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Antibodies were elicited against chromatographically purified histone H1 subfractions or against their com-

plexes with RNA and their specificity studied by enzyme-linked immunosorbent assay. The results show

that complexing of the pure protein with RNA (i) does not lead to any significant increase in the antibody

titer and (ii) results in obtaining antibodies predominantly against the common antigenic determinants pres-

ent in the H1 histone class. On the other hand, using pure histone fractions for immunization gives rise

to antibody populations reacting mainly with the subfraction-specific determinants on the histone molecule.
In view of these results the literature data should be interpreted with caution.

Histone H1

1. INTRODUCTION

The production of relevant antibodies with well
defined specificity is a prerequisite for the applica-
tion of immunological methods to chromatin
studies. The reported poor immunogenicity of the
histones [1] has been overcome by using histone-
RNA complexes for immunization [2]. Bearing in
mind that spatial folding of proteins plays an im-
portant role in determining their antigenic
specificity [3,4], it is clear that complexing of the
histones with nucleic acids might affect not only
the titer but also the composition and specificity of
the resulting antibody population. However, as
pointed out by Stollar [5] no systematic com-
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parison has been made between antibodies elicited
against pure histone fractions and against histone-
RNA complexes. The purpose of this study was to
compare the two types of antibodies, obtained
with and without RNA.

We have chosen to work with representatives of
the lysine-rich (H1) histones as they represent a
heterogeneous group of several closely related pro-
tein species [6] so (i) specificity studies can be per-
formed on antibodies elicited against individual
members of the group and (ii) the antigens com-
pared can include both closely related (other
members of the H1 group), more distantly related
(nucleosomal histones) and totally unrelated pro-
teins. In addition, we are specifically interested in
one particular H1 subfraction, the so called Hlo,
which is shown to be involved in such vital cellular
processes as proliferation [7], differentiation [8,9]
and malignant transformation [10—-12]. The
availability of specific anti-Hlo antibodies would
be useful in approaching the issue of its role in
chromatin structure and function as well as in
evaluating the relatedness of this protein from dif-
ferent sources.
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In this work we show that injecting histone
H1-RNA complexes (i) does not lead to any signifi-
cant increase in the antibody titer and (ii) results in
obtaining antibodies predominantly against the
common antigenic determinants present in the H1
class. On the other hand using pure histone frac-
tions for immunization gives rise to antibody
populations reacting mainly with the specific deter-
minants on the histone molecule. The conclusions
reached in studies with anti-Hlo antibodies were
confirmed on antibodies raised against HI1AB, a
complex molecular mixture comprising several in-
dividual protein species.

2. MATERIALS AND METHODS

2.1. Preparation and purity assessment of
antigens

Lysine-rich histones from mouse liver nuclei
were extracted with 5% HCIO; [13] and frac-
tionated into HIAB and Hlo by gel exclusion
chromatography on a BioGel p100 column [14] as
detailed in [15]. These fractions are considered suf-
ficiently pure in view of the specificity of the
HCIO, extraction [13,16] and the ability of BioGel
columns to separate the lysine-rich histones from
co-extracted HMG proteins [16]. Our histone
preparations revealed no sign of contamination
even when heavily overloaded electrophoretic gels
were inspected. On the other hand contamination
with HMG proteins seemed unlikely as all an-
tihistone antisera available in our laboratory gave
only background cross-reactions with calf thymus
HMGs, contrary to what was to be expected if
these proteins were present in the histone prepara-
tions used for immunization.

Chicken erythrocyte histone HS was prepared as
in [17] and calf thymus HMG1 was chromato-
graphically purified on CM-Sephadex according to
[18]. Mouse liver nucleosomal histones were ob-
tained from total 0.25 N H.SO4 nuclear extract
depleted of H1 by 5% HCIO, extraction. Human
and bovine plasma albumins were purchased from
Reanal, Hungary and Biomed, Poland.

2.2. Antiserum production

Antibodies were elicited in rabbits against either
pure histone fractions or their complexes with
yeast RNA [2]. The immunogens were dissolved in
PBS and 150 4g protein was administered at each
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injection. For the first three injections the samples
were emulsified with an equal volume of complete
Freund’s adjuvant and applied intradermally to
multiple sites on the back of the animals at weekly
intervals. Intravenous boosters were done roughly
once a month.

2.3. Immunological tests

ELISA was performed on tissue culture multi-
well plates (Linbro, Flow, USA). The histone
(2-5 x#g/ml in PBS) was adsorbed to the surface by
overnight incubation at 0°C. The remaining unad-
sorbed material was washed away by PBS-Tween
20 (0.5 ml Tween/1) and the plates were incubated
with 1-3% albumin in PBS for 1-2 h at 37°C.
Following another wash with PBS-Tween the
plates were treated with the specific antihistone
antiserum appropriately diluted with 1% albumin
in PBS-Tween (3 h at 37°C). The plates were fur-
ther washed and the attached specific antibodies
detected by means of peroxidase-conjugated anti-
rabbit IgG serum (Sigma, MO, USA) diluted
100-fold with 1% albumin in PBS-Tween. Incuba-
tion was for 1 h at 37°C. At the last step the plates
were washed and incubated for 30 min at 37°C
with 200 «1- o' -diphenylamine (20 mg in 60 ml
citrate buffer, pH 5.6, 10 z1 H,0;). The reaction
was terminated by addition of 50 x1 4 N H,SO,.
The colour intensity was determined on a
Multiscan (Labsystems, Finland).

3. RESULTS AND DISCUSSION

MCEF is the most widely used specificity assay in
histone immunology [1]. However, a few years ago
Moorman et al. [19] suggested that this method
was not applicable to test antihistone serum
specificity. Our own comparison of MCF and
ELISA data (Zlatanova et al., submitted) con-
firmed the conclusions of these authors; in view of
the additional advantages of ELISA (ease of per-
formance, sensitivity, etc.) it was chosen for
further work.

To permit a proper comparison between the an-
tisera the proteins used as immunogens and an-
tigens in ELISA were from one and the same
batch. The data for the anti-Hlo antisera are
presented in fig.1. As can be seen the specificity of
the antiserum elicited against Hlo alone is much



Volume 200, number 1

100 Q R N
'\'\\

percent
a
/

e

256 1024 4098 256 1024 4098
serum dilution

Fig.l. Cross-reactivity data for anti-histone Hlo
antisera, raised against either the pure histone fraction
(A) or its complex with RNA (B). The intensity of the
ELISA reaction is expressed as percentage of the
reaction of the homologous antigen (mouse liver H1o0) at
the lowest antiserum dilution tested (256). The points
represent averages from 7 independently performed
assays — individual points differed from each other by
no more than 10%, usually by much less. (#) Mouse
liver Hlo, (v) mouse liver HI1AB, (m) chicken
erythrocyte HS, (%) nucleosomal histones from mouse
liver, HMG1 from calf thymus and bovine plasma
albumin.

higher than that of the respective antiserum ob-
tained against Hlo-RNA. This concerns the cross-
reactivity with the other members of the H1 class.
It is worth noting that the two sera show only a
background reaction with the nucleosomal
histones which are indistinguishable from the
totally unrelated proteins used as controls: calf
thymus HMG! and human (or bovine) plasma
albumin. Thus we are dealing with antibodies
highly specific to the H1 class. The differences be-
tween the two antibody populations lie in their
specificity concerning the closely related proteins
of the H1 family: the Hlo-RNA antiserum does
not possess high specificity for the homologous an-
tigen and seems to contain antibody molecules
predominantly against the antigenic determinants
common to all members of the H1 family. On the
other hand the anti-Hlo antiserum is highly
specific for Hlo, i.e. it contains antibodies mainly
against the antigenic determinants specific to this
protein.

Such a picture is surprising only at first sight. It
is analogous to the situation in chromatin: the in-
teraction of histones with DNA leads among other
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things to a burial of the specific antigenic deter-
minants for each H1 molecular subtype inside the
complex macromolecular structure, leaving
predominantly the common determinants exposed
to the solvent and hence to interaction with the
bulky antibody molecules [20]. The interaction of
the purified histone fractions with RNA may have
a similar effect: burial of the specific determinants
inside the insoluble protein-RNA complex formed
and exposure of the common HI1 class
determinants.

It is known that the specificity of a given an-
tiserum broadens with prolonged immunization
until a plateau specificity is reached (e.g. [21]).
Although the two sera studied are of comparable
‘age’ (blood withdrawn about 4 months after the
beginning of immunization) there exists the
possibility that the establishment of the plateau
specificity occurs faster in the case of the Hlo-
RNA antiserum (because of either the presence of
RNA or the individual rabbit reaction) and hence
its lower specificity. In such a case it would be rele-
vant to compare the cross-reactivity data for sera
obtained after immunization programmes of dif-
ferent duration. The results of such a comparison
are presented in fig.2. As expected, antisera of dif-
ferent ages show different behaviour with a well
expressed broadening of specificity with time.
This, however, concerns only the reaction of the
closely related H1 proteins. As far as the cross-
reactivities with the other proteins are concerned,
the degree of reaction with these antigens lessens
with time.

As evident from these results even very ‘young’
sera obtained against Hlo-RNA are considerably
less specific than sera against the pure histone frac-
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Fig.2. Cross-reactivity data for anti-Hlo-RNA antisera

obtained after immunization programmes of different

duration: (A) 2, (B) 4 and (C) 6.5 months, respectively.
See legend to fig.1.
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Fig.3. Comparison of cross-reactivities for two pairs (A

and B) of anti-mouse liver HIAB antisera elicited

against pure histone fractions (closed symbols) and

histone-RNA complex (open symbols). See legend to
fig.1.

tion. Thus, the degree of cross-reactivity among
members of the H1 class seems to depend on
whether the immunization has been performed
with pure histone fraction or with its complex with
RNA.

To check to what extent the observed difference
between the two types of antisera was a general
phenomenon, we repeated the specificity studies
on comparable sera elicited against mouse liver
H1AB; a mixture of several different H1 molecular
types. Once again the specificity of the antisera
elicited against the pure protein was greater than
that of the antisera against the protein-RNA com-
plex (fig.3A and B).

4. CONCLUDING REMARKS

The systematic comparison of antisera elicited
against one and the same histone immunized either
alone or as a complex with RNA has led to the
following conclusions: (i) the antibody titer is not
dependent on whether the protein is injected alone
or with RNA at least for the histones of the H1
class and (ii) the pure histone used as immunogen
evokes the formation of more specific antibody
populations as compared to the histone-RNA
complex.
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In the light of our results, data in the literature
obtained predominantly with antibodies elicited
against histone-RNA complexes should be viewed
with some caution. This is especially true for
studies using immunological cross-reactions as a
measure of sequence homologies between
chromosomal proteins from different sources or
between individual members of one and the same
histone class from the same source. It might well
be that the calculated homologies represent
overestimations as antibodies elicited against
histone-RNA complexes give artificially stronger
cross-reactions as compared to antibodies against
pure proteins.
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