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1. Introdnetion

Isolated DNA from eukaryolic nuclei shows no
higher stynctural order than that of the double helix.
When extvacied as deoxyribose nuclechistone{DNH},
XKeyay aiffraction shows that the DNA adopis a tertiary
conformerion which is thought to be a regular super-
goii {1, 2]. Hydrodynamic studies show that a com-
pact conformation elso exists in solution [3]. Removal

of the histones from the DINH results in the disappear-

-ance of the supercoil and a change i a more exiended,
flexible conformation in solutien [3]; reconstruction
by recombining DNA and histones negenmam.s the su-
percoil [4—6].

"At least five types of histene are present in the na-
1ive complex. The question can be posed as to whether
‘the supergoil is dependent on the presence of all or
only some of the histone types. This paper describes

siructnral studies on whols DNH, Fi-minns DN, Fil- ..

and F3—mmu§ DN and DN with only F2a; remain-
ing atiached. All samples were prepared by depletion

_of the native coraplex. The resulis show that the supes-

epil structure is not detectably changed by the removal
of Fl or by subsequent removal of F3. Furthermore,

“when =il histone 1}7]3;3 exzept: FZa; are mxmwed rsuper- e

“coil moleciles are still detectable, It is concluded that -
-a smg“ie lusta:me type, namely FE‘H: yi3 capal;]e of main-.
tainingthe supercnﬂ mﬁh@m The !umemctmn of Dihm‘
;-1.3.}:&5 'rai' hls.tung e - :
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2. Methods

Nuclechistone was prepared [ 73 and characterised
as described previonsly [8]. Samples depleted of F1
znd all fraciions except F2a, were prepared by dialys-
ing nuclechisione at reom lemp. ageinst 0.7 M NaCl
and 1,2 M Na(l, respectively, 2nd then separating the

. dissociated protein by gel exclnsion chromatography
- on Sgpharose 4B [8]. DNH depleted of F1, F3 and

F2B was prepared by incubating DNH with chymo-
trypsin {at a protein:enzyme raiio of 30:1) in 0.7 mM
scdinm phosphate (pH 7.0) for 3 br 2t 10om iemp, as
described previously {9]. Bound peptide fragments
were remnaved by dialysis against 0.7 M Na(l and chré- 7
matography on Sepharose 4B [9], Protein:DNA ratios
were measured using the Folin reaction or from the
circuiar dichrolc spectrum using the value of Ae at

220 nm. and the established linear relationship be-

sween A and protein coneentration [10]. Protein was

- prepared-from deplated samples as described previens
Iy 18, 9% and polyacrylamide gel @kmmphmem {PAGE)

- was carfied out using the method of Panyam and. .

- Chalkiey [11]. Gsls were stained with Coomassie Blue

_-and destained by d:ffmmm Spectrophuiomeiric scans

were obiained w:lih a Boyte—-l,@ebl TmEIDﬂEnE]iDmEiBI :

-~ I24 Scans were analysed with a. D‘up@m turve anawser
- as described ‘previously [[9] Dep]eisﬁ samp]zs were.
~ dislysed into 0.7 mM sodium phospkate {pH 7.0}, then -
» _j . seditnentad’ mu“nnghi at 43K TP
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- ~=-Peptide €2

U

¥ig, 1, Gel elecirophoresis patierns of: a) Whole histone; b) histons exiragted from F1 minzus DNH; ¢} histone extracied from
chymotrypsin-ireated DXH; @) histone extracted from the fibre of the DNH depleted in 1.2 M Nalli which gave the diffraction
pattarn in fig, 2d. Botwesn 10 and 40 mg of protsin was loaded into the gels. Electrophoresis was for 3,5 hron 10 % 0.6 cm =els
at 2 mAfgel, Gels were staimed in 0.1% Coomassie Blue in 7% acetic acid overnight 2nd destained by fiffusion against 7% acetic

aied,

Searle X-ray camera (Baird and Tatlock, Lid,) employ-

ing either Eflictt toroidal mirror optics or Franks’
double mirror optics, Exposure 1imes were 20 hr at
0%% relative humidity for the torcid optics nsing one-
guarter of the toroid apesture, Sinilar fimes were used
Tor the Franks’ optics when siudying the low angle dif-
fraction patiern from dry specimens.

3, Results
3, 4. Filminus DNH

The PAGE pattern fos this materisl is shown in fig.
1b. When compared with the pattern for whole histone
{fig. 1a} the sbsence of histone F1 is clear, DQuantitative
analysis of the gel scans showed that Jess than 4% of
osher fractions had been removed. The diffraction pat-
tern given by fibre specimens drawn from this material

is shown In fig. 2b. 11 is indistinguishable from the pal- -

tern given by native DNH shown in fig, 2a. Both pai-
ierns show the series of “superceil rings™ correspond-

ing 10 spacings of 22, 27, 37 and 55A. The 110A reflec- .

- tion which completes the sesies {5, 6] was not mnmdu
ed by t}ve camera &echmqm meﬂ hew ‘

-3, 2. szymmrypsma Weamﬁ‘ BNH

T hfi gei pamm fm %}ns mfaitm] (;ﬁg !;c} 3h0w;s that
ﬂm chymoirypsin-treated Sampla }ar:ks histones Fl aﬁﬁ
FS andg its x::mmm of histone FZ«Q3 1&; grﬁmiy xadm;eﬁ

r_*1t-.1({‘f,;—- ST

The remaining histones F2a; and FZas ars prosent in
amounis not dignificantly different from those in whole
hisior e. The peptides T and C2 are partisl degradation
products protably arising from ¥2b {see [91) which re-
main bound o0 DNA in 0.7 M NaCl [9].

X-ray diffraction patterns given by this material,
one of which is shown in fig. 2¢, show significant orien-
tation in the DNA component when compared with
native DNA. Although not llustrated here, the same
mmaterial when analysed in the dry state gives a diffrac-
tion paitern losely similar o thai Ve by dry maiive
nuclsohistong.

3.3. DNA associnted with histone ¥2ny alone

Dialysis against 1.2 M NaCl st room temp. and sub-
sequent gel chromatography yields maiterial from which

all histones except F2a, are aqmmﬁama]y removed. The
histone: DNA ratio of this sample was 0.26. The PAGE
pattern of the histore sxtracted from the drawn fibse
which gave the X-zay diffraction pattern described be-
low is shown in ffﬁg id. mﬁy one iﬁa@‘nm, Fla;, was
present. :

The X—my diffraction patiem given by wei fibres.

- of this material {fig. 24) shows two sets of reflections.

The first set is similar in =11 respects to thal given by

. maiive DINH, while the second set is that sipected from
L depmttemmﬂ DNA in the ‘B’ mnﬁgmannn The pat-
fiem given by fibres of this aterial in the dry state

* {fig. 3) shows no detectable mffezenm ifmm ihait gmﬁ |

7 ‘ey mt&w DNH
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ig, 2. Diffraciion patterns obizined from fibre specimens of native DNH and rartially histone depleted DNH. All paiterns wers
obtained nging woreid opiics with a spammen-m-ﬁlm dlsftanvce of 7.8 cm. . —_—
‘@) Native DNH maintain=>3 at 55% r.h.;

1) Ey-aninas DNH ai 98% r.h.;

£) chiythotrypsn ireated BNH at 98% 1h.;

) DNH lacking 21! hislone ¥pes except F2a; 31 100% r.h.
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© Fie. 3, Diffraction pattern obtained from a fibre of DNH lack-
ing ali histone 1ypes except F2ay 81 0% rb, The pattern was

_ obtaoined using druble mirror optics with 2 specimen-1p-film
distance of 10 cny ‘

4, Discussion

Removal of histope F1 from native DNH produces
no detectable change in the structure of the protein-
nucleic acid complex as studied by X-ray diffraciion.
‘This result agrees with that of Bradbury et al. [12] on
Fi-deplaied DNH excopt that we find the low angle
rings to be very well defined in patterns from both.
native and F)-depleted matesial, This observation
shows that F1 is not required for the inaintenance
of the supercoil structure and supporis the often quot-
‘ed view that histone F1 attaches to DNA in a manner
somehow differing from that of the semaining histones.

Its inability 10 regenerate the supercoll when combined

with DNA [5, 8] supports this possibiflity. 1t cannot be
*coneluded on the basis of these observations that his-
tone F1 plays no part in meaimg the superr;:m! in the

- gell [13].

" . Histones Fl and F3 f:DmPIISE about 40% mf 1ne m—-
1al protein content of DNH, When they sve removed,

together with the major pomtm of histone F2b follow-

ing »:hvmmrypsm treatment, & small but significan im-
provement in the orientation of zeﬂea:mms arising from..

: depmtemmd DNA is observer], This change in the X-

sy diffraction paimm is very much more pronounced -

- when only F2a; is left attached to the DNA, Patlems .

from this material show. orientation arising from con- -
imderab]e amounts of ﬁeprmemned DNA as raight be
expecred since about 80% of the histone protein has’
- heen removed. Far more mapﬂriam however, ' the -
robsewatmn that when only histone P’}!al i3 ﬁeft gttach
;_'};ed m the DNA ;ﬁ] mhey Shmme types havmg been
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: remmed Jspﬂmﬂ 7ings 212 ﬂlaeaﬂ}, m}b}e in the par
* tern from such material, This implies that the ZOMES.

of DNA 1o which histone F2a, molecules attach e~
main in the supercoil conformation when al] other
histone tyges around them have been removed. 1)
therefore ,tppears that a single histone type can maia-
1ain the deuble helix in the tertiary supercoil cmnfmp

“mation detgeted by X-ray diffraction.

A fimal comment is needed on the resnlts of diﬁ‘m:-

tion Irom dry samples. Densitometer traces show eguiv.
dlens iniensities for the 38 A and 76 A 1ings, respec-

1ively, in putterns from dry mative and dry F2a, -DNH,
“This resnlt saggesis that histone F2a, may be the only

histong typs responsible for giving rise to the dry pat-
tern when it is atlached to DMA.

The reason why several kinds of histone molecule
are to be found in enkaryotic chromosomes remains

-ohscare. The only known biclogical funaction of his-
‘tones, namely that of cavsing the DNA to which ’ﬂmy

atiach to aiopt a tertiary conformation, sec..,.-mg'ﬂy

saa e falfilled by one type of histone slons, The

observations here describzd il us only that this smgle
type of hisione con mainiain the supercoil. Further

work is needed 1o show whether one type of hisione

can, acling alone, gemeraie the supereoil.
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