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The freeze-fracture technique in 
conjunction with electron microscopy 
has been a uniciue tool for studying 
membrane structure. Although there 
has been considerable controversy (1) 
as to where the primary fracture plane 
in biological membranes occurs, it has 
been convincingly demonstrated that 
the major fracture plane in membranes 
is down the center of the hydrophobic 
portion of the lipid bilayer (2). 

A most interesting structural feature 
revealed in these preparations is the 
presence of particles between 50 and 
100 A in the hydrophobic region of the 
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fracture plane. The precise chemical 
nature and function of these globular 
intercalations, which interrupt the con- 
tinuity of the membrane's lipid bilayer, 
has been the subject of conjecture. That 
these interruptions are more abundant 
in membranes with high metabolic ac- 
tivity, such as chloroplasts, bacteria, 
and mitochondria, and are absent in the 
more metabolically inert biological 
membranes such as myelin and in syn- 
thetic liposomes (1) suggests that they 
may play a dynamic role in membrane 
function. 
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branes (1, 3) by the broad spectrum 
proteolytic enzyme, Pronase, for 10 
hours results in almost total loss of 
these particles in fracture faces, which 
suggests that they are protein. Similar 
digestion of Acholeplasma laidlawii 
membranes has presented inconsistent 
results; that is, a moderate reduction 
in the number of particles was observed 
in some experiments and little or no 
reduction in others. Thus, the nature 
of these particles in A. laidlawii in re- 
gard to Pronase digestion is uncertain. 
In addition, since Pronase has been re- 
ported to exhibit esterase activity (4) 
the possibility that particles are lipid 
cannot be ruled out. 

In this report we present evidence, 
obtained by a different approach, sug- 
gesting that these particles in A. laid- 
lawii are protein in nature and that at 
least some of them may be involved in 
substrate transport across the cell mem- 
brane. 

Acholeplasma laidlawii cells were 
grown in lipid-poor medium supple- 
mented with oleic acid (30 mg/liter) 
(5). At 16 hours of growth, puromycin 
(25 ,tg/ml) was added to a portion of 
the growing cells, and [14C]glutamine 
and [3H]palmitic acid were added to 
monitor protein and lipid synthesis. 
Controls consisted of portions of the 
growing cells containing radioactive 
glutamine and palmitic acid to which 
no antibiotic was added. Samples were 
taken at 2-hour intervals, and the mem- 
branes were prepared (5) and freeze- 
fractured in a Balzers freeze-etching 
device. 

Isotope counting was accomplished 
by using a Packard Tri-Carb liquid 
scintillation spectrometer. Isopycnic 
density gradient analyses were done 
as described by Kahane and Razin 
(6). Incorporation of 14C-labeled thymi- 
dine, uridine, and glucosamine was mon- 
itored on separate portions of the same 
batch of cells used for the experiments 
described above. Active transport of the 
nonmetabolizable sugar [l4C]2-deoxy- 
glucose was followed by methods de- 
scribed by Zupnik and Tourtellotte (7), 
by using cells treated as described 
above with the omission of radioactive 
glutamine and palmitic acid. The rates 
were determined as counts per minute 
per milligram of membrane lipid. 

For experiments demonstrating lipid 
synthesis in a medium devoid of amino 
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Freeze-Fractured Acholeplasma laidlawii Membranes: 

Nature of Particles Observed 

Abstract. Freeze-fracture of Acholeplasma laidlawii membranes from cells in- 
cubated in the presence of puromycin or omission of amino acids reveals a 
decrease in the number of particles between 50 and 100 angstroms in the hydro- 
phobic fracture plane, which strongly suggests that these particles are protein. 
Additional evidence indicates that they may be involved in substrate transport. 
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pH 8.2. The incubation mixture con- 
sisted of cells; buffer K; 0.4 percent 
lipid-poor bovine serum albumin; 1 per- 
cent glucose; lauric, myristic, palmitic, 
and oleic acids (5 mg/liter); and 100 
uLC of t14C]glutamine and 50 ,/c of 
[3H]palmitic acid per liter. 

As demonstrated in Fig. 1, in the 
presence of puromycin, polar lipid syn- 
thesis equal to that in the control con- 
taining no antibiotic continued for ap- 
proximately 6 hours, dropping at 8 
hours. Protein synthesis at 1 hour was 
essentially abolished by puromycin. As 
shown by Kahane and Razin (6), 
chloramphenicol inhibited total cell 
protein synthesis but not lipid synthesis 
in A. laidlawii, suggesting, as supported 
by our results with puromycin, that 
membrane lipid and protein synthesis 
are not coupled in A. laidlawii, but 
occur independently of each other. 
Further support for this hypothesis was 
obtained by the isolation of membranes 
from normal and puromycin-incubated 
cells (4 hours) and centrifugation in 
sucrose density gradients. Membranes 
from control cells had a density of 
1.18 g/cm3 while those from cells in- 
cubated in puromycin had a density of 
1.15 g/cm3; this demonstrates a higher 
ratio of lipid to protein in the cells 
inhibited by puromycin. Similar results 
on sucrose gradients were also observed 
by Kahane and Razin (6). 

An examination of thin sections of 
the membranes by electron microscopy 
demonstrated no structural differences 
between 4- and 6-hour controls and 
puromycin-incubated cells. 

However, the results of freeze-frac- 
ture, as shown in Fig. 2, demonstrated 
marked differences. It can be observed 
that the number of particles in cells 
incubated in the presence of puromycin 
are substantially decreased at 4, 6, and 
8 hours under conditions where ex- 
tensive lipid bilayer synthesis but no 
protein synthesis is occurring. 

Figure 2b (cells plus puromycin, in- 
cubated for 4 hours) showed approxi- 
mately a 50 percent decrease in the 
number of particles as compared to the 
4-hour control (Fig. 2a); in Fig. 2c 
(6 hours) bare patches of lipid bilayer 
became more prominent and the num- 
ber of particles was further decreased. 
In Fig. 2d (8 hours) extensive bare 
patches and aggregation of particles 
were observed. The expansive bare 
areas and aggregation of particles at 8 
hours suggest that after extensive inhi- 
bition of de novo protein synthesis, 
protein particles within the membrane 
5 JANUARY 1973 

show translational freedom of move- 
ment within the lipid bilayer. The 8- 
hour control containing no puromycin 
resembled the 4-hour control. 

Since other data showed that the in- 
corporation of radioactive thymidine, 
uridine, palmitic acid, and glucosamine, 
respectively, into DNA, RNA, lipid, 
and polysaccharide was unaffected by 
puromycin, and the effect of this anti- 
biotic on protein synthesis is well estab- 
lished (8), it is highly suggestive that 
the particles observed in freeze-frac- 
tured A. laidlawii membranes are pro- 
tein. 

Further evidence indicating that 
these particles are protein was obtained 
by growing cells for 16 hours in the 
presence of [14C]glutamine and [3H]- 
palmitic acid and incubating the cell 
suspensions in a medium free of amino 

acid and consisting of buffer K; bovine 
serum albumin; lauric, myristic, palm- 
itic, and oleic acids; glucose; and [3H]- 
palmitic acid and [14C]glutamine to 
monitor continued lipid and protein 
synthesis. A doubling of lipid synthesis 
in 4 hours was demonstrated by the 
continued rapid incorporation of [3H]- 
palmitic acid into polar lipids; the 
absence of protein synthesis was dem- 
onstrated by the lack of further incor- 
poration of [14C]glutamine into protein. 
In fact, in agreement with Kahane and 
Razin (6), a decrease in the [14C]- 
glutamine and total protein in the 
membranes was observed, which sug- 
gests a turnover of the membrane pro- 
teins with a half-life of approximately 
3 hours. Further verification that, in 
addition to the rapid turnover of mem- 
brane proteins, no de novo protein 
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Fig. 2. Electron micrographs of freeze-fractured Acholeplasma laidlawii membranes: 
(a) 4-hour control; (b) 4-hour incubation with puromycin (25 utg/ml); (c) 6-hour 
incubation with puromycin; (d) 8-hour incubation with puromycin. Particles (p) are 
shown by arrows. Magnification approximately X 49,000. 
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synthesis occurred was obtained by 
using cells grown in nonradioactive 
media and incubating them in the 
media containing [14C]glutamine and 
no amino acid; no significant amount 
of glutamine was incorporated into the 
cellular protein. 

Freeze-fracture of cells incubated 
under these conditions for 2, 4, and 6 
hours showed that there was a "dilu- 
tion" of the number of particles in the 
membranes similar to that observed 
with puromycin. Membranes incubated 
under similar conditions in the presence 
of amino acids and tryptose resembled 
Fig. 2a, in which no dilution is ob- 
served. In addition, centrifugation in 
sucrose density gradients showed that 
the membranes from cells incubated in 
the absence of amino acids were less 
dense than those from cells incubated 
in the presence of amino acids. When 
cells incubated for 4 hours in a medium 
without amino acids, where extensive 
dilution of particles was observed, were 
transferred to a medium containing 
amino acids and tryptose, there was a 
reappearance of particles after 3 hours 
resembling that of Fig. 2a. These ex- 
periments support the hypothesis that 
these particles ari protein. 

The demonstration that particles ob- 
served in freeze-fractured membranes 
are most probably protein raises the 
question of the function of these pro- 
tein particles. There is evidence (7) 
that deoxyglucose transport is mediated 
by proteins, probably consisting of sub- 
units, which permanently traverse the 
membrane lipid bilayer; this suggests 
that at least some of the protein parti- 
cles may be involved in substrate trans- 
port. 

In support of this, active transport 
of the nonmetabolizable sugar [14C]- 
deoxyglucose in cells incubated in the 
presence of puromycin was reduced by 
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50 percent at 4 hours and 85 percent 
at 6 hours, compared to controls. These 
transport results were not due to "leaki- 
ness" caused by the puromycin; there 
were no differences in the amounts of 
glycerol retention by puromycin- 
treated cells and untreated controls that 
were loaded with [14C]glycerol, which 
accumulates in A. laidlawii by simple 
diffusion (9), and washed with cold 
buffer. 

Since other membrane proteins, in 
addition to particles, are also affected 
under the conditions of our experi- 
ments, it cannot be stated with certainty 
that the particles are transport proteins; 
further studies are needed. However, 
from the evidence (7) and the demon- 
stration of a reduced rate of deoxy- 
glucose transport in puromycin-treated 
cells, it is tempting to suggest that at 
least some of these protein particles in 
A. laidlawii may be involved in sub- 
strate translocation across the cell mem- 
brane. 
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Department of Pathobiology, 
University of Connecticut, 
Storrs 06268 
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Photoreactivation of Ultraviolet-Induced 

Chromosomal Aberrations 

Abstract. Ultraviolet induces only chromatid-type aberrations in synchronized 
G1 V-79 Chinese hamster and A8W243 Xenopus tissue culture cells. Posttreatment 
with white light prevents expression of most potential aberrations in the A8 toad 

cell, which possesses a photoreactivation enzyme. We conclude that the major 
ultraviolet-induced DNA lesion leading to chromosomal aberrations is the pyrimi- 
dine dimer. 
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of aberrations by ultraviolet light (UV), 
largely because of the difficulty of get- 
ting this radiation into the nuclei of 
cells of the classical plant materials (1). 
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Study of aberration induction by UV 
is attractive because of the specific in- 
formation available about the nature of 
UV-induced DNA lesions and their re- 
pair (2), and the possibility that it 
might provide additional information 
about eukaryote chromosome structure. 
Humphrey et al. and Chu (3) have 
investigated the production of chromo- 
somal aberrations by UV in Chinese 
hamster tissue culture cells as a func- 
tion of stage in the cell cycle. Both 
papers reported the production of aber- 
rations by UV in the nucleic acid ab- 
sorption range of 240 to 265 nm, and 
also stated that both the chromosome- 
type aberrations characteristically pro- 
duced by ionizing radiation in cells in 
the pre-DNA-synthetic (G1) phase and 
the chromatid-type aberrations pro- 
duced in those in the DNA-synthetic 
(S) and postsynthetic (G2) phases of 
the cell cycle could be induced by UV. 
Chu furthermore reported that produc- 
tion of UV-induced chromosomal aber- 
rations could not be photoreactivated in 
the hamster cells by treatment with light 
in the 330 to 400 nm range. 

It was subsequently discovered by 
Regan and Cook (4) that although cells 
from placental mammals lack any 
photoreactivating enzyme (PRE) activ- 
ity, cells from nonmammalian verte- 
brates do possess demonstrable PRE 
activity capable of repairing UV- 
induced cyclobutane dimers in DNA. 
We were thus led to reinvestigate the 
question of whether eukaryote chromo- 
somal aberration production by UV is 
photoreactivable in a nonmammalian 
vertebrate tissue culture cell line having 
demonstrable PRE activity. Our first 
experiments produced such unexpected 
and seemingly conclusive results that 
we report them here, even though our 
investigations are as yet incomplete. 

Both a clonal derivative, A8W243, of 
a cell line from the amphibian Xenopus 
laevis and the V-79 Chinese hamster 
cell line were used for different experi- 
ments. The culture methods employed 
and the capacity of the A8W243 cells, 
but not the V-79 cells, to photoreacti- 
vate UV-induced loss of reproductive 
integrity have already been reported 
(5). The cell lines were synchronized 
by a modification of the mitotic harvest 
method of Terasima and Tolmach (6). 
Cell cycle analyses were done by pulse 
labeling with tritiated thymidine and 
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labeling with tritiated thymidine and 
autoradiography. Metaphases were col- 
lected with Colcemid (Ciba) and cyto- 
logical preparations were made by the 
techniques widely employed in mam- 
malian cytogenetics: hypotonic treat- 
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