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Sunmary 

Rat liver nuclear matrix has been isolated by salt extraction 
and nuclease digestion of nuclei. Under the electron microscope, 
the matrix appears as a spongelike network joined by thinner fibrils. 
Biochemical analysis shows a high protein content and low amounts of 
nucleic acid and phospholipid. Treataont of the matrix with phospho- 
lipaso C results in a release of most of the nucleic acid, and a 
disappearance of the fibrils, however the appearace of the matrix is 
largely unaffected. It seem likely that phospholipids are responsible 
for the hydrophobic interactions between nucleic acids and matrix 
fibrils. -From in vitro labelling studies the released DNA is more 
recently synthezsthsn the bulk material, however the matrix bound 
RNA appears to label less rapidly than total nuclear RNA. 

INTRODUCTION 

The nuclear matrix is a well defined framework structure which 

has been isolated from a variety of nuclei after low and high salt 

extraction steps and nuclease digestion (1,2). This matrix consists 

largely of protein with small amounts of RNA, DNA and phospholipids 

and reveals under the electron mioroscope, a structure composed of 

residual nucleoli with a fibrous internal framework derived from the 

interchromatinic structures of the nucleus (3). 

Earlier investigations indicated that: 

' 10 small molecular weight nuclear RNA.3 are actual matrix 

components (4) as well as newly synthesised DNA (5). 

ii, heterogeneous nuclear RNA (HnRNA) is intimately associated 

with the nuclear network (6). 
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In addition to its function as a skeletal framework, the nuclear 

matrix may participate in other nuclear activities ranging from 

maintaining a fixed site for DNA replication, providing a degree of 

organisation for the splicing of primary transcripts as well as 

establishingthe orderlytransportof mFU into the oytoskeletonvia 

nuolear pore complexes (7)* In addition the phospholipids of the 

nuclear matrix have been implicated in the process of gene regulation 

by affeoting the structural conformation of both DNA and nucleoprotein 

complexes (8,9,10). It has been observed that non-histone proteins, 

which are the major components of the matrix proteins, are bound to 

phospholipid moleculss (11,12,13,lk). Also the finding that sodium 

deoxycholate releases RNA from achromatinic nuclei (6,7) suggests a 

hydrophobic association between RNA and the matrix fibrils. In this 

paper we have carried out phospholipase C digestion on the nuclear 

matrix to investigate the role of phospholipid in the hydrophobic 

interaotions between RNA, DNA and the matrix protein fibrils. 

Materials end Methods 

3 Ii-TTP and 31i-UTP were purohased from New England Nuclear Corp., 

Boston, Mass. Micrococcalnuolease (EC 3.LL.7) and Phospholipase 

C grade II from Clastridium Welohi (EC. 3.1*4.3), also oontaining 

sphingomyelinase activity, were obtained from Boehringer, Mannheim, 

West Germany. 

Rat liver nuclei were purified according to the method of 

Mar2 luff ( 15) D The nuclei were washed twice in 0.25 LB Sucrose, 

0.05 Id Trzls pH 7.6, 5 mK MgC12 and subjeoted to the following steps 

to obtain the nuclear matrix0 The pellet, suspended in O.OlY NaCl, 

0.003 M Mgc12, O.OlM Tris pH 7.4, 0,OOOlM CaC12, was digested with 

Microooccalnuclease, 50 units/100 0.D.260, for 10 min. at 3fC, 

Digestion was terminated by oentrifugation at 780 x g for 15 min, at 

OOC. 
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Extractions of digested material were oarried out at O°C as 

fOllOWS* Eaoh solution contained lO mM Tris buffer pli 7.4: 

i, two extractions with 0.2 mM Y&l2 for 10 min., followed by 

centrifugation at 780 x g for 15 min. 

ii. three extraotions with 2 M NaCl oonteining 5 mM M&l2 for 

lo min., followed by centrifugation as above. 

gnzymatic digestion of nuclear matrix with phospholipase C was 

carried out at 37'C for lhr. in ethanolamine-HC10.05 Y pH 6.5, 

CaC12 O.OW, 4 units phospholipase C/LOO 0.D.260 of the starting 

material, The reaotion was terminated by oentrifugation, 

Isolated nuclear matrix was also inoubated in the same conditions 

in the absence of phospholipase C. 

Incorporation of 3H-TTP into isolated nuclei was carried out at 

37'C for 10 mine in a final volume of 9.9 ml containing 25 mM Tr-is 

pIi 8*0, 25 d KCl, 5 mX 2-mercaptoethanol lO ti Mg Acetate, 5 myI EDTA, 

2mld UP, 80 @I dATP, 80 @f CTP, 80 rJr dGTP, 80 ti 3~-~P (~5 CELL), 

4 x 108 nuolei. 

The incorporation of both 3H-lTP and 'Ii-UTP was determined., at 

each step of matrix preparation end after phospholipase treatment, by 

spotting 100 ~1 samples onto glass fiber filters (pvhatman GF/C) and 

determining acid insoluble radioactivity (16). 

DNA and RNA were determined by the diphenylamine and orceine 

reactions, respectively (17), and proteins by the Lowry method (18). 

Samples of matrix, before and after phospholipase C treatment 

were inoubated with proteinase K (O,l$, w/v) end Sarcosine (I$, w/v). 

The DNA and RNA were precipitated at -7O'C with absolute ethanol. 

Eleotrophoresis of nucleic aoids was oarried out in aegrose-aorylamide 

slab gel (19). 

phospholipids were extracted and separated by thin layer chromato- 

graphy as previously described (I&). 
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Samples of matrix before and after phospholipase treatment, were 

prepared for elaotron microscopy by fixation in glutaraldehyde 2,5$ 

(0.05 M oaaodylate pR 7.6, 5 mM M&12) and postfixation in OsO,+ (I$) 

in the ssme oacodylate buffer. 

Thin sections were double stained with uranylaoetate and lead 

oitrate =a examin ed with a Sienens Elmiskop 102 eleotron miorosoope 

operating at 80 kV. 

Results snd Discussion 

Ruclei prepared in the presence of Triton Xl00 are devoid of 

an outer nuolear membrane0 After micrococcal nuclease digestion 

followed by low and hi& salt extraction the final matrix preparation 

has the appearanoe of an internal ground matrix surrounded by a thin 

inner lamina which is closely associated with the matrix fibrils 

(Fig0 1). 

The biochemical composition of rat liver matrix was found to be: 

protein 9%. DNA O.l@, RNA L.3, plospholipia 0-s This analysis 

agrees with the values published by Beresney and Coffey (1). The 

phospholipias extracted from the nuclear matrix are mainly sphingo- 

myelin and phosphatidyloholine as determined by thin layer chromato- 

graphy (data not shown). 

Fig0 2 shows the appearance of the nuclear matrix after inoubatlon 

with phospholipase C as described in M.El!liODS section. Despite the 

removal of the inner lsmina by this treatment the structure maintains 

its nuclear shape. It can be seen however that the matrix fibrils 

have disappeared, the vacuoles have merged end that the nucleolus has 

expanded. Analysis shows that the phospholipase releases much of the 

matrix nuclei0 acid and affeots a complete hydrolysis of matrix 

Dhospholipids. After digestion it is only possible to detect non- 

polar lipias in the residual matrix, 
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Fin. 1. Electron micrograph of rat liver matrix section (15,000 X). 

The original inner lamina (0) of the nucleus contains a spmgelike 

ground matrix within which oan be seen matrix fibrils (mf) and a 

nucleolus (N) o 

Fig, 3 shows a 3% agarose gel analysis of phospholipase released 

nuoleio acid. This material was purified by SDS-proteiuase K 

digestion followed by phenol extraction and Sephadex 650 chromato- 

@;raHw This materialruns as abroad trailingband sli&htlybehind 

the bromophenol blue marker. It is virtually all degraded by pre- 

incubation with ribonuolease A. On the other hand it is only slightly 

affected by pre-inoubation with DNme I or microcoocalnuoleaseo This 

agrees with the finding that most of the matrix nucleic acid is RNA, 

however it would also suggest that this RNA is not protected against 

mioroo~coalnuclease during matrix isolation by its association with 

the matrix but rather that it is inherently resistant to this nuolease. 
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Fie;. 2. Electron micmgraph of phospholipase C treated rat liver 

matrix (15,000 X), 

Both the inner lamina and the matrix fibrils have been released by 

phospholipase C digestion, however, the gmund matrix maintains the 

general shape of the structutm The release of these elements is 

dependent on phopholipsse C and does not occur in enzyme minus 

inoubations. The phospholipase preparation is also free of 

proteinase activity as tested on bovine serum albumin and matrix 

protein substrates. 

Table 1 shows the in vitro inoorporation of radioaotive precursor -- 

into the DNA and RNA fractions at various stages in the preparation of 

nuclear matrix, The relative specific activity of DNA in whole nuclei 

and the bulk extractable DNA is similm-, however the small percentage 

OS nuclear DNA associated with the matrix has a speoif'ic aotivity that 

is almost ZOO times greater. A similar result has been reported for 

the matrix DNA in dividing 3T3 fibroblasts (5). One interpretation 
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Agarose gel analysis of ~ospholipaae C released matrix Pin. 3% 

nucleic acid, 

lane 1 30 pg deproteinised matrix nucleic acid. 

Lane 2 effeot of' 4.00 &III. Ribonucleaae A for 15 mins. 

lane 3 effect of 400 &ml DN&e I. 

lane4 effeot of 400 ~g/mlmicroeoccalnucl.9ase. 

of these observations is that the site of DNA replication is looated on 

the matrix and that the nasoent DNA oan be detached from the matrix by 

phospholipase C digestion. 

In contrast, the relative speoifio activity for 3H-UTP 

inoorporation into RNA is approximately lOC times greater in the 

extraotable fraotion. This would suggest that the RNA released by 

pbospholipase treatment is part of a more metabolioally stabb 

population* The ocourrenoe of small molecular weight RNA associated 

with the nuclear skeleton has been demonstrated by others and a possible 

relationship with HnRNA has been suggested (2,4). 
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TABLE 1 -- 

DNA and RNA oontent of labelled nuclear fraotions 

mg D-w/108 'ii-TTP inoorporatsd 
nuolsi w&k DNA 

NlXLEI lo.0 +, 008 625 0.27 + 0.03 L66 x I.05 

T~&E$2l!Rf&TAlil~~~ 905~ 0.2 500 0.20 + 0.02 l*l3 x I.05 

MJsl!RIx 0002 + 0.001 y  x In4 0.04 + 0.003 302 x 10' 

RIosFlioLIPAsE 
RELBASED MATERm 0.016 +, 0.001 8.2 x lo4 0.03 i 0.0001 2.0 x lo3 

We conclude from these preliminary studies that the phospholipid 

component of the nuclear matrix plays an important structural role in 

the tight binding of nucleic aoid to the matrix either directly or 

indireotly through an association with the non-histone proteins of the 

matrix, 
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