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1. Introduction

In enkaryotes, histones are found in association
with DNA and are thought to act as non-specific gene
repressors and to play an important role in controlling
and maintaining the conformation of the chromosome
[3]. Bvidence for a superstructure in chromatin comses
from X-ray diffraction patierns of fibres of nuclechis-
tones which show a series of low angle rings [2, 3].
Similar low angle diffraction patierns have been ob-
served for gels of nuclechistone [4]. An important ob-
servation in this work was the strong depsndence of
the intensities of the diffraction arcs on the concen-
trations of the gels. More recently it has been shown
[5] that the very bysine rich histones can be selectively
removed from both calf thymus and chicken erythro-
cyte chromatins without loss of any of the f{eamhes of
the low angle diffraction pattern; it was also found
that the intensity of the 2.7 nm ring was very variable.
These low angle patterns, which are not observed in
the patterns of isolated DNA or total histone, have
.be'm attributed to the presence of a tertiary stmcture

in the DNA-histone axso-nplex, possibly a supercoiled -
DNA strocture 3, 6, 7). Such higher order structure
resulis @nmely from histone interactions with DNA
singe the structore is found in- treassem‘bled complexes
of DNA and isolated total histons. The: major inter-
action appears-to be between histones and. the DNA
phosphate-ester chain since Gamrstt {8] has reported. -
the presence of very weak low angle diffraction Tings

in patiems from" comp}e.xes of calf ihymus total his- .
-lione with pmkaryme T7 DNA. No expe;rxmemal evi- oe

‘dence!] however 'was presented’ and itisimportantto. .
-conﬁ:m ﬂus* se*vat:on and todr mronﬁtrate ﬂmi pmﬁ }
»karyme DNA— smne caomplexen ‘can be fmmeﬁ w}nvhf
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gve X—ray diffraction pa‘nems campa:abie with those
cbiained from sukaryote chromatin.

In other studies of prokaryote DNA— histone com-
plexes, not involving X-ray diffraction, Rubin and
Moudrianakis [9] have shown that calf thymus his-
tone—coliphage A, DNA complexes have thermal
stability, viscosity and fibre characteristics similer to
those of native nuclechistone for histone/DNA wfy
ratios greater th:an about unity, and that the histones
bind co-operatively to the DNA. Olins and Olins {10]
have studied XAP (F1) and GRK {(F2A1) histones
complexed with coliphage T7 DNA.

1t is the purpose of this communication o dfem‘@m-
strate that X-ray diffraction patterns as strong and as
well-defined as found for calf thymus nuclechisiones
can be obtained from complexes off prokaryotez DNA -

~with histones.

2. Méﬁhnds and mmems

-C@hphage ”I 7 DNA was kmd]y supphed by Dr. K.
Cammuack of the Microbiology Ressarch Establishment,
Porton Down, Salisbury, and coliphage A/¢830 DNA by
Dr. K. Murray of the University of Edinburgh. The 77
DNAhad a by; erchromicity of 33% and a melting tem-

- perature of 74°Cin 0.1 standard salirie citrate buffer -

B850, in avreeman:t with predictions using the formmula ;
of Owen et al. [11] for a G-C content of 48%. ,
Calf 'ﬂ’leUb nuclechistone was prepare-? using the

mgthod of Zubay and Doty [12}. From this ﬂmparanon
“total histone was extracted nsing 0.25 M HCl with ace-
. tone p:remp:itah on and KAP{E l)-ﬁep}eteﬁ hisione was

Prepaisa OY: the method of Bradbury et al. [5]. Bows -

“histone. preyarahmns WEIR cham»ienzed by pm]yacw]— :

‘amide ge] EjECI? @ph@l’ﬁﬁls e
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Two mgi’hmﬁs were used for producing the hetero-
logous histone/DNA complexes. In both cases the his-
tone was dissolved in distilled water; NaCl and urea

were then added to give a final concn. of 2 M NaCl and. =

5M urea. This solution was added drop-wise with con-
stant stirring on ice [9, 13] to a solution of the coli-

* phage DNA in 2 M NaCl and 5 M vrea to give a histone/
DNA wiw ratio 2/1.

In method 1 the final DNA concentration of the
mixture was 0.7 mgfral which was -Zialysed through the
following steps: 1 M NaCl, 2.5 M urea (12 he): 0.8 M
NaCl, 2.0 M urea (6 hr); 0.6 M NaCl, 1.5 M urea {6 hr);
0.4 M NaCl, 1 M urea {12 hr); 0.2 M NaCl, O M urea
{12 hr); 1 mM Tris buffer, pH 7 {12 hr). ‘

In methogd 2 (following Olins and ©Oling (190}, Bekhar
et al. 114] and Slayter et al. [15] the final DNA concen-
tration with histone in 2 M NaCl and 5 M vrea was 1
mg/ml and the dialysis stages were: 1 M NaCl, 5 M urea
(6 hr); 0.8 M NaCl, 5 M urea {3 hr); 0.6 M NaCl, 5 M
urea (3 hr); 0.4 M NaCl, 5 M urea {12 hr); 0.3 M NaCli,
5M urea (3 hr); 0.2 M NaCl, 5 M urea {3 hr); 1 mM

- Tris buffer, pH 7 (24 hr with many changes).

Samples for ultraviolst absorption spectrophote-
metry and thermal denaturation experiments and for
electron microscopy were prepared from the solutions
obiained by method 1 or method 2 after diaﬂysis inio
0.01 SSC buffer. .

For electron microscopy drops of the ﬂﬂmeﬂ solu-
tions at a DNA concn. 30 pg/ml were placed on carbon
films on electron microscope grids and left for 30 min.
The grids were fixed in 2.5% glutaraldehyde pH 7.4
stained with uranyl aceiate and phosphotungstic acid

- and dehydrated in ethanol with final drying nsing 2-
meﬁiylbmtane or eritical-point drying with CO,.

‘Samples for X-ray diffraction and infra-red absorp-
tion spectroscopy were obtained by centrifugation in

-2 10X 10°Ti rotor at 40000 rpm for 2 hr. Fibres were .

prepared by pulling the pels with tweezers and ihey
“were studied at 94% hwumidity using a Searle X—my
camera with toroidal optics and ; quadmn"t apexmires _
and stops at 98% relative humidity using a Frank low -
angie camera. The X-ray source nsed was a Hilger :and

Watts Y33 nncmfnocus X-ray generamr operated ai 50 B

_kV and 2 mA..
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3. Resulis

~ An X-ray diffraction patiern from a total histone—
T7 DNA complex prepared by method 2 isshown in’
fig. 1a and a diffraction pattern from a complex of
T7 DNA with all the histones except the KAP (F1)
histone prepared by method 2 is shown in fig. 1b. A
densitometer trace through the meridian of fig. 1a is
shown in fig. 2. These two angle diffraction patteras
arg very similar, anf very clear diffraction rings can be
observed centred at equivalent Bragg spacings 5.5, 3.6,
2.7 and 2.0 nm which correspond closely to those ob-

]."mg. 1. a) any d;lffra ctmn pattem ﬁ”:run toﬁal calf ﬁhymnfshxsione -

_ ecomp]exed with' r.nhphage T7 DNA by method 2. b) Xaay dif-
.- fraction pattern from KAP (F1)-depleted calf thymus histone
: 7 . complexed with ¢ eelivhage T7 DNA by methed 1. Ina and b ihe

I[nfxa-zeﬂ absorptmn Spe‘ctra weré fobiamed fmm pLEL

‘samples cast on polished barium flnoride plates: -~ - e

black patch near the back stop s seattering near 10 nm eqmvab
leni Bmg,, spamng a:nﬂ iha f:rsi clear nn,_, isat s, S nm.
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' .sezrveﬁ fm native mm]eohlsmne {[2—53 ‘The miens:t;y
‘of the 2.7 nm ring is lower than that shown by Pardon
.and Wﬂkms 13]. We have found, hﬁwevel, in awide

nHmIJ‘mﬂaamimimﬂLﬂmLm
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Fig. 2. A densitometer ixace along the meridian of the diffrac-

tion pattern shown in fig. 1a. The gquoted numbers are eguiva-

Ient Bragg spacings (nm) for dlﬁ:rachon 7ings observed in the
photographs.
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range of nucleoprotein samples that the imensﬁy‘@f'

 this ring is very variabie; the factors involved in this |

variakility are not fully understood. The low angle
patte:n of the complex of T7 DNA with total histone

" has aiso been recorded at 98%% r b with the Frank cam-

era. In this pattern in addition to rings at 5.4, 3.5 and
2.7 nen a ring is present at approx. 11.0 nm. This clsar-
ly accords to the diffraction are at i 1.0 mn observed
by Lvzzail and Nicolaieff [4] and Pardon and Witkins
13} for gels.

An infra-red absorption spectrum mi‘ the total his-
tone—T7 DNA complex mentioned above is shown in
fig. 3 and another spectrum from native calf thymus
nuclechistons is also shown in the figurs for comparison.
The amount of protein in a nuclechistone sample can
be eslculated by comparing the intensities of the two
bands at 1542 eni? and 1240 on? which have been
assigned to the amide 11 band from proteins and the
antisymmetri: PO> stretching vibration of DNA, re-
spectively [16]). The native nucleohistone contains
56% protein :nd the total histone—~T7 DNA complex
contains abouit 45% prosein.

Electron micrographs of the histone—prokaryote
DNA complezes when prepared from buffered sclutions

Fug 3. An fleaci‘:mn mzcrogr;ph @f f‘bzas of KAD (F: 3)—dep]e ted

: rcaj ﬂhymus h:ston"~a;chphage T7 DNA comp;ex

i .
Uy -
[
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_ showed aggregated fibrous structures similar to som:;:
of those observed by More and Paul [17]. Georgiev
et al. [18] suggest that on adding urea 1o nucleohis-
-tone thers is very little dissociation of histone pro-
teins. Theréfore solutions of the heterolegous com-
~ plexes were dialysed into 5 M urea and sampks for
gleciron microscopy were prepared from these solu-
tions. Sterso-glectron micrographs showed reduced
aggregation for complexes involving total histone and
very much reduced aggregation and the appearance of
fibrils, some of which are of the order of 10 nm in
diameter, with the complexes involving KAP {F1)-
depleted histone. Fig. 4 is an e'eciron micrograph of
the KAP-depleted histone—T7 DNA complex used for
fig. 1b prepared from 5 M wrea solution. The 10 nm

fibres can be seen in the fignre and in many ways they

resemble fibres observed by Bram and Ris [6] from
native nuclechistone preparations.

Thermal denaturation proiiles for the heterologous
histone—DNA complexes at 260 mm using a Perkin—
Elmer double beam spectrophoiometer showed that
the melting temperature of the prokaryote DNA to
temperatures in exzcess of 90°C. These results indicate
that there was very litle free DNA in the complexes.’

Experiments with coliphage A/¢80 DNA showed
similar results to those described above for T7 DNA

and strong low angle X-ray. diffraction rings are obsery-

ed for histone—A/$ 30 DNA complexes.

4. Conclusions

"I’he zs\tmngesl evidence fm the exmizeme @f super-
structure in enkaryote chromatin is the presence of a -
characteristic series of low angle mffaachon rings. The

‘observations described above of very. similar diffrac- -
tion patterns from complexes of prokaryote- DNA E

with total histone and KAP (F1)-depleted histone
shows that a large part of the prokaryots DNA can be
induced by histones to assume similar :supexstmctum
to that found in the chromatin of. hsg’her orgapisms. -

This shows with regarﬁ o’ the superst—ucmre giving - i

rise to'the characteristic X-ray- patterns that histones

interact wﬁh ‘nmh eukaryote and prokaryote DNA in -
119) Clark, R.3. and Felsenﬁem G. luyziz) Nature New Bml

a similar manner and the base sequenee is probably
not an nnpoﬁam fac*tor m ﬂme:xr mte;raclxons ,

36

"I'hese st dled are bemg exmenﬁed 10 make use of 1he
well-characterised | properties of pmka:yme DNA’sby

B i) measuring the change in contour length on ‘the bind- "
- _ing of hisiones and ii) to see whether particular ‘hisione - :

fractions bind preferentislly to AT- or GC-rich regions
of the DNA as has besn supgested by C]ark mnd Felsen-

feld 119]
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