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ABSTRACT

CONSTITUTIVE EXPRESSION OF
CHICKEN ADULT «-GLOBIN GENES

By

Jiing-Dwan Lee

The chicken adult a-globin genes, o* and o°, are closely
linked in chicken chromosomal DNA. These two genes are
expressed coordinately in primitive and definitive erythroid
cells in a 3:1 ratio. The constitutive expression of these two
genes was studied in QT6é quail fibroblast cells. Clones
containing the a-globin gene(s) and hybrid genes were
transiently transfected into the QT6 cell line and RNA was
isolated after 48 hrs from the transfected cells. The
expression of the transfected gene(s) was assessed using a
RNase protection assay. These experiments demonstrated that
the promoter region of the a*-globin gene (but not that of the
o"-globin gene) was sufficient to promote a detectable level

A~ and «’-globin

of constitutive transcription from both the «
gene coding regions. Mutants with deletions in the a*-globin
promoter region were then transfected into the QT6 cell line,
and subsequent RNase and DNase protection analyses suggested
the existence of two activator regions and one repressor
region directly upstream of this gene. Other regions flanking

the a*-globin gene have also been tested by similar techniques

for their effect on the transcription level of the a*-globin






gene. Orientation-specific activating or inhibitory effects
have been observed within these regions. Several protein-
binding domains have been identified in an 84 bp fragment
which showed a directional activating effect. This result
suggests that DNA-binding factors may be involved in this

phenomenon.
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CHAPTER 1

INTRODUCTION

Globin genes, along with the expression, function and
abnormalities thereof have been extensively reviewed (1,2,3,).
All normal hemoglobins of higher vertebrates are tetramers
consisting of two a and two B chains. In mammals and birds,
the a-type and B-type genes are organized in separate gene
clusters 1located on different chromosomes (1,3,4). Each
cluster contains different globin variants, the expression of
which is highly regulated throughout embryonic, fetal and
adult stages of development.

Since the expression of globin genes is restricted to one
type of cell and is tightly controlled throughout development,
these genes serve as a very useful system to study gene
regulation. Regulatory elements of transcription in and around
a- and B-globin genes have been identified by transfecting
cloned wild type or mutant globin genes into cultured cells
and analyzing their expression. Two types of cis-acting
regulatory elements have been shown by transfection
experiments: erythroid-specific elements which only function
in erythroid cells (5-12) and constitutive elements which can
function in both erythroid and non-erythroid cells (5,13-17).

Most of these elements have a positive effect on the
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transcription of globin genes and have the properties of
transcriptional enhancers. A few of these elements, located
in the 5' flanking regions of some globin genes, act in a
negative manner and have the properties of transcriptional
silencers (18,19).

The chicken a globin gene locus consists of three closely
linked genes; two of them (o* and o) are expressed in both
primitive and definitive erythroid cells and the other one (=)
is expressed only in primitive cells. Primitive cells are the
first hemoglobin-containing cells to appear during
erythropoiesis in the blood islands at about 35 hrs of
development. At approximately 5 days of development, this
primitive group of erythroid cells is rapidly replaced by
definitive red cells, which become the predominant red cell
species of older embryos and adults (20-22). All three genes
are transcribed in the same direction and are arranged 5'-x-
o’-a*-31(23,24), relative to the direction of transcription.
Unlike most mammals which contain two almost identical adult
a-globin genes, the two adult chicken a-globin genes are very
dissimilar in sequence, which suggests that they arose from
an ancient globin gene duplication (23,24). Although o*- and
a’-globin genes have lower expression levels in primitive red
cells than in definitive red cells, they appear to maintain
a relative expression ratio of about 3:1 in both cell types
(25) .

Transient transfection studies in chicken erythrocytes
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have identified erythroid-specific enhancers in the promoter
of the chicken = and oa’-globin genes and in the 3' flanking
region of the chicken a*-globin gene (26-28). Similar tissue-
specific enhancers also have been identified in the chicken
B-globin gene family (8,26,29,30). Moreover, three regions
within the promoter of the mouse and rabbit B8-globin genes
have been recognized to be essential for maintaining the basal
constitutive transcription levels of these genes. These are
the CACCC box, CCAAT box and TATA box (31,32). However, less
attention has been focused on the constitutive expression of
@ globin genes. Furthermore, the chicken o*-and ao’-gene
promoters appear to lack consensus CCAAT sequences found in
other globin gene promoters, including those of = and the
various chicken B-type globin genes. We transiently
transfected QT6 cells, a chemically transformed quail
fibroblast cell line, with cloned mutant a*-and o’-genes in
order to identify constitutive transcription-regulatory
elements.

our studies indicate that there are positive and negative
regulatory elements within the 5' flanking region of the o*-
globin gene. Analysis was performed on mutants in which
flanking region fragments were inserted upstream and
downstream of the a*-globin gene. These experiments showed an
orientation-specific enhancement or repression of RNA levels

by some DNA fragments.
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CHAPTER 2

LITERATURE REVIEW

1. Eucaryotic transcription regulatory elements:

Gene expression can be regulated at each step in the
pathway from DNA to protein (1). While transcriptional control
is the most common form of regulation in gene expression,
regulation can also occur during RNA processing (removal of
intervening sequences, addition of the CAP structure and
polyadenylation), nuclear transport, mRNA turnover,
translation initiation and post-translational modification.

Promoters and enhancers are two well-characterized DNA
sequence components required for proper transcriptional
regulation in many higher eucaryotic genes. Both are defined
in the functional sense, generally using transfection studies
similar to those described herein. Promoters are located
immediately upstream from the initiation site of transcription
(CAP site) and are normally comprised of about 100 base pairs
(bp) (2,3) . Enhancers on the other hand can be located several
kilobase pairs (kb) 3' or 5' away from the gene or in some
cases within the structural gene itself (4). The promoter is
required for accurate and efficient transcription and operates

in a unidirectional manner, while the enhancer is generally
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involved in regulating the overal level of transcription. Such
modulation may be in response to environmental stimuli or to
a tissue-specific or developmental stage specific signal. By
definition, enhancers function in both possible orientations
(2-4).

A typical promoter contains an AT-rich sequence (TATA
box) (5), a CCAAT sequence (CAT box) (11) and other upstream
promoter elements (UPEs) (6-8). The TATA box is located 25-30
base pairs upstream from the CAP site. Elimination of the TATA
box often results in the usage of multiple CAP sites, but does
not always decrease the rate of transcription from the region
(9,10). The CAT box, which exists in many eucaryotic
promoters, is usually found 80-100 base pairs upstream from
the CAP site (11). Omitting the CAT box doesn't affect the CAP
site but reduces the transcriptional efficiency of the gene
(12-14) . Another conserved element is the GC box which has the
consensus sequence GGGCGG and usually can be found in the area
between 40-200 base pairs upstream from the CAP site (15). The
GC box functions in either orientation and is often present
in multiple copies. Like the CAT box , the GC box is also
responsible for the efficient transcription of the gene
(11,16,17).

DNA footprint (18) and gel retardation studies (8) have
indicated that there are specific proteins which bind to
regulatory elements in promoters and enhancers. In some cases

these proteins have been purified and studied biochemically
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(15,19,20) . TFIID which is partially purified from Hela cells
and has an apparent molecular weight of 120-140 kilo daltons,
binds to the TATA box and forms a complex with the TFIIA
factor which is required for transcription initiation (21).
CP1, CP2 and NF-1 are members of the CCAAT-binding protein
family, but each of them has a different binding efficiency
with the CCAAT sequences in different promoters (22). SP1 is
another transcription factor isolated from Hela cell extracts
which can bind to the GC box and then activate transcription
by RNA polymerase II (23-26)

The first enhancer was discovered in a 200 bp-long DNA
segment of the simian virus 40 (SV40). In the following years
more enhancers were found in many different viruses, and
several of these enhancers were isolated and characterized by
an "enhancer trap" selection assay (27,28). Some of these
viral enhancers appear to be involved in the induction of
certain types of cancer. During a viral infection an enhancer-
containing segment of the virus can be inserted in the
vicinity of a cellular gene that controls cell proliferation.
Because of this insertion, the gene (now referred to as an
oncogene) is deregulated, leading to uncontrolled cell growth
and to malignant transformation (29).

The first tissue-specific enhancer was discovered in the
mouse immunoglobin heavy chain (IgH) gene (30). This shows
that not only viral but also cellular genes use enhancers for

gene regulation. The IgH enhancer stimulates transcription in
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a tissue-specific manner and is the first genetic element
described to have such a property. Since then a variety of
tissue-specific enhancers have been detected in other cellular
genes of higher organisms (23,31). Examples include the
pancreas-specific enhancer from the rat insulin II gene (32)
and the erythroid-specific enhancers from chicken «- and 8-
globin genes (33-35).

Another class of enhancing elements confers inducible
transcription, for example, in response to steroid hormones
(36,37), heavy metals (38,39), growth factors (40), heat shock
(41) and virus infection (42-44). Some transcription factors
that bind to the above enhancer sequences have been
identified. For example, the heat-shock transcription factor
(HSTF) has an apparent molecular weight of 110 kilo daltons
(in Drosophila), and is also present in uninduced cells, but it
is not bound to its cognate heat-shock response element (HSEs)
until the cells have been subjected to heat shock (45-47). It
has been suggested that in normal cells, HSTF exists in a non-
binding form and is converted upon heat shock to a high
affinity, sequence-specific binding form by a post-
translational modification. Serum response factor (SRF), on
the other hand, can interact with serum response elements
(SREs) of c-fos and other genes and functions as a
constitutive transcription activator in vitro. The role of SRF

in vitro in response to growth factor stimulation is not clear,
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but studies suggest that post-translational modification
and/or interaction with other protein factors may be involved
(48) .

The cellular enhancers can be roughly classified as
tissue-specific and signal-inducible enhancers as discussed
above; however, some enhancers can interact with ubiquitous
protein factors and enhance the transcription of the target
gene constitutively. For example, the octamer sequence
(ATTTGCAT) in the IgH enhancer is not only functional in B
cell-specific genes but also in non-B-cell-specific genes,
such as histone H2b genes (49-51) and various U snRNA genes
(52). Two protein factors, Oct-1 (ubiquitous in mammalian
cells) and Oct-2 (expressed mainly in B and T lymphocytes),
both can bind to this octamer sequence (53-59). The binding
of ubiquitous Oct-1 may explain why the octamer sequence can
be functional in non-B-cell environments. The serum response
element (SRE) is another example of a constitutive enhancer.
SRE, in addition to its serum-inducible activity as we
discussed previously, also has a basal constitutive activity
which can be eliminated by mutations that block the binding
of serum response factor (SRF), a ubiquitous protein factor
that binds to the SRE. (60)

Recently a group of negative enhancers (silencers) have
been discovered. Silencers have similar properties to
enhancers except that they reduce rather than increase the

transcriptional efficiency of the target promoter. The first
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silencer was found in the MAT locus of Saccharomyces cerevisiae
which determines the mating type (61). Other elements with
analogous properties have been found in the 5' upstream region
of the promoters of the following genes; human o-(62) and ¢-
globin (63), chicken lysozyme (64), c-myc (65), human 8-
interferon (66) and p53 (67). The general belief is that most
cellular genes , perhaps with some exceptions among the
housekeeping genes (68), are regulated by a combination of

both enhancer(s) and silencer(s) acting cooperatively.
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2. Erythropoiesis:

Erythropoiesis, the developmental process by which a
pluripotent hemopoietic stem cell is converted to a mature
erythrocyte, has been well studied in chicken, mouse and human
systems (figure 1). During normal erythropoiesis in the
developing chicken embryo, two morphologically distinct
erythroid cell lineages appear in sequence. The first lineage
is that of the primitive cells which arise in embryonic blood
islands, and are the first erythroid cells to appear in the
embryonic circulation. They reach a maximum in cell number
after 8 days of incubation, followed by a decrease until the
cells are no longer detectable in the 16 day old embryo. The
definitive cells arise in the yolk sac and then move to the
bone marrow (the erythropoietic organ in the adult). They
begin to appear in the embryonic circulation at about the
fifth day of incubation and increase exponentially to become
the predominant red cell species of older embryos and adults
(69-71) .

There are several types of erythroid precursor cells that
can be identified by morphological characteristics,
biochemical properties and the surface antigens they present
(72-76) . The first identifiable erythroid cell type is the
colony forming unit-marrow cell (CFU-M) which is defined by
its ability to self-renew and to develop into erythrocytic

clones when injected into bone marrow of irradiated chickens
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Figure 1: Pathway of chicken erythropoiesis

The CFU-M stage may either continue to self-replicate itself
or irreversibly commit to further differentiation.
Abbreviations: CFU-M -+ colony forming unit-marrow, BFU-E -
burst forming unit-erythroid, CFU-E - colony forming unit-
erythroid.

(72,77,78,81,86,91,92)
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(77)5

After the CFU-M stage, the progenitors of large, late-
appearing bursts (primitive burst forming unit-erythroid, pre
BFU-E) arise, and they are succeeded by the progenitors of
smaller, earlier-appearing bursts (mature burst forming unit-
erythroid, mature BFU-E). These cell types are thus defined
by their colonizing abil;ty in in vitro erythroid cell
cultures. In such in vitro semi-solid culture assays, pre BFU-
E cells of the mouse first give rise to erythroid cells after
8-14 days of culture, while mature BFU-E cells of the mouse
give rise to erythroid colonies in day 3 of culture.
Furthermore, in the same assay above, human pre BFU-E cells
can form more than 8 clusters of erythroblasts per cell,
whereas human mature BFU-E cells can only form 3-8 clusters
per cell. Bursts comprise 3-8+ small discrete clusters, and
each cluster includes 8-50+ tightly associated erythroblast
(60,61,132). The mature BFU-E is the immediate precursor of
the colony forming unit-erythroid (CFU-E) cell which can form
only one cluster (8-150 cells in chicken) of erythroblasts
(81,82) in vitro.

Erythropoietin seems to regulate the generation of the
new CFU-E from a mature BFU-E and the survival of the CFU-E
to carry on differentiation toward the erythroblast stage
(83). Although CFU-M and primitive BFU-E show apparent

insensitivity to erythropoietin (84,85), there are
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implications from in vitro studies that primitive BFU-E
proliferation is controlled by a leukocyte-derived
glycoprotein species (interleukin-3) (86). In addition, an
erythroid-potentiating activity (EPA), a glycoprotein with a
relative molecular weight of 28,000 has been purified
(87,88). Unlike murine interleukin-3 (IL-3) which stimulates
precursor cells from all hematopoietic lineages (89), purified
EPA specifically stimulates human and murine BFU-E cells (90).

In the closing stages of erythropoiesis, when the size
of the cell is reduced and the nucleus begins to condense
(86), erythroblasts, reticulocytes and erythrocytes can be
distinguished by morphological variation and hemoglobin
synthesis. Hemoglobin synthesis can be detected by benzidine
staining (91). The following characteristics are observed for
each cell type: erythrocytes, strongly benzidine positive oval
cells with a nuclear diameter less than half of the diameter
of the cell; late reticulocytes, similarly stained, round
cells with a large nucleus; early reticulocytes, weakly
benzidine positive <cells with a large nucleus; and
erythroblasts, large benzidine negative cells (92).

The erythroblast is the final erythroid cell type
competent to divide, and hemoglobin synthesis begins at this
stage. Reticulocytes maintain mRNA and protein but not DNA
synthesis capabilities, whereas no noticeable mRNA and protein

synthesis occurs in the terminal erythrocyte stage.
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Interestingly chicken red cells don't enucleate like mammalian
ones.

The mature erythrocyte is a highly specialized cell whose
function is to maintain an adequate tissue oxygen supply.
Within a few months after its formation, it will be
phagocytosed by the reticuloendothelial system, so there is

a need for continuous production of new red blood cells.
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3. Globin Protein and Genes:

Hemoglobin (M.W. 64,500), the oxygen carrier in the
blood, exists predominantly in red blood cells. It was among
the first proteins to have its amino acid sequence determined
and its structure worked out by X-ray crystallography (93,94).

Hemoglobin contains four polypeptide chains and four heme
prosthetic groups, in which the iron atoms are in the ferrous
[Fe(II)] state. The component polypeptides, called globins,
consist of two a chains (141 residues each) and two B chains
(146 residues each) (93,94).

X-ray crystallography analysis showed that the hemoglobin
molecule is roughly spherical, with a diameter of about 5.5
nm. Each of the four polypeptide chains has a characteristic
tertiary structure, in which the chain is tightly folded.
There is one heme group bound to each polypeptide chain. With
the sixth coordination bond of the iron atom, each heme group
is capable of binding one molecule of oxygen (93).

The major task of hemoglobin is to carry oxygen from
lungs to respiring tissueé. Hemoglobin is also able to bind
protons which are released by the ionization of carbonic acid,
and this represents the most important buffer system for
maintaining neutrality within the red cell.

Initial advances in globin gene mapping and isolation
were made possible by the development of procedures for

synthesizing and cloning double-stranded DNA copies of poly
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A+ mRNAs. The successful introduction of double-stranded
mouse, rabbit and human 8- and a-globin cDNAs into bacterial
plasmids provided homogeneous hybridization probes for gene
mapping experiments. A very precise picture of the chromosomal
organization of the a- and B-type (of some mammals and birds)
globin gene clusters, with respect to the number of structural
loci and intergene distances, has been obtained through the
use of the technique of restriction endonuclease mapping using
the gel blotting procedure of Southern as well as through the
actual isolation and characterization by recombinant DNA
technology of large fragments of DNA containing the various
globin genes. Sets of overlapping genomic DNA fragments
spanning the entire human o« and 8 globin gene clusters have
been obtained by gene cloning, first in bacteriophage lambda
(95-97) and later as 1larger fragments in cosmid vectors
(98,99). Detailed analysis of these recombinant DNA clones has
led to the determination of the gene organization as shown in
Figure 2.

It has been suggested the a and B8 globin genes are
derived from a single ancestral gene by a duplication event
that occured about 450 million years ago (100,101). Since then
a-type and B-type globin gene clusters have evolved and the
two clusters have subsequently been separated on two different
chromosomes (figure 2). This is true in most vertebrates
except the frog, the lowest vertebrate studied thus far, which

still has the a« and B8 globin genes 1linked on the same
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Figure 2: Chromosomal organization of the globin gene clusters

in various species.

Figure from Collin (110)
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chromosome. In some species of frogs, there is a single such
cluster (102), whereas in other species, such as Xenopus laevis,
there are two similar unlinked clusters that probably arose
because of tetraploidization.

Globin pseudogenes have been found in the human, rabbit,
mouse, goat and sheep but not in the chicken. For example,
there exist ¥¢1 and pal in the human o globin gene cluster and
¥Bl in the human 8 globin gene cluster as well (103-107). The
majority of globin pseudogenes appear to have come from gene
duplication within globin gene clusters followed by mutation
and inactivation of one of the duplicated genes.

A general feature of the chromosomal organization of
globin gene clusters in mammals and birds is the arrangement
of the genes in the general order (5'+3') in which they are
expressed during development: embryonic - fetal - adult.
However, the frog larval B-type genes (expressed in tadpoles)
are located 3' to the adult B gene, and in the chicken there
is a second embryonic gene located 3' to the adult B8 gene
(108,109). These exceptions indicate that the precise
arrangement of the globin genes in order of their
developmental expression has not been strictly conserved
throughout evolution and therefore is not an absolute
requirement for the normal pattern of regulation of globin
gene expression during development. Another noteworthy

constant feature of the mammalian B gene cluster is the
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presence of one (or more) pseudogenes between the fetal or
embryonic genes and the adult 8 globin genes. The functional
significance of this finding with regard to normal globin gene
expression or switching is unclear.

The coding region of the globin genes of human (figure
3) and chicken (figure 4,5) is interrupted at two positions.
In the B-globin genes, the intervening sequences interrupt the
sequence between codons 30 and 31 and between codons 104 and
105; in the a-globin gene family, the intervening sequences
interrupt the coding sequence between codons 31 and 32 and
between codons 99 and 100. The first intervening sequence
(intron) is shorter than the second intron in both a-an 8-
globin genes, but the second intron of human and chicken a-
globin genes is considerably shorter than that of the B-globin
genes. In the case of the ¢-like globin genes, the structure
and pattern of intron sizes are rather different from those
of the adult a-type and other globin genes. The introns in the
a and pa genes are rather small (<150 bp). Those of the ¢ and
¥¢ genes are considerably larger ,and the first intron is much
larger than second intron, being 8 to 10 times larger than the
first intron of any other globin gene. The embryonic a-type
n-globin gene of chicken has the same pattern as the ¢ and ¥¢
genes with regard to a first intron (577 bp) being larger than
the second intron (294 bp).

The state of methylation of the DNA of a gene usually

influences its ability to be expressed (110). In general,






24
Figure 3: Arrangement of hemoglobin genes along two human

chromosomes.

The human a-globin family of genes is located on chromosome
16, and the B family is on chromosome 11. The a-globin family
contains two embryonic (¢1,¢2) and two adult (el,a2) a-like
globin genes and one a-like pseudogene (yal). The B8 family
contains one embryonic (e¢), two fetal (Gy,&y) and two adult
(6§,3) B-like globin genes and one B-like pseudogene (¥B1l).
Rectangular boxes are the transcribed genes, and horizontal
lines are the intervening untranscribed DNA. Exons, destined
for translation into amino acid sequences, are represented by
vertical black bands across the boxes, and intron sequences
that are edited out from the messenger RNA are in white.

Figure from Dickerson (93)
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Figure 4: Organization of the chicken a-type globin genes.

The chicken a-globin gene family contains one embryonic («)
and two adult (a”, o) genes. The exons and the introns are

defined and represented as in figure 3.
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Figure 5: Organization of chicken B-type globin genes.

The chicken B-globin gene family contains a single adult gene
(B), two embryonic genes (p,¢) and a gene expressed in
definitive cells around the time of hatching (8%). The exons
and the introns are defined and represented as in figure 3.

Symbols for the sites of restriction endonucleases: { EcoRI,

t BamHI, HindIITI.
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genes which are efficiently transcribed often are
hypomethylated, whereas inactive genes are usually, but not
necessarily, hypermethylated. Methylation of specific sites
in DNA can be analyzed by using different restriction
endonucleases that have specificities influenced by DNA
methylation. For example, the enzyme HpaII will cleave DNA at
the sequence CCGG but not at C'CGG; on the other hand, the
enzyme Mspl will cleave the sequence CCGG whether the second
C is methylated or not (except in the case of the sequence
GGC"CGG) . Globin gene clusters are among the most intensively
studied in terms of their chromatin structures and their
relation to gene expression. For example, a Hpall site at the
5' end of the o” globin gene and another just 3' to the o gene
are unmethylated in embryonic and in adult erythrocytes where
the o’ gene is expressed, but are completely or partially

methylated in brain and sperm where the o’

gene 1is not
expressed (111).

The DNase I sensitivity of a gene in isolated nuclei can
be related to the transcriptional activity of the gene.
Chicken globin genes have been extensively investigated using
DNase I sensitivity assays as well as sensitivity to other
nucleases. Both the adult and embryonic B-type globin gene
regions are very sensitive to DNase I digestion in primitive
erythroid cells which only express embryonic B-type (p and ¢)

globin genes. The adult 8 globin gene remains highly sensitive

in definitive erythroid cells where this is the only B-type
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globin gene to be expressed, while the DNase I sensitivity of
the now inactive embryonic B-type globin genes is reduced to
a moderate 1level. All the globin genes are relatively
insensitive to DNase I in nuclei from non-erythroid tissues.

DNase I hypersensitive sites are often found in the 5!
flanking region of actively transcribed genes. Such sites have
been shown in the 5' flanking region of o*-and oa’-globin genes
in definitive erythroid cells and of the x-globin gene in
primitive erythroid cells (112). Similar sites also have been
found in embryonic and adult B8-type globin genes in
appropriate cell types (113-117). Thus, there is a close
relationship between DNase I hypersensitive sites at the 5!
end of the chicken globin genes and the activity of these
genes.

Chicken adult a-globin genes (o* and o) possess some
transcriptional activity in primitive erythroid cells ,unlike
the adult B8-globin gene which expresses strictly in definitive
erythroid cells (69,118). This indicates that the
transcription regulatory mechanisms may differ for the chicken
adult a globin genes and the adult B globin gene.

Eryfl, an erythroid-specific DNA-binding factor,
recognizes a regulatory sequence which is capable of confering
tissue specificity within the 3' enhancer of the chicken 8-
globin gene (33,34,119-122). The regulatory sequence to which
Eryfl binds also can be found in the 3' flanking region of the

chicken a*-globin gene, upstream of the TATA sequence of the
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o” gene, and in the = gene promoter (35,120). Moreover, the

binding sites within the 3' flanking region of the chicken o*-
globin gene have been shown to be capable of exerting tissue-
specific enhancer activity (35).

The mechanism of transcriptional regulation of the
chicken B-type globin gene family has been well explored.
There is evidence to suggest that the developmental regulation
of the chicken ¢- and B-globin genes involves at least two DNA
elements. One of these is responsible for tissue specificity
(the enhancer in the 3' flanking region of B globin gene) and
another is responsible for definitive erythroid cell stage
specificity (the B8-globin developmental stage selector element
within the B-globin gene promoter) (33,120,123,124). Recently,
a transcriptional repressor (PAL) and a transcriptional
activator (CON) which bind to the promoter region of the
chicken B-globin gene have been identified by an in vitro
transcription assay. The balance between PAL and CON during
erythropoiesis has proven to be partially responsible for the
developmental regulation of the chicken B globin gene (125).

Transcriptional silencers of globin genes have been
identified in the 5' flanking region of human a- and human e-
globin genes (62,63). Short areas within the silencer element
of the human ¢-globin gene have some homology with sequences
from other known negative regulatory elements (64). In

addition, the ¢ silencer has a stronger effect in Hela cells
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(a non-erythroid cell line) than in K-562 cells (erythroid
cells) which suggests that the ¢ silencer may contribute to
tissue specificity (63). DNA footprint and deletion mutant
studies also suggest that the 3' flanking region of the
chicken B globin gene may contain negative regulatory elements

also acting in a tissue specific manner (34).
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CHAPTER 3

TERIALS AND METHODS

Plasmid Construction:

Subclones of the a-globin gene, pBRa7-1.7 and pHRa5-4.3
have been described (1). Plasmid pAT48D-HV5.6 contains both
adult genes on a 5.6 Kb fragment from an EcoRV site upstream
of the a’-globin gene to the Hind III site just downstream of
the o* gene. Subclone pdBRa7-1.7 is identical to pBRa7-1.7
except that its vector (pATdT) contains a deletion from
nucleotide 401 (relative to EcoRI) to 1283 in order to make
further construction easier. Various fragments from flanking
regions of the a*-globin gene have been cloned into BamHI or
BglII sites in pBRa7-1.7; detailed descriptions will be

provided in Results and Discussion.

Bal 31 Digestion:

Bal3l exonuclease was used as described by Maniatis et
al. (2). 5 pg of pBRa7-1.7 was first linearized using KpnI and
then subjected to 2-5 units of Bal3l digestion at 30° for 2-
10 min. The digestion with Bal3l was stopped by adding 1/10
reaction volume of 0.25 M EGTA followed by phenol/chloroform

extraction. These linearized plasmids were then blunt-ended
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by 0.5 unit of DNA polymerase I large fragment (Klenow) with
four deoxynucleotides (dATP, dTTP, dGTP, dCTP; 0.25mM each)
in the reaction mix. 0.3 pg Kinased XhoI linkers were ligated
to these blunt-ended DNA fragments using a high concentration
(0.1 u/pl, final conc.) of T4 DNA ligase at 16° overnight. The
excess linkers were removed afterward by XholI digestion and
EtOH precipitation. The final step was to recircularize these
treated fragments using a low concentration ( 0.01-0.001 u/ul,
final conc.) of T4 DNA ligase at 16° overnight. The end
product was then transformed into the competent cells of E.
coli DH5 prepared as described (2). Individual colonies were
picked and used to prepare plasmid DNA for restriction enzyme
analysis as described in (2). Those bacterial clones with a
XhoI linker and a deletion of interest were stored as glycerol

stocks at -70°.

Deletion Mutant Construction:

A scheme for making deletion mutants is shown in figure
1. A series of deletions was made by Bal 31 digestion as
described in the previous section and shown in figure 1B.
Mutant K-»X 1is constructed as shown in figure 1A. The
construction procedure is almost identical to that used to
make the deletions (figure 1B) except that mung bean nuclease

was substituted for Bal3l in order to covert the KpnI site to
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Figure 1: Scheme for Deletion Mutant Construction.
The thick line represents pBR322 sequence and chicken globin
gene region DNA is indicated by a thin line. Details of the
construction are described in the text (Materials and

Methods) .
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a blunt end. The mung bean nuclease digestion is performed at
37° in buffer containing 30 mM sodium acetate (pH 5.0), 100
mM NaCl, 2 mM ZnCl,, 10 % glycerol. The end products from A
and B were both subjected to Scal and XhoI digestion and
followed by fragment collection and 1ligation as shown in

figure 1C.

Hybrid Genes Construction:

Hybrid genes which contain the a*-(or o’-) globin gene
promoter linked to the CAP site and the body of the o’-(or o*-
) globin gene were constructed using the 1linker scanner
mutagenesis (3). Most of the details are described in (4)
except for the 3' deletion mutants of the a*-globin gene. The
3' deletion mutants were constructed identically to the
5'deletion mutants except that plasmid pdBRa7-1.7 was
substituted for pBRa7-1.7, and the first enzyme digestion was
changed from KpnI to NaeI. All the hybrid genes we constructed
were made by joining deletion clones with an 8 bp XhoI linker
at bp -15 (-14 for o° promoter) to -7 between the TATA
sequence and the CAP site (+1) of the relevant promoter. The

resulting hybrid genes are shown in Results and Discussion.

Sequencing:

The deletion clones were analyzed by sequencing in order
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to precisely locate the end point of deletion. The chemical
degradation method of Maxam and Gilbert (5) as modified by
Smith and Calvo (6), was utilized to conduct the above
analysis. To end label the DNA fragments, two methods were
employed: in one T4 polynucleotide kinase is used to transfer
the y-phosphate of [y-’?P]JATP to the 5'-OH termini of DNA
fragments (2), the other involves the use of the Klenow
fragment of DNA polymerase to fill in the 3' recessed end of
these fragments with [a-”P]dCTP (2) . The unwanted labeled ends
were removed by a second restriction enzyme digestion. Four
of the standard Maxam-Gilbert reactions (A, A+G, T+C, C) were
performed and 'the reaction products were run on a 20%
denaturing polyacrylamide gel in order to determine the end

of given deletion.

Cell Culture: -

Chemically transformed quail fibroblasts (7) were grown
in Dulbecco's modified Eagle medium (Gibco Laboratories)
supplemented with 4% fetal calf serum, 1% chicken serum , 1%
DMSO (Fisher scientific), and the antibiotics, penicillin and

streptomycin (50 u/ml each).

DNA Transfection:
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The calcium phosphate procedure (8) was used to
transiently transfect QT6 cells. QT6 cells were plated to a
density of 1-2 X 10° cells per 100mm tissue culture plate 16-
20 hrs before transfection. 2-4 hrs before transfection, old
media was replace by 7 ml of fresh media. 20 ug of test
plasmid and 20 pg of internal control plasmid (pRSVCAT) were
coprecipitated beforehand. The DNA/calcium phosphate
precipitate was made by mixing 418 xl1 ddH,0, 20 ul DNA
solution, 62 ul 2M CaCl, and 500 pl 2X Hepes buffered saline
(280 mM NaCl, 50 mM Hepes, 1.5 mM Na,HPO,, pH 7.10 * 0.05)
followed by incubation at the room temperature for 30 min. The
above mixture was added to the QT6 cells and then removed and
replaced by fresh QT6 media after 4 hrs of incubation at 37°.
RNA was isolated from the cells 48 hrs after the DNA-calcium

phosphate mixture was removed.
Poly A+ RNA Isolation:

Two 100mm plates of QT6 cells were lysed with 3mls of
lysis buffer (0.5 M NaCl, 10 mM Tris HCl pH 7.5, 1 mM EDTA,
1% SDS, 200 wg/ml proteinase K) and the high molecular weight
DNA was sheared by passing through a 22 gauge needle. This
homogenate was incubated at 37°C for 1 hr. 0ligo-dT cellulose
was swelled in RNase-free ddH20 and mixed with lysis buffer
to remove residual RNase activity. The cell homogenate was

then added to this treated oligo-dT cellulose and rocked at
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room temperature for one hour. The oligo-dT cellulose was
subsequently spun from the solution and washed twice with high
salt buffer (0.5 M NaCl, 10 mM Tris HC1l pH 7.5, 1 mM EDTA),
and twice with low salt buffer (0.1 M NaCl, 10 mM Tris HCl pH
7.5, 1 mM EDTA). The poly A+ RNA was removed from the
cellulose by adding 2 mls RNase-free ddH,0 followed by
precipitation with the addition of 200 gl 3M NaOAc(7.0) and

2.5 volumes of EtOH.

RNase Protection Assays:

Vector pT7-1 (U. S. Biochemical Corp.) was used to clone
the 342 bp Sau3A fragment from the d“-globin gene and the 329
bp MspI fragment from the aD-globin gene. Furthermore, another
vector pT7/T3-mpl8 (Bethesda Research Laboratories) was used
to clone the 148 bp HindIII/ Pvull fragment of the CAT gene.
Both vectors are able to template in vitro transcription from
the T7 RNA polymerase promoter which is positioned directly
upstream from each cloned fragment. In all cases, the plasmid
DNAs were first linearized by HindIII digestion, so they would
template RNA probes of specific defined 1length. T7 RNA
polymerase was used to generate labeled RNA transcripts as
described in the directions from the supplier (U. S.
Biochemical Corp.). These riboprobes (5 X 10° cpm) were then

hybridized with poly A+ RNA samples in hybridization buffer
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overnight at 55°C, and later treated with RNase A and Tl as
described by Melton et al. (9). The final products were

afterward run on 6% denaturing polyacrylamide gels.

Crude Nuclear Extract Preparation:

Six 100 mm plates of 80% confluent QT6 cells were first
washed twice with 1X PBS (0.1 M NaCl, 2.68 mM KCl, 2.68 mM
KH,PO,, 8.7 mM Na,HPO,) and then incubated with 5 ml of
solution A (10 mM Hepes pH 7.9, 1.5 mM MgCl,, 10 mM KCl, 0.5
mM DTT) on ice for 5 mins. All the following steps were
carried out at 0-4°. Swelled QT6 cells were scraped into a 30
ml Corex tube and pelleted at 2000 rpm for 5 mins in the SS34
rotor. The pellet was resuspended in 5 volumes (of pellet) of
solution A and incubated for 10 mins. The cell suspension was
pelleted in an SS34 rotor as above. These QT6 cells were then
resuspended in 2 volumes of solution A and lysed by 10 strokes
of an all-glass dounce homogenizer (B type pestle). The
resultant crude nuclei were pelleted in an Eppendorf microfuge
at 4000 rpm for 5 mins. The pellet was resuspended in buffer
C (20 mM Hepes, pH 7.9, 25% v/v glycerol, 0.42 M NaCl, 1.5 mM
MgCl,, 0.2 mM EDTA, 0.5 mM PMSF, 0.5 mM DTT) with 10 more
strokes of a homogenizer, and incubated on ice for 30 mins
with constant gentle mixing. This nuclear suspension was then
centrifuged in the microfuge as above, the resulting pellet

was discarded, and the supernatant was dialyzed against 50
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volumes of buffer D (20mM Hepes, pH 7.9, 20% v/v glycerol, 0.1
M KCl, 0.2 mM EDTA, 0.5 mM PMSF, 0.5 mM DTT) overnight. The
dialyzed supernatant was centrifuged as above,the precipitate
was discarded, and the supernatant (crude nuclear extract) was

aliquoted and stored at -80°.

DNase Protection Analysis:

10 ng of labeled DNA fragments were mixed with 0-40 ug
of nuclear extract in binding buffer (0.1 pg/ul poly dI-d4C,
5 mM MgCl,, 100 mM KCl, 10 mM Hepes, pH 7.9, 0.1 mM EDTA, 10%
v/V glycerol, 0.25 mM DTT) and subsequently incubated for 30
mins at 37°. After binding, complexes were transferred to 21°
for 1 min, and 0.1 unit of DNase was then added for 1 min at
21°. The reactions were terminated by the addition of 25 mM
EDTA, 300 mM NH,OAc and 5 ug of yeast RNA. Resulting DNA
fragments were purified by phenol/chloroform extraction and
EtOH precipitation. The final products were suspended in 90%
formamide loading buffer and run on 6% denaturing

polyacrylamide gels.

Densitometry Analysis:

The signal intensities resulting from RNase protection

analysis were quantitated with a LKR 2222-010 UltraScan XL

Laser Densitometer (Bromma, Sweden). Peak areas were recorded
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and later compared.

Miscellaneous:

Restriction enzyme digestion, plasmid DNA preparations,
DNA labeling, and agarose and polyacrylamide gel
electrophoresis were essentially as described by Maniatis et

al. (2).
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CHAPTER 4

RESULTS AND DISCUSSION
A. a-Globin Gene Expression from Clones Containing the o®-

and/or o’-Globin Genes.

A variety of chicken a-globin gene clones were initially
transiently transfected into a quail fibroblast cell 1line
(QT6), a chicken erythroid-precursor cell line (HD3) and into
chicken erythroid cells isolated from 9-day embryos. No
measurable expression of the exogenous a=-globin genes was
observed in transfected HD3 cells and embryonic cells (results
not shown). The expression of the endogenous globin mRNA
showed that this was not a defect in the assay. The inability
to measure expression of exogenous a-globin genes may be due
to 1low transfection efficiency, inability to transcribe
transfected DNA or some other unknown reason. However, an
exogenous a’-globin transcript can be detected in QT6 cells
transfected with the chicken «*-globin gene, and this RNA is
initiated at the normal o*-gene CAP site (figure 2). Since
the transfected quail fibroblast cell line is the only system
we have found to date in which detectable transcription of the
transfected o*-globin gene could be demonstrated, this system
was used in all of the studies reported herein.

Plasmids containing the chicken o*-(pBRa7-1.7), and a’-

53
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(pHRa5-4.3) globin genes separately or together (pAT48D-
HV5.6), as shown in figure 1, were transiently transfected
into QT6é quail fibroblasts to study their constitutive
expression. Poly A+ RNA was isolated 48 hrs after transfection
and assayed by RNase protection analysis. In each transfection
experiment, 20 ug of pPRSVCAT (1) DNA, a plasmid containing a
chloramphenicol acetyl transferase gene using the 1long
terminal repeat (LTR) of Rous Sarcoma Virus as a promoter, was
cotransfected with 20 pg of the test clone. Half of the RNA
isolated from the transfectants was hybridized with a
riboprobe complementary to CAT RNA followed by RNase
protection analysis to serve as an internal control for the
relative tranfection efficiency in each experiment. The
detailed procedure used is shown in figure 2.

A 342 bp Sau3A fragment from the o*-globin gene was
inserted downstream of the T7 RNA polymerase promoter in the
pPT7-1 vector such that RNA transcribed in vitro would be
complementary to a*-globin mRNA. This was used to prepare a
labeled a*-specific antisense riboprobe which was hybridized
to RNA prepared from transfected cells. RNAs present in these
cells which arose from transcription beginning at the normal
a*-globin mRNA initiation site (CAP site) would generate a 131
bp protected fragment after hybridization to the probe and
RNase A and T1 digestion. The riboprobe for the o’-globin gene

and the CAT gene were made similarly and should result in
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Figure 1: Restriction Enzyme Maps of Three Subclones of
Chicken a-globin genes.
The two adult (o, «”) and the embryonic (r) genes are shown
in A. The arrows indicate direction of transcription. Exons
are shown as black boxes and introns are closed boxes. B, C
and D show three subclones containing various regions of the

chicken a=-globin gene cluster.
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Fig 2: Scheme for Testing Expression Level of Clones in QTé6
Quail fibroblast.

Two plates (100 mm) of QT6 cells were used in transfection
experiment for each test clone. Poly A+ RNA was isolated 48
hrs after transfection. Half of the RNA isolated from two
plates was used to examine the expression of the a=-globin
genes, and the other half was used to examine the expression

of the CAT gene.
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A and «®’-Globin

Figure 3: Scheme for Making the Riboprobe for a
Genes and CAT Gene Transcripts.

A. A Sau3A fragment (342 bp) containing the o"-globin gene
first exon and its flanking region was cloned into the pT7-1
vector.

B. A MspI fragment (340 bp) containing the o’-globin gene
first exon and its flanking region was cloned into the pT7-1
vector.

C. A PvuII/HindIII fragment (147 bp) containing the coding
region of the CAT gene was cloned into the pT7/T3-mpl8 vector.
Both pT7-1 and pT7/T3-mpl8 vectors are able to template in
vitro transcription from the T7 RNA polymerase promoter which
is positioned directly upstream from each cloned fragment.
The procedures for making anti-sense riboprobe and the RNase
protection assay are described in Materials and Methods. After
RNase digestion , three protected fragments of 131 bp, 138 bp
and 147 bp are expected, respectively, from the RNA
transcripts of o*, o and CAT genes.

CAP: Starting site for mRNA transcription.

I: Exon 1.

II: Exon 2.



60

uojBes paajad daus

eqaudocy

a-eyud

222)
—

mowad /) |

10

Lvoasd

uojBes pejomad dagey

el qraude

o5

22

j
+ e
o2
o permad &ie
equooqy  f— o
b “aandz | & .......
i o o OO
U0 y-adm : H
& b o
w w-

J

> geyde

d

W veude '/






61
Figure 4: Transfection of Clones Containing the a-Globin Genes
and Hybrid Genes into QT6 Fibroblast Cells:
An RNase protection assay was performed on poly A+ RNA
isolated from QT6 cells transfected with (Lane 1) pBRa7-1.7;
(lane 2) pHRa5-4.3; (lane 3) pAT48D-HV5.6; (lane 4) A/A; (lane
5) A/D; (lane 6) D/D; (lane 7) D/A and 60 ng of total RNA from
anemic chicken reticulocytes (lane 8 and 9). The riboprobe for
the o*-globin gene was used in lanes 1,4,7 and 8. That for the
o«’-globin gene was used in lanes 2,3,5,6 and 9.
(B) RNA assayed in all the lanes used are as in panel A. The
riboprobe for the CAT gene was used in all lanes.
Procedures for transfection, RNA isolation, RNase protection
assay and gel electrophoresis are described in Materials and
Methods.
- indicates the marker size. = indicates the size of the
protected fragment for the o*-globin gene. « indicates the

size of the protected fragments for the a’-globin gene.
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138 bp and 147 bp protected fragments, respectively, after
RNase digestion. More details are shown in figure 3.

The results of such a RNase protection analysis are shown
in figure 4. The o*-globin gene in pBRa7-1.7 (figure 4, lane
1) and in pAT48D-HV5.6 (data not shown) shows a detectable
level of RNA initiated from its normal CAP site (figure 4 lane
1), whereas the o’-globin gene transcript was not detectable
for both pHRe5-4.3 and pAT48D-HV5.6 plasmid (figure 4, lanes
2 and 3). We estimate that a band with about 1/10 the
intensity of the o*-globin band could be detected by these
experiments. Therefore, in our transfected QT6 cell system,
RNA initiating from the o* promoter is at least 10 fold higher

? promoter, whereas o and o’-globin genes

than that from o
express coordinately in a 3:1 ratio in vivo(2). There is a
noticeable band between the two arrows (=) in every RNase

? riboprobe (figure 5, lanes

protection assay using the a
2,3,5,6,9). Since this band was also found in a negative
control using normal QT6é RNA (data not shown) and since the
positive control (figure 5, lane 9) contains two sharp bands
(as indicated by the arrows «), we believe that the band is
an artifact resulting from incomplete RNase A+T1 digestion of
this riboprobe, and that it should be ignored. In this and
subsequent RNase protection analyses, the poly A+ RNA of
untransfected QT6 cells was used as a negative control. No

cross-hybridization was found between the riboprobes and QT6
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Figure 5: Maps of Chicken a-Globin Hybrid Genes.
The construction of hybrid genes is described in Materials and
Methods. Hybrid genes with the a’-globin gene promoter have

one extra base pair between the TATA box and the CAP site.
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RNA (figure 11C, lane 7) as expected, since the QT6 fibroblast
cells do not express endogenous globin RNAs. Total RNA from
anemic chicken reticulocytes was used as a positive control
to identify the normal CAP sites of o*~ and o’-globin gene
transcripts (figure 4A, lanes 8 and 9), and to compare
relative expression levels in different assays.

In order to explore the reason(s) for this difference in
relative expression levels from the o* and o” gene promoters
as compared to their in vivo behavior, chimeric a-globin genes,
consisting of one a-globin gene's promoter linked to the other
gene's body, were constructed by linking two deletion mutants
(see below) at a 8 bp XhoI linker site inserted between the
TATA box and the CAP site (figure 5). Since an 8 bp region

between the TATA box and CAP site (7 bp for the o°

promoter)
has been replaced by an 8 bp XhoI linker (figure 5) in these
hybrid genes, two control genes, A/A and D/D (figure 5), were
constructed to monitor any possible variation in transcription
efficiency caused by the XhoI 1linker replacement. To our
surprise, the expression level of the o®-gene in the A/A clone
(figure 4, lane 4) is much higher than in pBRa7-1.7 (figure
4, lane 1). This phenomenon is presumably due to the Xhol
linker replacement, but the exact reason for the change
remains obscure. However, a comparison among the expression

levels of these hybrid genes should still be meaningful since

all of these genes possess this XhoI linker replacement. The
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1 extra bp added directly upstream from the Xho I linker in
D/D and D/A (figure 5) was not expected to have a substantial
effect on the expression level of these genes and on the
positions of the cap site. For example, in a similar study on
the expression of the SV40 early gene, mutants containing
deletions directly downstream of the TATA box gave similar
expression levels to wild type, and the 5' ends of RNAs from
the mutants began approximately the same distance downstream
from the TATA box as for the wild type gene (4).

The results of transfecting these constructs into QTé
cells are shown in figure 4. The o* promoter linked to the o
body (A/D) expresses RNA at a level about 1/3 that of the
control o* gene promoter-o* gene body construct (A/A) (figure
4, lane 4 and 5), a ratio consistent with the expression ratio
of these coding sequences in vivo (figure 4 lane 8 and 9).
However, the chimeric genes with the a’-globin promoter
(attached either to the o* or o gene body, figure 4, lanes 6
and 7, respectively) showed no detectable signals. These
results suggest that in QT6 quail fibroblasts, the o’-globin
gene has a much weaker promoter activity than does the o*-
globin gene and that it may require an additional activator(s)
or/and relief from repressor(s) to express at a detectable
level. It should be noted that absence of expression from the
aP-globin gene in a fibroblast cell is, in fact, the behavior

expected from a normally erythroid cell-specific gene such as
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a globin gene. We know that the endogenous o~ and o’-globin
genes are not expressed in QT6 cells (3). However, expression
of transfected genes including globin genes, in analogous
mammalian systems, has often been observed in cell types where
the corresponding endogenous genes are inactive. These results
do suggest that the body of o"-globin gene does not exert a
significant inhibitory effect which blocks expression from
the o°-globin gene, since the chimeric A/D gene shows
detectable expression of a“-globin gene sequences (figure 4,
lane 5). All the clones tested in figure 4. have been examined
in at least two separate transfections, and results consistent
with those shown were obtained.

The above results are similar to expression data obtained
in cells stably transfected with these clones, in this case
using G418 resistance expressed from a co-transfected pSV2neo
plasmid to select transfectants. However, in this case no
transcription from the A/D mutant was detected (appendix II).
The relatively insensitive S1 protection assay used in these
studies and the low level of A/D expression observed by RNase
protection in our transient transfections may explain the

difference in these results.

B. a*-Globin Gene Expression from Clones Containing Deletions

in the Upstream Promoter Region.

Although the promoter elements important for maintaining
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basal levels of the mouse and rabbit B-globin genes have been
well characterized (5,6), there is little known about promoter
elements of this kind in the chicken a®-globin gene. In order
to further understand the promoter elements controlling
constitutive expression of the a*-globin gene, a nested set of
deletion mutants of o*-globin gene 5' flanking sequence was
constructed. Each deletion began at the KpnI site (-340) and
ended upstream of the TATA box. The construction of this
deletion series is described in Materials and Methods. The
resulting mutants all have a deletion starting at =340 and
ending at a point between =325 to -84 as shown in figure 6.
The naming of these clones is described in the legend of
figure 6.

Transient transfection of the above mutant DNAs into QTé
quail fibroblasts was performed, followed by RNase protection
analysis as described above (figure 2). The expression level
of the a®-globin gene varied little with deletion of sequences
from -340 to -169 (figure 7A, lanes 2-10; figure 7C, lane 4),
on wild type pBRa7-1.7 (figure 7C, lane 1). However, once the
deleted region extended to -156, a major drop in expression
was observed (figure 7C, lane 5). A156 expressed the o*-gene
transcript about 20 fold less than those mutants with shorter
deletions. Surprisingly, however, deletions of increasing
extent toward the o*-globin gene (A147, Al44, Al1l4) show a
gradual increase in the expression level (figure 7C, lanes

6,7,8) compared to the reduced level of Al156. However, when
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Figure 6: Size and Location of the Deletion Mutants.
For each deletion mutant except for AB/X, the deletion starts
from the KpnI site (-340) and ends at the base pair for which
it is named (Each clone's name is given by A followed by the
absolute value of the 3' end of the deletion.). Mutant AB/X

has a deletion from -894 to -340.
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Figure 7: Transfection of deletion mutants into QT6 fibroblast
cells.
(A, B) RNase protection assays were performed on poly- A+ RNA
from QT6 cells transfected with (lane 1) K-+X; (lane 2) A325;
(lane 3) A316; (lane 4) A309; (lane 5) A301; (lane 6) A284;
(lane 7) A231; (lane 8) A205; (lane 9) A187; (lane 10) Al1l75.
(C,D) RNase protection assays were performed on poly A+ RNA
from QT6 cells transfected with (lane 1) pBRa7-1.7; (lane 2)
AB/X; (lane 3) K-X; (lane 4) Al1l69; (lane 5) Al156; (lane 6)
A147; (lane 7) Al44; (lane 8) All4; (lane 9) A94; and on 20ng
of total RNA from anemic chicken reticulocytes (lane 10).
Riboprobe for the a®-globin gene was used in panels A and C.
Riboprobe for the CAT gene was used in panels B and D.
Procedures for transfection, RNA isolation, RNase protection
assay and gel electrophoresis are described in Materials and
Methods.
-+ indicates the marker size. » indicates the size of protected
fragment for o®-globin gene in panel A and C. > indicates the
size of protected fragment for CAT gene in panel B and D.
Mutant K-X is almost identical to pBRa7-1.7 except that the
KpnI site (-340) has been converted to XhoI site. The

construction of K+X is described in Materials an Methods.
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Table 1: Densitometric analysis of mutants containing

deletions in the promoter region of the a®- globin

gene.
experiment 1° experiment 2° experiment 3°
PBRa7-1.7 i 1
K-X 8 8
7284 10.4 3.6
A231 9.6
A205 3.2 7.4
2187 14.4
Al175 24.8 1.76
A169 7.6 1.2 2.16
A156 0.24 0.016
2147 1.44 0.04
A144 3.6 0.4
2114 1.76 2.24 0.064
294 0.016 0.16 2 x 10™
£84 0.16 0.008

a: In experiments 1 and 2, the expression level of the
chicken a*-globin gene has been normalized relative to
internal control (CAT gene). The expression from pBRa7-1.7
was arbitrarily assigned a value of 1.0.

b: Due to the low specific activity of the CAT riboprobe,
internal controls were unable to be used in experiment 3. An
equal transfection efficiency for each test clone was
assumed in this experiment. Since pBRa7-1.7 was not included
in this experiment, the value for K-X was arbitrarily set
equal to that found in experiment 1.
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the deletion extended to =94, the expression of the a‘—globin
gene became almost undetectable (figure 7C, lane 9). All the
deletion mutants have been tested at least twice with
consistent results as shown in table 1.

An analysis of o®-globin gene 5' flanking sequences
protected from DNase I by QT6 cell nuclear extracts was
carried out to investigate protein-binding activities within
this DNA region. The source of binding protein was a crude
nuclear extract from QT6 quail fibroblasts. Extracts were
incubated with the EcoRI(+859)/XhoI (-205 and -169) fragments
end-labeled at the XhoI site containing the ao*-globin 5°'
flanking region. These fragments were derived from the A205
and A169 constructs. By comparison of band intensities between
DNase I digestion without added QT6 nuclear extract (figure
8 A and B, lane 1) and with increasing amounts of QT6 nuclear
extract (figure 8 A and B, lane 2-4), several regions (defined
in figure 9) were observed which give rise to bands of
decreasing intensity as nuclear extract 1levels increase.
Therefore we suspect that one or more DNA-binding proteins
from the QT6 nuclear extract interact with these regions.
Since the size of the region protected usually exceeds the
actual protein binding site, further in vitro binding
experiments using oligonucleotide competitors would need to
be performed to identify the specific binding site sequence

elements of these proteins. Some of the protected regions
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Figure 8: DNase Protection Analysis of the Chicken «*~Globin
Gene Promoter Using Crude Nuclear Extracts from QT6 Quail
Fibroblasts.
(A) (Lane M) HinfI-digested pBR322 as size markers; (lane G
and A+G) DNA sequencing ladders; (lane 1) no N.E. added; (lane
2, 3, 4) 5, 10, 15 ug N.E. added.
(B) (lane G and A+G) DNA sequencing ladders; (lane 1) no N.E.
added; (lane 2, 3, 4) 10, 20,40 pug N.E. added.
A 1,114 bp EcoRI-XhoI end-labeled fragment from +909 to =205
was used in panel A. A 1,078 bp EcoRI-XhoI end-labeled
fragment from +909 to -169 was used in panel B. For each lane
(1-4), 10 ng of labeled fragments was used.
The numbers to the left of panel A and B indicate the
nucleotide positions with respect to the o®-globin promoter

CAP site as +1.
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Figure 9: Summary of Protein-DNA Interactions on the Chicken
a*~Globin Promoter Regions.
Sequences in boldface indicate regions of protein binding,
underlined sequences denote putative CCAAT box regions and the

arrows designate enhanced cleavage by DNAase I in response to

binding.

-170 - 160 ‘ -150 } -140
TCCTAACACTAACCCCAGCTCGCGTCCCGGTCCAACCCCC
-130 -120 -110 -100

CCAGCCTGCGCACTATCGTGCGTGGCCAGGCCAGCAGCCC

-90 -80 -70 -60
TCCCTGGCTGGGGTCCAGAATCTATGGCGCG
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revealed by this experiment corresponded with those regions
affecting the expression of the o*-globin gene in QT6 cells as
revealed by the deletion analysis discussed above. For
example, A94 has a deletion extending from -340 to -94, which
deletes an apparent factor binding site at -106 to -93
(figures 8 and 9). The above results suggest the possibility
that an activating protein binds to the region between -106
to -93. Another transcription rate reduction occurred when
the 5' deletion was extended from =169 to =156, whereas
further deletion, from =156 to =114, increased the
transcription rate of a®-globin gene relative to the 4156
construct. There are two possible factor binding sites at -167
to -157 and at -152 to -147, in the region affected by the
above deletions. The deletion of the first protected site (-
167 to -157) resulted in a decrease in transcription , whereas
the deletion of the second site (-152 to =-147) appears to
enhance the transcription rate. These observations could be
explained by an activating protein binding to the first site
and a repressor or negative regulatory protein binding to the
second site. Of course, a variety of more complex scenarios
is also possible. This phenomenon is somewhat similar to that
observed in studies of the chicken B-globin gene promoter,
which possesses a binding site for a transcriptional repressor
(PAL) which is side by side with another binding site for a

transcriptional activator (CON), although, in this case, these
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were observed in an in vitro transcription system using a
chicken red cell extract (7). Thus these B8-globin results were
obtained in an erythroid-specific system. Five putative CCAAT
box regio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>