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Abstract. 

SV 40 minichromosomes extracted from nuclei of infected cells 
with an average of 21 nucleosomes or minichromosomes partially or to- 
tally deproteinized by treatment with increasing concentrations of KC1 
were transcribed with the E.coli RNA pol merase. Removal of nucleosome 
resulted in a marked stimulation of the sH-UTP incorporation. Analysi 
of the RNA synthesized in vitro by sucrose gradient sedimentation re- 
vealed that the transcription products of native complexes are relati- 
vely short sedimenting between 3 S - 10 S, whereas the RNA transcribec 
from KC1 treated complexes is much longer with a considerable fractior 
sedimenting faster than 16 S. Hybridization of RNA fractions along the 
gradients proved that the size of the viral specific RNA increased af- 
ter the removal of the nucleosomes from the template. These results 
suggest that under these conditions the nucleosomes (or a factor remo- 
ved by KU) block the elongation of RNA chains in vitro. 

Introduction. 

The basic structural features of the chromatin fibre have been es 

tablished in the last three years (1,2,3,4,5,6,7) . Repeating units - 

nucleosomes or nu bodies- formed by the association of 160 to 200 base 

pairs of DNA with 8 molecules of histone (H2A,H2B,H3 and H4) are inter 

connected by short segments of DNA. It would be interesting to deter- 

mine whether the tight association existing between histones and DNA i 

maintained in actively transcribing regions. Several workers have at- 

tempted to resolve this problem but the results have been conflicting. 

The electron microscopy studies of Franke et al. (8) demonstrate that t 

active genes of ribosomal DNA do not conserve the nucleosomic structur 

Other studies on non ribosomal (9,101 and ribosomal(") genes seem to 

suggest that the active genes are likely to be packages by histones, 

but that these nucleosome,structures are in some way modified, since i 

has been found that the associated DNA is extremely sensitive to diges 

tion by pancreatic deoxyribonuclease I. Several studies which have bee 

carried out on SV 40 and papovavirus chromatins, which are known to ha 

ve a similar structure to cellular chromatin (12,13,14) have suggested 

that the viral DNA may be associated with histones during its replica- 
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Purification of RNA and sedimentation analysis: In some cases, :he --------------------1-----------------~------ ___ 
sy1.tb.e 51s of PNA was terminated by tceatlng the reaction mixture 531~ 
50 min. at 37°C with 40 ~g/nl of PNAse free DNAse, followed by :l~e ad- 
dition cf EDTA and CDZ to a final concentration of 20 ml,! and fi.5: (w/v) 
respectively, otherwise tile ZETA an,d SrjS xere added diueci-ly , an':1 the 
?esul.ting solut:'on was passed througl~! a sephader: G:O column. The frac- 
tior,s containing the RNA were poole!: and extracted with an eaual volume 
of TX-is saturate3 phenol. The aqueous phase was reextracted tkjice ~,iIth 
an eq;lal vclume of chlorofo;-m and precipitated r"!ith tc<o volumes abmsolu- 
te et:haroi at -23°C. After centI~,ifugarion, the precipitate was dissol- 

velj in 1C' n?! Tris (3P 7.9) 3 r!,I EFTA and 'rleai denatured for 1 mic. af 
1'30nC followed by q;i~ck cooling to cI"C before 
ml gradient of S-20", 

i-t was layered cn a 3.8 
sucrose containing 0.19 S!IS, 2OIl :a NaCl, ln rn.PI 

TX-is iiCl (p'r! 7.4) 1 rr?Y IIDTA. The PNA fro:!1 'different parts Iof the gra- 
?ien? was pooled and precipitated w! th 2 volumes absolute ethanol at 
-2L?“i centrifuged, dLssolvei in Y-1 nY Tris ;ICl (pIi 7.'?), 1 71;~ FDTf:. and 
used for DNA-RNA hybridization. 
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Figure 1. Electron micrographs of SV 40 nucleoprotein complexes. 
(a) complexes extracted from SV 40 infected cells at 0.2 M NaCl ; 
(b) same complexes after transcription. Samples were prepared 
for electron microscopy according to Dubochet technique 
(see 13) and rotary shadowed with Pt-Pd as previously 
described. Bar : 200 nm. 

DNA-RNA hybridization : DNA-P.NA hybridization was carried out ac- 
cording-To-the me?hoa-described by Kourilsky and c011.(~~) in 2xSSC 41 
redistilled formamide for 48 hours at 42'C (optimal conditions) using 
excess SV 40 DNA (0.6 ug/filter). The purified SV 40 DNA was alkali dc 
natured then heat denatured and finally irreversibly fixed to nitrocel 
lulose filters. After incubation, the filters were deeped in chloro- 
form, washed 3 times with ZxSSC, then treated with preboiled RNAse 
(20 pg/ml in 2xSSC, 45 min. at 20°C), washed 5 times with 2xSSC, driec 
and counted in toluene base scintillation -Liquid. Each RNA sample was 
also hybridized to filters containing mouse DNA and the background sub 
stracted from the values obtained with viral DNA. 

Results. 

SV 40 minichromosomes were selectively extracted from infected nL 

clei in the presence of 0.2 M NaCl and 0.25% Triton X-100 and further 

purified by sedimentation (S value 55 S) on neutral sucrose gradients. 

Native DNA-histone complexes contained on average 21 i 2 nucleosomes i 

verified by electron microscopy (Fig. la). The ratio of proteins to Dh 

in these complexes is approximately 1:l (13,1E,17) . Polyacrylamide gels 

analysis showed the presence of the four histones, trace of histone H1 

and low contamination with cellular and viral proteins (VPl). No cellL 

lar DNA or chromatfn contaminated these complexes (results not shown). 

Partial or total removal of nucleosomes was achieved by incubating ali 

quots in the presence of 0.5 ?I or 1 PI salt for 30 main. at 37OC follo- 

we'? by rapid dilution to a final salf concentration of 0.7 M KCl. EZec 
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.gure 2. Kinetics of transcription of NPC in vitro with E.coli 
polymerase . NPC treated at different ionic strencrth was 
transcribed in vitro with E.coli polymerase. (x-x) activity 
of RNA polymerase alone ; (o-o) transcription of NPC 0.2 M ; 
((Pw--@) transcription of NPC pretreated 30 min at 0.5 M KC1 ; 
(h---A) transcription of NPC pretreated 30 min at 1 M KCl. 
The values given represent the total incorporation. 

tron microscopy examination of these samples showed that the 0.51.1 salt 

treated material contaiced a decreased rumher of nucleosomes (5 value 

35 S) per DNA molecule, the 1 !q treated material appears as naked s'zper 

heli.cal which sedimented on r.eutral sucrose gradients as deproteinized 

viral DNA (S value 21 S). These results agree with previous sed!~meFta- 

tion studies on SV 40 and polyoma mipichromosones (24) . The rapid dilu- 

tion of the samples and their low DNA cor!centrations does not enable 

the reconstituation of nucleosoces (7) . Native or salt treated complexes 

were diluted to identical final DNA concentrations and transcribed \!ith 

excess E.coli RNA polymerase in the presence of 0.15 M k'C1. As shown ic 

Fig. 2, removal of nucleosomes results cr. a marked stimulation c'f the 

H 3 UMP incorporation. The stimulation varied from 4 to 20 fold -or 1 PI 

KC1 treated complexes in different experiments. Increase in the cancer.- 
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.qure 3. Sedimentation analysis of RNA synthesized by NPC. 
RNA was prepared as described in Materials and Methods. 
Samples (150 ul) were layered onto 3.8 ml 5-20% sucrose 
gradient containing 0.1 % SDS and sedimented 2 h 15 at 
55.000 rpm ( 15“) in a SW 56 rotor. (o p--o) RNA synthesized 
by NPC 0.2 PI ; (x- x) RNA synthesized by NPC treated 
at 1 M KCl. 

tration of the viral complexes bleyond 1 p,g/ml of DNA resulted in a de- 

crease of the stimulation observed after the 1 M KC1 treatment. Proba- 

bly the presence of higher concentrations of free histones and DNA in 

the transcription mixture resulted in random binding of the llistones t 

the DNA without formation of nucleosomes. It was shown that addition c 

histones to polyoma DNA markedly inhibits its template activity (25) . 

We noted that 50 to 80% of H3 IWP incorporated with template maintaint 

at 0.2 PI NaCl are template independent products. In fact, it was repor 

ted that the E.coli -- PNA polymerase is capable to incorporate ribotri- 

phosphate in absence of DNA (26) . Due to the low efficiency of the mini 

chromosome as a templa-te for transcription we have been forced to use 

saturating amount of enzyme (10 units) in each reaction mixture, this 

explains the high percentage of template independent incorporation we 

find in this system. When the appropriate amount of free DNA and limi- 
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Table I. Hybridization of in vitro cRNA to SV40 DNA. The gradient was 
divided into four parts : part I - fraction 1 to 12 ; part II - frac- 
tion 13 to 19 j part III - fraction 20 to 25 j part IV - fraction 26 
to 35. The RNA from different parts of the gradierk was pooled and 
precipitated with 2 volumes absolute ethanol at -20°C centrifuged, 
dissolved in 10 mM Tris HCl (pH 7.5), 1 mM EDTA and used for DNA-RNA 
2ybridization. Hybridization results are a mean of two determinations. 

RNA was heated during 1 min. at lGO°C before hybridization. 

Nature of 
template RNA fractions I II III I v 

RNA per fraction (%) 8 11 21 55 
0.2 M KC1 
treated Hybridized RNA ("") 15 23 23 8 
complex 

Percentage of total 
viral specific RNA 8 18 44 3 'L ? 

1 M k:Cl 
tre.ated 
complex 

RNA per fraction (%I 23 28 26 33 

Hybridized RNA (%I 50(75? 78(100? 39(5WX 26(49) x 

Fercentage of total 
viral specific RNA 16(241X 3l( 4lF 14(21? 8(14) x 

ting enzyme are used, the template independent incorporation is lower 

than 1% of the total counts. 

Electron microscopy examination of the viral complexes after 

transcription did not reveal any modification in the number of nucleo- 

somes nor any evident clustering of the nucleosomes. Since the size of 

the RNA polymerase molecules observed on the grids is very similar to 

that of the nucleosomes, we cannot distinguish enzyme bound on the vi- 

ral minichromosomes (Fig. lb). 

RNA transcribed from the native or 1 M KC1 treated complexes was 

purified and analysed by sedimentation on sucrose gradients. As shown 

in Fig. 3, the transcription products of native complexes are relati- 

vely short sedimenting between 3 - 10 S, whereas the PNA transcribed 

from 1 M KC1 treated complexes is much longer, with a considerable 

fraction sedimenting faster than 16 S. The size of the template inde- 

pendent products was found to be extremely short, sedimenting at about 

4 S (data not shown). The RNA gradients were subdivided into the four 

fractions indicated in Fig. 3, the RNA pooled, concentrated by ethanol 

precipitated and then/hybridized to SV 40 DNA immobilized on nitrocel- 

lulose filters. Several series of experiments were performed and one 

of them is presented in Table I, showing that more than 50% of the RNA 
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transcribed from 1 M KC1 treated complexes hybridized to SV 40 DNA. 

Higher percentage of hybridization is observed in fractions containing 

longer RNA chains (fractions I and II). On the contrary, only low de- 

gree of hybridization is observed with RNA transcribed from native 

complexes and the bulk of the viral specific RNA is contained in the 
slow sedimenting fractions III and IV (Table I). However, we must 

recall for this last case that SO-80 per cent of cpr: correspond to the 
template independent products made by the E.coli PNA polymerase and 

that most of these products sediment in the fourth fraction. These re- 
sults suggest that nucleosomes block- the elongation of PNA chains ini- 

tiated on the native complexes. To examine an eventual role of histone 

Hl in rucleosomes mobility, we tried to transcribe the viral complexes 

in the presence of calf thymus histone Hl (1 -{/ml) and observed an 
inhibition of 30%. T ranscription of plurified viral DNA was inhibited 

by 14% under similar conditions. The native complexes became more 

condensed after addition of Hl when examined by electron microscopy 

in agreement with the observations of Germond et al. (273 . 

Discussion. 

Contrary to the behaviour of cellular chromatin, the viral chroma 

tin remains in solution during the transcription and the fate of the 

template can be-easily followed by electron microscopy. As we have pre 

viously shown, the 21 nucleosomes of the viral minichromosome are not 

mobile and are located at random on the viral gennne 
(19) . It is known 

that the strong promoter site for E.coli RNA polymerase is localised a 

position 0.17 on SV 40 D?JA 
(28,29,3@) , in addition in the presence of 

excess enzyme, several additional initiation sites are-detected on su- 

perhelical or linear SV 40 (Saragosti, unpublished). It is probable 

therefore that only a fraction of the minichromosomes would contain th 

strong promoter or any other initiation sites in an accessible posi- 

tion. The observed decreased template activity of the minichromosomes 

relative to KC1 treated complexes can be due to limitation of initia- 

tions only or additionnally, to restriction of the elongation by the 

nucleosomes. The size measurements of the vir,us specific FNA clearly 

demonstrates that the nucleosomes restrict also the elongation of the 

in vitro transcription products. Mainly short PNA chains ranging tlet- 

ween 3 S and 10 S are synthesized from the native complex whereas RNA 

chains up to full genome length are synthesized from 1 M treated com- 

plexes devoid of nucleosomes. Since both transcription mixtures contai 

ned initially the same amount of purified complex, the preferential 
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degr-adation of the RNA made from native complexes is unlikely. The 

process of RNA synthesis is not sufficient tc dislocate the me. relatl- 
velv to the histones core and thus permits chain elongation. 

kuang et al. (31) have pi-evicusly transcribe,". in vitrl_: nucleopi-o- 

teln complexes extracted from CV 40 virus b.1 alkali Zissociaticn. 1-1 

fact, it is now well +:rown( 32 '33) that inis- procedure ,doe s net 71-2 seyavi5 _ 

the integrity of the nucleoprotein complex. A fraction cf nistorl-:s i: 

lost during extraction. Neveythelccs, o~lr reslult? are ir accird -,:ith 

those nf b:uang et al. - the efficiency of transcl-iptior i? vitro Increa 

ses aftel7 deproteinization of the template. Tk.ey obtaineLi alsc s : r.Clar, 

Yesults xirh mammalian RNA polyrr,erase II (Em) isolate'? f:-om Ci: 4- infec- 

ted monkey cells : na)-ej. DNA was sevenfold more efficient than rl?iA 

iistones complexes. 

Greer et al. (18) isolated viral transcription complexes containing 

endogeneous RNA polynerase from C:,' 40 infected cells in the p:~esence 

of 0.4 il NaCl. From Their sedimentation profiled it is ?easonable :cj 

suppose that the DNA in these complexes is still associated wi+h Iii=- 

tones (under these icric conditions, we did not obser-ve any reno~lal cf 

nucleosomes). The low level of endogeneous ,activi:y can be due only 

to the short elongation of the nascent RNA chairs. No sire me,asurenents 

LseTe made with these products. This low endogeneous +ranscriptlcrl acti- 

vity is stimulated by addition of sar>osyl 
(34) 

that :.;a s s h c+! n pr i v  i o 11 - 

sly to remove the histones from the DNA without inactivating the pre- 

initiated RNA polymerase (35) . These experiments suggest that even the 

in vivo initiated RNA polymerase elongates pcorly in vitro In presence 

of rucleosomes. The process of viral genome transcription ir-. viva ___- 
(ir.iri.atiorl and elongation) mdy r>equire contirluous r.ucleosnm~e 

modifications compal,able to the modifietd state of nucleosomi~s 511 

active gerles (9,1(l) 
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