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1. INT~GDUCTI~N 

Histone HI is the feast conserved of ail histones 
showing a considerable degree of sequence varia- 
tion between species and subfractions [l-12]. 
Published alignments show that the primary struc- 
ture variations are strongly expressed in the N- and 
C-terminal part of the molecule but that sequence 
variation is low in a central stretch of about 80 
mainly apolar residues which show a composition 
typical of foIded globular proteins [13-161. Spec- 
troscopic studies on free Hl in solution and on Hl 
peptides have since established that all elements of 
secondary and tertiary structure are found in the 
G-damain and that the two tail domains with an 
abundance of basic residues lack the ability for 
self-organisation behaving as freely mobile extend- 
ed chains 1161. From the point of sequence conser- 
vation it was expected that the conserved G- 
domain would perform a universal function and 
that species- and organ-specific functions of Hl 
may reside in the highly variable tail domains [2]. 
Addition of H 1 peptides to Hl -depleted chromatin 
and anaIysis of the reconstitute for protection of 
micrococcal nuclease sites has led to a model in 
which G-HI protects 168 bp of DNA and 
delineates 2 full turns of superhelical DNA $193. 
These experiments have furthermore shown that 
C-HI is most effective in restoring salt-dependent 

chromatin condensation at 80 mM NaCl, a process 
in which N-HI and C-HI are much Iess effective 
Il9,20]. 

Xn the search for a functional role of N-H1 in 
chramatin we have prepared a number of overlap- 
ping peptides of the configuration nGH1, i.e. 
molecules containing the complete G- and C- 
domain and variabIe parts of the N-domain 
[21,22], When Hl-depleted chromatin was 
reconstituted with these peptides it was found that 
addition of Hf (31-210) resulted in a distinctiy 
better 168 bp protection than Hl (33-210) in 
which the number of basic residues was less [23]. 
When reconstitution was performed with NG-Hl 
and G-H1 the peptides were found to protect. 
168 bp nearIy equally well with the NG-Hl 
reconstitute being more resistant to yield 145 bp 
length DNA 119. The apparent requirement of the 
N-terminal basic cluster in the locating and an- 
choring of the G-domain to HI [23] led us to 
suspect that operationally N- and G-domain may 
not be as distinct as suggested by structural 
considerations. 

2. DISCUSSION 

Close inspection of Hl primary structures shows 
that the N-domain comprises about 36 residues in 
which alanine, proline, serine and clusters of basic 
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Fig.1. Alignment of the NC-region of Hl sequences using recurring prolines as points of alignment. Vertical dashed 
lines mark boundaries between domains or subregions within domains. (-) Deletion. Calf thymus CTL -1 [l]; calf 
thymus CTL-2, CTL-3a, CTL-3b (Hsiang, M. Largman, C. and Cole, R.D., personal communication); rabbit thymus 
RTL-2, RTL-3, RTL4 [I]; rabbit thymus RTL-Oa (Hsiang et al. personal communication); chicken erythrocyte HI [2]; 
trout sperm Hl [9]; pigeon erythrocyte H5 [4]; goose erythrocyte HS [4]; chicken erythrocyte HS [5]; Strongylocentrotus 
embryo Hl [II]; Parechinus sperm Hi [6,7]; Echinolampas sperm Hl [6,7]; Psummechinus sperm HI [12]; 

Sphaerechinus sperm HI [6,7]; Sepunculid sperm Hl [24]; Zea muys tassels Hl [lo]. 

residues are prominent (fig.1). The distribution of 
these residues is strikingly non-uniform with pro- 
line and alanine occupying the distal part of the N- 
domain and the clusters of basic residues occupy- 
ing the part which is proximal to the G-domain. In 
view of the involvement of basic clusters in the an- 
choring of the G-domain [23] and the apolar 
character of the proline-alanine region it appears 
justifiable to consider these two segments as 
separate structural entities. Alignments of Hl se- 
quences on the basis of recurring proline residues 
[25] show that the N-domain indeed separates into 
two distinct subregions, both of which are fairly 
well conserved (fig. 1). 

The hydrophobic proline-alanine segment is 
distinct from the highly charged proximal segment 
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in which 90% of the basic residues are accom- 
modated. In the calf thymus subfraction CTL-1 
the basic subdomain comprises residues 20-33 
showing 3 clusters of basic residues at position 
20-22, 25-26 and 3 l-33. The second cluster at 
position 20-22 appears to be less stable in evolu- 
tion than those at position 20-22 and 31-33 which 
are also present in histone H5 and in Hl species 
from lower organisms. A close sequence homology 
in the N-domain of somatic and sperm histones 
from echinoderms is also apparent in the 
alignments of De Groot et al. [28]. Histone H2B 
which may be considered a close relative of Hl also 
shows conserved prolines in the N-domain [15]. 
The overall impression from the alignments in 
fig. 1 is that the extreme sequence variability of the 
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N-domain of histone Hl expressed in many 
reviews [ 13- 161 may be an oversimplification. 
Alignments based on recurring prolines indeed in- 
dicate a striking degree of sequence conservation in 
the entire N-domain. Major primary structure dif- 
ferences which remain are those between 
vertebrates and marine intervertebrates as the lat- 
ter contain large proportions of basic residues in 
the proline-alanine segment and seem to contain 
either fewer basic residues in the basic cluster seg- 
ment or as evident in Psammechinus miliaris, 
Strongylocentrotus, Sphaerechinus and Pare- 
chinus lack this region altogether. In Sepunculid 
HI, on the other hand, the basic residues are 
located exclusively in the basic cluster segment and 
the proline-alanine segment is totally absent. 

The alignments presented here concern the N-G 
region only. No attempt is made to reexamine the 
lack of sequence conservation in the C-domain. 
While the C-domain of Hl also contains proline, 
alanine and clusters of basic residues, it resembles 
the N-domain of the invertebrates in that the basic 
clusters are not segregated but interspersed. At- 
tempts to rationalize alignments in the C-domain 
of Hl are also hampered by lack of complete 
sequences. 

The division of the N-domain into two 
subregions is supported by the frequent deletion of 
the entire proline-alanine or the entire basic cluster 
segment. The distinct differences in chemistry be- 
tween subdomains also support this division. In 
somatic histones there is good evidence that the 
basic cluster segment plays a role in stabilizing the 
chromatosome [23]. NMR studies of Hl peptides 
at high and low ionic strength have shown that Hl 
(31-210) and Hl (33-210) display 95-99% of the 
characteristic upfield displacement of the tyrosine 
resonance of intact Hl whereas Hl (42-210) only 
shows 20% of the displacement [26]. Elimination 
of the basic residues and approx. 7% of the protein 
mass thus resulted in a major collapse of the con- 
formation of the whole G-domain. This suggests a 
close structural interrelationship between the basic 
cluster segment and the G-domain. The possibility 
that charge neutralization might induce helices in 
lysine- and arginine-rich regions has been con- 
sidered [27] and X-ray diffraction studies of 
protamines indeed show a change from random 
coil to a-helix upon binding to tRNA for some but 
not all basic regions [29]. The basic cluster segment 

in CTL-1 under conditions of charge neutraliza- 
tion is predicted to be helical [300]. A close associa- 
tion of the basic cluster segment with the G- 
domain can also be inferred from a P-turn 
predicted at Ser 35 [26]. Zero-length crosslinkers 
induce N/N and N/C but no N/N dimers in 
chromatin [31]. This argues for a restricted rather 
than an extended conformation of the N-domain 
in chromatin. 

We have presented new alignments of histone 
Hl sequences which strongly suggest that the N- 
domain of Hl consists of two distinct subregions 
both of which are fairly well conserved. The basic 
cluster segment in the N-domain may function in 
close association with the G-domain. The location 
and function of the proline-alanine segment re- 
mains unknown. 
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