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The corling region of the chicken histone 151,03 gene was clened o a bacterial expression vevtar, and the 291 -amino weidd H-fgalactosidase {usion

privtein was isolated after induction with T The fusion proteis recognizes the SVTTOGGCAMTOGCCAA-Y mwtil an DNAL The Hi globilar

donain was initiafly shown to be responsible Tor the sequence-specifie binding by functions] deletion analysis, This Tuaction may be indispensable
forthe rale of H1 as i determingnit of nuwleosome positioning and as u eukuryotis repressar,
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1. INTRODUCTION

Histone HI has been thought to function as a general
repressor in eukaryotes, being able o aggregate
c¢hromatin in an inactive state [1-4]. At least 45 sub-
types of H1 exist in chromatin in each species, binding
1o hinge regions of nucleosomes [5], formed by two
turns of DNA twined around core histones (6,7].

It has been observed that the 3D structure of the
globular domain of histone H3 [8], an erythrocyte-
specific H1i, displays similarity to the DINA binding do-
main in CRP, the a-carbon backbones of the two being
superimposable, Based on these data and tertiary struc-
ture homology of the globular domain with DNA-
binding hiomeodomains, it has been suggested that H1
may be a sequence-specific DNA binding protein [2]. [t
has recently been demonstrated that Hi! binds to a
CTF/NF-1 recognition sequence in the nouse ea(l) col-
Iagen promoter [10] and to specific sites in the rat
albumin promoter [11). H1 can also be isolated by
DMA affinity chromatography using the ¢onsensus for
CTF/MNF-1 binding sites, §'-TTGGCAnTGCCAA-3’
[12], as the ligand (unpublished results). H1 may
therefore be one of the proteins of regulatory impor-
tance binding to that motif [13].

The present work was undertaken to prove definitely
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that histone H1 is a sgquence-specific DNA binding
protein by studying this function in an Hl-fgcZ’ fusion
protein produced in £, cali,

2. EXPERIMENTAL

2.1, Cloning and production of histone }1.08 in bocterie

Chicken genamic DNA was isolated as deseribed elsewhere {14],
The coding region of the $1.03 gene was aniplified by PCR [15] with
1 ug of the genomic DNA as the template in the presence of 10%
DMSO, using a Perkin-Elmer Cetus DNA Thermal Cyeler,
Oligenucleotides of the sequences 5/ -ACGCCAAGCTTCATGGCT
GAGACCGCTCCTGTCGCT-3' and 5 -COAGCTCGGTACCTT
TTTCTTAGGGGCCGCCTTCTT-3, corrgsponding (o a part of the
sense strand atthe 5' end and (o a part of the antisense strand at-the
A' end respectively, were used as the primers. These contained 5'
overhangs for the #indlIl and Kpnl sites respectively. The amplified
fragment of 696 bp was purified by PAGE, cut with the two enzymes
and ligated to plasmid pUC19 between the HMiadlll and Kpnl sites.
E. colf IM109 was transformed by the construet. A deletion muiant
lacking the sequence coding for the Coterminal tail of Hi was
generated  using  an  oligonucleoticde  of  the  sequence
5 -OAGCTCGOTACCTTOTTAGGAGCOCTTCTCCTTCAC-3” as
the 3’ primer and plasmid PCR51 as the template, Plasmid prepara-
tipus were {solated, and subjested to DNA scquencing by the slideoxy
method [16].

Synthesis of the fuslon protein was induced by 10 mM IPTG [17],
a 10-m! culture giving a yield of about 10 zg. In order to isolate the
fusion protein, the bacteria were lysed under the conditions describad
for plasmid isolation [14]). The lysates were loaded onto an anti-g-
galactosidase affinity column under the conditions described for
DMA affinity chromatography [10], and the hound material was
eluted by raising the pH to 10.8. The ¢luted material was fractionated
and the pH was adjusted to 7.5 as soon as possible.

2.2, Assays for DNA binding

The binding of proteins to NDMNA was assayed by EMSA [18,19],
slightly modified [20]. Preparative EMSA was carried out as describ-
ed [2i]. Briefly, the isolated pratein was incubaied with an
oligonucleotide labeled at its 5 ends. The relarde:d bard was cut off,-
the proteins eluied and separated by glycerol-SD5-PAGE. The effect
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Fig. 1. The strategy used for amplification of the coding region of the histone H1.03 gene (Panel A) and cloriihg in the frame in conjunction
wnh the lacZ’ gene (Panel B). The locations of both the sense and antisense strand PCR primers that contained overhangs for the HindIll and :
Kpnl restriction sites and the internal sequencmg primers are depxcted in Panel A, i

“of H1 antibodies on binding of the fusion protein to DNA was
demonstrated by EMSA as descnbed [lO]

2.3, Additional mellwds
“An H1 fraction capable of binding 1o the CTF/NF-I recognition
sequence was jsolated from rat liver nuclear extracts by heparin-
agarose and two consecutive DNA affinity chromatographies [10].
Oligonucleotides were synthesized using a Beckman DNA Syn-
thesizer. The primers in the PCR or dideoxy sequericing were used
without further: punflcatxon, while the oligonucleotides used for the
synthesis of the dquble-stranded oligonuclectide - containing the

CTF/NF-1 recognition sequence were annealed ‘and purified by =

PAGE, Oligonucleotides were radnoacnvely labeled at thenr 5' ends
using polynucleotide kinase.

The fusion protein material for protem sequencmg was separated e

by glycerol-SDS-PAGE and'the proteins: stained with Coomassie
bnlhant blue for a short period of time. The proteins were elec-
troeluted and sub;ected to sequencing by Edman degradauon using
an Applied Biosysteins 477A Protein Sequencer and’ 120A Analyzer.

. Glycerol-SDS-PAGE was performéd as-descrived’ previously [22).

The gels were subjected to staining with Coomassie brilliant blu¢ or e
silver [23]. ‘

Fig. 2. EMSA using the H1-JacZ’' fusion protein and the consensus chgon""!eende for the CTF/NF-1 bmdmg sequences Panel A demonstrates :
-:the bmdmg Larne 1 contains only the labeled double-stranded ohgonucleonde, and lanes:2'and 4100 ng of H1 isolated from rat liver usmg DNA.
;. recognition site affinity chromatography, 100 ng of the H1.03-lecZ - fusion protein prodiced in E.coli and both'of them, respectively,in addition
to the oligonucleotide. Lanes § to 9 contain the fusion protein and’ lanes 6 10 8 a:10-;" 50- and: 100-fold excess of the oligonucleoticie unlabeled,
‘respectively.” All the lanes contain 2.5 ug of double-stranded poly(dl- dC). The retarded compléxes and the free labeled fragmem are depicted by
JArTOWS: Panel B demonstrates the effect of M1 antibodies on the mobmty of the fusxon protein—DNA’complex in EMSA. Lanes1 and 2.contain
o Hl-IacZ’ incubated in the presence of an increasing concentration non-irnmure serurn and lanes:3 and 4 that incubated in the presence of the
. H1 amxserum ‘Lane 5 15 the labeled DNA fragment alone The slow mobility band observable in the presence of: amxbodxes to:H1: xs denoted~
; : : : by an arrow : ;
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3 RESULTS AND DISCUSSION

e "The codmg regnon of the chlcken H1.03 gene [24] was
‘cloned to the polylinker area of plasmld pUC19 be-
tween the HindIIl and Kpnl sites (Fig. 1) using PCR.
The primers were designed so that the genomic frag-
‘ment obtained after digestion with the appropriate en-
zymes could be cloned in the correct orientation in
ﬁcomunctron with the /acZ' gene to generate an open

-reading- frame of 873 ‘nucleotides coding for- an
H1.03-lacZ’ fusxon protein of 291 amino aclds
number of positive clones was obtained by restnctlon
site analysis, and one of these, PCR-51, was subjected

10" sequencing . by the dideoxy method ‘Both strands

were sequenced, and the construct was shown to con-

tain the intact H1.03 codmg region in conJunctron with
the IacZ' gene.

~The protein coded by the fusion gene was produced
in E. coli, and purified using chromatography on-an
anti-lacZ’ antibody column. An apparent molecular
mass 36 kDa protein was obtained, its mobility belng in

‘agreement with that of H1.03, which migrates in the
32 kDa position by globular standards despite’ con-

sisting. of ‘only 223  amino -acids. An addmonal

" molecular mass 14 kDa protein was observed, but this

‘turned out to be lysozyme used to lyse the bacteria.

“The 36 kDa band was recognized in Western blots by

antibodies to H1 and ﬂ-galactosxdase, and final proof
of the identity of the proteins was obtained by protein
sequencing, the proteins being separated by glycerol-
SDS-PAGE, eluted from the geland subjected to deter-

mination of the N-terminal sequence by Edman

degradation. The molecular mass 14 kDa protein gave
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the lysozyme seguence and the other that ot the fusmn
protein. ‘

The: - HI- IacZ’ fusion . protein binds to ‘the

-TTGGCAnnnTGCCAA 3’ motif ~on: DNA as
demonstrated by EMSA (Fig.- 2A). A srgnal of slower
mobility than in the case of HI. isolated from rat liver
was. obtamed the mobllmes of the protein-DNA com-
plexes being in good agreement with the relative
molecular masses of the two proteins. The binding is
specmc, since it was counteracted by the addition of an
excess. of the unlabeled bin dmg motlf and clear com-
petmon was obtained with increasing amounts of the -
competing oligonucleotide. On'the other hand, actually
no binding was observed 'to a'synthetic oligonucleotide
containing only one half-site  of the ‘symmetric
CTF/NF-I binding motif (Fig. 3).

Two additional facts suggest that the relatwe mobili- "
ty 36 kDa H1-lecZ’ fusion protein causes the retarda-.
tion. Firstly, only that protein could be detected by
silver staining in a_glycerol-SDS-polyacrylamide gel
after electroelution and subsequent electrophoresis of
proteins from the retarded band (data not shown), and
secondly, incubation in the presence of H1 antiserum
resulted in the appearance of a low mobility band in
EMSA, :as in the case of HIl 1solated from rat hver
(Fig. 2B).

A deletion mutant of H1.03 lackmg amino amds 147
to 223 was produced in E. coli using the same strategy

as for the productlon of the wild-type protein. The mu-

tant protein binds in EMSA to the oligonucleotide con-
taining the CTF/NF-I recognition motif with a two- to
three-fold lower affinity compared with the wild-type
protein (Fig. 4). The binding is speclﬁc, however, since

123456789 10

Fig: 3. Specificity of binding of the H1.03-lacZ'’ fusion protein: Panel'A demonstrates binding of H1-lecZ’ to synthetic labeted oligonucieotides -
- confaining the CTF/NF-I consensus sequence-[12] (lané 2), a putative site from the mouse a2(l) collagen promoter with one intact half-site [20]
“(lane 4) arid an AP1 snte from the rat transin gene {32} (lane 6).Lanes'1, 3'and § do not contain protein. Panel B demonstrates competition for

' binding of Hi-lacZ’ ‘to the CTF/NF-I consensus motif from synthetic unlabeled oligonucleotides. Lanes 2 to 4 contain 1, 10 and 100 ng of the

ax(l) collagen ohgonucleonde unlabeled, and lanes 6 to 8 that of the transin oligonucleotide, respectively.. Lanes 1, 5 and 9 do not contain any
; compeutor Lane lO does not contam protem i
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Fig. 4. Panel A depicts the strategy used for the production of an
H1.03 deletion mutant that is lacking the C-terminal tail. Pancl B
demonstrates that the mutant protein binds to DINA in a sequence-
specific manner. Binding of the fusion protein to the 5'-labeled
oligonucleotide was assayed using EMSA. Lanes 1 and 3 contain
100 ng of the muiant protein, and fane 2 a 100-fold excess of the
CTF/NF-1 oligonucleotide unlabeled, as a competitor. The retardecd
complex is depicted by an arrow,

increasing amounts of the oligonucleotide unlabeled
readily counteract it and no competition is observable
with non-specific oligonucleotides (see Fig. 3).

The EMSA experiments demonstrate that the
Hl-lacZ' fusion protein is capable of sequence-specific
binding to DNA, thus confirming the results obtained
previously using H1 purified from rat liver by DNA. af-
finity chromatography [10,20] and by PCA extraction
{11]. The globular domain of M1 may be responsible
for this interaction, as demonstrated using the deletion
mutant, although it should be noted that the mutant
protein contains approximately 30 extra amino acid
residues both in the N- and C-terminal ends of the
globular domain.

The major problem in dernonstrating sequence-
specific interaction of the H1-lacZ’ fusion protein with
DNA results from the high level of non-sequence-
specific interaction. Consistent with this, many of the
histones have recently been demonstrated to contain a
novel DNA binding unit, an SPKK motif, capable of
interaction with the exceptionally narrow DNA minor
groove in A+ T-rich regions [25,26]. The C-terminal
tail of H1 contains several copies of this motif, but all
these were removed in the deletion mutant. We sug-
gested in our previous report that the N-terminal end of
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a3 of the HI globular domain may contact with bases
on the bottom of the DNA major groove in o similar
manaer to a number of prokuryotic regulatory proteins
and honmeodomain proteins [9), The présent results and
several lines of previous experimental evidence lend
thus support to this hypothesis [27,28),

The finding that H1 recognizes a specific sequence on
DNA  raises interesting questions,  Firstly, s the
SUTTGGCANN TGCCANM-3 motil or a part of it a
determinant of nucleosome positioning? In general,
nucleosomes  exist in certain positions  along  the
chromatin, bLeing unevenly spaced [29,30). In the
absence of H1 nucleosomes reconstituted in vitro are
regularly spaced and capable of sliding along the DNA
{31], while addition of H1 fixes them to certain sites
with uneven spacing (30}, this possibly resulting from
binding of H1 to its specific recognition sequence (sce
(1p.

Secondly, the fact that the sequence recognized by
H1 is also a recognition sequence for CTE/NF-1 implics
that the two factors may compete for the same sites on
DNA, but it is not presently known whether the consen-
sus sequences recognized by these two factors really are
identical or only similar (see [12]).
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