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1. Introduction

The basic siructure of chromatin appears to consist
of a siring of repeating units cailed nucleosomes [1]
which contain two molecules each of the histones
H2A, H2B, H3 #nd H4 and aboizt 200 base pairs of
DNA {2—51 . Nucleosomes which can be obtained by
brief digestion of chromatin with mic-ococcal
nuclease, have an average diameter of 1.7 A and
sediment at 11 S in isokinetic density gradie.. - {6].

The availability of specific antisera to the di.fersnt
histones raises the possibility of studying the topog-
raphy of the nucleosome by immunochemical
methods [7] . If the antigenic determinant regions of
histones could be located [8—-10] and the carre-
sponding antibody fractions prepared, it may become

possible to determine the precise orientation of partic

ular histones within the nucleosome. We now report
ot the location of one antigenic determinant in
histane H2E of calf thymus, and illusirate the use of
pusified H2B, H3 and H4 antibodies for elucidating
the surface struciure of nuclecsomes.

2. Experimental

Calf thymus histones H2B and H4 were isolated
as described [11]. H2B was furither purified on a
100 X 1.6 cmn Sephadex G-100 column. Various
fragmentis of H2B were obizined by cleavage with
dijute HCI [12], cyanogen bromide [13] and
Staphylococcus aureus protease [14] and were
pusified by gel filtration and CM cellulose chromatog-
raphy. Histone H3 from chicken erythrocyics was
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purified as described [15]. The purity of the histones
and F2B fragments was asceritained by polyacrylamide
gel clecirephoresis [16] using 50—100 ug samples,

as well as by N-terminal analysis [17].

Antibodies 1o H2B, B2 and H4 were obtained in
rabbits {18} . Complement {ixztion tests were per-
formed as described {19} . The antigen.c activity of
FI2B fragments was tested by determining the ability
of the peptides to inhibit complement fixation [9] .
Specific H2B and H3 antibodies were isolated from
antisera, using columns of CH—Sepharose 4B (Phar-
macia, Uppsala) to which the homologous histones
ware coupled, at pIl 4.5, with 1-ethyl-3{3-dimethyl-
arninopropvl) carbodiimide hydrochloride (Merck,
Darmstadi} [20] . Specific H4 antibodies were puri-
fied on a column of AH-—Sepharose 4B to which
H2 had been coupled. Antibodies were eluted from
the immunoadsorbent columns with 0.1 M slycine—
HC! buffer, pH 2.8, containirg 0.5 M NaCl, dialysed
against phosphate bufiered seline pH 7.2 and concen-
trated to the original volume of antiserum:.

Wucleasormes were prepared from rat liver nuclel
by digestion with 150 units/ml micrecoccal nuclea s
{Boehringer, Mannheim} vsing 6 min incubaiion at
37°C {6] . Digested chromatin (0.5 mi coniaining 7.0
Asse units) was layerad on isckinetic sucrose gradients
[21} which were then cenirifuged for 27 b at 27 000
rev/min at 4°C in a Beckiman SW27 rotor [22].
Fractions were collecied by upward displacement of
the contents of centrifuge tubes and monitored by
measuring 4 5z ia 2n ISCO model 640 fractionater
{ISCQ, Lincoln, Nebraska). The nucleosome monomer
fraction {€] wzs collected and dialysed overnight
against 1 mM EDTA, pH 7.0 [22]. Purified nuclec-
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somes were allowed to react with preparations of the
varicus histone antibodies and the mixtures were
centrifuged for 27 h at 27 00Q rev/min using the same
isokinetic gradienis as before.

3. Resulis and discussion

Complement fixation results obtained with ant’-
H2B and anti-H3 sera used in this work are showr in
fig.1. The specificity of the antiserz to each hic.one
is derronsirated by the absence of any cross-reactivity

“ with the other two histone antigens. B comparing

" the ahility of various cleaved peptides of H2B to
inhibi~ complement fixation in the H2B-anti H2B
systeax, it was found that the region corresponding
to residues 3850 possessed considerable antigenic
activiiv. This peptide was used to nrepare an immuno-
adsorbent column.

The activity of specific antibody fractions eluted
from the immunoadsorbent columns was determined
by cornplement fixation tests. The results presented
in {ig.? indicate that ali the anti-hisrone antibodies
present in the different antisera were able to bind to
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Fig_ }. Comlement fixation of anti-histone sera with homolo-
gous angd heterolegous histonegs: (w—e) H2B; (a—2) HY;
(2—e) 4 {A) Anti-H2B serum diluted ( D0-fold. (B) Anti-H3
serum di uted 300-fold.
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Fig.2. Complement fixation of purified anfi-hisfone antibodies
with homologous histones: (@--e} Original antisera prior to
immunoadsorption; (w—=) Antibady fractions purified by
immunoadsorption; (4 —2) Fractions of antisera which did
nct bind to the Sepharose column. {(A): (¢—o) Anti-H2B
sernm difuted 1:6800; (s—e) anti-I12B antibody, 1:250;

{4-4) non-specific fraction from anti-fi2B seram. The
antigen was the homologous histone H2B. (B): (e—e) Anii-
H2B serum 1:600; {w—=)} antibodres, 1:250, absorbed on
H2ZB peptide 36-30 attached io Sepharose column and eluted,
at pH 2.8. (C): {(» =) Anti-H3 serum, 1:300; (m—=) anti-H3
antibody, 1:100. {D): (»—8) Anti-[{4 serum, 1:500; (w—a}
cnti-E4 antibody, 1:150.

the homologous histone—Sepharosz columns. The
totat antibody activity that could be eluied from the
various coluinns, at pH 2.8, represents about 60% of
the activity that was present in the original antisera
(fig.2). In the case of the immunoadsorbent colimn
prepared with HZB peptide 3650 (fig.2B), only a
small fraction of the total H2B antibodies was bound
and cculd be eluied, at pH 2.8. The activity of the
antibodies purified by immunoadsorption was also
checked by recycling 2 small fraction of the purified
antibody a second time through the immunoadsorbent
columns. It was found that 42 -50% of the soluble
material present in these aniibody preparations was
no longer capable of binding to histongs. Presumably
this is due to denaturation of IsG on exposure to
acid pH [23,24].

Following density gradient fractionation of the
rat liver chromatin digest, a regular serfes of five
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resolvec. peaks was obtained (fig.3A). Similar paiterns
have be:n described [6,22] which showed that the
peaks correspond to nucleosome moncincis, dimers,
trimers cic. When the monomer {raction was coliecied
and subinitted to a second cycle of gradient centri-
tugation no contamination with any polymers was
visible (fig.3B). All nuclecsome preparations used in

&) 11 E] i
[[j s E ANTI H2B ANTEI H2B
60 - b 16:1 = (35-5@1
3z
40 - - ~
20 4 - - -
TR T i T T EHal ! L
=] E ANTEL H28 m ANT! H28}
= 60 - - a- = s
< ‘ |JB ﬁlﬂ)
] 18
™ 40 4 118 5 -
= ,j'k
20 - - -
(15
[}
= —t
= i ] 1] k ] T2} L] ]
e ANTI H3 ‘@ ANTE %1‘123 AMTE HE
2 60 1:% = 1:1 = 1:1
[==)]
o
(55 ]
=
-
-4
b
as

| N
ol N | ‘-JL

ANTI HI
20

1] ] T ] L]
Aﬂ'ii'aq HIZBE AMTI HE
1 - EEh |

g

Gl = 2]
40 - /\/¥ -
20 — /\ —‘_‘/ 1.
7~
k] T ] 1 1] Li
15 e 113 15 30 15 30

SARMPLE VOLUME (md)

Fig.3. Isokinetic sucrose gradiznt analysis of nucleosome
preparations, following incubaiion wiih pusified anti-histons
antibodies. The molar ratio of nuclecosomes to antibody in

the incubation mixtures is indicated on each diagram. Samples
(0.5 ml} were layered on 38 ml tubes and cenirifuged for 27 h
at 27 000 rev/min at 4°C. {A) Digested chromatin (0.5 ml
containing 7.0 4, ., units) showing nucleosome monomers
{11 8), dimezs (16 S), trimerss etc. (B) Purified nucleosome
monome:s (1.8 4, ., unis). {C) Nuclzosomes + H3 antibodies.
(D) H3 antibodies. (E) H2B aniibadies. (F) H2B antibodies.
(G) H2B antibedies. (H)Y H2B antibodies. ([} H2B (peptida
36—50) antibodies. {¥) H2B (peptide 25 -50) antibodies. (K)
H#4 antibodies. {L) H4 antibodies.

subsequent binding tests with antibodies showed
sedimeniation pattems similar o that of fig.3B.

To sivdy their antigenic properties purified
npclecsomes were mixed in various molar raiios wiin
different antibody preparations and were incubated
at 37°C for 30 min. The mixtures were then submitted
to giadient centrifugation and the results are pre-
senited in fig . 3C—L.

When used in nucicosome to antibody molar
ratios of £:1, 1:10 and 1:20, purified F3 and 4
antibodies did not affect the nucleosome sedimenta-
tion pattern (fig.3C.D,K,L}. The inability of the H3
and H#% antibodies to bind to the surface of nuclaa-
somes w2< confirmed when total anti-H3 and anti-H4
globulins (prepared by precipitation from antiserum
with ammonium sulphate) were used instead of
purified histone antibodies. These globulins were also
found not to z{fect the niwcicosome sedimentation
pattern.

Since the histone antibodies were obtained from
animals immuized with histone—RNA complexes
[18], it could be argued that some antibodies to
conformational determinants present in such com-
pisxes cannot be absorbed v Sepharose—histone
columns and cannot react with uncomalexec histone
molecules. The negative recults obtained with total
H3 and H4 globulins indicate, however, that the
absence of binding to the nacleosome surface is
probably not caused by conformational changes
reiated ¢ nucleic acid binding. On the other hand
the possibility cannot be excluded that the quater-
nary siructure arising from histone—histone inter-
action within the nucieosome penerates novel confor-
mational determinants absent in the histone monc-
niers. Convincing evidence exists for the presence of
such new determinants or neotopes in the quaternary
structure of viral capsids [25-—-28] . It is alsc possible
that the absence of rsactive antigenic determinants of
H3 and H4 at the surface of nucleasomes reflects the
central position of the arginine-rich histones in a
‘kernel” surrounded by DNA coils [29,30].

Anti-H2B antibodies were found to markedly affect
the sedimentation pattern of nucleocsomes. At a
nucleosome to antibody molar ratio of 16:1 (i.e., with
320 times less antibody than was used in fig.3D)

a second peak caused by nucleosome dimers bridged
through one IgG molecule was visible (fig 3F). This
peak has a sedimentation rate intermediate between
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nuclecsomes dimers and trimers (fig. 3A). With increas-
ing quantities of anti-H2B antibody, the dimer peak
enlarges (fig. 3F—H). At molar ratios of 4:1 and
1:1, a shoulder of 13 § is visible, which probably
corres; nds to a single monomer—izG complex. Anti-
ti.. 7 peiling affecied the nucleosome sedimentation
patter. 1 the same way as purified H2B antibodies.
Antibodies specific for peptide 3650 of HZB
were also found to bind to nucleosomes (fig.31.1).
This suggests that this region of the H2B molecule is
situaied at the nucleosome surface and is not invoived
in PN A-histone or histone—histone interactions.
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