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Trans-acting factors from the human fetal liver binding
to the human ε-globin gene silencer
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ABSTRACT
 The developmental stage-specific silencing of the hu-
man ε -globin gene during embryonic life is controlled, in
part, by the silencer (-392bp ～ -177bp) upstream of this
gene. In order to elucidate its role, the nuclear extract
from the human fetal liver has been prepared and the in-
teractions between trans-acting  factors and this silencer
element have been examined. By using DNaseI footprin-
ting assay, a major protected region from -278bp to -235bp
within this silencer element was identified. Furthermore,
we found in gel mobility shift assay and Southwestern blot-
ting assay that there were at least four trans-acting  fac-
tors (MW ≈ 32, 28, 26 and 22kD) in the nuclear extract
isolated from the human fetal liver, which could specifi-
cally bind to this region. Our results suggested that these
trans-acting factors might play an important role in silenc-
ing the human embryonic ε -globin gene expression at the
fetal stage through the interactions with this silencer.
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INTRODUCTION
    The human embryonic ε-globin gene is a member of the β-like globin gene family.
This gene is expressed in a tissue-specific and developmental stage-specific manner.
During early embryonic life, the human ε -globin gene is expressed at high level in
the blood island of yolk sac but is silenced completely at 6-8 weeks of gestation in
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the fetal liver. Elucidation of the molecular mechanisms that control the silencing of
the human ε -globin gene expression at later developmental stages is important since
the reactivation of this gene in individuals with sick cell anemia and β -thalassemia
can potentially cure these anemias[1]. Studies on transgenic mice have shown that
the cis sequences that direct the developmental silencing of the human ε -globin gene
expression are located near this gene[2, 3]. In fact, a transcriptional silencer (be-
tween -392bp and -177bp) upstream of the human ε -globin gene has been identified
by transient transfection of deleted ε -globin gene constructs into HeLa and K562
cells[4] (Fig 1). Deletion of this sequence results in the continued expression of the
human ε -globin gene during late fetal and adult development in transgenic mice,
suggesting that in vivo  this silencer may play a critical role in silencing the human
embryonic ε-globin gene at these later developmental stages[5].

    In this study, DNaseI footprinting assay, gel mobility shift assay and Southwest-
ern blotting assay were carried out and at least four trans-acting  factors capable of
binding to this silencer element were identified in the nuclear extract from the hu-
man fetal liver, in which the human embryonic ε-globin gene was completely silenced.
Our data demonstrated that these trans-acting factors might play an important role
in silencing the human embryonic ε-globin gene expression at the fetal stage.

MATERIALS AND  METHODS

Preparation of nuclear extracts
     Nuclear extracts were prepared from the human fetal liver and brain at 4-5 months of gestation

abortion according to the method of Gorski[6]. The protein concentration was determined by the
Bradford's method[7].

DNaseI footprinting assay
    
 The DNA fragment between -535bp and -177bp was prepared from pεGLCAT-SV plasmid with

restriction enzymes (XbaI and BamHI ), labeled with γ-32p-ATP and digested with HincII. The
probe (from -392 to -177bp) was used for DNaseI footprinting assay.  According to the method
describled by Berg et al[8], approximately 36 μg of nuclear proteins were preincubated for 10 min
on ice in binding buffer (10 mM  Tris-HCl, pH 7.6, 100 mM  KCl, 1 mM  MgCl2, 1 mM  EDTA, 10

Fig 1.  The diagram of the upstream region of the human ε -globin gene. The
          positions of the TATA(ATA), CCAAT and CACCC sites of the consti-
          tutive promoter, as well as the silencer element are shown. Sequence
            numbering corresponds to the cap site at +1.
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mM DTT, 4 % glycerol and 0.1% Triton X-100), followed by addition of DNA probe (～ 5 fmol) and
a further 20 min incubation. 1 μg polyd (I-C) was added as a nonspecific competitor. DNaseI and
MgC12 (4 mM  final concerntration) were added for 20 ～ 60 sec. Digested DNA was extracted with
phenol, precipitated with enthanol and was resolved by 8% polyacrylamide gel. A+G ladder was
prepared by using Maxam and Gilbert's method[9].

Gel mobility shift assay and competition analysis
 Gel mobility shift assay was performed according to the method described by Strauss and Var-
shavsky[10]. Based on the result of DNaseI footprinting assay, the major protected region DNA
fragment (-278bp ～ -235bp) was synthesized and labeled with γ-32p-ATP as a probe. The reaction
mixture (25 μ l) contained approximately 5 fmol  of labeled DNA probe, 3-5 μg of nuclear proteins
and 1 μg polyd (I-C) as a nonspecific competitor in the binding buffer (10 mM  Tris-HCl, pH 7.6,
100 mM  KCl, 1 mM  MgCl2,  1 mM  EDTA, 10 mM  DTT, 4% glycerol and 0.1% Triton X-100).
These mixtures were incubated for 1 h on ice and analyzed with 4% nondenaturing polyacrylamide
gel. Gel was dried and autoradiographed at -20 ℃ . In competitive gel mobility shift analysis, the
synthetic oligonucleotides corresponding to the binding motifs of GATA-1 (5'GTTGCAGATAGA-
CATT3') and YY-1 (5'CGACATTTTC3') were used as specific competitors.

Southwestern blotting assay
 Southwestern blotting assay was carried out according to the method described by Erwei Gao et
al[11]. Approximately 100 μg of nuclear protein from the human fetal liver was separated by 12%
SDS-polyacrylamide gel, transferred to a nitrocellulose filter (Schleicher and Schuell) in transfer
buffer (50 mM  Tris-HCl, 40 mM  glycine, 0.04% SDS, 20% methanol) at 125 mA  for 16 h at 4 ℃ .
After the transfer was completed, the filter was soaked in blocking buffer (50 mM  Tris-HCl, 1 mM
DTT, 5% Carnation non-fat milk powder, 5 μg/ml denatured and sonicated calf thymus DNA) at
room temperature for 1 h, then the filter was incubated in binding buffer (50 mM  Tris-HCl, pH
8.0, 50 mM  NaCl, 1 mM  MgCl2, 1 mM  EDTA, 1 mM  DTT, 0.25% Carnation non-fat milk powder)
containing 5 ×  105 cpm/ml DNA probe labeled withγ-32p-ATP (-278bp ～ -235bp) at 4 ℃ for 3
h. The filter was washed four times (8 min/each wash) at 4 ℃ with binding buffer and subjected
to autoradiography.

RESULTS
Identification of the binding site within the silencer element of the human
ε-globin gene
   Previous studies have shown that the silencer between -392bp and -177bp up-
stream of the human ε-globin gene is indeed necessary for the complete stage-specific
silencing of this gene during fetal and adult stages[5]. In order to investigate the
molecular mechanism of this silencer, DNaseI footprinting assay was used to examine
the binding site within this silencer region with the nuclear extract from the human
fetal liver, in which the human embryonic ε -globin gene was completely silenced,
however, the human fetal γ-globin genes were activated. In DNaseI footprinting
assay, we found that a major protected region from -278bp to -235bp and a minor
protected region from -218bp to -207bp within this silencer element could be ob-
served (Fig 2, Lanes 5-8). The major protected region contains a sequence (from
-273bp to -265bp) with 88 % homology to the binding site for the YY1 transcription
factor[12], which can activate or repress transcription of viral and some eukaryotic
genes[13, 14, 15]. Within this protected region an inverted repeat of a six-nucleotides
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motif, which is homologous to the GATA-1 consensus sequence, can also be detected
(Fig 2)[12].

Characterization of trans-acting factors binding to the human ε -globin gene
silencer

    To characterize the nuclear proteins binding to the human ε -globin gene silencer,
the gel mobility shift assay was carried out. The synthetic major protected region
DNA fragment (-278bp ～ -235bp)was used as a probe. It was incubated with the
nuclear extracts from the human fetal liver and brain(as a nonerythroid control) at
4 ～ 5 months of gestation. We found in the gel mobility shift assay that at least four
shift bands (A, B, C and D) could be observed with the nuclear extract of the human
fetal liver. The results demonstrated that shift bands A, B and D were common to
those of the human fetal brain, however, band C was specific for the human fetal
liver, indicating that band C was eryhroid-specific (Fig 3).  We speculated that
there were at least three nonerythroid trans-acting  factors (shift bands A, B, D)
and one erythroid-specific trans-acting  factor (shift band C) in the nuclear extract

Fig 2 DNaseI footprinting assay of the
         labeled DNA probe(from-392 to -
         177bp)  with the nuclear extract
         from  human  fetal  l iver  at  4-5
 months of gestation. Lane 1, A+G
 ladder.  Lanes 2, 3 and 4, labeled
 DNA fragment without nuclear ex-
 tract (0.5 μg DNaseI for 20s, 30s
 and 40s). Lanes 5, 6, 7 and 8, la-
 beled DNA fragment with 36 μg nu-
 clear extract (0.5 μg DNaseI for 20s,
 30s, 40s and 60s). The box "           "
 indicates the binding site.
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of the human fetal liver, which could specifically bind to the silencer region of human
embryonic ε -globin gene, suggesting that these trans-acting  factors might play an
important role in silencing the human embryonic ε -globin gene expression during
the fetal stage.

 DNaseI footprinting assay has demonstrated that the major protected region (-
278bp to -235bp) contains a GATA-1 binding motif and a YY-1 binding motif. It
has been shown that GATA-1 is a 50kD erythroid-specific transcriptional factor,
which acts as an activator and plays an important role in erythroid cell differenti-
ation and embryonic development[16]. YY-1 is a 68kD ubiquitous transcriptional
factor which mediates transcriptional repression and activation of viral and some
eukaryotic genes[13, 14, 15]. Recently, Raich et al reported that GATA-1 and YY-1
were developmental repressors of the human ε -globin gene[17]. In order to deter-
mine the relationship between these four trans-acting factors and GATA-1 or YY-1,
we synthesized two double-stranded oligonucleotides corresponding to the binding
motifs of GATA-1 and YY-1 respectively as competitors, and the competitive gel
mobility shift analysis was carried out. As shown in Fig 4, the shift bands(band A,
B, C and D) couldn't be competed by GATA-1 and YY-1 binding motifs even at
a 200-fold excess, implying that these trans-acting factors might be new regulatory
proteins.
   In order to define the molecular weights of these trans-acting  factors identified
above, Southwestern blotting assay was performed. As can be seen in Fig 5, we
observed that there were at least four protein factors which could specifically bind
to the DNA probe, and their molecular weights were near 32, 28, 26 and 22kD
respectively.  Our results further demonstrated that at least four protein factors
might exist in the nuclear extract from the human fetal liver, which could specifically
bind to the silencer element of the human ε-globin gene. To characterize further these
trans-acting factors is well under way.

Fig 3.  Gel mobility shift assay of the la-
          beled DNA probe (from -278 to -
           235bp) with the nuclear extracts
 from human fetal liver and brain
 at 4-5 months of gestation. Lane 1,
 labeled DNA fragment without nu-
 clear extract.   Lanes 2 and 3, la-
 beled DNA fragment with 3 μg and
 5 μg of nuclear extract from the hu-
 man fetal liver. Lanes 4 and 5, la-
 beled DNA fragment with 3 μg and
 5 μg of nuclear extract from the hu-
 man fetal brain.
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DISCUSSION

    Erythroid differentiation during development is characterized by specific patterns
of globin gene expression. The study of globin gene expression has served as an im-
portant paradigm for understanding tissue-specific and developmentally regulated
transcription. The human β-like globin gene cluster contains five genes (ε , Gγ, Aγ δ ,
β ), which are successively expressed as the site of erythropoiesis shifts during devel-
opment. The ε -globin gene is expressed only in the blood island of the embryonic yolk
sac, the two γ-globin genes are expressed in the fetal liver and the δ , β -globin genes

Fig 4.   Competitive gel mobility shift anal-
            ysis of the labeled DNA probe (from
            -278 to -235bp) with the nuclear ex-
            tract from human fetal liver at 4-5
 months of gestation and competi-
 tors  (GATA-1 b inding  mot i f  and
 YY-1  b inding  mot i f ) .   Lane1,  la -
 beled DNA fragment without nu-
 c lear extract .   Lanes 2 and 3,  la-
 beled DNA fragment with 3 and 5
 μg nuclear extract. Lane 4, labeled
 DNA fragment with 5 μg nuclear
 extract,  the unlabeled DNA frag-
 ment (-278bp ～ -235 bp) was added
 as a competitor at 100-fold molar
 excess. Lanes 5 and 6, labeled DNA
 fragment with 5 μg nuclear extract,
 the unlabeled GATA-1 binding mo-
 t i f  (5 'GTTGCAGATAGACATT3 ' )

was added as a competitor at 100- and 200-fold molar excess, respectively.  Lane 7,
labeled DNA fragment with 5 μg nuclear extract, the unlabeled YY-1 binding motif
(5'CGACATTTTG3') was added as a competitor at 200-fold molar excess.

Fig 5.   Southwestern blotting assay.  The
            nuclear extract from human fetal
            l iver  at  4 -5  months  o f  gestat ion
            was separated by 12% SDS-PAGE,
           transferred to a nitrocellulose fil-
            ter and incubated with the labeled
            DNA fragment (-278bp ～ -235 bp).
            Protein - DNA interaction was an-
          alyzed by autoradiography.
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are expressed mainly in adult bone marrow[1]. Activation and high level expression
of the individual gene of the cluster is largely dependent on the locus control region
(LCR), a distal erythroid-specific regulatory element located 6 ~ 20 kb upstream of
the ε -globin gene that consists of a series of erythroid-specific DNaseI hypersensitive
sites[18]. Recent studies on transgenic mice or differentiating embryoid bodies have
shown that the human ε -globin gene, linked in cis with LCR sequence, is expressed
in a developmentally appropriate manner which is independent of the presence of
other globin genes within the locus, indicating that the developmental regulation
of the ε -globin gene depends on sequences within the ε -globin gene itself[2, 3, 19,
20]. Initial evidence for sequences involved in the ε -globin gene silencing came from
deletional analysis of the region located upstream from the ε -globin gene cap site.
By transient transfection of deleted ε -globin constructs into HeLa and K562 cells, a
transcription silencer was identified between -392bp and -177bp[4]. Deletion of this
sequence results in the continued expression of the human ε -globin gene during late
fetal and adult develapment in transgenic mice, suggesting that in vivo this silencer
may play an important role in silencing the human embryonic ε -globin gene at these
later development stages[5].
   In order to investigate the regulatory role of this silencer element and to under-
stand the molecular mechanism of the human ε -globin gene silencing, we have pre-
pared the nuclear extract from the human fetal liver and focused on identifying and
characterizing trans-acting factors which may mediate the function of this silencer in
the human fetal liver. DNaseI footprinting assay indicated that the nuclear proteins
isolated from human fetal liver were capable of binding to the silencer, particularly
to a region between -278bp and -235bp within the silencer sequence. This protected
region has also been observed with the nuclear protein from mouse fetal liver at day
18 of gestation[21], suggesting that the silencer activity of human ε -globin gene may
be mediated by this region. Gel mobility shift assay further showed that there were
at least three nonerythroid nuclear protein factors and one erythroid-specific nuclear
protein factor in the human fetal liver, which could specifically bind to this silencer
region.
   As shown by DNaseI footprinting assay, the major protein binding region (be-
tween -278bp and -235bp) of the ε -silencer element contains the GATA-1 and YY-1
binding motifs. Raich et al observed in transgenic mice experiments that GATA-1
and YY-1 were developmental repressors of the human ε -globin gene[17]. However,
our results from competitive gel mobility shift assay and Southwestern blotting as-
say demonstrate that these trans-acting  factors identified in the human fetal liver
differ from GATA-1 and YY-1, suggesting that these trans-acting  factors may be
new regulatory proteins and may play an important role in silencing the human
embryonic ε -globin gene expression at the fetal stage through the interactions with
the silencer element.
    Taken together, the results presented here may provide some important clue to
the molecular regulatory mechanism involved in the stage-specific silencing of hu-
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man ε -globin gene during development.
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