Voluine 34, :—mm‘be:r 2000

© FEBS LETTERS

~Avgust 1973

HETER@GENHTY OF '{:EREBRAL ‘CHR@MA’IXW -

- M. KURDKAWA T. TA;‘:HHRO F. MIZOBE and N. SETANE

_ Biochemistry Deparm ent, Instimure of Brain Resezrch,
Tokyo University Faculty of Medicine, Tokyo, Japan

‘Received 28 May 1973

1. Introduction

Neuronal nuclei have been shown 1o synthesize
significantly more RNA than oligodendroglial and -
fiver nuclei {1]. It has recently been reporied that, in
addition to neuronal nuclel, astroghial nuclei are also
capable of RNA synthesis at a high rate [2]. In the
course of cur studies carried out for the purpose of
explaining the enhanced RNA formation, evidence is
obtained indicating that in neuronal chromatin a part
of the sieric restrictions mnposed on RNA synthesis
appears to be intrinsically weakened.

2. Materials and methods

- Nuclei were isolated from the cerebral cortex and
liver of the adult guirea pig as describsd previously
[1, 3], and stored frozen ai —80°C until use. Cerebral
muclei were also fractionated in a similar way as des-
cribed by Austoker et al. [2]. In case of guinea pigs,
the nuclear subfraction collected at interphase be-

tween 2.3 M and 2.4 M sucrose appeared to be more - -

“entiched with nenronal nuclei than the equivalent

" fraction obtained from rats by Austoker et al. {2].
The cerebral nuclear sample in which the population

- of neurenal nuclei averageﬁ approx. 50% is expressed
BSPSD. ‘The remaining half of the nuclei was of glial =

. origin, with a dominance of astroglial over “oligoden- ©

droglial nuclei. In the Py nuclear ;zrepara‘non, APPTOX.

90% was of mhgmdenﬂmghal origin, and the remainder -
“of astroglial and, to a lesser extent, of smeumn:al xongm.—r -

- Chromatin was prepared. from purified nuclei es-
E senmﬂ}y as described by Shaw and Huang: 4] and .

ﬁ,snmed m 0—4 C aml usad fm as:ay of RNA polyme- '_ 7

_Nnﬁh-HaIIandPubZzshmg wi’ompmy Amsrerdam . o

* without trypsin (10 ugftube; 2

rase, and also fm )recardmg of cmuﬁar dnchrmsm (CD) ,
specira within 10 hr. -

RNA polymerases A and B were mlubmzed fmm
nuclei by sonication in 0.3 M (NH4),50, and 25%
(v/v) glycerol, and purified by (WNH;),50, precipita-
tion, followed by passage through a DEAE-cellulose
column {25 cm X 1.2 ¢m) eluted with linear
{NH4),80, gradient ranging from 0.04 M — 040 M,
essentially as described by Mandel and Charabon [5],
and stored frozen at —80°C,

In ruclei and chromatin, the RNA polymerase re-
action was initiated in the mediuvm (0.35 nl) with or
2 X crystallized, Worth-
ington Biochem: Corp., Freehold, N.J., USA). After
incubztion for 10 min at 37°C, 0.15 ml of (NH,),80,
soluticns of appropriate molarities, adjusted to pH 8
with aq. NHz, were added io give prescribed final
concentrations, and the incubation continued for
furthz: 30 min at 37°C. The medium {final volume,
0.5 mi) coniained {final concentrations): Tns—-HCl
buffer, pH 8.0 (100 mM); MnCl, (2 mM); p-mercapto-
ethancl {10 mM); (NH,),50, ’(@—-@ 9 M as indicated);
ATP, CTP and GTP (0.5 mM each); UTP (0.01 mM)

~and 1.5 pCi of [S—SHIUTP {26.9 Cijrrmol; New En-
-gland “Juclear, Bosion, Mass., USA); and appropriate
_amounts of nuciei or chromatin (39-—*’03 pg as DNA).

In case of punﬁed RNA polymerases, native or heat-

- denatured calf thymus DNA (10ug;’ typc] Sjgma -

Chcmical Co., 81 Louis, Mo, TSA) was incorporated
in <he assay ‘medium as a iemplaie and incubation - .-

* gesmied] out at 37°C for 10 min, The renction was ter-
" minat:@ by the addition of 1 Omlof i e-cold 10%
(wiv) mchlﬂmacenc acid 1("1‘ CA} in 40 mM-ssadmm ,

S pymphﬂsphah ‘The m@czpmaze was cn]]erieaﬂ by «cen— _

:tnfm;\;g wion, zoceﬁher ’wrxh 1 mg @f bovine serum: aIbn—




‘Volume 34, number 2

FEBS LETTERS

August 1973

RNA polymerase’ vactivi‘ty' {d: pm. /pg

~.
O e @ e e @

0.2

i i
0.6 0.3

Concn. of (NH,),S0, (M)

Fig. 1. RNA polyme:ase activities in cerebral Psg, P3 and liver nuclei: (a) Liver nuclei; (b) Psp, enriched with neuronal nuclei;

(¢) P, enriched with: oligodendroglial nuclei. Reaction was initiated in medium (0.35 ml) with (6—o) or without (s—s) 10 ugof
trypsin, and after 10 min at 37°C appropriate (N H4)280, solutions (0.15 ml) added so as to give final concentrations indicated.
Reaction was terminated 30 min thereafter. (e—e) a-Amanitin (1 ug/ml) present, in the absence of trypsin,

mim when appropriate, washed three times, each with
8 ml of ice-cold 5% (w/v) TCA in 20 mM-pyrophos-
phate, transferred into a counting vial with a minimal
amount of water, dried, and solubilized in 0.5 m] of
Soluene-100 (Packard Instrument Co., Downars
Grove, L., USA). Radioactivity was measured in a
Packard Model 3380 liquid scintillation spectrometer,
with 10 ml of svintillation fluid, containing, in 11 of
toluene, 4 g of 2,5-diphenylexazole and 0.25 g of
1,4-bis-2-(4-methyl-5-phenyloxazolyl)benzene.
CD spectra were recorded with a JASCO Model
J-20 spectropolarimeter (Japan Spectroscopic Co.,
_Tokyo, Japan). The spectrum was first taken'at 25°C
‘with 1.5 ml of native chromatin in water, adjusted to .
pHS8 by aq. ‘NH3, which gave an Azso of approx, 1.3
ina 1,0.cm hght-path Spectra were subsequently re:

l(pH 8 0) 20 ul of trypsun (1 ug/ul), and
80l of 10% (wlv) sodmm dodecyl sulphate in 10 mM
. T s—HCI specnvely Mean residue ellipti-
' '(8), L.expreseed in deg cm2 “dm

4

"zon\the s

dodecyl sulphate (cf. [7]), using an €p of 6800. Pro-
tein was determined according to Lowry et al. [8]
with bovine serum albumin as standard.

3. Results and discussion

In the absence of (NH,),S0, in the reaction me-
dium, [3H] UTP incorporation in cerebral Pyy nuclei
is only twice as high as in liver nuclei (fig. 1). RNA
synthesis in Pyq nuclei is, however, increased more
prominently than in liver nuclei by raising the ionic
strength of the medmm ‘Thus the; stimulation by

mc iss uumze “Strugture, Of an in-’
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Fig. 2 'fC:J reniar dichroism spectra of ca;re’br:.ﬁ PS‘B=P3 and Yver chromatins: (a) Liver ch:mmatm, {b3 Psn chmmam:n {c) P3 c’hmma—,

tin. Spectrum was first taken at 25°C in native chromatin in waler, pH 8 (

), and subsequently in the presence of 10 mM Tris—

HCl, pH 8.0 (not depicted), of trypsin {13 pg/mil, ~ -3, and finelly of 8.5% sodium dodecyl sulphate {— ——); respactivaly.

cieased aumber of enzyme molecules per se. Chambon
et al. {9] have recentiy presented evidence indicating
that the actual number of RNA polymerase B mole- -

cules per haploid DNA complement does not drasti- -

celly differ amongst b:am kve:r angd @ﬂmex tissues in
Crat.” .

Studies- wmh ?th«e ‘purified p@]ymemse B failed to
furnish any posmve evidence to indicate that enzy-
'~mes from Psg and liver nuclei differed from each

»@Iher i1 Iuespect tp elutipn patiern, spemﬁx: activity
{45 nnwl of UMF1ncnrporateﬁﬂng of protein/10

‘min at 37°C), optimum concentration of (NH,),80,

‘required for activation (6080 mM), preference fm
denaiured DA as taamp]ate, cation requirement

(Mn2"in

: i.wﬁy ‘

- ]mv ionic: sixengﬁa and in the ; presem:e of trypsin
£3<10 pgy’mbs), the: poiymemse B reaction later dis- -

enhanceu (f" 1. Ia} Trypsm ; o;ne' at;hvaf RNA f"r~

P efme—mce 1o Mg '}) :a.nﬁ n—amannm sens:— L

When RNA symhem in n liyer nm:}em is mnmieﬁ ina ]

{fig. 2):In 7
- ihe :ran'oe m 270 nm — ~"290 nn appears io characte-
- J*Jze .PSD chroma"hn- Dlgeshon of gh:omama with' iryp-f

were obiained alscn with- unshweared ﬂwm a:hmmam
'{daia not presented).

- Activation of RNA polymerase B seaction by 1?5: p- '
sin is demonstrated also in Py nuciel in the range of:
0.4 M - 0.9 M(NH,),50, {(fig. 1c), which is ascrib-

“gble to the property of oligodendroglial nuclel. Re-

sults with Psp nuclei given in fig. 1b indicate that the

‘nevronal {aad possibly also astroglial) nuclei ba*ely
-respond, if at all, to trypsin by an enhancement of

RNA p@lynaemsg_Bmey, in contrast to Hver «ami

L f@hgoﬂendmgha] nuclei. Elevation ©f RNA’ synﬂxems T
by trypsin observed mP fmcled in the -voncammmcn

range of (NH,),80, tween 0.6 M and 0.9 M may-

e aﬁnbuiabﬂe o @Jgﬂﬁnndmg’}_m nmﬂa present in ﬁn_s
N px@paranon. ;

~InCD spac‘né, ﬂ]e mean IBS‘ﬁLE ell;prncuy, (&9}, ex- :.
h:bmed by native Pgy fchmmatm in-wave length range

“betwéen 260 nm and 300 nm is found significantly -

7 Ry n;gher as. mmpared with Py and liver chromating
“closed by the addition of r(NHg}»_,SDAg is found greaily -

nddition, 2 sieeper change i in el‘lgpixcﬁy m‘

w xevwsmn 1 of e spe;:tmm 10Wg]'d ‘that of



Vblume 34 zm]m“ber_ﬂ )

,chmmann ihme ‘exn.sis pmr:ﬁca]]y no. Mfezence in ',
spe;ma among thres ‘species of Irypsunzed chroma-
“tins (fig. 2). Trypsin has been shown to exert Hmited

proteolysis of chromatin, presumably affecting h_sione w0
bridging between adjacent DNA segments [10], whmh '

_is thought to stabilize supercoiled conformation in
chromatin. it seems likely. that in Hver and rohgmﬂen—-
droglial rchmmatms pnm destabﬂlzatmn of the super-
‘coiled strocture by trvpfsm is required, in addition-to
increased ionic strength, to ensore sufficient interac-
tion between RNA polymerase B motecules and DNA
in _nchmmaim, shile neuronal chromatin has fewer
such structural restrictions. This i is rather in line with .
the view of Johns 111, 12] that linear parts of chro-
matin can be transcribed, whether or not they have
histones, and that the supercoiled parts are repressed.
Another possible explanation might be that the DNA
in neuronal chromatin is enriched with the B form re-
lative to C form {cf. [13]). _
The present expsriment clearly demonstrates an
aspect of the heterogeneous nature of cerebral chro-
matin arising from the difference in cell species. How-
ever, more satisfactory separation between ngm@ﬁa]
and astroglial chromatins remains 1o be made. .
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