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ISOLATION AND CHARACTERIZATION OF NUCLEAR ENVELOPE FRAGMENTS FROM 
DICTYOSTELIUM 

Although the nuclear envelope is presumably 
involved in the specific nucleocytoplasmic exchange 
of macromolecules, in particular RNA and proteins, 
its precise functional role in the cell is still unknown 
[ 1 .A]. The cellular slime mold Dictyosh?ihm discoi- 
darn is a primitive eukaryote with a genome only 
~11 -times the size of the E. co& genome f5]+ Mar- 
pbo~en~tic changes occurring during the life cycle 
are accomp~ied by mod~a~o~s of gene activity f6]_ 
~n~q~ently~ we were interested to isolate and 
characterize the nuclear envelope with a view to 
examining any compositional changes occurring dur- 
ing differentiation. 

Heparin and DNase I treatment followed by 
sucrose density gradient centrifugation were used to 
isolate nuclear envelope fragments from D. discoi- 
dam amoebae. Typical nuclear pore complexes were 
observed. Low Mg*-ATPase activity was found, but 
Apache p~osphatase~ acid phosph~tas~, cychc AMP 
p~osph~i~stera~ and N~ADH~yt~chrom~ c reduc- 
tase activities were not detectable, Six major proteins 
were found on SDS gels stained with Coomassie blue, 
one of which (68 k&f& was a glycoprotein, No group 
of proteins was found corresponding to the 3 major 
polypeptides (6%7O.kM,) believed associated with 
the lamina and consistently present in nuclear enve- 
lopes of higher eukaryotes. A large number of glyco- 
proteins (rS0) were detected. The majority of these 
glycoproteins were also present in the plasma mem- 
brane although, with 4 exceptions, at different con- 
ce~tr~~ons. All ~y~prote~s detected in intact 
nuclei were represented in the nucIear envelope. 

Dictyost&4m discoideum cells (strain A.&!) were 
grown in HLV5 medium [7]. Cells were harvested at 
the end of the exponential growth phase (5-6 X 107 
cells/ml), Nuclei were isolated as in [8 1. 

The method we used to isolate nuclear envelope 
was based on 3 different techniques [4,9-l 1 J. Nuclei 
were suspended in 10 mM Tris-HCl (pH 7 S), 10 mM 
Na,HP& to IO0 @g DNA~mI. Heparin (stock sofutio~ 
100 mgfmf) was added (1 $/ml sus~nsion) and the 
solution gem& shaken The suspension became 
viscous within a few seconds and subsequently 3 @g 
DNase I(246§ U/mg, RNase-free, Worthington) 
were added/ml suspension. Following incubation for 
20 min at 2J°C, the suspension was placed in ice and 
l/3 vol. 1 M sucrose added. The suspension was 
loaded onta a sucrose step gradient (2.2,2.0, 1.8 and 
1.5 M sucrose in IO mM Tris-HCl, pH 7 -5) and cen- 
trifuged at 100 000 X g for 90 min. The nuclear 
envelopes were found at 1 S-I.8 M sucrose. The 
membr~e band was collected, diluted with 1 vol. 
10 mM Tris-HCl (pH 7 5) and cent~fuge~ at 
100 000 X g for 30 min. 

We tested a number of other methods in an 
attempt to isolate nuclear envelopes. These included 
heparin [ 101 I NaHCOs and DNase I [4], high salt 
concentrations [I 1 ,121 and a combination of high 
salt and DNase I [ 131. None of these methods gave 
clean nuclear envelopes. A combination of heparin 
and DNase I has also been used in f36f. 

The enzymes NADH~ytochrome c reductase, 
alkaline and acid phosphate were measured as in 
fI4--I6]. Cyclic ~Ppho~h~Ie~er~ and ATPase 
were measured using radioactive ~~4CJ~b~rates~ 
isolating the products by thin-layer chromatography 
and measuring their radioactivity. 
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3. Results and discussion 

The solubilization of nuclear contents following 
addition of heparin could readily be observed in the 
phase contrast microscope. After l-2 min nuclear 
envelopes (ghosts) were seen. An envelope prepara- 
tion was only obtained when dilute suspensions of 
nuclei were used (100 pg DNA/ml) and the DNA: 
heparin ratio was 1: 1. At higher heparin concentra- 
tions the ghosts disintegrated while at lower concen- 
trations the nuclear contents were inadequately 
solubilized. When ghosts were examined by electron 
microscopy fibrillar material was observed attached 
to the membranes. This was removed by the DNase I 
(fig.1). If DNase I treatment was inadequate or omit- 
ted, the nuclear envelopes no longer banded between 

Fig.1. (a) Thin-section of purified nuclear envelopes 
(X31 500). Regions sectioned perpendicular to the plane of 
the envelope show the presence of inner and outer nuclear 
membrane and pore complexes (arrows). Regions sectioned 
parallel to the envelope also show pore complexes (arrows), 
ribosome particles are not present. (b) Nuclear envelope, 
negatively stained with sodium phosphotungstate, showing 
nuclear pore complexes (X44 000). 
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1.5 and f. .8 M sucrose in gradients but were found at 
higher densities or in the sediment. SDS-PAGE of 
such preparations gave protein patterns similar to 
whole nuclei (not shown). The various other methods 
tested invariably resulted in envelope fractions con- 
taining considerable amounts of histones (fig2a). 

Thin sectioning indicated fairly large ‘sheets of tom 
nuclear envelopes were present (f&la). Both the 
inner and the outer nuclear membranes could be 
observed in places. Nuclear pore complexes were 
present. Negative staining (fig.lb) indicated the 
dimensions of these complexes (-65 and 1Ocf nm 
for inner and outer diameters, respectively) resembled 
those of higher eukaryotes [4]. The majority of 
nuclear pore complexes did not have a central gran- 
ule. Few ribosome particles were observed. 

Except for low Mg2+-ATPase activity (4 nmol 
ATP . mg protein-’ . mm-‘) none of the other 
enzymes sought could be detected. We thought that 
Triton X-100 (used for the isolation of nuclei) or 
heparin might reduce enzyme activities. However, 
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the activities of ATPase, cyclic AMP phosphodiest~r- 
ase ) acid and alkaline phosphatase in plasma mem- 
branes were not affected by similar treatments, The 
NADH-cytochrome c reductase activity is irn any case 
low in D. dixwtdam cells [ 16,171. Whole nuclei 
also contained barely detectable activities of these 
enzymes and the absence of such ‘typical’ nuclear 
envelope enzymes [3,4] is puzzling. 

SDS-PAGE of purified nuclear envelopes identi- 
fied 6 proteins staining strongly with Coomassie blue 
(2IO,68,54,42,27 and 26 kM,) (fig2b9c). A con- 
siderable number of weaker protein bands were also 
observed, (Note: although the presence of Triton 
X-100 during nuclear isolation did not Iead to loss of 
the outer auclear membrane, selective solubilization 
of some proteins cannot be excluded.) No low Mr 
basic proteins originating from ribosomes were 
detected, confirming the electron microscopic results. 
Any ribosomes present were apparently lost during 
envelope isolation. The 210 and 42 kMr proteins were 
my&in heavy chains and actin, respectively. Micro- 
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Fig.2. SDS-PAGE [ 201 of whoie nuclei, nuclear envelope fractions, histone HI and plasma membranes: (a-c) stained with 
Coomassie.blue; cd) stained with con Aiperoxidase f2ll. k&f, values are indicated. [a) Nu_cfear envelope fractions isolated accord- 
&g to f4f = (i) and [2] = fii) and run on an -11% gel (H = core histmes); (b) 10% gel of fi) nucIear envelope, fii) whole nuclei; fc) 
12% gei of li) histone Hl isolated accord&g to [S], (ii) whole nuclei @I = core h&tones), (iii) n&ear envelope (on higher I gels 
the two lowest bands did not corn&rate with histones; td) 10% gel shotig glycoproteins present in {i) nuclear envelope, (ii) 
whole nuclei (bands slightly distorted towards lower Mr due to large amounts of protein loaded), @if plasma membrane (isolated 
a~cordiig to [ 321); A, indicates position of actin which is not stained but distorts the neighbouring glycoprotein bands. 
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filaments have been found in nuclei of D. discoideum 
1181 as well as in the cytoplasm and attached to the 
plasma membrane [ 191. They may be attached to 
both surfaces of the nuclear envelope. 

In higher eukaryotes 3 prominent polypeptides, 
which migrate between 60-70 kil$ on SDS gels, 
are found in the pore complex-lamina fraction 
[ 13,22--251. Electron microscopy immunological 
techniques indicate these proteins are constituents 
of the distinct electron-dense layer (lamina) inter- 
posed between the inner nuclear membrane and the 
peripheral chromatin elements rather than structural 
elements of the nuclear pore [24,26]. In D. discoi- 
deum nuclear envelopes only one major protein was 
found in this Mr range (68 kMX) and was a glycopro- 
tein (fig2b-d). Hence, the lamina was either lost 
during envelope isolation (proteins with the relevant 
sizes were major components of whole nuclei) or con- 
tams different proteins in lower eukaryotes (e.g., 26 
and 27 k.Mr). 

The nuclear envelope contained an unexpectedly 
large number of glycoproteins (fig.2d). Over 40 bands 
were detected with the con Alperoxidase technique, 
25% of which stained strongly. The majority of 
these were barely detectable on Coomassie blue- 
stained gels. A notable exception was the 68 kMr 
protein. In higher eukaryotes a 68 kMr nuclear enve- 
lope protein is preferentially phosphorylated by an 
intrinsic protein kinase [27]. No glycoproteins were 
found in whole nuclei which did not also occur in the 
nuclear envelope (fig2d). This is interesting since 
there are reports of glycoproteins directly associated 
with chromatin [28,29]. 

Except for myosin heavy chains and actin no clear 
correspondence between plasma membrane and 
nuclear envelope proteins was observed in Coomassie 
blue-stained gels (not shown). This was not the case 
for ~ycoprote~s. ~thou~ the relative concentra- 
tions were very different [30] the majority of nuclear 
envelope glycoproteins were also present in plasma 
membranes. (Comparisons based on Mr .) Four glyco- 
proteins (116,100,60 and 3 1 k&f,) were major con- 
stituents of the plasma membrane and the nuclear 
envelope. 

The similarity in glycoprotein content between 
nuclear envelope and plasma membrane may reflect 
their common origin in the ER. (The relationship 
between glycoproteins of the ER and nuclear enve- 
lope could not be a~ert~ned as no method exists 
for the isolation of pure ER from D. discoidam.) 
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Significant differences have been described in calf 
thymocytes [30]. Con A binds to both the inner 
and outer nuclear membranes of higher eukaryotes 
13 l]. The function of membrane glycoprote~s is 
largely unknown, although some presumably function 
as receptors or are involved in transport. Pore com- 
plexes need not constitute the sole passageway of 
molecular movement between the nucleus and the 
cytoplasm. The developmentally-regulated plasma 
membrane glycoproteins [32], some of which have 
been implicated in cellular adhesion ]33-351, are not 
found in the nuclear membranes of differentiating 
cells (unpublished). Specific nuclear glycoproteins 
are synthesized during D. dj~co~~~ differentiation 
(unpubh~ed) and it will be interesting to relate 
changes in nuclear envelope ~om~sition to dif- 
ferentiation. 
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