
disrupted (Fig. 13). The most prominent feature
of the TS in negatively stained preparations is
an electron-translucent plate which lies a short
distance beneath the plasma membrane. The
shape of this plate, as seen in electron micro-
graphs of whole cells, varies from a slightly
curved arc to an almost complete circle (Fig.
14), which is presumably indicative of a spheri-
cal structure. On both sides of this plate elec-
tron opacity is increased, usually more noticea-
bly on the internal side than in the area between
the plate and the plasma membrane. The plate
covers an area slightly wider than the p-fiber,
the end of which is contained within the curva-
ture of the plate. In occasional specimens the
plate is seen to be traversed by a few fine fibrils
(Fig. 5) which may be continuous with the
longitudinal fibrils of the p-fiber (Fig. 7).
The association between the TS and the

p-fiber is close and possibly due to physical
attachment. When p-forms are osmotically
swollen, both the TS and the p-fiber disappear.
When the cells are returned to the approximate
isotonic conditions provided by NPM solution,
both re-appear, and although the cells are
distorted, the p-fiber invariably retains its rela-
tionship to the TS. Also, when p-fibers are
isolated by protease and ultrasonic treatment of
fixed cells, the TS maintains its position and
essential structural appearance at the end of the
fiber (Fig. 4, 13, 15).

In sections stained by lead and uranyl salts
(Fig. 16), the TS appears structurally the same
as in negatively stained preparations, except
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FIG. 11. p-Form filamentous cell swollen osmotically before being fixed. Note the angular fractures and
irregular folding of the fiber. Negatively stained. Bar represents 200 nm.

FIG. 12. Autoradiograph of p-form grown in the presence of 3H-thymidine. The absence of DNA from the
p-fiber is indicated by the absence of developed silver grains over the filamentous regions of the cell; its presence
is restricted to the swollen regions of the cell. Bar represents 1 gim.
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FIG. 13. p-Fiber partially isolated from fixed cell by protease and ultrasonic treatment. The TS remains
attached to the fiber, and the plasma membrane (m) retains its attachment over the TS region. Negatively
stained. Bar represents 200 nm.
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FIG. 14. Morphological variations in the TS. The prominent electron-translucent plate varies from slightly
curved as in (a) to spherical as in (c). The end of the p-fiber lies within the curvature of this plate. Fixed cells,
negatively stained. Bar represents 100 nm.

.} * - tVI 't
FIG. 15. p-Fiber isolated by protease digestion of fixed cell. The TS remains firmly attached and shows

somewhat more complexity of structure than is apparent in less severely treated preparations, such as Fig. 13.
Bar represents 100 nm.

that the translucent plate is much thinner and
often difficult to define.

DISCUSSION
When examining the morphology of myco-

plasmas, it is necessary to distinguish between
true pleomorphism and distortion due to pre-
parative technique. The subject has been dis-
cussed extensively by Freundt (10). It has been

our experience that the morphology observed in
a culture of freely floating cells observed by
dark-ground or phase-contrast light microscopy
is most closely retained for electron microscope
examination by fixation with formaldehyde or
glutaraldehyde added either to the culture me-
dium or to the cells suspended in NPM solution.
In general, formaldehyde was preferred for giv-
ing cleaner preparations, especially in the pres-
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ence of some serum-containing media. Distor-
tion and shrinkage of cells appeared to be
almost absent with this technique, whereas
when reliance was placed on osmotic control
only, without fixation (e.g., with the use of an
appropriate concentration of ammonium mo-
lybdate negative-staining solution), a signifi-
cant proportion of cells, in some strains of
mycoplasmas, was always greatly distorted.
From comparisons of cells prepared by a

number of techniques, it was concluded that
some shrinkage occurred during dehydration
and embedding in Araldite, and this reduced
the periodicity of the p-fibers as seen in sec-
tions. Some flattening possibly occurred when
whole fixed cells were dried on the specimen
grid in the negatively stained preparations. It is
unlikely that this would have resulted in any
enlargement of the periodicity seen in long
fibers, although it may have had some effect on
the apparent width of fibers.

In addition to its use in monitoring electron
microscope preparations for artifacts, the value
of light microscope examination of wet prepara-
tions in morphological studies is stressed, as it is
only by this technique that the relative rigidity

of the p-form and the discoid nature of the
swollen areas of the cell can be readily demon-
strated. In dried preparations, the disks tend to
lie flat and their thin profile is not evident.
The incidence of p-forms is influenced by

several factors, some nutritional, others proba-
bly genetic. In stock laboratory strains of M.
mycoides var. mycoides, p-forms have not been
observed, and isolations have been made only
after adaptation to growth in C2 medium, their
appearance coinciding with an increase in the
growth rate of the culture (18). It seems likely
that the initial appearance of p-forms, under
these conditions, involved mutation and the
selection of a faster growing genotype. Similar
evidence is not readily available in relation to
the mycoplasmas of caprine origin, as in these a
high proportion of unselected cultures, with a
wide geographical distribution, were observed
to contain p-forms on first examination.
The composition of the medium has been

shown to be an important factor in determining
the proportion of p-forms in cultures of strain Y
and the p-forming variants derived from strain
V5. Growth in C2 medium consistently resulted
in an increase in the proportion of p-forms,

17
TS

: $tS
.
.

F

FIG. 16. Section of p-form cell cut longitudinally through the TS and portion of the fiber. Uranyl and lead
stain. Bar represents 100 nm.

FIG. 17. Section of M. gallisepticum prepared as for Fig. 16. Note the morphological similarity of the "bleb"
region (B) to the TS region shown in Fig. 16. Bar represents 100 nm.
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whereas serial subculture in BVF-OS medium
was accompanied by a diminution. As this
fluctuation in the relative abundance of p-forms
occurred progressively over several subcultur-
ings, and as the colonial form of the variant with
a high proportion of p-forms presented no speci-
fic distinguishing characteristic, it could not be
determined whether the effect was the result of
selection for or against the p-form genotype or
whether it was due to inhibition of the expres-
sion of the p-character. In contrast to this more
gradual effect seen in C2 and BVF-OS media,
the PPLO-PS medium had an immediate ef-
fect, as p-forms could be completely eliminated
at the first subculture in this medium. Return
to C2 medium, even after several subcultures in
PPLO-PS medium, resulted in their immediate
reappearance. These results are indicative of
effects on the phenotypic expression and are
clearly not due to genotype selection.

Investigation of the nutritional factors in-
volved in the expression of the p-character has
shown the essential requirements to be an
unrestricted energy source and a medium of
relatively high tonicity (Rodwell, Peterson, and
Rodwell, Ann. N.Y. Acad. Sci., in press). Be-
cause of the limitations imposed by the factors
discussed above and the difficulty of adapting
some mycoplasmas to growth in particular me-
dia, it is not always possible to indicate whether
an inability to produce p-forms is a genetic
characteristic of a particular species or strain or
whether expression of the character has been
suppressed.
The morphogenesis of the p-form has not yet

been elucidated. Association of the fiber with a
terminal structure is a constant feature, and the
latter may serve as a point of synthesis or
assembly. The terminal structure shows some
similarity to the "bleb" of M. gallisepticum
(15), in so far as both structures are character-
ized by an electron-translucent plate situated
beneath the plasma membrane and surrounded
by zones of differential staining with electron-
dense stains (Fig. 16, 17). In both cases the
structures form well-defined terminal features
in the cell. Biberfeld and Biberfeld (3) described
a rather similar structure in M. pneumoniae
which, in some cells, was associated with an
electron-dense "rod" showing some indication
of periodicity. The structural similarity of these
features is sufficient to suggest a similarity in
morphogenesis or function.
The chemical nature of the p-fiber is, at

present, being investigated further. The results
reported here indicate that it contains protein
and is substantially free of nucleic acids. By

polyacrylamide gel electrophoresis, we found
(Rodwell, Peterson, and Rodwell, Ann. N.Y.
Acad. Sci., in press) a characteristic, prominent
protein band which occurs only in cultures
containing p-forms. Whether or not it is the
structural protein of the p-fiber is yet to be
determined. Although the fiber appears to be
relatively rigid and unable to withstand sharp
bending, the variability shown in its periodicity
and the tilting sometimes seen in the bands
suggest that some molecular movement is possi-
ble in the direction of the long axis of the fiber,
possibly in a manner similar to that which
occurs in contractile proteins.
No functional significance has yet been found

for the p-fiber or its terminal structure. An
association with cell attachment and motility
seemed possible, in view of the type of motility
described in other mycoplasmas (2, 4, 16), but
we have not been able to demonstrate motility
in p-forms. On the other hand, the p-fiber could
simply be a para-cystalline aggregation of a cell
protein synthesized in excess of the require-
ments of the cell.
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