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1. Introductinn

Isolated nuclel from diverse tissues contain a moder-
ate amount of phospholipid, a substantial portion of
which occurs in the membranous envelope [1—4].
Phospholipids are also thought by some 1o be associ-
ated with the nuclear chromatin {S] and nucleolus
{6]. However, the structural localization, molecnlar
organization and functional significance of the intra-
nuclsar lipids are obscure. Active, diffuse chromatin
fractions are greatly enriched in phospholipid compared
with inactive, dense chromatin fractions 7, 8}. Phos-
pholipids, presumably in the form of lipoproteins
{LPs), have been implicated in the regulation of RNA
transcription {7] and DNA replication [9]. -

Acidic LPs have been previously prepared from
nuclear residual proteins, i.e. cell nuclei that have been
freed of decxynibonuclzoproiein by extraction of the
maclei with 1—-2 M NaCl or KCI [19, 11]. However,
LPs have not been hitherto obtained from isolated
chromatin. We now describe the isolation and partial
characterization of scluble acidic LPs in a chromatin
fraciion derived from ruclei of cat brain cells, The
resulis show that these acidiz LPs are an integral part
of the chromatin and constitute a major portion of the
acidic chromatin nonhistone proteins. A preliminary
account of this work has appeared [12].
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2. Materials and methods

Cell muclei were isolated from cat cerebrum accord-
ing to Lévirup-Rein and McEwen [13]. Protein and
associatzd fipids and nucleic acids were precipitated by
adding trichloroacetic acid 1o a final concentration
of 10% {v/v). Protein was determined by the method
of Lowry et al. [14]. Phosphorus was determined in
lipid exiracts [15) by the method of Bartlett [16]
and multiplied by 25 to give phospholipid values.
Cholesterol was determined by gas—liquid chromato-
graphy. RNA was measured according to Hutchinson
and Munro [17], and DNA according to Giles and
Meyers [18]. Fractions were alse finorochromed with
acridine orange for fluorescence microscopy and pro-
cessed for electron microscopy as described earlier
119]. )

To extract the soluble proteins the nuclear pellet
was washed three times in 0.075 M Na(l, 0.024 M
EDTA, pH B, and twic? in 0.005 M Tris, pH 8.0,
0.005 M sodium bisuifzie. The nuclear residue was
ceptrifugeﬁ at 7 700 g for 15 min after each wash and
a final pellet at 150 000 gz for 1 hr. The chromatin was
solubilized by a modification of the method of Franke

- et al. 2] for isolating nuclear membranes. The washed

nuclear residue was suspended in 5 ml of 0.3 M sucrose,
0.135 M KCl, 0.01 M citrate-phosphate buffer, pH 7.4,
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and sonicated for 20 sec in a Branson Sonifier Model
WIBSD {4°C, microtip, 35 W, 2 sec periods alternating
with 15 sec rest periods to avoid overheating). 20 vol

of 1.5 M KCl, 0.01 M Tiis, pH 7.2, 8.3 M sucrose was
added to the nuclear sonicate and the nuclear suspen-
sion stirred for 18 hr at 4°C. The insoluble residue was
removed by centrifugation at 110 D00 g for 1 hr. The
soluble chromatin was dialyzed overnight against

0.01 M Tzs, pH 7.2, 0.024 M EDTA at 4°C and
Ivophilized.

The chromatin 1.Ps were solubilized by extracting
the dialyzed, lyophilized chromatin in 0.2% Triton
X-100, 0.01 M Tris buffer, pH 7.5, 0.001 M EDTA for
15 min at 4°C and clarified by centrifuging at 133 000 g
for 1 hr. The Triton exiract of chromatin, designated
the whole LP {WLP) fraction, was fractionated by
uliracentrifingal fiotation in agueous KBr by a modifica-
tion of the procedure described earlier {19}, The WLP
fraction was adjusied io a density of 1.35 g/mi by
adding KBr and centzifuged at 122 000 g for 18 hr at
4°C in the No. 50 Rotor in the Spinco L2 ultracentri-
fuge. The floating layer {1 ml) containing the HDLP
fraction {4 < 1.35 gfml) was separated from the infra-
natant {7 ml) containing the VHDIP {(d > 1.35 gfm}).
These LP fractions were dialyzed aganst C.001 M
EDTA, 0.002 M Tris, pH 7.2, for 24 hir at 4°C and
lyophilized. In spme experiments an acidic protein (AP)
fraction was prepared by dissociating the Triton
X-100-insoluble chromatin {or whole chromatin) in
1.5 M KCL. The salt concentraiion was reduced to
0.15 M by overnight dialysis at 4°C against 10 vol of
water, and the reconstituted nuclechistones removed
by centrifugation at 30 000 g for 15 min. The exirac-
Tion was repealed once and the pooled supematants
dialyzad at 4°C against 0.002 M Tris—HC] buffer,
pH 7.2, 0.001 M EDTA to give the AP fraction. For
amino acid composition, LP fractions were precipitated
with 10% trichloroacetic acid, the lipids extracted
with chloroform—methanol {(2: 1, vfv), and the residue
hydrolyzed in 6 N HCl at 110°C for 72 hr. Protein
hydrolysates were analyzed in 2 Beckman automatic
=mino acid analyzer.

1P fractions were analyzed by electrophoresis in 7%
polyacrylamide gels coniaining 5 M urea and 0.25%
Triton X-100 at pH 2.7 according 1n Lim and Taddyon
120]. Proteins were demonstrated in gels by staining
with Amido Black (1% in 7% acetic acid). Gels were

fizxed overnight in 10% eold trichioroacetic acid and
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stained for lipid with Sudan black B {1.5% in propylent

_ glycol with 2% RCHD) and ac’3ic groups with acridine

crange {0.003% in 0.01 M glycine buffer, pH 8, with
2% HCHO). Gels were destained by sozking in large
volumes of 7% acetic acid (3.5% acetic acid and 50%
ethanol for Sudan black B). Stained gels were densito-
metered with a $ilford 2000 absorbance recorder and
a Gilford 2410 linear transport.

3. Resnlts and discussion

The nuclear fraction consisted solely of intact,
naked nuclel when examined by phase microscopy,
and in the fluorescence microscope afier staining with
the cationic fluorochrome, acridine orange. On electron
microscopic examination, the nuclear pellet consisted
exclusively of nuclei, mostly still intact and surrovnded
by the outer nuclear meambrane with its attached
ribosomes. Contamination by cytoplasm, myelin and
osher extranuciear elements was negligible. Purified
nuclear fractions harvested from 50 g of brain (3 ani-
mals) contained approx. 30 mg of protein and 6 mp
of DNA. About 70% of the total DNA was recovered
in the nuclear fraction. The ratio of protein to DNA
in the nuclear fraction was 5.0, and of DNA to RNA
was 4.0 {table 1). Cell nuclei from rat cerebral cortex
exhibit sitnilar ratios [217. The phespholipid content
of the nuclear fraction was 0.079 per mg of protein.
This value is within the range reporied for isclated liver
nuclei, 0.04—0.10 mg phospholipid/mg protein [1-4].

Chromatin fractions prepared from whele tissue or
isolated nuclei by the commonly used procedure of
mechanical shearing and density gradient cenirifuga-
tion of the nucleohisioae complex evidently contain
membrancs of cvtoplasm andfor nuclear origin {22,
23%. To avoid such contamination we chose o prepare
an unscheared spluble chromatin from isolated brain
nucle] through the use of 1.5 M K1 which shonld not
dissociate the nuclecli and nuclear membranes. The
1.5 M KClinsoluble revidus from brain nuclel was
centrifuged at 110 000 g for 1 hr to ensure complete
removal of membrane fragments from the supernatent
chromatin, and found to contain 215% of the proiein,
43% of the phospholipid, 3.5% of the DNA, and 44%
of the RNA in the nuclear fraction. On light and
electron microscopic examination, this residue consisted
mainly of nncleer membrane fragments and nucleoli.
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Table 1 -
Composition of nuelel, chromatin, and chromatin fractions isolated from cat brain.
Fractions Protein - Pjnusphéli‘pid RNA i DNA

2 Qf totnl % Of total  Conen.* % Of total  Comnen.® 2 Of tota!  Comncn*

Nuclei 10D 100 0079 100 0,049 100 0.209
x0.002) . {=0.502) - {20.004)

Chromatin i 69.8 49.5 D.D62 371 0.037 D60 0.332
z 3.4) & 2.8) {20.0022) = 2.5) (20.003) {x 04) {20.015)

wip* 345 84.7 +D.152 32.6 D.034 0.2 0.006
{z 1.8) {z 1.8) {20.00:3) {x 1.3) =0.001) =z 0.13) {£0.005)

Ap” 19.0 3.0 D021 8.8 0.036 2.0 0.074
= 0.6} =z 1.0) {=D.00.5) {z 1.7) {20.002) = 0.9) {=0.034)

* Concentration in mg/mg proiein.
* 2 Of iotal in chromatin
Mean = S.E. of 4 experiments {2 for cholestezol).

This finding confirms earlier observations of others
that high salt media do not dissociate nuclecli [25]
and nuclear membraneg [2, 10] of liver cells and are
useful for freeing nuclear membranes of chromatin
[2, 4]. The 1.5 M KCl-soluble chromatin exhibited the:
spectral properties characteristic of chromatin with
the absorpiion maximum at 260 nm and a trough at
240 nm {(fig. 1}. The AqenfAsyn was 1.54; the
Asen/Aggp was 1.40, This chromatin solution con-
tained 96% of the DNA, 70% of the protein, 30% of
the phospholipid 2nd 47% of the RNA in the nuclear

~B58

-39%,

A

~208;

fraction and showed extremely low scattering {the
AsgpfAsgp was 0.046), indicating the essential absence
of membrane fragments and other insoluble particles.
Moreover, studies to be reported separately .Lu and
Koenig, in preparation} indicate that the LP consti-
tuents present in the 1.5 M K Cl-insoluble residue from
brain nuclei differ biochemically and electrophoretically
from the chromatin LPs that are described in this
report. We concluage, therefore, that the chromatin
nsed in these studies was indeed free of contamination
by envelope membranes and nucleoli.

138 220 230 200

X8 200 38 518

Wivelonglh -am

Fig. 1. Absorption spectrum of soluble chromatin from cat brain nmclei.
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Tabis 2
Composition of brain chromatin lipoprotein fractions prepared by ultracentrifugal flotation.

Fraciiori Protein Phospholipid . Cholesterol RNA

% 0F toial 2. Of total Conen.* % Of total  Concn.* ¢ Of total Conen.?
‘WLP 100 100 0.152 1006 0.038 100 0.231

- {=D.005) {=0.003) {20.0503)

HD1LP - 589 D12 0.243 94 4 D060 31.7 Do17

= 1.9 = 0.5) {=0.009} = 0.6) {x0.003) = 1.2 (=0.902)
VHDLP 40,1 8.1 0.035 5.6 G.0048 58.3 0.049

= 1.9) = 0.5} (=D.003} (= 0.6) {=0.003) {z 3.3) {=0.003)
25 Recovery 88.6 87.7 86.0 s B85.0

= 1.3) (z 3.5) {= 4.1) = G 4.4)

3 Concentration in mg/mg protein.
Mean = 8.E. of 4 experiments {2 for cholesterol).

The whole chromatin LP {WLP) fraction extractable
in 0,2% Triton X-100 contained about 85% of the
phospholipid, 35% of the protein and 52% of the RNA
in ithe chromatin, and was enriched 2.5-fold in phos-
pholipid over the laiter (3able 1), Ultracenirifugal flo-
tation of the WLP yielded two LP fractions: 1 high

Table 3
Amino acid composition of lipoprotein and acidic protein
fractions from brain chromatin.

Amir.o acid WLP BDLP VHDLP AP
Aspartic acid 10.6 10.2 11.4 8.9
Threonine 35 4.4 4.4 7.3
Serine 2.9 5.2 3.9 10.7
Prolinge 6.8 6.3 5.0 iracs
Glutamic acid 16.6 13.6 15.7 15.7
Glyecine 0.0 18,2 10.5 12.0
Alanine 7.4 7.7 5.5 8.5
Valine ) 5.7 6.7 8.1 9.7
Methionine irace 1.4 i3 0.4
Isoleucine 4.2 4.4 3.2 4.2
Tzucine 7.9 8.8 7.8 8.1
Tyrosine 2.2 1.6 1.3 1.1
Phenylalanine 3.6 3.6 5.0 1.5
172 Cystine trace irace trace irace
Lysine . 116 8.7 5.9 5.4
Histidine 83 1.9 trace irace
Arginine 4.9 5.5 4,1 1.1
Acidic A.A./basic AA, 1.39 1.48 1.93 2.44
% Polar A.A. 30.6% 50.1% S50.8% 54,1%

Resulis as moles %. Polar amine acids {A,A.) = aspartic acid,
threpnine, serine, glutamic acid; lysine, histidine, arginine.

density LP (HDLP, d < 1.35 g/ml), 60%, and 2 very
high density LP (VHDLP, d > 1.35 g/mi) fraction,
40% of the total protein (table 2). The HDLP

fraction was recovered as a yeliowish floating layer 'n
about 1 mi volume, while the VADLP fraction was
present in a colorless infranatant of aboui 7 mi volu me.
The proiein and phospholipid concentrations in the
HDLP fraction were increased 10- and 66-fo.d,
respectively, over their concentrations in th: VHDLP
fraction. The HDLP fraction contained 0.24 mg phos-
pholipid and 0.06 mp cholesteroi, and the VHDLP
fraction, 0.035 mg phospholipid and 0.004 ng
cholesterclfmg protein. These findings sbrorgly supgest
that the lipid constituents in Triton X-100 caizacis of
chromatin are associated with the proisins as L.P com-
plexes.

The amino acid composition of the apol Ps shown
in table 3 indicates that they are acidie proteins. The
molar ratio of acidic to basic amino acid re:diduess was
1.48 in the HDLP and 1.92 in the VHDLP. These
apoLPs also are rich in polar amino acids, the latter
comprising somewhat more than 50% of the total
amino acids. Such high polarities ars characteristic of
soluble, nonmembrane proteins, .g. the varisus apo-
proteins from human ssrum LPs have polarities rang-
ing between 46 and 52% {25].

On polyacrylamide gel electrophoresis at least 20
protein bands were discernible in gel electrophero-
grams of the HD1 P and VHDLP fractions {fig. 2). A
similar pattern of staining was observed in gels stained
for lipids with Sudar black B and iodine (not shown)
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. o anionic groups (fig. 2). LP constituents with correspond-
. ; ] ] o ing mobilities were present in both the HDLP and
A : B, . s A VHDLP fractions. However, they differed in their
, ' 0 relative concentration in these fractions due to differ-
M ences in lipid content. In accord with the greater lipid
I Q__ content of the HDLP fraction, its components stained
- 4 much more intensely for lipid than the corresponding
G M EiL components in the VHDLP. The lipid mojeties of these
: : LPs apparently exert little influsnce on their electro-

- -t
!
4
{

nfG ] P e ¥ L e | =B *

] ] \'\ phoretic mobilities, :

HE Y TR \7\ ' The chromatin LPs closely resembie the acidic
7 chromatin nonhistone proteins of liver [26] and brain
o cell muclei {27] in their solubility in 12 M NaCl or
_______ K1, amino acid composition, and electrophorstic

. ; L ' mobility in polyacrylamide gels. However, an associa-
: ot { Jj % LA tion of phospholipids and acidic chromatin proteins
RPN W — has not, to the best of our knowledge, been praviously

; reported. We thus measured the phospholipid and pro-

tein content in an acidic protein {AP) fraction isclated

from brain chromatin by dissociation in high sali solu-

Jl - tion [26] . The AP fraction from whole chromatin con-

i& - tained 62% of the protein and 68% of the phosphn-
3
1

—gie-

- 1,..05__.

4 o e G

- lipid {table 4). The phospholipid concentration was

0.07 mg/mg protein. Ultracentrifugal flotation of this

AP fraction in agueons KBr of density 1.35 gfml

v A - vielded a high density AP (HDAP, 4 < 1.35 gfml) frac-
b Y A tion containing 26% and 45% of the protein and phos-

o /L AN pholipid, and a very high density AP {VHDAP,

d > 1.35 gfmi) fraction containing 74% and 51% of

P RN
<

e
o]

“BE~

"
X

ol

e

AT IR
R Y the protein and phospholipid in the AP fraction
o o ]» i A {table 4). The protein and phospholipid concentrations
) - JV\/ — i in the HDAP fraction were increased 2.5-Told and
A,/’w . ; L 6.6-fold over their concentrations in the VHDAP
w1 UL U0 L fraction. The HDAP and VHDAP fractions contained
: — — 0.14 mg and 0.05 mg of phospholipid/mg protein.
These findings show that the phospholipid in the AP
Fig. 2. A and C. Gl electropherograms of the HDLP {A) ani fraction is firmly complexed with protein. When the

VHDLP (B) fraction from cat brain chromatin. From left tv
right, the gels are stained with Amnido black {protein) Sndan
black B (lipid) 2nd acridine orange {acidic groups). B and D.

chromatin was extracted with 0.25 Triton 3-100
prior 1o isolation of the AP fraction, the protein and

. holipid conte: f the AP ; i clin
Dansitometric tracings of the electropherograms shown in £ phosphoh;:; d content of _*he AP fmcnm} dechined 1o
and C, respectively. Gel stains are: a: Amido biack: b: Sudan 10% and 3% of the total in the chromatin, and the
bblack B; e: acridine orange. phospholipid concentration diminished to 0.021

mgfmg protein {table 1). The high phospholipid con-
and for acidic groups with acridine orange. Comparson  tent of the AP fraction and the drastic reduction in
of densitometric scans of gel electrophercpramsstained  protein and phospholipid retrieved in this fraction

by these various dyes indicated that essentially all of ‘when isolated from the Triton-extracted chromatin
the protein components exept the leading band in the unequivocally demonstrate that the Triton X-100-
HDLP and VHDLP fractions contained lipid and soluble LPs ocenr mainly in this AP fraction. More-
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Table 4
Composition of acid proiein fraction and its subfractions frora whole brain chromatin.

Fraction Protein Phoespaotipid RNA DNA

% Of total % Of total Conen.® % Of total  Concn.> % Of 10121 Conen.™
Chromatin 100 10D 0.050 100 J.043 100 0.349

{=0.006) {=0.006) (=0.018)

Acidic Protein 62.4 67.5 D.670 36.4 0.034 .70 0.022

iz 4.2) {= 7. {=0.006) =z 1.5) (=0.00%) = 0.2) 20.008}
HDAP* 26.4 48.7 0.140 N.D. . N.D.
@<135gmi) (& 3.9 & 37 (=0.007) 3
VHDAP? 73.6 51.3 0.050 N.D. MN.D.
{d > 1.35 gfmb) (= 39 (= 3.7 {=0.005)
* Concentration in mgfmg protein.
MN.D., not determined.
* % Of total in acidic protein faction.
Mean = 5.E. of 3 exprrimenis (2 for HDAP and VHDAP).
over, experiments io be reporied separately indicate References

that the acidic nonhistone proteins which remain in
the Triton X-100-extracted residue of brain chromatin
are mostly acidic LPs with approx. 2% phospholipid.

On the basis of these findings we suggest that the
great majority of acidic nonhistone vroteins of chrom-
atin cgn be regarded as members of a large and hetero-
geneous family of acidic 1.Ps which vary widely in
buoyant density, lipid composition and electrophoretic
mobility. The LP nature of the acidic chromatin non-
histone proteins, which are now generally considered
to play an importani role in the control of genetic
function, accounts for some of the distinctive physico-
chemical properiies of these macromolecules, notably,
their tendency to aggregate with histones, DNA and
one another, that have previously hampered their
isojation and fraciionation [28)]. The smphophilic
nature of these LPs angd their electronegativity would
favor coulombic, hydrophobic and other types of inter-
actions of the kind that have been postulated for the
acidic chromatin proteins with histones, DNA and
various gene-modifying lipands [28].
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