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INTRODUCTION . 

I. STATEMENT OF PROBLEM. 

Sickel cell anemia (SS) is a severe disorder with recurrent 

painful vasa-occlusive crises, chronic hemolytic anemia, increased 

susceptibility to. infection, chronic organ damage, and a shortened 

life expectancy. However, there is wide variation in the clinical 

expression of sickle cell anemia. · In contrast to the severe cases, 

certain SS patients have few, if. any, . symptoms and lead a near 
.. 

normal life with survival into old age. 

Most mild SS cases have been reported to come from the Middle 

East (Saudi· Arabi9: and Kuwait) and India. The.· most striking feature 

. of these patients has been a markedly elevated Hb F . (18-25 o/o [Gy, 75 

o/o] .). · .The cause .of the increased Hb. F production is not known, but a 

deletional or non-deletional HPFH was not involved, since the parents 

did not have elevated circulating levels of Hb F. 

Furthermore, there is .evidence (1-3) that the high level of Hb F 

in these SS patients is associated with a ~s chromosome with a 

specific haplotype (labelled #31 ). It is . possible that the #31 

haplotype ~s chromosome in Saudi Arabian SS patients has certain 

modification in the regulatory regions (promoter or enhancer) which. 

· control the expression of Hb F. 

1 



. 2 

The search for mutations in the promoter regions of the 1 (G 1 

and A1) globin genes on the Saudi Arabian type ~S" chromosome (#31) 

resulted in the discovery of C to T substitution at -158 5' to the 

cap site of the G1 globin gene , which results in the presence of an·· 

Xmn I site . The C to T substitution at ~158 5' of the G1 globin gene 

. h_as been previously demonstrated to be associated with an increased 

level- of Hb F, especially that which· contains the G1 chain (4-1 0). 

However, the precise relevance of this substitution to the elevated 

Hb F production in Saudi Arabian SS patients is still uncertain since · 

nor·mal Saudi Arabian (AA) who may also have this substitution do 

not demonstrate an increased level of Hb F, either. in circulating 

erythrocytes . or in progenitor-derived erythroblasts (3). Also,. the 

mean Hb F values in. blood of Saudi SS patients (1) are higher than 

· those in Senegalese SS · patients (7), despite the fact that both are 

homozyg~us for the C to T substitution at -158 5' to the G1 g_lobin 

gene. · · Thus, the regulation resulting· in elevated levels of Hb. F is 

more complex and may involve interaction with additional factors . 

. - Recently, by using an in vitro expression assay system, Bodine 

and Ley (11) have shown that an enhancer-containing fragment is 

located at approximately 400 bp 3' to the poly-A signal of the A1 _ 

globin gene and _is less than 750 bp in length. Even though no 

evidence is yet available to suggest that this fragment acts as ah 

enhancer in vivo , the enhancer-containing fragment 3' to the A1 

globin gene may be a candidate as a cis - acting regulatory factor for 

the· expression of the 1 globin genes. This possibility might explain 
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the reason why Saudi Arabian SS patients have a high production of 

HbF. 

The studies to· be described here concern a comparison of the 

enhancer-containing fragments and in vitro expression assays of 

these fragments~ The enhancer-containing fragments were isolated 

from DNA. of a Saudi Arabian SS patient (haplotype #31; homozygote), · 

a SS patient from Georgia (haplotype # 19; homozygote), and a 

normal control( Yugoslavian). The purpose o( the sequence analysis 

was to see if any significant difference could be observed between 

these chromosomes. In addition, the functional . activities of two 
f 

enhancer-containing fragments (from the SS patients with haplotype 

#31 and #19) were evaluated in an in vitro expression assay. 

The purpose of all these studies was to gain more insight into 

the cause of the increase in Hb F production in SS patients . w_ith a 

specific ~s · chromosome(haplotype #31 ). 



II. REVIEW OF RELATED LITERATURE 

(1) THE ORGANIZATION OF THE HUMAN GLOBIN GENES 

Different hemog·lobins (Hb) are synthesized during embryonic, 

fetal and adult life ; some of their properties are summarized in Fig 

1. As is shown in Fig. 1, the globin genes are organized in two 

families: an a globin gene cluster on chromosome 16 (12) and a p 

globin cluster. on chromosome ·11 (13). The genes within each 

complex, together with some inactive pseudogenes, are in the same 

5' to 3' orientation and are arranged in the order in which they are 

expressed at different stages of development. 

All . human Hbs are tetramers (4 subunits) consisting of two 

pairs of unlike peptide chains, each associated with a heme molecule. 

Normal adults have a major hemoglobin, Hb A (a2 f3 2), and a minor 

component called Hb A2 (a2o2) (13a). The main hemoglobin in fetal 

life is Hb F (a212), which has a chains combined with 1 chains. 

There are two varieties of 'Y chains which differ in their amino acid 

sequence at position 136,. ·where they have either glycine (G1 chain) 

or alanine (A1 ch-ain) (13b). In embryonic life, ~ chains are 

· synthesized which combine with e or 1 chains to form Hb Gower I ( 

~2e2 ) or Potland ( ~212 ) while a and e chains· can combine to. form Hb 

Gower 2 (a2e2). 

The coding portion of each globin gene is contained in three 

exons separated by ·two introns. Details about the a and p globin 

4 



FIGURE 1. Organization of the human globin genes and hemoglobins 
produced in each stage of human development. 

Reproduced from G. Stamatoyannopoulos et al. The 
Molecular Basis of Blood Diseases . W. B. Saunders 
Company. 1987 with permission. 
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genes, responsible for the synthesis of a chains __(141 residues) and ~ 

chanins (146 residues) are shown in Fig. 2. The promoter of a gene 

is the DNA sequence required for accurate and efficient initiation of 

transcription. Promoter sequences generally are within 200 to 300 

bp upstream or 5'. to the cap site and only function in one orientation 

with respect to the coding portions of the gene. Sequence 

comparisons and functional analyses of the types to be described 

have led to the realization that promoters are composed of several , 

functional elements, or. "motifs" ranging from 6 to 20 nucleotides in 

length. These elements are thought to interact with specific 

DNA-binding proteins that facilitate and regulate transcription 

(14,15). Certain elements may be involved in a promoter function, 

others may be involved in a regulated or· ind!Jcible function, and 

some may be important for both. The first is a ~egion rich in 

adenine. and thymine, referred to as the "ATA" ( "TATA" or 

Goldberg-Hogness) box which found approximately 30 bp upstream 

from the cap site. The second conserved region, located between 70 

and 90 nucleotides upstream from ·the cap site, was ·recognized 

through a comparison of globin gene promoters (16) and has the 

general consensus structure 5' GGC/TCAATCT 3' (17). · This element 

is usually referred ·to as the "CCAAT" (or "CAT") box and is found in. 

the promoter region of many g~nes. A third sequence ("CACCCT" or 

"CACCC") ~as recognized as being conserved in the region between 

90 and 105 nucleotides upstream from the cap site of ~-like globin 

genes (18); it also· has been shown to be of functional relevance 

(19,20). Figure 3 · . compares the nucleotide sequence of the 



FIGURE 2. Functional elements of a globin gene. 

The sizes of exons and introns given in the lower part 
_of the figure are those ·of the human· globin genes. 

· Reproduced from G. Stamatoyannopoulos et al. . The 
Molecular Basis of Blood Diseases . W. B. Saunders · 
Company. 1987 with permission. 
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FIGURE3. Human ~-like globin .gene promoters 

The conserved blocks of DNA sequence in the promoter 
region of the several genes are shown. By convention, 
nucleotides upstream from the gene are numbered as . 
minus the number from· the first transcribed nucleotide. 
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____ ._c_TC __ CA_c_c_c ______ c_c_AA_T _____ A_T_AAA ____ ~I· E 
-115 -83 -28 . 

CTCCACCC CCAAT CCAAT ATAAA 
-148 -115 -88 -30 'Y 

CCAAC ATAAA 
-68 -31 

CCACACCC 
CCTCACCC CCAAT ATAAA 

-108 ~93 -76 -31 



promoters of the different ~-like genes. It has been possible to 

introduce point mutations into these conserved elements (19,20). 

Such single nucleotide substitutions generally reduce promoter 

function to 10 - 40 °/o of ·that of the wild type. In addition, 

~ structural characterization of the 'Y _gene promoters from individuals. 

with non-deletion forms of HPFH has been most informative with 

respect to the role of promoter specificity in controlling 'Y gene 

expression in adult erythroid cells. _ Substitution of A for G at 

position -117 of the A'Y gene pro,moter is found in individuals with 

the Greek type HPFH ( Table 1). Note that this substitution occurs in 

a sequence motif that is conserved in promoters of genes expressed 

during the prenatal developmental period (21 ). Several nucleotide 

substitutions in the regions of the 'Y gene promoter, the distal 

C C AA T box, and the region between -196 and -202 result in 

continuation of Hb F expression in adult life (Table 1 ). Also, several 

~+thalassemia genes have been described that contain single base 

substitutions within conserved DNA sequences that form the 

promoter for the ~ globin gene. Two of· them· , at positions -87 and 

-88 relative to the mRNA cap site, are within a sequence [T or 

A]CACCC, which is conserved upstream of the ~ globin gene (22-24). 

The others (25-28) lie within the AT A box homology that forms part 

of the proximal promoter elefTlent. These data suggest that certain 

nucleotides are involved in specific sequence interactions with DNA 

binding proteins. At present, a definite function has not been 

assigned to any conserved sequences with the exception of the "AT A" 

9 



- Table 1. Mutations in the Promoter Region of G'Y and A'Y Genes. 

Mutation o/o Hb Fin Gy(o/o) Population/ Ref. 

. heterozygotes ethnic· group 

---------------------------

-202 C to G in G'Y 1-0-20 95 Black 95 

-1 7 5 T to C in G y · 30a 90 Black 96 

-161 G to A in G'Y. 1-3 70 Black 97 

-158 C to A in G'Y 2-5 90 Black 4 

.,202 C to T in A'Y 1.6-3.9 b 20 Black 97 

-1 9 8 T to C in A y 4-12 10 British. 98 

-1 9 6 C to T in A'Y 10-15 10 Chinese, Italian 99,100 

-175 T to C in A'Y 3"0a 20 Black Newc 

-117· G to A in-Ay 10-20 10" Greek, Black 101,102 

aFound ln one patient doubly h~terozygous for non-deletion HPFH · 

and J3s 

bFound in cis to a 13s gene on a chromosome with the Mor 

haplotype 

cFound recently by T. Stoming._ 

10 



box which appears to be directly involved in defining the exact 

transcriptional sta~t site, presumably by binding RNA polymerase II 

(29,30). 

Enhancers are segments of DNA of variable length that increase 

promoter function independent of orientation and position with 

respect to the promoter. For example, a ~ globin gene promoter is 

"enhanced" when the relevant DNA· segment is placed on either side of 

the gene and in either orientation in vectors (31 ,32). Several 

functional elements analogous to the sequence "motifs" of promoters 

have been identified in enhancers, and again these appear to interact 

with specific protein molecules (33-36). The enhancer requirement 

of rabbit (37) and human p globin gene promoters is shared by o and y 

globin gene promoters (38,39), but the a globin gene appears to 

·possess enhancer activity within its coding sequences (39,40). But 

the requirement of the p globin gene promoter for an enhancer in an 

in vitro expression can be replaced by addition of the adenovirus E1 a 

protein (41 ,42), a transcriptional activator that apparently interacts 

with the " AT A" box region of the p globin gene promoter to 

stimulate transcription (41-43). Two points are apparent. First, · 

the a and ~globin genes appear to be regulated in different ways, and 

the second, promoter . activity . may be achieved. by. different 

combinations of linked-sequence elements and protein factors. 

The G'Y and A'Y genes are virtually identical, reflecting a process 

of gene matching during evolution. In fact, the G'Y and A'Y genes on 

one chromosome are identical in the region 5' to the center of the 

11 



large intron, but show greater divergence in a 3' direction. At the 

boundary between the conserved and divergent regions there is a 

block of simpre sequences, which may ·be a "hotspot" for the 

· initiation of . recombination events that lead to unidirectional 

conversion. 

Several members of the two· best-characterized human 

repetitive· DNA ·sequence families, the Alu and Kpn repeats, have 

12 

been identified in the e.- y- o - J3 globin gene cluster. The Alu family 

derives its name from a common Alu I enzyme cleavage site found in 

60 percent . of its copies. Alu elements are thought to have been 

dispersed via an RNA intermediate that is converted into DNA by · · 

action of a ·reverse. transcriptase· prim~d off the poly A track. (44). 

There are eight members of the Alu repetitive sequence family in 

the human J3 globin gene cluster, and several of these are 

transcriptionally active in vitro and in vivo (21 ). Most attention has 

focused an· the two Alu elements approximately 3 kb 5' to the o gene 

because of the hypothesis that these had a· role in ·regulatiqn of the 'Y . 

to J3 switch (45,46), although recent characterization of oJ3 

thalassemia · (47) has provided evidence that markedly weakens this 

hypothesis. The second major class of repeat sequences is known as 

the Kpn family (48) because of Kpn I restriction endonuclease 
r 

cleavage sites located at analoguous positions in many copes of the 

sequences. One copy lies downstream from the J3 globin gene and 

another. between the e and 'Y globin genes (21 ). The latter region, -

which is over 6 Kb in length, has been sequenced and has a strong 



homology with the retrovirus long-terminal repeat at the end near 

the 'Y globin gene (21 ). Although RNA homologous to the human Kpn 

family is present in many human cells, its function and the nature. of 

any protein that it might encode has not been established. 

(2) GLOBIN GENE EXPRESSION DURING HUMAN DEVELOPMENT 

At about 5 weeks of gestation, the switch from human embryonic 

to fetal hemoglobin formation coincides with a change in the site of 

hematopoiesis from the yolk sack islands in the embryo to the liver 

in the fetus. The marrow starts to ·produce red cells during- the 

second trimester and becomes the major erythropoietic site during 

later fetal and adult life (Fig.4). · 

The relative rate of production of the G'Y ·and Ay chain is constant 

throughout fetal life at a Gyto A'Y ratio of approximately 3 to 1 (49). 

After birth, the level of 'Y chain productfon declines steadily and that 

of J3 chain production increases; at the end of the first year 'Y chain 

synthesis reaches the low level characteristic of adult life. During 

the first ·fe-w months· of life the G 'Y to A'Y ratio changes from 3 to 1 

to 2 to 3- in most infants (50). Less than 1 percent of the total 

hemoglobin in human adult red cells is Hb F; it is restricted to a few 

erythrocytes called "F-cells" which also contain large amounts of Hb 

A. The re-lative proportion of F cells is remarkably constant in 

different individuals and appears to be genetically determined, 

although it is unclear whether this control is monogenic or 

polygenic. Both the number of F-cells and the amount of Hb F in 

13 



FIGURE 4. Changes jn g!"obin chajn production. sites of 
hematopoiesis .. red cell morphology. and size of 
erythrocytes during the course of development. 

Reproduced from· G. Stamatoyannopoulos et al. The 
Molecular Basis of Blood Diseases . W. B. Saunders . 
Company. .1987· with permission. 
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each F-cell may be increased in various acquired and genetic 

conditions characterized by elevated Hb F levels. 

(3) MECHANISMS OF GLOBIN. GENE E.XPRESSION 

Production of globin in erythroid cells requires four major steps 

- gene transcription, RNA processing, nuclear to cytoplasmic RNA 

transport, and mANA translation during prote.in synthesis (Fig. 5). 

These mechanistic aspects of globin gene expression are common to 

the expression of all genes. 

(4) THE REGULATION OF GLOBIN GENE EXPRESSION DURING 

DEVELOPMENT 

The selective expression of individual globin genes during 

development is regulated primarily at the l·evel of gene transcription 

·.by (a) cis -acting control (regulatory) DNA sequences that are part of 

. a globin gene or are nearby within the globin gene cluster and (b) 

trans -acting regulatory proteins with which the control sequences 

interact. Areas· of study that are providing some information .of this 

regulation are summarized i.n Table- 2. 

The individual globin genes contain cis -acting regulatory 

sequences that define both tissue specific and developmentally 

specific patterns of expression. Candidates for this cis -acting 

regulatory sequenc·es include the promoter, coding sequences, and 

e·nhancers. 

The globin. genes are characterstically undermethylated when 

expressed, and they are more completely methylated during 

15 



FIGURE 5. Steps regujred for gene expression include 
transcription. 

Reproduced from G. Stamatoyannopoulos et al. , The 
Molecular Basis of Blood Diseases _- W. B. Saunders 
Company. 1987 with permission. 
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NUCLEUS ~Exons~ 
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II II Ill,,,,, I pI I I I I'.' I I It II I 1 I I I I I I I I I I I I I I I I I I II,.. I. II I 

~3'\. ~.. • ·~ I s· CODING,............. . ~ ~!1.'.'··'·'·•··,·,·,·~ 

1. TRANSCRIPTION 5 "CAP" Addition 

5' CAP--------------~----------------~-------

Splici~g t . ' 
Cleavage and 
Poly (A) Addition· 

5-CAP__J? __ _.Q Poly (A)-3 

~ Poly (A)-3 

Initiation Factors m:L _____ _ 
Ribosome ~6 ~ 

~{JGI<ibin 

3. TRANSPORT 

2. PROCESSING 

4. TRANSLATION 
CYTOPLASM Poly (Al-3 

Heme·a~Hb 



Table 2. Mutations in the promoter region of ,G y and A'Y genes 
associated with a non-deletional HPFH 



Table 2. Methods used to analyse· the regulation of globin genes 

. during development. 

(1) Methyl'ation state and DNase I sensitivity of the globin . 

genes. 

(2) Mutations associated with persistent 'Y chain synthesis 

(3) Hematopoietic-cell· transplantation across the 

developmental stages. 

( 4) Ge.ne expression in . cloning systems in vitro . 

(5) Gene expression in neoplastic cell lines. 

(6) Transgenic ·mice. 

(7) Manipulation of gene switching in vivo . 
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developmental periods when they are not expressed (51 ,52). . Fig. 6 

contains a di.agram representing the relative methylation frequenct 

of various C p G residues within the cluster during various 

developmental stages. At all stages of ontogeny· the ~-like globin . 

genes show a strong correlation between their methylation state and 

expression. In the case of the human ·globin genes, the most 

remarkable association between hypomethylation and gene activity 

can be found in the 5' flanking regions of the fetal 'Y globin genes. 

The 5'-flanking DNA's of both the G'Y and A'Y globin genes contain a 

CCGG ·sequence at position -54 .from the cap site, roughly midway 

between the CCAAT and AT A boxes. Both sites are hypo methylated 

in fetal liver erythroid cells that have active 'Y globin genes but are 

fully methylated in erythroid cells of adult bone marrow where 'Y 

globin genes are not expressed to any .significant degree. Methylation 

in the 5'-flanking region of DNA (residues -760 to + 1 00) but not in 

the remainder of the 'Y globin gene prevented its expression in the 

transfected tissue culture cells (53). Although DNA 

hypomethylation in 5'-flanking DNA ·may be a prerequisite for gene 

expression, it is probably not. the primary event responsible for the 

activation of the globin· genes, because there are many situations in 

which globin or other genes are hypomethylated but not expressed . 

. Other factors must· be responsible for triggering gene expression 

once the gene is in a state capable of being expressed. 

DNase r hypersentitive sites have been found 5' to the Gy, Ay, 8, 

and 8 and ~ globin genes in fetal liver hematopoietic tissue but only 

18 



FIGURE 6. A, Chromatin structure of the human 6 _locus. 

The arrows show location of DNase I hypersensitive 
sites. The y globin gene hypersensitive · sites are 
present only in the fetus, while (3 and o gene sites are 
present in adult as well as in fetal erythroblasts. The 
major hypersensitive sites marking the boundaries of 
the (3 locus domain are present throughout human 

· . develo-pment. · 

8, Methylation patterns of the human 6 locus in various 
stages of ontogeny. 

Open circles show an unmethylated site, filled circles a 
totally methylated site, and partially filled circles 
degree of site methylation. · 

Reproduced from G. Stamatoyannopoulos et aL The 
Molecular Basis of Blood Diseases . w., B. Saunders 
Company. 1987 with permission. 
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5' to the 8 and ~ globin genes ·in adult hematopoietic tissues. These 

changes are presumably due to alterations in chromatin structure 

both around the cluster reflecting its potential expression in 

. erythroid cells, arid within a cluster as each gene is activated at 

. different times during. development (2.1 ,54). 

Recently progress has been made in identifying specific proteins 

or other soluble facto~s that may be responsible for . activ-ation or 

inactivation of globin genes which are otherwise capable of being 

expressed in a differentiated cell type such as an . erythroid cell. . 

. Enhancer elements interact .with trans -acting factors · (33,34,36,55), 

which may account for the tissue specificity of some enhancers. It· 

will be mentioned in detail in another part of introduction. 

(5) ANOMALIES ASSOCIATED WITH PERSISTENT -'Y CHAIN 

SYNTHESIS IN ADULT LIFE 

(5)-1. Deletions 

Several hypothesis have been formulated and -tested by detailed 

phenotypic and structural analysis of various mutants. Several years 

ago, Huisman and coworkers suggested that a sequence between the 'Y 

and 8 genes might be regulatory and ·its removal, as in certain HPFH 

conditions, m_ighf lead to a higher level of 'Y expression (56). This 

hypothesis is s~pported by a comparison of the Lepore and Kenya. 

abnomalities (Fig.7). . The A'Y- 8 intergenic region is preserved in the 

Lepore anormaly and is associated with a low level of 'Y. globin gene 

expression that has a heterocellular distribution. A larger 'Y globin 
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FIGURE 7. Summary of deletions in the 6-globin gene complex 

This figure summarizes the known large deletions· in 
the p-globin gene complex. · The phenotype and, in most ' 
instances, the ethnic origin in the patient in which the 
deletion was first described, are also shown. The 
designation (8p) 0 -thc:U indicates that no 8 and J3 chains 
are made cis to the mutation; (y8J3) 0 -thal mutations 
display no synthesis of any of the p-globin cluster 
genes cis to the mutation. The Gy and Ay designations 
in the phenotype indicate which fetal g.lobin is made; 
for example, in G'Y (8p) 0 -thal (Chinese), G'Y chains are 
made, but .Ay, 8, and J3 are not. Hemoglobin Lepore has 
a thalassemic phenotype, whereas hemoglobin Kenya 
has the phenotype of hereditary persistence of fetal 
hemoglobin (HPFH). The broken line 3' to J3 is used to 
indicate that greater than 25 kb of DNA has been 
omitted from the diagram at this point; just how. much 
sequence resides in this interval remains to be 
determined. Similarly, the broken lines 5' to e are used 
to she~ that more than 30 kb of DNA separates the 
region in which the 5' end points of the Anglo-Saxon . 
and Dutch (y8p) 0 -thal are found from the {3-globin 
cluster. Note that the total amount of deleted DNA in 
the G'Y Ay HPFH (USA), G'Y Ay (Ghana), and G'Y (8p)0 -thal 
(Chinese) is very nearly the same; the 3' end point of 
the G'Y A'Y (8p)0 -thal (Spanish) has not yet been mapped. 
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production with a. pancellular distribution is observed in the Kenya 

- anomaly; the segment tested above is part of the Kenya but not of the 

Lepore deletion Alternatively, an enhancer segment of DNA is 

brought into close proximity to the 'Y globin gene by the HPFH 

deletion; in· sam~ other anomalies, such as· some 8{3 thalassemias, it 

is either rem.oved or .remains at some distance from the genes. 

However, as shown in Fig.?; . the 3' ends of all these deletions are 

different which makes it difficult to believe that they all contain 

rather similar enhancer sequences. Thus, perhaps the most 

attractive hypothesis to explain the phenotypic variability of these 

deletions is that the 'Y 8J3 globin gene cluster is organized into· two 

chromatin domains, one surrounding the fetal genes, the other 

flanking the 8 and J3 genes, both with distinct · 5' and 3' borders. 

Interference with any of these domain boundaries may prevent 

activation of the adul,t domain and leave the fetal genes not 

repressed (57). 

(5)-2. Non-deletional HPFH and Sickle Cell Anemia 

HPFH 

Among the conditions associated with an elevated level of Hb F 

in adults, some appear to result from point mutations in specific 

promoter regions which are located 5' to the corresponding 'Y globin 

genes (Table 1 ). Most of these substitutions occur in regulatory 

sequences which are thought to interact with DNA binding proteins. 

Thus, mutations in· these sequences may alter the binding of " trans 
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-a9ting factors" (i.e. regulatory proteins with repressor activity ) 

and allow a continued high level of expression of the y globin gene(s) 

into adult life (58). In this respect it is of interest to note that not 

only the location of the substitution but also the . type is important 

(Table 1 : the effect of C to G substitution at position -202, 5' to G y 

is much greater than that of C to. T at -202, 5' to Ay). 

Recently it has been demonstrated that the C to T substitution 

at postion -158, 5' to the cap site of GY causes an increase in the 

ratio of Gy to Ay chains of the Hb F (4). This variation at -158 is 

detectable by Xmn I digestion, which occurs only if T is at -158. 

But unusually high GY has been observed in a non-anemic person who 

lacked T at -158. in both chromosomes (Xmn I= -/-) and had slightly 

elevated Hb F (59)". Sequence . analysis of the 5' flanking region 

indentified a G to A substitution at position -161, 5' to the cap site 

of GY (5). The proximity of this substitution, which does not create a 

new Xmn I site, supports the hypothesis_ that substitution(s) in this 

area of the promoter sequence may_ result in a slight elevation of Gy. 

Table 1 summarizes mutations associated· with increased 

expression of Gy or Ay globin genes. These were all detected in 

. subjects with an HPFH, and are associated with_ major elevations of 

Hb F in the heterozygous state. The data suggest a clustering of 

mutation.s with large effect on Gy expression at around- -200 and· a 

clustering of mutations with much less effect at about -1.60. 
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Sickle Cell Anemia 

Several factors account for' the striking variation in the amount· 

of Hb F found in the blood of patients with sickling disorders. One 

significant influence is the heterogenous distribution. of Hb F ·in the 

red cells of patients with these disorders. F-cells have a lower· 

concentration of Hb S , and , furthermore Hb F . inhibits 

polymerization of Hb S, directly accounting for the. lower propensity 

of F cells- to form intracellular polymers and undergo sickling 

(60-64). Mixtures of hemoglobin S and F ·have a high solubility. The 

primary effect of Hb F is via the assymetrical hybrid cx 2 ~sy. Thus, · 

the inhibition of polymerization is primarily trans to the ~6 valine 

contact. Hence, there is selective survival of sickle red cells 

containing Hb F, leading to ampl_ification of the F cell population 

(65-67). 
. ~ 

. A remarkable heterogeneity exists . among SS individuals with 

respect to the ·level of Hb F production. Some particular 
' ·' 

chromosomal· haplotypes, as defined by restriction enzyme 

polymorph_isms (68), have been associated with relatively high levels 

of Hb F arid a correspondingly mild clinical syndrome in SS patients 

of diverse ethnic origins (6,69). This suggests that· thete may be a 

genetic determinant within or linked to the ~ globin gene cluster, 

which, since these haplotypes are not associated with increased Hb F 
.. 

production in symptomless heterozygotes, results in an unusually 

high level of y chain production in states of increased erythropoiesis. 



Figure 8 summarizes the· most commonly found haplotypes for the 

~s chromosomes. The same haplotype (#31) is observed in many 

individuals with sickle cell anemia from Saudi Arabia (70). These 

patients have high levels of Hb F and are more or less free of 

symptoms resulting from vasa-occlusive episodes (71-74). 

( 6) ENHANCER 

(6)-1. Overview 

Sequences upstream of the 'early' promoter of the simian virus 

40 (SV40) were found to stimulate transcription of a linked ~ globin 

gene (37). These sequences were referred to as the "enhancer". 

This stimulation appears· to be related to an increased density of RNA 

polymerase molecules on linked DNA (75,76). In the following years, 

in many unrelated viruses, enhancers were discovered which, in 

experimental constructions, fulfilled the following criteria : 

A. strong activation of transcription of a linked gene from the 

correct initiation (cap) site ; 

B. activation· of transcription independent of orientation ; 

C. ability to function over long distances of more than 1000 

~ · bp whether from an upstream or downstream position 

relative to the cap site ; and 

D. in the-cases tested, preferential stimulation of 

transcription from the most proximal of two tandem 

promoters. 

The immunog-lobulin (lg) heavy chain gene was the first cellular 

, gene found to possess an active enhancer (77). A number of other 
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FIGURE 8. Haplotypes for 13s chromoso·mes. 

Polymorphic restriction enzyme sites in the ~-g,lobin 

gene cluster that were used here are ·shown at the top 
in a schematic representation of the f3-globin gene 
cluster. '+' indicates the presence of cleavage at a 
particular site, and - indicates absence ·of ·cleavage. 

From A. Kutlar, et al. Hemoglobin 9(6) ; · 545, 1985. 
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cellular enhancers such as those for the lg light chain , insulin , 

~-interferon, human antithrombin Ill , . and human placental lactogene 

genes have. since been identified. As in the case for viral enhancers, . 

. cellular enhancers have been found in both the 5' and 3' flanking 

region of their associated structural gene (78-82). However, the 

distinction between enhancers and promoters has become 

increasingly blurred,as examples of each type· of element were 

recently found that have· characteristics ·of the other type. A 

striking example is the situation in yeast, where there is only one 

family of regulatory elements, the so-called 'upstream activation· 

sequences'; these elements fulfill the functions of both promoters 

and enhancers of other eukaryotic cells. 

As in the promoter, enhancer elements have also been shown to 

bind with the transcriptional factors (83). The implication for the 

role of trans -acting factors is that cooperative binding of factors 

may . be required for the mechanism of activation. Proteins (factors) 

that bind specifically to ·enhancer elements (14) have been identified 

by DNA footprinting (84) and· gel retardation assays (85), and i"n some . · 

cases these proteins have been extensively purified (86). 

The types of regulation observed ·with cellular enhancers 

indicate that enhancers can be divided i·nto two categories : those 

th_at respond . to changes ·in ·the environment (inducible enhancers) and 

those that are .active only at specific times ·during development or 
. ' 

only in specific tissues ·(temporal ·and· ·tissue specific enhancers) 

(87). 

27 



(6)-2. Inducible Enhancers 

Examples of inducible enhacers are those that respond to heat 

shock, exposure to heavy metals, or viral infection and those that are 

activated in response to growth factors or steroids. Inducible 

enhancer elements are capable of activating heterologous promoters 

and· therefore by definition act positively. However, this positive 

activation could be achieved by a number of different mechanisms 

(Fig. 9), including the synthesis or activation_ of a positive 

trans_cription factor or the inactivation of a negative regulatory 

protein. Alternatively, enhancer activation could be a consequence 

of both the inactivation of a repressor and the activation of a 

positive regulatory factor. Significantly, gene activation occurs in 

the absence of protein synthesis with all of the inducible genes thus 

far analyzed. Thus, the activation of gene expression must involve 

the modification of preexisting cellular factors. 

(6)-3. Temporal and Tissue-specific Enhancers 

The lymphoid cell-specific expression of immunoglobulin gene is 

the best characterized example of tissue-specific gene expression. 

·In- addition to promoters and intragenic sequences, an enhancer 

appears to be involved in a B cell-specific control. The ability of an 

enhancer to function in a tissue·-specific manner is best explained by 

postulating an enhancer-binding cellular factor .that would be· 

present only in the appropriate· cell type. 

Deletion studies with the heavy-chain gene enhancer showed a 

minimal functional region (77). This region includes a number of 
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FIGURE 9. Mpdels for the ·activation of inducible enhancer 
elements. 

In model I the regulatory factor is present in an 
inactive configuration. Treatment with inducer leads 
to a modification that allows the factor to bind to the 
regulatory element (RE). In model II, access to· the RE 
is blocked in uninduced cells by a negatively acting 
factor. Induction leads to the· displacement of the 
repressor would be the target for modification and 
would lose affinity for the template to be replaced by a 
constitutively active transcription ·factor. However, 
an alternative possibility is that the· transcription 
factor could be modified with an increase in template 
affinity and displace the repressor by simple 
competition. In a third modell (not shown) induction 
leads. to both the ·activation of a regulatory factor and 
the inactivation of a repressor. 

Redrawn from T. Maniatis,· s.·. Goodbourn, and J.A. 
Fischer Science 236 : 1237-1245, 1987. 
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conserved enhancer core suquences, but mutagenesis of these 

elements individually resulted in only minor effects on transcription 

(88). This result suggests that the enhancer. is composed of several 

recognition elements that act together to establish maximum levels 

of transcription. Certain regions of enhancer appear to be negative 

regulatory elements., since their deletion leads to higher levels of 

transcription in non-8 cells (88)·. 

The development of methods for cloning and characterizing 

individual genes has provided the opportunity to study the. 

mechanisms by which specific genes· are expressed in a temporal or 

tissue-specific manner. 

(6)-4. Mechanism 

Numerous models haye been proposed to account for the 

properties of enhancers .(89). In one model, enhancers act as entry 

sites for transcription factors that move to the promoter, where 

they have a direct effect on the initiation of >transcription. This . 

movement could occur in at .least two distinct ways. The 

intervening DNA could loop out to bring the enhancer and associated 

factors into direct contact with the promoter (the looping model), . or 

the enhancer . binding factors could scan along the DNA until a 

promoter is encountered (the scanning model). Evidence ·Supporting 

the . loop model· was obtained by examining the dependence of 

enhancer activity on· the distance between the enhancer and the 

promoter (90). 
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Rather than serving as a binding sife for a factor involved 

directly in· transcription, enhancer could act to reorganize chromatin 

into . a transcriptionally active conformation (the chromatin 

structure model). The enhancer is known to change the pattern of 

DNase hypersensitivity in linked DNA (91 ). 

Another possibility is that enhancers serve to modulate the 

superhelicity of linked DNA by providing sites for the action of 

topoisomerases, an enzyme that ·can change the degrees of 

supercoiling of DNA for transcription of a ge.ne. In one version it was 

postulated that a eukaryotic type II topoisomerase (which normally 

will only relax DNA) gains a supercoiling activity when bound to a 

specif.ic· site, in this case the enhancer (92). 

Finally, enhancers could act by targetting the template· to a 

particular location in the . nucleus where transcription occurs (the 

nuclear address model) (93,94). 
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METHODS 

Blood samples were collected --in Vacutainers with EDTA as 

anticoagulant and transported in ice to the laboratory. The 

hematological data were obtaine~ with a Sysmex CC-720 · cell 
' ' 

counter (Toa Medical Electronics Co._, Kobe, Japan). Cellulose. 

acetate electrophoresis (1 03) identified Hb S, Hb A2, and Hb F. The · 

levels of H_b A2 and Hb F were determined by a cationic HPLC 

procedure (1 04) and Hb F was isolated by DEAE-cellulose 
r 

chromatography (1 05).. R_eversed phase HPLC using a wide pore c4 

Vydac column (1 06) was used to determine the quantities of the 

different y-chairis of this Hb F. 

(1) ISOLATION OF HUMAN GENOMIC DNA FROM BLOOD 

DNA was isolated from white blood cells, ·essentially by the· 

method of Poncz et.al. (27). About 10-20 ml of blood was washed 

three . times with 30-40 ml of 1 X (times) reticulocyte ·saline (140 · 

mM NaCI,4 mM KCI, and 6.8 mM MgCI2 ) · and centrifuged at 2500 g 

for 10 mins at 4' C. The red blood cells were hemolyzed· by 

· · addition of 30 -ml of a freshly prepared solution containing 131 mM 
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NH4CI and 0.9 ,rnM (NH4)2co3 for 10 mins at room temperature. The 

white cells were collected by centrifugation at 2500 g for 10 min 

at 4 'C and the supernatant (hemolysate) was removed carefully and 

saved for hemoglobin analysis. This wash was repeated and the 

pellet (mainly white blood cells) was resuspended in 19 ml STE 

solution (0.1 M NaCI, 0.05 M Tris-CI,pH 7.4 , and 1 mM EDTA). One ml 

of 10 °/o SDS and 0.2 ml of Proteinase K (1 00 Jlg in 1 0" mM Tris-CI,pH 

7.5) were added and the cell ·suspension was incubated at ·37 'C for 

12-24 hrs without shaking. Next, an equal volume of phenol ( after 

saturation with 20 mM Tris,pH 8.0, containing 0.1 o/o 

hydroxyquinoline) was added and the mixture was shaken very gently 

for 1 0 mins at room temperature. After centrifugation at 2500 g 

for 10 mins at 4 'C, . the aqueous layer was transferred into new 

tubes and the procedures were repeated but with an equal volume of 

chloroform. This chloroform was a mixtu-re of chloroform with 

isoamyl alcohol (in a 24 to 1 ratio). The aqueous phase was mixed 

with 5 ·volumes of 95 o/o ethanol in a plastic flask. After gently 

mixing, the precipitated DNA was recovered by fishing with a glass 

rod. The DNA was washed twice with 70 o/o ethanol ( to remove any 

residual phenol or salt) and dried ·in vacuum.. The pellet was 

· dissolved by incubating in 1 ml of TE (1 mM Tris-CI,pH 7.5 and 1 mM 
' 

EDTA) overnight. For quantitating the amount of DNA~ a reading 

was taken at a wavelenth of 260 nm ( A260 ). The reading. at 260 

nm allowed calculation of the concentration of nucleic acid in the 
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sample.. An O.D. of 1 corresponded to approximately 50 p.g/ml of 

DNA. The DNA was stored at 4 'C. 

(2) GENE MAPPING 

Five J..Lg of genornic DNA was digested with a restriction 

enzyme for 5 hours at 37' C and the fragments· were separated by 

electrophoresis on an· 0.8 % agarose gel using · A. DNA digested with 

Hind Ill .as a size marker. ·The· gel ·buffer system (TEA; 0.04 M 

Tris-acetate and_ 0.002 M EDTA) was ··the same for all agarose g~ls. 

The DNA in the gel was stained with .ethiqium bromide (0.5 J..Lg/ml) 

and photographed under UV light. 

The DNA was denatured by soaking the gel in 0.5 M NaOH-1.5 · M 

NaCI solution for 1 hr and neutralized with a solution. containing 3 M 

NaCI, 1.5 M Tris, pH 7.0, for 90 min. 

The DNA was transferred to a nitrocellulose membrane (BA 85 

Schleicher & Schue II) by the method of Southern (1 07) ·using· 20X 

SSC (1 X SSC was 15· mM sodium citrate, 150 mM NaCI,pH 7.0). The 

DNA was fixed on· the nitrocellulose membrane by incubating· at 80'C 

for 2 hours in a vacuum. 

The nitrocellulose membrane was soaked in hot 6X SSC plus. 

Denhardt's solution ( 6X SSC containing 0.2 o/o sterile BSA, 0.02 o/o 

Fico II, 0.02 °/o polyvinyl pyrrolidone and 0.5 o/o SDS) · for 10 min and 

prehybridized in about 15 ml of 1 X Flavell solution (3X SSC + 0.1 o/o 

SDS + 20 mM phosphate buffer , pH 6.0, 0.2 o/o polyvinyl pyrrolidone) 

containing 0.2 o/o nuclease free BSA· and 50 J.Lg/ml denatured 

sonicated salmon sperm DNA for about 2 hours at 68'C. The 
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membrane was hybridized by ·replacing this· solution with t5 ml of 

freshly prepared 1 X Flavell solution and 2X1 o6 cpm/ml of heat 

denatured probe and incubating at 68'C for 16-24 hours. The 

non-hybridized (unbound) probe was removed by washing the 

membrane with 3X sse + 0.5 °/o SDS solution at 68'C with shaking. 

The ·membrane with ·the hybridized· fragments -was exposed to 

Kodak X-Omat film at -70'C for .48 hours. The film was developed 

using a Kodak X-ray . film processor and the positions of the 

·. particular· sequences of DNA were determined. 

(3) CONSTRUCTION. OF HUMAN GENOMIC LIBRARIES IN A 

COSMID VECTOR . 

Cosmids, which were first developed by Collins and Hahn (1 08) 

, are vectors specifically designed for cloning· large fragments of 

. eukaryotic DNA. The essential components of cosmid cloning . 

vectors are : {1} a drug-resistance m(irker and a plasmid origin of 

replication;· {2} one or more unique restriction sites for cloning; {3} 

. a DNA fragment that carries the ligated cohesive end (cos) site of 

bacteriophage A.; {4} a small size, so that eukaryotic DNA fragments 

up to 45 kb in· length can be accomodated. 

The cosmid library was constructed according ·to the 

· procedures -·described by Collins et.al.(1 09), lsh-Horowicz and Butke 

(11 0), and Grosveld et.al. (111 ). 

The cosm.id vector was. digested in two separate aliquots with 

restricti9n enzymes (Hind Ill and Sal I) that cleave on either side of 

the cos site.· The protruding, single-stranded termini of the 
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resulting molecules were rendered incapable of ligation by alkaline 

phosphatase treatment... The linear DNA molecules were then 

digested with Kpn I , and the fragments containing the cos sequence 

were isolated by gel electrophoresis. These fragments were 

ligated to fragments of genomic DNA, digested with Kpn I to form a 

simple concatemer (a series of unit genomes repeated. in tandem) 

that serve as substrates in .the packaging . reaction. Prior 

destruction. of the protruding, single-stranded termini created by 

the first enzyme prevented the formation of more complex 

concatamers. 

(A) Preparation of Genomic PNA for Cloning 

Fifty · ~g of genomic DNA was digested with Kpn I for 4 hours at 

37'C." The digested DNA was subjected to 0.6. 0/o agarose gel 

electrophoresis with A. and A/Hind Ill as size markers. The size 

marker lanes at both sides of the gel were cut out and stained with 

ethidium bromide. Next, the stained gel slices were· put together 

with the unstained· part of the gel co"ntaining the ~enomic DNA (Fig. 

1 0) . By comparing the position of the genomic fragment relative 

to the size markers , a section of the _gel which contained the 

35-50 kb fragments of genomic DNA, was cut out. The fragments 

were recovered from the gel in a dialysis bag by passing electric 

current through the bag in an electrophoresis tank (electro-elution 

method) (112), and were purified by ethanol precipitation. 



FIGURE 10. Photograph showing the agrose gel electrophoresis of 
genomic DNA. 

__ The digested genomic DNA with Kpn I (lane3-15) was 
electrophoresed on a 0.6 · o/o agrose gel. A. (lane 1) and 
A./Hind Ill (lane 2 .and 16) was used as size markers. 
Only ·the size marker lanes were cut out , stained with 
ethidium bromid, and put together with the unstained 
part of the gel. . The 35-50 kb fragments of __ genomic 
DNA were recovered from the section. of the gel by 
using an electro-elution method. 
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(B) Preparation of the Cosmid Vector 

The structure of the cosmid vector (pFC-1 ), kindly provided -by 

Dr. Collins, is shown in Fig. 11-A. Five J..Lg of pFC-1 was digested 

either with Hind Ill· or with Sal I at 37' C for 1 hour. After additon 

of 1 'J..LI (1 unit/J..LI) of alkaline phosphatase, the samples were 

incubated for another 30 min. Next, the samples were extracted 

with phenol solution and with chloroform, and precipitated with 95 

o/o ethanol. The resulting samples were individually dissolved in 20 

J..LI of TE and digested with a two-fold excess of Kpn I. The 2.4 Kb 

· and 5.2 Kb DNA fragment~ were separated from the other fragments 

by electrophoresis through a 0.8 o/o agarose gel.. These fragments 

were lab~l.led. as right arm and left arm, respectively (Fig. 11-8). 

After localizing these fragments using UV light, incisions in the gel 

directly in front of the leading edge of the fragment's bands were 

made and DEAE papers (Biolab) were inserted. into the incisions. 

Electrophoresis was continued until the bands· of DNA had migrated 

into the _DEAE paper. The DNA·-contained DEAE papers were removed 

from_the agarose gel and soaked in 20 mM Tris, 1 mM·EDTA, and 1.5 N 

NaCI solution at 37 'C for 4-6 hrs. The DNA solution was collected, 

the DNA was precipitated in 95 °/o ethanol, and dissolved in ·TE 

buffer. 

(C) Ligation and· In Vitro Packaging of The Cosmid Library 

Packaging of · bacteriophage A. DNA in vitro was . initially 
- -

developed by Seeker and Gold (113) using mixtures of .extracts 

prepared from bacteria .. infected . with mutants of bacteriophage. A. 
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FIGURE 11. A, The structure and restriction map of cosmid. pFC-1. 

pFC-1 , _ 5.4. kb in length , ·is a modification of pJB8* 

with insertion .of a Kpn I cloning site. It carries the 
ampicillin resistance gene and cos site. 

Redrawn from F.S. Collins, et al. Proc. Nat/. Acad. Sci. 
USA 81 :4894-4898, 1984. 

* D. lsh-Horowicz, and J.F. Burke Nucleic Acids Res. 9: 
2989-2998, 1981. 

8, The prepared left and right arms from pFC-1. 

C, Diagram· of the packaged cos mid DNA containing 
genomic DNA insert. 

The cos (cohesive) sites at the end points . bind to 
. some locations of :phage head coat and function for 
packaging of the recombinant cosmid. 
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that map in genes required for assembly of bacteriophage- particles. 

The procedure has been improved and modified in a number of 

laboratories to maximize the efficiences of packaging. Now, 

packaging extracts can be purchased· and stored· at -70 'C for 2 

months. 

The digested genomic DNA should be ligated with an ·excess of 

vector (right arms and left arms). One J.Lg of vector DNA was 

ligated to 0.5 J.Lg of genomic DNA with T4 DNA ligase (400 U) and 1 

J.!l of tO X ligase· buffer (purchased with T4 li'gase from IBI company :· 

0.5 M Tris, pH 7.4, 0.1 M MgCI2 , 0.1 M dithiothreHol, 10 mM 

spermidine, 10 mM ATP, and 1 mg/ml BSA) at 4 'C for more than 16 · 

hrs. The ligated DNA was subjected to an in vitro packaging 

reaction. Packaging extracts were purchased from Promega Biotech 

(Packagene) or Stratagene (Gigapakplus). The extract was removed 

from the- storage at -70 'C and thawed. Next, 5 JJ.I of ligated DNA 
I 

was added to the packaging reaction. After incubation at 22 'C for 

2 hrs, 0.5 ml of SM~solution (0.1M NaCI, 10mM MgS047H 20, 50mM 

Tris, pH 7.5, · and 0.01 o/o ge·latin) was added with 25 Jll of 

chloroform. This SM solution was used for phage storage and· 

dilution. The phage particles were stable in the packaging mixture 

containing SM solution and chloroform for several weeks. 

(D) lqfection of Host Bacteria 

E ... coli strain ( HB1 01 or DH 1) was grown overnight in 10 ml of 

LB medium ( Per liter : Bacto-tryptone 10 g, bacto-yeast extract 5 
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g, and NaCI 10 g; pH was adjusted to 7.5 with sodium hydroxide}_· 

containing 0.4 o/o maltose. After harvesting, the cultured bacteria 

were stored in 4 ml·of SM solution. Ten J.!l of packaged extract wa:s 

added to 100 Jll of host bacteria and incubated at 37 'C for 20 min. 

One half ml of LB medium was added and the incubation was 

continued for an additional 30 min ·at 37 'C with shaking. Three . 

tenths ml of the mixture was spread on a 15 em dish of LB agar 

containing ampicillin (1 00 Jlg/ml) and next the . plates were 

incubated at 37 'C until colonies had grown to about 0.5 mm in 

diameter. 

(E) Identification of Recombinant Clones by In Situ Hybridization 

Colony . hybridization was . accomplished by transferring_ 

bacteria from a master plate to a nitrocellulose filter. The 

colonies on the filter were then lysed and the freed DNA was fixed 

to the filter by baking. After hybridization to a· 32 P-Iabeled probe, 

the filter was monitored by autoradiography. A colony whose DNA 

gives. a positive autoradiographic result might then be recovered 

from the master plate (112). 

Nitrocellulose filters were carefully · placed o~ top of the 

plates and colonies were allowed to be replicated on these filters. 

In order to orient the replica filters, a series of holes were 

asymmetrically· made· by stabbing the plate. and filter with a needle. 

These, filters were peeled off and dried at room temperature. One . 

piece of Whatman 3 MM paper was saturated with · a 10 °/o SDS 

solution on the bottom of a baking . dish. The replicate filters were 
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placed, c.olony side up, on such 10 o/o SDS-impregnated 3 MM paper for· 

3 min. Next, the filters were placed on a second sheet of 3 MM paper 

. that had been saturated with denaturing solution (0.5. M NaOH, .1.5 M 

) NaCI) for 5 min , on a third sheet of 3 MM paper with neutralizing 

solution (1.5 M NaCI, 0.5 M Tris, pH 8.0) ·for 5 min, and finally on a 

fourth sheet of 3 MM paper with 2X SSC (30 mM sodium citrate and 

300 mM NaCI; pH 7.0) for 5 min.. After drying, the filters were· baked 

-·for 2 hrs at 80 'C in a vacuum oven. 

Prehybridization and hybridization were done as previously 

described (see section "Gene mapping" ). 

The filters were washed 3 to 4 times, for 30 min each, in a 

large volume of 3X SSC+ 0.5 o/o SDS followed by washing in 1 X SSC+ 

0.5 °/o SDS solution to reduce the background. The filters were 

exposed to a Kodak X-ray film for 12 hrs at -70 'C. After 

developing, the film and filters were aligned and the position of 

positive colonies on the plates were identified. 

(F) Large Scale ·Isolation of Cosmid DNA 

Many methods have been used to isolate plasmid DNA. All 

involve three basic steps: growth of bacteria and amplification of 

the plasmid; harvesting and lysis of the bac_teria; and- purification of 

the· plasmid DNA. The methods used here were modified from those 

of Maniatis (112) .. 

The bacteria with a positive clone were grown overnight in 100 

ml LB medium containing ampicillin (50 J..Lg/ml). The overnight 

·culture was diluted to 1 liter with M-9 broth m'edium ( Per liter: 
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autoclave, and then add : 1M MgS04 2 ml, 20 o/o glucose 10 ml, and 1 

M CaCI2 9.1 ml) and grown to an O.D. of o.·a at 600 nm. At this point, 

150- mg of chloroamphenicol ·was. add~d. The culture was then 

incubated at 37 'C for. 16 hrs with shaking. 

The bacteria were collected by centrifugation at 9,000 rpm for 

.1 0 min and the pellets were resuspended in glucose buffer (30 ml 

of 50 mM Glucose, 25 mM Tris pH 8.0, 10 mM EDTA). Four nil of a 40 · 

mg/ml freshly prepared lysozyme .solution in the glucose buffer 

were added to the suspension and the mixture was incubated at 

· room temperature for 10 min. Eighty ml of an 0.2 M NaOH +1 °/o SDS 
. . 

solution (not older than 1 week) was added and mixed by gently· 

swirling. Next, 40 ml of a 5.0 M acetate soll,Jtion (made from a 

solution which was 3 M with respect to potassium acetate and 2 M 

to acetic acid) was added and mixed well. The lysate. solution was· 

centrifuged at 8,000 rpm for 5 min and the supernatant was filtered 

through 4.;.5 layers of sterile gauze. Six tenth volume of 2-propanol 

was added to the filtrate and mixed thoroughly. The precipitate was· 

collected by centrifugation at 10,000 rpm for 10 min· at 4 'C, 

washed with ,70 o/o ethanol containing 200 mM Trisr,pH 8.0 , and 

lyophilized. The pellets were resLJspended in a total volume of 30 

ml of 10 mM Tris, pH 7.4, 0.5 mM EDTA solution . 

. The cosmid ·DNA was purified by adding 30 ·g of cesium ·chloride 

for eve.ry 30- rnl: of DNA suspension- and. centrifugation in a Beckman 

VTi 50 rotor at 40,000 rpm for 24-48 hrs· at '15 'C. Eight tenths. ml 
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of a -solution of ethidium bromide {1 0 mg/ml in H20) was included in 

every 10 ml of the cesium chloride mixture to aid in the separation 

of plasmid DNA from the bacterial chromosomal DNA. · Following 

visualization of the plasm_id DNA band using. UV light, the cos mid· 

DNA· was collected into a new tube through a needle inserted into 

the side of the tube. 

The ethidium bromide was removed from· the DNA by addition of 

an equal volume of _isopropanol that had been saturated with 10 mM 

Tris, pH 7.4, 0.5 mM EDTA and cesium chloride followed by 

centrifugation at 1500g for 3 min. The· top ·organic phase of the 

mixture was removed and the extraction procedure was repeated 

4-6 times until all the pink color had disappeared from the agu-eous 

solution. Finally, the lower aqueous phase was transferred into

dialysis tubing { previously boiled in distilled water for 10 min) 

and dialyzed · overnight at 4 'C with three changes of one liter TE 

buffer, pH 7 .5. 

(4) CONSTRUCTION OF HUMAN GENOMIC LIBRARIES IN AN 

EMBL-3 PHAGE VECTOR 

The· usual strategy to clone specific sequences of eukaryotic, 

genomic DNA in bacteriophage A. vectors is to_. construct complete 

libraries of eukaryotic. DNA and then ·to identify by -hybridization 

those recombinant bacteriophages that contain the .desired 

sequences. The strategy {114) · use_d here to construct libraries of 

random fragments of eukaryotic DNA is ·shown in Fig. 12. Cleavage 



FIGURE 12. The strategy to clone specific· seguences of eukaryotic. 
genomic DNA in bacteriophage A. vector. EMBL-3. 

EMBL-3 arms, packaging extract system, and E.coli 
strain (p2392) were obtained commercially. 
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of the vector DNA with the appropriate restriction enzymes 

generated three fragments: a left arm and a right arm, which 

together contain· all the information essential fat the production of 

. infective phage particles, and a dispen'sable central fragment 

(sometimes called ·a ·'stuffer'. fragment). This ·central region 

contained no essential genes and could be exchanged for exogenous 

DNA fragment. Only genomes in the 40-52 kb range were packaged 

into phage particles with high efficiency. Ligation of . the two arms 
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of a replacement vector generated a DNA molecule that was too · 

small to be packaged. The requirement· for a genome that was 

longer than the two arms of the vector provided for enrichment of 

recombinant genomes. Unless the normal central fragment was 

removed from the cleaved vector DNA before ligation with 

exogenous DNA fragment, a proportion of the newly formed phage ~ 

DNA molecules had re-assimilated this fragment. Such· events 

could be prevented by physical separation of the central 'fragment 

from the vector arms before ligation. Purification of the vector 

arms was not a stringent requirement in the case of vectors that 

allow for a genetic selection against non-recombinant phage during 

propagation of the library. EMBL~3 (115) was a such vector for 

which it was unnecessary ·to remove physically (or otherwise 

inactivate) the central fragment before the ligation of vector arms 

to donor fragments. Parental phage genomes possessing the central 

fragment might be among the products of' the ·ligatior:'J reaction, but 

tl')ey could be effectively discriminated against by propagating the 
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library on an E. coli (P2) strain (116). Only recombinant phages 

should form plaques on such a strain. · 

Five ~g of g,enomic 'DNA . was. digested with 2 ~I of Bam HI at 

37 'C for 5 hours. The digestion was stopped by addition of 0.2 ~I 

of 0.5 M EDTA and the digested DNA was precipitated with ethanol. · 

The pellet was resuspended in 50 J.LI of TE buffer so that the final 

concentration of DNA was approximately 0.1 J.Lg/J.LI. One J.LI (0.1 ~g) 

of digested DNA was ligated to 1 ~g (1 J.LI) of EMBL-3 arms 

(commercially available from Stratagene) with 0.5 ~I ·of T 4 DNA 

ligase and 0.6 J.LI of 1 OX ligase buffer (obtained with T 4 ligase from 

IBI) in a total volume 6 J.LI. The EMBL-3 arms, that had previously 

been p.repared by predigestion with Bam HI and Eco Rl, were 

precipitated under selective conditions to give termini that could be 

used to construct genomic libraries with Bam HI digested genomic 

DNA. Before and after. ligation, one half· J.LI of sample was taken for 

analysis by electrophoresis on a m·ini-gel (BioLab : miniaturized 

versions of the full-sized apparatus; . developed . to analyze small 

quantities of DNA very rapidly by· agrose electrophoresis). If the 

ligation was successful, 4 J.LI of ligation solution· was mixed with 

packaging extract ,(Gigapakplus, .· Stratagene) and the mixture· was 

incubated 'for 2 hrs at 22 'C. One half ml of SM solution and 25 J.LI 

of chloroform were added to the . packaging mixture. The E. coli 

strain P2392 (P2 lysogen of LE 392) was prepared as mentioned 

above in subsection II Infection of Host Bacteria II For titration of 

the phage, 5 J.LI of the phage mixture was diluted 1 o3 and 1 o4 fold 



with SM solution. Each 5 J.ll of diluted phage mixture was added to 

0.2 ml of bacteria and 0.5 ml of SM solution. After incubation at 37 

'C for 15 min, the mixture was· added to 3 ml of the NZYM top 
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agarose (Per liter: 10 g NZ amine, 5 g NaCI , 5 g Bacto-yeast · 

extract, 2 g MgS04 7H20, and 7 g agarose. pH 7.5). The top 

agarose was poured· onto the surface of pre-warmed NZYM agar 

plates The plates were incubated at 37 'C until the plaques 

appear. 

Nitrocellulose filters were applied· to the surface of the plates 

containing bacteriophage plaques so that there was direct contact 

between the plaques and the filter (117). DNA present in the 

plaques bind to the filters and the filters were used for 

hybridization. 

The filters were treated with denaturating solution, 

neutralizing solution, and 2X sse. The filters were wrapped 

between sheets of 3 MM paper and baked at 80 'C for 2 hours in 

vacuum. 

Prehybridization, hybridization, and autoradiography were 

carried out as described before (see section "Gene' mapping"). 

The position of a positive plaque was localized and a plug of 

agar was removed from the correct general region (use the wide end 

of a sterile Pasteur pipette). The plug was put ir.tto 1 ml of SM 

solution with a drop of chloroform, and the phages were allowed to 

diffuse for 2 hrs at room temperature. If necessary, a second and 

third screening was done until the positive plaque was isolated 



from other plaques. The phage could be stored indefinitely at 4 'C in 

SM/chloroform solution without loss of viability. 

Small-scale Isolation of Bacteriophage DNA {Plate Lysate 

Method) 

Several small-scale procedures are available for isolating 

DNA of bacteriophages grown from individual plaques. The plate 

lysate method (1.12) was used with minor· modification; it was rapid 

and could produce a sufficient quantity of relatively pure phage for 

analysis by restriction endonuclease digestion, gel electrophoresis, 

and subcloning. 

Fifty .to 100 J.ll of the b,acteriophage suspension was mixed 

with 100 J.ll of bacteria (P2392) suspension. After 10 min of 

incubation at 37 'C, . the mixture was added to the melted top 

agarose (55 'C) and poured onto a 150 mm NZYM plate. Usually two 

plates were enough to yield 1 0 J..Lg of phage DNA. The plate was 

incubated at 37 'C until plaques almost covered the entire surface of 

the plate. Ten ml of SM solution was added directly onto the 

phage-confluent plate and the plate was stored at room temperature 

for 2 hrs with constant, ·gentle shaking to elute the bacteriophage. 

The phage suspension was transferred to Eppendorf tubes and 

centrifuged· to remove bacteria and debris. The supernatants were 

pooled in a 15 ml tube and treated with RNase (final cone.= 

20J..Lg/ml) and DNase ( final cone. = 5J..Lg/ml) at 37 'C for 30 min to 

digest the nucleic acids liberated from the lysed bacteria, which 

might otherwise entrap bacteriophage particles. An equal volume 
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of PEG/NaCI solution (20 o/o polyethyleneglycol and 2 M NaCI in SM 

solution; prepared in advance and stored at 4'C) was added and the 

mixture was incubated for 2 hrs on ice. Next, the mixture was 

divided in Eppendorf tubes and the precipitated bacteriophage 

particles were recovered by centrifugation at 4 'C for 15 min. The 

supernatants were removed completely by using a micropipette. The 

bacteriophage particles of all the tubes were resuspended in 0.7 ml 

of SM ·solution. The bacteriophage suspension wa·s collected in a 

new 15 ml tube and an· equal volume of chloroform was added . To 

remove the PEG, the solution was mixed very well and was 

centrifuged at 3,000 rpm for 10 min. . The supernatant was 

transferred. into a new tube and this step was repeated 2-3 times 

until the white interphase was· removed completely. To 1 ml of 

phage suspension, were added 1 OJ..LI of 10 o/o SDS and 10 Jll of 0.5 M 

EDTA; the mixture was incubated at 68 'C for 15 min. One quarter 

ml of an 8 M K-acetate solution was added to each 1 ml of phage. 

suspension. After 30 min incubation, they were centrifuged in 

Eppendorf tubes at 4 'C for 15 min to remove the SDS. The 

supernatant was transferred into a new tube , extracted with 

phenol/chloroform, and pr~cipitated with ethanol following 

standard methods. The DNA pellet was dissolved . in TE buffer 

(pH7.5). 

This DNA was used for the identification of the clone through 

digestion with restriction enzymes (Bam. HI, Eco Rl,and Bgl II) 

following standard techniques. 
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(5) SUBCLONING OF A SMALL DNA FRAGMENT INTO A PLASMID 

VECTOR 

The subcloning of DNA fragments from recombinants 

constructed in bacteriophage A. vector is a frequently used procedure 

in the molecular biology. This procedure was used to obtain 

well-defined hybridization probes, to simplify_ the task of 

constructing fine-structure maps of restriction sites, to obtain 

large amounts of specific fragments of DNA- for sequencing, and to 

construct recombinant plasmids that contain novel combinations of 

foreign DNA fragments. The major difficulty of subclonirig into 

plasmids was to distinguish between the desired recombinants and 

the recircularized vector DNA.· However, this problem was 

minimized by {1} choosing ratios of vector to insert DNA that favor 

intermolecular ligation at the expense of intramolecualr- ligation ; 

{2} cloning by insertion~_! inactivation; and {3} in situ hybridization. 

Different procedures (112) were used depending on the purpose of 

the experimenL 

'Biuescript' plasmid vector (Stratagene) was used for 

douqle-stranded plasmid sequencing. The structure. of this plasmid 

is shown in Fig.13. Bluescript vector has a large polylinker with 26 

unique restriction enzyme recognition sites., One Bluescript vector 

was available that carries a segment of E. coli DNA (lac Z gene) 

coding for J3-galactosidase. Therefore, when lac - host bacteria 

containing Bluescript plasmid are plated on LB plates in the 

presence of the chromogenic substrate 
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FIGURE 13. The structure and restriction map of plasmid. 
Bluescript 

Bluescript is a 2,964 basepair plasmid derived from 
pUC19. The vector possesses an f1 phage origin, a 
coiE1 ·origin, and T3 and T7 promoters flanking a novel . 
polylinker containing 26 unique restriction sites. 
These sites are clustered with 3' overhangs flanking. 5' 
overhangs to fa.cilitate generation of nested deletions 

. with exonuclease Ill. pBiuescript contains a lac Z 
promoter for blue/white color selection. 

Redrawn from the catalog of -STRATAGENE Inc. 
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5-bromo-4-ch lo ro-3-indolyi-~-D-galactosidase (Blue-gal ; BRL), 

they form blue colonies. But, since the lac Z gene was inactivated 

by the insertion of a foreign DNA sequence within a polylinker of the 

Bluescript vector, colonies containing recombinant plasmid can _be 

recognized by their ability to form white colonies on a LB· plate 

containing Blue-gal. The E. coli strain,. DH5a, allowed blue-white. 

color selection for Bluescript plasmids when plated on LB plates 

containing 40 J..Lg/ml Blue-gal (BRL). Also, when the transformed 

DH Sa cells carry a Bluescript plasmid, the expression of the 

ampicillin resistance gene of the Bluescript plasmid allows these 

cells to survive in the presence of ampicillin. 

The isolation of a DNA fragment to be ·cloned from a agarose gel· 

was done by .using GENECLEAN Kit (BIO 101 ). M~ny of the principles 

of the GENECLEAN procedures described here· were based on data 

provided by Vogelstein and Gillespie (118). This method involves 4 

steps : the agarose gel is dissolved in sodium iodide solution (Nal) ; 

the DNA is specifically bound to glass powder; and the bound DNA is 

washed to remove impurities and is subsequently eluted from the 

glass in a low-salt buffer. 

One J..Lg of the plasmid vector was linearized by digestion with 

the Eco Rl restriction enzyme. The linearized plasmid was 

precipitated in 95 °/o ethanol, centrifuged for 15 min, and dried under 

vacuum. The plasmid DNA was resuspended in TE buffer. The cloned 

phage DNA was also digested with_ the same restriction enzyme, Eqo 

Rl. After. the digested phage DNA was electrophoresed on an agarose · 
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gel, the section of the gel containing the DNA fragment to be cloned 

was cut out and placed in 0.5 ml of a Sodium lo_dide (Nal) solution 

(GENECLEAN Kit). The gel was melted at-50-60 'C for 5 min and 5 J..LI 

of glass powder solution ( GENECLEAN Kit) was added. Following an 

incubation of 5 minutes on ice, it was centrifuged in a microfuge 

for 5 seconds and the supernatant was discarded. Seven tenth ml of 

NEW (GENECLEAN Kit) washing solution was added and the pell.et was 

resuspended by pipeting back and forth. The suspension was 

centrifuged for 5 seconds and the supanatant w~s discarded. · The · 

washing steps were repeated twice· more . After removing the 

supernatant with a micropippet, the pellet was resuspended in 10. J..LI 

of H20 and incu.bated at 50-60 'C for:. 3 min. After centrifugation 

for 30 seco.nds, the supernatant was transferred into a new tube. 

An excess of insert DNA relative to plasmid _DNA (the. ratio was 

3:1 ; the quantaties of the insert DNA and linealized vector DNA 

were decided from the results obtained after electrophoresis on a 

mini-gel ) was added to T 4 ligase and ligase buffer,· and water was 

added to adjust the volume to 1 0 J..LI. The ligation reaction was done 

at 4 'C for at least 16 hrs. Next, 1J..LI of ligation mixture was 

diluted 5-fold with H20 and 1 J..LI of the diluted mixture was added 

to the frozen com_petent cell, · DH5cx · (BRL; competent cell for 

sub9loning). After a 30 min incubation period on ice, the 

transformed cells were heat-shocked in a water bath af 37' C for 

20 seconds. One half ml of LB medium was added· and incubated at 

37'C for 1 h-r to express the ampicillin resistance gene, which was 
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not present in the bacterial (DH5a) genome but was. present in the 

Bluescript plasmid. Three tenths ml of 2 o/o Blue-gal (BRL) stock 

solution (dissolved in dimethyformamide) was spread on a 15 em 

LB-agar plate containing ampicillin (50 ~g/ml) before the 

spreading of . the transformed bacteria. Three tenth ml of the 

transformed bacteria culture was spread on the plate and incubated 

· at 37 'C overnight. White colonies were individually inoculated into 

5 ml of of the· LB medium containing 1 OO~g/ml of ampicillin. After 

culturing at 37 'C overnight, the recombinant plasmid DNA was 

prepared ·by small-scale preparation that will be described below: 

The recombinant plasmid DNA was digested with Eco Rl and 

·analyzed on a gel electrophore~is as mentioned before. 

(6) SEQUENCING 

(A) Preparation of Double-stranded DNA for Seguencing 

Over the years many methods had been developed to isolate 

plasmid DNA from small cultures inoculated with single colonies of 

bacteria. The alkaline lysis met~od (119) is rapid, can be. carried 

out with many samples simultaneously, worked with all commonly 

used strains of E. coli, and gives high yields of plasmids. This 

procedure· was sometimes modified to ·get a purer quality of 

plasmid DNA for sequencing. 

Ten ml of LB medium containing ampicillin (1 00 ~g/ml) was 

inoculated with . a single transformed bacteria , colony and cultured 

overnight at 37 'C. The cultured medium ·was divided· into 

Eppendorf tubes, centrifuged at. room temperature for 1 min, and the 
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supSrn_atants were removed completely. The pellet in the Eppendorf 

tube was resuspended in 100 Jll of an ice-cold solution of 50 mM 

Glucose, 10 mM EDTA, 25 mM Tris-CI, pH 8.0, and 4 mg/ml lysozyme. 

(Powdered lysozyme. was added to the solution just before use. ). The 

suspension was incubated for 5 min at room temperature and 200 Jll 

of a freshly prepared 0.2 N NaOH plus 1 o/o SDS solution was added . 

After incubation for 5 min on ice, 150 Jll of an ice-cold solution o-f 

potasium acetate (pH 4.8) was added ( this sorution was made by · 

adding 11.5 ml of glacial acetic acid and 28.5 ·ml of H20 to 60 ml of 

5 M potasium acetate). Another incubation for 5 niin on- ice, the 

tubes were centrifuged at 4 'C for 10 min.. The supernatants were 

collected into a· fresh tube and were extracted with ph~nol, 

p·henol/chloroform, and chloroform. Next, the double-stranded· 

plasmid DNA was precipitated with ethanof and the DNA pellet was 

resuspended in 20 Jll of TE buffer containing DNase-free pancreatic 

RNAse (20 J.Lg/ml). 

(B) Exonuclease Ill/ Mung Bean Nuc!ea§e Peletion 

The Exonuclease Ill/Mung Bean Nuclease Deletion system 

(120, 121) was designed to produce unidirectional deletions of 

predictable sizes. The strategy· of this system is shown in· Fig.14. 

The technique took advantage of the Exonuclease Ill's requirement 

for double stranded DNA ; Exonuclease Ill can not digest 3' single 

strand overhangs, but digests the 3' end from blunt ends or 5' 

ovehangs. To create deletions in the insert but not in the vector 

DNA, the clone should be do_uble-digested with a 3' and 5' or blunt 



FIGURE 14. The strategy~ of the unidirectional deletion method by
using exonuclease Ill/mung· bean nuclease. 

Exonuclease/mung bean nuclease deletion. is a 
convenient system for the production . of nested 
deletions into a DNA insert. Exonuclease Ill will 
digest the 3'..:end . of ds·DNA, . but will not digest the 
3'-end of a ssDNA extension or a 5' restriction overhang 
that has. been filled with a thi.o · dNTPs. Therefore, a 
highly uniform set of nested deletions can be made in a 

·unidirectional manner. After th~ exonuclease Ill 
digestion, mung bean nuclease is used to. digest away 
the remaining overhang, producing 2 blunt ends, which · 
are then ligated .. 

- Redrawn from the catalog of STRATAGENE Inc. 
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. restriction enzymes· followed by an Exo/Mung treatment (Fig. 14). 

This deletion method was used to sequence the entire 2.3 kb ·insert 

D~A cloned in Blu~script vector. The kit .was commecially available 

from Stratagene and includes Exonuclease Ill, Mung bean nuclease, 

T 4 ligase, and all reaction buffers. 
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Forty ~g of purified reconibiriarit' plasmid DNA was digested with 

Kpn I and Eco R V; Kpn I makes· 3' overhang ends for vector side and · 

Eco R V makes blunt ends for .the insert side. The digested DNA 

was isolated. by the standard phenol/chloroform extraction and 

ethanol precipita-tion. The deletion was started by adding 

Exonuclease Ill for 2, 4, -6, and 8 minutes . For each deletion the 

reaction contains : 5 ~g double· digested DNA, 12 ~I of 2X 

Ex.onuclease Buffer, 2.5- ~I fresh 100 mM 2-mercaptoethanol, 1 ~I 

Exonuclease 111(20 units/~1), and H2 0 to 25 ~I ( total reaction 

volume). After every 2 minutes incubation at 34 'C, a 25 ~~- aliquot 

of the reaction mixture was transferred directly to an Eppendorf : 

tube containing 175 ~I aliquots of diluted Mung. Bean buffer plus 

135 ~I of H20. When all aliquots had. been transferred, the tubes-

were heated at 68 'C for 15 min and placed on· ice. Fifteen units of 

Mung Bean nuclease ( previously diluted with 1 X Mung Bean Dilution 

Buffer). were added to each . tube and incubated at 30 'C for 30 -min. 

After the incubation,. 4 ~I of 20 °/o SDS, 10 ~I of1 M Tris-CI, pH 9.5, 

20 ~I of 8 . M LiCI, and 250 ~I of buffer-equibrated 

phenol/chloroform were added and centrifuged for 2 min. · ·The upper 

aqueous layer was extracted one more time with chloroform and 



precipitated with 0.5 ml of ethanol plus 25 J.LI of 3.·5 M 

Na-Aceta_te(pH 7.0) on ice for 10 min. After centrifugation, the 

· DNA pellet was disso.lved in 15 J.LI of TE buffer. One J.LI of deleted 

DNA was ligated with T 4 DNA ligase and 7 J.LI of the remaining DNA 

was used for gel _electrophoresis analysis. A 5-fold diiuted ligation 

mixture was used for transformation ·of the DH5a competent cells 

(BRL). · Colonies were randomly picked and plasmid DNA was 

isolated from- the co·lanies by small-scale preparation as described 

before. - The isolated plasmid DNA was analyzed by gel 

electrophoresis. 

(C) The Sanger Chain Termination MethOd- of DNA Seguencing 

The sequencing ·methodology of DNA has undergone a rapid 

improvement · si~ce the introduction of· the· chain-termination DNA 

sequencing method (122). The chain termination method involves 

the synthesis of a DNA strand by a DNA polymerase in vitro using a 

single-stranded DNA template. Synthesis . is initiated at only the 

one site where an oligonucleotide primer anneals to the template·. 

The synthesis reaction is terminated by the incorporation of a 

nucleotide analog that would not support continued DNA elongation 

(hence the name chain termination). · The chain terminating 

nucleotide analogs. are the 2' '· 3' -dideoxynudleoside 5' 

-triphosphates (ddNTPs) ; · _ these lack the 3' -OH group necessary for 

. DNA chain elongation. When proper mixtures of dNTPs and one of 
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the four 'ddNTPs are used, enzyme-catalyzed polymerizarioQ is · 



terminated in a fraction of ·the population of chains at each site 

where the ddNTP can be incorporated. ·Four separate reactions, each 

with a different ddNTP give complete sequence· information. A 

radioactively labeled nucleotide is also included in the synthesis, so 

the labeled chains of various lengths may be visualized by 

autoradiography after separation by high-resolution electrophoresis. 

Double -stranded DNA Denaturation 

Approximately, 3 J..Lg of recombinant DNA was adjusted to 16 J..LI 

by adding H20 and denatured by adding 4 J..LI of denaturation solution 
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( 1 M NaOH and 1 mM EDTA) at room temperature for 5 min. The 

reaction was neutralized by adding 2 J..LI of a 2 M ammonium acetate 

solution adjusted to ·pH 5.4 with acetic acid, precipitated with 55 J..LI 

of ice-cold ethano·l on dry ice plus ethanol ,and centrifuged in a · 

microfuge for 15 min. The pellet was washed twice with 70 °/o . 

ethanol and dried under vaccum. 

Annealing Template and· Primer 

Sequencing reaction procedures followed the Sequenase™ 

protocol (123). with some modifications. Sequenase™ is a superior 

enzym·e for DNA sequencing arid is a modification of bacteriophage 

T7 DNA polymerase. Its properties include low 3' to 5' exonuclease 

activity, high speed, and the efficient use of nucleotide analogs __ for 

DNA sequencing ( ddNTPs, a-thio dNTPs, diTP, 7-deaza ·dGTP,etc). 



A sequenase kit(U.S. Biochemical Coporation) including Sequenase 

was used for sequencing. 
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For each set of four sequencing lanes, a single annealing (and · 

subsequent labeling) reaction was used. In an Eppendorf tube, the 

following reagents were combined; 1 J..LI of Primer (25 ng/J..LI), 2.J..LI 

of Sequencing Buffer(200mM Tris,pH7.5, 1 OOmM MgCI2 , and 250 mM 

NaCI), and 7 Jll of DNA sample (3 J..Lg of DNA in 7 J..LI of TE buffer, 

pH7.4). If a small volume of DNA solution was used, the balance 

should be made up with· distilled water. The capped tube was 

incubated at 37'C for 15 min. 

Labeling Reaction 

For standard reactions (reading . sequ·ences up to 500 bases or 
Ill 

50 bases from the primer)~· the Labeling Mix (7.5 J..LM dGTP,7.5 J..LM 

dCTP, and 7.5 J..LM dTTP) was diluted 5-fold with distilled water. _ To 

the annealed template-primer was addeq. the following; 1 J..LI of 

DTT(0.1 M), 2 ·J..LI' of the diluted Labeling Mix, and 0.5 J..LI of [a-32p] 

dATP (800 Ci/mmol, 10.0 m.Ci/ml; DuPont). After 1 J..LI of -Sequenase 

was diluted with 8 J..LI of TE buffer, 3 J..LI of the diluted Sequenase 

was added to reaction mixture. The mixture was incubated at 37 'C 

for 15 min. 

Termination Reaction 

Two and one half J..LI of each Termination Mix (80 J..LM dGTP, 80 

J..LM dTTP, 80 J..LM dCTP,_ 80 J..LM dATP + 8J..LM_ ddNTP, 50 mM NaCI) were 
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added in 4 different fresh tubes labeled as A,G,T,C. When the 

labeling reaction was complete, 3.5 J.LI of reaction mixture was 

transferred into each labeled tube. They were mixed by · 

centrifugation for seconds and th~ incubation· was continued at 37 'C 

for another 15 min. Four J.LI of Stop· so!ution (9 o/o Formamide, 20 

mM EDTA,· 0.05 o/o Bromophenol Blue, and 0.05 o/o Xylene Cyanol FF) 

were added to each of the termination mixtures. 

When a gel was ready for loading, the samples were heated .to 

90-100 'C for 3 min and 3 J.LI' of the samples were loaded in each 

lane. 

(0) Preparation of Seguencjng Gel and Sample Application 

Glass plates (BRL) were cleaned sequentially with water/soap, 

distilled water,and 70 o/o ethanol. Gel spacers (BRL) were positioned 

at both sides and at the bottom. Assembled plates were fixed with 

several. clamps and sealed with agarose gei(O.S 0/o). To make a 6 o/o 

acrylamide gel, 21 ml of the acrylamide stock (20 o/o) was diluted 

with 49 ml of Urea Mix (7 M Urea in TBE buffer). Finally , 350 J.LI of 

10 o/o ammonium acetate and 35 J.LI of TEMED were added. The 
I . 

acrylamide mix was poured slowly on the top of plates. The flat 

edge of . the shark's tooth combs were inserted between the plates to 

a depth of 0.2-0.3 em from the top of the short side of the plate. 

The plates ·were left in a horizontal position. for polymerization. 

After the ··gel had polymerized completely, the clamps and the 

combs were removed carefully from the plates. After cleaning the. 



combs with water, they were inserted between the plates with the 

teeth down toward the gel until they just makes contact with the 

surface of the gel. Next, the gel plates· were positioned in the 

apparatus(BRL 82) and fixed with thumb screw knobs. The upper and 

lower. reservoirs were filled with 1 X TBE buffer and wells of the gel 

were rinsed. 

The ·gel should be pre-electrophoresed for 30-60 min before 

loading the samples. Immediately prior to loading , the wells of the 

gel must be rinsed again to remove urea. The following· was a 

guideline for the power setting during electrophoresis; 1 ,500~2,000 · 

volts, 40-70 rnA, and 60-100 Watts. In order to keep the. 

temperature at 50-55 'C , the power settin·g should be adjusted. 

After electrophoresis, the gel· was transferred onto .a sheet of 

3 MM. paper, dried( using the BioRad Gel Dryer) under vacuum at 80 'C 

for 1 hour; exposure 'to X-ray film was at -70 'C for 12 hrs. 
. ' ' 

(7) IN VITRO EXPRESSION 

(A) Plasmid Constructions 

A 2.2 Kb Hind 111-Pst I DNA ·fragment was isolated from 

pSV2-CAT vector(124) ·and inserted into the Hind 111-Pst I in the 

multiple cloning sites of Bluescript (Stratagene). The inserted 

fragment contained the CAT gene, including the polyadenylation site, 

and splice donor-acceptor sequence in the form of the small 

t-antigen intron from SV 40. This constructed vector is called 

"pBuCAT". 
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The strategy for inserting the 1.2' Kb. Gy promoter fragment 

into the pBuCAT is shown in Fig. 15. Alternatively, the 1.2 Kb Aha 

II G y promoter fragment was cloned directly into the Ace I 

restriction site of pBuCAT vector.. The orientation of Gy promoter 

with respect to the CAT gene was determined by the· pr~sence of an 
'' 

asymmetric Aha lll(or Ora. I) restriction site. 

The enha_ncer~containing fragment (2~3 Kb Eco Rl 3·· to . the .·Ay 

globin ·gene) was cloned into · the Bluescript and the· 

enhancer-containing ·fragment was· ·lsolated . by double-digestion 

with Sma I and Eco RV from ·this .Biuescript recombinant. · .The 
' ' 

resulting enhancer fragment was· blunt~ended and. thus, readily 

ligated · into the blunt-ended Sma I restriction site· ( 3' to the 

poiy-A terminal signal) of the GY promoter-pBuCAT hybrid construct. 

Alternatively, the . enhancer . fragment can be cloned in the G y 

promoter-pBuCAT by proc.edures described in Fig.15. 

These plasmid constructs were transformed into the . DH5a 
I· 

competent cells (BRL) and the transformed colonies were identified 

from the mini~plasmid preparation as previ·ously described. 

Plasmid DNA was then prepared. for transfectiori from. a single clone 

using a large scale ·plasmid preparation as previously described (see 

section "Large Scale Isolation ·of Cosmid . DNA"). 

(B) An'alysis of Promoter and Enhancer. Activity 

Transfection · 

Gene expression was measured in K-562 erythroleukemia cells 
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FIGURE 15. The strategy for inserting the 1 .2 · kb G 'Y promoter and 
the 2.3 kb 3' A'Y enhancer-containing fragmenf into the 
expression vector. pBuCAT. 

The 1 .2 kb G 'Y promoter and the 2.3 kb 3' . A 'Y 
enhancer-containing fragments were isolated from the 
bacteriophage-cloned DNA. The single strand of the 
restriction enzyme sites were · filled with dNTP by 
Klenow fragment to produce the blunt ends. Next, the 
linker(Hind Ill or Bam. HI linkers) ·was ligated·. to the 
blunt ·ends and digested by restriction enzyme(Hind Ill 
or Bam· ·HI). t9 produce the sticky· ends. These 
frag-ments containing the sticky ends were inserted 
into the cloning sites(Hind .. 111 and Bam HI) of the 
expression vector, pBuCAT. 
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that have been obtained from Dr. A. Schechter(NIH), a cell line used 

for expression of the plasmid pSV2-CAT. Culture conditions were 

as previously described (125). 

1 . 2 X 1 0 8 cells - were harvested in mid-log stage at a 

concentration of 6X 1 o5 cells/ml by centrifugation for 5 min .. The 

cells were washed three times with 1 X PBS (Cellgro Dulbecco's 

Phosphate Buffered Salt Solution without ca++ and Mg++) by 

repeated centrifugation and 7X1 o6 cells were suspended in 0.4 ml 

PBS. The K-562 c.ell suspension was mixed with 20 J..L g of 

supercoiled plasmid DNA in 0.1 ml PBS and subjecte~ to 

electroporation at 180 volts and 960 J..LF- by using the· Bio-Rad Gene 

Pulsar and Capacitance Extender (South Richmond, CA). The cells 

were transferred to 20 ml of fresh growth medium (RPMI-1640.+1 0 

0/o FBS+ Penicillin/Streptomycin+Hepes+Giutamine ) and cultured for 

48 hrs. 

Assay of. Chlorarrphenicol Acetyltransterase (CAT) Activity 

The activity of ·chloramphenicol acetylt~ansferase (CAT) in 

transfected K-562 cells was determined -.by the method of G.orman et 

al. (124). 

The cultured cells were harvested, washed three- times with 

1 XPBS, and suspended in 150 J..LI of 0.25 M Tris-HCI, pH7.8. The cells 

were then disrupted by 3 cycles of freezing and thawing by 

immersing the tube. in an ethanol-dry_ ice bath for 5 min and then 

transferring to a 42 'C bath. -The cell debris was pelleted for 5 · 

·. min at 4 'C- in a microfuge: and the supernatant was collected for 
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enzyme assay. The protein concentration of the supernatant was 

determined using the Bio-Rad Protein AssayTM. The supernatant was 

transferred into Eppendorf tube and heated at 65'C for 5 min to 

destroy endogenous acetyl transferase activity ; CAT is· heat-stable. 

The reaction mixture in a total volume of 150 J.!l contained 250 J..l9 

pr.otein of the cell extract , 20 J.!l Acetyl Co A . (35.2 J..l g I J.ll; 

Pharmacia), 5 J.!l (50-200 nCil [14C]-chloramphenicol (<1 0-50 

Ci/mmole; DuPont) in 0.25 M. Tris, pH 7.8. The reaction was 

incubated overnight at 37'C. The reaction mixture was extracted 

with 1 ml of ethyl acetate by vortexing for 30 seconds and 

centrifugation for 2 min. The top organic phase, w.hich contained all 

forms of chloramphenicol ( the two forms· of monoacetate~ the 

di-acetate and unreacted chloramphenicol) was saved. The ethyl 

acetate was removed ·under vacumm .·and the samples were 

resuspended in 30 Jll of ethyl acetate and applied onto silica gel 

thin layer chromatography plates (Baker-flex Silica Gel IB from J.T. 

BAKER Chemical Co.) using capillary tubes. ·The plates were 

subjected to ascending chromatography with a 95:5 mixture of 

chloroform:methanol for 1 and half hrs. The plates were dryed and 

exposed to X-ray film overnight at room temperature. Quantitation 
\ 

of the acetylated chloramphenicol was obtained by cutting out the 

radioactive· spots from the thin layer chromatography plates and 

counting them for 1 4c in 10 ml of scintillation cocktail. The level 

of expression of each transfection ·was normalized to the amount of 

plasmid DNA that was available for expression in each culture. This 

was dertermined by measuring the amount of plasmid that was 
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present in the nuclei . of the transfected culture. The measurements 

were done by Southern Blot hybridization of a Bam HI digestion of 

total nuclear DNA isolated from transfected cells. The nuclear DNA 

was probed with a Bgl 1-Hind Ill fragment isolated from pSVO-CAT. 

Autoradiograms representing each transfection were scanned using 

a densitometer and the areas under the curves were intergrated. 



RESULTS 

A Saudi Arabian SS patient K.A., who is homozygous for 

haplotype #31, was ·the main subject of this study. This #31 ~s 

chromosome seems to. have a Hb. F determinant which- may be 

involved in the i"ncreased expression of the 1 genes. An putative 

enhancer located ·3, to the A'Y globin gene was the main focus to· 

explain the high level of Hb · F in this Sauc;ii Arabian SS patient. 

While investigating any ·specific nu.cfeotide sequence modifications 

in the enhancer region ·of this ~s chromosome, two othf3r patients · 

served as . corttr.ols: (a) a Black SS . patient, homozygous for· 

haplotype #19, who did not have a high leVel of Hb F, and (b) an. 

Yugoslavian individual who. was heterozygous .for a 'Y -globin gene 

triplication· (126). ; the ·clone used in this study was from the 

normal chromosome of this individual. 

First, cosmid cloning methodology was used to clone the 

entire {3-globin gene cluster region (from 5' . to the e globin gene to 

the region 3' of the f3 globin gene). There were, however, some 

technical difficulties with this cloning procedure and thus I 

switched to the EMBL-3 bacteriophage . cloning technique. 

Indeed,_ the study of the enhancer which was located 3' to the A'Y 

globin gene did. not require the cosmid cloning methodology. 

Therefore, the 15.3 kb BamH fragment from genomic . DNA 
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was cloned into EMBL-3 bacteriophage. Next, the 2.3 kb EcoiR 

enhancer-containing fragment located 3' to the A'Y globin gerie was 

subcloned into the Bluescript plasmid. This 2.3 kb fragment in the · 

plasmid was sequenced by using Sanger's chain termination method, 

and the data was compared to the sequence reported for this . region 

(128). In addtion, the activity of the enhancer in .the 2.3 kb 

fragment was evaluated. This fragment was fused to an 

expression vector and transfected into K-562 cells. Control. 

experiments used the 2.3 kb fragment derived from the naplotype 

#19 chromosome. 

PATIENTS 

The subject of· this study was a man (K.A.) from Qatif, Saudi 

Arabia, with homozygous Hb S (SS), a student in a postgraduate 

program at a university in the U.S.A.. He recalled having one 

episode of mild bone and joint pains when he was 12 years old. · He 
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is easily fatigued by any exertion. H'is wife, a Hb S heterozygote, is . 

his first cousin. Two of their four . children also have· sickle cell 

anemia; they have . not had any painful episodes, and· havf3 ·not 

experienced frequent infections. 

Hematological data and haplotypes for the members of. this 

·family are listed in Table 3 and Fig.16. These data indicate that· 

the patient , his 5 year-old ·daughter, and ·his 2 year-old .san· . are 

homozygous for the· ~s chromosome with haplotype #31, while his 

. wife is heterozygous far· the ~s chromosome with. haplotype #31. 



Table 3. Hematological and hemoglobin composition data for the 
family members of the Saudi Arabian SS patient {K.A.) 
and for the #19 SS patient {A.D.). 

Father (32) was the Saudi Arabian SS patient, K.A. an~ 

#19 A.D.(12) was the haplotype #19 Black SS patient, 
A.D. 
F (o/o) and A2(0/o) ; By cation exchange HPLC (1 04). 
Gy(o/o) ; By reverse phase HPLC_ (1 06). 

From· A. Kutlar, et -~1. Hemoglobin 9(6) :545, 1985. _ 
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Table Hematologic;a1 and hemoglobin composition data ·for the family members of the Saud~ Arabian SS ·patient 
(K.A~) and for ~he #19 SS patient (A.D.) 

Subject (Age) Typ~ RBC (1012/1) Hgb (g/d1)· · PCV (1/1) MCV (llm3.) MCH (pg) MCHC (%). A2(%) F (i.,) Gy (i.,) 

Father (32) ss 3-~ 95 12.1 33.0 84 30.6 36.7 1.6 21.7 65.9 

Mother (27) AS 5.87 12.3 37.5 64 21.0 32.8 . 2.7 0. 7 . 53.1 
-

Daughter (5) ss 3.66 9.4 28.0 77 25.7 33.6 1.2 27.2 63.0 
--

Son (2) ss 3.75 8.8 27.5 74 23.6 32.0 0.9 37.5 65.8 

4ft19 A.D. (12) ss 2.55 8.7 23.5 92.0 34.1 37.0 3.2 11.0 38 •. 7 

-......) 

~ 



FIGURE 16. Polymorphic restriction sites for the 6 globin gene 
cluster of family members of the· Saudi Arabian SS 
patient (K.A.) and the black SS patient. 

. The patient (K.A) and his daughter· were homozygous for 
the ~s chromosome with haplotype #31, while his wife 

was heterozygous for the same type ~s chromosome 
with haplotype #31. The black SS patient was 
homozygous for the ~s ch_~omosome with haplotype #19. 
Restriction enzymes used were : Hinc .II(Hc), Xmn. I(Xm), 
Hind III(Hd), Apa I(A), ~pa I (Hp),· and Bani Hf (8).. . 

Redrawn from A.: Kutlar, et al., Heinoglobin 9(6) : 545, 
1985·. 
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The patient and his two children had the markedly elevated Hb 

F levels (21.7 °/o to 37.5°/o). The .G'Y values in the Hb F of the patient 

was 65.9 °/o. Hb A2 value of the patient ·wa~ 1 ~6 o/o. · Fig. 17 shows 

some HPLC chromatograms which provide the G'Y and Ay pe~centa.g.es. 

An a-thalassemia-2 homozygosity (a-.3 ~ 7 1 a-3 · 7) ·was present in 

his wife (she had 27.3 °/o Hb S), ~hile he and his daughter were 

heterozygous ( a-3 ·7/aa ). These data were obtained by Kutlar et 

al.(127). 

Other subjects in this study included a SS patient (A.D.) who 

was homozygous for a ~s chromosome with haplotype #19 from 

Georgia, U.S.A. and an Yugoslavian individual who was heterozygous 

for a y globin gene triplication (126). The hematological data and 

haplotype of the #19 SS patient (A.D.) are also shown in Table 3 and 

Fig. 16. The Yugoslavian patient was included because this patient 

had a normal chromosome, from which the region around the y 

globin ·gene was already cloned. 

DNA .Analysis of K.A. 

The DNA· from K.A. was isolated from his white blood cells, 

digested with restriction enzymes, electrophoresed on agarose gels, 

and subjected to blot hybridization with the 3' Ay probe ( p2.3 H y 

64). Since it was necessary to compare the sizes of the digested 

fragments to be cloned with those of a normal control, such 
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FIGURE 17. Chromatographic . analysis of hemoglobin ·chains by 
reversed phase HPLC. 

Whole red. cell lysate for patient (K.A.) were analyzed 
(left panel), while Hb ~- was_ ·isolated .first from· the· 
ABC · of his wife.( right panel). 

Column . : Large-Pore C4 Column 

Developer A : 40 o/o (0.1 o/o TFA in H20) ·. 

60 o/o (0.1 o/o TFA in Acetonitrile) 
Developer 8 : 80 °/o (0.1 °/o TFA in H20) . 

20 o/o .(0.1 o/o TFA in Acetonitrile) 
T 1 : 50-60. o/o of Developer A, 70 min~ 

T 2 : 60 °/o of Developer A, 20 min . 

. T p : 99.9 o/o of Developer A, 5 min . 

. T eq : 50 o/o of Developer A, 10 m·in .. 

Data provided by F. Kutlar. 
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experiments were made with the restriction enzymes,. Kpn I, Bam H 

·I, and Eco R I; these restriction enzymes were selected because of 

their use to digest the geno.mic DNA fragments for cosmid cloning, 

EMBL-3 cloning,. and subcloning, respectively. After digestion with 

Kpn I, hybridization to the 3' ·A'Y probe showed a restriction 

fragment of appro.ximately 40 kb (_40 kb) in both the. patient (K.A.) 

and the control. (Fig.18). Similarly, · digests with Bam H I and Eco R 

I yielded a 15.3 kb and a 2.3 kb fragments, respectively, in both the 

patient and control (Fig.18). These· restriction fragments (_40 kb, 
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15.3 kb, and 2.3 kb) were suitable. to be cloned in the cosmid, . 

EMBL-3 phage, and plasmid vectors. 

Cosmid Cloning 

Cosmid vector, pFC-1, was double-digested with Hind Ill and 

Kpn I as well as Sal I and Kpn I~ and the dige~ts were analyzed on an 

agarose mini-gel. Results of the double digest are shown _·in 

Fig.19-A. In the Hind Ill + Kpn I digest, a 5.2 kb band was .observed· 

(lane 1) and a 2.4 kb band in the Sal I + Kpn I digest (lane 2). These 

results indicated that the digestions were complete. The 2.4 kb 

(right arm) and ·5.2 kb (left arm) fragments were recovered from the 

gel and found to be pure (Fig. 19-8). 

The Kpn I restriction fragments of about 40 to 50 kb were 

isolated from the genomic DNA of the patient (K.A.) using an agrose 

gel and . ligated with excess amounts of the isolated right (2.4. kb) · 

and _left (5.2 kb) arms. Figure 19-C shows the self-ligation of the · 



FIGURE 18. Photograph of an autoradiogram of DNA. digested with 
Kpn I. Bam HI. and ·Eco Rl. 

S, patient (K.A.); C, normal control. 
These blots were obtained after hybridization with 3' 
Ay probe. . 
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· FIGURE 19. s·ummary of cosmjd library construction. 

1
A. The cosmid vector, pFC-1, was digested with Hind 
111/Kpn I (lane 1) and Sal . 1/Kpn I (lane 2). 

B. The- left (5.2 kb; lane ·1) arid right ar·m (2.4 kb; lane 
2) were isolated from· ·the Hind 111/Kpn I and Sal 1/Kpn I 
digests. 

C. The arms were ligatec;t with the Kpn 1-digested 
genomic DNA of the patient _ (K.A .. } : before ligati~n 

(lane 2) and after ligation (lan·e 3). La~ne 1 was ~ 
DNA. L-Arm ;· Left Arm, R;.Arm; Right Arm. 

A./Hind Ill DNA(m) was used as size marker. 
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arms as well as the insert-arms ligation. The concatamer form 

(i.e. the ligated form of multiple units) appeared flame-shaped 

(lane· 3), which was not observed before li~ation . (lane 2). The · 

ligated DNA was used for packaging~· · Approximately, 1 o~ooo 

cosmids per J..Lg of genomic DNA were obtained .... After screening 

with the ~-lvs· II probe ,only one hybridizing clone was found. The 

cosmid DNA from this clone · was isolated, digested with the 

restriction enzyme Kpn I, and analyzed by Southern blot using. the 

~-IVS II probe. Unfortunately, no hybridized cosmid DNA .was 

detectable. This result indicates that· the clone was a .false 

positive since a _ 45 kb hybridizing band was found in the positive 

control cosmid DNA (pFC-12, obtained from. Dr. Collins). One reason 

for the negative result was that the cosmid w~s n~t stable and was 

lost during the culture of host bacteria. After this· initial negative 
. . 

·result, several .. other at'tempts were made but without success; ·so, 

I decided to switch vectors . 

. EMBL-3 Cloning 

Genomic DNA from K.A:. was digested to . completion -With the 

restriction· en;zyme Bam H I and purified. . EMBL-3 vector, purchased 

from 'Stratagene' , was pretreated with Bam .H I, Eco R I, and 

alkaline phosphatase to reduce the chance of self-ligation .. 

Usually, digested genomic DNA fragments ·are separated by size on 

a sucrose~gradient, but in this experiment this step was omitted to 

maximize the efficiency of recombination and. to . increase the. T4 
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ligase activity. The ligation reaction was carried out for 1 hour at · 

room temperature and then for 16 hours. at 4 ~C~ .. One .half J..LI of the 

ligated sample was analyzed on an 0.8 -0/o. agros~ ,irnJni-gel to ... · . ) .,, 

Fig. 20 (Ia:~ a-~)) .. shows the· determine the -ligation efficiency. 

presence of the large ligated DNA as a flarr1e-shap:~d band. 
. .. . '· 

An 

increased viscosity also indicated that large · concatemeric 

molecules were formed. After. in vitro packaging of this ligated 

DNA, the phage titer was determined to be 6X1.o5 plaque-forming 

units (pfu) for 1 J..Lg of the rec~mbinant DNA. When 3X1 o5 plaques 

were screened by in situ hybridization ·with the 5' o _probe (pa 31.8), 

two positive plaques were identified. Qne of these was isolated 

and further purified by a· second .screening with· the 3' A'Y probe (p 

2.3 H 'Y 64). . The :auto radiograms of the· first and second ·in situ 

hybridization are shown in Fig. 21. . During the first· screening (top 

panel in Fig.21 ), there were too many_ p·laques to isolate· a 

hybridizing_ plaque. However; after the second screening (bottom 

panel in Fig. 21 ), a. single, :well isolated, and positive plaque was 

obtained. 

The phage DNA from the single positiv~ plaque was digested 

with Bam H I, Bam H VBgl il, and Eco R I, and analyzed by the 

Southern blot· technique using the 3' A'Y ·probe.· Fig. 22 shows the 

results together with a map of restriction sites. Detection of a 
. . - "'- . 

15.3 kb fragment in the Bam H I digest, _a 5.8 kb f-ragment in the 

Bam H 1/Bgl II digest, and a 2.3 kb fragment in the Eco R I digest 



FIGURE 20. Ligation of EMBL-3 arms with 
genomic DNA of the patient (K.A.). 

BamH 1-digested 

A 0.8 o/o agrose mini-gel electrophoresis was used to 
identify the fractions. 
·Lane 1; ligated DNA(Concater)lers) and. lane 2; A. DNA 
(48.5 kb). A./Hind Ill DNA(m) was used as size marker. 
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FIGURE 21. Autoradjograms of the first . and second . in-·:·'iftd:<" 
. I 

hybridization for screening of plagues. 
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1st Screening with 5' o Probe· 

2nd S6reening with 3' Ay Probe 



FIGURE 22.· Diagram and autoradiogram of the DNA cloned in 
EMBL-3. 

~A) Diagram of the cloned DNA which contains , ~)he ·3' 
'Y - 5' 8 globin gene region. The location of 3~ A'Y 

probe was indicated with a short bar. 

(B)· Autoradiogram _of the cloned DNA in . EMBL-3 · 
digested with Barn H 1., Bam H I+ Bgl II, and·Eco R L ·A 
0.8 o/o agrose mini-gel was used, and was hybridized to 
the -3' A'Y prob~. · · 
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indicated that the clone contained a piece of genomic DNA with a 5'_ 

end point within A'Y and a 3' end point close to the o globin gene. 

Subcloning of the 3' A y 2.3 kb. Eco R I Fragment ·into a 

Plasmid vector 

Since the 3' A'Y 2.3 kb Eco R I fragment was thought to cont9:in 

the enhancer fragment (11 ), the isolated bacteriophage DNA was 

. digested with Eco R I and the 2.3 kb fragment was ,isolated. This 

fragment was subcloned into a Bluescript , plasmid vector via the 

single Eco R I site of the poly-linker region (poly-restriction 

enzyme site) because this vector was designed for DNA sequencing 

·of long inserts. Several recombinant plasmid clones were 

analyzed by agarose gel electrophoresis after an Eco R I· digest; 

this enzyme removes the insert from the Bluescript plasmid. ·Data 

given in Fig. 23 show that several clones contained a fragment 

which hybridized with the 3' A'Y probe. 

The 3' A'Y 2.3 kb Eco .R I fragments from a #19 ~s chromosome 

(patient A.D.)- and a Yugoslavian normal chromosome we·re isolated 

in a similar manner. 

Successive and Unidirectional Deletion of the Inserts· in 

Plasmid· by Exonuclease Ill/Mung Bean Nuclease for DNA 

Seguenci11.9. 

In order' to sequence the entire 2.3 kb enhancer-containing 

fragment 3' to the A'Y globin gene which was cloned in the· Bluescript 
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FIGURE 23. A. Plasmid DNA obtained from the four subclones were 
analyzed on a 0.8 o/o agrose mini-gel after digestion 
with Eco R I; Lane 1 (subclone 1 ), l·an·e 2 (subclone 2), 
lane 4 (subclone 3), an·d lane 5 (subclone 4) : The 2.3 
kb band identifies the insert ; Lane .3 (subclone ·2) and 
lane 7 (subclone 4) before digestion. The plasmid DNA . 
isolated from a blue colony is shown in lane 6_. 

B. The_ blot of the above gel was hybridized with the 3' 
A'Y probe. The 2.3 kb- band hybridized with the 3' A'Y 
probe. 

A./Hind Ill DNA(m) was used ._as size marker. Sizes of 
the DNA -fragments are given in kilobases. 
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plasmid, the ;·Exonuclease Ill/Mung bean nuclease system was ·used 

to create .suca-e:sslve --and unidirectional · ··ti-~l .. eti·cfh:s _ifh tihr~ · ifdhg 

stretch .ol dnsett;tfd:i ·.DNA. Figure 24 shows data by ·agarose gel 

electr.optle·ffH~is: H'ti~ntifying deletion products from this reaction 

after .·aliquots V'l~~re removed at various times. The results show 

that - approximate!y 2 kb sequences w~re maximally deleted after 

the _·:~reatn1ent with exonuclease Ill at 34'C for 8 min. Therefore, the 

re,,s:lr!ting recombinant plasmids from 6 and 8 minute deleti'rin 

periods v.ve.re iigated intramolecularly and used for transformation. 

The recorl4binant. DNA of 32 randomly secected clones were isolated 

and analyzed by agarose gel electrophoresis (Fig. 25). These 

recornbinant · pi~smids had different· sizes resulting from different 

degrees of daletional reaction. According to the size of 

recorTibi.nant phasmids snown in Fig. 2-5, seven recombinant 

pla.smids contai·ning the inserts with the desired sizes were used to 

seq:uence the entire 2.3 kb fragment. The map of these deleted 

inserts are.' illustrated in Fig.26. 

Segu~o .. ~Jt~ Ay. 2.3 Kbi Eco R I_ Enhancer-containing 

Fragment· 

·To investigate possible differences in nucleotide sequence of 

the 3' A'Y 2.3 kb Eco R I enhancer-containing fragment from the 

Saudi J\rabian ~s chromosome with haplotype #31, the sequences 
. . ·, . . : 

of this~· 2.3, kb fragment ( + 1'968 to +4327 bps relative to the. cap ". 

site of the·. A'Y gl.obin gene) were determined. The resolution of the 
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FIGURE 24. Succ~ssive and un!directional deletion,~..Qf~i'H2~ ir~Ji~r1 in 
a recombinant plasmid ONA using_~LUJ<eiease. lULttjung. 
bean nuclease at 34 'C. 

An Eco R V and Kpn I digest of plasmid DNA vias fn9ated 
with exonuclease I II ·at 34 'C ; aliquots · vv~ere. removed at 
2-m in intervals and mixed with rnung toe·an · nuclease. 
Samples were electrophoresed on a . o·.a. ,,:0/{il · agrose 
mini-gel. A./Hind Ill DNA (m). was used as .size marker 
(left lane). 
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FIGURE 25. Gel electrophoretic analysis of 32 and 17 re.:-.c~oned 
plasmid DNA fractions after 8- and £i;.minutes 
exonuclease Ill/mung bean nucleaSe reaction . 

. After treatment with the exonucle8S61 111/iriung- bean 
. \ ~-

nuclease system, the resulting plasmid~· from. a 6 and 8 
minute deletion period were ligated .)ntramolecularly 
and used· for transformation. The. pi as mid QNA, isolated 
from each clone was analyzed on a .0~'8 ·. o/o a.ga.rose gel. 
Top panel ; clone # 1- #32 I 8 min-dele,ti,on .. 
Bottom panel ; clone #201- # 217 l 6 min··del'etion. 

--

A./Hind Ill DNA(m) was used as size marker .. 
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. sequencing gel was approximately 400 bp, which.-:.,required"·: tvvo . 
.... ~ : 

different sequencing. strategies to complete. the .analysis of the 2.3 

kb enhancer-containing fragment. . The first ,_strategy was to utiJiz.~ 

tne synthesized _primers so that the area sequenced would overrlap ~

eaqh ott:r.a_r.· ·.·. Figure 26 summarizes this strategy while Tabl~· 4 . · 

li~~ts th~~: . d~Jf~i"ii~d · location of _primers·. The second strategy was~ to 

use_ the·~·~de:l~tE~d':~v inserts in plasmid recombinants obtained by·; ·the 

exqnuti.e<t~:s·e.:·-:~!U/nlu·ng be-an nuclease system. Plasmid DNA fforn 

clonas~::-:#29~, }1:1 ,21 t ,213,214,216, and 215 were used, because -the 

seqJJer~~~d aiea1. ·; ov·erlapped . each ·other within 30-50 base pairs. 

Ine ... EHlH~.e:· seqLh~H1ce o.f the 2.3 kb Eco R I enhancer-containing -
' "··_.: 4 .. . ...... 

~-tf~ag~_ent ::~was· ·::deteimined mainly by the second strategy using ·the--
~ ~. :, . " . . 

:~N,9;C·R:Sive·::J'~e!eted · inserts although some sequences were 

~~~t~n:nJned. · b~~~::tr~~e ·first· strategy. 
..... ... . . . .. 

-:.- ._.·:~e:r-~hE?.~~~:aut~radidg~ar~~ }?f a sequencing gel is shown in Fig. 27. 

DNPi ·;sa,:mp:t~~;~:-~~- polyrn~:.f~~~'d in the · ~;equencing reactions were 

:::::~:,~t~l~~~~r1E~~~d li:it::u::n~~~9 .ot2:~: :::u:~ci~: :0e~~r 
A. ,nMcl~qikl~-g;(J~-~~-~~rJ.~~~r ... ·~;~~-;.:_;position +4120, and several substitutions, 

in~~~~ipg:,,G;itd' ~ ~;';~4ogs~!£;A to G at +4125, G to A at +4127, and G 
. .. ' . . ~. :. -~ · •. ·.: - . '· : •}, · .. -~~- . . . . ' .. 

to 1ft~: :~at:"'·+.4 f"i*·1:j-~:-bp_~·_,r:'~l~tive to the cap site _of the . Ay g lobi"n gene, 
. . . . . . . . : . ·. •) <::· . -~ ~·-~:~··~. . . . . -

were. "/~bSJr~rved::t _· A. /~o.tal of approximately 2.50 nucleotides. ( +3968 to 

+42·1Sl .... ,~_-co~Jid:~·< be _ .. -~eterh1i,ned . in th~se two · 4 hrs and a· hrs· 
. ~. . -i..l·. ·' . • 

eletrophor~tic a:nalyses. When the s-amples were . electrophorr3sed . · 

for 2 ~~~Mrs;~·-tl:ffi sequence closer to the ..... ·p~rtrr~~~~~t~iYoout9..:_·d~;~:also be · 

determined .. (data·~t·u:·: not.· show·n)~_.; ... ~fhe:·~~f~·~;, ·--approximat~yJ:_s\v400 · 



_Table 4. 
! . 

' .. ' t. 

The location of primers used for DNA 5Hf4~~J:)!~jn\l~. 
~ .. ·~-. _____ , .J 

'i 

P1, P2, and P3 indicate forward primers.. Ri1·, R2~ ·and 
R3 indicate reverse primers. Numbering·~;is·! relative to 

the cap site of the G'Y globin gene. · : -"' ! 

' ...,..,.~ ................. -~ .... j··· ... ~~-

... '· .. .... ) 
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Location 

From To 
T 

+2,164 +~,183 

P-2 +2,494 +2,511 

; 

P-3 +2,855 +2,872. 

; 

-R~3 +3,540 +3,552 

R-2 +3,880 +3,896 

+4,150 +4,"166 

~--------'-----------------.--! 



~-- ... ~·-:; . 
.' i .. •. 

FIGURE 26. Diagram of the deleted jnsert and setu . .um.c.®.d~~ 

· or\-. :.;."; 
SK and KS indicate the primers whlch~· ana-· complement 
to the sequence of Bluescript plasmid. P1 ,P2~ and P3 
indicate forward .Primers. Ri, R2·,. ···and i~~~f'· indicate· 
reverse primers. 

: ~ .. 

. \' r ::~.:.11;•, 
The location and orientation of primer 

# Numbers identifying the clones 

~ The sequenced area 

The remaining insert area of a pl&s-rr}icf:7 .att~r deletion 
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FIGURE 27. Nucleotide seguence of the region (+3968 to 4-21S) 
within the 2.3 kb Eco R I 3' A,y- enhanct·d·-·c.Ql]ta~nl.n.g_ 
fragment. 

A. Four hours electrophoresis -at 1, 700 · voits, 60. rnA, · 
and 90 Watts. The gel was · made· _with 6 o/.o 
polyaccrylamide in 7 M urea. The arrows·. infficate: the 
nucleotide differ·ences compared to pubi!E:~hed sequ-ence
(128). 

B. Six ·hours electrophoresis at the same· conditio-ns. 
The sequence of about 1 00 nucleotides avertapt;d that .. 
of A. 

. l 

Numbering is relative to the cap site of the ftlr globin 
gene. 
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nucleotide sequences could be determined by· electrophoresis for 2-, 

4-, and 6-hours. 

The sequences of the 2.3 kb enhancer-containing fragments 

derived from the ps chromosome with haploype #19 p~ and from 

the Yugoslavian normal chromosome were determined by the same 

strategy using the synthesized primers. The nucleotide sequences 

obtained (Fig. 28) were compared to those reported in the 

lit~E~~_ftJre ·(128) and 21 base differences were found, including 16 

ba.se ,:substitutions, 1 base deletion, and 4 · base additions . 
. , .... l · ...... · ~.·,ow •• ,.! r •' ~~-· 

.L~~ ... ~ .. !{llii~ Expression 

. ··\1. New Vector Construct 

·;:For the purpose of fusing the. promoter or enhancer to an. 

expr~ssion vector, a new CAT expression vector with a poly-linker 

(p9ly..~restriction enzyme sites) was constructed by transfe-rring 

,tfl~ :·?.2 kb fragment. containing the CAT (chloroamphenicol acetyl 

transferase) gene from pSVO-CAT vector (124) into a Bluescript 
. ·r 

vector. By in situ hybridization with· the labeled 2.2 kb CAT gene 

fragment , three hybridizing clones were found and plasmid DN.As .· 

were isolated from these clones. Digestion of the plasmid . DN~ 

with either Hind Ill or Hind 111/Pst I showed that these clones 

carried the 2.2 kb inserts which might contain ·the CAT gene .(Fig. 

29) ~ The new expression vector construct (pBuCAT) is shown in 

Fig. 30. There are several restriction enzyme sites either 5' or 3' 

to the CAT gene. The 1.3 kb Aha II fragment containing .the 

promoter element of the G'Y globin g~ne. could be cloned in the 5' 



FIGUHE 28. PNA seguences of the 2.3 kb 3' Ay enhancer-co-n$ln~ng 
fragments from the Saudi Arabian #3l (3s ch ra_rii~sorne 
and from the (3s chromosome with .h~plotype .. ·tt_~ .. ?~~~~. 

All sequences are co.mpared with published··· daY~l Tff218). · 
. ., __ ------· 

The sequences for the #31 and #19 {35 ch ro.n1c.lso m·es · 
are identical and are shown in the lower line *hff~\,:·t~:t).:~ 
published sequence (128) is shown in a uppe.r "''i"ine.· · .· 
When the nucleotide · in a specific ·position is the~ .. t·;sgn,·e ~·T ·. 

as published ·sequence, this is indicated by -. Deletion ·· 
of nucleotide is indicated by *· Numbering is r·~aHve 

to the· cap site of the Ay globin gene. 
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GAATTCAAGG TTTAGTCAGG TGTAGCAATT CTATTTTATT AGGAGGAATA CTATTTCTAA 2027 
---------- ---------- ---------- ---------- ---------- ----~-----

TGGCACTT~G CTTTTCACAG CCCTTG1GGA. 1G~TAAGAA AGTGAAATTA·ATCCCATGCC 2087 
---------- ---------- ---------- ---------- ---------- ----------1 

CTCAAGTGTG CAGATTGGTC ACAGCATTTC AAGGGAGAGA CCTCATTGTA AGACTCTGGG 2147 . 
---------- ---------- ---~------ ---------- ---------- ----~-----

GGAGGTGGGG ACTTAGGTGT AAG.AAATGAA TCAGCAGAGG CTCACAAGTC AGCATGAGCA 2207 
---------- ---------- ---------- ----~----- --~------- ----------
TGTTATGTCT GAGAAACAGA CCAGCACTGT GAGATCAAAA TGTAGTGGGA AGAATTTGTA 2267 

CAACATTAAT TGGAAGGTTT ACTTAATGGA ATTTTTGTAT AGTTGGATGT TAGTGCATCT 2327 
---------- -----~~c~- ---------- ---------- ---------- ---~------
CTATAAGTA~~~ ;·GAGTTTAATA ·TGATGGTGTT ACGGACCTGG TGTTTGTGTC TCCTCAAAAT 
____ _;_,_~.;;.:~: .. ::;:~~·;;:..~ .... ------ ---------- --·------AA ---------- ----------

2387. 

·. . ... ::_L£~.~~17~··-.. ~->-.. · ~. 
TCACA TGCTG ~t'"~~!JCCCCAAC TCCCAACTGA CCTTATCTGT GGGGGAGGCT TTTGAAAAGT 
-----Cl""..l:)~.-;,on!)IIO.IOO ~.~;~;"~··::~----- . ----------· ----~-----· ---------- -----------

2447 

-
AATT~(~~l;.~T ~:~.CTGAGCTC ATAAGAGCAG ATCCCCATCA TAAAATTATT. TTCCTTATCA 
---~~=~-=~ ~-A------- ---------- ---------- ---------- ----------

2507 

.. :~. . , ': ·:.; :..:: e ;·.. ~ . . 
GA.AGC,~.GJH~A-.:~$ACJ',AGCCAT TTCTCTTTCC TCCCGGTGAG GACA~AGTGA GAAGTCCGCC 

• : 0 •., '\ ,' • :· ~ ;. •• • -

2567 
•· ! '1 • ~ • •• 0 

ATCTGCAATC.: .. CAGGAAGAGA ACCCTGACCA CGAGTCAGCC TTCAGAAATG TGAGAAAAAA 2627 
----~---~~.---------- ---------- ---------- ---------- ----------. -:~ .. y -.~;.: ~:: ..... , .· 

CTCTGTT.G!:J, GAAGCCACCC AGTCTTTTGT ATTTTGTTAT AGCACCTTAC ACTGAGTAAG 
---~-~::~~~ ---------~ ---------- ---------- --------G- ---------- . 

2687 

GCAGATGAAG AAGGAGAAAA AAATAAGCTT GGGTTTTGAG TGAACTACAG ACCATGTT*A 2747 
---------- ---------- :..--------- ---------- --G------- --------1-
TCTCAGGTTT GCAAAGCTCC CCTCGTCCCC TATGTTTCAG CATAAAATAC CTACTCTACT 2807 
---------- ---------- ---------- ---------- 1--------- ---------- . 
ACTCTCATCT ATAAGACCCA AATAATAAGC CTGCGCCCTT CTCTCTAACT TTG~TTTCTC 2867 
---------- ---------- ---------- ---------- ---------- ----------. ' . 

CTATTTTTAC TTCAACATGC TTTACTCTAG CCTTGTAATG TCTTTACATA CAGTGAAATG 2927 
---------- ---------- ---------- ---------- ---------- ----------
TAAAGTTCTT TATTCTTTTT TTCTTTCTTT CTTTTTTCTC CTCAGCCTCA GAATTTGGCA 2987 

CATGCCCTTC CTTCTTTCAG GAACTTCTCC ,·AACA TCTCTG. CCTGGCTCCA . TCATATCATA. 3047 
. . . .. . ' ,· 

---------- ---------- ---------- ---------- ---------------------
. . ,. . . -

AAGGTCCCAC TTCAAATGCA GTCACTACCG TTTCAGGATA TGCACTTTCT TTCTTTTTTG . . . . · 3107· 
---------- ---------- ~--------- ------A--- ---~~~~--- -~--------
TTTTTTGTTT TTTTTAAGTC AAAGCAAATT TCTTGAGAGA GTAAAGAAAT AAACGAATGA 3167 
---------- ---------- ---------- ---------- -~---~---- ----------
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CTACTGCATA GGCAGAGCAG CCCCGAGGGC CGCTGGTTGT TCCTTTTATG GTTATTTCTT 3227 
---------- ---------- ---------- ---------- ---------- ----------
GATGATATGT TAAACAAGTT TTGGATTATT(TATGCCTTCT CTTTTTAGGC CATATAGGGT 3287 
---------- ---------- ---------- ---------- ---------- ----------- ) . 

AACTTTCTGA CATTGCCATG GCATGTTTCT TTTAATTTAA TTTACTGTTA CCTTAAATTC 3347 
---·~------ ·----------- ----1----- ---------- ---------- ----------

AGGGGTACAC GTACAGGATA TGCAGGTTTG TTTTATAGGT AAAAGTGTGC CATGGTTTTA 3407 

ATGGGTTTTT TTTTTCTTGT AAAGTTGTTT AAGTTTCTTG TTTACTCTGG ATATT*GGCC 3467 
---------- ---------- --~------- ---------- ---------- -----A---• 
TTTGTCAGAA GAATAGATTG GAAAATCTTT TTCCCATTCT GTAGATTGTC TTTCGCTCTG 3527 

ATGGTAGTTT CTTTTGCTGA GCAGGAGCTC TTTAGTTTAA TTAGATTCCA TTGGTCAATT 3587 

TTTGCTTTTG CTGCAATTGC TTTTCACGCT TTCATCATGA AATCTGTGCC CGTGTTTATA 3647 
-----~~~a~ -~~------- ---------- ---------- ---------- ----------
TCAT(;,AATAG TATTGCCTTG ATTTTTTTCT AGGCTTTTTA TAGTTTGGGG TTTTTCATTT 3707 . 

AAGTCTCTAA TCCATCCGGA GTTAATTTTG GATAAGGTAT AAGGAAGGAG TCCAGTTTCA 3767 
--------=~ ------1--- ---------- ---------- -~-------- ----~-----
TTTTTCAGCA TATGGCTAGC CAGTTCTCCC CCATCATTTA TTAAATTGAA AATCCTTTCC 3827 

CCATTGCTTG CTTTTGTCAG GTTTCTAAAA GA*CAGATGG TTGTAGGTAC AATATGCAGT 3887 
---~------ ---------- ---------- --C------- ---------- ----------
TTCTTCAAGT CATATAATAC CATCTGAAAT CTCTTATTAA TTCATTTCTT TTAGTATGTA 3947 

TGCTGGTCTC CTCTGCTCAC TATAGTGAGG GCACCATTAG CCAGAGAATC TGTCTGTCTA 4007 
. -· ---------- ---------- ---------- ---------- ---------- ----------

GTTCATGTAA GATTCTCAGA ATTAAGAAAA ATGGATGGCA TATGAATGAA ACTTCATGGA "4067 

TGACATATGG AATCTAATGT GTATTTGTTG AATTAATGCA TAAGATGCAA CAAGGGAAAG 4127 
-~-------- --------A- ----------- --~------- ---------- --*--·--G-A 

GTTGACAACT GCAGTGATAA CCTGGTATTG ATGATATAAG AGTCTATAGA TCACAGTAGA 4187 
---------- ---A~----- -------~-- ---------- ---------- ----------

. AGCAATAATC ATGGAAAACA ATTGGAAATG GGGAACAGCC ACAAACAAGA AAGAATCAAT 4247 
---------- ---------- ---------- ---------- ~~-------- ----------
ACTACCAGGA AAGTGACTGC AGGTCACTTT TCCTGGAGCG GGTGAGAGAA AAGTGGAAGT 4307 ---1------ ---------- ---------- ------------ ---:--~.;.; _____ ,;. ________ . 
T*GCAGTAAC TGCCGAATCC . .'·4_327". 
-A-------- ---1--~---



FIGURE 29.' Qigest of the expression vector constructs (pBuCAT) 
with Hind Ill or Hind -111/Pst I. 

Plasmid DNA was isolated· from three diff~ren~ . clones, 
digested with Hind Ill or Hind 111/Pst ·1, and- analyzed 
on a 0.8 o/o agrose mini-gel. Clone #1 , clone #2 , and 
clone #3 are in lane 1 - lane ·s. Lane 1 ,3, and 5 
were the digests of Hind Ill. Lane 2,4, and 6 are the 
double-digests of Hind Ill and Pst I. The size of 
inserts contai.ning_ the CAT gene was 2.2 kb. 

Restriction enzymes used are : Hind HI (H) and Pst I (P) .. 
A./Hind I II DNA(m) was used as size marker. Sizes of 
the DNA fragments are given in ki"lobases. 
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FIGURE 30. Restriction enzyme· sites for constructing the 
promoter and/or enhancer jn the expression vector .. 
pBuCAT. 

The promoter should be inserted at the 5' side of the 
CAT gene but an enhancer can be inserted ·at either 
side. 
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side to the CAT gene in this expression vector (pBuCAT) without 

any restricion site-changing procedures because the Aha II 

restriction site could be ligated to the Ace I restriction site in 5' 

region of the CAT gene. 

2. Promoter and Enhancer Constructs 

To evaluate the ability ·of the 2.3 kb 3' A'Y enhancer-containing 

fragment to activate the promoter of the. G 'Y globin gene, the. 

enhancer-containing· fragment a·nd the promoter of the G 'Y globin 

gene were subcloned in an expression vector, pBuCAT, and. the 
. . 

resuHing constructs were introduced into eukaryotic cefls (K562~ 

erythroleukemia cells). After allowing for expression, the 

enzymatic activity (CAT) was determined in cell. extracts by 

measuring the. conversion of [1 4 C] chloramphenicol into its 

acetylated form. This value was taken as a measurement of the 

transcriptional control of the promoter by the enhancer-containing 

frag rnent. 

The G'Y promoter fragment was isolated from the cloned phage 

DNA of the haplotype #19 (3s chromosome.· This chromosome 

provided promoter 

the G'Y globin gene. 

without the Xmn I site. at · -158 position 5' to 

The G'Y promoter regi~n from the haplotype #31 

~s chromosome was not available for these experiments·. First, 

the G'Y promoter (1275 bps long and originating from position -1226 
. . ' 

to +49 relative to the cap site of the ~Y globin gene) was placed· 5' 

to the CAT gene. Eight clones derived from this chromosome were 
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randomly selected, and the re·combinant DNA from these clones 

were isolated and analyzed by gel electrophoresis. Two clones, 

#N2 and #NS (lane 2 and lane 8. of Fig. 31) were shown to have the 

G'Y promoter of the #19 haplotype (Xmn 1: -) ~s chromosome. Figure 

32-B shows that these constructs contain the 1.2 kb promoter 

fragment when ·digested with the Hind Ill. These results do not. 

indicate if the cloned promoter .is present in these constructs 

either in the forward (5' to 3') or the reverse (3' to 5') orientation. 

Since the orientation· of the promoter is important for· the control 

of transcription, Dra I digestion was used ·to identify the 

orientation of the c·loned promoter relative to the CAT gene. Dra I. " 

restriction enzyme digests at a single site in the expression 

vector as well as at an assymetrically single site in the G 'Y 

promoter region which results in two different fragments 

depending on the orientation of the promoter. Figure 32-A shows 

that clone #N2 had the 2.0 kb band which indicated the correct 

forward-orientation of the promoter. These forward-oriented 

promoter and CAT constructs from the haplotype #19 ~ s 

chromosomes were named pBuCAT-19. 

Next, the 2.3 kb 3' A'Y enhancer fragment of the #31 ~s 

chromosome and that of the #19 ~s chromosome were inserted 

into the pBuCAT-19 plas·mid. These enhancer constructs were 

. named as pBuCAT-19/31 ·and pBuCAT-19/19 indicating the· 

promoter/enhancer source. 
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FIGURE 31. Photographs of the expression constructs containing 
the promoter of the Gy globin g.erie from the #19 ~s 

Plasmid DNA was isolated from a. clones and analyzed 
on a 0.8 °/o agrose gel. A./Hind _Ill DNA was us~d as 
size marker in the lanes marked as I m I. · Samples 
(#N1 to #NS ) were placed in adjacent· lanes. 

, 
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FIGURE 32. (A) Analy§es of· Ora I digests of the expression 
constructs· containing the promoter of_· the G y globin 
gene to demonstrate the orientation of the promoter. 

Two clones (#N2 and ·#N8) were digested with· Ora I. and 
analyzed on a 0.8 °/o agrose gel· (in lanes 1 and 2). . The 
presence of a 2.0 kb fragment ·is indicative for the 
forward-orientation. 

(8) Analyses. of Hind Ill. digests of the expression 
. constructs containing the promoter of the G y globin 
gene to demqnstrate the size of the 1.2 kb insert. 

Two clones (#N2 and #N8) were digested with Hind ·111 
and analyzed on a 0.8 °/o agrose gel ·(in lanes 1 and· 2). 

A./Hind Ill DNA(m) was ~sed as size marker in the 
leftmost and rightmost lanes. 
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Three expression constructs ( pBuCAT-19/19, pBuCAT-19/31,· 

and pBuCAT-19) with pBuCAT expression vector were analyzed on a 

mini-gel (Fig. 33) after large-scale plasmid preparation. The 

linear form (lane 2: 8.1 kb of'pBuCAT-19/31, lane 3: 6.4 kb of 

pBuCAT-19, and lane 4: 5.2 kb of pBuCAT) of these constructs 

revealed the differences in molecular size. 

3. Analysis of Enhancer Activity In Vitro 

Three expression constructs, pBuCAT-19, pBuCAT-19/19, and 

pBuCAT -19/31, were transfected. into K562 cells by an 

electroporation method. .After 48 hours, each cell extract was 

assayed for the activity of the CAT enzyme. The activity of the 

CAT enzyme converting [14C]-chloramphenicol to its acetylc:1ted 

derivatives reflected the transcription rate that could be modified 

by promoter or/and enhancer. Figure 34 shows the CAT activity of 

an equal amounts of soluble protein from whole cell extracts of 

K562 cells transfected with these .constructs. When the 2.3 kb 3' 

A'Y enhancer-containing fragment of the haplotype #19 ~s 

chromosome was fused to the haplotype #19 promoter construct, 

there was a 6-fold increase in the activity. This result was 

similar to that (6-23 fold) described by Bodine and Ley· (11 ). But, 

when the 2.3 kb haplotype #31 enhancer-containing fragment linked 

to the #19 promoter (Xmn I : -) was compared to that of haplotype 

#19, there was no· significant difference in CAT activity. These 

assays· were ·repeated at least thre.e times and the average values 

are listed in· Table 5. 
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FIGURE 33. Photograph of the constructs prepared for in vitro 
expression ( 0.8 °/o agrose gel). 

Lane 2,3, and 4 show the · undigested con~tructs 

(pBuCAT-19/31, pBuCAT-19, and pBuCAT). Lane t 
shows the Bam H I digest of pBuCAT-19/19 plasmid 
DNA. 

A./Hind Ill DNA (m) was. used as size marker. ·Sizes of 
the DNA fragments are given in kilobases. 
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FIGURE 34. Autoradiogram _of the · thjO layer chromatography plate 
on which CAT assay compOnents were separated. 

Lane· 1 (pBuCAT-19), the #19 promoter linked to the 
expression vector lane. 2 (pBuCAT-19/19), the 
pBuCAT -19 linked with the 2.3 kb #19 
enhancer-containing fragment lane 3 
(pBuCAT-19/31), the pBuCAT-19 linked with the 2._3 kb 
#31 enhancer-containing fragment the #19 . promoter 
linked ·to the expression vector; lane 4. (pBuCAT), only 
expression vector ; lane 5 RSV ; lane 6 (Mock), no 
DNA. 
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Table 5. The average CAT activity · jo in vitro expression ·assay. 

~·l: 

. '. -, . 



Table 5. The average .CAT activity in in vitro expression assay. 

--------------------------------7'"" 
Construct · 
(pBuCAT -Prom./Enhancer) 

pBuCAT 
. pBuCAT-19 
pBuCAT-19/19 
pBuCAT-19/31 

Relative CAT activity 

1.0 
2.3 

12.1 
11.7 
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DISCUSSION 

Sickle cell anemia is characterized by a marked clinical 

diversity, which might partially reflect the different genetic 

·backgrounds on which the ps chromosome arose (26, 130). Patients 

with this disease who come from the eastern province of Saudi 

Arabia are unusual because of the high Hb F levels in their blood, 

and the relative mildness of their clinical condition. Heterozygotes 

of the Saudi Arabian ps condition do not ordinarily exhibit high Hb F 

levels (71 ,73,74). This dissertation focuses on a specific genetic 

factor, the enhancer; it is speculated that mutations within this 

segment of DNA are related to the high Hb F levels in- these SS 

patients. The results of the studies -described in this dissertation 

will be reviewed in three sections, as follows (1) Characteristics 

of the haplotype ; (2) Sequence data of the 2.3 kb. 3' _A 'Y 

enhancer.:.containing fragment ; (3) Activation of the G'Y promoter by 

the 3' A'Y enhancer . 

. ( 1) Characteristics of the Haplotype 

The .hematological data show that our patient (K.A.) and his 

children, who were homozygous for the ps chromosome (haplotype 
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#31 ), h,ad high Hb F ·levels while his wife, who was heterozygous for 

the same chromosome, did not. . The level of Hb F of the patient 

was 21.7 °/o ( Gy ; 65.9 o/o)(137), which is consistent ~ith the extent 

of Hb F production in other Saudi Arabian SS patients (134). Saudi 

Arabian SS patients who have one chromosome with haplotype #31 

and a second with haplotype #19 also have high Hb F levels 

(132, 133). Thus, the relatively high le~el of Hb F is associated 

only with the haplotype #31 present in individuals with sickle cell 

anemia and not in AS heterozyg~tes, and it appears that the effect 

is only expresseo und~H conditions of increased erythropoiesis such 

as that which occurs in SS disease (132). 

Haplotype #31 is common among SS patients from the eastern 

part of the Arabian peninsula; the same haplotype has been found in 

a Black South African, in a Turkish female (133), and in members of 

a large Jamaican family (132). The presence of· an Xmn I site in 

this haplotype #31 is due to the C to T · substitution at position 

-158 5' to the cap site of GY globin gene. The C to T substitution 

is known to be associated with high GY globin expression (4,7), and 

may also contribute in part to an increase in the level of Hb F in SS 

patients (6,7,8). It is, however, likely that other high Hb F genetic 

determinants may play a role as well. For instance, even though SS 

patients with Benin haplotype (#19), which is Xmn I (-/-), generally 

have lower Hb F value, the. Benin Hb F data are not evenly distributed 

; there is a mode at 2.6-5 o/o Hb F ~nd considerable skewing toward 

high Hb F values (1 0~23 °/o)(8, 133a) for individuals 5 years of age or· ... 
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older. Furthermore, the Bantus (Xmn I; -/-) seem to be composed of 

two groups, one with low Hb F levels and low G'Y (22-38 o/o) and the 

other with higher G'Y (> 38.1 °/o) and higher Hb F levels (12.5 o/o) (8). 
. I . 

These reported data indicate the existence of· other high Hb F 

determinants (or factors) related to both the Benin and Bantu 

haplotypes. Therefore, it is possible that Saudi Arabian SS 

patients may have similar determinants on the haplotype #31 ps 

chromosome. Moreover, the mean Hb F values in blood- of adult 

Saudi Arabian SS patients are higher than in . Senegalese SS patients 

(7), in spite of the fact that both are homozygous for C to T 

substitution at -158 5' to the G'Y globin gene. 

All these data suggest that the high level of Hb F in Saudi 

Arabian SS patients with ps haplotype #31 is probably due to 

another high Hb F determinant rather than merely C to T 

substitution at -158 5' to the G'Y globin gene (134). 

(2) Seguence Data of The 2.3 kb 3' A'Y Enhancer-containing 

Fragment 

Evidence suggests that DNA sequence located 3' to A'Y (11) ·and 

p globin genes (129, 139, 140) might have the role of an enhancer; An 

enhancer is defined as· the regulatory element which is able to 

stimulate transcription from the promoter element in an 

orientation and distance indepedent manner. Bodine and Ley (11) 

surveyed 22· kb of DNA from the region surrounding the human y 

globin genes and identified one fragment that fulfills the 
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req-uirement for an enhancer eleme·nts (31). This 

enhancer-containing fragment was a 2.3 kb Eco R I fragment, 

located 3' to the A'Y globin gene. ·.Precisely, the enhancer activity 

was found to be contained within a 750 bp Eco R _1/Hind Ill fragment

at the 5' end of this fragment. In my studies, DNA sequence 

analyses of the 2.3 kb Eco R I; enhancer-containing fragments from 

the haplotype #31 Saudi Arabian. ~s chromosome (K.A.), a haplotype. 

#19 ~s chromosome (A.D.), and a Yugoslavian normal_ chromosome,

showed no differences between them. However, when our data 

were compared to the published sequence which was obtained from 

the DNA of a human embryonic fibroblast culture by sequencing both 

DNA strands at least twice (128), - 21 nucleotide changes ·in the 2.3 

kb enhancer-containing fragment were observed, including five base 

substitutions in th~ 750 bps Eco R 1/Hind Ill enhancer-containing 

region. The nucleotide differences are summarized in Fig. 35. 

Interestingly, the same nucleotide changes were also observed in 

the 750 bps .region· on the · Seatle variant of HPFH chromosome 

(141 ). Thus, it appears that all these changes are common 

variation·s which ·are not related to any increase in 'Y chain 

production, neither in the Saudi Arabian patient nor in the HPFH 

heterozygote studied in the investigation in Seatle. 

It is . of interest- that the substitutions . in 750 bp 

enhancer-containing fragment increase.d the 'similarity between the 

sequence of this fragment (3' to- the A'Y globin gene ) and that of the _ 

corresponding region located -3' to the G'Y globin gene (128). The 
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FIGURE 35. A sy.mmary of the differences- in the DNA seguences of 
the three 2.3 kb 3' A'Y enhancer~containing ·fragments. 

The sequence differences between the ~s chromosomes 
, (#31 and. #19) and the· Yugoslavian normal· chromosome 

(bottom one), and those published (128)(top one} 
sequence are listed. 
This 2.3 kb fragment is divided into two regions : 1..5..Q. 
bps region, which was described as the defined 
enhancer-containing fragment by Bodine and Ley (11 ), 
and the 1550 bps region. Numbering is relative to the 
cap site of the 3' A'Y globin gene. 

* No nucleotide. 
rzsJ- Motif which is homologuos to the sequence of t_he · 

·chicken ~A enhancer. · 
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extended sequence data ( + 1968 to +3407 relative to cap site of the 

Ay globin gen~) showed that 9 out of ro substituted bases 

matched the corresponding sequences of th~ Gy region. Since the 

duplicated 'Y globin gene regions have been independently exposed to 

mutational events,~ the present sequences of the duplicated y 

globin gene regions are different. Therefore, the sequence 

similarity between the + 1968 to +3407 bp 3' to the Ay globin region 

and the corresponding region of 3' to the G y globin gene may 

indicate 'that the haplotype #31 ~s, haplotype #19 ~s, and the 

normal Yugoslavian chromosomes are. more conserved, while the 

sequences of t_he chromosome described by Shen et al., 1981 (12_8)

may have undergone significant mutational events,. or was 

sequenced incorrectly. Recently, several different chromosomes 

were found to have almost same sequence of the 

enhancer-containing fragment as those of chromosomes· that I have 

sequenced (personal communication). 

The same 21 nucleotide differences were observed in the 2.3 

kb Eco R. I enhancer-containing fragment from a Chinese HPFH 

chromosome ( He-Ju Huang, personal communication). · In addition, 

there was a G to T substitution ·at position + · 3412 which seems to 

be merely a polymorphism because it is located far away from. the 

750 bp Eco R 1/Hind Ill fragment that was demonstrated to contain 

the enhacer activity in vitro (11 ). Bodine and Ley (11r also found 

that the 750 bp Eco R 1/Hind Ill fragment contained one motif which 

Chl.cken ·AA · was strikingly homologous to the sequence· of the ..., 
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globin gene enhancer {129). This motif was highly conserved 3' to 

the Gy gene except for a 120 bp insertion, which might result in the 

non-funtional enhancer to the 'Y promoter. The motif, however, may 

not be important for the phenotype of Saudi Arbian SS patients 

{haplotype #31) because no sequence difference has been observed 

in this conserved motif. The so-called enhancer core sequence 

{142) is located in the 3'. end of the 2.3 kb Eco R I 

enhancer-contain.ing fragment { +4122 to +4127 bps 3' to cap site of 

the Ay globin gene). Two substitutions {A to G at position +4125 

and G to A at position +4127) within this six nucleotide enhancer 
\. 

core sequence and one deletion close ·to this core sequence have 

been found. There ·are two reasons ·why these mutations may not 

contribute to the activity of the enhancer. First, these ·mutations 

interrupt the enhancer core sequence resulting in an inhibition of 

the function of enhancer. Secondly, when the fragment containing 

this region {but not the 750 bp enhancer fragment) was tested for 

activity in vitro it did not produce any activity in K562 cells 

{11 ). Nevertheless, it is also possible that these mutations change 

the chromosomal structure of the 750 bps enhancer-containing 

fragment to the direction of a stronger enhancement. To evaluate 

more precisely all these nucleotide differences in respect to the 

enhancer's activity·, further sequence data from different 

phenotypic samples ·should be obtained and compared to the existing 

· sequence data. · 
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( 3) Activation ·of the Gy Promoter by the 3' Ay· Enhancer. 

An in vitro expression assay was used ·to evaluate the 

enhancer_ activity of the ~.3· kb Eco R I 3' Ay globin gene fragment 

from the Saudi. Arabian ~s chromosome with haplotype #31. . To 

test the activity of the enhancer element, the 1.2 kb Xmn (-) 

promote.r from the Gy. globin gene was used in combination with the 

enhancer for the expression of CAT gene .in the expression vector 

(pBuCAT). This promoter exhibits very low activity in this system 

and is suitable to measure activation by the ·enhancer. The results 

of the in vitro expression revealed that the Xmn 1(-) Gypromoter 

alone yielded a low level of expression (lane 1 in Fig. 34); however, 

the expression of CAT in combination with the 2.3 kb Eco R ·I DNA 

fragment from the Saudi Arabian ~s chromosome was markedly 

·enhanced. The enhancer activity of the 2.3 kb enhancer-containing 

fragment from the Saudi Arabian (haplotype #31) 13s chromosome 

and that of the haplotype #19 ~ s chromosome were not 

significantly different. This result taken together with the 

sequence data suggests that the 2.3 .kb Eco R I 3' Ay globin gene 

fragment may not be responsible for the high level of Hb F in the 

Saudi Arabian . SS patients. 

It has been proposed that mammalian gene regulation is based 

on a redundancy of information that can be provided either by a 

combination of different DNA sequence elements, or by multiple 

copies of the same element (143}. Since it is known that the 

enhancer effect is exerted mostly, if not exclusively, at the level of 
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transcription initiation . (75, 76), a stepwise increase in . 

transcription rate due to multiple elements_ (143) suggests that 

transcriptional enhancement is not an all-or-none phenomenon. 

Alternatively,_ multiple factors for regulation of enhancers have_ 

been reported in the case of immunoglobulin heavy_ chain and. the 

kappa light chain enhancers (144)". In .these studi.es, it was 

suggested that for major binding to occur, a ·given segment of DNA 

may. have to be "activated", a process that may invlove making 

chromatin accessible to the binding factors. It is also possible that 

tissue-specific binding factors play a role in the activation and 

thus open the DNA to interaction with nonspecific transcriptional 

enhancing factors. Recently, an erythrocyte-specific DNA-binding

factor that binds to two adjacent sites within an enhancer region of 

the chicken ~-globin locus has been identified (144a). It seems 

more likely that the binding-interaction of this factor leads to 

increased rates of transcription (144a). Footprinting of this 

enhancer-containing ~ragment should be done . to further delineate 

the region containing the enhan·cer activity . within the 2.3 kb 

enhancer-containing fragment 3' to the Ay globin gene. 

Previous studies (54) have shown that a DNase I hypersensitive 

site is located just 3' to the Ay globin gene in K562 cells and that 

this site may expose specific sequences to trans -acting factors in 

K562 cells (11). Enhancers se.em to interact with regulatory 

factors which alter chromatin structure, and maintain an open 

structure so that other factors (i.e. RNA polymerase) can bind to the 

promoter region and activate the expression o·f a gene. The most 
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plausible mechanism fqr the interaction between an enhancer and a 

promoter element acting at a distance is the. loop model 

(89, 145, 146). Schleif et al. (1 05a) propos-ed that cooperativity 

generated by DNA looping would create high binding at the weak 

binding sites, and consequently require_ smaller amounts of 

regulatory proteins for activation. Furthermore, by looping in 

regulatory sites from various ·. parts of the DNA molucule·, 

combinational interaction between various regulatory elements· 

would be ·possible. The ·flexibility of the DNA· sequence separating 

the two sites and the possible protein-DNA interaction of · 

·intervening sequence(.s) might play a significant role in promoting 

site~site interaction and action at a distance. Additional evidence 

supporting this model is that the SV 40 enhancer induces an 

alteration in chromatin structure (147) and that the stimulation of 

in vitro transcription by SV 40 enhancer involves a rapid and stable 

binding of a trans -acting factor with both the 5'- and 3'- domains 

of the enhancer sequences (34). Transcriptional activators in yeast 

(148, 149) have been shown to contain separate- ·regions for 

DNA-binding and transcriptional activation. For activators, the 

DNA-binding domain is located at a different region of these 

proteins from the major sequence mediating activation. 

Collectively these results sugg_est that the sequences located 3' to 

the Ay globin gene may be accessible to regulatory trans -acting 

factors, and that the interaction of trans -acting factors· with the 

promoter regulates the transcription of the y. globin gene (11 )~ 

However, since the regulation of expression by enhancers in 
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eukaryotic systems seems ·to· be . very · complex, the results 

presented . here obviously invlove pr~tein interaction with the 3' ·Ay 

enhancer element. For example, it has been demonstrated that some 

enhancers can be negatively regulated by products of the E1 a gene, 

including the polyoma virus and simian. virus 40 early gene 

enhancers (149) ,and. those that control the expression of the· genes 

encoding the immunoglobulin y2b .heavy chains and ~appa light chains 

(150). Assu·ming that the high expression of Hb F in the Saudi 

_Arabian patient . results from negative re·gulation of ~nhancers, 

. there may be a mutation in the gene _encoding the repressing factor 

rather than a· mutation . of the enhancer sequences since there are no 

difference in sequences between different the chromosomes wfth 

haplotype #31 (Saudi Arabian· ·ss) · and haplotype #19 (American 

Black SS) ,and normal Yugoslavian .chromosome. . It. has been 

suggested that .in addition to activating the binding · o.f .. the 

regulatory factors, the enhancer ··may also influence the rate 

limiting step, which may be the forrrtation of a· supercoil-induced 

open transcription compl~x or, perhaps,. ·the binding of an additional 

transcriptional initiation or elongation', . fac.tor . (15·1 ). This 

suggestion provides a possible mechanism whereby a mutation in 

the adjacent region of 3' Ay enhancer is cap~ble of altering ·the D~A 

topology of th~ enhancer element which results in an alterati'on of 

they gene expression. 

In the several mechanisms descrived above, none ofthose~can 

simply explain the. high level of Hb F in the Saudi Arabian patient, 
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and further study is obviously required I to ·c_onipletely understand 

· the regulation of fetal hemoglobin genes in this patient. 



SUMMARY 

Hematological data -have- shown that certain Saudi Arabian 

patients with a mild form of sickle cell anemia (SS) have high Hb F 

levels between 21 and 34· 0/o with high G'Y values. These patients 

have a specific ~s chromosome characterized by its haplotype (#31) 

and certain other variations may be responsible for the greatly 

increased level of Hb F and the rather mild course of the disease. 

Preliminary observations suggest the existence of certain 

modifications in the DNA region -that control the production of Hb -F, 

especially that of the GY chain. The C to T at -158 Xmn I site 5' to 

the GY cap site has been shown to be related to the elevated Hb F. 

Although this substitution may be a necessary component of the 

elevated Hb F program, it is certainly not sufficient· since ,.Saudi 

normals (AA) ·.who may also have this· substitution .: do . not 

demonstrate increased levels of Hb F. In addition to this 

determinant, it has been demonstrated that an enhancer element is 

located 3' to the Ay globin gene_ (1'1 ). 

To study -the relationship of this enhancer element to gene 

expression, I cloned -a 15.5 kb BamH I DNA fragment containing 3' 

Ay, "'~' and 5' 8 by using an EMBL-3 bacteriophage vector. -Since the 

lli 
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3' A'Y EcoR I DNA fragment (2.3 kb) is included in the 15.5 kb BamH I 

DNA fragment, the. 2.3 kb region was sequenced first to determine 

if there were significant differences. in this enhancer region. 

Sequence analysis of the ~.3 kb enhancer-containing fragments 

from the haplotype #31 Saudi Arabian. ~s chromosome (K.A.), . a 

haplotype #19 l3s chromosome (A.D.), and a Yugoslavian normal 

chromosome, showed no differences between them. However, when 

my data were compared to the published sequence (128), 21 

l')ucleotide differences· were found in the 2.3 kb enhancer-containing 

fragment. In addition, when the functional activities of two 

enhancer-containing fragments (from the SS patients with 

haplotype #31 and #19 ) were evaluated in an in vitro expression 

assay, no significant difference between two enhancer was 

observed although they both increased the activity of the G 'Y 

promoter significantly. These results suggest that these nucleotide 

changes do not cause the high level of Hb F in the Saudi Arabian SS 

patients, although this enhancer-containing fragment . m·ay interact 

with other determinants that ar~ involved in increased fetal globin . 

gene ~xpression. 



Appendix 

A 

AA 

AS 

BSA 

~+ 

~A 

~s 

c 

EDTA 

EMBL-3 · 

LIST OF ABBREVIATIONS 

a-chain as hemoglobin subunit . 

adenine 

homozygous for adult hemoglobin 

"{·chain with alanine in position 136 

si"ckle cell trait 

bovine serum albumin 

~-chain as hemoglobin subunit 

~ 0-thalassemia in which there is no synthesis 

of ~-globin chain 

~ + -thalassmia in which there is a variable 

reduction in the amount of J3;..globin chains 

normal ~-chain 

(3-chain with Glu to Val substitution in the 6th 

position 

cytosine 

8-chain of Hb A2 

embryonic globin chain, epsilon 

ethylenediaminetetraacetic acid 

a bacteriophage vector 
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Exo Ill 

F-cell 

G 

Hb 

'HbA 

Hb A2 

HbF · 

HbS 

HPFH 

HPLC 

hrs 

lg 

IVS-2 

K562 

A. 

LB 

MCH. 

MCHC 

MCV 

mins 

NZVM 

exonuclease Ill 

Hb F value determin~d by the alkali denaturation 

method 

erythrocyte subpopulation containing Hb F 

guanine 

y-chain of the Hb F 

y-chain with glycine .in .position 136 

hemoglobin 

major. adulf hemoglobin 

minor- adult ·hemoglobin 

fetal hemoglobin 

sickle cell hemoglobin 

hereditary persistence of fetal hemoglobin 

high performance liqu.id chromatography 

hours 

immunoglobulin 

2nd intravening sequence within the gene 

a human erythroleukemia cell line . 

lamda bacteriophage 

a medium for bacteria growth 

mean corpuscular hemoglobin 

mean corpuscular hemoglobin concentration 

· mean corpuscular volume 

minu·tes 

a medium for phage growth 
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PeV 

pBueAT 

pFe-t 

ABe 

SDS 

SM 

ss 
sse 

~ 

T 

packed cell volume (hematocrit value) 

a expression vector 

a cosmid vector 

red blood cell 

sodium dodecyl sulfate 

SM solution (0.·1_ M NaCI, 10 mM MgS047H20, 50 

mM Tris, and 0.01 % gelatin) 

homozygous sickle cell diseas·e 
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1 X SSe solution (15 ·mM sodium citrate and150 .. 

mM Nael, pH 7.0) 

embryonic globin chain, zeta 

thymine 
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