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Isolated mitotic chromosomes are able to form complexes with phosphatidylcholine liposomes in the presence and absence of Ca2’ ions, in the 
latter case in the presence of polyamines. Interactions with chromosomes stimulates liposome fusion. The fusion is promoted by condensed and 

EDTA-decondensed chromosomes. 

Chromosome: Liposome: Resonance energy transfer; Fusion 

1. INTRODUCTION 2. MATERIALS AND METHODS 

2.1. Marerials 
Mechanism of the nuclear envelope assembly at the 

end of mitosis is still unclear. It is well known that in the 
late telophase membrane vesicles are adsorbed on 
chromosomes and fused. Obviously this should be 
preceded by specific binding of vesicle-precursors to the 
chromosomes and induction of vesicular fusion. Ex- 
periments with fractionated mitotic extracts of Xeno- 
pus laevis showed that about 20% of vesicular material 
could interact with sperm chromatin and form the 
nuclear envelope [I]. Preliminary trypsin treatment of 
the vesicles hindered these processes. These data proved 
the existence of a protein factor providing selective 
binding of the vesicles to the chromosomes or fusion of 
the vesicles bound to the chromosomes. 

The following chemicals were used: T7 DNA (Sigma, USA). 
[‘JC]dipalmithoylphosphatidylcholine (DPPC) with activity of I I5 
mCi/mmol (Amersham. UK), &octyl-D-glucopyranoside (Fluka. 
Switzerland). Phosphatidylcholine (PC) from egg yolk was isolated 
by standard procedure [2]. Fluorescent derivatives of phospholipids - 
NBD-dipalmithoylphosphatidylethanolamine (NBD-DPPE) and 
(rhodamine B)-dipalmithoylphosphatidylethanolamine (Rhd-DPPE) 
- were synthesized from I ,2-dipalmithoylglyccro-3-phospatidyletha- 
nolamine (Fluka, Switzerland) and 7-chloro-4-nitrobenz-2-oxa-1,3- 
diazole (Sigma, USA) or rhodamine B isothiocyanate (Sigma, USA), 
respectively, as described in (31. 

2.2. isolation and purifcaliott of chrotttosotties 

The object of this study was to investigate one of the 
steps of nuclear envelope assembly, a process of vesi- 
cular fusion. We made use of a model system consisting 
of isolated mitotic chromosomes from mouse fibro- 
blasts and phosphatidylcholine liposomes as analogs of 
vesicle-precursors of the nuclear envelope. It was 
demonstrated that the interaction of chromosomes with 
liposomes caused fusion of membranes. The factor in- 
ducing the fusion of vesicles is an integral element of 
chromosomes. 

Chromosomes were isolated from cultured mouse fibroblasts (line 
A9). Cells were synchronized by the addition of colchicine (0.2 &ml) 
for 12-16 h. Mitotic cells were removed by shaking. Isolation of 
chromosomes was performed by standard methods: either in the 
presence of CaClz [4] or in buffer containing polyamines as stabilizing 
agents [5], Isolated chromosomes were treated with 1% octylglu- 
coside followed by centrifugation through 0.3 M sucrose on conven- 
tional buffer at 4000 x g, 15 min. The level of contamination of the 
chromosomal preparations by membrane material was estimated by 
TLC after extraction of lipid using a mixture of chloroform/ 
methanol/waIcr (1:2:0.6). 

2.3. Preparalioti of rite lijlosotttes 

Cormspmdmce address: V.G. Budkcr, Novosibirsk Institute of 
Bioorganic Chemistry, pr. Lavrcnticva 8, Novosibirsk 90, 630090, 
USSH 

To prepare small unilamcllar liposomes a mixture of PCINBD- 
DPPWRhd-DPPE in a 100:0.5:0.5 molar ratio was evaporated and 
sonicated in ice in 10 mM Tris-HCI, pH 7.5 [‘JC]DPPC-labelled 
liposomes were obtained by sonicotion of a mixture of 
PC/[“‘C]DPPC (3.G ,G/mmol of lipid). After sonication large 
liposomcs were rcmovcd by centrifugation at IO 000 x g, IS min. 

Urnnyl acetalc-contras1cd liposomes wcrc examined on an 
Eh4-IOOOC clcrtron microscope. The fluorcsccncc ~3s measured on R 

Hitachi MPF-4 fluorcsccncc spcctrophotomctcr. 

~bbreviutiorts: DPPC, [ ‘JCjdipal~iiitlio.vIpl~ospl~atidylclioliiic; PC, 
phoapllatidylclloliIlc; NBD-DPPE, ~-(4~nirrobetie-2-oxa~I ,I-diasolc- 
7~yI)-dip;~l~~itl~o.vlpl~ospl~atidylctl~a~~ola~ni~~c~ Rhd-DPPE, N’-(rhodn- 
mint U)-dipalt~~itl~oylpl~ospl~atidylctl~nnoln~ni~~c; TLC, thin-layer 
slira~iintogr;l~~hy; Tris, Tris(l~ydrosyctl~yi)aarirro~nctl~anc; EDTA, 

ct~i~lcridiamliicrclraa~ctic acid; KET, rcsoiiancc energy lrnnsfci 

3. RESULTS AND DISCUSSION 

Binding of chromosomes to liposomcs is a necessary 
prerequisite of vesicular fusion, 
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Earlier we demonstrated that DNA and chromatin 
are able to form comp!exes with the liposomes in the 
presence of divalent cations [6]. The formation of these 
complexes is based on the interaction of Ca’ + -ions with 
phosphate groups of both DNA and phospholipids. 
Chromosomes can also couple with liposomes in the 
presence of divalent cations [7]. The formation of these 
complexes is accompanied by chromosome decondensa- 
tion and migration of a 33 kDa chromosomal protein to 
the liposomes. Addition of EDTA dissociates the com- 
plex, promotes decondensation of the chromosomes 
and leads to a release of several chromosomal proteins 

\ 
hem. 

Fig. I. Fluorcscctn spcclro of the liposomcs. (A) I = apccrrum of in- 
itial liposomcs (il is idenlicirl lo lhc spcclrum of unbound liposomcs); 
2 m stxctro of the liposowelt rclcascd front chc cowptcscs with lhc 
chromosomes by EDfA trcatmcnt. (U) I m is the salnc as in (A); 2 
3 speclra of the liposomcs rclcascd from the comptcscs wilt1 PA 

chroinosoincs. Liposomcs wcrc cxciuxl ill 4% nni that corrcq)onds lo 
lhc mxdmuin of ihc crccilntion for donor of clrcrpy (NUD4XTE). 

[7]. Nevertheless chromosomes can be isolated without 
Cat + -ions but in the presence of polyamines (PA 
chromosomes). 

At first we studied the ability of the chromosomes 
isolated in the presence of polyamines to liposome bin- 
ding. Incubation of the PA chromosomes with 
liposomes in the presence of 0.35 mM of spermidine 
results in adsorption of the liposomes on the chromo- 
somes. Complex formation was detected by co-precipi- 
tation of the [‘4]DPPC-labelled liposomes with the 
chromosomes in the presence of spermidine. It is note- 
worthy that under the same conditions free DNA does 
not accept liposomes but binds them effectively in the 
presence of divalent cations. At 1 &O/d DNA con- 
centration and 0.125 PM/ml lipid concentration, PA 
chromosomes bind 15 nmol of lipid per 1 A260 of DNA 
which is much less than Ca2+-stimulated adsorption (68 
nmol of lipid per DNA unit). The repeated centrifuga- 
tion in fresh buffer induces 57% dissociation of the 
complexes. The addition of Ca2 + -ions in 3 mM concen- 
tration to the same mixture stimulates further binding 
of liposomes up to 45 nmol of lipid per 1 A260 of DNA. 

Using light microscopy it was shown that the forma- 
tion of Ca2 + -independent chromosome/liposome com- 
plex did not alter chromosome morphology. 

Fusion of artificial vesicles interacting with 
chromosomes was estimated using the resonance energy 
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DIAMETER of LIPOSOMES 
Figa 2. SIX dis[ribuGon of wicks (accordinu to clcclroll 
microscopy). (0) lllirial tiposomcs; ( A ) unbound iiposonlcs: (*) 
vcsiclcs rclcawd from ihc co~tlplcxcs uilh clwv~~o~o~~~c~ by EDTA. 111 

each FrxGun ?oO liporomcs u’crc mcnwrcd, 
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transfer (RET) from one fluorescent analog of lipids, 
NBD-DPPE (donor), to ail&er, Rhd-DPPE (acceptor 
of energy) [3]. Chromosomes were incubated with a 
mixture of fluorescent-labelled liposomes and IO-fold 
excess of unlabelled liposomes in the presence of 
Cat + -ions. The complexes were precipitated to remove 
unbound liposomes. Then the complexes were 
dissociated by EDTA followed by resedimentation. The 
resultant supernatant contained liposomes released 
from the complexes with the chromosomes. As shown 
in Fig. IA, spectral characteristics of these liposomes 
are quite different from those of the initial liposomes 
and correspond to the spectra of fused liposomes. The 
incubation of the liposomes with DNA, normally 
resulting in the formation of complexes, did not lead to 
fusion of the vesicles (data not shown). 

Electron microscopy of the vesicles released from the 
complexes with chromosomes revealed two types of 
liposomes. The average size of the first type is 360 A 
which corresponds to the diameter of the initial lipo- 
somes and the unbound liposomes. In contrast, the 
vesicles of the second type are much larger - about 800 
A on the average (Fig. 2). 

So a significant level of fusion was observed for the 
liposomes dissociated from the complexes with the 
chromosomes. 

It has been mentioned above that Cat + -dependent 
adsorption of the liposomes induces chromosomal 
decondensation. The decondensation is also caused by 
EDTA treatment, then it is accompanied by the release 
of chromosomal proteins in solution [7]. This means 
that decondensed chromosomes or released chromo- 
somal proteins may have fusogenic activity. For iden- 
tification of a chromosomal fraction responsible for 
fusogeneity EDTA-treated chromosomes were sepa- 
rated from the released proteins by centrifugation. The 
solution of the latter did not stimulate fusion of the 

vesicles, unlike decondensed chromosomes which did, 
this fact being proved by RET. 

The liposomal fusion was detected in Ca2+-indepen- 
dent complexes with chromosomes. The complexes 
were obtained by centrifugation as described previous- 
ly. The liposomes were released under recentrifugation 
of complexes. The spectra of the released liposomes 
clearly demonstrated their fusion (Fig. 1B). Since there 
was no decondensation in the case of Cat+-indepen- 
dent complexes, we concluded that it is not necessary 
for the fusion to start. Our data suggest that the 
fusogenic activity required for the formation of the 
nuclear envelope from vesicle-precursors is localized in 
the chromosomes and is not destroyed even by EDTA- 
treatment. Ca2 + -ions and decondensation of the 
chromosomes are not necessary for fusion either. It 
seems therefore that the duty of the protein factor 
described in [1] must be the adsorption of the vesicle- 
precursors on the chromosomal surface while the fusion 
of the adsorbed membranes is guided by structural ele- 
ments of the chromosomes. 
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