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ABSTRACT

The developmental control of the human e-globin gene expression is mediated by transcription regulatory

elements in the 5  flanking DNA of this gene. Sequence analysis has revealed a DNA motif

(GGGGAATTTGCT) similar to NF-κB consensus sequence resides in the negative regulatory element (-

3028bp ~ -2902bp, termed ε-NRAII) 5  to the cap site of this gene. NRF DNA fragment (-3010bp ~ -

2986bp) containing the NF-κB motif similar sequence was synthesized and used in electrophoresis mobility

shift assay (EMSA) and competitive analysis. Data showed that a protein factor from nuclear extracts of

K562 cells specifically interacted with NRF DNA fragment. The synthetic NF DNA fragment (containing

NF- B consensus sequence) could competed for the protein binding, but MNF DNA fragment (mutated NF-

B motif) could not, suggesting that the binding protein is a member of NF- B/Rel family. Western blot

assay demonstrated that the molecular weight of NF-κB protein in the nuclei of K562 cells is 50ku. We

suggested that NF- B p50 may play an important role in the regulation of human e-globin gene expression.
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INTRODUCTION

The human b-like globin genes are arranged as a

cluster of five genes(ε, Gγ, Aγ, δ and β) in the order of

their temporal expression. The human embryonic  ε-

globin gene is expressed in the blood island of the

embryonic yolk sac and is silenced completely at 6

~ 8 w of gestation in the fetal liver [1]. Studies on

transgenic mice suggested that the regulation of -

globin gene expression is autonomous. The activat-

ing and silencing of e-globin gene expression rely

on distal locus control region (LCR) and proximal

regulatory elements[2, 3].

The NF- κB /Rel family is composed of five dis-

tinct DNA-binding subunits (p50, p52, p65 (RelA),

c-Rel, and Rel-B[4-6]). The different members of

NF-κB /Rel family can be associated into various

homo- or heterodimers through a highly conserved

N-terminal 300-aa region known as the rel homol-

ogy domain. In monocytes, NF-κB family has been

shown as important transcription factor in the ex-

pression of cytokine genes, of cell-surface receptors

and in the expression of human immunodeficiency

virus. In those cells, DNA binding activity of NF-

kappa B can be detected without intentional stimu-

lation[7].

Li et al identified a strong negative regulatory

element ε-NRAII (-3028 ~ -2902bp) around -3.0kb

5 to the cap site of human e-globin gene and specu-

*Corresponding author: Prof. Ruo Lan QIAN

Tel: 021-64315030-2092; Fax: 021-64331090;

e-mail: qianlab@sunm.shcnc.ac.cn

Received Oct-25-2001 Revised Dec-18-2001 Accepted Jan-8-2002

SHORT COMMUNICATION



80

lated that this element might play an important role

in the regulation of this gene[8]. Using Sequence

analysis of ε-NRAII, we show here that a DNA motif

(-3004bp ~ -2993bp) similar to NF-κB consensus

sequence exists in the NRF DNA fragment (-3010bp

~ -2986bp). EMSA and competitive analysis con-

firmed that a member of NF-κB protein in nuclear

extracts of K562 cells could bind to this motif in the

NRF DNA fragment. Western blot assay showed that

the member of NF-κB/Rel family in the nuclei of

K562 cells is p50.

MATERIALS AND METHODS

Sequence analysis of protein binding sites in e-
NRAII

The sequence of ε-NRAII was put into the library of

TRANSFAC4.0[9], in which proteins related to transcriptional

regulation were collected, DNA sequence could be scanned and

binding sites for transcription factors could be outlined.

Cell culture and preparation of nuclear extracts

K562 cells were cultured in RPMI 1640 medium (GIBCO-BRL)

supplemented with 10% newborn calf serum, streptomycin (100

mg/ml), penicillin (100 μg/ml) and glutamin (2  μM)[10]. Nuclear

extracts were prepared as described by Dignam etc[11]. The con-

centrations of nuclear extracts were determined according to

Bradford method[12].

Electrophoresis mobility shift assay and competi-
tion analysis

The sequence of NRF DNA fragment was synthesized:

5  ATCTGTAGCAAATTCCCCCTGAAAA 3

3 TAGACATCGTTTAAGGGGGACTTTT 5'

The sequences of competitors were synthesized as follows:

1, NF DNA fragment containing the NF-kB consensus se-

quence[13]:

2, MNF DNA fragment (bases mutated were indicated in small

letter):

NRF and NF DNA fragments were 5' end labeled with [γ-32P]-

ATP. EMSA was performed as described by Strauss etc[14]. 5'

end labeled NRF or NF fragments ( ~ 5 fmol) were incubated with

2 ~ 4 μg nuclear extracts in 25ul reaction solution at 0  for 45

min with enough nonspecific competitor polydI-polydC. DNA-

protein complexes were resolved by 6% non-denaturing polyacry-

lamide gel electrophoresis. For competition analysis, unlabeled

competitors at various amounts were preincubated with nuclear

extracts in reaction mixture on ice for 10 min prior to the addition

of the labeled probe.

Western blot assay[15]

Nuclear proteins (100  μg) isolated from K562 cells were

separated by 12% SDS-PAGE and transferred to nitro-cellulose

membrane as recommended by Bio-Rad Company. The mem-

branes were blocked for 2 h in TBST buffer (10 mM Tris-HCl pH

7.6, 150 mM NaCl, 0.1% Tween-20) with 5% nonfat milk, and

were washed with TBST buffer for 3 times. Then they were incu-

bated successively with anti- NF- κB/p50 monoclonal antibody and

HRP labeled secondary antibody for 2 h respectively at room

temperature. Finally the membrane was detected with ECL (BBST).

RESULTS

Computer sequence analysis of e-NRAII

Li et al previously revealed a GATA-1 binding site

in the ε-NRAII and identified that GATA factor in

K562 cells could specifically bind to the GATA-1

consensus motif in this regulatory element. They dem-

onstrated that the GATA-1 transcription factor might

play a negative regulatory role through its binding

to ε-NRAII[8]. Using computer sequence analysis, a

DNA sequence (-3004bp ~ -2993bp, Fig 1) similar

to NF- κB consensus binding motif was found within

e-NRAII.

Fig 1.  Sequence boxed in e-NRAII is similar to NF-kB

consensus binding sequence.

The consensus motif of NF-κB family is NGGGA

MTTYCCN (M=A, C; Y=C, T), while the sequence

in NRF DNA fragment is GGGGAATTTGCT. Me

mbers of NF-κB family are very important regulato

ry factors in transcriptional control of multiple gene

s related to immunity, apoptosis, cell proliferation a

nd so on[16]. To elucidate whether there are NF-

B family members interacting with ε-NRAII in K56

2 cells, NRF DNA fragments were synthesized and

used in EMSA.

NF-kB protein binding to NRF DNA fragment

NF- B existing in the nuclei of K562 cells has

been reported[17], [18]. To identify NRF DNA frag-

NF-kB p50 in K562 nuclei binding to -NRAII

5' ATCTGT AGCAAATTCCCC CTGAAAA  3'

3' TAGACA TCGTTTAAGGGG GACTTTT 5'

5' AGT TGA  GGG GAC TTT CCC  AGG C 3

3' TCA  ACT  CCC CTG AAA GGG  TCC  G 5

5  TGA  Gaa tgc TTc ata  AGG 3

3  ACT  Ctt acG AAg tat   TCC  5
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ment binding protein, EMSA and competition analy-

sis were carried out. EMSA with NF DNA fragment

as a probe showed that one shift band (NF- B) could

be detected with nuclear extracts from K562 cells

(Fig 2, lane 2). Both NF and NRF DNA fragments

were able to compete for this band (Fig 2, lane 3

and 4), whereas MNF DNA fragment was unable to

compete for it (Fig 2, lane 5). Furthermore, EMSA

with NRF DNA fragment was also performed and

one shift band (band A) was detectable (Fig 3, lane

2). Both NRF and NF DNA fragments were capable

of competing for band A (Fig 3, lanes 3-5 and lanes

6-8), while, MNF DNA fragment was also unable to

compete for it (Fig 3, lane 9-10). Those results indi-

cate that the protein factor in K562 cells, which can

bind to both NF and NRF DNA fragments, belongs

to NF- B family, and also confirmed that e-NRAII

contains a NF- B binding site.

The member of NF-kB family in K562 is p50

Using Western blot assay, we have further re-

vealed that at least one member of NF- B family

exists in the nuclei of K562 cells without stimula-

tion and the molecular weight of it is 50ku compared

with protein markers (Fig 4).

Fig 2.  EMSA analysis of nuclear extracts isolated from

K562 cells with NF DNA fragments as a probe. 1, la-

beled NF fragments without nuclear extract; 2, labeled

NF fragment with 4 μg of nuclear extracts from K562

cells; 3, 4 and 5 labeled NF fragment with 4 μg of nuclear

extracts from K562 cells, unlabeled NF, NRF and MNF

DNA fragments were added as competitors at 100 fold

molar excess respectively.

Fig 3.  EMSA analysis of nuclear extracts isolated from

K562 cells with NRF DNA fragments as a probe. 1,

labeled NRF fragments without nuclear extract; 2, la-

beled NRF fragments with 4 μg of nuclear extracts from

K562 cells; 3-5, labeled NRF fragments with 4 mg of

nuclear extracts from K562 cells, unlabeled NRF DNA

fragments were added as competitor at 10, 50 and 100

molar excess respectively; 6-8, labeled NRF fragments

with 4 μg of nuclear extracts from K562 cells, unlabeled

NF DNA fragments were added as competitor at 10,

50 and 100 molar excess respectively; 9-10 labeled NRF

fragments with 4 μg of nuclear extracts from K562 cells,

unlabeled MNF DNA fragments were added as com-

petitor at 50 and 100 molar excess respectively.

Fig 4.  Western blot assay. Monoclonal Ab anti-NF-kB

p50 was used. M, Standard protein markers; 1-4, 15,

30, 45 and 60 g of nuclear extracts from K562 cells

respectively.

DISCUSSION

Many regulatory elements have been identified

in the DNA 5  to the cap site of human e-globin

gene and they are located in four regions [around -

3.0kb relative to the cap site[8], between -2.0kb and

460bp[19], between -460bp and -180bp[8], [19-22]

and in the proximal promoter (-177bp ~ +1bp)[19].

eNRA and ePRA located around -3.0kb are much

conservative in human, orangutonand galago[8].

NF- B can upregulate the expression of human

b-globin gene in interferon induced K562 cells[23].

CH Hou et al
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Sequence analysis of e-NRAII (-3028bp to -2902bp)

revealed that a motif similar to NF-kB consensus

sequence exists in this DNA fragment except a pre-

viously confirmed GATA-1 binding site[8]. Results

presented here demonstrate for the first time that

NF-kB binding site exists in the regulatory elements

( -NRAII) in the 5 DNA sequence of -globin

gene. Data also confirm that at least one member of

NF-kB/Rel family active in the nuclei of K562 cells

is p50. We suggest that NF- B may play an impor-

tant role in the regulation of e-globin gene. And

whether NF- B p50 directly regulates the expres-

sion of -globin gene through the interaction with

the negative regulatory element -NRAII is now

under further investigation.
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