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Essentially all of the lipids ofMycoplasma hominis (200 ,g/mg of cell protein)
were found to be located in the cell membrane. Over one-half were neutral lipids
incorporated from the growth medium and consisting of 43% free cholesterol,
19% esterified cholesterol, 23% triglycerides, 10% free fatty acids, and small
amounts of di- and monoglycerides. The polar lipids accounting for about 40% of
the total were synthesized by the organisms. Phosphatidylglycerol was the
predominant lipid of this fraction. The minor components, tentatively identi-
fied as lysophosphatidylglycerol and phosphatidic acid, seem to represent
breakdown products of phosphatidylglycerol. No glycolipids were detected.
Being unable to synthesize long-chain fatty acids, M. hominis utilized the fatty
acids of the growth medium for polar lipid synthesis, preferentially the
saturated ones, so that the polar lipids had highly saturated hydrocarbon
chains. It is proposed that the large take up of unsaturated neutral lipids and
cholesterol from the medium offsets the marked condensing effect of the
saturated polar lipids, although electron paramagnetic resonance spectrometry
of spin-labeled fatty acids incorporated into the M. hominis membrane
indicated that the lipid region is still more rigid than that of the Acholeplasma
laidlawii membrane.

The use of mycoplasma membranes for in-
vestigating the role of lipids in biological mem-
branes has so far been largely confined to the
cell membrane of the sterol-nonrequiring
Acholeplasma laidlawii mainly because of the
ease of its isolation (6, 11, 17, 26, 28; S. Razin.
In A. H. Rose and D. W. Tempest, ed., Ad-
vances in microbial physiology, in press). Our
recent finding that the cell membrane of the
sterol-requiring Mycoplasma hominis can also
be easily isolated by osmotic lysis or by digito-
nin treatment (20) offers an alternative which
may be preferable for studies in which the role
of cholesterol is to be examined. To this end,
information on the lipid components of the M.
hominis membrane is supplied by the present
communication. A comparison of the A.
laidlawii and M. hominis membrane lipids is
also provided, indicating some differences in
their composition and physical state.

MATERIALS AND METHODS
Organism and growth conditions. M. hominis

(ATCC 15056) was grown in 2- to 5-liter volumes of
Edward medium (13) adjusted to pH 6.5 and supple-
mented with 2% PPLO serum fraction (Difco) and 20
mM L-arginine. For labeling the membrane lipids, 0.5
MCi of oleic acid-1-14C (59.7 mCi/mmole), 0. .uCi of
palmitic acid-1-14C (55 mCi/mmole), or 20 ACi of

cholesterol-4-14C (55.8 mCi/mmole; The Radiochem-
ical Centre, Amersham, England) was added to each
liter of the growth medium. The organisms were
harvested after 16 to 20 hr of incubation at 37 C and
were washed twice in 0.25 M NaCl.

Isolation of cell membranes. Cell membranes
were isolated by osmotic lysis of the organisms (20).
The membranes were collected by centrifugation at
34,000 x g for 30 min, washed twice in deionized
water and resuspended in ,-buffer (12) diluted 1:20
with deionized water (dilute ,-buffer).

Lipid extraction. Lipids were extracted from
freeze-dried cells or membranes by two successive
extractions with chloroform-methanol (2:1, v/v), the
first at 45 C for 2 hr and the second at room
temperature ovemight. The extracts were combined
and washed according to Folch et al. (7), dried under
a stream of nitrogen, and redissolved in 1 ml of
chloroform.

Separation of neutral from polar lipids. Neu-
tral lipids were separated from polar lipids by silicic
acid chromatography. The lipid extracts were ap-
plied to columns (6 by 100 mm) of activated silicic
acid (100 mesh, Mallinckrodt Chemical Works, St.
Louis, Mo.) prewashed with chloroform. Elution was
carried out successively with 50 ml of chloroform, 50
ml of acetone, and 50 ml of chloroform-methanol
(1:1, v/v) to separate the neutral lipids, glycolipids,
and polar lipids (23). The lipid fractions were dried
under a stream of nitrogen, weighed, and dissolved in
0.5 to 1.0 ml of chloroform-methanol (2:1).
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Thin-layer chromatography. The neutral and
polar lipid fractions were chromatographed on silica
gel H plates (0.5 mm thick) containing 0.2%
NaHCO.. For neutral lipids, the developing systems
were benzene-diethylether-ethanol-acetic acid
(50:40:2:0.2, v/v) and hexane-diethylether (94:6,
v/v); for polar lipids, chloroform-methanol-water
(65:24:4, v/v) and chloroform-methanol-acetic acid-
water (80:13:8:0.3, v/v) were used. The plates were
washed with the developing solvent before activa-
tion. Lipid spots were detected by iodine vapor,
phospholipid spots by the molybdate spray reagent
(4), and a-glycol-containing lipids by the Schiff-peri-
odate reagent (22). In some experiments, the lipid
spots were scraped off the plate into scintillation
vials containing 10 ml of a dioxane-toluene scintilla-
tion liquor (21), and radioactivity was measured in a
Packard Tri-Carb scintillation spectrometer.

For the gravimetric determination of the various
lipids, 50-mg samples were applied as bands on the
chromatography plates. After chromatography, the
separated bands were scraped off and the lipids were
eluted by two or three extractions with chloroform-
methanol (2:1). The extracts were filtered through
glass wool, dried under nitrogen, and weighed. The
data given in the Results represent an average of
three analyses on different batches of lipids.

Gas-liquid chromatography. Methyl esters of the
fatty acids were prepared by heating the lipid sam-
ples for 18 hr in anhydrous methanol containing 10%
(w/w) HCI at 72 C in a sealed Pyrex ampoule. The
resultant methyl esters were extracted with light
petroleum ether (boiling point, 40 to 60 C) and
subjected to gas-liquid chromatography in a Packard
model 840 instrument equipped with a polar column
(200 by 0.3 cm, 15% of diethylene glycol adipate on
Chromosorb W). Fatty acids were identified by their
retention time relative to that of standard methyl
ester mixtures (Supelco, Inc. Bellefonte, Pa.).
Paramagnetic resonance spectroscopy. Mem-

branes were spin-labeled with N-oxyl-4', 4'-dimethyl-
oxazolidine derivatives of 5-ketostearic acid and 12-
ketostearic acid (Syva, Palo Alto, Calif.) by exchange
from bovine serum albumin as previously described
(17).. Electron paramagnetic resonance spectra of
the spin-labeled membranes were obtained by use
of a Varian E-4 spectrometer. The hyperfine split-
ting (2Tm) was measured to within +0.5 gauss.

Analytical methods. Protein was determined ac-
cording to Lowry et al. (9). Total phosphorus in the
lipid fractions was determined by the method of
Ames (1) after digestion of the sample with an
ethanolic solution of Mg(NO)2. Acyl ester bonds
were determined according to Stern and Shapiro (27)
with tripalmitin as standard. Total cholesterol was
determined by the FeCls method (29). Free choles-
terol was separated from cholesterol esters by pre-
cipitation with digitonin (5).

RESULTS
Lipid classes of M. hominis. M. hominis

contained about 200 ,ug of lipid per mg of cell
protein. Analysis of the lipid content of the cell

fractions obtained by osmotic lysis of the
organisms showed the lipids to be located
exclusively in the cell membrane. About 60% of
the cell lipids subjected to silicic acid chroma-
tography were eluted from the column with
chloroform and can therefore be classified as
neutral lipids; the residual lipids were eluted
with chloroform-methanol (1: 1) and hence con-
stitute polar lipids. Acetone failed to elute any
lipids from the silicic acid column, and thus no
glycolipids were present.
Incorporation of labeled fatty acids into

M. hominis lipids. Table 1 shows that M.
hominis incorporated much more labeled pal-
mitic acid than oleic acid from the growth
medium. The difference was most pronounced
in the polar lipid fraction, where the radioac-
tivity resulting from "4C-palmitic acid incor-
poration was over 10 times that due to 14C-oleic
acid incorporation. The percentage of labeled
fatty acids incorporated into the neutral lipid
fraction, though much smaller than that incor-
porated into the polar lipids, was still signifi-
cant, especially the percentage of oleic acid
(Table 1). In A. laidlawii or M. arginini under
similar growth conditions, about 99% of either
"4C-palmitic acid or "4C-oleic acid was incor-
porated into the polar lipid fraction. The possi-
bility that the much higher degree of labeling
with "4C-palmitic acid was due to the lower free
palmitic acid content of the growth medium
could be ruled out by showing that the medium
actually contained more palmitic than oleic
acid (Table 6). The difference in the propor-
tions of "4C-palmitic acid and "4C-oleic acid
incorporated, moreover, persisted also when
the organisms were grown in a medium supple-
mented with increasing concentrations (up to
10 Wg/ml) of both unlabeled palmitate and
unlabeled oleate.
The addition to the growth medium of 10 yCi

of either "4C-glucose (55 mCi/mmole) or "4C-
acetate (15.7 mCi/mmole) per liter did not
result in any significant labeling of M. hominis
lipids.
Neutral lipids of M. hominis. A quantita-

tive analysis of the neutral lipid fraction of M.
hominis is presented in Table 2. The unusually
high content of free fatty acids and of glycer-
ides should be noted. When the organisms
were grown with radioactive fatty acids, the
label was found almost exclusively in the free
fatty acid fraction (Table 2). Free and esteri-
fied cholesterol constituted about 60% of the
neutral lipid fraction, or about 40% of the total
membrane lipids. The molar ratio of free to
esterified cholesterol was 2:1. By decreasing
the level of PPLO serum fraction in the growth
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TABLE 1. Incorporation of radioactive palmitic and oleic acids into M. hominis lipids

Total lipid Neutral lipid Polar lipid

IC-fatty acid supplementa
Amt (mg) Radioactivity Amt (mg) Radioactivity Amt (mg) Radioactivity

(counts/min) (counts/min) (counts/mmn)
Palmitic acid ............... 17.3 630,000 10.1 25,200 6.7 600,000
Oleic acid .................. 18.0 72,000 10.3 19,100 7.1 50,400

a The organisms were grown in Edward medium supplemented with 0.5 MCi of either palmitic acid-1-14C (55
mCi/mmole) or oleic acid-1-14C (59.7 mCi/mmole) per liter.

TABLE 2. Incorporation of labeled palmitic and oleic
acids into the various components of the neutral lipid

fraction of M. hominis

Percentage of total
Perenetrag radioactivity in neutral
of neutral

lipids

Component lipid Cells grown
fraction Cells grown with
(by wt) with oleic .l .

acid-1-1 4 acid-1-plC
Free fatty acids .... 10.3 89.8 96.7
Monoglycerides .... 1.1 1.0 0.2
Diglycerides ....... 3.3 4.6 1.3
Triglycerides ...... 23.3 2.5 0.6
Cholesterol ........ 42.8 0.0 0.0
Cholesterol esters .. 19.2 1.8 0.0

medium, the cholesterol content of the cells
could be brought down to 60% of its initial level
without any change in the free to esterified
cholesterol ratio (Table 3). The lowering of the
PPLO serum fraction content was, however,
accompanied by a marked decrease in cell
yield. Growth was not improved by the addi-
tion of bovine serum albumin (10 mg/ml)
together with palmitate (1 to 5 jg/ml) or oleate
(1 to 5 Ag/ml) or both.
The addition of 14C-cholesterol (20 ,Ci/liter)

to the growth medium resulted in intensive
labeling of the cells (about 200,000 counts per
min per mg of cell protein). Over 99% of the
radioactivity was found in the free cholesterol
fraction, so that the cholesterol incorporated
from the growth medium was not esterified or
otherwise changed by the organisms. Moreover,
the fatty acid composition of the cholesterol
ester fraction of M. hominis closely resembled
that of the PPLO serum fraction (Table 4),
supporting the thesis that the cholesterol esters
found in M. hominis originate from the growth
medium (14).
Polar lipids of M. hominis. The character-

istics of the polar lipid components of M.
hominis and their tentative identification are
given in Table 5. Over 90% of the radioactivity
in the polar lipid fraction derived from the
"4C-palmitic acid in the growth medium was

TABLE 3. Cholesterol content of M. hominis cells
grown with various concentrations of serum fraction

PPLO serum
fraction in Cell yielda Total cholesterolb
medium (%)

2.0 32.6 91.2
1.0 22.2 73.9
0.5 14.0 61.9
0.2 5.2 53.0

aExpressed as milligrams of cell protein per liter.
Expressed as micrograms per milligram of cell

protein.

TABLE 4. Fatty acid composition of the esterified
cholesterol fraction isolated from M. hominis and

from PPLO serum fraction

Fatty acid

a The first number indicates chain length and the second
indicates the number of double bonds.

" Percentage of total peak area.

recovered in a single lipid spot having an RF Of
0.58 on silica gel plates developed with chloro-
form-methanol-water (65:25:4) and an RF of
0.38 when the plates were developed with
chloroform - methanol - acetic acid - water (80:
13:8:0.3). This lipid, which constituted over
80% of the total polar lipid fraction, could
be identified as phosphatidylglycerol. The
identification was based on its migration on the
chromatography plates coinciding with that of
known preparations of phosphatidylglycerol,
the characteristic purple color appearing im-
mediately on spraying with the periodate-
Schiff reagent (22), and on the 2: 1 fatty acid to
phosphorus ratio.
Of the two other phospholipids of M. homi-

nis, one (component A in Table 5) appeared to
be a lysophosphatidylglycerol-like compound,
and the other (component C) resembled phos-
phatidic acid. The labeling with "4C-palmitic
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acid of components A and C was about the
same in lipid extracts from whole cells and
freshly isolated membranes, but when the
membrane preparation was incubated at room

temperature for 24 hr the labeling of compo-
nent C increased about 10-fold and that of
component A by about 25% with a concomitant
decrease in the labeling of phosphatidyl-
glycerol. These observations suggest the pres-

ence of phospholipases in the membranes.
Fatty acid composition of M. hominis

lipids. Marked differences were observed in
the fatty acid composition of the neutral and
polar lipid fractions (Table 6). Whereas the po-

lar lipid fraction contained more saturated
fatty acids, the ratio of saturated to unsatu-
rated fatty acids amounting to ).5, the re-

verse was true for the neutral lipid fraction.
Both fractions, however, varied considerably
from the growth medium in their fatty acid
composition (Table 6).
Molecular motion of spin-labeled fatty

acids in M. hominis membranes. The physi-

cal state of M. hominis membrane lipids was
investigated by electron-paramagnetic reso-

nance spectroscopy of spin-labeled fatty acids
incorporated into the membrane. Figure 1
shows that the hyperfine splitting (2Tm) of the
incorporated spin-labeled fatty acids depended
on temperature and the position of the nitrox-
ide group on the fatty acid hydrocarbon chain,
decreasing as the nitroxide group moved from
the polar end of the molecule. Thus, the
N-oxyl-4', 4'-dimethyloxazolidine derivative of
5-ketostearic acid [spin label I (12,3)] whose
nitroxide radical is on carbon 5 of the fatty acid
chain showed a much higher hyperfine splitting
than did the N-oxyl-4',4'-dimethyloxazolidine
derivative of 12-ketostearic acid, whose nitrox-
ide radical is on carbon 12. These data support
the suggestion (17) that the local environment
of the spin-labeled fatty acids in the myco-
plasma membrane is an associate lipid struc-
ture having the properties of a bilayer. Figure 1
also shows the remarkable differences in the
hyperfine splitting (2Tm) of the spin-labeled

TABLE 5. Properties and tentative identification of the polar lipids of M. hominis

Percentage Percentage Moles of
Compo- of total of total fatty acid Molybdate Periodate-

R,b Pretge aissiit Mte° |Mltdt PSchifaft| Tentative identification
nenta R polar lipids radioactivity ester/g reaction Sction

(by wt) in polar atom of P reaction

A 0.29 7.0 5.2 1.2 + + Lysophosphatidylglycerol
B 0.58 83.0 93.0 2.0 + + Phosphatidylglycerol
C 0.79 1.0 1.6 2.1 + _ Phosphatidic acid
D 0.90 8.4 0 - - Unknown

a The ninhydrin reaction was negative for all components.
,'Developing solvent system, chloroform-methanol-water (65: 25: 4, v/v).
c Organisms were grown with palmitic acid-1-'4C.

TABLE 6. Fatty acid composition of M. hominis and the growth medium lipids

M. hominis lipids Medium lipidsa
Fatty acid

Total lipids Polar lipids Neutral lipids Total lipids Free fatty acids

12:Ob 0.2c 0.1 0.1 0.1 0.1
14:0 1.1 1.5 0.1 1.4 1.5
16:0 39.7 44.9 17.7 22.8 20.1
16:1 1.6 0.4 0.9 1.6 11.6
17:0 1.2 1.8 0.1 0.1 0.1
18:0 18.8 33.5 6.5 19.1 3.2
18:1 10.1 13.2

I

8.6 18.7 14.2
18:2 27.3 4.6 66.1 34.4 48.3

Sat'd/unsat'dd 1.56 4.49 0.33 0.82 0.35

aThe dry ingredients of Edward medium (13) were extracted with chloroform-methanol (2: 1). Free fatty
acids were separated by thin-layer chromatography as described in Materials and Methods.

b The first number indicates chain length and the second the number of double bonds.
c Percentage of total peak area.
d Ratio of saturated to unsaturated fatty acids.
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and the glycerides, they do not seem to be
60 ~ K synthesized by the organisms and are incor-

porated as such from the growth medium.
0X \ The finding of relatively large amounts of
o\osO free fatty acids was somewhat unexpected, as

\NsX\no significant amount of free fatty acids was
found in the membrane lipids of A. laidlawii,

55 - ' \ "\0,M. gallinarum strain J, and M. arthritidis
'\ ais rstrain 07 (25). Recently, however, undeter-

mined but significant amounts of free fatty
\\°° acids were found in lipid analyses of a T

mycoplasma (16) and A. axanthum (25). The
origin of the free fatty acids in the M. hominis

50 - membrane is not clear. They may possibly be
the products of membrane phospholipid hy-
drolysis by one or several enzymes associated
with the M. hominis membrane, though their
undiminished presence under conditions mini-

° mizing endogenous phospholipase activity,
45 I10 20 3 * such as extraction of the lipids directly from010 20 30 40 whole cells instead of membranes, and the very

TEMPERATURE (OC) low quantities of the lyso compound found
FIG. 1. Temperature dependence of the hyperfine under normal conditions of membrane isolation
itting (2Tm) of spin-labeled fatty acids incor- render it more likely that most of them are
rated into mycoplasma membranes. Symbols:-, incorporated as such from the growth medium.
:n label I (12,3); 0, spin label I (5,10). Solid lines, Like other sterol-requiring Mycoplasma spe-
hominis membranes; broken lines, A. laidlawii cies, but unlike A. laidlawii (19), M. hominis

?mbranes.
.tyacisiappears to be unable to synthesize long-chain

;ty acids incorporated into M. hominis and fatty acids, as indicated by the inability to
to A. laidlawii membranes. The higher 2Tm utilize "4C-acetate for lipid synthesis and the
lues observed with M. hominis membranes absence of acyl carrier protein (18).
licate that the mobility of the hydrocarbon The dominant lipid in the polar lipid fraction
ains of the spin-labeled fatty acids is more of M. hominis was identified as phosphatidyl-
;tricted, especially at higher temperatures. glycerol, a major phospholipid of A. laidlawii
Le hyperfine splitting of the spin-labeled and other mycoplasmas (25). No diphos-
;ty acids in M. hominis membranes was not phatidylglycerol could be detected in M.
ected when the cholesterol content of the hominis. The minor phospholipids of the polar
~mbranes was reduced as much as 40% by lipid fraction, tentatively identified as lyso-
)wing the organisms with a lower concentra- phosphatidylglycerol and phosphatidic acid,
In of PPLO serum fraction (see Table 3). seem to represent breakdown products of

DISCUSSION phosphatidylglycerol.
The nonfermentative M. hominis also differs

Several important differences emerge from from the fermentative A. laidlawii in its lack of
e comparison of the lipid composition of M. glycolipids. This appears to substantiate the
minis and A. laidlawii membranes. Whereas thesis that nonfermentative mycoplasmas do
A. laidlawii neutral lipids (excluding glyco- not synthesize glycolipids (25), although trace
ids) constitute a minor fraction (10%) of the amounts of glycolipids have been recently de-
mbrane lipids (23), they are the major lipid tected in a T-strain mycoplasma classified as

Lction in the M. hominis membrane. This is nonfermentative (16, 24).
cause of the much higher cholesterol content The radical difference in the fatty acid com-
M. hominis, as is to be expected from a position of the neutral and polar lipid fractions
rol-requiring mycoplasma (see Argaman and of M. hominis may perhaps be regarded as the
Lzin [2]), and because of the large quantities most salient finding. Whereas in the polar
glycerides and free fatty acids present in the lipids the saturated fatty acids were predomi-
hominis membrane but not in the A. nant, the unsaturated fatty acids predomi-

dlawii membrane (25). Since the addition of nated in the neutral lipid fraction of the cells
lioactive oleic or palmitic acid to the growth and in the lipids of the growth medium. Hence,
,dium failed to label the cholesterol esters M. hominis makes a preferential use of satu-
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rated fatty acids for polar lipid synthesis,
which accounts for the much higher labeling of
the cells when grown with "4C-palmitate than
with 14C-oleate. A. laidlawii, on the other hand,
incorporates considerable amounts of both
types of fatty acids into its polar lipids (10, 15).
The physical state of the lipid region of the

mycoplasma membrane depends largely on the
chain length and the degree of unsaturation of
the fatty acid residues of the membrane lipids
(14, 26). How the organism controls the fluidity
of the lipid region under different physiological
conditions is still not clear (S. Razin. In A. H.
Rose and D. W. Tempest, ed., Advances in
microbial physiology, in press). The highly
saturated nature of the hydrocarbon chains of
the polar lipids of M. hominis might be ex-

pected to raise the phase transition tempera-
ture and reduce the fluidity of the lipid region
of the membrane to a level liable to affect
permeability and growth under physiological
temperatures. The large quantities of un-

saturated neutral lipids and cholesterol incor-
porated into M. hominis membranes during
growth may, however, help to offset the con-
densing effect of the saturated polar lipids and
to produce the lipid region fluidity essential to
proper membrane function. Cholesterol has in
fact been shown to prevent the crystallization
of lipid membranes made of highly saturated
phospholipids (3, 8). Nevertheless, the freedom
of motion of spin-labeled fatty acids incor-
porated into M. hominis membranes was much
lower than in A. laidlawii membranes, indicat-
ing the closer packing of the lipids and the
higher rigidity of the lipid backbone of the M.
hominis membrane.
The possibility that the growth requirement

of parasitic mycoplasmas for cholesterol is
associated with the preferential synthesis of
highly saturated complex lipids warrants fur-
ther investigation.

ACKNOWLEDGMENTS

This work was supported by a grant from the Joint
Research Fund of the Hebrew University and Hadassah and
by grant FG-Is-286 from the U.S. Department of Agriculture
under P.L. 480.
We thank R. Samuni for helping us with the electron

paramagnetic resonance spectrometry.

LITERATURE CITED

1. Ames, B. N. 1966. Assay of inorganic phosphate, total
phosphate and phosphatases, p. 115-118. In E. F.
Neufeld and V. Ginsburg (ed.), Methods in enzymol-
ogy, vol. 8. Academic Press Inc., New York.

2. Argaman, M., and S. Razin. 1965. Cholesterol and
cholesterol esters in mycoplasma. J. Gen. Microbiol.
38:153-168.

3. De Kruiff, B., R. A. Demel and L. L. M. van Deenen.

1972. The effect of cholesterol and epicholesterol
incorporation on the permeability and on the phase
transition of intact Acholeplasma laidlawii cell mem-
branes and derived liposomes. Biochim. Biophys. Acta
255:331-347.

4. Dittmer, J. C., and R. L. Lester. 1964. A simple specific
spray for the detection of phospholipids on thin-layer
chromatograms. J. Lipid Res. 5:126-127.

5. Dittmer, J. C., and M. A. Wells. 1969. Quantitative and
qualitative analysis of lipids and lipid components, p.
482-530. In J. M. Lowenstein (ed), Methods in en-
zymology, vol. 14. Academic Press Inc., New York.

6. Engelman, D. M. 1971. Lipid bilayer structure in the
membrane of Mycoplasma laidlawii. J. Mol. Biol.
58:153-165.

7. Folch, J., M. Lees, and G. H. Sloane-Stanely. 1957. A
simple method for the isolation and purification of
total lipids from animal tissues. J. Biol. Chem.
226:497-505.

8. Landbrooke, B. D., and D. Chapman. 1969. Thermal
analysis of lipids, proteins and biological membranes.
A review and summary of some recent work. Chem.
Phys. Lipids 3:304-367.

9. Lowry, 0. H., N. J. Rosebrough, A. L. Farr, and R. J.
Randall. 1951. Protein measurement with the Folin
phenol reagent. J. Biol. Chem. 193:265-275.

10. McElhaney, R. N., and M. E. Tourtellotte. 1969. Myco-
plasma membrane lipids: variations in fatty acid
composition. Science 164:433-434.

11. Metcalfe, S. M., J. C. Metcalfe, and D. M. Engelman.
1971. Structural comparisons of native and reaggre-
gated membranes from Mycoplasma laidlawii and
erythrocytes using a fluorescence probe. Biochim.
Biophys. Acta 241:422-430.

12. Pollack, J. D., S. Razin, M. E. Pollack, and R. C.
Cleverdon. 1965. k'ractionation of mycoplasma cells
for enzyme localization. Life Sci. 4:973-977.

13. Razin, S. 1963. Osmotic lysis of mycoplasma. J. Gen.
Microbiol. 33:471-475.

14. Razin, S. 1969. Structure and function in mycoplasma.
Annu. Rev. Microbiol. 23:317-356.

15. Razin, S., M. E. Tourtellotte, R. N. McElhaney, and J.
D. Pollack. 1966. Influence of lipid components of
Mycoplasma laidlawii membranes on osmotic fragility
of cells. J. Bacteriol. 91:609-616.

16. Romano, N., P. F. Smith, and W. R. Mayberry. 1972.
The lipids of a T-strain of mycoplasma. J. Bacteriol.
109:565-569.

17. Rottem, S., W. L. Hubbell, L. Hayflick, and H. M.
McConnell. 1970. Motion of fatty acid spin labels in
the plasma membrane of mycoplasma. Biochim. Bio-
phys. Acta 219:104-113.

18. Rottem, S., 0. Muhsam-Peled, and S. Razin. 1973. Acyl
carrier protein in mycoplasmas. J. Bacteriol 113:
586-591.

19. Rottem, S., and C. Panos. 1970. The synthesis of long-
chain fatty acids by a cell-free system from Myco-
plasma laidlawii A. Biochemistry 9:57-63.

20. Rottem, S., and S. Razin. 1972. Isolation of mycoplasma
membranes by digitonin. J. Bacteriol. 110:699-705.

21. Rottem, S., 0. Stein, and S. Razin. 1968. Reassembly of
mycoplasma membranes disaggregated by detergents.
Arch. Biochem. Biophys. 125:46-56.

22. Shaw, N. 1968. Detection of lipids on thin-layer chromat-
ograms with the periodate-Shiff reagent. Biochim.
Biophys. Acta 164:435-436.

23. Shaw, S., P. F. Smith, and W. L. Koostra. 1968. The
lipid composition of Mycoplasma laidlawii strain B.
Biochem. J. 107:329-333.

24. Shepard, M. C. 1969. Fundamental biology of the
T-strains, p. 49-65. In L. Hayflick (ed.), The myco-

570 J. BACTRIUOL.



VOL. 113, 1973 MEMBRANE LIPIDS

plasmatales and the L-phase of bacteria. Appleton-
Century-Crofts, New York.

25. Smith, P. F. 1971. The biology of mycoplasmas. Aca-
demic Press Inc., New York.

26. Steim, J. M., M. E. Tourtellotte, J. C. Reinert, R. N.
McElhaney, and R. L. Rader. 1969. Calorimetric
evidence for the liquid-crystalline state of lipids in a

biomembrane. Proc. Nat. Acad. Sci. U.S.A.
63:104-109.

27. Stern, I., and B. Shapiro. 1953. A rapid and simple

OF M. HOMINIS 571

method for the determination of esterified fatty acids
and for total fatty acids in blood. J. Clin. Pathol.
6:158-160.

28. Tourtellotte, M. E., D. Branton, and A. Keith. 1970.
Membrane structure: spin labeling and freeze etching
of Mycoplasma laidlawii. Proc. Nat. Acad. Sci. U.S.A.
66:909-916.

29. Wycoff, H. D., and J. Parsons. 1957. Chromatographic
microassay for cholesterol and cholesterol esters.
Science 125:347-348.


