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Saccharomyces cerevisiae nuclear membranes were prepared from isolated nuclei by digesting chromatin 
with deoxyribonuclease and ribonuclease, washing of residual nuclei with 0.5 M MgCI2, and discontinuous 
gradient centrifugation in buffered Ficoli solutions. Electron microscopic examination of the preparations 
showed single membrane and double membrane vesicles and membrane sheets. Pores or residual pores were 
often visible. In double membrane profiles the two unit membranes were often separated by the remains of 
the perinuclear cistern. The nuclear membrane fragments contained 58% protein, 23.8% phospholipid, 6% 
sterols, 7.1% neutral acylglycerols, 4.8% RNA, and 0.3% DNA. The phospholipid content of the membrane 
preparations was influenced by a phospholipase activity with acidic pH optimum. 

Introduction 

Recently we reported the isolation of Sac- 
charomyces cerevtstae nuclear membrane frag- 
ments with sonication of nuclei and washing of the 
resulting membranes with buffered 10% potassium 
citrate solutions [1]. We obtained nuclear mem- 
brane vesicles of different sizes, some showing the 
double bilayer profile of nuclear envelopes. The 
two membranes were however always very close 
together and nuclear pores were not visible. Com- 
pared to most nuclear membrane preparations, 
which were mainly obtained from higher 
eukaryotes, the yeast nuclear membranes con- 
tained less protein and more lipid. It is however 
well known that morphology, composition, and 
also the enzyme activities of nuclear membrane 
preparations can vary considerably according to 
the method used to isolate them [2,3]. We there- 
fore found it advisible to try an alternative method 
for comparison of results. 
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Materials and Methods 

Culture condttions and protoplast preparatton. 
The haploid Saccharomyces cerevtstae strain SMC- 
19A [4] was grown m a medium containing 1% 
yeast extract, 2% casein pepton, and 4% glucose at 
30°C with continuous shaking. The cells were 
harvested in the log-phase of growth and proto- 
plasted as described earlier [1]. The zymolyase 
(Miles GmbH, F.R.G.) was used two times. The 
supernatant of the first protoplast washing was 
centrifuged at 150000×g,v for 1 h and stored 
usually 1 week at - 1 8 ° C  for the next protoplast 
preparation. 

Preparation of nuclet and nuclear membrane. 
Nuclei were prepared from protoplasts as de- 
scribed [1]. The nuclear pellet was taken up in 20 
mM Tris buffer, pH 7.5, containing 0.2 mM 
MgC1 z, and suspended with a tightly fitting 
Dounce homogenizer to obtain a suspension with 
2.5-5 mg protein/ml. This suspension was kept in 
ice, and after 10 min 5 mg of pancreatic 
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ribonuclease (RNAase) and 2-3  mg of pancreate 
deoxyribonuclease (DNAase) were added to 40-50 
mg of nuclear protein (both enzymes from Boeh- 
ringer mannheim GmbH, F.R.G.). After 30 min 
incubation at 18-20°C an equal volume of icecold 
1 M MgC12 solution in the same buffer was added 
with gentle stirring. The mixture was kept in ice 
for 15 min before it was centrifuged at 40000 ×gav 
for 30 min at 0°C. This whole procedure was 
repeated once again with 1 h incubation time with 
nucleases. The final pellet was suspended in 20 
mM phosphate buffer, pH 7.5, containing 2 mM 
MgC12 and 20% Ficoll (w/v), and layered onto a 
discontinuous gradient of 35, 40, and 45% Flcoll in 
the same buffer. After centrifugation at 150000 × 
gav for 2 h at 0°C with a Beckman SW 65 Ti rotor, 
the nuclear membrane band was removed from the 
35%/40% interface, diluted about five t~mes with 
the same buffer without F~coll, and centrifuged at 
150000×g~v for 30 min at 0°C. 1 mM phenyl- 
methylsulfonyl fluoride (PMSF) was added to all 
solutions from a freshly prepared stock solution of 
80 mM in ethanol. 

Analyttcal methods. Lipids, protein, and nucleic 
acids were extracted as described earlier [1]. Phos- 
pholiplds were assayed as in Ref. 5. Sterols were 
measured according to Ref. 6. Neutral acylglycerols 
were estimated as in Ref. 7. RNA was measured as 
in Ref. 8 with yeast RNA as standard, and DNA 
was estimated by the absorbance of the hydrolysis 
products at 260 nm with calf thymus DNA as 
reference. Protein was determined before extrac- 
tion of the other substances according to Ref. 9 
after precipitation with the deoxycholate/trichlo- 
roacetic acid method of [10]. 

Polyacrylamide gel electrophoresis was done as 
in Ref. 11 with 4% stacking gel and a linear 
polyacrylamide gradient from 8 to 15% in the 
separating gel. The gels were about 10 cm long and 
1.5 mm thick. 

For electron microscopic examination the mem- 
branes were taken from Ficoll gradient or the last 
membrane pellet, and fixed in an equal volume of 
5% glutaraldehyde in 0.1 M cacodylate buffer, pH 
7.5, containing 5 mM MgCI 2, at 4 -6°C over night. 
The sample was then postfixed with 1% OsO 4, 
contrasted with 1% uranyl acetate, and embedded 
according to Ref. 12. The thin sections were con- 
trasted with lead citrate according to Ref. 13. 

Results and Discussion 

The tsolatton procedure 
High concentrations of monovalent or divalent 

ions were often used to isolate nuclear membranes 
either alone [14], in combination with DNAase 
digestion of chromatin [15-18], with DNAase and 
RNAase treatment [ 19], or with sonication of nuclei 
[20,21]. Other groups preferred to avoid high salt 
concentrations because they were found to damage 
the pore complexes and to lead to extensive 
breakdown of the nuclear envelope [22-26]. Al- 
though these low-salt methods seemed indeed to 
preserve the nuclear envelope better than the high- 
salt methods, at least in some cases, there were 
nevertheless electron microscopic pictures showing 
high-salt treated nuclear membrane sheets with 
numerous well preserved pores [15,16] or even 
nuclear ghosts [19]. 

We began our search for an alternative method 
with the low-salt method of Ref. 24. This pro- 
duced residual nuclei which easily penetrated 50% 
Ficoll solutions at centrlfugat~on at 150000 ×gav 
for 2 h. They contained about 30% RNA (weight% 
of the sum of compounds tested). We therefore 
turned to a high-salt method using 0.5 M MgC1 z to 
wash the membranes after disruption of the nuclei 
by homogenization m a low salt buffer as de- 
scribed in materials and methods. MgC12 alone 
did however not suffice to remove as much of the 
chromatin as the cttrate/sonication method in 
Ref. 1 did. To avoid sonication, we finally com- 
bined MgCI 2 washing with DNAase and RNAase 
treatment as described above. While DNAase was 
often used along with high-salt and low-salt meth- 
ods, RNAase treatment could generally be avoided 
because the nuclei of higher eukaryotes used in 
most of these studies do not contain much RNA m 
relation to other compounds. The small yeast 
nuclei, however, isolated from rapidly dividing 
log-phase cells, contain a high proportion of RNA 
[27]. In one report the effect of RNAase on the 
nuclear membranes from pig liver was examined in 
detail [28]. RNAase was shown to remove some 
materml of unclear significance from the interior 
of the pore complexes. The ultrastructural integr- 
ity of the membranes and the pore annuli were 
however unchanged. We therefore put up with this 
seemingly small deleterious effect to get pure 
membranes. 



The nuclear membranes we obtain with the 
nuclease/MgCl 2 procedure usually formed a sharp 
band at the interface between the 35% and 40% 
Ficoll layers in the gradient centrifugatlon. Other 
bands, at the top of the gradient, and at the 
20/35% interface, were too week to allow detailed 
analyses. They contained small single membrane 
vesicles. A pellet of nuclei with insufficiently de- 
graded chromatln was always observed. Depend- 
ing on the course of single preparations it con- 
tained from 20 to 40% of the material apphed to 
the gradient. A single treatment with nucleases 
and MgC12 was not sufficient to obtain a reasona- 
bly strong membrane band in the Ficoll gradient. 
Up to 90% of the material was sedimented in this 
case. The pellet of residual nuclei contained 20-  
25% RNA and 1-1.5% DNA. After the second 
cycle of washing and nuclease treatment, the mem- 
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Fig 1 Electrophoretic analys~s of nuclear protein d~stribution 
in different fractions of the isolation procedure and comparison 
of the protein pattern found with the different isolation method 
Lane 1, protein pattern of whole nuclei; lane 2, supernatant of 
the first nuclease/MgCl 2 treatment; lane 3, pellet of thts same 
step, lane 4, supernatant of the second nuclease/MgC12 treat- 
ment, lane 5, pellet of the second nuclease/MgCl 2 step, lane 6, 
protein pattern of the final nuclease/MgC12-treated nuclear 
membrane, lane 7, protein pattern of somcated and citrate 
washed membrane prepared according to Mann and Mecke 
(1980), lane 8, M r standards: a, E coil RNA-polymerase, /~'- 
subumt (165000), b, RNA-polymerase, fl-subunlt (155000), c, 
bovine serum albumin (68000), d, porcine brain tubuhn 
(55000), e, RNA-polymerase, 2-subumt (39000), f, soybean 
trypsin tnlnbltor (21500) 

59 

brane band showed no remarkable chromatin in 
electron microscopic examination and the analyti- 
cal values were satisfactory. A third washing cycle 
would perhaps have improved the membrane yield 
further. It was however not included in the purifi- 
cation procedure because, from the harvesting of 
cells to the final membrane pellet, it already takes 
about 14 h. 

The distribution of nuclear protein during the 
membrane preparation is shown electrophoretl- 
cally in Fig. 1, lanes 1-6. 

Electron mtcroscoplc examination 
The nuclease/MgC12 method described here 

yielded a mixture of single membrane vesicles, 
double membrane vesicles, and membrane sheets 
(Fig. 2). In contrast to the sonicated and citrate- 
washed membranes described earher [1], pores or 
residual pores, were frequently visible in thin sec- 
tions. Some were empty, others showed variable 
amounts of electron scattering material within their 
lumina. When the double bilayer profile of the 
nuclear envelope was retained, the two membranes 
were often separated by a relatively wide space, 
seemingly representing the rest of the perinuclear 
cistern. Double membranes and pores are both 
markers for nuclear membranes. The low con- 
tamination of nuclei with other membranous 
organelles shown before [1], suggested that the 
single membrane vesicles arose by extensive 
breakdown of the nuclear envelope, which is al- 
most always observable with comparable methods. 

Composmon of nuclear membranes 
Table I shows, that the nuclease/MgC12-treated 

membranes contained more protein and neutral 
lipids, and less phospholipld and nucleic acids 
than the citrate membrane. The higher neutral 
lipid fraction of total measured lipid and the higher 
variabili ty of phospholipld content  of the 
nuclease/MgC12 membranes led us to suppose the 
presence of phospholipase activity. Addition of 0.4 
m M  nupercaine, a phospholipase A 2 inhibitor [29], 
did not change the membrane composition. Other 
inhibitors, NaF  and EDTA, interfered with the 
nucleic acid digestion step. Added during the other 
steps of the isolation procedure, either alone or in 
combination with each other and nupercalne, they 
did not change the membrane composition. If the 
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Fig. 2 Thin secUon of nuclear membrane preparauons obtained w~th the nuclease/MgC12 procedure A, 30000×, B, 58000×, C, 
55300×, D, 62000×; m B-D some pores or residual pores are marked with arrows They show varying amounts of electron 
scattenng matenal extending between the membranes 

nuclear membranes were prepared at pH 6.5 
throughout, they contained 30-50% less phos- 
pholipid than those prepared at pH 7.5 A pH of 
8.5 in all media did however not raise the phos- 
pholip~d content of the membranes further. We 
conclude that there was phospholipase activity with 
acidic pH optimum acting in our preparation pro- 
cedure. Phospholipase activity was also reported to 
occur during the preparaUon of nuclear mem- 
branes from onion tissues [21], but seems to be 

absent in preparations from animal tissues. 
Table I also shows, that the nucleic acid content 

of the m em b ran es  was lower with the 
nuclease/MgC12 method. The very low DNA con- 
tent of the yeast membrane as compared to most 
preparations obtained from higher eukaryotes, 
probably simply reflects the very much lower D N A  
content of yeast nuclei. In fact this very low value 
still represented a DNA recovery of about 3%. 

The difference m protein content between the 



TABLE I 

COMPOSITION OF NUCLEI AND NUCLEAR MEM- 
BRANE PREPARATIONS 

The composmon ~s gtven as the weight-percentage of the sum 
of compounds tested The mean of four preparations ~s shown 
with standard dewauon A, nuclei; B, citrate-washed mem- 
branes; C, nuclease/MgCl2-treated membranes 

Composition (weight-percentage) 

A B C 

Protein 73 5 ± 0 7  505-+26 580±3.5 
Phospholipld 6 9 ± 0 6  3 1 8 ± 1 4  238-+40 
Sterols I 8-+0.2 5.0±0.7 6 0-+0.7 
Acylglycerols I 8-+0 3 4.3 ±0.4 7 1 ±0  5 
RNA 146-+1 2 79-+06 4 8 ± 0 5  
D N A  1 7-+02 05-+0.15 0 3 ± 0  I 

two different membrane preparations coincided 
with a change from protein recovery from 5% with 
the citrate method to about 10% obtained in the 
most favourable cases with the new method. 

The differences between the two membrane pre- 
parations were well within the range of differences 
found, when different groups prepared nuclear 
membranes with different methods from the same 
tissue. Despite this variation however, the yeast 
nuclear membranes were still richer in lipid than 
most nuclear membrane preparations from higher 
eukaryotes, although the difference to the average 
of these membranes has become smaller with the 
new method (see, for example Ref. 2 for compila- 
tion of data). But we do not know to which extent 
the phospholipid content of the nuclease/Mgcl 2 
membranes was still lowered by the phospholipase 
activity described, the protein content of the yeast 
membrane remained correspondingly low. 

The electrophoretw protein pattern 
The e lect rophoret ic  prote in  pa t te rn  of 

nuclease/MgC12 membranes was very reproduci- 
ble and was also exactly the same at all pH values 
we tried to improve the phospholipid content of 
the membranes. In contrast to the citrate method, 
ormssion of PMSF from the isolation buffers led 
to a diffuse protein pattern. We did not test in 
which part of the preparation this PMSF-sensitive 
protease activity acted. Fig. 1 shows that the pro- 
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tein pattern of the nuclear membranes prepared 
with the two different methods, citrate washing of 
sonicated nuclei or nuclease/MgCl 2 treatment, did 
not differ very strongly. The differences in the 
intensities of some bands could reflect the dif- 
ference in pore frequency, an effect of the differ- 
ent treatments of the two membrane preparations, 
or a combination of both. In both preparations we 
found some material insoluble in the sample buffer, 
containing 5% sodium dodecyl sulfate and 4% 
mercaptoethanol, after boding for 5 min. This 
material remained at the top of the gel (Fig. 1). 

The enumeration of differences and similarities 
will be completed by a comparison of enzyme 
activities, which is under way in our laboratory. 
Preliminary results show considerable quantitative 
differences between the two types of membrane 
preparation procedure. Therefore both methods 
will probably be of use, depending on the aims. 
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