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Repression of histone H5 gene expression in chicken mature erythrocytes
is correlated with reduced DNA-binding activities of transcription factors
SP1 and GATA-1
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During the final stages of erythroid maturation, the expression of the chicken histone H5 gene ceases. The histone H5 promoter has binding sites

for Spl and UPE-binding protein. The 3’ histone H5 enhancer has binding sites for Spl, GATA-1 and NF1. Here, we show that the DNA-binding

activities of transcription factors Spl and GATA-1 is reduced 5- to 10-fold in mature cells, while the activities of UPE-binding protein and NF1

remain the same in mature and immature erythrocytes. The reduced activities of Spl and GATA-1 may contribute to the inactivation of the histone
HS gene in mature erythrocytes.
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1. INTRODUCTION

Chicken histone HS is a Hl-like linker histone that
is expressed only in nucleated erythrocytes [1]. Levels of
histone HS protein increase during the differentiation
and maturation of the chicken erythroid cell, and this
increase is correlated with chromatin condensation, the
shut down of replication and the repression of gene
expression [2]. Erythroid-specific §-globin and histone
H5 genes, for example, are transcriptionally active in
adult chicken immature erythrocytes but not in mature
cells [3].

Using adult chicken immature erythrocyte nuclear
extracts, we demonstrated that the histone HS gene pro-
moter has binding sites for Spl (high affinity) and an
upstream promoter element (UPE)-binding protein,
while the 3’ enhancer contains binding sites for Sp1 (one
of medium- and three of weak affinity, one of which
may also bind the CACCC factor), GATA-1 and NFI
[4]. Both Spl and GATA-1 bind to their respective
DNA binding sites as multimeric complexes [4-6]. We
proposed that Spl multimers bound at the promoter
and enhancer interact to mediate the juxtapositioning
of the enhancer and promoter elements, bringing the
GATA-1 multisubunit complex next to the initiation
site [4]. In this study, we show that the amounts of Spl
and GATA-1 complexes (as measured by their ability
to bind to their specific DNA-binding sites in a gel
mobility-shift assay), but not NF1 and UPF-binding
protein, are considerably lower in mature erythrocyte
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nuclei than in immature erythroid nuclei. These results
suggest that the repression of the histone H5 gene and
other erythroid-specific genes is partly a consequence of
transcription factor abundance.

2. MATERIALS AND METHODS

2.1. Preparation of nuclear extracts

Adult White Leghorn chickens were made anaemic by injections of
1-acetyl-2-phenylhydrazine Blood was collected, and nuclei were 150-
lated from immature and mature erythrocytes as described previously
[4]. Nuclei were extracted with RSB (10 mM Tris-HCl, pH 7.5, 10 mM
NaCl, 3 mM MgCl,, 10 mM sodium butyrate, ] mM phenylmethane-
sulphonyl fluoride, 1 M leupeptin, 0.15 gM aprotmin, 5 uM io-
doacetamide) containing 0.3 M NaCl [4].

2.2. DNA fragments and oligonucleotides

DNA fragments spanning the histone H5 5" promoter and 3’ en-
hancer of H5 gene (see Fig. 1) were isolated as described previously
[4]. Oligonucleotides containing the histone H5 GC-box (Sp! oligonu-
cleotide), which has the sequence of a high-affinity Sp1 binding site
in the promoter region, upstream promoter element (UPE oligonucle-
otide), and GATA site (GATA oligonucleotide) were synthesized as
described [4]. Oligonucleotides that contained the NF1 motif (NF1
oligonucleotide), 5-TCGAGGGCTTGGCACAGCCCCAAGACC-
A-3 (NF1-for) and 5-GTGGTCTTGGGGCTGTGCCAAGCCCT-
CG-3" (NFl-rev), were synthesized.

2.3. DNA-binding assays
DNA end-labelling, gel mobility-shift (EMSA), competition experi-

ments, and DNase I protection (footprinting) assays were done as
described previously [4,7].

3. RESULTS

The adult chicken immature erythroid nuclear factors
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Fig. 1. Map of the chicken histone H5 gene and flanking regions 1s shown. The proteins of adult chicken immature erythrocyte nuclear extracts

that bind to the sequence-specific domains are indicated. The DNA fragments used in this study (USla, DS1. DS2, DSla and DSla-U) are shown.

The arrowheads show the location of the DNase I hypersensitive sites (DHS) in the erythroid histone HS5 gene chromatin. The transcription factor
binding sites are symbolized.

that bind to the histone HS promoter and enhancer
regions in vitro are shown in Fig. 1. The promoter
region has a high-affinity Spl-binding site and a site
that binds to the UPE-binding protein. The downstream
enhancer has binding sites for GATA-1, NF1 and Spl.
The Sp1 binding sites were of medium and weak affinity
[4].

The electrophoretic gel mobility-shift assay (EMSA)
with DNA fragments USta, DS1 and DS1a-U was used
to detect chicken immature and mature erythroid nu-
clear proteins that interacted with the histone H5 pro-
moter and enhancer regions. The major complexes
formed with USla and immature erythrocyte nuclear
extracts were C7 and C8 (Fig. 2) [4]. Previously, we
demonstrated that these complexes were effectively
competed for by an oligonucleotide containing a high-
affinity Sp1-binding site (Sp1 oligonucleotide) [4], pro-
viding evidence that Spl was involved in the formation
of these complexes. Further, we presented evidence that
these high molecular weight complexes contain multim-
ers of Spl which have been described by others [5.6].
The abundance of the complexes C7 and C8 was low in
mature erythrocyte nuclear extracts. We observed that
the amounts of these complexes in different mature
erythrocyte nuclear extracts was variable, but their lev-
els were always considerably lower than those of imma-
ture erythrocyte nuclear extracts. Furthermore, the
complexes C4 and C5 that formed with DS1a-U were
lower in abundance in mature erythrocyte nuclear ex-
tracts than in immature erythrocyte nuclear extracts.
These complexes were also shown to be effectively com-
peted for by the Spl oligonucleotide [4].

These observations suggested that mature erythro-
cyte nuclear extracts had low levels of Spl. This was
confirmed using EMSA with Spl oligonucleotide and
mature or immature erythrocyte nuclear extracts. Fig.
2B shows that Spl-binding activity was reduced in ma-
ture erythrocyte nuclear extracts which had approxi-
mately 10-20% of the Spl activity present in immature
erythrocyte nuclear extracts.
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The major complex formed with mature nuclear ex-
tracts and the USla fragment was C6. Previously, we
had shown that a UPE oligonucleotide effectively com-
peted for complex C6 [4]. EMSA with a UPE oligonu-
cleotide, and nuclear extracts from immature and ma-
ture erythrocyte nuclear extracts, demonstrated that the
DNA-binding activity of the UPE-binding proteins was
similar in both cell types (Fig. 2B).

The relative levels of complexes C1, C2, C3 and C4
formed with DS1 were lower in mature erythrocyte nu-
clear extracts than in immature erythrocyte nuclear ex-
tracts. These complexes were generated by the associa-
tion of GATA-1 (C1) or GATA-1 complexes (C2, C3
and C4) with the GATA binding site of DS1 [7]. EMSA
with GATA oligonucleotide and either mature or im-
mature erythrocyte nuclear extracts demonstrated that
the levels of the GATA-1 and GATA-1 multisubunit
complexes were low in mature erythrocyte nuclear ex-
tracts (approximately 10% of the immature erythrocyte
nuclear GATA-1 activity) (Fig. 2B).

In contrast to GATA-1 and Spl. the DNA-binding
activity of NF1 was similar in nuclear extracts from
mature and immature erythrocytes (Fig. 2B). Both nu-
clear extracts formed a similar spectrum of complexes
with a NF1 oligonucleotide that contained the NF1-
binding site in the histone H5 enhancer. These com-
plexes were effectively competed for with unlabelled
NF1 oligonucleotide but not with the Spl oligonucleo-
tide (not shown).

Fig. 3 shows DNase 1 footprinting analysis of DNA
fragments spanning either the histone H5 promoter or
enhancer and nuclear extracts of immature and mature
erythrocytes. The high-affinity Spl binding site of the
promoter was protected with either immature or mature
erythrocyte nuclear extracted proteins. With different
mature erythrocyte nuclear extracts, this high-affinity
Sp1 binding site was generally well protected. However,
the weaker Spl-binding sites in the enhancer region
were less protected with nuclear extracts from mature
cells than with those from immature erythrocytes. The
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Fig. 2. Transcription factor levels of adult chicken immature and mature erythrocytes. The DNA fragments or oligonucleotides used in the

electrophoretic gel mobility-shift assays are indicated at the bottom of each panel. (A) Histone HS upstream DNA fragment, US1a, and downstream

DNA fragments, DS1, DSla-U, were mcubated with nuclear extracts (NE) isolated from immature (IE) or mature (ME) erythrocytes 1 ng of

end-labelled DNA fragments was incubated with either 5 or 10 ug of protein. (B) end-labelled oligonucleotides were incubated with S or 10 ug
of immature or mature erythrocyte nuclear extracted protein. C1-C8 are the protein-DNA complexes.

degree of protection at the Spl-binding sites in the en-
hancer region varied with the different mature erythro-
cyte nuclear extracts, reflecting the different levels of
Spl activity in these preparations. The level of protec-
tion at these enhancer Spl-binding sites generated with
mature erythrocyte nuclear extracts was always less
than that protected by immature erythrocyte nuclear
extracts. Similarly, the protection of the GATA-binding
site was always greater with immature erythrocyte nu-
clear extracts than with mature erythrocyte nuclear ex-
tracts. In contrast, the UPE- and NF1-binding sites
were similarly protected with nuclear extracts from im-
mature and mature erythroid nuclear extracts.

4. DISCUSSION

It had been previously assumed that the levels of Spl
are at similar levels throughout all stages of erythroid
development [8]. However, a more recent report shows
that the concentrations of Spl and GATA-1 decline
throughout development as the primitive erythroid cells
are replaced by the definitive lineage [9]. Our results
demonstrate that the abundance of the transcription
factors, Spl and GATA-1, decrease further in the termi-
nally deferentiated mature erythrocyte which ceases to
express the histone HS5 and S-globin genes. Other fac-
tors such as UPE-binding protein and NF1 are at simi-
lar amounts in mature and immature erythrocytes. It
should be noted that the gel mobility-shift assay
(EMSA) was used in these studies to measure the nu-

143



Volume 331, number 1,2

FEBS LETTERS

September 1993

: s » o *
w0
? ¢ 7 L
s ¥ R * Y ma L A 4 21 T CRTel
r' T . T 7 *m P meer % b
s ©
- 1 ml
m| ©
. b i .8
o I ew - - . °
L * —’ -® v .g m
* [ 1 _{_m =
# % 0 b ‘C‘“‘M‘“’&M& ‘e eled i
D | @ '
z ‘:‘ = e ° = © ©
: R S S D
i
EEE B B BeEw OEE XL —-nmm-ﬁnl_e SRS >+ 0
# & 4 @b - m - 5 aee W uw MY TEIYE N m
= g * w [ 1 wuw = @t | Z
=& aEue s M YinlzT
. N ® - ¥ Bt |45
LR hﬁﬂk”iéi!l% l’i i +Z ©
‘=!" # otc BEE . "IN t T iy
- connc e R B ¢ RO W B ER B BN OED BEIE & R > 0
s
f FFD | §P1 L g Q_P_LJ

Fig. 3. DNase I footprint analysis of adult chicken immature and mature erythrocyte nuclear extract proteins interacting with the histone H5S

promoter and enhancer regions. DNA fragments (1-2 ng) USla (promoter) or DSI + DS2 (enhancer) were end-labelled on the template (T) or

non-template (NT) strand, and incubated with (+) or without (-) 10-30 ug nuclear extracts 1solated from mmmature (IE) or mature (ME)

erythrocytes. C+T or G+A chemical sequencing reactions are indicated. The amount of DNase I added to 50 ¢l was as follows (left to right): 0.2,
0 1. and 0.01 units. For enhancer panel (ME) the units of DNase I were 0.2 and 0.1 units. The factor binding sites are indicated.

clear concentration of factors that are capable of bind-
ing to specific DNA sequences. Modified factors that
cannot function in either DNA binding or transactiva-
tion will not be detected by this assay [9)].

Transcription factors have been shown to leak out of
the erythrocyte nuclei during their isolation [8.10].
However, when nuclear extracts and cytoplasmic super-
natants from mature erythrocytes were analyzed by
EMSA, we observed that the majority of the Spl and
GATA-1 activities were present in the nuclear extracts
{not shown).

We proposed a model in which Spl multimers bound
at the promoter and enhancer of the histone H5 gene
interact to mediate the juxtapositioning of the enhancer
and promoter elements [4]. This would bring the
GATA-1 multisubunit complex next to the initiation
site. The reduction in Spl and GATA-1 multisubunit
complexes in mature erythrocytes would seriously com-
promise the positioning and function of the histone HS
enhancer.

Chicken mature erythrocytes contain the factor,
cIBR, which binds to the transcription start site of the
histone HS gene and represses its expression [3]. cIBR
is not present in early erythroid cells that express the
histone H5 gene [3]. Further, the inactivation of the
general transcription factor, TFIIA, may also contrib-
ute to the inactivation of the histone H5 in mature
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erythrocytes [11]. Together, these observations suggest
that several mechanisms are involved in the specific
repression of the histone HS gene.
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