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ABSTRACT

The Rat al-—Acid Glycoprotein Gene

Yu-Cheng J. Liao

The work in this dissertation describes the isolation and characterization
of the rat ®1-AGP gene and its relationship to the cDNA and gene of human
al—AGP. al-AGP is one of the acute phase proteins. Its prominent elevation
and convenient induction in whole animal by subcutaneous injection of turpentine
or addition of glucocorticoid in tissue culture respectively make it a very useful
model to study the various steps of gene regulation and protein biosynthesis.

The 4.8 kilobase (kb) nucleotide sequence of the rat genomic clone lambda
rAGP-40 contains the entire rat o;-AGP gene including "TATA" box,
polyadenylylation signal "AATAAA", six exons and several potential glucocorticoid
receptor binding sites. By linking the 5' region of the rat AGP gene with
chloramphenicol acetyltransferase ¢cDNA, this 5' end sequence was shown to be
responsible for a 50-fold promotion of gene expression.

During this project, cloning human a-AGP ¢DNA, and sequencing of its
gene was also being carried out by Luciana et al (1985) of European Molecular
Biology Laboratory, Heidelberg, Germany. Based on the partially published data,
a preliminary comparison were made between the human and rat a;-AGP ¢DNA
and gene for studying the possible mechanism of intron splicing and structural

relationships.



Using both the nucleotide and amino acid consensus sequences, an extensive
comparison between the rat and human a;-AGP was carried out to identify
sequence and structural conservation which might give clues of potential functions
of a;-AGP. Finally, the available gene sequence was reconstructed to allow a
fusion of its 5'end region with an assayable gene to identify its promotion effect

by glucocorticoid induction.
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CHAPTER 1: GENERAL INTRODUCTION

1.1 Introduction

The biosynthesis of eukaryotic proteins is an extremely sophisticated
process involving multiple steps. Each of these steps can be seen as a regulatory
point at a particular phenotype for expression (Brown, 1981). Some of the
regulatory mechanisms which operate at the transcriptional, post-transcriptional
and translational stages of protein biosynthesis have been identified and reviewed
(Darnell, 1982; Brown, 1981). In general, the synthesis of mRNA is mediated in
part by promotor-specific transcription-activating factors, which are DNA-binding
proteins capable of diseriminating between distinctive DNA sequence elements
found in the promotor regions of different genes. The binding of these factors
to DNA activate other components of the transcriptional machinery, including
the RNA polymerase, to initiate transecription with accurate selectivity (Dynan
et al, 1985). Most promotors have a concensus sequence 'TATAAA' called
Goldberg-Hogness or TATA box, located 25-30 base pairs (bp) upstream from the
transcriptional start (Breathnach et al, 1981). Further upstream from the
transcriptional start sites may contain one or more additional promotor elements
such as 'CCAAT' or 'GGGCGG'. In short, upstream promotor elements are the
major region for the activation of promotor-specific transcription factors. Besides
promotors, there are other regulatory elements termed enhancers which modulate
the activity of many promotors. The enhancer is a specific DNA sequence
located either upstream or downstream from the transcription start site at
variable distances of up to 1000 bp from the promotor. It is becoming clear
that promotor-specific transcription factors interact with promotor sequences and
enable eukaryotic RNA polymerase II (which lacks any inherent ability of

recognizing the promotor) to start mRNA synthesis.



Phenotypic expression in eukaryotes is regulated not only at the level of
selective transcription, but also during the processing, splicing, and specific
release of nuclear RNA (nRNA) species into cytoplasm for translation (Lewin,
1981; Brown, 1981). Post-trancriptional events, including 5'-end capping, intron
splicing, 3'-end polyadenylation, and the transportation of nRNA cross the nuclear
envelope are particularly difficult to study because of technical obstacles and
lack of information about nuclear organization.

The nucleus is the largest intracellular organelle, housing the genomic
program and controls for the issuing messages for cellular activity. The boundary
between the nuclear envelope and the cytoplasm is one of the most strategic
sites for intercepting and interpreting vital messages controlling eukaryotic
phenotypes. Beyond the periphery of the nucleus, most mRNA's will not return
and must enter the phase of kinetic competition for translation (Walden et al,
1981).

Investigators have speculated that the nuclear envelope plays an important
role in regulating the release of nRNA's. This function can be altered by
biological toxins, hormones, and chemical agents. In some cases, disturbances
may lead to neoplastic transformation.

The microscopic detection of aberrant changes around the nucleus of tumor
cells is a major task of the pathologist. The basic criteria of neoplastic cytology
are "pleomorphism" (variation in the size and shape of cells and nuclei), indented
and folded nuclear borders, nuclear hyperchromasia (dense; basophilic; coarse
chromatin pattern), variation in the thickness of the nuclear membrane (irregular
chromatin clumping around nuclear margins), nucleolar changes (multiplicity,
enlargement, irregularity), abnormal chromosome figures, and an increased

nuclear/cytoplasmic ratio (Smuckler et al., 1982).



Changes in nuclear transport functions have been induced and observed in
experiments on chemical carcinogenesis. In primary hepatoma of the rat induced
by Azo dye, nRNA transportation is altered (Shearer, 1972). The releasing fidelity
is decreased, ill-processed nRNA's are found in the cytoplasm, and some released
RNA's are identical to those found in regenerating adult rat liver after 30%
hepatectomy or in intact livers of newborn rats (Shearer, 1972). In rats treated
with thioacetamide, a hepatocarcinogen, energy-dependent nRNA transport is
reduced and energy-independent diffusing nRNA release is increased. Ill-processed
nRNA is again found in the cytoplasm (Smuckler et al., 1974). Since these
alterations exist before and persist after tumor formation, they might be related
to the mechanism of carcinogenesis.

Current approaches to the study of nRNA processing and release include
the intranuclear injection of RNA into living cells (Stacy, 1981; Wicken, 1980;
DeRoberts, 1982), the infection of cells with viruses of known DNA sequences
(Subraman, 1983), and the use of prelabeled nRNA to study release from isolated
nuclei in vitro (Blobel, 1966). Each method has its strong point, but lacks certain
advantages of the other methods.

The method employed in our laboratory and by many other investigators
is the in vitro release of nRNA from isolated rat liver nuclei. This method is
technically convenient; and by administering specific metabolic substrates,
biochemical analogs, chemical carcinogens, industrial toxins, ete., we can study
the complex interrelationships among designated agents and the resultant effects
on nuclei. The main criticism of this approach is that there might be built-in
artifacts caused by the mechanical and chemical denaturation of nuclei during
the isolation procedure (Clawson, 1980; Agutter, 1983).

Clawson and Smuckler (1980) have reported that the fidelity of nRNA

release might be altered during nuclear incubation in vitro. Agutter et al. (1983)
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have questioned the validity of using an in vitro assay of release because the

exact alterations have not been completely verified. The in vitro assay of release
is a unique and irreplaceable system for studying chemical carcinogensis, it is
essential to determine its specificity and fidelity in comparison to events in vivo.

In order to determine the specificity and fidelity of nRNA release both
in_vitro and in vivo, a model system utilizing a highly inducible, measurable and
well-characterized gene with determined DNA sequence must be utilized. So
far, such a system is lacking. During the search among suitable gene systems,
particular attention was paid to certain serum proteins due to their convenient

assay and potential inducibility.

1.2 Plasma Proteins

The plasma proteins are the major extracellular components of the
circulatory system (reviewed by Putham, 1975). Their functions are diverse
including maintenance of colloid osmotic pressure, pH and electrolyte balance;
transport of metal ions, fatty acids, steroid, hormones, drugs, etc.; availability as
a nutritional source for tissues; hemostasis and the prevention of thrombosis; and
defense against microbial invasion. During a disease state, the plasma proteins
fluctuate in respect to their major components, such as albumin and the
immunoglobins, and minor components, such as many of the a-globulins as well
as transitory metabolic enzymes. It is the interest in plasma protein changes
during disease states which has led to extensive studies and innumerable
discoveries of the properties and functions of plasma proteins.

Plasma proteins are usually classified in different ways according to the
methods of detection. Conventionally, plasma proteins are classed into the five
groups of albumin (59%), a;- (5%), aq- (8%), B~ (12%) and lambda-globulin (16%).

The recent techniques of starch gel electrophoresis, immunoelectrophoresis,




chromatography and gel filtration have resulted in better resolution and
identification of the plasma proteins. This increased resolution revealed many
subgroups which were previously classified inappropriately. For example, the
o 1-glycoprotein, al-lipoprotein and the heptoglobins, which were grouped under
the a-globulins, actually bear nor familiar relationship with one another.
Similarly, immunoglobulins were resolved into three major classes of IgG, IgA,
and IgM.

Historically, the plasma proteins were first named and defined by their
solubility in water and salt solutions, then grouped into five (albumin, aq=y Qo
B-, lambda-globulin) or six major classes according to their electrophoretic
mobility at a restricted pH. Subgroupings were also defined in terms of solubility
in cold ethanol immunoelectrophoresis, starch gel electrophoresis, and other
specific isolation procedures.

None of the described procedures have been useful in identifying functions
and systematic attempts to classify all the plasma proteins have failed. The
difficulties of systematic nomenclature are compounded if more than one
functional name is given to a single protein. For example, there are 13 additional
designations given for aj-acid glycoprotein, of which orosomucoid is the most
commonly used. The term, aj-acid glycoprotein, will be used throughout this
dissertation despite the possible confusion with other a-globulins.

a-Globulins are proteins with very diverse functions, physical properties
and chemical structures. o-Globulins share many common properties which
enhance the difficulty in their separation and result in problems in nomenclature.
They are mostly glycoproteins, usually having high carbohydrate content—as high
as 45% for a;-AGP. However, very little is known about their function. Most
a-globulins are generally of low molecular weight, ranging from 21,000 to 60,000

except a9-macroglobulin (725,000) and haptoglobin (100,000).



In 1965, none of the interior amino acid sequences of plasma proteins of
any species were available although some terminal sequences of amino and
carboxyl ends of several proteins were determined. Then, within one decade,
tremendous progress in the sequence analysis of human and mouse immunoglobins
was achieved. Substantial progress has also extended to many other human
plasma proteins including haptoglobin o chain, serum albumin, pre-albumin,
apolipoproteins, and «;-acid glycoproteins. Although functions of most plasma
proteins are unknown, they are highly conserved among species. They must play
crucial roles in animal survival. Comparative structural study of plasma proteins
of various species has revealed evolutionary branching, for the human and mouse
immunoglobulins, for the albumin of four species, and for the rat and human
prothrombins. Unfortunately, the primary structure of most plasma proteins of
man or animal remain to be elucidated.

One of the main problems of plasma protein research is the identification
of function. «;-AGP is a protein that has been intensively studies and the
entire amino acid sequence of human and rat al—AGP have been determined
both by method of protein chemistry (Schmid, 1973) and modern recombinant
DNA technology (Ricca, 1981). Even its gene structure in man (Luciana, 1985,
unpublished) and rat (Liao, 1985) has recently been determined, and it is one of

the most thoroughly studied plasma protein. Yet its function is still unknown.

1.3 Acute phase reactions

Originally the term "acute phase response" was given to the pattern of
alteration in concentration of a number of plasma proteins (Table I) which resulted
from a variety of different types of infection, inflammation, or tissue damage

(Pepys, 1983).



Table 1

SERUM PROTEIN LEVELS DURING THE ACUTE PHASE RESPONSE

Proteinase inhibitors

Coagulation proteins

Complement proteins

Transport proteins

Lipoproteins

Others

Elevated
a1-Antitrypsin
a y-antichymotrypsin
Fibrinogen
Prothrombin
Factor VII
Plasminogen
Cls

C2, B

C3, C4, C5
C9

C56

CIINH
Haptoglobin
Hemopexin
Ceruloplasmin

Ferritin

C-reactive protein
Serum amyloid A
GI—AGP
Fibronectin

Ge globulin

Decreased

Inter a-antitrypsin

Properdin (P)

High-density lipoprotein

Low-density lipoprotein

Prealbumin



In 1941, Avery and his colleagues introduced the term "acute phase" to
refer to serum containing C-reactive protein (CRP) collected from patients who
were acutely ill with infectious disease (Abernathy and Avery, 1941; MacLeod
and Avery, 1941). CRP was hence known as "acute phase protein". When more
specific assays for individual plasma proteins were developed, it was realized
that the concentration of a number of other plasma proteins were also raised
in acute phase sera and they are now collectively designated as acute phase
proteins.

The elevated acute phase proteins are an important part of a systemic
response to injuries. This systemic response includes metabolic alterations such
as fever; leukocytosis; increased protein degradation and gluconeogenesis; negative
nitrogen balance despite increased total protein synthesis; increased biosynthesis
of glucagon, insulin, ACTH, cortisol, catecholamines, growth hormones, TSH, T4,
aldosterone and vasopressin; increased serum copper concentration, and decreased
serum zinc and iron concentration. Many of these changes are caused by a
variety of regulatory mediators which are transiently released after injury (Sipe
and Rosetreich, 1981; Kushner, 1982; Bornstein, 1982; Kampschmidt et al., 1982).
Historically, the term "acute phase response" was primarily applied to the acute
phase plasma protein changes, however, the meaning has been extended to a
general description of overall systemic reactions which cover cellular,
neurological, biochemical, endocrine and other metabolic changes.

The diverse stimuli which initiate the acute phase response include chemical
or physical trauma; chemical, toxic or allergic inflammation; bacteriol, viral,

fungal or parasitic infection; ischemic necrosis; and malignant neoplasia. The



common denominator is cellular injury or death. Other potent agents such as
abrin and Gram-negative bacterial endotoxin can also provoke major acute phase
responses without causing tissue damage. This may be due to their direct
activation or to stimulation to macrophages. The study of macrophage products
as important signals to initiate acute phase response has led to the conclusion
that any substance which is capable of triggering the release of stimulating
factors from macrophage is able to cause acute phase response, even when no
real tissue injury has materialized. Recently, it was demonstrated that a peptide
product of mononuclear phagocytic cells designated as interleukin-1 (IL-1) is
involved in triggering the synthesis of several acute phase proteins and fever.

The acute phase responses which are represented by altered plasma protein
levels and various metabolic, endocrinological and physiological changes following
tissue injury, infection, or inflammation are observed in all homiothermic animals.
The elevated levels of coagulation proteins, complement proteins, transport
proteins, and proteinase inhibitors are obviously promoting resolution and repair
which are beneficial to the recovery of the animal. Nevertheless, the functions
of many other proteins are still unclear.

In most cases, the increased circulating levels of acute phase proteins
during the acute phase response are mainly due to increased de novo biosynthesis.
The majority of the acute phase proteins are produced by hepatocytes. Other
cells such as fibroblast cells, lymphocytes, monocytes, and polymorphs also
synthesize several acute phase proteins. In experimental studies, the increased
hepatocyte synthesis of acute phase proteins is a result of increased number of
hepatocytes participating in the active synthesis. The gradually expanding
involvement of hepatocytes from periportal to central region of liver engaging
in active production of acute phase proteins may be interpreted as an increased

diffusing gradient of stimulating mediators during clinical course. The molecular
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mechanism of increased hepatocyte synthesis of acute phase proteins seem to
involve by the increased abundance of specific species of mRNA. In mouse
serum, amyloid A protein (SAA) mRNA increases 500- to 1000-fold (Morrow et
al.,, 1981). For rat, the aj-acid glycoprotein mRNA increases 90-fold (Ricca et
al., 1982) and for baboon aj-antitrypsin mRNA, 80-fold (Chandra et al., 1981).
The elevated mRNA accumulations of acute phase proteins may be due to
increased transcription, increased mRNA  stability, and increased
nucleocytoplasmic transportation of specific mRNA species. At the peak of the
acute phase response, the rat a,-AGP mRNA accounts for 2.7% of the total
liver mRNA (Ricca et al.,, 1982), while mouse SAA protein synthesis constitutes

2.5% of total hepatic protein biosynthesis (Morrow et al., 1981).

1.4 The aq-acid glycoprotein

aq-Acid glycoprotein (a;~AGP) is a globulin in normal animal plasma.
Its unusual properties such as very high carbohydrate content, large numbers of
sialyl residues, peripheral macroheterogeneity, very acidic isoelectric point, high
aqueous solubility, numerous amino acid substitutions, significant degree of
homology with immunoglobulins, and drastic elevation during acute phase response
distinguish it from other serum proteins. It is noted that the carbohydrate
moiety of al-AGP constitutes approximately 10% of the protein-bound
carbohydrate of normal plasma.

The very acidic isoionic point and unusual solubility of a;-AGP, even in
the presence of trichloroaceteic acid, make the preparation of ®1-AGP a relative
easy task. Procedures for isolation and purification of a;_AGP are mainly
electrophoresis and ion-exchange chromatography. Solubility procedures are also
commonly used. Based on the procedure developed by Winzler and colleagues

(Weimer et al., 1950) which involved precipitation of most other protein at acidic
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PH values and increasing ammonium sulfate concentration, a;-AGP has been
isolated in the homogeneous state from different animal species including
chimpanzee, rabbit, rat, ox, sheep and human. At present, due to the large scale
of preparation of the human immunoglobulins and albumin by low temperature-
low salt-ethanol procedure of Cohn (1946), o{-AGP became an important side
product. The yield of this protein is about 450 mg per liter of plasma and
commercial preparations are inexpensive.

«1-AGP is a single polypeptide with a molecular weight of 23,000. It
also has 5 carbohydrate side chains which account for about 45-55% of the total
molecular mass of 45,000. This globulin is found to contain no cholesterol,
phospholipids, fatty acids and hexuronic acid. The isoionic point of a;-AGP is
found to be at pH 3.53, due to its large number of sialyl residues, and is the
lowest of the human plasma proteins (Schmid et al., 1962).

The amino acid sequence of human a;-AGP (whieh consists of 181 residues)

3 and subsequent tryptic cleavage

was completely elucidated by techniques of CNBr
and chymotryptic digestion of desialyzed protein (Schmid et al.,, 1971, 1973a;
Ikenaka et al., 1971, 1972; Kaufmann and Schmid, 1962). It appears that certain
amino acid substitutions were present in the human population. In the human, the
5 carbohydrate units of a,-AGP (Fig. 2) were found to be linked to the asparagine
residues 15,38,54,75, and 85. In rat, the N-glycosidical linkages are at asparagine
residues 7, 16, 58, 76, 86 and 116. In the human the two disulfide bonds found
in a;-AGP were determined to be at residue 5 to residue 147 and residue 72 to
164 respectively by conventional techniques (Schmid et al., 1974). Although the
definite second structure of a-AGP has not yet been completely determined,
preliminary assessment of the conformations from optical rotatory dispersion and

circular dichroism measurements, has shown it has 70% B-structure and negligible

a-helical structure.
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On starch gel electrophoresis near the isoelectric point of pH 5, desialyzed
human a1-AGP shows two separated bands. Since all glucosamine residues are
N-acetylated, the desialyzed carbohydrate moiety contains no electrostatic
charges and any differences in the electrophoretic mobilities must be due to
differences in the electrostatic net change of the polypeptide chain. Hence, it
is suspected that a variant form of «-AGP is present in each individual

There are three types of patterns observed in the human population: SS,
FF and FS types. The SS type individual possesses a major component of aj-
AGP of slow electrostatic mobility and a minor component of fast electrostatic
mobility. The FF type individual contains major a;-AGP of fast electrostatic
mobility and minor amount of the slow electrostatic mobility species. The FS
type individual has an equal amount of a-AGP of both slow and fast electrostatic
mobility (Schmid, 1965). The presence of these three phenotypes suggest genetic
transmission of two different genotypes. Further studies using desialyzed «1-AGP
isolated from a series of twins and normal individual who were in acute phase
reaction demonstrated that the patterns remained constant and established the
theory of genetic transmission (Tokita et al., 1966; Yoshizaki et al., 1969). A
pedigree study of a;-AGP variant types demonstrated that they are autosomal
traits with codominant expression. The gene frequencies of @1-AGP variant
types in different ethnic groups were also determined in the same study (Johnson
et al.,, 1969). At least one experiment using proteolytic digestion under well-
controlled conditions revealed that difference in at least one peptide pair.
Sequence analysis of this pair demonstrated an amino acid substitution of arginine
for glutamine at residue 20 (Nimberg et al, 1971). Sequence analysis of pooled
human plasma indicates at least 22 amino acid substitutions at other undetermined
residue locations. Silent variants, i.e., substitution of a neutral amino acid by

another neutral amino asid, also takes place in a1-AGP. Such amino acid
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substitutions will not change the electrostatic net charge, therefore, resulting in
no difference in electrostatic mobility.

Elevated blood level of a1~-AGP has been known for decades to be
associated with various unrelated disease or physiological states such as cancer,
pneumonia, and rheumatoid arthritis (Winzler, 1955), pregnancy (Adams and
Wacher, 1968), and induced inflammation (Jamieson et al., 1972a,b). After a
long period of observation, it was concluded that any acute response caused by
physical injury (major operations); bacterial, viral, fungal, or protozoan infections;
lupus erythematosus; rheumatoid arthritis; or neoplasia, etc., resulted in prompt
increase of the serum levels of this protein. Experimental subcutaneous injection
of turpentine to produce sterile abscesses in the rat results in a 90- to 100-fold
increase of a;-AGP mRNA in hepatic eytoplasm, and its translational product
becomes a major serum glycoprotein (Ricca et al.,, 1981). Exposure of rat
hepatoma cells in culture to glucocorticoid hormones results in a similar induction
of a1-AGP (Vannice et al., 1983; Baumann et al., 1983) and reaches a 500-fold
mRNA in hepatoma cytoplasm (unpublished observation). Although its precise
biological function is unknown, the protein is highly conserved and maintained,
even during severe starvation. Synthesis mainly oceurs in the liver. Additional
observations pertaining to the possible biological function of «{~AGP have been
reported as influencing the blood clotting mechanism primarily at the prothrombin
activation level (Yamashina, 1976; Das, 1962). In vitro studies indicate that
®1-AGP inhibits platelet aggregation (Snyder et al.,, 1976), lymphocyte
transformation (Chill et al.,, 1977), cell-collagen interaction (Franzblau et al.,
1976), and the invasion of malaria protozoa in erythrocytes (Friedman, 1983).
The resemblance of al-AGP to erythrocyte membrane sialoglycoproteins, the
homology of its amino acid sequence in the carboxyl terminal region with that

in IgG chain constant region (Schmid et al.,, 1973), and its induction by
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glucocorticoid hormones suggest that is might be involved with the immune
system and might act both as a protective decoy during parasitism and as an
immunosuppressant during acute inflammation in response to tissue damage.
During the translational processing of a;-AGP in the hapatocyte cytosol,
the carbohydrate moiety is established by transferring an N-acetylglucosaminyl
residue to an asparaginyl residue during elongation of polypeptide chain, even if
this chain is still on the ribosome. Additional monosaccharide residues are further
incorporated when the nascent glycoproteins are passing the rough and smooth
endoplasmic reticulum. Finally, the heteropolysaccharide unit additions are
completed in the Golgi complex by transferring of sialyl residue (Jamieson and
Ashton, 1973). In the step of heteropolyssacharide addition, variable pathways
or "errors" occur and lead to branched heteropolysaccharide chains which may
also be responsible for observable microheterogeneity or polymorphism in pooled
human plasma. The secreted o-AGP has a half-life of 5.5 days (Winzler, 1965;
Simkin and Jamieson, 1968) and its integrity is constantly monitored by the
parenchymal cells of the liver. The terminal galactose appears to play the major
role in hepatic recognition. Once desialysed, a 1-AGP has a half-life of only 2
minutes (Morell et al., 1971), apparently is recognized and taken up by the
hepatocyte through sialylprotein receptors and subsequently internalized for

destruction.

1.5 Working hypothesis

As described previously, the study of nRNA splicing, maturation and
nucleocytoplasmic transportation require a well-characterized model system of a
particular animal gene with known DNA sequenses. This gene should be highly
inducible and measurable within a short period of time. It also should be

expressed in a manipulatable laboratory animal host (preferably highly inbred to
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avoid polymorphism). The gene product must be easily accessible for continuous
monitoring without sacrificing the animal (ideally a serum protein). This gene
shall be representative and simple, that is containing multiple but not too many
introns for interpreting the blotting results (albumin oq-fetoprotein and a-
macroglobulin are too large and complex). Detailed studies show none of the
currently available genes meet these requirements. However, the rat a-AGP
gene is an excellent candidate, but the gene had not been isolated and DNA
sequence had not been determined. The rat a;-AGP gene was found to be
specifically induced by glucocorticoids and the result can be repeated in an
isolated, well-controlled in vitro system—the rat hepatoma culture. The amino
acid sequences of human a-AGP has been completely determined. The amino
acid sequences of the rat a;-AGP was deduced from its ¢cDNA and antibody
against the rat a{-AGP was also available (Ricca et al., 1981). The total length
of the rat a;-AGP cDNA is less than 800 bp, a speculative estimate of its
genomic fragment would be 4000 to 8000 bp—making cloning and sequencing a
relatively difficult but potentially attainable task.

The experimental scheme consisted of isolating thé rat a,-AGP gene,
establishing the genomic DNA sequence, and subcloning various intron and exon
fragments as probes for northern hybridization analysis. In northern blotting
analysis, I am attempting RNA electrophoresis with a 0.1 mm to 0.2 mm ultra
thin acrylamide gel. Isolated cytoplasmic RNA's and RNA's released in vitro
will be denatured and run with known ssDNA fragments of M-13 bacteriophage,
generated by the chain termination method. Since this gel will offer 1-nucleotide-
difference resolution, ill-processed and released nRNA's will be quickly
determined, and unspliced introns might be closely estimated because of their
sizes.

The next step will be the observation of post-transcriptional events

including determination of whether intron splicing is a random event or an orderly
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sequence of events. The sites of nRNA processing of a1-AGP will be detected
by the use of specific exon and intron probes, either by direct in situ hybridization,
or indirectly by in vivo hybridization. Both of the proposed techniques should
permit microscopic observation of the post-transcriptional events when combined
with autoradiography, immunofluorescence, and heavy metal labeling. c¢DNA's
of exons, introns, or fragments overlapping both regions will be applied directly
to microsectioned tissue, or predelivered within liposomes to intact tissue in vivo.

The last stage will be to test whether ¢cDNA and/or mRNA delivered by

liposomes will cause designated biological activities in vivo. ¢DNA of al-AGP,

when delivered by liposomes into hepatocyte cytoplasm, may hybridize with the
mRNA counterpart to form a double-stranded structure and terminate protein
synthesis. The results can be easily monitored by measuring the a;-AGP level
in serum. mRNA of liver oncogenes will be transeribed on oncogene ¢DNA with
newly available riboprobe kits and delivered to hepatocytes. By using this method,
we can bypass the long waiting period of cancer induction by carcinogens and
observe tumor formation without altering chromosomes or turning on cellular
proto-oncogenes.

We can ask further questions: e.g., Will tumorogenesis induced by this
method be abolished when mRNA of certain oncogenes is withdrawn? Can ¢DNA
of certain oncogenes hybridize with mRNA to stop the promotion and initiation
of tumorogenesis? This approach might be useful both in research, prevention
and treatment of diseases. The post-transcriptional manipulation, if successful,
will enable us to pursue a wide-range of testing in both normal and abnormal
biological systems and to establish the relation between one gene product and
its specific effect(s) without altering the host genome.

Within the large scope of this experimental scheme my project involved

isolating, characterizing and sequencing the rat a;-AGP gene at this stage. The
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effort of identifying its regulatory elements and the comparison of its sequences
to two functionally unrelated genes with homologous sequences was also pursued.

The significant induction of a{-AGP makes its promotor region a valuble
tool of improving certain low-yielded biotechnology products. In order to assay
the promotor's effect, the promotor will be reconstructed with suitable foreign
genes to assay its effects.

The unusual conservation and homology of «;-AGP with immunoglobin,
EGF receptor has led to the pursuit of its evolutional origin. In this thesis, its
amino acid and nucleotide sequences in relationship to the human al-—AGP cDNA

and gene are presented in order to make guesses as to its functions.
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CHAPTER 2: ISOLATION AND CHARACTERIZATION OF THE RAT

a1-AGP GENE

2.1 Introduction

The usage of bacteriophage lambda gene libraries to isolate genomic clones
harboring DNA fragments homologous to ¢DNA sequences has made it possible
to study eukaryotic genes. Elucidation of the structure and organization of many
eukaryotic genes reveals that a large number of protein-coding genes are
interrupted by intervening sequences or introns. A close inspection of the
structure of eukaryotic genes leads to the development of theories on their
evolution, expression, mechanism of splicing and other post-transeriptional events.

In order to establish a model system for studying gene expression it is
desirable to characterize and sequence a highly inducible gene. The rat a;-AGP
as described previously possesses advantages for such study.

In order to isolate and determine the organization of the rat a;-AGP
gene, its genomic clones were isolated and sequenced. The results provide us
information on its molecular structure, the possible evolutional relationship with
other genes and insights on diverging movement of this gene among different
species. The isolated gene also gives us opportunities to study mechanisms of
expression through gene reconstruction and transfection experiments.

The work mentioned in this chapter discusses the isolation and
characterization of a genomic clone (lambda rAGP-40) which contains the entire

rat a-AGP gene.
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2.2 Methods and materials
2.2.1 Preparation of genomic DNA

High molecular weight liver DNA was extracted from an adult male
Sprague-Dawley rat (Simonson Laboratory, Gilroy, CA) essentially as described
by Blin and Stafford (1976). Five to ten grams of rat liver was cut into small
pieces by scissors in NKM buffer (0.15 M NaCl; 5 mM KCl; 2 mM MgCly) and
then homogenized by 10 to 12 strokes in a tissue homogenizer. The cells were
washed in NKM buffer and then lysed by adding 2 mM MgCl, solution (Sargent

et al., 1977).

2.2.2 Genomic library construction

A bacteriophage lambda genomic library of Sprague Dawley rat was
constructed by ligating a partial Eco RI digest of high molecular weight DNA
(15-20 kb) into Eco RI-cleaved Charon 4A DNA and then packaging (Seargent et
al, 1979). The partial Eco RI digest was carried out by aliquoting the prepared
rat liver DNA into different batch tubes and digesting with Eco RI restriction
enzyme (Boehringer-Mannheim) to different degrees of cleavage. The degree of
cleavage was evaluated by comparing one-third and one-fifth parallel digestions
of Eco RI sites of equivalent amount of bacteriophage lambda DNA under identical
conditions. The partially digested DNA fragments were centrifuged and
sedimented through a 10-30% sucrose gradient and fractioned. The DNA with
size between 10 and 20 kb was recovered by ethanol precipitation then resuspended
in TE soltion. The final concentration and total yield were measured by UV
(260 nm) spectrometry. A fraction (2.5 pg) of this recovered rat liver DNA was
ligated with 8.5 pg of lambda Charon 4A cloning vector (Sternberg et al., 1977;

Blatter et al., 1977). The ligated DNA was packaged in vitro by using extract
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from defective lambda lysogens supplied by N. Sternburg (Sargent et al., 1977)
and prepared as described by Hohn and Murray (8 of PNAS 1979). As a result,
a genomic library was constituted with a complexity of 2,000,000 independent

clones.

2.2.3 Selection and isolation of genomic clones

Bacteriophages from this genomic library were titered and plated out at
density of 20 thousand bacteriophage plaques per plate. 500,000 bacteriophage
lambda clones (equivalent to 10 genomes) were screened by in situ hybridization
using nitrocellulose paper (Schleicher and Schuell, Inc., Keene, NH) as transferring
carrier as essentially modified from methods of Maniatis et al. (1982). In this
simplified method 20 ul of bacteriophage lambda equivalent to 20,000
bacteriophage particles was mixed in a 2057 Falcon polystyrene tube (Becton
Dickinson Labware, Oxnard, CA) with 0.3 ml saturated bacterial broth (E. coli
strain DP50) and 0.3 ml of 100 mM MgCl,, CaCly then incubated room temperature
for 10 minutes. Eleven ml of molten NZYDT agarose (Appendix A) (first molten
in microwave oven then cooled in 55°C water bath for at least 30 minutes) was
mixed with the bacteriophages and DP50 E. coli hosts before pouring into a 150-
mm petri dish containing NZYDT top agar (Appendix A). It is essential to dry
the plate in a 37°C incubator for at least 3 hours with open lid to ensure a dry
and firmly attachable surface for molten agarose before pouring top agarose.
Plates were incubated in 37°C for overnight or 10 to 11 hours and the
bacteriophage plaques were allowed to reach the size of about 1 mm diameter.
The plates were chilled at 4°C for 1 hour to harden the surface. Nitrocellulose
filters were marked by water resistant ink and placed evenly on the surface of
the top agarose for 1 minute. Four asymmetric holes forming a "L" figure were

punctured through nitrocellulose filters to the bottom of agarose to mark
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alignment points for precise matching. The nicrocellulose filters were then
peeled off from agarose plate with a blunt end forceps and placed on the surface
of 3M paper (Whatman) soaked with a denaturing solution (1.5 M NaCl, 0.5 m
NaOH) for 1 minute. The filters with liberated and attached bacteriophage DNA
were transferred to another 3M paper saturated with neutralizing solution (1.5
M NaCl, 0.5 M Tris, Cl [pH 8.0)) for at least 5 minutes then rinsed in 2 X SSPE
(0.3 M NaCl, 20 nM Na HoPO, [pH 7.4], 2 mM EDTA [pH 7.4) in order to wash
off excess salt. After being rinsed, filters were air-dried and wrapped between
sheets of 3M paper of similar size and baked in a vacuum oven at 80°C for 2
hours to fix DNA permanently on the nitrocellulose. These filters were stored
in room temperature after baking.

The 792 bp Pst-1 Pst-1 DNA fragment derived from rat a1-AGP cDNA
plasmid pAGP663 (Ricca et al., 1981) was eluted from agarose gel electrophoresis
and was used as a hybridizing probe after labeling with [a—32P] by the nick-
translation or random priming method. The nick translation kits were purchased
from Amersham Corp., Arlington Heights, IL, and used according to manufacturer's
specifications (Appendix B). The random priming method was done by partially
cleaving 1 pg pAGP663 with Hae III restriction enzyme for 5 minutes to become
relaxed or linearized DNA, then boiled for 3 minutes in the presence of 12mer
oligonucleotides with random sequences (Biosearch Inc., San Rafael, CA). This
procedure shall destroy hydrogen bindings and form 12mer-plasmid hybrid during
subsequent freezing in dry ice and gradual warming in ice and 55°C waterbath.
The labeling was done by mixing randomly primed oligomer-plasmid complex with
[a-32P) dCTP, [a-32P] dATP as radioactive substrates and dGTP, dTTP as cold
substrates. The reaction lasted 20 minutes in a volume of 50 ul with buffer

constituents identical to Sac I restriction digestion (New England Biolab.).
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Hybridization reaction was carried out at 68°C in a straight hybridization
solution instead of 50% formamide in order to save time. Before hybridization
the baked nitrocellulose filters were gently rinsed in 6xSSC (Appendix A) until
they became thoroughly wet then they were transferred to a circular plastic box
for prewashing to remove absorbed media, agarose and bacterial debris. The
prewashing solution consists of 50 mM Tris = Cl (pH 8.0), 1.0 M NaCl, 1 mM
EDTA, 0.1% SDS. After 2 hours prewashing at 50°C, the solution was discarded
and replaced with 300 ml of prehybridization solution (5x Denhart's solution
[Appendix A}, 5XxSSPE, 0.1% SDS, 100 pg/ml denatured [by boiling for 5 minutes]
salmon sperm DNA and incubated at 68°C for 5 hours). 32p_Labeled DNA probe
was denatured by heating in boiling water for 5 minutes and then added in the
prehybridization solution. Hybridization was continued in a tightly sealed circular
box with constant shaking at 68°C for 48 hours. After the hybridization was
completed, the hybridization solution was saved and stored in -20°C, the filters
were washed 5 times, for 10 minutes each in 300 ml of 2xSSC and 0.1% SDS
at room temperature, then 3 times at 60°C for 5 minutes in each wash. The
radioactivity of filters were closely monitored by Geiger counter. The filters
were dried in air at room temperature and taped on 3M paper marked with
radioactive ink for precise alignment between the autoradiographs and
hybridization filters. The 3M paper and filters were covered with Saran wrap
and applied to X-ray film (Kodak XR) for 24 hours at -70°C with intensifing
screen. Under these conditions, the background was usually high enough to give
a vague image of whole filter but low enough to see distinet signals of positive
clones on x-ray films, particularly convenient to locate the positive clones on
agarose plates.

After screening, positive clones were identified, the one with strongest

hybridization signal was selected and purified by low density plating and
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transferred to nitrocellulose filters and hybridized with the stored solution

containing pAGP663 probe as described previously until it became monoclonal.

2.2.4 Preparation of bacteriophage lambda DNA

The finally purified bacteriophage lambda clone plug was removed with a
Pasteur pipet and stored in 1 ml SM buffer (Appendix A) and vortexed. After
storing in 4°C overnight, most phage was diffused completely and 300 ul were
mixed with 300 pl saturated DP50 E. coli broth and incubated in 37°C shaker for
15 min. The mixture was then diluted to 40 ml of NZYDT broth (Appendix A)
and incubated at 37°C with shaking (200 rpm) for 10 hours. At the 10th hour,
most bacteria lysed and became a translucent solution. The 40 ml lysate was
transferred to a 40 ml-Oakridge tube and spun at 10,000 rpm for 10 minutes to
precipitate bacterial debris. The supernatant was transferred to another tube
and digested with 12 yl DNase (10 mg/ml) and 3 l RNase (10 mg/ml) at 37°C
for 45 minutes to hydrolyze bacterial DNA and RNA. 5.5 ml 20% PEG (Mwt.
8000) and 2.5 M NaCl were added to lysate, mixed well and incubated in 0°C for
15 minutes, then spun at 15,000 rpm for 20 min. The supernatant was discarded
and drained out from the tube completely. The pelleted phage particles were
resuspended in 500 ml proteinase K buffer (Appendix A), transferred to another
Eppendorf tube and spun again in bench top fuge to precipitate additional bacterial
debris. The supernatant was transferred to another Eppendorf tube and treated
with 2 ul proteinase K (10 mg/ml) at 37°C for 45 minutes. Phage DNA liberated
from protein coat was extracted twice with 20 ul phenol and once with 250 ul
chloroform. Aqueous layer was removed to another Eppendorf tube and mixed
with 2.5 volumes of 100% ethanol and 0.1 volume of 3 M sodium acetate. At
this moment, bacteriophage DNA coagulated into a cottony ball. This ball-like
phage DNA was lifted by using a metal needle and transferred to another tube

containing 70% ethanol and spun for 3 minutes to precipitate the DNA
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pellet. After removing 70% ethanol, the pellet was washed with another 500 ul
70% ETOH and spun down, then dried in a speed-vac evaporator (Savant
Instruments, Inc. Farmingdale NY). Dried phage DNA was resuspended in 200 ul
TE with heating at 55°C. The O.D. (optical density) of the mixture was determined
by spectrometer. A simplified outline of preparing bacteriophage DNA is also

listed in Appendix B.

2.2.5 Restriction mapping and Southern Blot analysis
0.5 ug of prepared bacteriophage lambda DNA were cleaved by single and

double restriction digest of Eco RI, Sac I, Bam HI, and Sal I endonucleases. The

digested DNA was then electrophoresed in 0.75% agarose gel and transferred to
a nitrocellulose filter. The nibrocellulose paper was hybridzed to a 32p_jabeled
792 bp Pst I/Pst I fragment of pAGP663 plasmid and exposed for autoradiography
as modified from Maniatis et al. (1982). In the modified procedure, the agarose
gel was stained with ethidium bromide and photographed along a ruler after
electrophoresis (Fig. 2.1). The stained DNA pattern was traced and copied on
Saran plastic covering the gel for exact alignment and site identification (Fig.
2.2). The agarose gel was then left in UV light for 10 minutes to cause DNA
breakage. The UV exposed agarose gel was transferred in a container of 1.5 M
NaCl and 0.5 M NaOH for 40 minutes at room temperature with constant shaking
in order to denature the DNA. The denatured gel was neutralized by soaking it
in the solution of 1.0 M Tris * Cl (pH 8.0) and 1.5 M NaCl for 1 hours at room
temperature with gentle shaking. The neutralized gel was inverted, placed against
a damp 3M paper saturated with 10 x SSC by extending itself into reservoir of
gel box. On the surface of the agarose gel a piece of wet nitrocellulose filter
(wetted in 2XSSC for 5 minutes) of identical gel size was placed evenly without

air bubble. Two sheets of 3M paper followed by a stack (10 em high) of Teri
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Fig. 2.1. An agarose gel electrophoresis of restriction endonuclease-digested
DNAs of both rat AGP lambda 40 and rat liver. In each restriction digestion, 1
ug of lambda AGP lambda 40 and 20 pg of rat liver was used. The digested
DNAs were electrophoresed in 0.75% agarose gel with 1 x TBE buffer. The
voltage was 20 mA and run for overnight. The gel was then stained with

ethedium bromide and photographed.
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Fig. 2.2. An agarose gel replica of Fig. 2.1. In order to precisely measure
sizes of restriction fragments for making an accurate map of the rat a1-AGP
gene, a plastic replica was derived by directly tracing the electrophoresis patterns
from the previous agarose gel (Fig. 2.1). The sizes of DNA fragments were
latter determined by log phase plotting. The estimated sizes were listed on Fig.

2.4A.
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paper towel (Kimberly-Clark Corp, Roswell, GA) with similar size to nitrocellulose
filter was again placed on top of the wet nitrocellulose paper and pressed down
by an inflexible metal or glass plate and a 1 kg lead block. The transfer of
DNA proceeded for 24 hours and the towels were replaced twice. Finally, the
nitrocellulose filter was peeled off from the dehydrated gel, and soaked in 6XSSTC
solution at room temperature for 5 minutes, then dired in air. The dried
nitrocellulose papers were sandwiched between 2 pieces of 3M paper and baked
for 2 hours at 80°C under vacuum. The baked filter was stored at room
temperature, In order to confirm the copy number and absence of sequence
rearrangements of the a,-AGP gene during recombinant DNA manipulation,
Southern hybridization using particular restriction enzymes on cellular DNA was
also performed. Each 20 pg of total mammalian DNA was digested in the same
manner as bacteriophage DNA and applied to a single gel slot for electrophoresis.
The resulting autoradiograph of Southern hybridization on both cellular and

bacteriophage recombinant DNA is shown in Fig. 2.3.

2.3 Results

The results derived from these restriction digestions and Southern blotting
analysis made it possible to construct a physical map of the genomic clone
lambda AGP40 as shown in Fig. 2.2, and indicate that lambda AGP40 clone
contains a 17.5 kb insert of rat genomic DNA with two internal and two flanking
Eco RI restriction sites. This covers the complete coding regions of the a;-
AGP gene by matching the patterns of Southern blotting of rat and bacteriophage
DNA. After analyzing the information derived from the sizes and patterns of
single and double-restriction digest, it is clear that there are four Eco RI
restriction sites which divide the total inserted DNA into three fragments arranged

as 8.5 kb, 7.5 kb, 2 kb from 5' toward 3' end respectively. This mapping is
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possible due to the existing map of lambda Charon 4A. Based on the intensities
of hybridization signals on autoradiograph, the majority (80%) of a;-AGP coding
sequences are located within the 8.5 kb Eco RI fragment, 20% is in the 7.5 kb

Eco RI fragment and none was found in the 2 kb Eco RI fragment (Fig. 2.3).



Fig. 2.3.
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Southern analysis of recombinant lambda (AGP lambda 40) and rat

cellular DNA (rat hepatoma cell).

(A)

(B)

Southern blotting of AGP lambda 40 DNA one ug of lambda DNA
were used in each lane. The number on the left indicates the size
marker with length unit of Kilobase-pair. The arrow indicates the
existing band of Hind III fragment after extended exposure. The
majroity of high molecular weight DNA in Hind II hybridization
indicates incomplete digestion of Hind III endonuclease.

Southern blotting of restriction endonuclease-digested hepatoma
DNA. The experimental condition is the same as Fig. 2.3A, except

that the agarose gel is 1% and the amount of DNA used is 20 ng.
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2.4  Discussion

In conclusion, the lambda rAGP40 clone isolated and selected among other
eight candidates from the rat genomic library contains a naturally intact and
continuous DNA fragment covering the «;-AGP gene(s). This is particularly
convenient, since it would avoid additional work of screening new clones if the
isolated clone was found to be incomplete. Furthermore, a majority of its protein
coding sequences are located within the 8.5 kb Eco RI fragment. This information
in combination to the known restriction sites of ¢ecDNA made it possible to draw
an accurate physical map of this gene and to formulate an efficient sequencing
strategy.

The restriction map of the rat a;-AGP were determined based on various
informations derived from restriction mapping of rAGP lambda 40, Southern
hybridization, cDNA sequences, and complete map of lambda Charon 4A vector.
Out of totally 6 potential models (Fig. 2.4B), one was finally determined to be
the correct one (Fig. 2.4A).

The discrepancies between data of Vannice et al. and what is presented
in this dissertation are most certainly due to their use of DNA prepared from
a modified hepatoma cell line which obtained in artifical Eco RI site during
mutagenesis manipulations. These facts indicate that the rat a;-AGP gene
isolated, characterized and eventually sequenced in this dissertation present a
naturally intact and continuous gene copy.

These results do not agree with the published data of Vannice and Ringold
et al. (1984). In their paper, a photograph of Southern blotting was presented,
although major restrictive fragments of Hind II (3.0 kb), Bam HI (2.5 kb), Pvu
I (5.0 kb), Pst I (3.0 kb), Bgl II (8.0 kb) are found, there were many additional
fragments. Most importantly, the major 8.5 kb Eco RI band was missing and

replaced by a prominant 5.0 kb fragment which was not seen on my Southern
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blottings. This is a significant discrepancy, since the Eco RI restriction site
was used during genomic cloning and is a main mark characterizing the gene
structure. It suggests a potential artifact during recombinant DNA manipulations.
Less likely possibilities include intraspecies polymorphism in the a;-AGP gene
and the nature of DNA used. The first possibility is unlikely, since the a;-AGP
gene is highly conserved among species and it is difficult to envision that such
divergence has occurred within an extensively inbred Spague Dawley rat. It has
been observed on the other hand that different results in restriction enzyme
digestion may be encountered when using DNA prepared from livers of different
rats in different experiments. Eventually a parallel matching of Southern analysis
between rat and recombinant bacteriophage DNA was obtained by using DNA
derived from rat hepatoma cell culture. Presumably, DNA in adult rat livers
may be very much methylated or modified in different degrees. The DNA used
by Vannice and Ringold et al. was also derived from rat hepatoma cell, however,
a particular hepatoma cell line designated as JZ.1 was used. JZ.1 cell line was
dervied from rat hepatoma cell which has been widely used elsewhere and also
in this dissertation. JZ.1 cell line was established by first infecting and then
selecting the rat hepatoma cells to contain one single provival copy of MMTYV,
then heavily mutgenizing with ethyl-methane sulfonate in order to generate a
mutant having no steroid responses (Grove PNAS 78:4349-4353, 1981). It is
possible that numerous mutations were established, since a total spectrum of
glucocorticoid responses involving all related gene expressions including MMTV
and a1-AGP were abolished. It is most reasonable to conclude that the mutation
resides on a glucocorticoid receptor gene or on loci of some other steroid hormone
response because of the widespread abolishing affects. Although simultaneous

damage to all glucocorticoid inducible genes is less likely, an incidental mutation
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may occur on the a,-AGP gene to creates an additional Eco Ri restriction site.
This artificial Eco RI site must be within the 8.5 kb Eco RI natural fragment
and must split it into 5.0 kb and 3.5 kb subfragments. It is predicted that this
new Eco RI site exists on the 5' and generated a 3.5 kb fragment which contains
no coding areas of a;-AGP gene message, as a consequence it was undetectable
c¢DNA probe during Southern hybridization (Fig. 2.3). Repeat of Southern analysis
by using DNA of the original rat hepatoma cells generated identical Southern
patterns to those derived from DNA of lambda AGP 40. Because DNA used in
making the rat genomic library include the lambda AGP 40 clone extracted from
normal rat tissue, and because its restriction patterns are identical to rat
hepatomas, it can be concluded that there is no structural change on the aq-

AGP gene between normal rat cell and rat hepatoma cell.



Fig. 2.4.

(A)

(B)
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The mapping of the rat a;-AGP gene.
An estimation of subfragment sizes derived from restriction digestion

of Eco RI, Bam HI and combination of both. The sizes were

extrapolated from log phase plotting. L box represents left arm,
R box represents right arm of bacteriophage lambda vector. The
numbers represent sizes of fragments in base-pair unit.

Six possible models were listed for the map of the rat o 1-AGP
gene based on the number and size of Eco RI digestion. L and R
boxes represent left and right arms of bacteriophage lambda vector,
respectively. The sizes of lambda arms are not on scale in this
figure. The numbers 8, 7 and 2 represent the Eco RI fragments
of 8.5, 7.7 and 2.1 kb respectively.

Only one model is possible, after applying the information derived
from restriction analysis of Bam HI as well as combination of Bam
HI and Eco RI endonuclease digestions. The intensities of radiograph
further indicates that 80% of coding region is located within the

8.5 kb Eco RI fragment.
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CHAPTER 3: NUCLEOTIDE SEQUENCING OF THE RAT a-AGP GENE

3.1 Introduction

The «1-AGP gene is central to our study of RNA splicing, maturation,
m-RNA stabilities, and nucleocytoplasmie transportations. In order to determine
in more detail the molecular anatomy of the rat a-AGP gene for intron-exon
assignment, it is necessary to determine the complete nucleotide of a gene which
can be used as an inducible de novo system. In addition, the DNA sequence gave
us an opportunity to identify the existence and location of the hexanucleotide
(TGTTCT) which was postulated to be involved in glucocorticoid receptor binding
and subsequent induction of gene expression. This chapter describes the strategy,

planning, methods and results of the sequencing of the rat a,;-AGP gene.

3.2 Methods and materials
3.2.1 Materials and sequencing techniques

Using new DNA sequence analysis methods has changed nucleotide sequence
determination from state of art to routine in the field of molecular biology.
Unfortunately, the commonly practiced technique, although not too difficult to
learn, is rarely performed without problems. It is obvious that DNA sequencing
will continue to a unique field to be performed by specialized persons in handling
a project of a large scale.

Currently, two DNA sequencing methods are available: (1) the chemical
degradation method of Maxam and Gilbert (Maxam et al., 1977) and, (2) the
chain termination method of Sanger, Nicklen and Coulson (Sanger et al., 1977).
Until recently, the chemical degradation method has been the method of choice
for most researchers because of its straight-forward simplicity of planning and

ready availability of the common chemical reagents and laboratory facilities.
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This method, however, needs a lengthy preparation of DNA fragments and multi-
step degradation procedures. It is used mostly in sequencing short DNA fragments.

Chain termination, using dideoxy analog, is a version of the primed synthesis
method. It is a popular method for large projects because of the advancement of
M-13 bacteriophage cloning. As a result, the chain termination method has a
better overall-rate of generating information. However, this method requires
frequent subcloning of desirable DNA fragments and relies heavily on the
understanding of molecular biology in order to solve current problems of various
kinds.

The reliability of chain termination sequencing method has also suffered
in the past from its dependence upon chemical enzymes of the highest quality.
This problem has gradually disappeared with the improvement of product quality
due to recent commerical competition. The chain termination or Sanger's method
was used in sequencing the rat a1-AGP gene.

Sanger's method involves utilizing a short primer molecule (usually 15 to
17 oligonucleotides) complementary to the DNA lying to the 3' end side of the
target DNA region of a single-strand DNA template (Fig. 3.1). After the priming
hybridization of oligonucleotide to the SS template, the Klenow fragment of DNA
polymerase I will extend the primer according to its complementary template
by incorporating the four deoxynucleotide triphosphates (dNTPs) added in the
reaction buffer. The addition of 2',3'-dideoxy analogues (ddNTP) which lack the
3' hydroxyl group for continuous chain extension (by esterification) will block
the elongation process once they are incorporated. Therefore, it is possible to
stop the elongating DNA chains at specific nucleotide regions by adding their
respective dideoxy analogues (ddNTP). Length-wise, chain termination will occur
at each position occupied by the specific ddNTP analogue according to its

complementary template.
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By performing a set of four reactions, each containing a different specific
ddNTP, a specific pattern representing specifically terminated DNA chains can
be produced in each of the four reactions. Technically, due to the simple kinetic
competition of substrate and analogue for Klenow fragment of DNA polymerase
I, the length of synthetized DNA chains can be adjusted according to the
concentration and ratio of the specific ddNTP to the corresponding dNTP in
order to set the best reading result.

In the chain elongation and termination reaction, one of the dNTPs is
radioactively labelled, therefore, the newly synthesized and specifically terminated
DNA molecules are also radioactive. When the reaction is complete, the four
fragment sets can be denatured by formamide, heated and size-fractionated by
electrophoresis on a high resolution (1-nucleotide-difference) polyacrylamide gel,
and autoradiographed. A pattern produced by radioacitve bands of DNA fragments
on the x-ray film will represent the difference in length of one nucleotide in
each (G,A,T or C) of the reaction set. The ladder-like patterns will indicate
the nucleotide position of a DNA molecule at each reaction set. As a result,
the pattern combination of successive bands reflecting the nucleotide sequences

started from the oligonucleotide priming site can be visualized (Fig. 3.1).
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Fig. 3.1. A schematic illustration of M-13 sequencing method.

1. Five-piece-broken-line stands for oligonucleotide primer. The circle
represents a single strand M-13 bacteriophage DNA a hypothetical sequence of
GATCGATC. In this step, primer is annealed with its complementary sequence
at the 3' end of target sequence GATCGATC.

2. During the chain extension and termination reaction, 4 tubes contain
designated dideoxynucleotides, and necessary components of salts and buffer are
prepared. They are from left to right containing dideoxy-GTP, GATP, GTTP,
GCTP, respectively. As a result, the elongating chain would be terminated
always at the designated nucleotide of dGTP, dATP, dTTP or dCTP from left
to right, respectively.

3. The newly synthesized DNA chains are shown with exact relative lengths
in order to emphasize the terminating position at specific nucleotides.

4. After denaturing the radiolabelled DNA chains, they can be fractionated
on acrylamide gel and visualized by radiography. By reading the allocated bands
of x-ray film, the complementary sequences can be deciphered; in this case

CTAGCTAG or GATCGATC complementarily.
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Originally, the requirement of a single strand DNA template made by this
method was of limited usefulness. The problem was later solved by the
reconstruction and engineering of an E. coli bacteriophage M-13 (Messing et al.,
1977, 1982) which has a single-strand DNA stage in its life cycle (Fig. 3.2).
Later, a supercoil DNA sequencing method which involves denaturing and
dissociating the double strand DNA by alkaline agents before primer hybridization
(Chen, E., et al., 1985) was also developed to sequence double strand DNA.

The M-13 cloning procedure involves first inserting the DNA fragments of
interest into the engineering polylinker region of M-13 vector through restriction
digestion and ligation. Then the ligated recombinant molecules can be transformed
into E. coli host for amplification. M-13 phage particles extruded from infected
E. coli cells contains ssDNA strands of M-13 genomes and inserted DNA sequence
can be readily purified from its protein coat through simple phenol extraction.
The poly-linker or poly-cloning region contains several unique restriction sites,
engineered to locate within a segment of a M-13 bacteriophage gene coding the
a-peptide of B-galactosidase (Fig. 3.3). A universal primer of 15 to 17 nucleotide-
length and complementarily corresponding to a sequence at the 3' side of poly-
linker region is chemiecally synthesized and commercially available. The priming
and subsequent sequencing allows us to determine the nucleotide sequence of the
cloned DNA fragment. After ligation and transformation, if there is no insertion
of foreign DNA into the M-13 vector, the reading frame of a-peptide of B-
galactosidase gene of M-13 bacteriophage remains intact and produces a normal
B-galactosidase after infecting an E. coli F' strain which has a defective or non-
functional B-galactosidase gene. As a result, the E. coli F' strain acquires a

complementary gain of a functional B-galactosidase. In the presence of the
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Representation of the life cyele of E. coli bacteriophage M-13

(modified from Messing, 1983). The flow of steps:

(A)

(B)

©

(D)

(E)
(F)

The rod-shaped virus penetrates the F Pilus and its major protein
coat is stripped off on cell membrane. The remaining protein coat
(gene II product) considered as "pilot" protein (shaded dots, 3 of
them) seems to guide the virus for infecting penetration. The naked
ds or ss DNA of M-13 bacteriophage can also be introduced into
bacteria through chemical means (white arrows). After getting into
bacterial cell they replicate identically as normal bacteriophage.
The viral ssDNA (+ strand) is converted into a double strand circular
form or replicative form (RF) DNA by host machinery to synthesis
the complementary strand, the (-) strand.

The (-) strand serves as the template for synthesis of progenyphage
DNA, the (+) strand.

The gene V product (not shown) binds to the newly synthesized (+)
strand and forms a protein ssDNA complex then moves to the
periplasmic space. The gene V product then is replaced by coat
proteins.

The mature phage particle then is released from the bacterial wall.
A M-13 bacteriophage map. The arrows indicate the origin and
direction of replication for (+) or (-) DNA strand. The Roman
numerals indicate the number assignment of bacteriophage genes.
The exact functions of gene products are still unclear, except for

genes I, VIO, and V.
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Fig. 3.3. Diagrammatic representation of the M-13 bacteriophage vector.
(A) The physical restriction map of whole vector.
(B) The nucleotide sequences of polycloning sites of different

M-13 versions.
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GAATTCGAGCTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGG

EcoRI Sacl Kpnl BamHI Xbal Sall Pstl Sphl HindlII
Xmal Accl
Sma’l Hincll

AAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCGGGTACCGAGCTCGAATTC

HindIII Pstl Sall Xbal BamHI Kpnl Sacl EcoRI
Sphl Accl Xmal
Hincll Smal

GAATTCGAGCTCGCCCGGGGATCCTCTAGAGTCGACCTGCAGCCCAAGCTT

EcoRI Sacl Xmal BamHI Xbal Sall Pstl HindIIl
Smal Accl
Hincll

CCAAGCTTGGGCTGCAGGTCGACTCTAGAGGATCCCCGGGCGAGCTCGAATTC

HindIII Pstl Sall Xbal BamHI Sacl EcoRl
Accl Xmal
Hincll Smal

GAATTCCGGGGATCCGTCGACCTGCAGCCAAGCTT

EcoR1 BamHI Sall Pstl HindIII
Smal Accl
Xmal Hincll

AAGCTTGGCTGCAGGTCGACGGATCCCCGGGAATTC
HindIII Pstl Sall BamHI EcoR1
Accl Smal
Hincll Xmal
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inducer isopropyl-B-D-thio-galactopyronoside (IPTG), the B-galactosidase of the
transformant is able to hydrolyze a chromogenic substrate 5-bromo-4-chloro-3-
indolyl-g-D-galactopyranoside (x-gal) to bromo-chloroindole which is blue in color.
A blue plague on a bacterial lawn of an agar plate, therefore, indicates a colony
containing infected clones. If a DNA insertion occurs on any of the polycloning
sites so that the reading frame of B-galactosidase gene is interrupted, the synthesis
of B-galactosidase will be either terminated early or produce a lengthy but non-
functional fusion protein. As a consequence, the infected plaque is colorless and
can be selected (Fig. 3.4). Rarely, but possibly, the insertion of cloned DNA
remains in frame with the triplet translations and produces a fused or recombinant
B-galactosidase-like peptide and contains no early termination codon. In this
case, the B-galactosidase-like peptide may be functional and a blue plaque is
produced. Most of the time, the colony can be distinguished from the others by
its less intensive color due to the weaker activity of chromogenic hydrolysis by

the fusion protein.
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Fig. 3.4. A schematic representation of cloning a DNA fragment into M-13
bacteriophage.
(A) A circular M-13 vector is cleaved open at a specific restriction site.
(B) Target DNA is also cleaved open by the same restriction enzyme.
(C)  Vector is ligated with restriction endonuclease-digested target DNA.
(D) Ligated DNA recombinant is transformed into E. coli host cells.
(E) Transformed bacteria are plated out on an agar plate. The colonies
containing the M-13 vector without DNA insertion produces
translucent plaques (white dot); the colonies absorbing the M-13

vector with DNA insertion produce blue-colored plaques (black dot).
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By using the common restriction sites found on both M-13 vectors and
target DNA, the most direct and simplest sequencing strategy is to clone
overlapping DNA fragments derived from these sites to generate overlapping
recombinants for sequencing reactions. It is possible to acecumulate the sequences
by overlapping fragmental data to determine the continous sequences of an entire
DNA molecule.

In reality, considerable problems have been encountered by this simple
strategy. This is due to the non-random distribution of desirable cloning sites
on target DNA, the tendency of vector ligation with smaller restriction fragments,
and the stability of the cloned DNA in recombinant M-13 phage. Although viral
DNA up to 6 times the length of M-13 DNA has been packaged (Messing,
unpublished), deletion may occur within the cloned DNA.

In order to solve these problems, fragmenting DNA by DNase I, Bal 31
nuclease, exonuclease Ill, T4 DNA polymerase and sonication have been employed
to produce a series of recombinants in which the inserted DNA fragments have
either random (by DNase, sonication) or progressive deletions from one end
(exonuclease III, T4 DNA polymerase) or both ends (Bal 31 exonuclease). In the
project of sequencing the rat ®1-AGP gene, none of these back-up methods was
necessary. The problem of instability of foreign DNA (especially of mammalian
genes) in M-13 vector is partially solved by using the pUC vector which was
engineered to contain identical poly-linker and priming sites but multiplies in E.
coli as a double strand plasmid.

In order to improve the resolution and clarity of sequence autoradiograms,
radioactive label of [3ss]—a-thio dATP and a wedged ultra-thin (0.175 mm)
acrylamide gel were used. The (39p]- a-dATP was occasionally employed in cases
of solving sequence compression in combination with inosine mixture and higher

reaction temperatures. The technical details of M-13 cloning and sequencing
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are listed in Appendix B, classified into sequential sections for easy identification
and for following instructions.

Enzymes. Restriction endonucleases were purchased from New England
Biolabs and Bethesda Research Laboratories, except high concentration Eco Ri,
Sma I and Sal I which were obtained from Boehringer-Mannheim. The large
Klenow fragment of DNA polymerase I was also purchased from Boehringer-
Mannheim. The dideoxy mix was purchased from Bethesda Research Laboratories.
The 17mer priming oligonucleotide was obtained from Biosearch and the Isotope
was obtained from Amersham.

In Appendix B, the complete description includes preparation of template
DNA, chemical reaction of chain termination and manual information for handling
the gel and autoradiograph.

A general description of cloning target DNA into M-13 vector, and its

transformation and selection is also described.

3.2.2 Sequencing strategies

Usually, in order to sequence a DNA fragment larger than 2 kb, it is best
to subclone it into pUC plasmid for amplification before the actual sequencing
takes place. The purpose is to ensure a sufficient quantity of material for M-13
subcloning, to have the confidence of dealing with a specific fragment of DNA,
and to avoid the instability problem of large inserts. In the case of the rat
@ 1-AGP gene, although the two fragments harboring this gene are large (8.5 and
7.7 kb respectively), it was decided to subclone them directly into M-13 vectors
bypassing the pUC requirement. The decision was made with the following
reasons: 1) subcloning into pUC takes additional time, 2) the coding regions and
the lambda AGP40 clone are well characterized, 3) there is only one gene in rat,

4) there are unique cloning sites in e¢DNA, and 5) the ¢DNA sequences of
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®4~AGP are known and computer programs are available for quick analysis.
Based on these advantages, lambda DNA were restriction-digested and directly
subcloned into unique and specific restriction sites of M-13 vectors. This
procedure is termed "shot-gun cloning".

A sequencing strategy was formulated by taking advantage of the existing
Sal I and Bam HI sites in the a;-AGP ¢DNA. Recombinant bacteriophage DNA
was digested with Sal I, Bam HI, and Eco RI, then directly subcloned into M-13
bacteriophage polylinker sites. Because of the rarity of the Sal I site in the
mammalian genome and lambda bacteriophage, I decided to clone the reading
frame on the first trial. The sequence was then expanded from the Sal I site
toward both the 5' and 3' ends of the gene (Fig. 3.5). Further subcloning was
undertaken using identified restriction sites of the new sequence and convenient
Sac I sites found on positively hybridized fragments on Southern blot analysis
(Fig. 2.3). The total sequencing was completed by overlapping sequences of M-13
subclones and extended about 1 kb beyond the TATA box and polyadenylylation
signal AATAAA at the 5' and 3' ends, respectively. The 5' to 3' end orientation
of the a 1-AGP gene in recombinant lambda bacteriophage was determined from
the nucleotide sequences of exons and the relative locations of restriction sites,

including Eco RI, Sac I, Bam HI and Sal I, on Southern hybridization.

3.3 Results

As a result of specific cloning by the shot-gun approach, about 100 different
M-13 subclones were obtained by using various restriction sites for ligations.
The identification of ¢cDNA sequences based on Sal I site toward both 5' and 3'
end proved very useful. The M-13 clone, mp 8 Sal I + Bam HI 2 and mp 18 Sal I
+ Eco RI 1 coding the reading frame of the rat a;-AGP ¢DNA were among the

first to be sequenced. In order to prove that the Sal I is a natural restriction
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site instead of being a result of RNA splicing, a M-13 subclone read from Xmn
I toward Eco RI was generated later to overlap the Sal I sequence. Among the
approximate 100 or more M-13 subclones, a majority of them were found coding
the non-rat a1-AGP areas and were screened out during preliminary e-trackings.
Totally, 18 M-13 subclones were found containing the target gene by overlapping
of extended sequences. These 18 M-13 subclones cover the entire rat a-AGP
gene and are listed in Appendix CI according to their vector, cloning sites,
lengths of insertion and directions of sequence readings.

The entire nucleotide sequences of the rat a,-AGP gene were put together
by overlapping the sequences of M-13 subclones and is shown in Appendix CII.
Computerized and complete restriction sites and their nucleotide locations are
listed in Appendix CII, and future applications including engineering and

subconstruction for expressions or intron probes are noted.



Fig. 3.5.
(A)

(B)

©
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The sequencing strategy was organized into three separate steps:

Using the existing restriction sites of Sal I and Bam HI and the
genomic boundary of Eco RI, two clones going from Sal I toward
Eco RI and Sal I toward Bam HI were obtained. The empty arrows
indicate the planned direction of cloning. The square box, dots and
asterisk represent the cap, the coding sequence and the poly(A) tail
of a1-AGP mRNA respectively.

The black arrows represent resulting clones derived from the previous
step. In this step, the discovered restriction sites, Eco RI and Bam
HI, were used in order to generate clones starting from Eco RI
toward Sal I (5' end), Bam HI (3' end) and from Bam HI toward Sal
I (5' end), Eco RI (3' end).

Totally, 6 clones derived from the planning of Steps A and B were
established (black arrows). Based on the discovered restriction sites
from sequencings and restriction mappings, nine additional
subelonings either centering in, expanding from, or overlapping with

the Sal I, Eco RI, Bam HI sites were undertaken. About one hundred

M-13 clones were derived during the whole process, essentially 18

of them cover the need of sequencing the entire rat ®1-AGP gene.



56

e
o
)
o
o
\

-
|

[1ed

|13 93 L"‘
o
|

wily_ o1 Vv NOHVHO ]

wly _jubiy }— <%

130
134073 =

| Hwog
| 1°S i
14 033 I =

auen donv-| eyd|y jey eyl bBuiouenbeg jo seibejells



57

3.4  Discussion

The complete nucleotide sequence of the rat aj-acid glycoprotein gene
has been determined from an isolated lambda recombinant bacteriophage.
Southern blot analysis and DNA sequencing indicate that there is only one gene
per genome; it contains six exons and is located within a 3200-base-pair fragment
starting from a "TATA" box and extending to the polyadenylylation signal
AATAAA. Transcription starts 37 base pairs upstream from the beginning of
translation codon ATG (Ricca et al., 1981). The TATA box (TATAAA) lies 26
base pairs upstream from this site. The a;-acid glycoprotein gene is known to
be regulated by glucocorticoid hormones. Although this regulation is thought to
be an indirect hormonal action, the gene contains several potential glucocorticoid
receptor binding sites, both inside and outside the structural gene.

The organization of AGP gene as shown in Fig. 3.6 consists of six exons
and five introns and strictly observes Chambon's rule; all introns begin with
dinucleotide G-T and end with A-G. The more detailed consensus sequences of
donor [G-T-é-T—T-G-T] and the acceptor [(g)ll-N-%-A-G] proposed by Breathnach
and Chambon (Breathnach et al., 1981) are reasonably matched by the splicing
junctions of the introns and exons in the rat a-AGP gene.

Comparison of exons of the AGP gene with previously published ¢DNA
sequences shows that there is only one base difference: G instead of A at the
fifth nucleotide after the translation stop codon TAG on the 3' end. The
difference could be due to intraspecies polymorphism or replication error of
lambda bacteriophage. It has no effect on amino acid coding sequences.

At 5' End Region, the transcriptional initiation site was determined
previously by reverse transcriptase catalyzed cDNA synthesis in the presence of

a 67-bp Dde I cDNA fragment as primer and chain-terminating dideoxynucleotide
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triphosphates (Ricca et al.,, 1981). The nucleotide residue "A," 27 bases
downstream from the TATA box, is the transcriptional start.

The Goldberg-Hogness box ("TATAAAA") is located between 21 and 27
bases upstream from the transcriptional start. There is no apparent consensus
sequence of a "CAAT" box in its anticipated (50 bp) upstream position; however,
there may be a mixed "TATA" and "CAAT" sequence between 262 and 272 bases
upstream from the transcriptional start. Its distant location indicates that it
may not be a CAAT box; however, shortly repeated GA and CT, which resembles
Z-DNA structure, on its flanking areas suggests a potential involvment in
expressional regulation. A hexanucleotide sequence, T-G-T-T-C-T, which has
been postulated to be a binding site for the glucocorticoid receptor complex in
MMTV (Scheideveit et al., 1983), is found 431 bp upstream from the transcriptional
start. The hexanucleotide sequence was also found previously 451 bp upstream
from the transcriptional start of the human renin gene; hence, the renin gene
was speculated to be under steroid hormone regulation (Miyazaki et al., 1984).

Intron Regions. The potential glucocorticoid receptor binding sequence of

T-G-T-T-C-T is also present three times, within introns located at positions 1511,
3281 and 3553, respectively (Fig. 3.7). A survey of intron regions shows unusual
patterns of nucleotide sequences, including the existence of an alternating purine-
pyrimidine of Z-DNA-like structure, followed by 14 Gs at location 3383 (Fig.
3.7). The neighborhoods of the glucocorticoid binding hexanucleotide consist of
partially symmetrical G(T)2_5 repeats GTTTTT(TGTTCT)GTTTTGTTTGTTGTTTT
GTTTTT, located at 3547 bp (Fig. 3.7). This is followed twice by a sequence
of ACCCTGCA 7 bp and 24 bp downstream. Intron 4 has only 130 bp and
contains sequences of T(C);A(C)3ACA and CCCATT in the middle, with their

symmetrical counterparts at the acceptor side of the splicing junction (Fig. 3.7).
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At the 3' End Region, the polyadenylylation signal (AATAAA) is found 18
nucleotides upstream from the beginning of the poly(A) tail formation site. A
decanucleotide sequence of TCCT%CT%%% is repeated four times, overlapping
one another within a 30-bp region located 15 bp downstream from the poly(A)
addition signal and immediately followed by a complementary GGAGAGGAGG.
These particular sequences created five Mnl I restriction sites within 40 bp's
length, and produce a highly symmetrical region in centering at the second Mnl I.
Its significance is unknown, although it may play a role in the disassociation of
RNA polymerase II from the DNA reading frame.

The several-hundred-fold induction of AGP mRNA observed in
glucocorticoid-treated HTC rat hepatoma cell indicates a close relationship
between this gene and steroid hormones. Steroid hormones were believed to act
by binding to a soluble cytoplasmie receptor protein, which in turn enters the
nucleus, binds to specific DNA sequences adjacent to the regulated genes, and
activates transcription (Jensen E.V. et al., 1968; Gorski, J., 1968). The induction
of a1-AGP mRNA synthesis in contrast to that of MMTV RNA appears to depend
on the ongoing protein synthesis (Vannice, J.L. et al., 1983; Feinberg, R.F. et
al., 1983; Bauman, H. et al., 1983). Our findings indicate that there is a sequence
consistent with a glucocorticoid receptor binding site upstream of the o;-AGP
mRNA initiation site and three others within the structural gene. Glucocorticoid
and progesterone receptors have been found to bind to overlapping regions of
the MMTV and lysozyme DNA (Hamada, H. et al., 1979; Nordheim, A. et al.,
1983). Moreover, findings indicate that MMTV, which classically responds only
to glucocorticdids, also responds to androgens after it has been experimentally
transferred to cells containing androgen receptors (King, R.J.B., 1984). Hence,
glucocorticoids and androgens may act on the same DNA binding site. Recently,

the identical hexanucleotide sequence has also been found in the human renin
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gene (Scheidereit, C., 1984). The hexanucleotide T-G-T-T-C-T in the human
renin gene is located almost identically with that in the rat o,-AGP gene at
450 and 430 bp upstream from mRNA initiation site, respectively. Since this
area of DNA has been postulated to be the site of glucocorticoid receptor
complex binding, the two genes may be under similar glucocorticoid control.

The second T-G-T-T-C-T sequence of the rat a-AGP gene is located
within intron 2. The third and fourth sequences are in intron 5. Although the
functional significance of additional binding sites is unknown, such sites have
been found in the human growth hormone genes (Moore, D.D. et al., 1985).
Furthermore, Charney et al. (1984) and Wright et al. (1984) have demonstrated
that gene-specific controlling elements of human a- and B-globin gene can be
located within the structural gene instead of in the promotor region.

It should be noted that the fourth hexanucleotide is surrounded by a G(T)q_g
element of G(T)s[TGTTCTIG(T)4G(T)3G(T)9G(T)4G(T)s. A Z-DNA-like structure
of seven continuous dinucleotide G-Ts, followed by (G);,A(G)3, at position 3382
(Fig. 3.7) is also located in this intron, 139 bp upstream from the fourth
glucocorticoid binding sequence. (GT)n oligomers have the potential for forming
a Z-DNA structure under particular conditions, including ionic strength and
superhelical density, and are widely distributed throughout eukaryotic genomes
(Hamada, H. et al.,, 1979; Nordheim, A. et al.,, 1980). It has been suggested
that long (GT),, oligomers (n<20), which do not form a typical nucleosomal
structure, may act as chromatin structural element only and have no regulatory
function. However, smaller Z-DNA sequences (n<10), such as those found in rat
al-AGP gene, have been found in a number of enhancer and transcriptional
control sequences from DNA and RNA viruses.

Since the rat al-AGP gene does contain potential glucocorticoid receptor

binding sites, the gene expression may not be entirely due to secondary action
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of the hormone, as previously suggested (Vannice, J.L. et al., 1983; Baumann, H.
et al.,, 1983). We propose that the rat a;-AGP gene may be directly regulated
by glucocorticoid receptor complex, but that a permissive labile factor supplied
by continuous protein synthesis in particular cell types must be present in order
to sustain high levels of stable mature a;-AGP mRNA. However, this sequence
may not be a bona fide glucocorticoid receptor binding site. This possibility is
supported by two facts: 1) the homology of these putative binding sites does
not extend further into regions of homology among human growth hormone, human
metallothionein II, MMTV genes (Moore, D.D. et al, 1985); and, 2) the transecription
rate of the rat a;-AGP gene is only marginally increased by the addition of
glucocorticoid as measured by in vitro transecription in isolated nuclei (Vannice,
J.L. et al.,, 1984). A DNA foot-printing experiment with glucocorticoid receptor

binding protection shall resolve this issue.
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CHAPTER 4: SEQUENCE ANALYSIS

4.1 Introduction

Originally, when methods of determining the amino acid sequences became
available, protein chemists were excited because of the potential to characterize
and predict the function of proteins by the composition of amino acid residues.
Very soon, scientists realized that the comparison of amino acids of the same
analogous proteins between different species revealed insights into evolution at
the molecular level. This has been referred to as a protein "clock" and it can
be studied in the living species. The vast number of species and numerous
proteins provide virtually unlimited living fossils. Differences of amino acids
among the same proteins of different species reveals information similar to gross
morphological variations and can now be used to construct a phylogenic tree of
molecular sense.

The technical development of protein electrophoresis and amino acid
sequencing became available in the 1960s. It was immediately discovered that
there was extensive protein polymorphism in the natural population, and the rate
of amino acid substitution is approximately constant in evolution. Since sequence
evolution is divergent, it is reasonable to construct phylogenetic trees from the
available sequence data. The tree constructed with this manner may depict the
approximate order of divergence of the lineages which in turn may lead to the
identification of species originating from a common ancestor. To date,
phylogenetic analysis of amino acid data has made a major contribution to
verifying the validity of phylogenetic analysis based on morphology and our
understanding of evolutionary mechanism on the molecular level.

The information derived from protein phylogenetics also aids in determining

the time of divergence between related species. This approach is to use the
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known absolute time of one branching event as reference to estimate the
approximate time of another branching event in the phylogenetic tree. By
knowing the average rate of single amino acid substitution among related species,
and the total number of amino acid substitutions on an analogous protein, we
can predict the time of divergence between species. For example, the branching
event separating the human lineage from that of apes is estimated at 5 million
years, which is compatible with fossil evidence. Other studies indicate that the
combination of molecular approach and fossil records is useful in establishing a
more detailed and accurate time record of evolutional events and is extremely
useful in the fields of paleontology, anthropology and systemic biology.

In the late 1970s, a new technology based mainly on restriction enzymes,
DNA modification, DNA reconstruction and sequencing has led modern biology
into a new era. The rapid accumulation of information on the structure,
organization of genes and their evolution and comparison of nucleotide sequencing
of the same gene from different types of organisms or different genes in the
same organisms revealed unexpected variations of nucleotide changes at different
areas of genes, and led to another set of evolutionary hypotheses, including
concerted evolution and horizontal gene transfer. The average value of nucleotide
substitution derived from a large pool of genes and species samples was discovered
and remains relatively constant (Hayashida et al., 1983). This result suggested
the establishment of a DNA "eloek" which has provided even more insights into
the study of evolution than the protein clock.

The advantage of using nucleotide sequences is that we can distinguish
nucleotide changes that cause amino acid replacement (nonsynonymous changes)
from those that do not (including synonymous changes in protein coding regions
and changes in non-coding regions). This distinction is essential because the

nucleotide changes demonstrate generation time effect (Laird, C.D., 1969),
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whereas amino acid changes do not (absolute time only). The nucleotide changes
in the introns and gene flanking regions further reveal the accuracy of time
effect which is not represented on amino acid sequences.

The combined uses of DNA and protein clocks have provoked a new surge
of theories on the molecular mechanisms of evolution and have generated many
controversies. Among these hypotheses, Kimura's neutral theory, which
emphasized that amino acid substitutions, and hence protein polymorphisms are
mostly a consequence of neutral mutations and random genetic drift instead of
pure Darwanian selection have gained major support from accumulated evidence
(Kimura, 1983).

FUNCTION

The studies of a{~AGP mimic the general trend of scientific developments
as mentioned above, however, it has not been applied to phylogenetic study. The
amino acid residues of human a~AGP were determined in 1973 by using cyanogen
bromide fragmentation (Schmid et al., 1973). The rat ®1-AGP cDNA was cloned
and its amino acid (deduced from ¢DNA sequences) and nucleotide residues were
determined in 1981 (Ricca et al.,, 1980, 1981). In 1985, the human a;-AGP
cDNA was cloned and sequenced (Luciana et al., 1985). Meanwhile, the same
laboratory also isolated and sequenced the human a;-AGP gene (unpublished).
The rat a1-AGP gene was separately and independently isolated and sequenced
by Reinke et al. (1985) and Liao et al. (1985). Despite the extensive studies
over more than a decade, the definite function of a-AGP remains unknown.
Although it is desirable to subject the human and rat a;-AGP for detailed
phylogenetic study in order to identify its function by linking to related protein
ineluding using its amino acids, nucleotide sequences of both ¢cDNA and gene, it
is probably not suitable to follow it into detailed, sophisticated and complex

statistical, and mathematical computations at this stage. This is due to the
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existence of certain important discrepancies in evolution at sequence and
organismal levels. Although the proteins of two groups of organisms such as
mammals and amphibians have similar rates of sequence changes, it has been
discovered that the mammalian morphologies have evolved a great deal while
the amphibians remain essentially unchanged during the same span of time. It
has not been determined if the difference can be solely explained by the selection
pressure from the varieties of land terrains for mammals and the relative
simplicity of aquatic environments for amphibians. Similarly, controversies have
also been found among different classes of proteins which evolve in drastically
different speeds even in the same species. This chapter intends to analyze the
available amino acids and nucleotide sequences for pursuing the extrapolation of
the al-AGP's biochemical characteristics and its possible functions. The
relationship on species of the evolution of a1-AGP is also discussed at a

conservative level without trespassing into phylogenetic biology.

4.2 Methods and materials

In order to examine and analyze sequences of approximate 800 base pairs
cDNA and 200 amino acid residues of both human and rat ®1-AGP, it is more
efficient to use various computing softwares. In certain cases, visual
identifications and comparisons are obvious and easy, however, graphs, plots,
homology matches, etc., allow us to visualize the significances with distinection.

For these reasons, a variety of figures are employed in this chapter.

4.3 Results
The results derived from sequence analysis can easily become awkward
descriptions. In order to depict the results in a more objective and simple

manner, the results are organized into systematic illustrations of figures. In
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principle, the results of analyses and comparisons are arranged as of rat vs. rat,
human vs. human and rat vs. human, at levels of amino acid residues first, then
nucleotide sequences. In this section, therefore, descriptions are limited to the
figure legends. The order of figures are also organized to coincide with the

discussions in Section 4.4.
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Fig. 4.1. A homology plot of the rat a;-AGP vs. itself. The x and y axis
represent the amino acid sequence of the rat pre-a{-AGP which is the primary
translate without leader sequence cleavage. The amino acid sequences started
from position 0 as the first amino acid of amino terminal toward positions 206
which represents their final carboxy! terminals. The.rat pre-a;-AGP has 205
amino acid residues including a leader signal of 20 amino acids. The number 206
on the plot is due to the additional counting of the stop codon. In this particular
plot, matching condition is set at the window of 7 amino acid and a match of
4 amino acid, a most commonly used condition. Under this condition, every
matching of 4 uninterrupted amino acids within a 7 amino acid window span,
generates a scoring point represented by a dot on the plot. A self-plotting,
therefore, ensure a 100% linearity. The drifted dots represent the presence of

sequence repeats; its significance is discussed in Section 4.4.
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Fig. 4.2. A homology plot of the rat pre-a-AGP vs. itself. This figure is
identical to Fig. 4.1, except that leader signal is included. The purpose is to

show the existence of repeated amino-acid residue in leader signal.
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Fig. 4.3. A. A self-homology plot of the human pre-a1-AGP amino acid
sequences. Both x and y axis stand for the human pre-a;-AGP. The description
is essentially the same as the rat version, except the length of human a;-AGP
is slightly shorter than the rat's. The unprocessed human a;-AGP has 202 amino
acids. After the cleavage of leader sequence of 19-amino-acid peptide, the
remaining protein has 183 amino acid residues. The result of this plot is discussed
in Section 4.4.

B. A self-homology plot of the mature rat o(-AGP amino acid
sequences. The purpose is to show the disappearance of sequence repeat at the

amino terminal after taking away the leader signal.
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Fig. 4.4. This figure illustrates both the eDNA and amino acid sequence of

the rat a;~AGP. The triple dots on codon ATG emphasize the point of translation
start, the triple broken line on codon CAG of glutamine indicates the first amino
acid of mature rat o1-AGP in circulation. The triplet codons, their corresponding

amino acids and locations on this figure are discussed and referred in the

Discussions.
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Fig. 4.5. A. A summarizing figure representing the counting of
translational triplet codes for the rat pre-a;-AGP. The number indicates the
times of codon (sit next to it) usage in coding the corresponding amino acid (next
to the codon) in the rat pre-a;-AGP. The asterisks represent the stop codons.

B. The rat pre-a,-AGP represented by single letter amino acid

abbreviation, followed with computed number of residues, number of stop codon

and moleculer weight of dalton unit.

Information represented in this figure is referred and discussed in Section 4.4.
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Fig. 4.6. A. Essentially as described in Fig. 4.4A, except that this figure
represents the rat a1-AGP of circulating form.
B. An entire amino acid sequence of the rat a;-AGP in

abbreviations.

The purpose of Figs. 4.4 and 4.5 are to illustrate the point of codon degeneracy
and neutral mutation which is discussed in Section 4.4. They also show the kind

of amino acids used in leader signals.
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Fig. 4.7. Nucleotide and amino acid sequences of the human pre-a-AGP
¢DNA and protein. The first ATG coding methionine is the translational start.
The last TAG coding for stop codon is the end of coding message. Information

presented in the figure are referred and discussed in the text.
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Fig. 4.8. A. Translation count of human pre-a1-AGP. The figure description
is essentially the same as Fig. 4.5.

B. Abbreviated amino acid sequences of the human pre-o-AGP.
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Fig. 4.9. A. Translation count of mature human o,-AGP. The figure

description is essentially the same as Fig. 4.5.

B. Abbreviated amino acid sequences of the mature human AGP.
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Fig. 4.10. A comparison of amino acid residues of human and rat pre-ai-
AGP. The numbers represent the amino acids in relationship to translational
start of methionine which is number 1. The first line of the 3-line assembly set
is the amino acid abbreviation of human protein, the second is the rat protein
and the third is the concensus sequences. Unmatched amino acids are represented
with a broken line. The matched amino acids are emphasized by a dark dot
beneath the amino acid abbreviation. The partially boxed amino acids of the

first nineteen residues are signal sequences. Discussion derived from this figure

is in Section 4.4.
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Fig. 4.11. The amino acid comparison between human and rat pre a;-AGP
classified into exonic segments. The Roman numerals represent the exon number
corresponding to the underneath Arabic numerals which represent number of
amino acid coded within the specific axon. The shadowed areas are leader
signals. Number of matched amino acid residues are listed under each exon and
the percentages of matching are listed further below. The significance of

homology shown on this figure are discussed in Section 4.4.
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Fig. 4.12. A. A homology plot of the amino acid residues of the rat and
human pre-a1-AGP. The x axis represent the rat protein, starting from position
1 (amino end) toward position 205 (carboxyl end). The y axis represents human
protein, starting from position 1 (top right) toward position 201 (bottom left)
which is carboxyl end. The plotting stringency is set at 7:7, which means window
size is 7 amino acid, matching requirement is 7 amino acids. This is one of
the highest stringency, under this condition; it has to have a complete and
continuous match of 7 amino acids in order to generate a scoring point represented
by a dot on the plotting matrix.

B. Same as described above, except plotting stringency is reduced
slightly from 7:7 to 6:7. Each dot on the matrix represents a match of 6 amino

acids within a stretch of 7 amino acids.
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Fig. 4.13. C. Same as Fig. 4.8, except that the stringency is reduced to
5:7. Each scoring dot represents a continuous match of 5 amino acids within a
7 amino acid stretch.

D. Same as above, except that the plotting stringency is reduced
to 4:7; four amino acids have to match between human and rat protein sequences

in order to generate a printed dot on the matrix.
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Fig. 4.14. E. The plotting stringency is 3:7. Under this condition, each
dot represents a 3-amino-acid match within a stretch of 7 amino acids.

F. Same as above, except the plotting stringency is now 2:7.
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Fig. 4.15.  Comparisons of human (H) and rat (R) a;-AGP glycosylation sites.
The large numbers indicate the number of glycosylation sites on the protein.
The small numbers indicate the positions of amino acid residues. The broken
lines are variable distances between glycosylated tripeptides. The triplet codons
coding asparagine which is the target residue for glycosylation were also listed

for comparison.
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Fig. 4.16. Nucleotide sequence homology between the rat and human a-AGP
e¢DNA. In order to achieve maximum homology, the ¢DNA's of both rat and
human «;-AGP are stretched out with broken lines occasionally. The human
c¢DNA sequence is the published results of Luciana et al. (1985) and the 5' end
sequences of the first 48 bases are probably derived from a genomic clone, not
really belonging to the mRNA. The matched concensus sequences are listed on
the third line and a heavy broken line is marked beneath it for easier visualization.
The triple asterisks above codon ATG indicate the methionine as translational
start, the second triple asterisks represent the coding triplet AGA for glutamine

which is the first amino acid of mature al-AGP in both human and rat.
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Fig. 4.17. A homology plot of nucleotide sequences of human and rat a1-AGP
cDNA. The x axis represents the sequence of the human ¢DNA starting from
left (5' end) toward right (3' end). The number indicates the length in base
nucleotides. The y axis represents the rat ¢cDNA starting from the top (5' end)
toward bottom (3' end). Plotting stringency is 4:7, under this condition each
printing dot on the matrix represents a match of four nucleotides within a

measuring window of 7 nucleotides.
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Fig. 4.18. Same as described in Fig. 4.12, except with increased matching
stringency. The 5:7 stringency indicates that each dot on the matrix represents a

5-nucleotide matech within a measuring window of 7 nucleotides.
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Fig. 4.19. Essentially the same as described in previous figures. The plotting
requirement increases to 6:7. Under this stringency the background "noise" is
reduced to a lower level. Each dot represents a match of 6 nucleotides in a

T-nucleotide stretch of comparing sequences.
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Fig. 4.20. Same as previously described, however, the stringency has been
increased to the highest level. Not only the background "noise" but also the
authentic matching are diminishing. It has to have a 7 out of 7 nucleotide-match
in order to generate a printing dot on the homology matrix. The purpose and
significance of this series of comparisons is to illustrate the concensus regions

visually. The results are discussed in Section 4.4.
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Fig. 4.21. A comparison of human and rat a;-AGP gene based on sizes of
exons and introns. The Roman numerals represent the number of exons. The

larger numbers indicate the base pairs of individual introns, the smaller number

represents the number of base pairs for exons.
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Fig. 4.22. A comparison of splicing junctions of human and rat a;-AGP gene.
The Roman numerals indicate the numbers of introns. Intron I is designated to
be the intron existing between exon I and exon II. Intron II is the intron located
between exon II and exon I, ete. The small dots represent unspecified lengths
of nucleotides connecting the donor and acceptor sides of introns. The large
dots show the concensus sequences of introns between human and rat a,-AGP

gene.
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Fig. 4.23. A hydropathy representation of the mature human a;-AGP. The
detailed software program is described by Kyte et al. (in press). In short, the
number of jump means the number of amino acids used as a unit for hydropathy
scanning. The number of width represents the degree of hydrophobicity (+) or
hydrophilicity (-), in this case, 4 is the maximum degree of hydropathy (any
scanned unit that exhibits hydropathy greater than 4 is still regarded as 4). The
numbers in the far left column represent the number of amino acid residues
being scanned at each jump. Abbreviated amino acid residues are shown in the
second column. Degrees of hydropathy of each jump are listed in the third
column. The hydropathy results of a protein molecule is also visualized by a

vertical broken line of jump backbone and intensities of hydropathy (asterisks).
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Number of amino acids: 184
Average hydropathy: -£.78

Source: Kyte,J. & Doolittle,R.F., in press

Notes: The dotted 1ine at -9.4 on the graph corresponds to the overall average
hydropathy for proteins investigated by Kyte and Doolittle.
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Fig. 4.24. A hydropathy figure of the mature rat a-AGP. Figure legend is

essentially as same as described in Fig. 4.23.
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Fig. 4.25. Comparison of rat's and human a;-AGP hydropathy. Figure legend
is as same described in Fig. 4.23 except that length of jump is extended to 10
amino acid in order to do more general comparison. In each jump, only the first
4 amino acids are listed.

A. Hydropathy of human a;-AGP.

B. Hydropathy of rat a;-AGP.



bt et bt Bt ok et ot et et
Pt et bt bt Pk b s
ONONEWN -~
bbb

116

FQQA -8.63

s WRN|

e

seq. hydropathy -4 -3 -2 -1 2 1 2 3 4
QIPL g.78 : : : : | Rexxwn,

VPIT 1.60 s : : : [Bafadafolodohobol

ITGK -9.13 : : : E | s

AFRN -9.88 s : : gARRN| :

VQEI 2.42 s : : [ B

FTPN -9.78 : : : R akelobl | :

FLRE -0.49 3 : : s X% :

Qcly #.55 s : : T . I ®EE

VQRE _1.83 s s :t*ﬁ**i'*ﬁl 3

YVGG #.52 : H : L Rl : : :
LLIL 3.95 s s 3 s . l'*****.‘*ﬁ'*'.tﬁ.'.'
MLAF 2.53 s : s . l'i*"*!i*****t

NWGL -9.28 s 3 s 1 L] s :

PETT -1.62 : : T WRRNRRNN :

FYEA -9.087 $ s s [ | s

PKSD -2.48 : g RMARARRANANN | s

KKDK -3.89 A L L L :

QHEK _3.53 s 'ﬁ*li****ﬁ***ﬁ****l s

GESO -1.29 s s s AXRNRK | :

seq. hydropathy -4 -3 -2 -1 4 1 2 3 4
QNPE _3.33 : *ﬁt*ﬁi******t**' s < s s
GIPI 1.75 s : : : o I EEAR R NN, : :
WLSD -9.49 : : : ke s : : :
AAFR g.45 : s : : O o B : : :
AVQT 9.45 : : : | ** : : :
YLTP .93 : : : t L] : : : :
TELR 9.95 : : : t | : : : :
pacv -9.98 : : : : .| : : : :
GVQR -1.95 : : : "RA KK | s : : s
KCAG -9.09 : : : | : : : :
HL1V 2.39 : : H H (Beleb o b b A S 2 2 2 ] H :
FMLA 2.53 : : : : R T T T I :
NRGL -1.17 : : : Aok | s : : :
PDLS -9.57 : : : T WA : : :

DESE _2.85 s :"****t**'tt#il

:
:
TKDK -3.90 s L L T ) :
QQLE -1.79 RRRR R KRR | :

s

KETK -3.09 ; ;***tﬁ**iitt***|

o es e oo
.
o



117

Fig. 4.26. A hydropathy plot of human pre-a1-AGP. The plotting is essentially
described by Kyte, J. and Doolittle, R.F. (in press). The dotted line at -0.4 on

the graph corresponds to the overall average.
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Fig. 4.27. A hydropathy plot of rat pre-a,-AGP. The plotting is essentially
described by Kyte, J. and Doolittle, R.F. (in press) The dotted line at -0.4 on

the graph corresponds to the overall average.
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4.4 Discussion

A homology plot of amino acid sequences vs. itself usually reveals certain
internal information about structure and function. In the example of the rat
and human pre-a;-AGP and mature a,-AGP, the existence of diagonal dots
beside the linear line indicates several interesting points. Under the stringency
of 4:7 match (Fig. 4.1 and 4.2), the drifted double dots at the amino end (Fig.
4.2) and carboxyl end indicate repeated amino acids. A closer examination at
the carboxyl end of the rat a-AGP (Fig. 4.3) shows that the homology scores
are the result of 2 GIn-Gln dipeptides, 2 Leu.Glu dipeptides and 2
Lys.Glu.Thr.Lys.Lys pentapeptide within the last 20 amino acid residues. In
human a,-AGP, the similar situation is not observed, although, there is a minor
degree of repeats caused by the abundance of lysines and glutamic acids. The
functional significance of the repeats in rat a;-AGP is not clear because the
human version does not contain it. It may be a consequence of genetic duplication.
Both human and rat a;-AGP do not contain many glutamic acids or lysines and,
consequently, this region is highly hydrophilic. The presence or absence of the
amino acid repeat at the amino terminal between the rat pre-a;-AGP and AGP,
respectively (Fig. 4.1 and 4.2), demonstrates that it has originated from the
signal leader. The leader sequences of proteins include recognition sites for
Golgi translocation and post-translational modification, and are cleaved before
product secretion. Therefore, this region plays no functional purpose for the
mature al-AGP. A close examination and comparison shows that they are
derived from the dipeptides of Valine-Leucine dipeptides in both rat and human.
The repeats are not numerous, occur only twice in both cases, and therefore,
result in only two scoring dots on each plot. Like many other secreted proteins,

the amino acids of leader sequences in human and rat pre-o,-AGP are made of
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hydrophobic residues and are extremely similar between these two species. The
details are discussed in another paragraph.

Figures 4.4, 4.5 and 4.6 illustrate the overall characteristics of the rat
pre-a1-AGP and AGP including molecular weights, frequencies of amino acids
and coding triplets. Amino acids in abbreviations are also shown. Although the
information is obvious, it is necessary to list them for orderly and convenient
comparsions which are frequently referred to in latter discussions. For example,
a quick comparison between Fig. 4.5A and Fig. 4.6A reveals that the differences
are exclusively due to 7 leucines, 3 valines, 1 proline, 2 alanines, 1 histidine, 1
glutamine, 1 serine, 2 methionines, which all contain non-polar groups and make
up the signal sequences. The frequencies of codon usages will be discussed in
the section of evolution.

Similarly, Fig. 4.7, 4.8, and 4.9 of human pre-oa{-AGP and AGP provide
easy comparisons and technical conveniences. This information will be referred
often in latter discussions.

A residue-by-residue comparison of amino acids between rat and human
pre a1-AGP is shown on Fig. 4.10. From the visual outlook, it is clear that
these two proteins retain substantial homology across the species barrier. Major
homology occurs within the leader signals and spreads out sporadically along the
whole protein. It is reasonable to postulate that a{-AGP plays an essential role
for animal survival, and signal peptide-recognition is extremely conserved,
probably due to a selection constraint of nature, i.e., any mutation at the leader
sequence would probably result in an unrecognizable leader and lead to failure
of ay-AGP modificaton, maturation and secretion. Therefore, without the
presence of a;-AGP, animals would not survive. This conservation of leader
sequence of a1~AGP in man and rat leads to the consideration of the recognition

procedure of peptide signals as a multi-step or high fidelity system which tolerates
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little alteration on substrate and is highly specific to individual proteins. A
comparison between rat a-AGP and albumin leader signals reveals that no
homology data supports this speculation. Among a total of 18 amino acids of
human rat leader peptides, only three amino acids are different. They are
histidine vs. serine, methionine vs. tryptophan and threonine vs. valine at amino
acid positions of 4, 5 and 8, respectively (Fig. 4.10). These different amino
acids retain their common classification as non-polar. Closer check of the triplet
codons-coding rat and human pre-o(-AGP leader peptide, show that there are
an additional five codon changes which result in no amino acid changes. Codon
degeneration accompanied by the absence of amino acid alterations usually
indicates considerable selection pressure from nature. On the contrary, other
amino acids of the human and rat «,-AGP, although maintaining a significant
degree of homology, show a decrease (Fig. 4.11). The values drop from 85% of
leader signal to 50%, 50%, 65%, 50%, 29% and 30% according to their coding
exons I, II, I, IV, V and VI, respectively. This fact demonstrates that the amino
acids in the rest of a;-AGP probably are not as functionally ecritical as the
signal peptide. In order to further identify the locations of amino acid homologies
among the a;-AGP, a series of homology plots between rat and human a,-AGP
with different stringencies were performed. Under the most stringent situation,
that is 7 out of 7 match in amino acid sequences (Fig. 4.12A), there is no
homology except the signal peptide area and a short match at position 100 of
both human and rat a;-AGP.

The short match was found to be caused by the identical sequences of a
heptapeptide of valine.glutamine.arginine.glutamic acid.aspargine.glycine.threo-
nine in human and rat al-AGP. Consequently, when the homology requirements
are relaxed (reduced from T7:7 to 7:6, 7:5 and 7:4) the homologies of a lesser

degree surface. In general, the similarities of human and rat a-AGP are center
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in the middle region, then spread throughout the whole peptide backbones and
fade at the carboxyl terminals. They seem to have no special preference for
certain amino acid residues to be used as homologous points, but glutamine and
lysine are the most common matches, and a majority of the rest are non-polar
amino acids. It may be reasonable to say that the overall trend of conservation
relates to the general shape of the molecule instead of special preservation of
functional groups. At a homology stringency of 3:7, the background "noise" starts
to show. Although it is not significant to extrapolate any conclusion under this
condition, the drifted homologies at the far amino and carboxyl ends of human
rat a1-AGP match the gaps of linear continuation between the two. This result
indicates a higher rate of amino acid degeneracy at these two areas. Functionally,
it represents an area (at the carboxyl terminal) of lesser importance, and
therefere, less constraint from selection. Genetically, it underlines another active
reconstruction for generating diversities; and therefore, a result of either random
mutation or purposeful gene reconstruction. The documented similarity between
the a;-AGP carboxyl terminal and immunoglobulin light chain and heavy chain,
respectively (Schmid, 1973) further implicates the latter possibility. The discussion
of this aspect is presented later when nucleotide sequences homology is considered.

Among the about 200 amino acids of human and rat pre-o-AGP, there
are 106 changes and the overall homology is about 49%. It has been estimated
that the average rate of one amino-acid change is about 7x108 per site/year
(Kimura, 1968). Based on this assumption, it will take 74.2 million years
(106x7x106 years) to accumulate the differences of 106 amino acid between man
and rat. The fossil records indicate the time of divergence of all mammals is
at about 80 million years ago. The similar result of calculations derived

independently from both morphological fossils and the molecular "fossil" of a-
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AGP raise certain interesting points, however, great caution must be exercised
to avoid extrapolations based on simple "eoincidence".

It is probably safe to say that the a;-AGP is an ancient protein. It has
been moderately conserved compared to other proteins, and it plays an important
role for mammalian survival. Without its presence in serum (that is the failure
of secretion caused by aberrant signal peptides) mammals can not survive longer
than the age of reproduction. The exact functions of a;-AGP are still unknown,
but its role involving the fighting off infections, resolving tissue damage, its
abundance in serum, and its structural relationship with immunoglobins may
classify it as an important member of a system defending mammals against
various biological injuries.

The moderate amino acid homologies of 49% between man and rat a;-
AGP are significant but not remarkable. Other proteins such as histone and
cytochrome ¢ are almost completely conserved across not only species but also
kingdom barriers. The rate of amino-acid substitution derived from comparing
mammalian and avian cytochrome ¢, which consists of about 100 amino acids,
is one change in 45x106 years (Margoliash et al., 1965). On the other extreme,
the rate of change is about one change in 2.7x108 years for triosephosphate
dehydrogenases of human rabbit and cattle. Averaging for many other proteins
including hemoglobin, etec., provides average value is about one change of amino
acid in 28x108 years for a polypeptide of 100 amino-acids. Assuming that the
accepted 80 million years is accurate and to be the diverging time of all mammals,
@ 1-AGP with total changes of 106 amino acid between man and rat is estimated
to have one amino acid change in 7.6x108 years (80x108 divided by 106) which
is slightly higher than average value and further indicates its functional
importance. Nevertheless, about 50% differences in amino acid sequences between

man and rat have been accumulated and therefore, indicate the involvement of
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other criteria for selection. This leads to the consideration of carbohydrate
groups as other functional requirements.

The o1-AGP is composed of more than 55% of carbohydrate groups. The
unusual glycosylations and extreme acidity of this molecule probably impose
certain biological functions. The «;-AGP is one of the most acidic serum
proteins in existence, and it is logical to compare its glycosylation sites at the
levels of both amino acids and nucleotide sequences.

Totally, there are five N-linked, complex-type oligosaccharide chains in
human a,-AGP at positions 15, 38, 54, 75 and 85. In rat there are 6 such sites
at positions 7, 16, 58, 76, 86 and 116 (Fig. 4.15). The universal glycosylation
sequences of Asn.X.Thr(Ser) tripeptides are present precisely in both cases. It
is important then, to pursue the functional significance of these groups on the
basis of evolutionary consideration.

Although the glycosylation sites in human and rat AGP do not line up
exactly in the number of amino acid residues, by examining the surrounding
areas, it can be concluded that positions 15, 54, 75 and 85 of human a(-AGP
match the positions 16, 58, 76, and 86, respectively, and are probably originally
from the common ancestorial sites. These observations are also supported by
the fact of identical triplet codons used in the identical matching points. For
example, all Asn residues are coded by AAC in both human and rat «;-AGP at
position 54 vs. 58, 75 vs. 76 and 85 vs. 86, respectively. A different triplet
codon for Asn of AAT is used in position 38 vs. 16 of human and rat, respectively.
Since the evolution of homologous genes between different species are mainly
divergent, this finding indicates a strict requirement constraining the mutating
sites among the glycosylation sites. There are only two triplet codons, AAC
and AAT for Asn, therefore, any changes except AAC to AAT and vice versa

will lead into a change of amino acid; as a result there will be a disappearance of
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a glycosylation site. For a total of 20 amino acids found in normal proteins 61
(excluding the 3 stop codons) triplet codons, there will be a combination of 526
possible changes resulting from 1 base alteration. Among the 526 changes, 392
of the changes will result in an alteration of amino acid and 134 will be a silent
mutation because of no change on amino acid phenotypes. The window allowing
silent mutation on Asn is extremely narrow, only 2 out 526. The requirement
of consistency of 2 neighboring amino acids for glycosylation probably is the
reason for long term stability of glycosylation sites. Therefore, it may be
deduced that the number of glycosylated groups is more important than the
primary structure of the a;-AGP. Besides the 4 homologous glycosylation sites,
rat a;-AGP has 2 additional glycosylation sites at positions 7 and 116; the human
version has another one at position 38 which did not correspond to one in another
location. It is difficult to say if these variances are due to the gain or loss in
terms of their counterpart amino acid residues of different species. However,
looking at the corresponding areas with amino acid, nucleotide sequences, they
are all occurring at areas with homology loss of more than one residue showing
a pattern of degeneracy eroding toward conserved sequences. The first
glycosylation signal of Asn.lle.Thr of rat a,-AGP at position 7 is probably due
to the original conservation, and its human counterpart of position 7 of Asn.Leu.Val
which is no longer being glycosylated and is probably due to the change of codons
coding Thr or Ser into Val (GTA). This change is obviously tolerated. The
second glycosylation site of human «,-AGP at position 38 is Asn.Lys.Ser and its
corresponding tripeptide in rat o,-AGP is Lys.Glu.Ala. These are groups of
unrelated amino acids, and therefore, it is difficult to determine whether it is
due to the loss or gain of glycosylation in rat and human. Similar situations
occur at position 116 of the rat a;-AGP. At this position, it is Asn.Leu.Thr for

rat and Asp.Val.Asn for human. Although it is difficult to predict the cause-
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effect, gain-loss situation, basing exclusively on the tripeptide information,
extended consideration of neighboring areas tells the difference. The tripeptide
differences dwell in the middle of a homology of Met.Leu.Ala.Phe.Asp.Val.
Asn.Asp.Glu. and Met.Leu.Ala.Phe.Asn.Leu.Thr.Asp.Glu of human and rate aq-
AGP, respectively. It is hard to imagine that a successive mutation could achieve
an additional glycosylation signal without degenerating the surrounding codons.
Therefore, it is more plausible to postulate that the absence of glycosylation
tripeptide in human a-AGP is probably due to the random mutations which
accumulate at this site. As far as glycosylation is concerned, it is probably
more logical to hypothesize that originally there were 5 glycosylation sites on
the ancient version of a,-AGP existing at positions 15, 54, 75, 85, 116 (postulated),
and 16, 38 (postulated), 58, 76, 86, 116 of human and rat a1-AGP, respectively.
Through time, humans gain additional sites at position 38 and lose one at position
116. Rats on the other hand have not lost any, but gained an additional one at
position 7. Due to the variable number of 5 and 6 carbohydrate groups in human
and rat, the relative easiness of being lost (any change of the tripeptide concensus
will cause it) and yet still conserved, we may predict that the importance of
carbohydrate side chains are not absolute but must be extreme. The loss of
glycosylation sites toward the carboxyl terminal part of the human a;-AGP at
position 116 in relationship to the rat is particularly intriguing. In this region
starting from position 128 (Thr) to 150 (Pro), there is a homology consisting of
23 amino acids with 9 differences. If we isolate this fragment as an exclusive
ground of evolutionary events which is representative for the whole a1-AGP
molecule we may calculate that totally 9x(7x106) years or 6.3 million years are
needed to accumulate these changes. In other words, humans probably lost the

116 glycosylation sites within the last 6.3 million years - a relatively young
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event. Again, this is a result derived from two bold assumptions and shall remain
as a speculation.

It has not been determined whether the different numbers of carbohydrate
side chains between human and rat a,-AGP would cause any functional difference.
The multi-step process for biosynthesis and secretion of glycoproteins is extremely
complex and the transport of different glycoproteins is regulated according to
their characteristics (Ledford et al, 1983; Lodish et al, 1983). For example,
when glycosylation is completely blocked by a compound such as tunicamyein
(Ledfor et al., 1983; Hickman et al., 1977), or oligosaccharide processing is
inhibited by 1-deoxynojivimyecin (Gross et al.,, 1983; Lodish et al., 1984), the
transport and the secretion of some glycoproteins are stopped while some of
others are not. It was found that the rate of rat a@1-AGP secretion relies
heavily on the presence of its oligosaccharide chains (Pamela et al., 1985). As
a result, the transportation rate are found to be proportional to the number of
al-AGP oligosaccharide side chains. The slowest rate of secretion of rat aq-
AGP is the unglycosylated form; the fastest is the fully glycosylated form (6
oligosaccharides). Partially glycosylated (1-5 oligosaccharide chains) exhibit
intermediate rates according to the abundance of glycosylations. These data
raise two questions: Can we extrapolate this observation to human al-AGP
section? Can we regard the human a,-AGP (normally only 5 carbohydrate side
chains) as an equivalent to the rat ay-AGP with 5 carbohydrate side chains?
The extrapolation seems to be unwarranted because multi-step, complex systems
such as glycosylation, transportation facilities, or translational machineries usually
exist as ground rules of organismal life and should be highly resistent to change.
If this is true, it is a reasonable explanation for the 100-fold increase in the
level of serum a;-AGP in rat while for human a,-AGP it is only 10-fold. A

comparable difference is observed between the rat a1-AGP with 5 and 6
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oligosaccharide side chains versus that synthesized in rat hepatoma cells. It is
likely then that the differences of elevation of ay-AGP in rat and human during
acute reaction is mainly due to the intrinsic difference of amino acid sequence
which in turn determines the numbers of carbohydrate side chains. Simple
experiments of measuring a1~AGP mRNA and protein levels between rat and
human will solve this problem; unfortunately, suitable human hepatoma cell lines
are lacking for comparable in vitro measurement. It is still unknown if the 10-
fold abundance of o-AGP in rat versus man provides any beneficial effect for
survival. The rat has been well-known for their physiological superiority to face
environmental challenges as a wild animal.

As mentioned previously, analysis based on nucleotide sequences has an
advantage over amino acid analysis by showing generation affect instead of
absolute time effect. Moreover, nucleotide changes can reflect the detailed
record of mutations which does not show on amino acids if the mutation is silent
(that is not altering phenotype). Fig. 4.16 demonstrates the base to base homology
between human and rat pre-o;-AGP ¢DNA. There is a total of 360 nucleotide
differences between human and pre-a;-AGP c¢DNA. Comparing the total
differences of amino-acid residues (106), there are 42 nucleotide changes (360-
106x3) acting as synonymous mutations. In order to visualize the nucleotide
sequence homology between human and rat, a homology plot is again generated
under various stringencies ranging from 4:7 (Fig. 4.17), 5:7 (Fig. 4.18), 6:7 (Fig.
4.19) and 7:7 (Fig. 4.20). The expected linear homologies are observed through
different degrees of matching which is relatively consistant with amino-acid
homology plot. The surprising result is the unusual cluster surrounding the near
3' end. This cluster means extensive short repeats within this area. Amino
acid sequences in this area are not preserved, but nucleotide sequences are. As

mentioned before, the carboxyl-terminal region of «o;-AGP shows a significant
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degree of homology with the constant region of the H chain of IgG. Moreover,
a high frequency of amino acid substitutions were found within this area using
pooled human serum as a source which further suggested a relationship between
a1-AGP and the immunoglobin. A direct examination of nucleotide sequences
in this area shows unusual high frequencies of mixed G.A codons such as GGA,
GAA, AGA, AAG, AAG overlapping with one another. Since there is no significant
amino acid homology between human and rat a;-AGP within this segment, yet
there are extensive A.G-rich nucleotides, it is probably due to a result of repeated
breaking and rejoining at this area - a situation observed in the immunoglobulin
gene. This observation leads to the conclusion that a{-AGP is derived from an
immunoglobin-like supergene, and after its evolution, its close relationship with
immunoglobin might (continously) subject its gene to the diversifying mechanism
of immunoglobin genes until it is "fixed" to become "independent" and selected
to evolve into a wuseful serum protein performing selectable functions.
Nevertheless, the residual "scars" linger and time is not long enough to wipe out
the marks.

The nucleotide comparison can also be extended from ¢DNAs to the entire
a1-AGP gene of human and rat. Unfortunately the sequence of human a1-AGP
gene has not been completely published. (This comparison is therefore limited
to the region of splicing junctions.) In Fig. 4.21, comparisons were organized
in such a way to visualize the base by base matching of both introns and exons
according to their location orders in the gene. It is interesting to see that not
only are the relative lengths of introns and exons of human and rat o;-AGP
genes conserved, the splicing junctions (especially the splicing donors and
acceptors) are also highly conserved despite the long period of time since human
and rat divergence. In general, all introns of the rat are shorter than the human,

except the 5th one.
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It has been argued that generation time instead of absolute time should
be used for considering molecular evolution. Currently, most workers adopt the
rate-consistency hypothesis which assumes the rate of molecular evolution is
proportional to absolute time. A recent study by Wu et al. (1985) demonstrates
that generation time instead of absolute time is probably more relevant to
estimating the changes of molecular evolution. In that study, 11 genes from
rodents (mouse or rat) and man were compared with those from other mammals.
It is concluded that rodents with considerably shorter generation time than human
(100x shorter) evolve significantly faster than man (Wu et al., 1985) due to their
higher mutation rates. This observation seems to apply well to the case of the
a1-AGP gene.

All intron sizes are reduced in the rat a{-AGP gene except the fifth
intron, which probably is exceptional and will be discussed later. Introns have
been postulated to be parasitic DNA playing no known functions. Normal
expression of most if not all mammalian genes do not need the existence of
introns. Artifically constructed genes containing proper promotor in conjunction
with its ¢cDNA (no introns) can be expressed more efficiently in cell culture
transfection. In the case of o{-AGP, an animal (rat) with significantly faster
mutation rate due to shorter generation time must evolve toward more efficient
expression, a fact due to the benefit of ay-AGP level and favorable selection
pressure. As a consequence, deletions of intron sequences will be encouraged
as fast as possible as long as they do not disrupt the splicing procedures. Although
the intron sizes are reduced in rat o;-AGP gene, the sequences at splicing
junctions demonstrate extreme conservation. This is another important role of
splicing junctions participating in the mRNA splicing action. The degree of
concensus at splicing junctions between rat and human exceed that of their

reading frames (Fig. 4.22). This fact indicates that the maintenance of normal



133

splicing is far more improtant than the intrinsic amino acid sequences, and the
mRNA splicing machineries do have their fidelity in splicing to rule the outcome
of RNA maturation. This result may also illustrate the highly conserved splicing
mechanism among animals. The processing of mRNA precursor or nRNA has
been shown to require a very large structure, which apparently contains multiple
components including several protein and RNA molecules with a total mass of
60s. For comparison, a 30s ribosomal subunit already contains 21 protein molecules
and a 1500-nucleotide long RNA. If all components are critical in proceeding
to normal splicing, very little change would be tolerated. The high fidelity of
the splicing complex between man and rat may be used as a premise to determine
the sequence requirement involved in splicing. For example, the sequence
concensus and differences between human and rat a-AGP can be used to deduce
a common sequence denominator for mRNA splicings. Unfortunately, the complete
nucleotide sequence for human o«;-AGP is not available.

The exceptionally long 5th intron of the rat ®1-AGP gene in contrast to
other introns may not be surprising. As deseribed in the discussion of Chapter
3, Intron V of the rat a;-AGP gene contains not only two potential glucocorticoid
receptor binding sites but also very unusual structures of GTGTGTGTGT(G)IOT(G):;
and GTTTGTTTGTTGTTTTGTTTTT which connect to the TGTTCT hexanucleotide
of glucocorticoid receptor binding at the upstream end (Fig. 3.7). It is not known
whether the peculiar sequences of the fifth intron are involved in expression
regulations, splicing or both. Deletion of this intron followed by transfection
experiment may reveal this mystery. The additional sequences in the fifth intron
of the rat a-AGP gene in comparison to man probably are not merely parasitic.
They must provide certain advantages for the rat through rapid and progressive

mutations.
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Functional and structural analysis based on hydropathy of human and rat

a4-AGP was carried out by various methods. A software program analyzing

protein 5' hydrophobic and hydrophilic natures based on amino-acid-constituents
was used to determine the potential similarities between human and rat al-AGP
in order to consider their potential functions and structures (Fig. 4.23, 4.24).
With various degrees of jump (la.a. to 10 amino acids) and a width of 4 (most
commonly used), general outlines of hydropathy in relationship to carbon backbone
of human and rat o,-AGP were revealed. The hydropathy features of these
two molecules are strikingly similar.

It is clear that in spite of the nucleotide substitutions, the amino acid
substitutions, and the general feature of the human and rat a,-AGP remain
relatively unchanged. The almost identical hydropathic patterns and the existence
of highly acidic oligosaccharide chains occupying similar positions dictate and
ensure the overall similarity of these molecules. The a;-AGP, therefore, must
be carrying out its mission through its abundance of carbohydrate side groups in
addition to its specific morphology in the aqueous phase.

The carboxyl termini of human and rat @1-AGP have only 29% homology
on amino acid sequences, yet hydropathic features remain virtually unchanged.
This is due to the selective adoption of different but always highly ionic amino
acids throughout this area.

The shape similarities between rat and human «;-AGP are further
reinforced by the nearly identical disulfide bonds between cysteine residues of
positions 72-164 and positions 73-165 of the human and rat, respectively. The
additional disulfide bond of human ®1-AGP between position 5 and 147 (which
is absent in the rat) probably is not essential, since the highly hydrophilic amino-
acid backbone and exceedingly acidic carbohydrate side chains plus the previously

described disulfide bond are more than enough to crush the non-polar segments
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of a1-AGP into a centrally hydrophobic domain and force the molecule to assume

a common morphological feature.
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CHAPTER 5: REGULATION OF THE RAT a,-AGP GENE

5.1 Introduction

The prompt elevation of ay-AGP in animals during acute phase reaction
and the in vitro induction by glucocorticoid as previously described make the
study of its gene expression an interesting and important subject. In order to
study the mechanism of glucocorticoid induction, transfection of the entire gene
into another host cell is one logical approach. The requirement is that the new
host cell must possess all induction machineries for glucocorticoid responses in
addition to the absence of the target gene. If the transfected gene contains all
regulatory elements, the newly transfected cell will respond to the glucocorticoid
stimulation and produce a measurable level of product derived from the newly
established gene according to its characteristics. Based on this premise, the rat
a1~AGP gene was transfected into a mouse LTk(-) fibroblast cell (Reinke et al.,
1985), and it was discovered that the isolated lambda recombinant contained all
the regulatory sequences needed to respond to glucocorticoid induction. This
study, however, could not identify the specific regions of the gene corresponding
to the postulated steroid hormone receptor binding. As indicated in the sequences
data of the rat a,-AGP gene, it is possible that regulatory sequences may exist
within the 5' end introns or the 3' end regions. In order to identify the exact
role of specific DNA fragments of the rat a-AGP in regulating its expression,
a more detailed and systematic reconstruction of the rat a-AGP gene seems to
be desirable. In this chapter, a first attempt at this identification is described.
During this study, the 5' end area of the rat o1-AGP gene was isolated to fuse
with another assayable gene in order to identify the extent of 5' end promotion

under glucocorticoid influence.
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Although RNA levels represent the most definite measurement of promotor
activity, the technical requirements are great and transcription may be difficult
to obtain unless a given promotor is particularly strong. It is often preferable
to determine the function of a promotor by joining the promotor to a second
gene segment which codes for a readily assayable enzymatic function. Therefore,
instead of measuring the a{-AGP mRNA level, an approach of fusing the 5' end
DNA of the rat o;-AGP gene with chloramphenicol acetyltransferase gene then
assaying its activities in a transient assay was attempted. Quantitation of RNA
is bypassed along with other tedious and inaccurate measurements. A long and
unpredictable consequence of conventional transfection for establishing a

permanent cell line was also avoided.

5.2 Methods and materials

Preparation of plasmid DNAs. The precedure of preparing plasmid DNAs

was essentially as described by Maniatis (1983) by lysozyme-alkaline lysis and
cesium chloride-ethidium bromide equilibrium gradient centrifugation. All DNA
to be utilized in eukaryotic cell transfection experiment were further purified by
a second round of equilibrium centrifugation steps.

Enzymes. Restriction endonucleases were obtained from New England
Biolabs or Bethesda Research laboratories. DNA polymerase I were obtained from
Boehringer-Mannheim, T4 polynucleotide kinase from P-L Biochemicals, bacterial
alkaline phosphatase from Worthington Diagnostics, and T4 DNA ligase from New
England Biolabs.

Preparation of DNA fragments. Restriction endonuclease digestions were

performed according to the suppliers requirements. DNA fragments were purified

by agarose gel electrophoresis and visualized by ethidium bromide staining. The
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DNA fragments were eluted by electrophoresis of isolated gel in a dialysis bag
then phenol-chloroform extraction and ethanol precipitation.

Bacterial transformation. Ligations were done by incubating the fragment-

vector mixture with T4 DNA ligase overnight at 14°C. Frequently, incubation
in room temperature for 4 to 5 hours were also done without any observable
difference. Transformation of Escherichia coli HB101 was carried out according
to the method of Mandel and Higa (1970). Transformed colonies were selected
on plates containing ampicillin (50ug/ml).

Mammalian cell transfection. Cells were usually plated out at the density

of 104/cm2 in 100 mm plates 24 hours before transfection. The media of cell
culture were replaced with fresh media containing charcoal treated 10% fetal
calf serum. In order to achieve consistant results, all DNA preparations were
monitored by agarose gel electrophoresis to ensure that the plasmid DNA was
intact. This is to avoid nicked and linearized DNA molecules which usually
perform unpredictably in tissue culture transfection. It was essential to keep
DNA in darkness once ethidium bromide is in contact with plasmid DNA. Calcium
phosphate-DNA precipitate was prepared by the method of Graham and Van der
Eb (1973).

Very fine precipitates were prepared by mixing the DNA-CaCly and HEPES
(N-2-hydroxyethylpipirazine-N'-2-ethanesulfonic acid)-buffered sodium phosphate
solution under a gentle stream of nitrogen. Precipitates were allowed to stand
for 30 minutes without agitation before being added to the tissue culture celis.
Initially, the amount of DNA added was varied between 1 and 25 pg per plate
to determine the linear range of uptake and expression of the recombinants. A
comparison control between the parental PSV2-cat and the recombinant vector

was performed with 10 pg of DNA per plate.
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Assay of CAT activity in HTC(-) cell. Cell extracts were made 48 hours

after transfection. Cells were sonicated, washed and pelleted in 100 pl of 0.25
M Tris hydrochloride (pH 7.8). After the cells were centrifuged for 15 minutes
in an Eppendorf benchfuge at 4°C, the supernatants were transferred to be
measured for CAT enzymatic activity. The assay volume is 180 ul containing
100 ul of 0.25 M Tris-hydrochloride (pH 7.5), 20 ul of cell extract, 1 uCi of
[14c) chloramphenicol (50 uCi/mmol; New England Nuclear Inc.), and 20 ul of 4
mm acetyl coenzyme A. Control contained CAT (0.01 U; P.L. Biochemicals Inc.)
instead of cell extract. All the reagents were preincubated together for 5 to
10 minutes at 37°C, except coenzyme A. After temperature equilibrium was
reached, coenzyme A was added to start the reaction. The reaction was
terminated and the chloramphenicol was extracted with 2 ml of cold ethyl
acetate. The organic phase was dried, resuspended in 30 ul of ethyl acetate
and spotted on silica gel thin-layer plates. The plate was run with ascending
chloroform-methanol ratio of 95:5. After autoradiography of the separated
acetylated chloramphenicol isoforms, spots were cut out and radioactivity was
measured. All data are illustrated as the amount of chloramphenicol acetylated

by 20 ul of extract from transfected cells.

5.3 Results

Construction of pAGP-CAT 1. The construction of pAGP-CAT 1 was

derived from linking the 5' end area of Sac I - Hpa I fragment of the rat ay-
AGP lambda 40 DNA with a plasmid (pSVO CAT) containing CAT gene. The
CAT gene was original found on E. coli transposable element Tn9 (Fong, B. et
al., 1980), which delivers resistance to the antibiotic chloramphenicol, consists of
a 1,102 bp CAT cistron flanked by two 768 bp Is 1 elements (Alton, N., et al.,

1979). Tn9 was relocated into the E. coli plasmid pBR322 by stepwise transferring
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from an R factor through bacteriophage P1 to bacteriophage lambda derivatives
then to pBR322 (Scott, J., 1973).

An E. coli strain containing one of these pBR322-Tn9 constructs was
established, and the plasmid was further used to isolate a CAT gene fragment
by complete Tag I digestion. The 773-bp fragment deleted from CAT promotor
sequence was generated by incubating the Tag I fragment which contains the
CAT gene with DNA polymerase I to create blunt ends and then ligated with
mixed Hind III and Bam HI synthetic oligonucleotide linker on both 5' and 3' end
(Gorman, C.M. et al., 1982).

The modified 773-bp fragments was ligated with the prokaryotic/eukaryotic
vector pSV2 which consists of the replication origin and ampicillin resistance
gene of pBR322 and a Simian virus 40 (SV40) early transcription unit at Hind II
site. The resulting plasmid pSV2-CAT, therefore, contains the entire CAT coding
gene and SV40 promotor. The plasmid pSVO CAT used in this project was derived
from PSV2-CAT by deleting the SV40 promotor and then resealing at Hind III
site (Gorman, C.M., et al.,, 1982). After modifications, the pSV2-CAT plasmid,
without the presence of eukaryotic promotor, contains a unique Hind HI site for
subsequent clonign of other eukaryotic promotors.

In this study, a 758-bp Sac I - Hpa II fragment was isolated from the rat
a1~AGP gene carrying M-13 bacteriophage and blunted at both ends by the large
fragment of DNA polymerase I. The pSVO CAT plasmid was opened at the Hind
II site and also blunted at both opening ends by Klenow large fragment of DNA
polymerase I. The 758-bp Sac I - Hpa II fragment joined the opened pSVO
plasmid by subsequent ligation, and one of the resulting plasmids was selected
and verified by Bgl II and Kpn I restriction mapping to ensure the directional

5' toward 3' insertion. This plasmid is designated as pAGP-CAT 1 (Fig. 5.1).
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Assay for expression of pAGP-CAT 1 in mammalian cells. CAT is able

to inactivate chloramphenicol by transferring acetyl group to chloramphenicol to
form non-functional mono- and diacetylated derivatives (Shaw, W., 1967). Several
assays have been developed to monitor this activity. The methods of Cohen et
al. (1980) and Shaw et al. (1968) were used in this study. In this experiment
the acetylation of chloramphenicol is measured by silica gel thin layer
chromatography which is a very sensitive and highly specific method to separate
the parental, mono- and diacetylated forms of chloramphenicol.

The pAGP-CAT 1 was transfected into rat HTC cells by the method of
calcium phosphate precipitation (Graham et al.,, 1973). At 48 hours after
transfection, the cells were collected and sonicated to serve the non-induced
control. A calf thymus DNA-transfected cell extract was also monitored as a
control. Additional control was the extract from pSVO CAT transfected cells
which express no CAT activity due to the absence of promotor.

The autoradiogram (Fig. 5.2) was developed after 24 hours in -70°C with
intensifier. The quantitative activities were also monitored by counter. No
observation of CAT activities was found in calf thymus DNA and pSVO CAT
plasmid transfected cells. On the other hand, 1.5 x 10° cpm and 7.2 x 108 epm
of [14C] chloramphenicol was acetylated in the absence and presence of

glucocorticoid (1x1076 M), respectively.
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Fig. 5.1. Construction of pAGP-CAT 1.

(A)

(B)

(C)

Parental plasmid (PSVO-CAT) was digested with Hind II to become (dark
arrow) an opened receptor plasmid. Meanwhile, M-13 RF (10 Bam.Sst.1.7K2)
was digest with Sst I and Hpa 0. The restricted Sst I/Hpa II fragment
which contains the potential a,-AGP promotor was purified by acrylamide
gel electrophoresis.

Both Sst I/Hpa I fragment and Hind IIl digested PSVO-CAT were treated
with large Klenow fragment to blunt both ends.

Sst I/Hpa II fragment and PSVO-CAT plasmid was ligated to form the
pAGP-CAT 1.
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Fig. 5.2. Assay of CAT activity in mammalian cells. 10 ug of pAGP-CAT
1 DNA was applied to 5 x 10° rat HTC cells plated 24 hours before a density
of 104/cm2. After 48 hours (except lane 7 which is 24 hours), cell extracts and
reaction procedures were carried out according to the text. Chloramphenicol
(CM) and its acetylated form ([A] 1-acetate chloramphenicol, [B] 3-acetate
chloramphenicol, and 1-3-diacetate chloramphenicol) were detected by
autoradiography according to their increasing mobility due to tthe presence of
acetate group.

(Lane 1) The chloramphenicol standard. The remaining lanes show
the result after incubating chloramphenicol with (Lane 2) extract of rat HTC
cell transfected with pSVO CAT which contains CAT gene but no promotor.
(Lane 3) extract of rat HTC transfected with pAGP-CAT 1 (Lane 4) extract of
rat HTC cell transfected with pSVO CAT under glucocorticoid induction. (Lane
5) extract of pAGP-CAT 1 transfected cell under glucocorticoid induction. (Lane

7) extract of pAGP-CAT transfected cell under steriod induction for only 24 hours.
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5.4 Discussion

In order to identify and measure the promotor activities of regulatory
elements of certain genes, it is desirable to isolate and transfect genes into
another cell to measure expression under induction. In the case of the rat a;-
AGP gene, this has been carried out by transfection of the whole gene into the
mouse LTK(-) cell (Rosenmary et al., 1985). The result has shown that the gene
is marginally inducible at least at transcription level in mouse LTK(-) cell under
steroid hormone induction. The problem of this approach is that a non-parental
cell has to be used in order to avoid background. The usage of a non—-parental
cell (a mouse fibroblast cell) may introduce a problem of incompatibility, since
@1-AGP is a serum protein and, its expression has been known to be limited in
hepatocytes. Therefore, the use of fibroblasts or other cells as expression hosts
raises questions, although fibroblasts do contain glucocorticoid receptors. In
addition, transfection of entire gene does not identify the exact location or
regulatory element. These problems are compounded by the long period of time
involved in selecting and growing the correct transfectants and lead to the usage
of different strategies to study the rat o;-AGP gene.

One possible solution of the above-mentioned problem is to combine the
putative regulatory region of the cloned gene of interest with a second gene
which may provide an easily assayable and readily distinguished function. In this
study, the putative 5' promotor region of the rat a,-AGP gene was ligated with
the CAT gene and transfected into a parental cell (rat hepatoma, HTC) to
measure the strength of transcriptional promotion.

The results indicated that 5' promotor regions of the rat o1-AGP gene
contain strong promoting activity in contrast to what has been previously reported.
Previous studies indicated that the expression of the rat «;-AGP gene is only

marginally increased at transcriptional levels under steroid hormone induction



147

(Vannice et al., 1984). It has been postulated that the induction is probably due
to secondary effect of steroid hormone. This study, however, has shown that
the a;-AGP gene does contain putative steroid hormone receptor binding
sequences and the 5' promotor region is playing a significant role in steroid
induction.

The fact that transcriptional induction of the 5'-end-a;-AGP-CAT hybrid
was not abolished by the presence of cyclohexamide suggested that the postulated
labile protein factor is not related to a transcription event. If this factor does
exist, it must be involved in the maintenance of mRNA stability or other
permissive events. The maintenance of stability may not be limited to mRNA
but also possibly at the nuclear RNA level. The rapid turnover rate of nuclear
RNA seems to provide a better site of regulatory mechanism. The previous
measurement using the rat o,-AGP cDNA probe to measure the increase of
transription did not rule out the existence of nuclear RNA, since both nRNA
and mRNA would hybridize positively. Furthermore, nuclear RNA with multiple
exons is capable of absorbing multi-copy ¢DNA probes and might show false
positivity at a higher degree.

The result of the 40- to 50-fold induction of CAT activity is very
significant.  With the existence of putative glucocorticoid receptor binding
sequences, it argues strongly that the rat a;-AGP gene probably responds to
steroid directly by ligand-receptor-complex activation. However, several issues
remain to be resolved. In rat liver, it has been documented that the rat aq-
AGP mRNA increases 90- to 100-fold after subcutaneous injection of turpentine,
and in the hepatoma cell, the mRNA increased at least 100-fold (500-fold was
recorded but unpublished by Vannice et al.) after glucocorticoid induction. The
possible explanations for the differences between Vannice's 100-fold and 40- to

50-fold increases noted in our study may be due to the existence of an original
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a1-AGP gene copy which exerts an equal competition for glucocorticoid receptor
binding. If they do compete equally, one half decrease (if 100-fold increase is
used for comparison) seems to be an appropriate estimate. On the other hand,
the CAT assay measures the translation level instead of mRNA level, therefore,
if translation efficiency is not in parallel with transeription efficiency, the
difference can also be explained. A measurement of CAT mRNA seems to be
an alternative to verify this point.

The 5' promotor region may not contain all regulatory elements and certain
other features including sequences involved in mRNA stability. Transcription
promotion may also exist in other areas including introns or 3' end areas which
were not involved in CAT subecloning. As mentioned previously, two additional
glucocorticoid receptor binding sites were found within introns, and one of them
is associated with peculiar Z-DNA-like sequences which were postulated to be
involved in transcriptional activation. Attention is also drawn to the Stem-loop-
structure at the 3' non-translation region. It is not known whether these sequences
are involved in mRNA stability or more efficient termination of transecription
which in turn led to faster turnover of RNA polymerase II. Subcloning of these
interesting sequences would be necessary to answer this question.

In summary, this experiment proved that the 5' end promotor region does
contain promotor activities for the expression of the rat «;-AGP under the
influence of steroid hormone, and the presence of one putative steroid receptor
binding sequence further indicates that the rat o1-AGP gene is directly regulated
by steroid hormones. This coneclusion, however, does not rule out the existence
of other regulatory pathways. It is not uncommon that the regulation of gene
expression occurs at multiple levels. The fact that cyclohexamide was able to
abolish the accumulation of the rat a{-AGP mRNA but not the MMTV mRNA

(Vannice et al., 1984) indicated that the additional regulatory event exists. Also,
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the 5' end promotor region may not be the only area of induction. The potential
role of the glucocorticoid receptor binding hexanucleotide in addition to its close
association with the unusual Z-DNA structure in the fifth intron remains to be
explored.

With the data derived from this experiment, we may predict that the rat
a1-AGP gene contains a 5' end promotor region which responds to direct
glucocorticoid induction. The rate of transcriptional induction is about 40-fold
in comparison to the basal level and is not influenced by the presence of
cyclohexamide. This result in combination with the previous observations of a;-
AGP mRNA accumulation inhibited in rat hepatoma cells which are undergoing
cyclohexamide treatment indicates that certain labile protein factor(s) must be
involved in post-transcriptional maintenance of the stability of ;-AGP mRNA
or nuclear RNA. It is not known how a labile protein factor exerts its vast
influence on mRNA or nRNA stability, but it may act via the recognition of
specific sequences of exons, 3' untranslated regions or even introns. A systematic

deletion and reconstruction of new recombinants may unravel this mystery.



Solid Media

NZCYM top agar:

NZCYM broth
Bacto-agar
NZCYM plate:

NZCYM broth
Agarose (low EEQ)

NZCYM top agarose:

NZCYM broth
Agarose

NZYM top agar:

NZYM broth
Bacto-agar

NZYM plate:

NZYM broth
Agarose (low EEOQ)

NZYM top agarose:

NZYM broth

Agarose
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Liquid Media (essentially described by Maniatis et al., 1983)

NZCYM broth:

N Z amine 10 g
NaCl °g
Yeast extract 5g
Casamino acids lg
MgSO4 . 7 HyO 2 g

add HyO to 1 |, adjust pH to 7.5 by NaOH

NZYM broth:

Identical to NZCYM except that casamino acids are omitted.

LB (Luria-Bertani) broth:

Bacto-tryptone 10 g
Bacto-yeast extract 5¢g
NaCl 10 g

add HyO to 1 | adjust pH to 7.5 with NaOH



Sequencing Gels

40% Acrylamide Mix:

Acrylamide
methylene-bis-acrylamide
10X TBE

H20 to

10X TBE:
Tris base
boric acid

0.5 M EDTA (pH 8.0)

To make a 5% sequencing gel:

40% acrylamide mix
ultrapure urea

H,y0

10X TBE

10% ammonium persulfate

TEMED

152

194 g
6.70 g
100 ml

500 ml

54 g
2715 g

20 ml

6.3 ml
24 g
20.5 ml

0.4 ml

20



SM buffer (for storing lambda bacteriophage):

NaCl 5.8 g
MgSO4 . 7 Hy0 2 g

1M Tris. Cl (pH 7.5) 50 ml
2% gelatin 5 ml

HqO up to 1 | autoclaved

153
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Solutions

20X SSC:
NaCl 1753 g
Sodium citrate 88.2 g

add HoO to 11

adjust pH to 7.0 by ION NaOH

20X SSPE:
NaCl 174 g
NaH,PO, . Hy0 27.6 g
EDTA T4 g

Adjust volume to 1 1 with Hq0

Adjust pH to 7.4 with NaOH

100X Denhardt's Solution:

Ficoll S5g
Polyvinylpyrrolidone 5¢g
BSA 5g
H,0 to 500 ml

Filtered through a disposable Nalgene filter



10X TE:
(pH 7.4)
100 mM Tris . Cl (pH 7.4)
10 mM EDTA (pH 8.0)
(pH 8.0)
100 mM Tris . Cl (pH 8.0)
10 mM EDTA (pH 8.0)
10X STE:

100 mM Tris . Cl (pH 8.0)
100 mM NaCl

1 mM EDTA (pH 8.0)

155
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2X proteinase K buffer:

0.02 M Tris (pH 7.8)
0.01 M EDTA

1.0% SDS
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APPENDIX B

L. Methods of DNA sequencing (M-13, chain termination procedure)
This procedure describes the sequencing of DNA fragment using M-13
phage from ligation through gel drying.

1.0 POLYLINKER CLONING SITES OF M-13 VECTORS

2.0 MATERIALS
2.1 10 x Reaction Buffer (10xRB)
70 mM Tris, pH 7.6
50 mM B-Mercaptoethanol
550 mM Sodium Chloride
1 mM EDTA

2.2 Dilutions

Microliters
G A T C

0.5 mM dGuanosine triphosphate 20 200 200 200
0.5 mM dAdenosine triphosphate 200 20 200 200
0.5 mM dThymidine triphosphate 200 200 20 200
10 x RB 100 100 100 140
dideoxy-X

N mix 100 100 100 100
1 mM dideoxy-X 25 25 55 20
Water 75 75 45 80

*For reading bases greater than 400 from cloning site, halve ddX in mix.

**Adjust as needed for each batch of ddNTPs. This is easily done empirically,
i.e., mix approximately 20 microliters, ddX mix, run reaction, adjust as necessary.
***For inosine mixture, dGuanosine triphosphate (0.5 mM) is replaced by inosine

triphosphate (2.5 mm)
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Isotope PB10165 from Amersham, 400 Ci/mmole, 10 M Ci/ml

[d32p] dCTP

3.0 LIGATION

3.1 For cohesive-ended fragments, molar ratio target/vector = 50/1; for
blunt ends, 500/1.

3.2 Ligations are in 10 microliters:

1 microliter vector at 10 ng/microliter
1 microliter 10 x ligation buffer

1 microliter 10mM rATP

6 microliters (Target DNA and water)
1 microliter T4 DNA ligase

3.3 Allow to ligate for 2 hours or more for sticky ends, 4 hours or
more for blunt ends at ambient temperature.

3.4 As a control, always do a ligation with vector alone. This gives
the background.

4.0 TRANSFORMATION

4.1 Competent cells are prepared and kept in frozen state. Grow up
approximately 1000 ml of JM101 to 0.4-0.6 O.D. in 2 YT Broth.

4.2 Spin down bacteria for 5 minutes at 5 K rpm. Save pellet. Resuspend
in 100 ml 100 mM CaCly. Incubate in ice for 20-60 minutes.

4.3  Spin 5 minutes at 5 K rpm. Resuspend in 100 ml CaCl, then freeze
in liquid nitrogen and store in -70°C until needed. When needed
thaw out in room temperature for 5-10 minutes.

4.4 Place in sterile culture tube with 5 microliters of ligation mixture

and 300 microliters competent cells. Incubate on ice for 40 minutes.
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Heat shock transformations for 2-3 minutes at 45°C, return to ice
for a minute or two. Add 10 microliters 200 mM IPTG, 50 microliters
20 mg/ml X-Gal in DMF. Place at room temperature and add 300
microliters of non-competent cells. Add 3.5 ml 2YT top agar.
Vortex. Plate on LB agar plate.

When solidified, invert plates, and incubate overnight at 37°C.

TEMPLATE PREPARATION

5.1

5.2

5.3

Compare plate from ligation with appropriate control. Controls
should be almost all blue plaques for single-cut vector; only a few
white for double-cut. This is optimum. There should be more
white plaques on the ligation than on the control.

Decide on an appropriate number of plaques to pick, i.e., if
you expect one orientation of a single fragment, pick 3. If you
expect two orientations of a single fragment, pick 6 and so forth.
This must be adjusted according to the number of whites as compared
to the control. For instance, if the ligation has 100 white plaques
and 10 blue plaques, and the control has 10 white plaques and 10
blue plaques, this is ideal. If the ligation has 100 white plaques
and 10 blue plaques and the control has 50 white plaques and 10
blue plaques, it may be advisable to pick more.

Touch a sterile toothpick to a plaque, then touch it to the surface
of 1.5 ml of 2YT which has been innoculated with a 100 microliter
log phase culture of JM101. Grow for at least 10 hours or overnight
with shaking at 37°C in a culture tube.

Transfer completely to Eppendorf tube. Spin in a microcentrifuge

for 5 minutes.
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Pour approximately 1.2 ml of supernatant into new tube. Save the
pellet and remaining supernatant to be used if it is necessary to
prepare the template again.

Add 200 microliters 2.5 M NaCl, 20% PEG, mix by inversion until
thoroughly mixed. Incubate at room temperature for 10-15 minutes
or in ice for 5 minutes.

Spin in a microcentrifuge for 5 minutes. Aspirate off supernatant,
vortex tubes and aspirate supernatant again. Resuspend in 200
microliters of TE; vortex. Heat 5 minutes at 55°C.

Add 100 microliters phenol, vortex. Add 100 microliters CHCl3,
vortex hard. Let sit 5 minutes. Vortex hard and spin for 4 minutes.
Pipet 100 microliters of aqueous phase to a new tube. Add 200
microliters in sodium acetate pH 4.5 and 400 microliters of ethanol,
vortex and freeze 5 minutes on dry ice. Spin for 5 minutes.
Aspirate off supernatant. Add 1 microliter 70% ethanol (-20°C).

DO NOT VORTEX. Spin for 5 minutes. Aspirate off supernatant

and dry.
Resuspend in 15 microliters TE. This template may now be used

for sequencing.

TRACKING

6.1

Make up primer mix for 1 set of 4 reactions (11 microliters), as
follows:

1 microliter primer at 1 pM of 17-mer per microliter

1.5 microliters 10 x RB

1.5 microliters 35 mM MgCl,

2 microliters 10165

5 miecroliters H20
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6.1.1 For GATC reactions, make 11 microliters/template.

6.1.2 For C-tracks, make 11 microliters/4 templates.

Pipet 1 microliter template into reaction tube. Add 2.5 microliters
primer mix. Heat tube at 55°C for 5 minutes to anneal primer
and template.

Make ddC+ enzyme - 8 microliters ddC mix and 1.9 unit enzyme/4
tubes.

Spin droplets in reaction tube down. When tube has cooled slightly,
add 2 microliters ddC+ enzyme and spin it down. Incubate for 15
minutes at room temperature.

Add 1 microliter chase mixture (2.5 mM of all 4 dNTP's) and spin
down. Incubate 15 minutes at room temperature.

Add 6 microliters formamide/dye mix (96% formamide, 0.1% xylene

cyanol, 0.1% Bromophenol Blue, 10 mM EDTA) and spin down.

FOUR-TRACK SEQUENCING

7.1

7.2

7.3

7.4

705

Make sufficient primer mix, 10 microliters/template (see 6.1).
Pipet 4 microliters template into annealing tube . Add 11 microliters
primer mix. Incubate at 55°C for 5 minutes.

Meanwhile, set up reaction tubes. Add 2 microliters of appropriate
ddX mix to each tube.

After annealing, allow primer/template mix to cool to room
temperature. Add 1 microliter of 1 unit Klenow fragment.

Pipet 3.2 microliters primer/template and enzyme mixture to each
reaction tube. React at room temperature for 15 minutes or 25
minutes if low ddX mixers are used. React at 37°C, if inosine

mixture is used.
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Add 1 microliter chase (2.5 mM all dNTP's, 0.5 units enzyme/4
tubes, 7 mM MgClz). React 15 minutes more.

Add 6 microliters formamide/dye mix.

Equipment

1 very clean backing plate (no chromorage required, 8"x 18-1/2".

1 very clean, freshly silated notched plate (clean the plate with a
few microliters of CCly/(CHg)y ClySi 100/5).

2 spacers, 0.014" mylar.

Polyethylene tape, made by 3M 1" wide.

6 binder clamps, medium size (2" wide).

Combs - Shark's tooth type, with 3 or 4 mm slots, can be hand
made from mylar sheet.

Clamp plates together with spacers down sides. Tape edges, making

sure there are no channels for acrylamide to ooze through. Insert

combs.

Clamp aluminium plates (1/8" thick) to backing plate. Avoid contact

with buffer.

Heat sample at 100°C for 2 minutes and immediately place on ice

before loading. If 2 loadings are needed, split each sample and

keep in ice until needed. Sample will degrade slowly after heating

even at -20°C. (It should not be kept for more than 3 hours).

Load gel using a 10 microliter Hamilton Syringe, with needle ground

down to fit between plates. Load 1 microliter/4 mm slot GATC

reactions for 1 Bromopheno!l Blue runs, 1 microliter/slot for longer

runs. Load 2 microliters/slot for C-tracks.

Reading basics:
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8.6.1 To read less than or equal to 300 bases from cloning site,
run 5% gel, running Bromophenol Blue to the bottom.
8.6.2 To read 150-400 bases from cloning site, use 5% gel, running
Xylene Cyanol off by 10 em.
8.6.3 To read 350-600 bases from cloning site, use 5% gel, running
Xylene Cyanol 2 times the length of the gel (reload a marker).
8.7 Dry gel onto 3M paper. Discard the top 3 em of the gel. Dry the
gel in a thermostatically controlled, Hoeffer Scientific drier which
runs off a vacuum line (use a trap). The sequence gel should dry in
45 minutes.
8.8 Expose 12-16 hours, without an intensifier screen at room
temperature.

8.9  This procedure is modified from Genentech's laboratory methods.

II. Procedure of small scale DNA preparation from lambda bacteriophage

1. Mix 250 microliters DP50 E. coli bacteria and 25 microliters 10
mM MgCly and CaCl, with 100 microliters phage stock. Incubate at 37°C for
5 minutes. Add to 40 ml NZYDT broth at room temperature and incubate at
37°C for 16 hours with shaking. The culture should be just slightly turbid from
lambda resistent cells, yet containing lysed cellular debris.

2. Transfer 40 ml to 40 ml-Oakridge tube and spin 10K for 10 minutes.

3. Transfer supernatant to another Oakridge tube and add 12 microliters
DNase (10 mg/ml), 3 microliters RNase (10 mg/ml) then incubate at 37°C for
45 minutes.

4. Add 5.5 ml 20% PEG and 2.5 M NaCl. Mix well, stand 15 minutes

at 0°C, and spin at 15 K for 20 minutes, discard and drain all supernatant.
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5. Gently resuspend pellet at 500 microliters proteinase K buffer and
transfer to Eppendorf tube. Spin 3 minutes in benchfuge and transfer supernatant
again. Add 2 microliters of Proteinase K (10 mg/ml) and incubate at 37°C for
45 minutes.

6. Add 250 microliters each of phenol and chloroform. Vortex hard
and spin 3 minutes in benchfuge. Remove the aqueous layer and repeat the
extraction one more time.

7. Add full volume chloroform, vortex and spin, transfer aqueous (3x).
Add 0.1 volume of 3 M sodium acetate and 2.5 volumes of ethanol. DNA should
fall out of solution as a cottony ball. Using a metal needle, carefully lift this
ball and transfer to another tube containing 70% ethanol. Spin down the pellet
and remove ethanol.

8. Add 500 microliters 70% ethanol and spin again for 3 minutes.
Remove ethanol and dry in spin-vac.

9. Resuspend in 200 microliters TE (This may require heating the tube
at 55°C for a few minutes). Measure 0.D.260.

10.  This procedure is modified from Genentech's laboratory methods.
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APPENDIX C

I. Map of the rat o;-AGP gene.

(A) The strategy of sequencing. Arrows indicate the directions and lengths of
M-13 subelones used in dideoxynucleotide sequencing. The names represent the
M-13 clones listed at the beginning of arrows. For example, 18 Sst-8 means a
clone of number 8 using mp 18 as vector cloned in Sst I site. Clone 19 Bgl.Sal-
1 means that it was the clone number 1 derived from using mp 19 vector with Bgl
II toward Sal I insert. Clone 18 Sst-5, sc.sl-2 is identical to clone 18 Sst-8 but
generated earlier and differently. It was derived from cutting the double strand
18 Sst.5 (self-cut, sc) then ligated back (self-ligation, sl). The purpose is to
generate a clone with opposite orientation for sequencing. Clone 10 Bam Sst-
1.7k-2 and 10 Bam.Sst+1.2k-A are clones derived from using mb 10 vector with
Bam HI and Sst I site to absorb purified DNA fragments of 1.7 kb and 1.2 kb,

respectively.
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I. DNA sequence of the rat a;-AGP gene.

Exons are flanked with sign, and translational codons are printed as triplets and
lined with their designated amino acids. The "TATA" box and polyadenylylation
signal (AATAAA) are boxed. A single asterisk (*) indicates the beginning of
transcription and triple asterisks (***) indicate the codon (TAG) of transiational
stop. The hexanucleotides T-G-T-T-C-T of potential glucocorticoid-receptor
binding sequences are underlined with a solid line. Palindromic sequences in
intron 4 are marked by arrows and dots; dinucleotide G-T repeats followed by
poly(G) are marked by arrowheads and open squares. G(T),_s repeats following
the fourth hexanucleotides T-G-T-T-C-T are underlined with open circles and
dots. The Mnl I-rich area is underlined with a broken line and its following

complementary sequence is marked with a broken line at the top.
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SEAGC‘I'CCCAGCAA'I‘GGCl‘CCAT'l‘CC'l'CAGTGGGAGTCACCANCCTGCCCATMCAATACTTCCCGAGAGN‘H‘CAT'I‘CA‘K}TGGACATAGACCAGACTGTTATCAGGGAGGMHAGMC
CAGATATG CTGGACACAGATCCTGGATTGGGCACACATTATCTTG TCGGATTCTTTCCTG CTGTAAATACTGGGAGG TTTG CTCAACT CAGATTCACCCCTCTTTG CTGGG CATTTGACTG
GTTTCAGGG CTGGG TAGGGG TCCCAAGGAGCATCACACTCACTTAGAAACTAAACCATCTTTG TTCTTGG CCCTCAACTTGAG CCCCTCAGTG TCTTCTAAGTTTACTAACAACCTGACCT
GGGACCTCTTCATAACTCCCTCAGGGGTTGATTTATG TG TAGATCTTACTCCTG CTAGG CAGCCCTCCCAGGG CTAGGAGG CAGATGAGACCTATATTACAATCTCTGACTGGTACCATGT
CAAGTTTCATCAGGCTAGCCTTG TACCCATCTTGG CCATGAATCAG CCACTCTGG TTTTCAAG CAG CTTATAGGG CAGGAG CCTG TG TCAGGG CTGG CTGG CTGTGGGAACAGCCCAGCCC
AAAGCRGGGNM}GGMCAH'H‘GTGCAAGACAmCCCAAGTGCPGGNAGATTGNCCACAGCI‘CTGCAGCCCCTGGCI‘GCACGCCCTTCCCACACCI‘N@TCACI‘GCAC

* Met Ala Leu His Met val Leu val Val Leu Ser Leu Leu Pro Leu Leu
'I'C‘I‘CCAGCCACCAG'H‘.AGCPCTTCCEGGGCG}GNCCTCTGAGNTC'H‘CGGC ATG GCG CTG CAC ATG GTT CTT GTC GTT TTG AGC CTC CTG CCC TTG TTG

Glu Ala Gln Asn Pro Glu Pro Ala Asn Ile Thr Leu Gly Ile Pro Ile Thr Asn Glu Thr Leu Lys Trp
GAA GCT CAG AAC CCA GAA CCT GCC AAC ATC ACC CTA GGC ATA CCT ATT ACC AAT GAG ACC CTG AAA NG.GNAGNCGPGCCPGGGGCATGGACCNA

CCATTGTAGGTGCCTTTTTTCCCTCTGGG CTTTCCTTTCCCTGTCTGTG TTCCTCT CTGGG CTCCCGG TG CTG CCCTTCCCTCTCCTGGGGATTG TTGTGGCATCCCCCTGCCTCCAAACC
CAGAAG CATCACTCTGAGGTCTCTCGGCAGGGGACAGAG TCATAGGATGG TTGACT TCTGAG TTGTCCATGGGATCCTGGCCTGAAACTTCAGTCTTCCCATGTATGGCTCAAACGCCATC

Leu Ser Asp Lys Trp Phe Tyr Met Gly
ACI'CAC(.‘I’GCCCGCA‘H‘G‘H’GCTAACI‘GCCAAGC‘I‘CCATAC‘I‘CCAMCCC‘I‘GTTCATCTGCGNCCTGCTTCTTTC‘!‘TCCCAG‘(.TC TCA GAC AAA TGG TTT TAC ATG GGA

Ala Ala Phe Arg Asp Pro val Phe Lys Gln Ala val Gln Thr Ile Gln Thr Glu Tyr Phe Tyr Leu Thr Pro Asn Leu Ile Asn Asp Thr
GCA GCT TTC CGA GAC CCC GTG TTC AAG CAG GCA GTT CAA ACG ATA CAG ACG GAA TAT TTT TAC CTT ACC CCC AAC TTG ATA AAC GAC ACA

I1le Glu Leu Arg Glu Phe Gln Thr Th
ATT GAA CTT OGG GAG TTT CAG ACC ACQGNAGTCCH'GCAGCAGCCAGCCCACCCCM}CCCTGGCC'I'CCAATCCCTGGGGCCI‘AGAGAC(IGMCMACPGCCCC[‘GCCTGGC

CTCCCCAGCCGCCTTAGGAATCGGGAGGGCTG TTCT TGTCTACCTG CCTCTTG CCCACTCTCACCCTGTGCTGG TCAGATCTCCTCTCTCTCTGTTACCCAACTTCTCTTTGCTTTATAG |

r Asp Asp Gln Cys Val Tyr Asn Phe Thr His Leu Gly Val Gln Arg Glu Asn Gly Thr Leu Ser Lys Cys A
A GAC GAC CAG TGT GTC TAT AAC TTC ACC CAT CTA GGA GTC CAG AGA GAG AAT GGG ACC TTA TCC AAG TGT G‘GNAGAGN'R}MCPCGAAGC!"H‘C

TCATTG CAAGGACCTGAGGGGGAAGCAGAGCAGGG CAG TTTAG TCTG TTAGG TCAGCT CTGAGG CTGG TAAGTAGAAG CAGATTTCAAACCAGAGTCCAGCTCCC
AGCCCAGTCTCGCTTTTAACCATTCTTTATGATCCTTTG TGAG CTCAG CGTGGGAACCCATGGGATGGGAAG CCAGTGACTTCAGCCACATCTCCCATG TCACCAGGGACAACACATAGGA
AGG CAACCAAACACTGG TGGCCAGATCAGCCTCTCCTTAGCTTTGAATCATCCTAAGGGGATGTTTTAATG TTTAAGGGGAAG TTTTAACTG TG CCCACCACCCCACCACCAAGGGCCCTT
TCCAAGG CTCCAGCCG TTCAGTATCTATAAAGAATGAGAAG TTAGG CTGG CACCCAACAGGGACTGAG CACATGG TATCCTCAGGGAG CCG CAGG CATTTG CCATGGGGACCACGGCACCA

la Gly Ala val Lys Ile Phe Ala His Leu Ile Val Leu Lys Lys His Gly Thr Phe Met Leu Ala
'H'C‘I'AGTG'I‘CT‘I'ACAAAGCCCI‘TCCTTCCGCAG_O GGA GCA GTG AAA ATC TTT GCC CAT TTG ATA GTG CTG AAG AAA CAT GGG ACC TTC ATG CTT GCC

Phe Asn Leu Thr Asp Glu Asn Arg Gly Leu Ser Phe Tyr A

TTT AAC CTG ACA GAT GAG AAC CGG GGG CTG TCC TTC TAT G GTAGGCTCCI'CAGMCCC'I‘GGACCCCAGTI‘CI‘GCI‘GGGCCTTACCCH'GG'I‘CCCCCACCCACATCCC
la Lys Lys Pro Asp Leu Ser Pro Glu Leu Arg Lys Ile Phe

TATCTGG TCTCCCATTTGCTGGACCCTTACCCAGAACACACCCCACCCCCTTCTCCCTTGCAG .CT AAA AAG CCA GAC TTG TCC CCA GAG CTG OGG AAA ATA TTC

Gln Gln Ala Val Lys Asp Val Gly Met Asp Glu Ser Glu Ile Val Phe Val Asp Trp Thr Lys
CAG CAG GCT GTC AAA GAT GTG GGC ATG GAT GAA TCA GAA ATC GTA TTT GTC GAC TGG ACA MB’GTMG(I;ACGAGGCI‘GGNATGCCACCCI‘GGCAGN

GTCCCGTTTTAGTG TCCCTAGAGG CTCAGAG AGGGTCAG CTCCTGG TTAAGG CAG CACAG CAAGG CGGG TATCT TG CTGTTGAGAACG CCCGTG CCTACTGTGACAGCTGAGATTCACAGA
GATCTTAGATGGG CAG TGAGCCTGAGG TGGGTGGGG TTAAG TAGGAGATACTAGAAAGACTGGAGGATCAGGGGCGAGACCAGGAAGGG TGATTGAGGGAACAG CTGGTGCCAGAGTCCCA
GGTTTCTCCCTGCCTTTCATTTTCACTTC CTATACAAG CCAGAG TTG TGACTAAAG TCTCCCTG TG CCAG CAAGCCCAATGGCCT CCACACACCAAGTCATC
TTGATG CTCTGTCTAAATTTG TG CAGAGGGAAAGG CCATCAGCTTTGG CTTTACCCCCAG CTGAGG CCACAGGATCAACCAATCAGCTTTCGACTTAG TGCGAGACACACTTGATATTTTG

TGACTCCATTCTCTGGG CACCTGAGCCTTTCCTGACATCACCAGCCCCCCAGG TTCCCAGGGGAAAGG TG TCTGCATACAGACACTG CCATTGAGCTG TTTTG CAACCTGCCTTCCCTGCC
TAGCCAGTGGGGTCAG TAAATTCACCCTGTACCTGTAGG CAGAATTG 'H'CAGMAACGCC’!'CCACI‘NGGGGACI‘CmTCCA’H‘CAﬂGGMTMTAAGCPGGMG‘TAGAGACCM

NGHCECAAGGCTGACACTATCCI‘GCCCT‘H‘CAGGTCAACCACCCCCAGMATGTA‘I‘TCA'N‘GC‘FAGNNNTGTG‘KJGGGGS' SgiESSCATGCCCANCACAAGCATGCCA‘I‘AAGA
S Solslelsls]

CGTGTGTAGATG TCAGAGGACAACTG TGGGGCG TG TCCTCTTCCGACATTCTCTCATGGG CTCTGGGGATTGAATTCAAG CTGTCCTTCAGGATTACCTACTATG CCAGGGTHT'I‘L
mmmnmnmmmarcruccmuc CCCAGGTTACCCTGCAACTCATAG CAATCCTCCTG CTTCAGTATACTCCAACCCAGATG TG TGCCACCACCCCTGGCTCCG

Asp Lys Cys Ser Glu Gln Gln Lys Gln Gln Leu Glu Leu Glu Lys Glu Thr Lys Lys Glu
TCACTTTGTCACTTTGCTCTCTTCCCTCGTATCTTCTAG _GAT AAG TGC AGT GAG CAG CAG AAG CAG CAG CTG GAG CTG GAG AAG GAG ACT AAG AAG GAG

Thr Lys Lys Asp Pro Wikk
ACC AAG AAG GAT CCT TAG GCCAGGCATGAACTCAGCTCTCTGAACTCCGGGGACTGTCCCCATGCCCACTCTACCCCCACTCCTGTGCACCTCGATTCTATTTTCCACAAT,

EGTHCGHAMCAATC.AGTA’I'CACTTCTTTGTTCCC‘I'CCCTCCCTTC‘!"I“I‘CCI‘TCC’l‘CCCTCCCTTCCT(‘;Z}‘A‘G“&AGGAC‘!’GCCATGAGNGAGACTTAGCI'AAGTCCAATAAGCC

CTACCCAGGGAATCTGAGAGGG CTTCCTGGAAGGGGCATTTGAG TCAGG CTAGACGGAACTGATAGAACCTGATTATAG CTCTTGCTATAATCCCCAAACCCTAGAGGGCACATTTGGTGA
AGACAAAG‘HGAAGACCCAAGCMWGNAﬂcGéAGTCGGGAGCCCAGG'K;TGCCGH‘CCPGTCACAGGGGCCTTCAC‘I‘TCAGATGNCCATNGMCTCTGGAAGGGAGGNAGTI’GGG
AGACAGGAAGG(I;‘I'OGA'I'GCI‘AGCI'A'I‘GGTCACGGTATMAAGGCCAAGGCAAGNGCATAGAC‘H'AGGGCK‘AGACI‘AGAGGGGmGATATCCCCAGGAAGAGMC!‘CAGMNCGTGT
GGGACACCGTGAGATGACACTG CTTCCCTAGAGGCCAGTTGACATCTATTTCACAATTG TGTTCAAAG TCCTGAGG CACAGTCACTCAG TGGCAAACACAGGG TCTGAGATAATCTTTACA
CTTGACTTGATTGGG CAG TCACCTAAGGGATG TG CTCGG TG TG TG TCTGTAAGGACATTTCCACAGAG AGTCACCTG CCTTGACTG TAGG CAG OG CCATCCCT TGGG CTTGGTCCCCCAAT
TAACAAAAGGAGAAAACTAG CTGAG CACCCACAGTTCATCTG TCTG CTAAG CTTACGACTG TCCCAG TTGGATACAG TATGACATGGG CAGG TG TCCCTCCTCACCCATGAGCCCCACTTC
AATAGCTTTCG TCAACTATTTTG TCACAGAAGGGGGAAAG CAGTTCTTATGGAGCTC 3'

121
242
363
484
605
726

925
1046
1167

1278

1368

1480
1600

1696
1817
1938
2059
2180

2278

2385

2489

2589
2710
2831
2952
3073
3194
3315
3436
3557
3678

377

3892
4012
4133
4252
4375
4496
4617
4738
4795
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II. The complete nucleotide sequences of the rat a; gene with comprehensive

restriction sites.
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891

991

1901

1191

1291

1301

1491

1591

1691

styl
ddel avrll
mnll alul hphl hphl
GTCGTTTTGA GCCTCCTGCC CTTGTTGGAA GCTCAGAACC CAGAACCTGC CAACATCACC CTAGGCATAC CTATTACCAA TGAGACCCTG AAATGGGTGA
CAGCAAAACT CGGAGGACGG GAACAACCTT CGAGTCTTGG GTCTTGGACG GTTGTAGTGG GATCCGTATG GATAATGGTT ACTCTGGGAC TTTACCCACT
mspl
scrfFl
ncil
sau961 nlalV
scrfl avall nlalv bsp1286 fnudHl
bstNI nlalll banl mnll mnll banIl hpall bbvl
GTGCCTGCCT GGGGCATGGA CCTGACCATT GTAGGTGCCT TTTTTCCCTC TGGGCTTTCC TTTCCCTGTC TGTGTTCCTC TCTGGGCTCC CGGTGCTGCC
CACGGACGGA CCCCGTACCT GGACTGGTAA CATCCACGGA AAAAAGGGAG ACCCGAAAGG AAAGGGACAG ACACAAGGAG AGACCCGAGG GCCACGACGG
scrfl fokl mnll hinfl
mnl1l bstNI sfaNIl mnll sfaNI ddel tthllll fokl hincll
CTTCCCTCTC CTGGGGATTG TTGTGGCATC CCCCTGCCTC CAAACCCAGA AGCATCACTC TGAGGTCTCT CGGCAGGGGA CAGAGTCATA GGATGGTTGA
GAAGGGAGAG GACCCCTAAC AACACCGTAG GGGGACGGAG GTTTGGGTCT TCGTAGTGAG ACTCCAGAGA GCCGTCCCCT GTCTCAGTAT CCTACCAACT
scrfl
sau3Al
dpnl
xholl
nlalll bstNI
styl nlalVv haelll
ddel ncol bamHI hael mboll nlalll hphl mnll alul
CTTCTGAGTT GTCCATGGGA TCCTGGCCTG AAACTTCAGT CTTCCCATGT ATGGCTCAAA CGCCATCACT CACCTGCCCC TCATTGTTGC TAACTGCCAA
GAAGACTCAA CAGGTACCCT AGGACCGGAC TTTGAAGTCA GAAGGGTACA TACCGAGTTT GCGGTAGTGA GTGGACGGGG AGTAACAACG ATTGACGGTT
alul
fnudHl
mboll alul ddel nlalll bbvl
GCTCCATACT CCAAACCCTG TTCATCTGCG TGCCTGCTTC TTTCTTCCCA GCTCTCAGAC AAATGGTTTT ACATGGGAGC AGCTTTCCGA GACCCCGTGT
CGAGGTATGA GGTTTGGGAC AAGTAGACGC ACGGACGAAG AAAGAAGGGT CGAGAGTCTG TTTACCAAAA TGTACCCTCG TCGAAAGGCT CTGGGGCACA
sspl hinfl
TCAAGCAGGC AGTTCAAACG ATACAGACGG AATATTTTTA CCTTACCCCC AACTTGATAA ACGACACAAT TGAACTTCGG GAGTTTCAGA CCACGTGAGT
AGTTCGTCCG TCAAGTTTGC TATGTCTGCC TTATAAAAAT GGAATGGGGG TTGAACTATT TGCTGTGTTA ACTTGAAGCC CTCAAAGTCT GGTGCACTCA
haelll mnll
fnudHI haelll sau961l haelll
bbvl hael nlalv hael ddel
fnudHI scrfFl scrfFl scrfFl mstll
bbvl bstNI mnllI bstNI bstNI fnudHI hinfl
CCTTGCAGCA GCCAGCCCAC CCCAGCCCTG GCCTCCAATC CCTGGGGCCT AGAGACCTGA ACAAACTGCC CCTGCCTGGC CTCCCCAGCC GCCTTAGGAA
GGAACGTCGT CGGTCGGGTG GGGTCGGGAC CGGAGGTTAG GGACCCCGGA TCTCTGGACT TGTTTGACGG GGACGGACCG GAGGGGTCGG CGGAATCCTT
sau3Al
dpnl
xholl
mnll accl mnll hphl bglll mnll
TCGGGAGGGC TGTTCTTGTC TACCTGCCTC TTGCCCACTC TCACCCTGTG CTGGTCAGAT CTCCTCTCTC TCTGTTACCC AACTTCTCTT TGCTTTATAG
AGCCCTCCCG ACAAGAACAG ATGGACGGAG AACGGGTGAG AGTGGGACAC GACCAGTCTA GAGGAGAGAG AGACAATGGG TTGAAGAGAA ACGAAATATC
sau961l alul
avall hindIIl
hphl hinfl nlalVv hphl taql
AGACGACCAG TGTGTCTATA ACTTCACCCA TCTAGGAGTC CAGAGAGAGA ATGGGACCTT ATCCAAGTGT GGTGAGAGTG TGAACTCGAA GCTTTCTGGG
TCTGCTGGTC ACACAGATAT TGAAGTGGGT AGATCCTCAG GTCTCTCTCT TACCCTGGAA TAGGTTCACA CCACTCTCAC ACTTGAGCTT CGAAAGACCC
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