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Abstract

Angiotensinogen (ANG) is a single peptide glycoprotein that contains 452 amino
acids in human (453 amino acids in rodents). ANG releases a 10-amino acids peptide known
as angiotensin l (Ang I) from it's N-terminal when acted by renin, a acidic protease. Ang I
can be fiirther converted into angiotensin II (Ang II) by angiotensin converting enzyme
(ACE). Ang II is one of the most potent vasoconstrictors known. Ang II also acts on the
brain to mcrease blood pressure. Ang II acts on the adrenal cortex to increase the secretion
of aldosterone. The levels of ANG in plasma or local tissues diïectly contribute to the
levels ofAng II. Therefore the studies of regulation ofANG gene expression is important to
understand the molecular mechanisms of some related diseases, such as hypertension.

Previous studies m which the transfection of the fusion genes that were generated
with various lengths of 5'-flanking region of the rat ANG gene linked to a bacterial
chloramphenicol acetyl transferase (CAT) gene as a reporter into mouse hepatoma (Hepa 1-
6) ceUs and opossum kidney (OK) cells, identified a putative cyclic AMP responsive
element (CRE) in the rat ANG gene 5'-regulatory region (N-806/-779). Compared with
palindromic CRE octamer (TGACGTCA), the putative CRE of the ANG gene (ANG-CRE)
is almost identical except the last two bases were in reversed order (TGACGTAC).

In the present study, we isolated a fuU-length cDNA of 1345 base pairs from mouse
liver cDNA library, which encodes a nuclear DNA-binding protein consisting of 436 amino
acids with an apparent molecular weight of 52 kilodalton (kDa). This protein binds to the
ANG-CRE, and was designated as 52-kDa protein. Southwestern blot revealed that this 52
kDa protein was present in the following tissues, such as liver, kidney, testis, brain, but not
in spleen.

Analysis of the deduced amino acid sequence shows no apparent basic region-
leucine zipper (bZIP) stmcture, indicatmg ANG-CREB is structurally distinct fi-om bZIP
family members. The antiserum against 43-kDa-CREB or ATF-2 can not interact with this
52-kDa protein, further supporting that the 52-kDa protem is immunologically different
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fi-om the bZIP family. The 52-kDa protein may represent a new group of CRE-binding
proteins.

Competitive gel mobility shift assays and Southwestern blot analysis revealed that

the ANG-CREB binds to ANG-CRE, and this bindmg is not displaceable by excess amounts
of CREs fi-om somatostatin (SOM), phosphoenopymvate carboxyl kmase PEPCK), and
tyrosine ammo transferase (TAT) genes in vitro. These data suggest that the 52-kDa

protein binds specifically to ANG-CRE and may regulate the ANG gene expression.
The biological function of the 52-kDa protein is not known at present. The primary

data from transient gene transfection assays showed that this protein has represser activity
on the ANG gene promoter when ANG gene was stimulated by isoproterenol, but showed
no effect on the ANG basal level (without any stimulation). Further experiments will be
needed to study the biological function of the 52-kDa protein.
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Résumé

u

L'angiotensinogène (ANG) est une glycoprotéine fonnée de 452 acide aminés chez
l'humain (453 acide aminés chez les rongeurs). Une protéase acide, la rénine, clive l'ANG de
son côté N-tenninal en libérant un peptide de 10 acide aminés connu sous le nom de
l'angiotensine I (Angl). Ce dernier, peut être converti en angiotensine II (AngII) sous
Faction d'une enzyme de conversion dite ACE. L'Ang II est un puissant vasocoiisticteur. Il
agit au niveau du cerveau en augmentant la pression sanguine et au niveau du cortex rénal
en augmentant la sécrétion de l'aldostérone. Les niveaux de l'ANG daiis le plasma ou dans
les tissus locaux sont directement proportionnels aux niveaux de Ang II. Ainsi les études de
regulation de l'expression du gène d'Ang II sont importantes pour comprendre les
mécanismes moléculaires de certames maladies, comme l'hypertension. Des études
antérieiu-es par transfection en utilisant des gènes de fusion générés avec différentes
longueurs de région flanquées en 5' du gène ANG de rat lié au gène rapporteur de bactérie,
le chloramphénicol acetyl transférase (CAT), dans les ceUules hépatome (Hepa 1-6) de
souris et dans les ceUules rénales de sarigue, ont permis d'identifier un présumé élément
réponse (CRE) d'AMP cyclique dans la région régulatrice en 5' du gène ANG de rat (N-
806/-779). En comparant l'octamère palindromique de CRE (TGACGTCA) avec le
présumé CRE du gène ANG (ANG-CRE), il semble qu'ils sont identiques à l'exception des
deux dernières bases qui sont dans un ordre inversé (TGACGTAC). Dans cette étude, nous
avons isolé à partir d'une banque de cDNA du foie de souris, une cDNA de 1345 paire de
bases qui code pour une protéine de liaison à l'ADN nucléaire. Cette protéine est fonnée de
436 acide aminés avec un poids moléculaire apparent de 52 kilodalton (kDa). En se liant à
ANG-CER, cette protéme est désignée comme la 52-kDa protéine. Le "Southwestern blot"
a révélé que la 52-kDa protéine de 52 kDa est présente dans les tissus suivants: foie, rein,
testicule et cerveau; mais absente dans la rate. L'analyse de cette séquence déduite d'acide
aminés ne montre pas du stmcture apparent à la région basique de la fermeture éclaire à
leucine, bzip (basic region-leucme zipper), indiquant que la 52-kDa protéine est
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structurellement distincte des membres de la famille bzip. L'antisérum dérigé contre le 43-
kDa-CREB ou contre ATF-2 n'intéragit pas avec la 52-kDa protéme confermant amsi que la
52-kDa protéine est immunologiquenient dififérente des membres de famille bzip. La 52-kDa
protéine représente donc, un nouveau groupe des protéines de liaison à CRE. Les essais sur
gel à mobilité compétitive et les analyses de "southwestern blot" ont révélé que la 52-kDa
protéine lié ANG-CRE et que cette liaison n'était pas déplaçable par un excès du gène CRE
de somatostatin (SOM), phosphoenopymvate carboxy kmase (PEPCK) et tyrosme ammo
transférase (TAT) m vitro, suggérant que la 52-kDa protéine se lié spésifiquement à ANG-
CRE et qu'il peut réguler l'expression du gène ANG. Les fonctioiis biologiques de la 52-
kDa protéine ne sont pas encore connus. Les premiers résultats obtenus à partir des essais
de transfections des gènes transitoirs montrent que cette protéine a une activité represseur
sur le promoteur du gène d'ANG quand ce dernier est stimulé par l'isoprotérénol, et que,
sans stimulation, elle a aucun effet sur le niveau basai d'ANG. Les expériences futures
seront nécessaires poiir étudier les

fonctions biologiques d'AND.
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n 1. Chapter 1. Introduction
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1.7 THE OBJECTIVE OF TfflS STUDY
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l. l RENIN-ANGIOTENSIN SYSTEM (RAS)

1.1.1 Renin-angiotensin System (RAS) :

Renin-angiotensin system (RAS) is a regulatory system, which plays an important
role in body electrolyte homeostasis, vascular tone and cardiovascular remodeling. RA.S
comprises three components: renin, angiotensins and angiotensin-converting enzyme
(ACE).

1.1.1.1 Rerun

Renin is a single peptide glycoprotein with a molecular weight of 43 kDa in human.
There are two potential sites for N-linked glycosylation (Asn-X-Ser/Thr) located at amino
acid position 5-7 and 75-77 respectively. The carbohydrate content accounts for about 5%
of the total glycoprotein (Galen et al., 1979). The renin protein molecule is made up of 2
lobes, between which the activation sites are located m a deep cleft. Two aspartic acid
residues, one at the position 32, and another at position 215, are juxtaposed at the mouth of
the cleft and are essential for renin activity (Sielecki et al., 1989).
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n Although the circulating renin is thought to be synthesized and secreted by
juxtaglomerular ceUs of the renal afferent arteriole, in situ hybridization studies of renin
mRNA revealed that renin could be synthesized by many other cells, such as, testicular
leydig cells (Samani et al., 1988), adrenal zonal glomemlosa cells (Samani et al., 1988),
pituitary gonadotrops (Kettani et al., 1991), ovarian mature follicle (Shaw et al., 1989), and
corpus lutetium (Duncan et al., 1989), as well as in granular duct cells of mouse
submandibular gland (SMG). PCR technique has detected renin mFtNA m the following
approximate relative concentration: kidney, 100%; adrenal 10%; testis, 1%; ovaries and
Uver, 0.1%; brain, spleen, lung and thymus, 0.01% (Paul et al., 1993).

The renin gene is present in single copy in human (Hobart et al., 1984), rat
(Bumham et al., 1987) and some strains of mouse with low levels of(SMG) renin, such as
C57/BL10 (Mullins et al., 1982). By contrast, mouse strains with high levels ofSMG renin,
such as DBA/2J, carry two copy renin genes (Renl, 2d; Mullins et al., 1982). The single
renin gene is approximately 11,000-12,000 bases in length and consists of nine exons and
eight introns. The amino acid sequence predicated fi-om the cDNA sequence indicates that
the rat renin precursor consists of 402 amino acid residues, and the human rerun precursor
consists of 403 amino acids, which mclude mature renin and 66-residue ammo-terminal
prepropeptide (Morris, 1986). The homology ofrenin gene between rat and mouse is 85%,
whereas between rat and human is 68% (Kriger and Dzau, 1991).

There are two TATAA box sequences m the promoter region of the human renin
gene, located at -29 to -23 (promoter 1) and -77 to -71 (promoter 2) relative to the
transcription start site (Fukamizu et al., 1986). In human kidney only promoter 1 is used,
but in the mouse kidney, a minor proportion of transcripts are initiated at promoter 2
(Hobart et al., 1984; Bumham et al., 1987; Mullms et al., 1982). In two renin gene mice
extrarenal tissues use promoter 1 (Fukamizu et al., 1986), and SMG uses promoter 2 as
weU. Associated with the TATAA boxes in the human renin gene are two CAAT boxes at
position -51 and -92 (Fukamizu et al., 1986) in human's renin gene. Several regulatory

2



u

sequences in the 5'-flanking region of human renin gene have been found. The

hexanucleotide sequence TGTCCT, TGTTCT, and AGTCCT proposed as the motifs of
glucocorticoide-responsive element (GRE) are located at -185 / -190, -461 / -465, and
+233 / +238 (first intron) (Fukamizu et al., 1986). There are two DNA sequences at -981
to -999 (5'ATCTCCTTGGGGGTTAGTT-3') and -300 to -318 (5'-GTCCCAGTTTTGA-
3') with dUFerent degrees of similarity in the consensus sequence of the progesterone-

responsive element (PRE) (Fukamizu et al., 1986). The DNA sequence (5'-

GGAGCTGGAAA-3') has been proposed as an estrogen-responsive element (ERE)
(Fukamizu et al., 1986). The sequence at -117 to -145 (5'-CCCTTCACCCACCTA-
GCTCTGTCCCGCAG-3') has been proposed as a cAMP responsive element (CRE)
(Fukamizu e/aZ., 1986)

Human renin is synthesized as a large preprorenin, consisting of 406 amino acid
residues. After removal of a leader sequence of 23 amino acid residues from the N-terminal,

prorenin is released. The prorenin has relatively little biological activity, but followmg the

removal of the pro-sequence fi-om the N-temunal of the prorenin, the active renin that

contains 340 ammo acid residues is released (Morris, 1986). Renin in mouse salivary glands

undergoes an additional cleavage near the C-terminal end to produce 2 separate peptide
chams connected by disulfide bond. The half-life of human renin in the circulation is 30-80

minutes (Konrads et al., 1981). Only a smaU amount ofprorenin is converted to renin in

kidney. The remaining prorenin is released mto circulation. Prorenin is the major circulating
form of renin, accounting for as much as 90% in human plasma (Sealey et al., 1986;

Glorioso et al., 1986). Prorenin can be considered the transport form ofrenin for delivery to

the tissues, where it is converted to active renin by the tissue kallikrem, an enzyme that
generates kinin by hydrolyzing kininogen. There is very Uttle conversion to active renin in

the circulation (Morris, 1986).

Renin functions as acidic protease. Once released into the circulation, reiiin acts on

angiotensmogen (ANG), and cleaves the first 10 amino acid residues fi-om the N-terminal of

ANG, known as angiotensin I (Ang I). The remainder of the ANG molecule is called des-

3



u

Ang I-ANG. Renin has species specificity. The human ANG can be cleaved only by primate
renin. Human renin may cleave more efiSciently other mammalian ANG, but other
mammalian renin can't cleave human ANG (Burton and Quinn, 1988).

l .1.1.2 Angiotensinogen (ANG)

Angiotensmogen (ANG) is a single peptide glycoprotein and represents a unique
substrate ofrenin,. Although it was first recognized in 1939 that renin was a proteolytic
enzyme that released a hypertensive factor fi-om a plasma protem (Munoz et al., 1939), and
many attempts were made to purify this plasma protein, definite information about its
structure was not obtained until 1957. A tetradecapeptide, that, now, is known as
angiotensin I (Ang I) plus four additional amino acid residues, was purified fi'om a tryptic
digest of an ammonium sulfate fi-action of horse plasma. The first pure preparation ofANG
protem was obtained from hog plasma in 1963 (Skeggs et al., 1963). Subsequently, the
rabbit ANG (Ryan and McKenzic, 1968), human ANG (Printz et al., 1977; Tewksbury et
al., 1979), rat ANC (HUgenfeldt et al., 1980), ovine ANG (Femley et al., 1986), and dog
ANG (Mofifett, 1987) were purified between 1970 and 1980. In the period 1983-1984, the
entire amino acid sequence of rat (Ohkubo et al., 1983), mouse and human ANG
(Kageyama et al., 1984) was deduced fi-om the nucleotide sequence of their respective
cDNAs. The homology ofANG protein between rat and mouse is 87%, whereas between
rat and human is only 60% and between mouse and human is 64% (Lynch and Peach,
1991). In all species, Ang I is invariant. The amino acid sequence immediately followmg this
decapeptide is dissimilar in various species. In humans, renin must cleave a Leu-Val bond to
release Ang I, but in all other species, the renin must cleave Leu-Leu bond. Human ANG
has histidine at position 13, whereas rat, dog, and horse have tyrosme at that position. It
was suggested that these substitutions might contribute to the known species specificity
exhibited by renin (Tewksbury, 1983).

ANG is secreted by a variety of cells, most prominently by hepatocytes, adipocytes,
and astrocytes. Liver is the major organ which secrets the plasma ANG. Following the
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synthesis of ANG, it is secreted into the plasma. The ANG protein is synthesized at the
polyribonucleosome in the granular endoplasimc reticulum, processed and glycosylated m
the Golgi apparatus. The ANG protein is synthesized as a pre-ANG (477 amino acids in the
rat and mouse; 485 amino acids in the hiiman) (Ohkubo et al., 1983; Kageyama et al.,
1984). There is a signal peptide in the N-tenninal ofpre-ANG, which contains 25-34 ammo
acid residues and is subsequently removed as the ANG is entered into the rough
endoplasmic reticulum (ER). The mature ANG protein is 453 amino acids in rodents, and
452 amino acids in human. There are three potential sites for N-linked glycosylation (Asn-
X-Ser/Thr) in rat ANG. They are located at position 47-49, 259-297, and 319-321. Four
glycosylation sites are présent in human ANG. They are found at positions 14-16, 137-139,
271-273, and 295-297. The carbohydrate accounts for about 14% of the total ANG protein
molecular weight. The different glycosylation patterns are apparently responsible for the
different isoelectric points and sizes of circulating ANG. In addition to the weU-
characterized predominant form of plasma ANG, which is termed low-molecular-weight
angiotensinogen (LMrA), ANG with a larger apparent molecular weight has been identified
and is referred to as high-molecular-weight angiotensinogen (HMrA) (MW 450-500 kDa).
The HmrA has been found in pregnant women (Tewksbury, 1986) and is predominant form
of ANG in placenta and amniotic fluid (Tewksbury, 1996). Two different subtypes of
HMrA have been foimd, HMrA-1 and HMrA-2. HMr-1 is composed ofdiiferent subunits of
which at least one is very similar to low-molecular-weight angiotensinogen (LMrA). HMrA-
2 is composed by the same submiit that is very similar to LMrA. The subunits are bound
together by disulfide bonds and hydrophobic interaction (Tewksbury, 1986).

ANG is a ubiquitous, moderately abundant macroglycoprotein with plasma and
cerebrospinal fluid concentrations of approximately 10 M (55-65 (^g/ml) and 0.2 X 10 M
(11-13 p.g/ml), respectively (Genuine et al., 1984). In plasma from men and menstmating
women, only 37% of the total ANG was HMrA. But in plasma fi-om pregnant women or
women taking oral contraceptive containing estrogen, the HMrA is mcreased to 16-61%
(Tewksbury, 1986). The significance of these HMrA is not yet known. As a member of the
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serpin gene super-fanuly, ANG is faintly, but sigiuficantly, related to a-antitrypsin,
antithrombm and ovalbumin.

1.1.1.3 Angiotensin convertmg eiizyme (ACE)

Angiotensin converting enzyme (ACE) is a single peptide protein consisting of two
isozymes.The ACE protein of 170 kDa, is produced by a variety of tissue types including
vascular endotheliiim, renal tubular epithelium, ciliate gut epithelium, and macrophages and
is known as somatic ACE. The other which is known as testicular ACE has inolecular mass

of 90 kDa and is produced only m the testis by developing germ cells. The complete amino
acid sequence deduced from the somatic ACE cDNA contains 1306 residues, beginning
with a signal peptide of 29 ammo acid residues. ACE is an acidic glycoprotein that contains
a high percentage of acidic residues (21-22%). There is a molar equivalent ofzmc in the
single, large polypeptide chain of ACE molecule. The removal of zinc abolishes all activity,
and the activity can be restored by addition of various divalent metal ions (Buiming and
Riordan, 1981; Cushman and Cheimg, 1971). There is considerable mterspecies homology
at the N-terminus. The C-terminal dtfierences may be due to species variation. A higMy
hydrophobic sequence located near the C-terminal extremity of the molecule most likely
constitutes the anchor to the plasma membrane. A hypothesis has been proposed that ACE
is anchored through its C-terminus, either by a glycolipid moity contaming the covalently
attached phosphatidylinositol or by a hydrophobic C-terminal amino acid sequence (Hooper
et al., 1987). The sequence of ACE reveals a degree of internal homo logy between two
large domains, suggesting that the molecule resulted from gene duplication. Each of these
two domains contams short amino acid sequence identical to those located around critical
residues of the active site of other metallopeptidases (thermolysm, collagenase) and
therefore bears a putative active site (Hurbert et al., 1991). Early studies have elucidated
several most important properties of ACE, including its chloride dependence,
metalloprotem nature, and specificity for the removal of intact dipeptide umts from the C-
terminal ofpeptide substrates.
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Only a single ACE gene exists within the mammalian genome. It is 21-Kb in length
and consists of 26 exons separated by 25 mtrons (Hurbert et al., 1991). It has been
demonstrated that a single ACE gene codes both somatic ACE and testicular ACE with
different promoters. The somatic ACE promoter contains typical sequences (TATAA box
and several SP1 binding sites) identified in the 5' flanking region (Hurbert etal., 1991). The
somatic ACE mRNA (4.3-Kb) is transcribed fi-om exons 1-26, excludmg exon 13 by
differential splicing. In contrast, transcription of the germinal ACE mRNA (3-Kb) is
initiated within the gene at exon 13 and proceeds through exon 14 to 26 (Hurbert et al.,
1991).

1.1.2 Angiotensin I, II, III (Ang I, II, III)

1.1.2. l Angiotensin l (Ang I)

Ang I is a decapeptide which is released fi'om the N-terminal ofANG by renin. The
amino acids sequence ofAng I in various species is identical. Ang I appears to function only
as the precursor of Aug II and does not have any other established function. The remainder
ofANG, after removal ofAng I, is des (Ang I)-ANG. Its physiological fimction is not clear.
It has been suggested that des (Ang I)-ANG is renin inhibitor (Poulsen and Jcobsen, 1986)
but this has not been confumed experimentally.

l. l .2.2 Angiotensm II (Ang II)

Ang II is generated by ACE, following the cleavage of histidyl-leucme from the
physiologically inactive Aug I. The conversion ofAng I to Ang II is slow in isolated plasma
but fast in vivo (Coldwell et al., 1976), indicating that most of the hydrolysis occurs by the
action of ACE in the endothelial ceUs, predominantly m the puhnonary capiïlaries. Ang II is
destroyed rapidly; its half-Ufe in humans is 1-2 minutes. The enzymes that destroy Ang II are
grouped together under the term angiotensinase (Peach, 1977).
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l. l .2.3 Angiotensin III (Ang III)

Ang III is derived fi-om Ang II by the removing of the Asp residue j&om the N-
terminal of Ang II by angiotensmase or aminopeptidase. Ang III has about 40% of the
represser activity ofAng II but 100% of the aldosterone-stimulating activity. It has been
suggested that Ang III is the natural aldosterone-stimulatmg peptide, whereas Ang II is the
blood-pressure-regulating peptide (Peach, 1977).

The relationship of the components of RAS is summarized m Fig.1-1.

1.1.3 Ang II receptors

Ang II elicits ceUular responses in all target tissues by bmding to the specific high-
afiBnity ceU surface receptors. By measuring the bmding of I-Ang II to liver cell
membranes (Gunther, 1984), two types of receptors were identified: one of high affinity
(dissociation constant Kd, 0.35 nM) and the other with a low afGmty Kd, 3.1 nM. Only the
high afGnity site was inactivated by treatment with reducing agent dithiothreitol (DTT).
Further more, the availability of pure Ang II antagonists has clearly established that there are
at least two types of angiotensin receptors. They are now referred to as ATI subtype
(blocked by Losartan, Dup753) and AT2 subtype (blocked by PD 123177). For the rat ATI
receptor, two subtypes have been cloned and sequenced. The rat vascular and rat kidney
ATI receptors have been designated AT la subtype, and rat adrenal gland receptors have
been designated ATlb subtype. There is 96% amino acid homo logy between the two
subtypes (Iwai and Inagami, 1992).

The ATI and AT2 receptor subtypes are not uniïbrmly distributed in all somatic
tissues (Chang and Lotti, 1991). Some tissues have a nearly homogeneous population of
ATI or AT2 receptors, while others are characterized by co-existence of both receptor
subtypes. Tissues such as liver, lung, kidney, placenta, urmary bladder, gastrointestinal tract,
and aortic smooth muscle cells express only ATI receptors. In contrast, other tissues such
as pancreas and ovarian granulosa express mainly AT2 receptors. Both receptor subtypes
are expressed in the adrenal, heart, renal arteries, and uterus (Chang and Lotti, 1991). In
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NH2-Asp- Arg -Val-Tyr-Ile-His-Pro-Phe-His-Leu-Val-Ue-His-Asn-Gly-R ANG
renin

NH^-Asp- Arg -Val-Tyr-Ile-His-Pro-Phe-His-Leu-R Aug I
ACE4 ACE

NH^-Asp^ Arg -Val-Tyr-Ile-His-Pro-Phe-R Ang II
ammopeptidase

NH2-Arg -Val-Tyr-Ile-His-Pro-Phe-R Aug III

Fig. 1-1 Schematic relationship of the components ofrenin-angiotensin system.
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brain, the regions expressing a high concentration ofAng II receptors have been known for
several years (Mendelsohn, 1985; Under et al., 1988). Brain regions that mamly or
exclusively express the AT2 receptor are the inferior and superior coUiculus. In the
midbrain, brainstem, and hypothalamus, both receptor subtypes are present m an
approximately equal quantity; the ATI receptor slightly dominates in the brainstem and
hypothalamus, while the AT2 receptor is mainly expressed in the midbrain. Several of the
brain regions that mainly or exclusively express the ATI receptor are known to be
responsible for the central actions ofAng II in the regulation of the blood pressure, water
and electrolyte balance, mdicating that these weU-known actions ofAng II may be mediated
by the ATI receptor (Steckelings et al., 1992).

Although the traditional view considers that the actions of Ang II are mediated by
ATI receptor, recent studies have demonstrated that AT2 receptor also mediated some
important physiological functions. The central AT2 receptor has been found to inhibit the
release of vessopressin (Hohle et al., 1995). The AT2 receptor has been also shown to
inhibite the T-type calcium current in non-differentiated NO 108-15 cells (Buisson et al.,
1995), ceU proliferation of both coronary endotheUal ceUs (StoU et al., 1995) and N1E-115
neuroblastoma cells (Mahmias et al., 1995). The AT2 receptor in a surular fashion to the
ATI receptor was coupled to the contraction of portal vein smooth muscles (Pelet et al.,
1995).

Analysis of the cloned rat ATI receptor cDNA indicates the receptor consists of 359
amino acids with a predicated molecular weight of 40.9 kDa, containing seven
transmembrane domains (Sasaki et al., 1991). Analysis of the genomic DNA sequence of the
rat ATI receptor reveals the presence of three exons. The first and second exons encode the
5' untranslated region while the third exon encodes a small portion of the 5' untranslated
region, the entire coding region, and the entire 3' untranslated region. Further analysis of the
genomic sequence 5' to the start site demonstrates typical sequence motifs found in many
eukaryotic promoters. Theses include a potential SP1 binding site, a putative cap signal
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(GCAGTT) inimediately 5' to the start site, TATAA box (CTATAAATA) 36 nucleotides 5'
to the start, and a GC box (AGGGCGGGGCGGGG) 60 nucleotides upstream of the
TATAA box. The coding strand from positions 274 to 417 is composed of virtually all
pyrimidmes. Such DNA structure has been reported to bind abnonnally to histones m the
fonnation of nucleosomes. Whether this region influences the transcriptional activity of the
ATI gene is not known. A second important feature is the sequence from positions 2116 to
2147, which is composed of 16 repeats of the nucleotide AG. This sequence probably wUl
show length polymorphism between different strams of rats; such minisatellite DNA has
been used as markers for linkage analysis.

The human ATI receptor gene has been cloned recently (Guo et al., 1994; Su et
al., 1994), and is comprised of at least four exons that are greater than 60 kb in length. The
introns are 8 to 10kb or longer (Guo et al, 1994; Su et al., 1994).

The putative human AT2 receptor is comprised of 363 amino acid residues with an
estimated molecular weight of 4l kDa. Hydropathy analysis of the deduced amino acid
sequence revealed the presence of seven putative transmembrane domains (Tsuzuki et al.,
1994; Koi et al., 1994). Sequence analysis showed that the human AT2 receptor gene is
composed of three exons and spans at least 5 Kb. Exon 1 and 2 encode for 5'-untranslated
mRNA sequence and exon 3 encodes the entire uninterrupted open reading frame of the
human AT2 receptor. The open reading frame of the human AT2 receptor gene is highly
homologous to the coding regions ofcDNAs for the rat (90%) (Mukoyama et al., 1993)
and mouse (90%) (Nakajima et al., 1993). Sequence analysis of the 5'-flaiiking region of the
human AT2 receptors revealed that it contains the typical sequence motifs found in many
eukaryotic promoters. There is a TATAA box (at -33 bp), a putative C/EBP (-1434) (Aku-a
et al., 1990), SP1, AP-3, NF-1 and GRE site. This promoter region also includes an
interferon consensus sequence binding protem site (ICSBP) and a putative embryonal, long
terminals repeat binding protein (ELP) site. The presence of these novel putative
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transcription factor bmding sites suggest that this gene may be regulated by transcription
factors known to play a role in embryogenesis.

Evidence has demonstrated that in addition to the diflferent types ofAng II receptors
on plasma membrane, some cytosol (Hagiwara et al., 1993) or nucleus (Re et al., 1981)
proteins can also bind to Ang II. The cytosolic Ang II bmding protein is not a classical ATI
or AT2 receptor since no afBnity for either losartan or PD123177 was found (Bumpus et
al., 1991). The nuclear Ang II binding protein in liver nuclei, in term of molecular weight
and binding afEnity, has smularities to, but also some difference from, Ang II receptors
present in the plasma membrane. The roles of the cytosolic and nuclear Ang II bmdmg
proteins are unclear at the present time.

1.1.4 Local renin-angiotensin system (RAS)

Traditionally, Aug II has been viewed as a hormone synthesized solely within plascaa
by the pathway described above. The discovery of the renin-angiotensin system in many
tissues of the body has led to the hypothesis that, in addition to a plasma hormone, Aug II
may be formed locally and therefore possesses additional autocrine or paracrine actions. The
existence of an intrareiial RAS has now been generally accepted (Dzau et al., 1987).

1.1.4.1 IntrarenalRAS:

By employing the immunohistochemical and biochen-iical techniques, renin mRNA
has been located in the juxtaglomerular (JG) cells (Dzau et al., 1984). A small number of
renin-containing cells are also present in the glomemlus and afiferent arteriole. ANG mRNA
has been located predominantly in the proximal tubule (PT), with lesser quantities in
glomemli, distal tubules, and intrarenal vessels (Dzau et al., 1987). Rat kidney ANG mRNA
is estimated to be 5% of the rat liver ANG mRNA (Dzau et al., 1987). In mice the amount
is 20% of Uver ANG mRNA (Dzau et al., 1987). ACE has been located in the proximal
tubule (Lindpamter and Ganten, 1991). Both brush border and basolateral membranes
contam ACE (Danilov et al., 1987). The highest concentration is found on brush border
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(Defendini et ai, 1983). In adult kidney, ATI is the predominant receptor, except in large
preglomerular vessels where AT2 receptor is present. In contrast, in fetal kidney, the AT2
receptor appears predominant. Studies for the whole animal have shown the intrarenal
formation of Ang II occurs after perfiision of the renal mass with renin substrate
(Mendelsohn, 1979). The levels ofluminal Ang II in the rat renal proximal tubular are as
high as 10'9 M, whereas the levels of plasma Ang II are less than 10 M (Seikaly et al.,
1990). These studies indicate that the intrarenal RAS may play an important role in the
regulation of renal function. In addition, evidence has indicated that there may be a renin-
angiotensin system within the renal proximal tubular cells. ANG mRNA as weU as renin
mRNA (Burns et al., 1993) and ACE mRNA have been found in proximal tubule cells. The
presence of these components of the RAS in proxmial tubule (PT) suggests that locally
produced Ang II could modulate PT fimction. The regulation of these components in both
physiological and abnormal states such as hypertension awaits further study.

The local renal RAS may play an important role in the renal development, as the renin
mRNA, ACE mRNA, and ANG inRNA have been detectable m the fetal kidney. In the fetal
kidney the AT2 receptor is predoinmant, whereas in the adult kidney ATI is the major
receptor (Grady étal., 1991 ).

1.1.4.2 RAS in brain:

Components of RAS have been detected in the brain, as the local production of
angiotensm peptides has been observed (Schelling et al., 1980). The peptide fi-agment Ang
II 1-7 may be important mediator of the action ofAng II in the brain. Current data suggest
the existence of a complete intracellular RAS in gonadotropes and a separate extracellular
system that utilizes the high concentration of angiotensinogen fi-om perisinusoidal cells
(Semia et al., 1997). It is postulated that gonadotrope Ang II serves mauily reproductive
functions, while the proximity of angiotensinogen-secreting cells to folliculostellate ceUs,
and their access to the intercellular sinusoidal and follicular spaces, places the extracellular
RAS in a strategic position to affect pituitary growth and the mediation of acute-phase
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immune response. In the rat brain, angiotensinogen is expressed by the 16-18 day of fetal
life and by areas generally concerned with vasopressor, electrolyte, and fluid homeostasis.
Antisence deoxyoUgonucleotides to angiotensinogen mRNA lower blood pressure m
hypertensive rats and mhibited in vitro growth of neuroblastoma cells, indicating a
significant role for Angiotensinogen in mitogenic and homeostatic fimctions (Semia et al.,
1997).

l. l .4.3 Local RAS m other tissues:

The synthesis of renin, ANG, and angiotensin peptides has been observed m both
cardiac (Lindpainter and Ganten, 1991) and vascular niyocytes and cultured vascular
sn-iooth muscle cells (Schelling et al., 1991) as well as in the eye (Sramek et al., 1988) and
the ovary (Speth and Husain, 1988). Current evidence would suggest that in some ceU
types, such as Leydig (Pandey et al., 1984) and neuroblastoma cells (Pandey et al., 1984).
Aug II is synthesized intracellularly and secreted into the extracellular environment (Pandey
et al., 1984). However, at the organ level, it is possible that different cell types secrete
different components of the RA.S, and these cells combme to produce the extracellular
fonnation ofAng II. The locally generated Ang II may play a role in the function of these
organs and tissues.

u

1.2 RENIN-ANGIOTENSIN SYSTEM & HYPERTENSION

The most important biological function of renin-angiotensin system (RAS) is the
regulation of blood pressure by affecting electrolyte homeostasis, vascular tone via Ang II.
Jeunemaitre et al. (Jeunemaitre et al., 1992) has provided Genetic Imkage between human
ANG gene variants and essential hypertension. In his study, among the 15 molecular
variants of the ANG gene identified thus far, significant association with hypertension was
observed for two distinct amino acid substitutions. Met 235 Thr and Thr 174 Met. These
two variants were encoded by two distinct nucleotide substitutions T 704 C (thymidine -
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cytidine) and C 521 T (cytidme-thymidine, +521). Both of the nucleotide substitutions were
located in Exon 2 (Jeunemaitre et al., 1992, 1995). Animal experiments demonstrated that
the development of hypertension in a number of rat strains, for example, in both Dabi rat
(Rappet et al, 1989) and spontaneously hypertensive rat (SHR) (Kuetz et al., 1990), is
associated with renin gene variants. Also the genetic locus of ACE gene has been linked to
blood pressure (BP) variation in the SHR-stroke prone (Hilbert et al., 1991; Jacob et al.,
1991). On the other hand, the angiotensinogen-deficient substrains of the SHR, as weU as in
the Dahl rat, have a sustamed decrease in blood pressure (Tanimoto et al., 1994; Deng and
Rapp, 1992). Further more, the transgenic mice canymg both hiiman renin and
angiotensinogen genes have a sustained increase in blood pressure (Fukamizu et al., 1993).

The clinical research of the RAS began as early as 1971. The studies involving the
blockade of the RA-S system provided the recognition of "angiotensinogenic" hypertension
(Streeten et al., 1975). Numerous clinical studies have shown that the inhibitors of the
components of RAS are eflfective in treating essential hypertension. For example, saralasin
(a competitive inhibitor of the Ang II receptor) (Pals et al., 1971), renin specific antibody
(Dzau et al., 1972), ES-8891 (a specific inhibitor of human renin), and captopril (an
inhibitor of angiotensm convertmg enzyme) (Gavras et al., 1978) are effective for the
treatment of essential hypertension (Ondetti and Cushman, 1982; Sutton 1986).

u

1.3 THE BIOGICAL FUNCTIONS OF Ang II

The actions of Aug II are mediated by specific surface receptors on various target
organs such as the heart, blood vessels, adrenal cortex, kidney, bram, noradrenergic nerve
endings, and gastromtestinal tract etc.

1.3.1 Heart:

Aug II acts upon the heart during the plateau phase of the action potential in atrial
and ventricular myocytes. During this period. Aug II increases the entry of calcium (Ca )
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through the voltage-sensitive channels, prolongs the action potential and thereby increases
the force of contraction of these ceUs (Peach, 1986).

1.3.2 Blood vessels:

Ang II plays an important role in the regulation of blood pressure by directly and
potently constricting the vascular smooth muscle (VSM) (Morgan, 1987), which result in an
increase of vascular resistance. Ang II stimulates the arteriolar constriction and increases the
systolic and diastolic blood pressure. Peripheral arteriolar or precapUlary vasoconstriction is
the most rapid eflfect of Aug H, regulating in a rapid and sustained increase in arterial
pressure.

1.3.3 Adrenal cortex:

Ang II acts upon glomerulosa ceUs of the adrenal cortex to increase both the
synthesis and release of aldosterone (Aguilera and Marusic, 1971). Ang II also acts on the
inner zone of the adrenal cortex, where it induces cortisone/corticorsterone biosynthesis.
The stimulation of aldosterone release by Ang H occurs at very low doses as compared to
those required to influence the blood pressure directly (Peach, 1977).

1.3.4 Kidney:

Ang II exerts a direct effect on the proximal tubular (PT) sodium transport (Harris
and Young, 1977) through binding to its receptors on the peritubular basolateral membrane
CBLM). The direct application ofAng II to either the basolateral or brush-border side of the
isolated proximal convoluted tubules alters Na' absorption in a dose dependent manner. Ang
II stimulates Na+ absorption at low doses (10 - 10 M) and inhibits absorption at higher
doses (10'7-10'5 M) (Harris and Young, 1977; Schuster et al., 1984).

The renal vasculature is highly sensitive to Ang II, as the intrarenal mfusion of low-
dose Ang II elicits an mcrease in renal vascular resistance and consequently leads to a
decrease in renal plasma flow (RPF) and to a lesser degree, in glomerular filtration rate
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(GFR) (Fagard et al., 1976; Lohmeier et al., 1977). Ang II differentiaUy constricts the
postglomerular eflFerent arterioles more than the pre-glomemlar afferent arterioles (HaU,
1986a). In normal circumstances, the eflFerent arterioles are more sensitive than the afferent
arterioles to the constrictive effect ofAng II. It leads to an increase m glomerular filtration
pressiire and a rise in mtraglomerular pressure. Thus Ang II reduces renal blood flow with
proportionally less reduction in the glomerular filtration rate (GFR) (Earley and Friedler,
1966; Laragh et al., 1963). Increased intraglomemlar pressure helps to constrict glomemlar
mesangial cells.

1.3.5 Brain:

Ang II stimulates the release ofvasopressin fi'om the pituitary foUowing mjection of
the peptide both mto the brain and intravenously. The effect ofAng II injected intravenously
on vasopressin release is potentiated by dehydration (Reid, 1984). While peripheral
administration leads to renal re-absorption of Na", Ang II mjected i.c.v. admmistered at
doses that do not enter the peripheral circulation, induces a dose-related natriuresis (Unger
et al., 1988). The mechanism is unclear at present. At peripherally administered
physiologically doses Ang II are antmatriuretic and blockade of endogeneous Ang II
produced natriuresis. These observations point to a primary antinatriuretic action ofAng H.

Ang II enhances the release of adrenocorticotrophic hormone (ACTH), prolactin,
and oxytocine from the pituitary, although the physiological role ofAng II on the release of
these hormones is unclear at the present time (Peach, 1977; Reid, 1984).

l .3.6 Autonomie Nervous system:

Ang II interacts with the autonomie nervous system in ttoee ways: (a) at sympathetic
nerve endings, (b) m the adrenal medulla, and (c) in the bram. At physiological levels, Ang II
binds to specific receptors present upon sympathetic nerve terminals to enhance the release
of norepinephrine (NE) per neural impulse (Malic and NasUetti, 1976). At high doses. Aug
II also directly causes the release of NE fi-om sympathetic nerve terminal and appears to
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enhance the sensitivity of the postsynaptic membrane to the efifects of released NE (Palaic
and Khang Imllah, 1967). Ang II depolarizes adrenal chromafiGn cells, leadmg to release of
both NE and epinephrine (Peach, 1977; Bickerton and Duckley, 1961). Ang II acts in the
brain via the stmctures outside the blood-brain barrier to increase central sympathetic
outflow as well as the release ofcatecholamines (Unger et al., 1988)

1.3.7 Gastrointestmal tract:

Ang II has been shown to alter the absorption of Na and water, mainly from the
small intestine, in a dose-dependent manner (Levens et ai, 1981 a,b). At low doses (10 -
10 M), Ang II stimulates sodium and water absorption fi-om the lumen of the intestme,
while Na" and water absorption is inhibited at higher doses (Levens et al., 1981 a,b). The
inhibition of absorption in response to high dose of Aug II appears to be mediated by the
local production of prostaglandin (Levens et al., 1981a,b). Both the increased and mhibited
transport effects of Aug II appears to be acting directly upon the smaU intestinal epithelia
since they occur also in isolated preparations of intestine that are devoid of a blood supply
(Crocker and Munday, 1970).

l .3.8 Trophic effects ofAng II:

The possible growth-promoting role ofAng II is an area of intensive research (Dzau
et al., 1991; Phillips et al., 1991; Schelling et al., 1991). The trophic eflfects of this peptide
have been studied in vitro on primary and established cell lines, as weU as in vivo. The
mitogenic properties of Ang II have been demonstrated 3T3 fibroblasts (ScheUing et al.,
1979); human (Canibell and Robertson, 1981) and rat vascular smooth muscle cells (Dudley
et al., 1991; Dzau et al., 1989); human fetal mesangial cells (Ray et al., 199l); and
adrenocortical ceUs (Gffl et al., 1977). It appears, however, that Ang II-induced
proliferation only occurs in the presence of additional growth factors, i.e., platelet-derived
growth factor (PDGF), fibroblast growth factor (FGF), and transforming growth factor
(TGF) p, or under conditions where these factors can be synthesized by the cells (Dzau et
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al., 1991; Stouffer and Owens, 1992). Thus under dififerential conditions, Ang II has been
reported to induce hypertrophy rather than hyperplasia (Dzau et al., 1989,1991) and to
stimulate the expression of specific cytoskeletal proteins like a-actin (Turla et al., 1991),
suggesting that this peptide may also play a role in ceU differentiation.

l .3.9 Other effect ofAng II:

Aug II stimulates the synthesis and release of prostaglandin (PG) and endothelial
derived relaxation factors (EDRF) in blood vessels (Webbs, 1981; Toda, 1984). It also
stimulates the release of atrial natriuretic factor (ANF) possibly by the increased blood
pressure caused by Ang II (Katsube et al., 1985). PG, EDRF, and ANF may mduce
vasorelaxation. Thus the vasoconstrictor, Ang II and the vasodUators have physiologically
opposing actions in VSM. These effects are mediated by opposing intracellular signals.

l .4 REGULATION OF ANG GENE EXPRESSION

l .4.1 The stmcture of eukaryotic gene

Eukaryotic genes can be mterrupted. The primary evidence of this interruption was a
comparison between the stmcture of DNA and the correspondmg messenger KNA
(mRNA). The mRNA always includes a nucleotide sequence that corresponds exactly with
the protein product according to the rules of the genetic code. But the gene may include
additional sequences, introns, which lie within the coding region, interrupting the sequence
that codes for the protein. The interrupted DNA coding sequences are named exons. This
discrepancy between the structure of the DNA and mRNA is common m eukaryotes.

In addition to the codmg region, genes also contain regulatory elements. Nucleotide
sequences that influence the rate of transcription lie in region of DNA upstream to the
transcription start site. They often include an element rich in adenine and thymme, known as
the TATAA box, and other sequence motifs lying within about 100 bp of the start site.
Collectively called the promoter region of a gene, these sequences comprise binding sites for
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RNA polymerase and its numerous cofactors. The position of the promoter with regard to
the transcription start site is relatively inflexible (McKnight, 1991; Rosenthal, 1994 a,b).

In contrast to promoters, other DNA regulatory elements, enhancers, occur in
unpredictable locations, often at a considerable distance from the start site and augment
transcription by the gene promoter. Enhancer-like promoters fi-om binding site for
regulatory proteins, but unlike promoters, the position and orientation of an enhancer are
flexible with regard to the gene. Indeed, enhancers can dramatically increase gene
transcription from positions within or on either side of the gene, even firom thousands of
bases away (Rosenthal, 1994b). Individual elements residmg in the promoter or enhancer
sequences that interact with specific transcription factors consist of small stretches ofDNA
(<30 bp) called cis elements (such as CRE, cAMP responsive element). The corresponding
transcription factors are known as trans factors such as CREB (cAMP responsive element
binding protem) that are important for the gene expression.

l .4.2 Initiation of gene transcription

Transcription is DNA directed RNA synthesis that is the first and usually most
important step m the control of gene expression. There are three classes of transcription
mediated by different RNA polymerases I, II, and III (Pol I, II, III). Pol I transcribes
ribosomal pre-RNAs (rRNA); Pol II is the enzyme which facilitates synthesis of the mRNA
and its encoding proteins; Pol III directs synthesis of transfer RNA (tRNA) and low-
molecular-weight RNAs (Murray et al., 1993).

The model for the assembly of the Pol II-directed transcription complex is based
largely on kinetic assays, undenatured gel electrophoresis, and nuclease protem assay.
TATAA box binding protein (TBP) forms an initial committed complex. TBP binds to the
TATAA box of a promoter m the minor groove of DNA (while virtually all taiown DNA-
binding proteins bind in the wUd groove), with its larger outer surface (N-temiinal) being
available to extend contacts to other proteins. TBP is a small protein (about 30 kDa) that is
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sufficient for recognition of a TATAA box and subsequent incorporation of other TBP-
associated factors (TAFs). Whereas TBP is not enough to mediate transcriptional regulation
by upstream regulator, which requires the entire transcription machinery, TBP is highly
conserved during eukaryotic evolution (Buratowski, 1994). Transcription factor IIA (TFIIA)
links the complex and may activate the TBP by reliving a repression caused by the TAFs.
TFIIA contains three subunits and can associate with TBP or TFIID even m the absence of
target DNA. TFIIA is not essential for basal transcription with other purified factors.

Transcription factor IIB (TFIIB) interacts du-ectly with TBP and associates loosely
with DNA downstream of the TATAA box, which (as a bridging protein) can recruit Pol II
and transcription factor IIP (TFs) into the complex. This complex is stable in both kinetic
assays and undenatiired gel electrophoresis.

TFs contain two subunits. The larger subunit has an ATP-dependent DNA heUcase
activity that could be involved in melting the DNA at initiation. The smaller subunit, with
some homology to the bacterial sigma factor that contains the core polymerase, binds tightly
to Pol II. TFs may in fact bring Pol II to the assembling transcription complex and provide
the means by which it bmds. Interaction with TFIIB may be important when TFs-polymerase
jams the complex. The yeast RNA polymerase II consists of 12 subunits, aU of which have
been cloned (Young, 1991). The mammalian counterparts of inany of the subunit genes
remain to be cloned.

FinaUy transcription factors TFIIE, and then TFIIH and TFIIJ join the complex.
TFIIE is encoded by two genes and is probably a tetramer with two ofTFIIH. TFIIH has a
kinase activity that can phosphorylate the C-termmal domain of Pol II. It is possible that
phosphorylation of the C-tail is needed to release Pol II from the transcription factors so
that it can leave the promoter and start elongation. Once the complex is assembled, an ATP-
dependent activation step is necessary for transcription to occur (Buratowski, 1994; Lewin,
1994). There are probably 20 proteins (a total mass of 500 kDa) involved in the basal
transcriptional apparatus, excluding the Pol II that alone has 12 subunits with a mass of
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another 500 kDa (Lewin, 1994). An upstream transcription factor (such as CREB) can
interact directly with one of the basal transcription factors (such as TFIIB), or indirectly
with the TAFs (such as CREB with TAP 110). This kind of transcription factor may also
indirectly with a coactivator (such as CREB with CBP, which then interacts with TFIIB), as
wUl be discussed later.

l .4.3 The structure ofANG gene

In the 1980's ANG gene was cloned and characterized from different species. The
rat (Ohkubo et al, 1983), mouse (Clouston et al., 1988), and human (Kageyama et al.,
1984) ANG genes have been mapped to chromosome 19 (Mori et aï., 1989), 18 (Clouston
et al., 1989), and 1 (Gaillard-Sanchez et al., 1990) respectively. AU of three ANG genes are
present as a single copy.

The rat ANG gene is roughly 12 kilobase pairs (kb) long and consists of five exons
separated by four introns (Fig. 1-2). The first exon encodes only a portion of the 5'
untranslated region of the ANG messenger RNA (mRNA). The S'-terminal part ofexon 2
encodes both the signal peptide and Ang I. The remainder of exon 2, exon 3, exon 4 and
the initial part ofexon 5 encode the sequence ofdes-Ang I. The 3'-terminal part ofexon 5
encodes the C-temiinal untranslated region of ANG mRNA. Like the rat ANG gene, the
human ANG gene also consists of five exons and four introns, but it is longer, is roughly 13
kb. The iBrst exon is very short (37 nucleotides) and corresponds to the 5' untranslated
sequence of the niRNA. The second exon codes for 59% of the protein and contams the
nucleotide sequences coding for the signal peptide and Ang I. Exon 3 and exon 4 codes for,
respectively, 48 and 62 amiao acid of the protem. The last exon codes for the C-terminal
part of the protein and the 3' untranslated sequence of the mRNA (Jeunemaitre et al.,
1995).

Analysis of the nucleotide sequence 5' to the start site of transcription has revealed a
number of DNA elements that may be involved in initiating ANG gene transcription. The
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Fig. 1-2. Schematic structure of the rat angiotensinoge gene. The genomic structure spans 11.8 kb plus 1.5
kb of 5'-flanking region. The 5 exons are separated by 4 introns. Serveral putative consensus sequences of
control elements have been identified and characterized in 5'-flanking region. SRE, serum responsive
element; NF-1, nuclear factor-1 responsive element; CRE, cAMP responsive element; AP-1, c-FOS/c-JUN
complex responsive element; SP-1, nuclear protein SP-1 responsive element; ORE, glucocorticoid
responsive element ; APRE, acute phase responsive element;TRE, thyroid hormone responsive element;
ERE, estrogen responsive element, (redrawn from: Chan et.al, 1990)
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TATAA box and CAAT box are located at 30 bp and 50 bp upstream fi'om the transcription
start site (Tanaka at al., 1984).

Two glucocorticoid responsive elements, ORE I and GRE II hexameric "half- site"
sequence, have been identified at -585 / -570 and - 477 /-472, respectively (Ohkubo et al.,
1983).

A cis-acting element centered on a 16-base-pau-s palindrome (S'-GTTGGGTTTC
CAAC-3' is sunilar to the NFKB transcription factor bmding site (APRE) was found to
fimction in the acute phase response (Brasier and Li, 1996).

An upstream sUencer element (5'-CTCTGTACAGAG-3') has been identified at -108
/- 60, and inhibits the expression ofANG gene. However, when moved further away from
the initiation site of transcription it functions as a transcriptional enhancer (Ron et al., 1990
a,b).

Rat ANG mRNA is roughly 1.8 kb long, consisting of 61,1431, and 200-400
nucleotides of 5' untranslated, coding, and 3' untranslated sequence, respectively. The size
of the ANG mRNA is heterogeneous. The reason is that a single ANG gene is transcripted
into at least four different mRNA, which differ only in the lengths of their 3'-untranslated
regions, as 4 different polyadenylation sites are used. The 4-polyadenylation sites are located
at 1650, 1785, 1800 and 1840 nucleotides. Since one AUUAAA and two AAUAAA
sequences have been found 10-30 nucleotides upstream from the 4-polyadenylation sites,
these polyadenylation signals could generate 4 different mRNA species. Treatment with
glucocorticoids mcreases liver ANG mRNA and elicits the use of two additional, upstream
transcription site that are located at -328 nucleotides (Ben-Ari and Lynch, 1989). Although
there is size heterogeneity of ANG inRNA, these extended ANG mRNAs apparently have
the same codmg potential as the predominant mRNA and there is no evidence for alternate
splicing of the ANG pre-mRNA.
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Although liver is the major organ that synthesizes ANG, ANG mRNA has also been
found in various extrahepatic organs. By usmg Northern blottmg with an ANG cDNA
probe, ANG mRNA has been detected in the rat and mouse liver, heart, Kidney, and adrenal
gland (Ohkubo et al., 1986; Dzaue^ al., 1987). There was no detectable ANG mRNA in rat
testes and salivary gland. In contrast to the rat, ANG mRNA was present in mouse testes
and submandibular gland (Ohkubo et al., 1986; Dzau et al., 1987).

1.4.4 Hormonal regulation of ANG gene transcription

1.4.4.1 Glucocorticoids

Glucocorticoids have been demonstrated to be able to stimulate the production of
ANG. This augumentation has been known clinically for a long tune, as an mcrease in serum
renin substrate levels occurs durmg hypercortisolism (Gushing's syndrome) (KrakofE, 1973),
and a decrease in these levels is observed during adrenal msufficiency (Addison's syndrome)
(Stockigt et ai, 1979). Administration ofDEX to intact animais will increase plasma ANG
levels (Freeman and Rostorfer, 1972; Reid, 1977; Krakofifand Eisenfeld, 1977). Liver sUces
from DEX treated rat releases more ANG mto the incubation medium than liver slices from

control rats (Clauser et al., 1983; Dzau and Herrmaim, 1982). ANG secretion by
hepatocytes and hepatoma cell lines can be stunulated by incubation with hydrocortisone
(Stuzmannet et al., 1986) or DEX. Administration ofcortisol increases the rate of synthesis
ofANG m perfiised livers (Hasegawa et al., 1973). Furthermore, adrenalectomy results in
diminished liver ANG synthesis, and this deficit is reversed on glucocorticoid administration.

There is an increased liver ANG mRNA sequence accumulation in response to
glucocorticoids appUed to intact animais (Kalinyak and Perhnan, 1987), dispersed
hepatocytes (Ben-Ari and Garrison, 1988) and cultured cell lines (Chang and Pennan,
1988). The increase in ANG mRNA accumulation occurs rapidly. In isolated hepatocytes
exposed to DEX, the ANG mRNA started to increase within less than 1 hr, followed with a
further time lag of about 2 hr, and by an increase in secretion rate ofANG (Klett et al.,
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1992). The increased ANG mRNA accumulation is sensitive to protein synthesis
mhibitors, and is blocked by the glucocorticoid antagonist RU486 (Ben-Ari and Garrision,
1988). These observations, along with the existence of glucocorticoid response elements
upstream of the ANG gene suggest that the activated glucocorticoid receptor interact
directly with this gene.

The increased ANG mRNA accumulation induced by glucocorticoids may be
explained by:

(a). Glucocorticoid causing an mcreased transcription rate, since glucocorticoid
response elements have been identified in the promoter region ofANG gene (Coezy et al.,
1984).

(b). Glucocorticoids mducing the accumulation of novel ANG gene transcripts. Ben-
Ari et al. (Ben-Ari et al., 1989) have reported that glucocorticoids stimulate the
accumulation of a novel, 2.25-kb transcript ofANG gene, both in isolated hepatocytes and
intact Uver. The 2.25-kb ANG mRNA consists of two larger forms of ANG mRNA
extended at their 5' ends. The novel transcripts are generated by the use of two new
transcription initiation sites in the ANG gene, located at nucleotide positions -328 and -386
relative to the start site at position +1 used m the absence ofhonnone. A consensus TATAA
box and a TATAA-like sequence are found at the expected position 25-30 nucleotide
upstream from the glucocorticoid mducible transcription start site (at position -328 and -
386) respectively. As they have the same coding potential as the predominant mRNA
species, the larger ANG mRNAs do not appear to code for a novel form ofANG protein. It
appears that glucocorticoids can directly induce the transcription from a second promoter m
the ANG gene and that this promoter is absolutely dependent on this hormone.

e). Glucocorticoids can decrease the degradation of ANG mRNA, as studies have
shown that DEX may stabilize the ANG mRNA (Brasier et al., 1986).
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1.4.4.2 Estrogen

Estrogen may increase plasina ANG, as the treatment with an oral confa-aceptive
containing an estrogen component, or treatment with estrogen alone, will increase plasma
ANG in both adult men and women CNewton et al., 1968; Oelkers et al., 1976). Also a
significant positive correlation between estradiol and ANG has been noted in normal
pregnant women whose endogenous estrogen level is increased comparing with non-
pregnant women (Immonen et al., 1983). On the average, the ANG level will be mcreased
four to five-fold durmg pregnancy. In late pregnancy, about 15% of the total ANG will be
high-molecular-weight ANG (HMrA). Estrogen administration will cause a proportionally
greater increase in HMrA concentration than m low-molecular weight ANG (LMrA)
concentration (Tewksbury and Dart, 1982). The reason is unclear at present.

The administration ofestrogen causing a rise in both the plasma ANG concentration
has ben demonstrated in aniinal experiments (Hehner and GrLffith, 1952; Menard et al.,
1970; Saruta et al., 1983; Dzau and Herrmann, 1982), in liver perfusion studies (Nasjletti
and Masson, 1972), cultured liver slices (Clauser et al., 1983; Dzau and Herrmann, 1982),
and Hepa G2 cells (Coezy et al., 1987). Treatment with estrodiol m the intact animal caused
an increase in plasma ANG, which became first apparent after 9 hr, and resulted in plasma
concentration 1.9-fold higher than controls in 24 hr. These changes were preceded by
comparable increases in hepatic ANG mRNA (Klett et al., 1992).

The putative estrogen responsive elements have been identified in the promoter
regions of the human, rat and mouse ANG gene (Fukamizu et al., 1986; Campbell and
Habener, 1986; Clouston et al., 1988). However, some studies have showed that relatively
high concentration of 17p-estrodiol (1X10'7 M) did not increase ANG mRNA in cultured
rat hepatoma cells (Fatigatietal, 1987) It is possible that these cultured cells had some
alteration in their receptors which made them refi-actory to estrogen treatment. In a
hepatoma cell line stably transfected with the human estrogen receptor, estrodiol induced an
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increase in ANG mRNA and in secretion of ANG with the same characteristics as in

hepatocytes. (Klett er a/., 1992).

1.4.4.3 Androgen

Androgen stiinulates the ANG level, as renal ANG mRNA concentration in male rat
increases significantly during puberty (Ellison et al., 1989). Whereas the renal ANG mRNA
level in the adult female rat is the same as that in pre-puberty and is considerably lower than
that in the adult male rat (Emson et al., 1989). Emson et al. (Emson et al., 1989) have
investigated the role of androgen in renal ANG mRNA expression, and their studies
demonstrated that castration lowered ANG mRNA levels in the male kidney by > 60%
compared with the control. Their results suggest that androgen may be involved in renal
ANG gene regulation. Moreover, male rats castrated in weanlings and normal adult female
rats implanted with testosterone displayed significant increases in renal ANG mRNA levels.

Klett et al. (Klett et al., 1992) reported that dihydrotestosterone induced a rapid
increase in total hepatocyte RNA and ANG mRNA with a peak at 2 hr. Surprismgly, this
increase in ANG mRNA was not translated into ANG secretion. No convmcing explanation
can be given for these observatioiis. One possible interpretation, which would integrate both
effects, is that dihydrotestosterone induces transient sequestration of mRNA into a non-
degradable, and at the same time, non-translatable form compartment.

1.4.4.4 Thyroid hormones

Thyroid hormones have been shown to be involved mto the regulation ofANG gene
expression. Thyoidectomized rats exhibited a significant decrease m plasma ANG level that
could be corrected by the administration oftriïodothyoiiine (T3) or thyroxine (T4) (Boulmik
et al., 1981; Clauser et al., 1983). Measurement of plasma ANG m thyroidectomized rats by
direct radioimmunoassay and the indirect enzymatic assay gave equivalent results, indicating
that the decrease is due to decreased production and not to increased consumption (Bouhnik
et al., 1982). Chronic hypothyroidism resulted m approxiinately a 50% decrease m plasma

26



0

u

ANG and ANG mRNA concentration in liver. In contrast, plasma ANG and liver ANG
mRNA levels were elevated by about 75% during hyperthyoidism (Hong-Brown and
Deschepper, 1992). In vitro studies with rat liver slices have also demonstrated that both the
hepatic content and the release of ANG are decreased by thyroidectomy and increased by
thyroid hormones (Clauser et al., 1983; Ruiz et al., 1987). In cultured rat hepatoma cell line,
T3 also increased ANG mKNTA concentration.

l .4.4.5 Angiotensin II (Ang II)

Angiotensm II increases plasma ANG levels. The current data support the concept
that there is a positive-feedback loop m which, as renin consumes ANG, the production and
release ofANG is stimulated by the final product, Ang II. Pharmacological doses of Aug II
increased plasma ANG levels in rats (Nasjletti and Masson, 1973; KhayyaU et al., 1973) and
dogs (Blair-West et al., 1974). Kohara et al (Kohara et al., 1992) demonstrated that plasma
Ang II increased the levels of liver ANG mRNA. It has also been shown that the addition of
Ang II to the perfusion medium would increase the rate of synthesis ofANG in the isolated
rat liver preparation (Nasjletti and Masson, 1973). In most studies, the administration of
ACE inhibitors resulted in a decrease of plasma ANG levels (Herrmann and Dzau, 1983;
RadzïwïQ et al., 1986).

Ang II-mediated increase ofUver ANG mRNA dépends on an inhibition ofadenylyl
cyclase, not on the stimulation of phospholipase C. Therefore, the agents known to aflfect
intraceUular Ça concentrations (i.e. calciïnycin, or methoxamine) faUed to influence the
snthesis ofANG (Klett et al., 1993). Recently, using transcription assays in ATI receptor-
complemented human hepatocytes, studies (Brasier and Li, 1996) have shown that the ANG
multihormonal response element, spanning nucleotide -615 to -470, is an Aug II-inducible
enhancer. Mutations in this region not only abolished Ang II induction of the transfected
ANG transgene, but also blocked NF-KB binding (Brasier and Li, 1996).
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Since Ang II induced mRNA increased very rapidly (Klett et al., 1993), it may
suggest that the Aug II-induced ANG level does not depend on de novo protein synthesis
but rather on an ANG post-translational modification, such as phosphorylation or
dephosphorylation. Ang II activated a 12-kDa protein that may interact with the 3'-
untranslated ANG mRNA and increase the half-life ofANG mRNA three to four-fold (Klett

et al., 1995). Although different mechanisms appear to be involved in the stabilization
process for the various mRNAs (Nielsen and Shapiro, 1990), a general feature appears to be
the bmding of proteins to recognition sites at the 3'-untranslated region of the mRNA, either
in the poly(A) tail region or somewhat upstream. In the later case, the base sequence
AUUUA (in a single or more frequently, in a multiple repeat) seems to be an essential signal.
The ANG mRNA does contain this sequence in its 3'-untranslated tail (Okhubo et al.,
1983). These results suggested that ANG level may be also regulated via stabilizing ANG
mRNA. This could also be in accordance with the transient change in cAMP, since such a
mechanism has been described as being responsible for the stabilization ofmRNA coding for
cytokines (GUlis and Malter, 1991; Malter and Hong, 1991).

1.4.4.6 Inflammation

Inflammation increases ANG levels, and is considered an acute-phase response
protein. Durmg injury, elevated plasma ANG levels were observed (Kageyan-ia et al., 1985;
Bing, 1972), Hoj Nielsen (1987) measured ANG with proven acute inflammatory disease
and a control group without infection that was matched with age and sex. The median value
of the plasma concentration of ANG was increased 70% in the inflammation group
compared with that of the control group. Kageyama et al. (1985) also demonstrated that
ANG mRNA in liver and brain increased 5-fold during the first 5-hr of injection with E.coli
lipopolysaccharide in rats.

A cis-acting DNA element, centered on a 16-base-pair palindrome (5'-
GTTGGGATTTCCCAAC-3'; N-552 / -537 from the transcription site) in the 5'-flanking
region of the ANG gene (Brasier and Li, 1996), was identified by DNase I footprinting, and
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was similar to the NF-KB transcription factor binding site. It was found to function in the
acute-phase response (i.e. transcriptional activation m response to cytokines) (Ron et al.,
1990a) and therefore was named as acute-phase responsive element (APRE). This element,
when fused upstream of a cytokine-unresponsive gene, confers a cytokine-responsive
phenotype. The APRE of ANG gene is flanked by two classic GREs (GREI and GREII)
located on -582 and -475 respectively. Some experunents have shown that glucocorticoids
are necessary for the increased ANG mRNA that is induced by cytokmes (Ron et al., 1990b;
Ohtani et al., 1992). Ron et al. (Ron et al., 1990e) have demonstrated that this synergistic
efiFect between cytokines and DEX is due to an interaction, m the cis region, between the
glucocorticoid-inducible GREs and the cytokine-inducible APRE.

It has reported recently that the NF-KB is regulated not only by the cytokines but
also by Ang II (Brasier and Li, 1996). NF-KB is a multiprotein complex encoded by different
genes. These members include Rel A (P65), Rel B NF-KB, (NF-kB P50), and NP-kB2 (NF-
kB P49) (Baeuerle, 1991). Rel A is a powerfiil transactivating NT-KB family member by
virtue of its unique COOH-terminal transactivating domain (Schmitz, 1991; Ruben et al.,
1992). By contrast, NF-KBI is an inert DNA binding protein (Blank et al., 1992; Palombella
et al., 1994). Rel A / NF-KBI heterodimers have slightly différent DNA bmding preference
than either protein alone, and in the appropriate ceU line they are mactivated by association
with inhibitory cytoplasmic protems. In resting hepatocytes, NF-KB is sequestered m the
cytoplasm though reversible interaction with a fanuly of inhibitory proteins termed I-KB
(Baeuerle and Baltimore, 1989; Urban and Baeuerle, 1990; Beg and Baldwm, 1993). I-KBa
binds to NF-KBI / Rel A though repetitive, conserved domams homologous to erythrocyte
ankyrin. In doing so, I-KB prevents DNA binding activity of Rel A and masks its nuclear
localization signal (Hatada et al., 1993). Cytokines, such as TNF-a activates NF-KB by
disruptmg its association with the I-KB inhibitor though a coupled phosphorylation-I-KB
degradation step, allowing the NF-KB complex to enter the nucleus, bmd to inducible
promoters, and stiinulate theu- transcription. TNF-a activates NF-KB though two
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mechanisms: (a) a phosphatidylcholme-specific phospholipase C coupled activation of an
acidic sphingomyelinase with fonnation of ceramide as a second messenger and (b) 1,2-
diacylglycerol formation resulting from PKC activation (Meichle et al., 1990; Bouscarel et
al., 1988; Wiegmann et al., 1992, 1994). Either of these pathways appears to be sufficient
to induce the proteolysis ofI-KB though a coupled phosphorylation / degradation pathway.

In contrast, on binding to the hepatocyte type I receptor, Ang II stimulates the
formation of 1,2-diacylglycerol with consequent PKC activation, mobilization of
mtracellular calcium, and inhibition of honnone-stimulated adenylate cyclase activity
(Murphy et al., 1991; Bouscarel et al., 1988; Griendling et al., 1986; Lang and Valloton,
1987). The demonstration that certain PKC isoforms are physically associated with the I-KB
molecule (kinases that can phosphorylate and inactivate this inhibitor in vitro) makes PKC a
likely candidate for coupling the activated ATI receptor to modulating NF-KB activity. This
finding provided a mechanism for the transcriptional component of ANG gene synthesis in
the positive feedback loop. The induction of the ANG gene by diverse physiological stimuli
is mediated through changes in the nuclear abundance of sequence-specific transcription
factors. The intracellular convergence of cytokine- and Ang II-induced signaling pathways
on the nuclear factor-KB transcription factor provides a point for "cross-talking" between
Aug II- and cytokine-activated second messenger pathways (Brasier and Li, 1996).

(J

1.5 cAMP RESPONSIVE ELEMENT (CRE) AND ITS BINDD^G PROTEINS (CREB)

1.5.1 cAMP responsive element (CRE)

Genes whose transcription is regulated by cAMP contain the palindromic sequence

5'-TGACGTCA-3', or close variations of it, in their promoter region (Deutsch et al.,

1988a; Roesler et al., 1988). This sequence is known as the cAMP responsive element
(CRE), and its mtegrity is required for transcriptional response to cAMP. Variant CREs
include asymmetrical or atypical sequences that differ jfrom the consensus motif by smgle or

30



Q

u

multiple nucleotide deletions or substitutions. Examples of these include CRE-like

sequences in the rat msulin (Philippe and Missoten, 1990), vasoactive intestinal polypeptide

(VIP) (Deutsch et al., 1988a,b), and rat ANG gene promoter. These CRE-like sequences

are stiU capable ofbindmg the regulatory factors and mediating transcriptional regulation by

cAMP, albeit to a lesser extent than the consensus palindromic CRE. The CRE sequence

may be repeated in a promoter, such as VIP gene promoter, where are two core-CRE

octamers are presented. Studies suggeste that two or more CRE sequences in a promoter
may come together to form a stable hairpin structure, to which the proteins bind much

stronger than to the individual CRE (Spiro et al., 1993).

The transcriptional activity of CRE is influenced by flaiiking sequences in different

promoters (Deutsch et al., 1988; Kanei-Ishii and Ishii, 1989; Lee et al., 1989). Such as the

CREs m somatostatin and VIP gene promoters behave differently m F9 embryonal
carcinoma cells. Both promoters exhibit a differentiation-dependent cAMP response
(Masson et al., 1992), they can be activated in differentiated F9 cells but can't be activated

in undifferentiated cells even in the presence of both CREB and the PKA catalytic subunit

(cPKA). However, somatostatin promoter can be activated by exogenous CREB and cPKA,

an increased levels are believed to overcome the negative effect of some mhibitors ofCREB

which is specifically expressed in undifferentiated cells. In contrast, exogenous CREB and

cPKA can't activate VIP promoter.

Not only CRE variants, but also consensus palindromic CRE sequences may be

different in basal activities and relative responsiveness to cAMP-induced traiiscriptional

activation. One reason for this variation is that the sequence adjacent to the core

palindromic octamer can mfluence the binding stability and / or transactivation functions of

proteins bound to the core CRE (Deuthsch et al., 1988). The flanking sequences can serve

as bmding sites for additional DNA-binding proteins that interact with proteins bound to the
core CRE octamer (Muro et al., 1992; Ikuyama et al., 1992; Mmer et al., 1993).
Additionally, flanking sequences can influence the stability of protein binding to the core
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octamer (Ryseck and Bravo, 1991). Results fi-om DNase I footprinting and methylation
interference experiments show that proteins in nuclear extracts and purified CRE-binding
protein (CREB) make base contacts that are well outside the core octamer (Andrisani et al.,
1988; Powers et al., 1989; Knepel et al., 1990; VaUejo et al., 1992). Consequently, it is not
surprising that sequences flanking the core CRE can mfluence the binding or fanction of
transcription factors bound to the CRE.

CRE fonction may also be influenced by additional trans-acting factors. CREB is a
member of the activatmg transcription factor multigene family, whose member has similar
DNA-binding specificity and can interact with CREs (Hardy and Shenk, 1988; Hyman et al.,
1988; Lin and Green, 1988). CRE in SV40 promoter showed inducible activity in cell lines
PC 12, NIH3T3 and CV1, but not in cell lines: L (mouse connective tissue), Hela (human
epitheloid carcinoma), KB (human epidermoid carcmoma), or A431 (human epidermoid
carcinoma). The cell-type specificity of the inducible enhancer activity of CRE was not
related to the extent of increase in the intracellular cAMP level by 8-Br-cAMP treatment.
These results raised the possibility that the CRE-binding trans-activator, which is responsible
for the inducible enhancer activity, exists only in cells such as PC 12 cells, indicating that the
cell-type specificity of constitutive enhancer is different from that of the inducible enhancer.
Taking together, these findings suggeste that there are at least two different trans-activators
bound to CRE that have diïferent cell-type specificity: one for mducible enhancer activity
and the other for constitutive enhancer activity. The selection of trans-activator bound to
CRE depends on the promoter, because the trans-activator bound to CRE and the factor
bound to the promoter must interact.

l .5.2 CREB Cell signal transduction

In ahnost all living organisms cells communicate by sending and receiving chemical
signals in the form ofneurotransmitters and hormones. These signals mduce specific cellular
responses, for example, changes in plasma membrane properties (ion channels or receptors),
cellular growth and metabolism, or gene expression, depending on the nature of the signal
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and the specific cell type involved. To elicit their actions, the signal neiu-otransmitter and
hormone molecules must first bind to specific high-afBnity cellular receptors that reside in
the cytoplasm (e.g., steroid homione receptors), in the nucleus (e.g., thyroid homione and
retinoid receptors), or on the cell surface (e.g., plasma hormone receptors) of target cells.
SmaU Upophilic molecules such as steroid homiones, thyroid hormones, and retinoids can
readily diffiise across plasma membranes. After gaining access to the ulterior of the ceUs,
these honnones bind to and activate nuclear or cytoplasmic receptors (Fuller, 1991;
Gronemeyer, 1992; Simons et al., 1992; O'MaUey, 1990; Beato, 1989). Often, the Ugand-
bound activated receptors are sequence-spect&c DNA-binding proteins that regulate the
transcription of specific sets of target genes. Larger and more complex ligands such as
peptide hormones cannot difituse across plasma membranes. These molecules bmd to and
activate receptors located on the plasma membranes of target ceUs (Dohlman et ai., 1991).
The activated cell surface receptors then transduce signals to the ulterior of the cell by
coupling to GTP-bmding proteins (G proteins) (Gilmaii, 1987; Simon et al., 1991) or to
autophosphorylate itself in respoiise to confonnational changes induced by the bmding of
ligand (UUrich and Schlessinger, 1991). Thereby the receptor serves as the communicative
link between the outside and inside of the cell. The active G proteins can be stunulatory (Gs)
or inhibitory (G;). The Gs protein activates adenylate cyclase leadmg to the production of the
important second messenger cAMP which in turn activates protein kinase A (PKA)
respectively (Hunter and Karin, 1992). Proteinases and the correspondmg phosphatases
(Cohen, 1989) are critically important in life processes because phosphorylation of proteins
and lipids is a universal mechanism for regulation. One major role of protein kinases and
phosphatases is to regulate the activities ofDNA binding proteins (transcription factors) that
interact with specific DNA control elements located in the promoter regions of gene and to
thereby activate or repress transcription (Ptashne, 1988; Mitchell and Tjian, 1989).

In many cases these signal transduction pathways lead to the nucleus in order to
regulate gene transcription. There are several well-characterized pathways by which signals
can be transmitted from the cell surface to the nucleus. These pathways can be
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conceptualized as having four components, or "messenger systems" (Meyer and Habener,
1993): fast, the Ugand / receptor / protein complexes; second, the activator substances (e.g.
cAMP, diacylglycerol, calcium-cahnodulin); third, the protein kmases; and fourth, the DNA
binding proteins (Fig. 1-3) (Meyer and Habener, 1993). Each of these messengers
individually consists of complex families of many related but distinct substances or proteins.

1.5.3 CREE and related proteins, CREM and ATF-1

Forty years have elapsed since the initial discovery of cAMP, the unportant second
messenger and mediator of cellular signal transduction (Sutherland, 1972). Subsequently
followed the discoveries of the cellular receptors that serve as sensor ofhonnones and other
extracellular signaling molecules, the transducers consisting of stimulatory GTP-binding
proteins (Oilman, 1989) involved in the signal transduction cascade ultimately leading to the
regulation of gene expression. It has been only during the past several years that the final
mediators in the cAMP-dependent signaUng cascade have been identified. These are the
cAMP-responsive transcription factors, DNA-binding proteins whose functions are to
stimulate or repress the transcription of target genes. The first described CRE-binding factor
is CREB (CRE-binding protein) with a molecular weight of 43 kDa and binds to the CRE of
the rat somatostatm gene. CREB was &st purified fi-om both PC 12 pheochromocytoma
cells and rat brain and found to stimulate transcription of the cAMP-responsive gene when
m dimeric form (Montminy and Bilezikjian, 1987; Yamamoto et al., 1988). One year later
Hoefi&er et al isolated a cDNA fi-om a human placental cDNA Ubrary, which encodes of 327
amino acids (CREB-327). (Hoeffler et al., 1988, 1989). After that, cDNAs encodmg
CREB-341 (Gonzalez et al., 1989) from rat brain, 505 ammo acids from human bram

(Maekawa et al., 1989), 130 kDa from Hela cells (Kihara, F. and Ariga, H., 1991), CREB-
BP (CRE-binding protein) 1,2,3 (Georgopoulos et al., 1992), CREB2 (Wmems et al.,
1992), CREBp (Blendy et al., 1996), etc. were reported independently. Sequence analysis
CREB m human (Hoeffler et al., 1990) and rat (Yamamoto et al., 1990) tissues revealed
that the CREB-327 and CREB-341 proteins are isoforms expressed from the same
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Fig. 1-3. Signal transduction pathways. The diagram depicts three representative pathways
involved in the conveyance of the environmental extracellular signal (peptide hormone ligands
bound to cell surface-located receptors Rl, R2, R3) to the nucleus where gene transcription is
controlled by phosphorylated DNA-binding proteins. The DNA-binding phosphoprotein CREB
is activated by the cAMP-dependent signalling pathway. The steps in the signaling pathways
are designated as first through fourth component messengers. Abbreviations: TRH, thyroid
hormone-releasing hormone; OLP-1, glucagon-like peptide-1; NPY, neuropeptide Y; PKA
protein kinase A; PKC, protein kinase C; CamK, calcium calmodulin kinase.(redrawn from:
Meyer&Habener,1993)
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homologous human and rat genes and differ by the presence or absence of an alternatively
spliced exon encodmg 14 amino acids. So far, at least three groups of cAMP-responsive
DNA-binding proteins have been clearly identified to bind to CRE sequence: CREB (cAMP-
responsive element binding protein), CREM (cAMP-responsive element modulator), and
ATF-1 (activating transcription factor 1). Like CREB, CREM and ATF-1 also exist as
multiple isoforms due to the alternative splicing of the primary mRNAs.

CREB, CREM, and ATF-1 are structuraUy similar (Fig. 1-4). They are aU the
members of a super-family known as bZIP proteins (table 1-1). bZIP proteins are so named
because of the structural similarity of their DNA-binding domains that consists of a basic
region (b) involved in recognition and bmdmg to DNA, and a leucine zipper (ZIP), a coUed-
coil stmcture with heptad repeats ofleucmes responsible for dimerization (Fig. 1-5). The
members in this family include inany other transcriptional factors such as jun, fos myc,
c/CBP, CRE-BP1, and the yeast cellular transcriptional activator protein GCN4 (Gill and
Ptashne, 1987; Hope et al., 1988). The basic region is approxiinately 30 amino acids m
length, is well conserved, and contains a relatively high proportion of the positively charged
amino acids lysine and argmine. The leucine zipper lies immediately c-terminal to the basic
region and consists of a region of amino acids with leucines occurring at every seventh
position. The leucine zipper fonns an amphipathic a-heUx, with hydrophobic residues
(including leucines) along one face of the heUx and hydrophilic residues along the opposite
face. Dimerization of bZIP proteins occurs by formation of a parallel coUed-coil structure
with the hydrophobia surfaces of two leucine zipper a-helices facing each other
(Landschultz et al., 1988; Vinson et al., 1989). Dimerization brings the positively charged
basic regions into a configuration that facilitates recognition of target DNA sequences
through contacts of the basic regions with nucleotides in the major groove of the DNA
helix. Dimers of bZIP proteins are thought to assume a Y-shaped structure in which the
stem of the Y is formed by the juxtaposed leucine zippers and the arms by the basic regions.
Evidence suggested that lysine residues 289 and 291 of the basic region are important for
the dimerization ofCREB (Andrisani and Dbcon, 1991), and the carboxyl-temiinal 66 amino
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acids are self-sufficient for DNA-binding and dimerization (Dwarki et al., 1990; Yun et al.,
1990). The amino terminal region of the CREB protein consists of a randomly-coUed
structure with a net negative charge, the counterpart of which has been showed to be
important in the transactivation fimctions of the yeast transcriptional activators, GAL4 and
GCN4 (Ma and Ptashne, 1987; Hope et al., 1988). The transactivating doinains of the yeast
proteins that stimulate transcription by KNA polymerase II are acidic with no obvious
sequence homology. These studies suggest that the extent of acidity/?er se may be related to

the potency of the transcription (Sigler, 1988; Ptashne, 1988; StruU, 1988) and may fonn
amphipathic a-helical structures (Giniger and Ptashne, 1987). Studies of the GCN4
transcription factors revealed that negatively charged a-helical regions correlate with
transcriptional activity (Struhl, 1988). Characterization of the stmctures of the relevant
transcriptional activation domains of other DNA-binding proteins indicate that the acidic,
glutamine rich (Spl: Courey et al., 1989;) and proline-rich (CTF/NF-1: Mermod et al.,
1989) domains are likely to be regions that function by contacting other proteins. The acidic

activation domain of the yeast GAL4 and mammalian ATF have been shown to facilitate the
formation oftranscriptional initiation complexes by interacting with the general transcription
factor, TFIID (the mammaUan TATA box binding factor) (Horikoshi et al., 1988).

The CREB genes from human (Hoeffler et al., 1990) and mouse (Cole et al., 1992)

have been isolated. The human CREB gene is located on the long arm of chromosome 2
mapped to 2q32.3-q34 (Taylor et al., 1990). The mouse CREB is located on chromosome 1
(Taylor et al., 1990). The CREB genes consist of multiple, at least 12 exons, spaiming an
estimated 80-100 kb (Hoeffler et al., 1990; Ruppert et al., 1992). CREB-327 and CREB-

341 differ by an alternatively spliced exon D encoding 14 amino acids (HoefQer et al.,

1990).

l. 5.4 Roles of CREB and CREM in the physiological regulation of gene transcription

Although the exact physiological role ofCREB has not been completely established,

increasing evidence indicates that CREB may regulate certain cellular processes in several
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tissues of the intact organism, includmg the testes, the pituitary gland, and the bram.

1.5.4.1 Testis:

The CREB and CREM genes are highly expressed in the testes. The primary
transcripts of these two genes undergo complex patterns of alternative splicing of exons
during both the postnatal developmental maturation ofspermatogenesis and the endogenous
cycling of the semmiferous tubules in the adult animal (Waeber and Habener, 1992). In
premeiotic germ cells the CREMa repressor isoform is expressed m low amounts. Durmg
the developmental transition of the spermatocytes through the pachytene stages, the
CREMï activator isoform is expressed and accumulates in high amounts. During the early
stage of spermatogenesis, when the round spermatids elongate to spennatozoa, a new
represser isoform of CREM, CREMAC-G, is expressed (Walker et al., 1994). These
cu'cumstances suggest that during spermatogenesis, CREM gene expression undergo a
biphasic transition of isoforms: fi'om represser, to activator, to reprcssor. These spUcing-
dependent changes in the transcriptional fimctions of CREM, along with the transitions m
CREB splicing, are proposed to have an important role in programmmg the expression of
cAMP-regulated target genes during spermatogenesis, although the detailed mechanisms
involved are not yet understood (Walker et al., 1995). Studies have demonstrated that
spermatogenesis requires CREM (Bertherat, 1996), and severe unpairment of
spermatogenesis in mice lackmg the CREM gene has been documented (Blendy et al.,
1996).

l .5.4.2 Anterior pituitary gland:

In the anterior pituitary CREB may be involved in the regulation of the cAMP-
dependent proliferation of somatotrophs. This is supported by loss-of-function experunents
in transgenic mice (Stmthers et al., 1991) and by gain-of-fimction experiments (Burton et
al., 1991). These experiments employed the transgenic mice carrying a chimeric gene
encoding an intraceUular form of cholera toxin under the control of the growth hormone
gene promoter. In these aiiimals cholera toxin specifically expressed in somatotrophs
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irreversibly stùnulates Gs protein-mediated activation of adenyl cyclase (AC), resulting m
permanently elevated concentrations of cAMP. The phenotype of mice carrying this
transgene is characterized by gigantism, hyperproliferation of somatotrophs, and pituitary
hyperplasia (Burton et al., 1991). A clinical correlate of these observations is found in
patients with pituitary adenomas due to constitutively active mutant forms of Gs proteins
(Landis et al., 1989). The possible existence of mutated CREB m other somatotrophy
adenoma has not been examined.

1.5.4.3 Brain:

In the brain, the distribution of mRNA encoding CREB and CREMï is difEuse,
whereas the distribution of mRNA encodmg repressor isoform of CREM is restricted to
specific areas (Mellstrom et al., 1993). This pattern of expression suggests that m the central
nervous system the presence of CREM antagonists may determine region-specific
differences in CREB- (or CREMï-) mediated responses to cAMP stimulation. Peripheral
hyperosmotic stimulation results in CREB phosphorylation in the hypothalamic supraoptic
and paraventricular nuclei (Borsook et al., 1994). In addition, osmotic stimulation results m
the induction of CREMa and CREMp in neurons of the supraoptic nucleus (Mellstrom et
al., 1993). These findings suggest that CREB and CREM be involved in the control of
hypo-thalamic homeostatic mechanisms that mamtain plasma osmolality.

CREB and CREM are also thought to play an unportant role in the physiological
mechanisms of the regulation ofcircadian rhythms (Ginty et al., 1993; Stehle et al., 1993)
that control neuronal and honnonal response to Ught-dark cycles.

Emerging evidence indicates that CREB is also required for the normal process of
higher bram functions such as memory consolidation (Frank and Greenberg, 1994; Stevens,
1994). Studies (Yin and TuUy, 1996; Goda, 1995) suggest that CREB plays a central role m
the formation oflong-tenn memory in drosophila, aplysia and mice. Agents that disrupt the
activity ofCREB specifically block the formation of long-term memory, whereas agents that
increase the amount or activity of the transcription factor accelerate the process. Analysis of
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mice carrying the targeted mutation m the CREB gene revealed a deficiency in long-term
memory although short-term memory is normal (Bourtchuladze et al., 1994). It is
hypothesized that CREB is pivotal in the switch from short-term to long-tenn memory (Yin
and Tully, 1996). The role ofCREB in memory consolidation is presumably related to the
cAMP-dependent transcriptional regulation of genes whose expression increases synaptic
strength in specific neuronal populations.

u

1.6 MECHANISMS OF CREB-INDUCED TRANSACTIVATION

Studies have shown that the transcriptional induction by cAMP is rapid, peaking at
30 mm and declining gradually over 24 hr (Sasaki et al., 1984; Lewis et al., 1987). This
burst in transcription is resistant to inhibitors of protein synthesis, suggesting that cAMP
may stimulate gene expression by inducmg the covalent modification rather than de novo
synthesis of specific nuclear factors. Since all of the known cellular effects of the cAMP
occur via the catalytic subunit of cAMP-dependent PKA, it appears likely that this enzyme
mediates the phosphorylation of factors that are critical for the transcription respoiise.

1.6.1 Phosphorylation of CREB, CREM and ATF-1 in the P-box

Studies on CRE-bmding proteins have discovered that the PKA phosphorylation
motif shared by CREB, CREMz, and ATF-1, RRPSY, is located m a region of
approxiinately about 60 amino acids known as the KID (kinase-induced domain) or P-box
(Fig. 1-5). This region contains an abundance of sermes and acidic residues arranged in
sequence motifs such that serines, and possible threonines, are phosphorylated by cAMP-
dependent PKA and possible also by several other protein kinases (Gonzale and Montminy,
1989; Roch, 1991; Gonzalez et al., 1991). Two glutamine rich regions (Ql and Q2) have
been found on both sides of the P-Box. Experunents have demonstrated that
phosphorylation ofCREB at Serl33 CREB is induced 6-fold in vivo, following treatment of
PC12 cells with forskolin (Gonzalez and Montminy, 1989). By contrast, no such induction
was observed in the PKA-deficient PC12 line A126. Inactivating the PKA phosphorylation
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site by in vitro mutagenesis of the cloned CREB cDNA at Serl33 completely abolished
CREB transcriptional activity (Gonzalez and Montmmy, 1989). It has been demonstrated
that Serl33 in CREB-341 corresponds to the Serll9 in the CREB-327 isoform, Serll7 in
CREMï, and Ser68 m ATF-1, respectively. Phosphorylation by PKA on these sites is
essential for protein fimction. PKA-deficient cell, are unable to stimulate somatostatin gene
transcription in response to forskolin (Montminy et al., 1986), and microinjection of the C-
subunit of PKA into cells can directly activate CRE-dependent transcription without
simultaneous addition ofcAMP (Riabowol et al., 1988). Increase m mtracellular cAMP has
been showed to induce the phosphorylation of CREB in vivo (Gonzalez and Montminy,
1989). Thus, the phosphorylation ofCREB in vivo at Serl33 is critical to the activation of
gene transcription by cAMP. Although the phosphorylation converts Serl33 or Serl 19 from
an uncharged into a negatively charged amino acid, it appears that the gain of a negative
charge per se is not suflBcient for CREB activation, because Serl33 can not be substituted
for by other negatively charged residues (Gonzale and Montminy, 1989). Therefore, the
mechanism by which phosphorylation by PKA activates CREB remains unclear. It has been
proposed that phosphorylation induces a conformational change in CREB that induces its
transcriptional activity (Brmdle er aZ., 1993; Gonzalez era/., 1991; Lee, 1990).

Increasing evidence indicates that Serl33 provides a common phosphorylation site at
which different signal transduction pathways converge. Thus, CREB mediates some of the
transcriptional changes observed after stimulation by membrane depolarization and calcium
influx into cells as a result of phosphorylation ofSerl33 by Ca+2 / cahnodulin-dependent
kinases (e.g., CaMK) (Enalen et al., 1994; Matthews et al., 1994; Schwaninger et al., 1993;
Bading et al., 1993). CaMK also phosphorylates CREM (DeGroot et al., 1993b). ATF-1
has also been shown to mediate Ca -induced transcriptional responses (Liu, 1993).
Therefore, CREB, CREM, and ATF-1 are common targets that integrate signals converged
by the activation of two different transduction pathways, one cAMP dependent and the
other Ca+2 / calmodulin dependent. Both Ca and cAMP-dependent pathways interact at
different levels of the signal transduction cascade. For example, cAMP-induced
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phosphorylation régulâtes the activity of specific voltage-sensitive Ca channels
(Sculptoreanu et al., 1993), and m turn, Ca affects the activity of certain phosphatases
(Cohen, 1989) and adenylyl cyclase isoforms (Katsushika et al., 1992; Yoshimura and
Cooper, 1992).

1.6.2 Glutamine-rich regions: Ql and Q2

CREB affects gene transcription through its transactivation domain that includes the
P-box/KID and its flanking glutamine-rich region, Ql and Q2 region. Mutagenesis studies
have revealed that the P-box ftuictions synergistically with the adjacent Q regioiis (Brindle et
al., 1993; Quinn, 1993). The deletions of Ql or Q2 result in a remarked reduction ofCREB
transcriptional activity (Brmdle et al., 1993 Gonzalez et al., 1991; Quinn, 1993). In the
absence ofphosphorylation by PKA, the Ql and Q2 domains are thought to be important to
maintaining the basal activity of CREB. Hybrid proteins consisting of the N-terminal
transactivation domain ofCREB (amino acids 1-248) fused to DNA bmding domain of B-
cell activator protein (BSAP-1) that bmds its regulatory element as a monomer, activate
transcription constitutively mdependent of phosphorylation by PKA (Krajewski and Lee,
1994). By mutational deletion analyses, the transactivational activity of the CREB/BSAP-1
hybrid protein appears to be mediated by the glutamme-rich region, not by the P-box/KID
domain. This activity may be due to the mteractions of the Ql and/or Q2 domains with other
transcription factors bound to neighbormg sites located in proximity to a CRE. It has been
proposed that the Ql and Q2 regions may provide interaction surfaces for the coupling of
transcription factors with specific activator proteins associated with the RNA polymerases II
complex and may result m the activation of transcription of target genes (Dynlacht et al.,
1991; Hoey et al., 1993). In vitro experiments have demonstrated that wild-type CREB,
but not Q2 mutant CREB, could bind to TAF 110, one of the protems associated with the
basic transcriptional machmery (Hoey et al., 1993; Brindle et al., 1993; Quinn, 1993; Ferreri
et al., 1994). Ql and Q2 regions may be corresponding to constitutive activator domains
that become exposed for interactions with target coactivator proteins upon phosphorylation
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of the adjacent KID by PKA (Brindle et al., 1993; Ferrieri et al., 1994; Quinn, 1993;
Krajewski and Lee, 1994).

l .6.3 CREB-binding protein (CBP)

CREB may activate gene transcription through interaction with another eflfector or
coactivator proteins, CBP (CREB binding protein), a large nuclear protein of 2442 amino
acid residues (265 kDa) (Chrivia et al., 1993). Analysis of the amino acid sequence ofCBP
deduced fi-om its cloned cDNA revealed the presence of at least three consensus
phosphorylation sites for CaMK-II and one for PKA, as well as two putative zinc finger
domains. In addition, the C-terminal region contains a glutamme-rich sequence that was
thought to be the transactivation domain. The CREB bmding domain, determined by
deletion studies (Chrivia et al., 1993), is located within the N-terminal region (Fig. 1-6).
Recently, a novel transcriptional activation domain in the N-terminal was identified by
deletion analysis (Bisotto et al., 1996). This domain consists of the first 714 amino acids of
CBP and is sufScient for high levels of transcriptional activity. CBP does not regulate the
DNA bindmg, dimerization, or nuclear targeting properties of CREB, but binds selectively
to the kinase-inducible 60 amino acid transactivation domain (KID) of CREB, critical for
PKA mducible transcription (Montminy et al., 1996). CBP is recruited to the CREB-DNA
complex in the promoter of target genes upon phosphorylation ofCREB. CREB mutated at
the PKA phosphorylation site did not allow CBP to activate expression.

CBP functions as a coactivator. Known CBP functions can be roughly divided into
sbc groups, ranging from the molecular to the organismal level: (1) it creates a physic bridge
between various transcription factors and the basal transcription machinery; (2) It is a potent
histone acetytransferases, which links transcription to chromatin remodeling; (3) it mediates
both negative and positive cross-talk between different signaling pathway; (4) it participate
in basic cellular functions, includmg DNA repair, cell growth, differentiation and apoptosis;
(5) it plays pivitoal roles in embryonic development; and lastly, (6) it fimctions as tumor
suppressor proteins and mutated in human cancers (GUes, et al, 1998, Goodman and
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Sniolik, 2000, Freedman,1999). CBP comprises two of seven known human histone
acetyltransferases (HATs) and it is also the only HATs capable of acetylating all 4 core
histones. Targeted (HAT) is thought to nutralize the positive charge of histone tails and
relax the interaction between histone and negative charged DNA. Targeted gene promoters
thus become accessible (Fig. 1-7) (Giles, et al, 1998). In this manner CBP mediates cAMP-
independent CREB-induced transcriptional responses. Microinjection of anti-CBP
antibodies into the nuclei of ceUs inhibits transcriptional responses elicited by cAMP
stimulation, suggestmg that CBP is essential for the activation of transcription of cAMP-
responsive genes.

The discovery ofCBP has revealed interesting implications for the alterations in gene
transcription elicited by certain vïral protems mediated via CRE-like elements. CBP contains
regions with ammo acid sequences homologous to those of equivalent regions in the protem
p300, another nuclear protem that interacts with the adeno virus El A oncoprotem and may
mediate ElA-induced proliferation of cells (Arany et al., 1994). Both proteins share 85-95
% similarity over several segments, one of which is also homologous to ADA2 (Arany et
al., 1994; Chrivia et al., 1993), a coactivator protein found m yeast (Berger et al., 1992).
Based on sequence similarities shared by p300 and CBP, it has been proposed (Arany et al.,
1994) that interactions between CREB and p300, as well as between viral El A (or its
putative cellular counterpart) and CBP may occur in cells. In addition, CBP interacts with
phosphorylated c-Jun (Arias et al., 1994), which activates gene transcription in response to
mitogenic stimuli. Accordingly, these interactions among CREB, CBP and p300 may
provide a molecular substrate for the observed effects elicited by cAMP on cell proliferation
and differentiation.

1.7 THE OBJECTIVES OF TfflS STUDY

Multiple factors are involved in the regulation ofANG gene expression, and some of
them function through the changes of intracellular cAMP levels. The mechanism of cAMP
has been revealed partly because of the discovery of CRE-binding proteins. Increased
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intracellular cAMP level results in the activation of PKA, which in turn phosphorylates the
43 kDa-CREB and /or related proteins. These phosphorylated proteins bind to the specific
sequences (CRE) of promoter in target genes and affect the gene transcription. Previous
studies m our laboratory on the DNA stmcture of the 5'-flankmg sequence of the rat ANG
gene showed that the DNA sequence of nucleotides N-795 / -788 (TGACGTAC) is almost
identical to the CRE (TGACGTCA) of the somatostatin (SOM) gene except that the last
two nucleotides are in reverse orders. With such a homology, we asked the question as to
whether the sequence ANG N-795/-788 could be a putative CRE-motif. Indeed, our gene
transfection experiments demonstrated that the addition of forskolin or 8-Br-cAMP
stimulated the expression of the pTKCAT (ANG N-806/-779), but not the mutants ofANG
N-806/-779 (Wang et al, 1999). These studies suggested that the DNA fi-agment ANG N-
796/-788 could be the CRE of the rat ANG gene. However, the inagnitude of the
intraceUular cAMP levels stimulated by either 8-Br-cAMP or forskolin as well as
isoproterenol just shows of the maxunum 2.5-3.0 fold over the control, even with the
introduction of extraneous 43 kDa-CREB cDNA (Ming et al., 1993; Ming et al., 1995;
Qian et al., 1996). This stunulation is relatively low compared with other expression system.
In human TSHp gene expression system, forskolin induced CAT activity by about 12-fold
(Hans, et al., 1991; Lee et al., 1990), and m human parathyroid homione gene expression
systein, forskolin stunulated the promoter activity up to 29-fold (Rupp et al., 1990).
Increasing doses of the drugs or the 43 kDa-CREB could not enhance the stunulated level
ofANG gene promoter (Qian et al., 1996). It seems that the cAMP-PKA-CREB pathway
was blocked. We speculate that there might be some inhibitory protem(s) that block the
stimulatory effect of the 43 kDa-CREB by either competing with the 43 kDa-CREB to bind
to ANG-CRE or interacting with the 43 kDa-CREB to form a complex and reduce the
binding ability of the 43 kDa-CREB to ANG-CRE. The objective of the present study is to
test the existence of this inhibitory protein(s), furthermore, to clone and characterize the
protein. The project was divided into three parts:
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Part A. To demonstrate the existence of the nuclear protein which bmds to ANG-
CRE and to answer the followmg questions:

l. Is there a nuclear protein binding to ANG-CRE?

2. Is this protem the same as the previous reported CRE-binding proteins?

3. What is the molecular weight of the ANG-CRE binding protein?

4. Does the protein show the ANG-CRE sequence specificity?

5. Does the protein exist in the dtfferent tissues?

Part 2. To clone the ANG-CRE bindmg protein. Based on the interactions between the
ANG-CRE and the protein, the synthetic oligonucleotide that represents the ANG-CRE
can be used to screen the cDNA expression library. Once the cDNA is cloned the
foUowmg questions will be answered.

1. What is the sequence of the cDNA and deduced amino acid of the ANG-CRE
binding protein?

2. Does the ainino acid sequence of the protein reveal a similarity to the members of
the bZIP superfanuly?

Part 3. Use transient gene transfection to investigate the biological fimctions of the
ANG-CRE binding protein

u
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2.1.MATERIALS
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2.3.PREPARATION OF SOLUTIONS

2.4 EXPERIMENTAL PROCEDURES

u

2.1 MATERIALS

2.1.1. Enzymes

All restriction and modifying enzymes were purchased from Bethesda Research
Laboratories (BRL), (Burlington, Ontario, Canada), or Boehringer-Maimheim, (Doval,
Quebec, Canada), or Pharmacia Inc., (Baie d'Urfe, Quebec, Canada).

2.1.2. Vectors

pGEM-3 was purchased from Fisher-Promega (Montreal, Quebec, Canada);
pcDNAI and PCRII were purchased from Invitrogen (La Jolla, CA, U.S.A.); pMalc was
purchased from New England Biolabs,Ldt.( Mississauga, Ont, Canada).

2.1.3. Oligonucleotides

AU oligonucleotides (see Fig. 2-1) were synthesized either in our lab. or purchased
from Bio-synthesis Inc. (Lewisville, TX, U.S.A.). Polynucleotide oligo (dI/dC),
(Cat.No.,27-7880), used for non-specific competition in gel shift assays, was purchased
fi-om Pharmacia Inc., (Baie d'Urfe, Que, Canada).

Synthesized oligonucleotides were double-stranded by mbdng the equal molar of the
sense and antisense in annealing buffer.
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A.

B.

ANG(N-806/-779)
SOM (N-59/-32)
PEPCK(N-101/-74)
TAT (N-3660/-3643)

CRE
AAGAGATTAO

GCCT CCTTG$CTGACGTl

AGGCCGGCCCl

CTGCAGCTT]

TTGACGT

CTTACGT

CTGCGTC

^CTGGATGCAA

ICAGAGAGAGAG

CAGAGGCGAGC

AGCGCCAGTA

ANG(wild type)
ANG(mutant l)
ANG(mutant 2)
ANG(mutant 3)

AAGAGATTAClTTGACGT]

AAGAGATTACFTTGACTT]

AAGAGATTAClTTG AAT T|

AAGAGATTACITTATATTJ

iACTGGATGCAA

ACTGGATGCAA

ACTGGATGCAA

^CTGGATGCAA

Fig. 2-1. A. Sequences of the cAMP responsive element (CRE from angiotensinogen gene (ANG-CRE);
somatostatin gene (SOM-CRE)(Montminy, MR et al., 1986); phosphoenopyruvate carboxylkmase gene
(PEPCK-CRE)(Bokar, JA et al., 1988) and tyrosine amino transferase gène (TAT-CRE)(Ganss, R et al.,
1994). B. Sequences of the wild type and mutants ofangiotensinogen gene CRE used in the experiments.
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CRE
-795/-788

CCATGGCC|AAGAGAtTTACTlTGACGTAClTGGAÎGCA|AGGCAAGTTAG

Î06 / -796
-800 /-1783

814 / -796
-787 / -768

n
-806/-780(ANG-CRE)

Fig. 2-2. Schematic diagrams of the oligonucleotides used in the gel mobility shift and southwestern
blot assays. The corresponding locations on the rat angiotensinogen gene are marked.
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2.1.4. Protems

The basic leucme-zipper domain of the cAMP responsive element binding protein
(CREB), (bZip, amino acid 254-327, Cat.No., sc-4002); Activating transcription factor-
1(ATF-1 amino acids 39-271, Cat.No., sc-4006); and cAMP responsive element modulator
(CREM, full length, Cat.No. sc-4005) were all purchased from Santa-Cruz Biotechnology,
Inc., CA, U.S.A.

2.1.5. Antibodies

Rabbit polyclonal (Cat. No., sc-58A) and monoclonal (Cat. No., sc-240) antibodies
against CREB were purchased fi'om Santa-Cruz Biotechnology Inc., CA, U.S.A. Goat anti-
rabbit IgG (H+L) horseradish peroxidase conjugate, (Cat. No. 172-1013) was purchased
from Bio-Rad, Laboratories (Canada) Ltd, (Mississauga, Ont, Canada).

2.1.6. Proteinase mhibitors

Aprotinm, (Cat. No., A-4529); leupeptins, (Cat. No., A-2884); antipain, (Cat. No.,
A-6271); PMSF, (Cat. No., A-7626); and DTT, (Cat. No., A-0632) were aU purchased
from Sigma, (St. Louis, MO, U.S.A.). AEBSF, (Cat.,No., 1429 868) was purchased from
Boehring Mannheim, (Lavai, Que, Canada).

2. l.7. Antibiotics

Ampicillin was purchased fi-om Boehringer Mannheim (Lavai, Que, Canada).
Kaiiamycin was purchased from Sigma, (St. Louis, MO, U.S.A.).

2.1.8. 8-Br-cAMP and dexamethasone (DEX)

8-Br-adenosine-3', 5' monophosphate cycUc (8-Br-cAMP), (Cat.No. B7880), and
Dexamethasone CDEX), (Cat.No. D9402), were purchased fi-om Sigma, (St. Louis, MO,
U.S.A.).

2. l.9. Kits
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Polymerase reaction chain (PCR) Kit was purchased fi-om Perkin Elmer Cetus, (CA.,
U.S.A.). Gene clean II kit was purchased from BiolOl Inc., (La JoUa, CA, U.S.A.). PCR II kit
was purchased from Invitrogen (La JoUa, CA, U.S.A.). DNA sequencing kit (T7) and
T7QuickPrimeTM kit were purchased fi'om Pharmacia Inc., (Baie d'Urfe, Que, Canada). Phage
DNA purification kit was purchased from Qiagen Inc. (Chatsworth, CA, U.S.A.).

2.1.10.CeUs

Opossum Kidney (OK) cells and mouse hepatoma (Nepal-6) cells were purchased from
the American Type Tissue Culture CoUection (ATCC) (Rockvme, MD., U.S.A.); the bacterial
strains HB 101, JM109, TB-1 were purchased from New England Biolabs Ltd, (Mississauga,
Ont, Canada). DH5a competent cell was purchased from GIBCO BRL, (Burlington, Ont.
Canada).

2.1.11. Animals

BabVc mouse and New Zealand white rabbits were purchased from Charles River Inc.
(St. Constant, Que. Canada).

2.1.12. Radioactive isotopes

32P-a-dCTP (800 ci / mmol), 32P-Y-ATP (3000 ci / mmol), 32P-a-CTP (3000 ci/mmol),
and 35S-dATP (>1000 ci/mmol) were aU purchased from New England Nuclear, Dupont
(Boston, MA. U.S.A.).

2.1.13.DNAUbrary

Mouse liver cDNA library, (Cat.No., ML10356, Lot. No., 27415) was purchased from
Bio/Can Scientific (CloneTech.) (La JoUa, CA. U.S.A.).

2.1.14. Others

CeU culture medium, DMEM was purchased from GIBCO BRL, (Grand Island, N.Y.,
U.S.A.). Protein dye and HRP color development reagent, 4CN (4-chloro-l-naphtha 1) were
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purchased fi-om Bio-Rad, Laboratories (Canada) Ltd, (Mississauga, Ont, Canada); Sephadex-50
was purchased fi-om Pharmacia Inc., (Baie d'Urfe, Que, Canada). Nitrocellulose membrane, was
purchased fi-om S&S, distributed by Mandel Scientific Company Ltd. (Guelph, Ont, Canada), or
from Dupont, Boston, (MA, U.S.A.); and Plastic petri dishes, was purchased from Polar Plastic
Ltd., (St. Laurent, Que, Canada).

u

2.2 EQUIMENT

2.2.1. Centrifuge

Microcentriiuge, Model 235C, Fisher Scientific Ltd., (Montreal, Que. Canada);
Beckman L8-70M Ultracentrifuge, Beckmen Instrument Inc., (Alto, ÇA, U.S.A.); and SorvaU
RC-5B Refi'igerated Superspeed Centrifiige, Dupont Canada Inc., (Mississauga, Ont., Canada).

2.2.2. Electrophoresis

Horizon 11.14 and 58, and Model S2, Bethesda Research Laboratory (BRL),

(BurUngton, Ontario, Canada). Protean II Xi CeU and Transblot CeU, Bio-Rad Laboratories
(Canada) Ltd, (Mississauga, Ont, Canada).

2.2.3. Sonifier Cell Disrupter

Model W185D, Heat System-Ultrasonics, Inc. (Plainview, NY, U.S.A.).

2.2.4. DNA synthesizer

391, AppUed Biosystems (Foster City, CA., U.S.A.)

2.2.5. Thermostatic circulator,

2219. multitemp II; LKB, Bromma.

2.2.6. Gel dryer
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Model 583, and Vapor Tra, Bio-Rad Laboratories (Canada) Ltd (Mississau Ont,

Canada).

2.2.7. CÛ2 incubator,

Moquin Premier; Par/by Revco.( Montreal, Que. Canada)

2.2.8. Speed vac. concentrator

(Savant) (Montreal, Que. Canada)

2.2.9. DU-6 Spectrophotometer

Beckmen Instrument Inc., (Alto, CA, U.S.A.).

2.2.10. DNA Thermal cycler,

Perkin Ehner Cetus, (ÇA, U.S.A.).

2.2.11. IS-1000 digital imaging system,

Alpha Innotech Corporation (U.S.A.)

u

2.3 PREPARATION OF SOLUTIONS

2.3.1. General stock solutions

2.3.1.1 Glucose (IM):

Glucose was dissolved in water at the concentration of IM. The solution was sterilized

by filtration, and stored at RT.

2.3.1.2 Tris-HCl (l M, pH 8.0):

Trise base was dissolved in water. The pH of the solution was adjusted with the

concentrated HC1 to 8.0. The solution was stored at RT.
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2.3.1.3 EDTA-Naz (0.5 M):

EDTA-Nâ2 was dissolved m water and the pH was adjusted to 8.0 with NaOH. The
solution was stored at RT.

2.3.1.4 NaOH(lON):

NaOH was dissolved in water at the concentration of 10 N. The solution was stored at

RT.

2.3.1.5 SDS(20%):

SDS was dissolved in water. The pH was adjusted with NaOH to 7.0. The solution was
stored at RT.

2.3.1.6 NaAc (3 M, pH 5.2):

NaAc was dissolved in water. The pH was adjusted to 5.2 with HC1. The solution was
stored at RT.

2.3.1.7 TBE (20 X, pH 8.3):

To prepare 1000 ml: 216 g Tris base; 110 g boric acid; and 15 g EDTA-Naz were
dissolved in 950 ml ofdHzO. The pH was adjusted to 8.3. The solution was stored at RT.

2.3.1.8 TAB (50 X):

To prepare 1000 ml: 242 g Tris base was dissolved in 843 ml ofdHsO. 57.1 ml of
glacial acid, and 100 ml of 0.5 M EDTA-Naz (pH 8.0) were added. The solution was stored
atRT.

2.3.1.9 KC1(3M):

KC1 was dissolved m dHz 0 at the concentration of 3 M, the solution was autoclaved and

stored at RT.

2.3.1.10MgCl2(lM):

MgClz was dissolved m dHz 0 at the concentration of l M, the solution was autoclaved
and stored at RT.
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2.3.1.11Naci (5 M):

NaCl was dissolved in dHz 0 at the concentration of 5 M, the solution was autoclaved

and stored at RT.

2.3.1.12 KAc (5 M):

KAc was dissolved in dHz 0 at the concentration of5]Vt and the solution was stored at

RT.

2.3.1.13NaH2P04(lM):

NaH2P04 was dissolved m dHzO, autoclaved and stored at RT.

2.3.1.14K2HP04(1M):

K2HPÛ4 (l M) was dissolved in dHsO, autoclaved and stored at RT.

2.3.1.15 HEPES (l M, pH 7.6):

HEPES was dissolved in water. The pH was adjusted to 7.6 with KOH. The solution
was autoclaved and stored at 4 C.

2.3.1.16 Spemiin (0.5 M):

Spermm was dissolved in water, and stored at -20 C in aliquots.

2.3.1.17Spermidme(lM):

Spermidine was dissolved in water and stored at -20 C in aliquots.

2.3.1.181PT0 (l M):

IPTG (isopropyl-B-thiogalactopyranoside) was dissolved in water and stored at -20
°C in aliquots.

2.3.1.19Dendhardt(50X):

K2HPÛ4 Poplyvinylpyrrolidone (PVP), bovine sérum albumin (BSA) and Ficoll were
dissolved in water at the final concentration of 1% each, sterilized by filtration and stored at
-20 °C.
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2.3.1.20 Sahnon (or herrmg) spermDNA (10 mg / ml):

Desired amount ofDNA was cut with a clean scissors and dissolved in water at the

concentration of 10 mg/ml. The DNA was sheared by passing solution once forcefully
through a 23-gauge needle, and then stored at -20 C in aliquots.

2.3.1.21 Antibiotics solutions

Sodium salt of ampicillin (or tetracycline) was dissolved m water at the
concentration of 25 mg/ml. The solution was sterilized by filtration and stored in aliquots (1
ml / tube) at-20 °C.

2.3.1.22 RNase A (or T l) stock solution:

RNase A (or Tl) was dissolved in 10 mM Tris-HCl (pH 7.5) at the concentration of
10 mg /ml, aliquoted and stored at -20 C.

2.3.1.23 Proteinase K stock solution:

Protemase K was dissolved in water at the concentration of 10 mg /ml. The solution
was heat at 100 °C for 15 min and cooled down to RT. Then the solution was aliquoted and
stored at -20 °C.

2.3.1.24 Aprotinin (Trasylol):

Aprotinin was dissolved in 0.01 M HEPES (pH 8.0) at the concentration of 10 mg /
ml.

2.3.1.25 Leupeptins:

Leupeptins was dissolved in auto laved water at the concentration of 10 mg /ml.

2.3.1.26 PepstatinA:

Pepstatm A was dissolved in ethanol at the concentration of l mg / ml.

2.3.1.27 Antipam:

Antipain was dissolved in autoclaved water at the concentration of l mg/ml.
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2.3.1.28 PMSF (phenyhnethy-sulfony fluorid):

PMSF was dissolved in isopropanolol at the concentration, 1.74 mg / ml (10 inM).

2.3.1.29 AEBSF (Pefabloc SC):

AEBSF was dissolved in water at the concentration of 100 mg / ml.

2.3.1.30 DTT (dithiothreitol):

DTT was dissolved in autoclaved water at the concentration of l M.

2.3.1.31 LB bacteria culture medium

LB broth: 10 g ofbacto-trypone, 5 g of yeast extract, and 10 g ofNaCl were
dissolved in 1 liter of water, autoclaved, and then stored at RT or 4 °C.

2.3.2. Solutions for plasmid DNA extraction

2.3.2.1 Solution I:

The foUowing stock solutions were mixed at the final concentration: glucose, 0.1 M;
Tris-HCl, 25 mM; and EDTA-Naz, 50 mM.

2.3.2.2 Solution II:

The NaOH and SDS stock solutions were diluted and mked at the final

concentrations, 0.2 N and 1 %.

2.3.2.3 Solution III:

The KAc and glacial acetic acid stock was diluted and mixed at the final
concentration, 3 M and 11.5%.

u

2.3.3. Solutioiis for transformation

2.3.3.1 FSB:
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The following chemicals were dissolved in water at the final concentrations: KAc, 10
mM; KC1, 100 mM, MnClz^HzO, 45 mM, CaCls^HzO, 10 mM, and HACoCla (hexammine
cobalt (III) chlorid), 3 mM. Glycerol was added to 10%, autoclaved and stored at 4 C.

2.3.3.2 SOB:

The following were dissolved in water at the final concentrations: bacto-tryptone,
2%; yeast extract, 0.5%; Nad, 0.0584%; and KC1, 0.0186%, autoclaved and stored at 4 OC.

2.3.3.3 SOC:

The following stock solution were added into SOB at final concentrations: MgClz, 10
mM, MgS04, 10 mM, and glucose, 20 mM, autoclaved and stored at 4 OC.

2.3.3.4 Denaturation bufifer:

NaCl and NaOH were dissolved in water at the concentrations of 1.5 M and 0.5 M

respectively. The solution was stored at RT.

2.3.3.5 Neutralization buffer:

The Tris base and NaCl were dissolved in water at the concentrations of l M and 1.5
M respectively. The pH was adjusted to 8.0 with HC1. The solution was stored at RT.

2.3.4. Solutions for the DNA sequencmg

2.3.4.1 NaOH(2N):

ION stock solution was diluted to 2 N with dïÏ20.

2.3.4.2 TBE (l X):

20 X stock solution was diluted to l X.

2.3.4.3 Polyacrylainide urea gel (PAG) (8%):

Polyacrylamide and N,N-methylene bisacrylamide were dissolved in water. Then 20
X TBE and urea were added. When the urea was dissolved completely (with help of
heating)), the solution voliune was made up with water to the final concentrations:

55



n
polyacrylamide, 7.6%; N, N-methylene bisacrylamide, 4%; TBE, l x; and urea, 8 M. The
solution was filtered with a 3 -MM Whatman filter, and then stored in a brown bottle at RT.

2.3.4.4 Ammonia persulfate (0^4)28208) (10%):

Ammonia persulfate was dissolved in water at the concentration 10%, and stored at
4°C.

u

2.3.5. Solutions for nuclear extract from cultured cells

2.3.5.1 Buffer A:

The followmg stock solutions were diluted and mixed at the final concentrations:
HEPES, 10 mM; KC1, 10 mM; MgClz, 1.5 mM; and DTT, 0.5 mM.

2.3.5.2 Buffer B:

The following solutions were diluted and mbced at the iinal concentrations: HEPES,
0.3 M; KC1, 1.4 M; and MgClz, 0.03 M.

2.3.5.3 Buffer C:

The following took solutions were added into 25% glycerol solution at the
concentrations: HEPES, 20 mM; NaCl, 420 mM; MgCl;, 1.5 mM; EDTA-Nas, 0.2 mM; and
DTT, 0.5 mM.

2.3.5.4 Buffer D:

The following stock solutions were added mto 20% glycerol solution at the
concentrations: HEPES, 20 mM; KC1, 100 mM; EDTA-Na2, 0.2 mM; and DTT, 0.5 mM.

All solutions were stored at 4 C. Just before use, proteinase inhibitors were added
to the buffers at the final concentrations: Aprotinin, 1-2 p.g / ml; leupeptins, 1-2 ^ig / ml;
Pepstatin A, l pg / nil; Antipam, 1-2 i^g /ml; PMSF, 100 |ig / ml (or AEBSF, 96-958 ^ig /
inl).
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2.3.6. Solutions for nuclear extract fi'om fresh tissues

2.3.6.1 Sucrose cushion:

Sucrose was dissolved in 10% glycerol solution at the final concentration 2 M
(heating might be needed). Then the following stock solutions were added to the final
concentrations: HEPES, pH 7.9, 10 mM; KC1, 15 mM; spermine, 0.15 mM; spennidine, 0.5
mM; and EDTA-Nas, l mM.

2.3.6.2 Homogeiiization buffer (H buffer):

Sucrose was dissolved in 5% glycerol solution at the concentration of 2.2 M. Then
the following stock solutions were added to the final concentrations: HEPES, pH 7.9, 10
mM; KC1, 15 mM; spermine, 0.15 mM; spermidine, 0.5 mM; and EDTA-Nâ2, l inM.

2.3.6.3 Lysis bufifer (L buffer):

The following stock solutions were added to a 10% glycerol solution at a final
concentration: HEPES, pH 7.9; KC1, 100 mM; MgC^, 3 mM; and EDTA-Naz, 0.1 mM.

AU solutions were stored at 4 "C. Just before use, the proteinase mhibitors were
added at the concentrations: Aprotmin, 1-2 (^g / ml; leupeptins, 1-2 p,g / ml; Pepstatin A, 1
|ig / ml; Antipain, 1-2 [ig /ml; PMSF, 100 i^g / ml (or AEBSF, 96-958 ^g / ml).

2.3.6.4 Dialysis buffer:

The following stock solutions were diluted and mixed at the final concentration:
glycerol, 20%; HEPES, 20 mM; KC1, 0.1 mM; EDTA-Naz, 0.2 mM; and DTT, 2 mM.

u

2.3.7. Solutions for gel mobility shift assay

2.3.7.1 TBE(0.25X):

20 X TBE stock was diluted with water to 1 X.

2.3.7.2 Poly(dI/dC):
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Double strand polynucleotide was dissolved with water at the concentration of 1
|j,g/)xl. For high molecular weight molecule (> 800 bp), the sonication was needed. The
solution was incubated at 45 °C for 1 hr, aliquoted, and stored at -20 °C.

2.3.7.3 Bovme serum albumin (BSA)(l^ig / p.1) solution:

B SA was dissolved with autoclaved water at the concentration, and then stored at -

20 °C m aliquots.

2.3.7.4 Binding buffer (5 X):

The following stock solutions were nuxed with 50 % glycerol solution at the final
concentrations: HEPES, 20 mM; KC1, 50 mM; spenmdme, 2 mM; EDTA-Naz, l mM; DTT,
l mM; and PMSF, 0.5 mM. The buflfer was aUquoted, and stored at -20 OC.

2.3.7.5 Polyacrylamide gel (6 %):

50% polyacrylamide gel(A/B = 49 / l) was dUuted with 0.25 X TBE buffer to the
final concentration.

2.3.7.6 Loading dye:

Bromophenol blue was dissolved in 10% glycerol at the concentration of 0.02%.

u

2.3.8. Solutions for Western and Southwestern blots

2.3.8.1 Polyacrylamide gel (30%) stock:

Polyacrylamide and N, N-methylene bis-acrylamide were dissolved m water at the
concentrations, 29% and 1% respectively. The solution was stored at RT.

2.3.8.2 Gel buffer (4 X):

Tris base was dissolved in 0.4% ofSDS solution at the final concentration of 1.5 M.

The pH was adjusted to 8.8 with HC1, and then the buffer was stored at RT.

2.3.8.3 Stacking gel buflTer (2 X):
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Tris base was dissolved in 0.2% SDS solution at the final concentration of 0.25 M.

The pH was adjusted to 6.8 with HC1, and the buffer was stored at RT.

2.3.8.4 Electrode buffer (10 X):

Tris base and glycine were dissolved in 1% SDS at the concentrations of 0.25 M
and 14.4% respectively. The pH should be 8.3.

2.3.8.5 Sample buffer (2 X):

Tris base and bromophenol blue were dissolved in 4% of SDS at the
concentrations of 0.125 M and 0.02% respectively. Then, the glycerol and B-
mercaptoenthanol were added at the concentrations of 10% and 4%. Finally, the pH was
adjusted to 6.8 with HC1.

2.3.8.6 Protein staining dye:

Coomassie briUiant blue was dissolved m 10% acetic acid 50% methanol at the

concentration of 0.2%.

2.3.8.7 Destaining buffer:

Methanol was added into 10% acetic acid solution at the concentration of 30%.

2.3.8.8 Transfer buffer:

Tris base and glycine were dissolved in 20% methanol at the concentration of 0.24%
and 1.15% respectively. The pH was adjusted to 8.3 with HC1.

2.3.8.9 Protein / DNA bindmg buffer:

The following stock solutions were added into 0.25% non-fat milk with the final
concentrations: HEPES, 10 mM; MgClz, 10 mM; NaCl, 50 mM; EDTA-Naz, 5 mM; and
glycerol, 2.5%.

2.3.8.10 Blotting buffer:

Non-fat milk powder was dissolved in bmding buflfer at the concentration of 5%.
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2.3.9. Solutions for cloning

2.3.9.1 Maltose (20%):

Maltose was dissolved in water at the concentration of 20%, sterilized by filtration
and stored at 4 °C.

2.3.9.2 MgSÛ4(lM):

MgS04 was dissolved in water at the concentration of 1 M, autoclaved and stored at
RT.

2.3.9.3 Lamda diïution buffer (LDB):

NaCl and MgSÛ4 were dissolved in 35 mM ofTris-HCl (pH 7.5) at the final
concentration of 10 mM each.

2.3.9.4 Denature buffer (for cDNA probe):

See: 2.3.29.4.

2.3.9.5 Neutralization buffer (for cDNA probe):

See: 2.3.29.5.

2.3.9.6 Hybridization buffer (for cDNA probe):

The following stock solutions were diluted and mixed at the final concentrations:
deionized formamide, 50%; SSC, 5 X; denhardt, 5X; and SDS, 1%.

2.3.9.7 Hybridization buffer (for double strand oUgonucleotide probe):

The DNA / protem bmding buffer: (see 2.2.11.9).

2.3.9.8 Wash buffer (SSC / SDS):

SSC and SDS stock solutions were diluted and mixed at the final concentrations: 2

X and 0.05%.

2.3.10. Solutions for fiision protein

2.3.10.1 Sonication bufifer:
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The NaïÎ2P04 and NaCl stock solutions were diluted and mixed at the
concentrations of 50 mM and 300 mM respectively. The pH was adjusted to 7.8 with
NaOH.

u

2.4 EXPERIMENTAL PROCRDURES

2.4.1. Preparation ofplasmid DNA

2.4.1.1 Mini-Prep

A single bacterial colony was picked and inoculated m lOinlofLB medium which
contained AMP (50 p.g/ml). The tube was shacked at 2,500 rpm, in a 37 "C incubator
overnight. Next day, 1.5 ml of the overnight culture was transferred into a microcentrifage
tube and centriftiged for 1 min. The bacterial pellet was resuspended in 100 i^l of solution I.
The suspension was left on ice for 5 min. Then 200 p.1 of solution II was added and mixed
well. The tube stood on ice for 5 min, 150 [û of solution III was then added, mixed and
stood on ice for an additional 5 min. The tube was centrifuged at 4 C for 10 min and the
supernatant was transferred into a fresh microcentrifage tube. Equal volume of phenol /
chloroform was added. The tube was vortexed for 30 sec, and centrifiiged at RT for 5 min.
The aqueous phase was transferred mto a fi-esh microcentrifage tube, and 2 volume of 95 %
alcohol was added. The tube stood at -80 °C for 15 min. The tube was centrifaged at 4 OC
for 5 min., the DNA pellet was washed once with 1 ml of75 % alcohol, and vacuum-dried.
Subsequently the pellet was resuspended in 100 ^il ofdHzO. Then, 1 ^1 of5M NaCl, 5 [û of
RNase A, and 5 ^il ofRNase Tl were added. The tube was incubated at 37 °C water bath
for 1 hr. Then 1 ^1 of 20 % SDS and 5 ^1 ofproteinase K were added. The tube was further
incubated in at 37 °C for an additional 1 hr, and 100 [d ofphenoV chlorofonn was added.
The tube was vortexed and centrifuged for 5 mm. The aqueous phase was transferred into a
new microcentrifiige tube, and 0.5 volume of 7.5 M N^Ac and 2.5 volume of 95 % alcohol
were added. The tube was kept at -80 C for 30 min. Then the tube was centrifuged for 5
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min to pellet the DNA. The DNA pellet was washed once with 0.5 ml of 75 % alcohol, and
vacuum dried, then resuspended in 10 |^1 ofdHzO for analysis or stored at -20 OC until use.

2.4.1.2 Maxi-prep

200 [il of bacterial firom mini-culture or storage was moculated in 250-500 ml ofLB
medium containing 50 ^g/ml of AMP. The bottle was shaked at 2,500 rpm, in a 37 C
incubator overnight. Next day, the bacterial culture was centrifiiged at 2,500 g (Sorvall,
GSA rotor, 4000 rpm) to pellet the bacteria. The pellet was resuspended in 15 ml of solution
I, and left on ice for 10 inin, and then 30 ml of solution II was added, mbced and the tube

was kept on ice. After 10 min, 22.5 ml of solution III was added, mixed well and the tube
was left on ice for an additional 10 min. The bacterial rmxture was centrifuged at 8,000 g
(SorvaU GSA rotor, 7000 rpm) for 30 min. The supernatant was transferred to a new tube
by passmg two layers of cheesecloth. 2 volume of 95 % alcohol was added, mixed and the
tube was stood at RT for 10 min, and centrifùged at 10,000 g (SorvaU, GSA rotor, 8,000
rpm) for 30 min. The DNA pellet was resuspended in 4.5 ml of TE buffer, and aliquoted
into 5 microcentrifuge tubes (1 ml / tube). 0.5 inl of 7.5M NIl^Ac was added into each
microcentrifuge tube, and kept the tubes on ice. After 30 min. the tube was centrifuged at 4
°C for 5 min. The supernatant was pooled into a 15-ml Corex tube, and 15 ml of95 % cold
alcohol was added. The tube was kept at -80 C for 2 hr or more, and then centrifaged at
17,000 g (SorvaU, SS-34 rotor, 12000 rpm) for 30 inin to peUet the DNA. The DNA was
vacuum-dried, and resuspended in 1 ml oflX TE, and aUquoted into 5 microcentrifuge
tubes (200 fxl / tube). 2 {^1 of5 M NaCl, 10 |Lil ofRNase A, and 10 [û ofRNaseTl were
added. The tubes were incubated in 37 °C water bath for 1 hr. Then 2 ^1 of 20 % SDS, 10
p.1 ofproteinase K was added. The tubes were further incubated m 37 C water bath for 1 hr.
Then, the DNA solution was extracted once with an equal volume of phenoVchloroform.
The aqueous phase was transferred into fi-esh irucrocentrifiige tubes, and 1/10 volume of 3
M NaAc and 2.5 volume of 95 % alcohol were added, mked. The tubes were kept at -80 C
for 2 hr or more, and then centrifuged at 4 C for 5 min. The DNA pellet was washed with
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0.5 ml of 75 % alcohol, vacuum-dried, and resuspended m 50 (or more) [d ofdHzO. The

DNA was ready to be used.

2.4.2. DNA sequencing

2.4.2.1 Preparation of sequencing gel

The glass plates were cleaned with Windex and 75% alcohol, and sUiconized with
Sigmacote. Two plates were separated by a pair of spacer and immobilized with plastic
tapes. 80-100 ml of 8 % polyacrylamide urea solution was mixed with 250 [d ofTEMED
and 175 p.1 of 10 % ammonia persulfate m a squeeze bottle, and then carefully poured into
the space of two glass plates. The plates with the polyacrylamide urea solution was left
polymerize at RT for at least 2 hr or more.

2.4.2.2 Sequencmg reaction with T7-DNA Sequencing Kit

2-3 [ig of plasmid DNA (from inaxi-prep or mini-prep) was pipetted into a
microcentrilùge tube and made up the volume to 8 p.1 with dHzO. Then 2 ^il of 2 N NaOH
was added, mixed, and incubated at RT for 10 min. Then 3 p,l of 3 M NaAc, 7 p.1 ofdHzO,
and 60 ^il of 95% alcohol were added m order. After nuxing, the tube was kept at -80 C for
30 min or more, and then centriïuged at 4 C for 10 min. The supernatant was aspirated
carefully. The DNA peUet (might not be seen) was washed once with 100 pl 75% alcohol,
and vacuum-dried. The DNA pellet was resuspended m 10 p,l ofdHzO, mbced with 2 (J,l of
annealing buffer, 2 p.1 of primer (10 (J.g/ml) and incubated the m 37 "C water bath for 15
min, and then cooled down slowly at RT. After 15-20 min, 3 (xl of labeling mixA, l |j,l of
35S-dATP, and 2 (xl of diluted DNA polymerase (1.5-2.0 units) were added, mixed and
incubated at RT for 5 min. This primered nuxture was aliquoted into 4 microcentrifage
tubes (4.5 p,l / tube) contaming 2.5 pl of short (or long) G.A.C.T. respectively. The tubes
were mcubated m 37 °C water bath for 5 min and then 5 ^1 of stop buffer was added to each
tube. The reaction nuxture was ready to be heated and applied to sequencmg gel (or stored
at -20 °C).
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2.4.2.3 Running the sequencing gel

The reaction tubes were heated at 95 C for 5 min, and chilled on ice immediately.
After cooling down, the reaction mbrtures were appUed onto the gel. The gel was run at
constant voltage 1,700-2,OOOV, with 1 X TBE as running buffer. FinaUy, the gel was
vacuum-dried on the gel dryer and autoradiographed with an X-ray film.

2.4.3. DNA construction

2.4.3.1 Insertion of a DNA fragment into a plasmid

The plasmid was digested or cleaved with one or two different restriction enzymes.
If linearized with one enzyme, the Unearized plasmid was treated with calf intestinal alkaline
phosphatase (CIP) to prevent the plasmid religated back. The enzymatic treated plasmid
DNA was purified by running a mini-agarose gel and recovered by Gene Clean II Kit. This
purified Unear plasmid DNA was incubated with DNA fragment (or synthetic
oligonucleotide) which had the restriction sites at both ends corresponding to the plasmid
DNA, in the presence of 1 unit ofT4 ligase, at 15 -16 C water bath for 16 hr or more.

2.4.3.2 Preparation of competent cells

A single bacterial colony was picked and inoculated in 10 ml ofLB medium. The
tube was shacked in 37 °C incubator for overnight. Next day, the bacterial culture was
dUuted at 1:100 with SOB (or SOC), and incubated at 37 "C with shaking untU O.D.650 =
0.3 to 0.4. The bacterial culture was poured into two pre-chUled 50 ml plastic tubes, and
centrifuged at 4 °C, 780 X g (ICE Centra-8R centrifuge, 2,500 rpm) for 12 minutes to peUet
the bacteria. The bacteria was resuspended in 1/3 volume of FSB and incubated on ice for
10-15 min. Then the tubes were centrifiiged at 4 "C, 780 X g for 10 minutes. The peUet was
resuspended m 1/12.5 volume ofFSB, and 140 [JLÏ ofDMSO was added into each tube. The
tubes were stood on ice. After 5 min, an additional DMSO 140 [û was added. The tubes
were left on ice for another 10 min. The bacterial was aliquoted in microcentrifuge tubes
with 200 |^1 / tube. The tubes were frozen in dry ice/ alcohol, then stored at -80 °C for use.
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2.4.3.3 Transfonnation

The competent cells were thawed by hand and left it on ice for 10 min. The plasmid
DNA was added into the competent cells and imxed well. The tube was left on ice for 30
min. Then the tube was transferred to 42 °C water bath to heat-shock for 90 sec. Then, 0.8
ml of SOC was added immediately. The tube was mcubated at 37 °C with shaking for 1 hr.
FmaUy, the transformed ceUs were spread on a LB-agar plate which contained antibiotics
(e.g. 50 |^g / ml of AMP). The plate was incubated in 37 C incubator for overnight.

2.4.3.4 Screening of bacterial colonies by DNA radioactive probe

The bacterial colonies were transferred onto a nitrocellulose membrane by covermg
the bacterial plate with a membrane for 30 seconds and then removed immediately. Then the
membrane was carefiilly loaded on the surface of 10 ml denaturation buffer (bacterial
upside), for 15 min. Then the membrane was transfen-ed onto the surface of 10 ml of
neutralization buffer for 15 min. The membrane was au- dried, and baked at 80 C vacuum

oven for 2 hr. Then, the membrane was placed in a plastic bag, and pre-hybridized with 10
ml of hybridization bufifer which contained herring sperm DNA, 100 |J,g /ml, m 42 C
incubator with rotation for 2 hr. Then the radioactive DNA probe was added at 10 cpm /ml,
and further incubated at 42 C with rotation for overnight. Next day, the membrane was
washed at RT with 2 X SSC / 0.5% SDS. The radioactivity on the membrane was checked
with Geiger counter untU the cpm was about 1000 cpm. Finally, the membrane was air dried
and exposed with a X-ray j51m.

2.4.4. Preparation of radioactive probes
32 TM

2.4.4.1 Preparation of P-cDNA probe with T7 Quickprimer kit

DNA (about 50ng m 10 p.1 ofdH20) in microcentrifuge tube was heated at 95 OC
water bath for 10 min, and inimediately chilled on ice. Then 24 |j,l ofdH20, 10 ^1 of reagent
mixture, 5 p.1 of 32P-a-dCTP, and l p,l of DNA polymerase were added. The tube was
spined briefly, and then incubated in 37 °C water bath for 1 hr. Meantime, a Sephadex G-50
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column was packed with a Pasteur pipette and equilibrated with dHzO. The reaction
nuxture was applied to the column, and eluted with dHzO. The first 500 p,! of elute was
collected in the one tube, then every 100 |j,l was collected in the following tubes. 1 p.1 from
each tube was taken to count. The three peak tubes were pooled and kept at -20 °C for use.

32
2.4.4.2 Preparation of P-oligonucleotide probe with polynucleotide T4 kinase

In a microcentrifùge tube, 13 p,l of dHzO, 2 [d of kinase buffer, I pl of
oUgonucleotide (20 pmol / ^1), l i^l ofT4 kinase (l unit / |^1), and 3 (il of P-y-ATP were
added. The reaction inixture was centrifuged briefly and mcubated in 37 C water bath for 1
hr. The labeled oligonucleotide was separated from the free 32P by passed a Sephadex G-50
column as described above (2.4.4.1.).

2.4.5. Transient gene transfection assays

2.4.5.1 CeU culture

The mouse hepatoma (Hepa 1-6) cells or opossum kidney (OK) cells were grow in
100 X 20 mm plastic Pétri dishes using Dulbecco's Modified Eagle's Medium (DMEM), pH
7.2, supplemented with 10 % fetal bovine serum (FBS), 50 units/ml of penicillin and 50
p.g/ml of streptomycm. The ceUs were mcubated m a humidified atmosphere of 95 % Oz,
and 5% COz at 37 C. For subculture, ceU were trypsuuzed (0.5% trypsin and EDTA) and
plated at 3.5 X 104 ceUs/cm2.

2.4.5.2 DNA transfection

Calcium phosphate was used for the DNA transfection in the present study. The
detail of the transfection in Hepa 1-6 or OK cells has been described previously (Ming et
al., 1993). Briefly, the cells cultured in DMEM containing 10 % FBS were seeded in 6-well-
plate at2 x 105 / well 24 hr before the transfection. A total of 10 to 20 p.g of supercoUed
DNA was gentaUy nuxed with CaCk in HBSP to form the DNA-Ca++ particles. The DNA-
Ca++ particles was then gentally loaded on the surface of the cells. 24 hr after the
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transfection, the media were replaced with fi-esh media without FBS. The drugs were added
24 hr after apply ofserum-fi-ee medium. The cells were harvested 48 ta- later and assayed for
CAT activity.

2.4.5.3 Chloramphenicol acetyl transferase (CAT) assay

The cell extracts (20-50 p,g protein) x [i\, 4 mM acetyl coenzyme A (0.53 mM) 20
[d, [14C] chloramphenicol solution (70 ^1 of l M Tris-HCl pH7.6 + 0.25 ^1 of [14C]
chloramphenicol for each sample) 71 ^il (0.1 p.ci), and 0.25 M Tris-HCl buflfer (pH 7.8) was
added to brmg the final volume to 146 [il.

OK cell extracts were incubated for 30-60 min at 37 C. Whereas Hepa 1-6 cell
extracts were incubated initially for I hr, then another 10 |^1 of4 mM acetyl coenzyme A was
added and the system was incubated for another 15 hrat 37 C.

At the end of incubation, the reaction nuxtures were extracted once with 1 ml of

100% ethyl acetate. The organic phase was taken and dried by speed-vacuum. The final
samples were resuspended m 10 ^il of ethyl acetate and loaded onto the thin layer
chromatography (TLC) plates. The TLC plates were developed in a saturated nuxture of
190 ml of chloroform and 10 ml methanol (19:1) for 1 hr in the TLC tank. Then the plates
were dried in the air, and subjected to autoradiography for 1-2 days at room temperature.
The bands of acetylated and unacetylated forms of [ C] chloramphenicol were separated
from the TLC plates, and nuxed with 10 ml of scintillation liquid (950 ml toluene + 50 ml
liquifluor), respectively.

CAT activity was quantified by counting the radioactivity of the bands containing
either the acetylated or unacetylated form of [ C] chloramphenicol m the liquid scintillation
counter. The results were expressed as the percentage of [14C] chloramphenicol converted
to the acetylated forms.

2.4.6. Extraction of cellular nuclear proteins

67



u

2.4.6.1 Preparation of nuclear protein from cultured cells

This method is based on the method of J.D. Dignam et al. (Nucleic acid Research
1983) with some modifications.

The cultured cells (20 plates, 150 x 20 mm) were collected by centrifiigation at 4 C,
1000 X g (SorvaU HG4L rotor, 2000 rpm). After washing with 5 volume of cold PBS (l M,
pH 7.2), the pellet was resuspended in 5 volume ofbuflfer A, incubated on ice for 10 min,
and then centrifiiged at 4 C, 1000 g for 10 min. The pellet was resuspended m 2 volume of
buffer A, and homogenized to break the cells with Kontes glass Dounce homogenizer, B
type pestle. This step was monitored by examination under the microscope to check for ceU
lysis. The homogenate was centrifaged at 4 C, 1000 X g for 10 min. The nuclear pellet was
resuspended in 2 volume of buffer B, and centrifuged at 25,000 X g (Sorvall ss-34 rotor,
14,500 rpm) for 20 min. The pellet was resuspended with buflfer C, at 109 cells / 3 ml, and
homogenized 10 strokes with the Bounce homogenizer with B type pestle. Then, the
homogenate was mixed with a magnetic stir at 4 C for 30 min, and centrifùged at 25,000 X
g for 30 min. The supernatant was dialyzed agamst 50 volume of buflfer D. Finally, the
nuclear protein dialysate was aliquoted and stored at -80 OC or in liquid nitrogen.

2.4.6.2 Preparation of nuclear protein from fresh tissue

This method based on the method ofM.Hattori et al. (DNA and ceU biology, 1990)
with some modifications.

For each nuclear extract preparation, 15 male Babl/c mouse were anesthetized and
killed by decapitation. The mouse tissues were rmsed with 0.9 % ofNaCl, and cut with
scissors into approximately 3-mm cubes in 10 ml homogenization buflfer. Additional
homogenization buffer was added into the minced tissue until the volume was 25 ml. The
tissue was homogenized in a 55-ml Potter homogenizer with a motor-driven Teflon pestle.
The homogenate was laid carefully on the surface of 3 ml of cushion buffer in 15-ml
ultracentrifage tubes. The tubes were centrifaged at 4 "C, 80,000 Xg for l hr (Beckman
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SW 4l rotor, 25,000 rpm). The supernatant was removed and the tube was inverted for 10
min on ice to drain the remammg bufifer fi-om the nuclear pellet. The pellet was resuspended
5 ml of lysis buffer by several strokes of a pestle of a 40-inl Dounce homogemzer. Then, 20
|j,l ofhomogenate was taken and mixed with 980 p.! of 0.5 % SDS to measured the O.D. at
260 nm. According to the calculated DNA concentration, additional lysis buffer was added
to adjust the DNA concentration until 0.5 mg / ml. Subsequently, the 3 M KCl was added
to the final concentration of 0.55 M (i.e. 0.176 ml ofKCl per ml ofhomogenate, taking into
consideration that lysis bufîèr already contains 0.1 M KC1). The homogenizer was kept on
ice for 30 min with occasional mixing, and then the homogenate was transferred into Type
Ti45 (Beckman) tubes, and centrifùged at 95,000 X g (34,500 rpm) for 30 min. The
supernatant was transferred into a fi-esh Ti45 tube, and finely powdered (N114)2804 was
added, (i.e. 0.3 mg/ml). The tube was shaked gently to dissolve the salt and then kept on ice
for 1 hr. The tube was centrifaged at 95,000 X g for 20 min. The pellet was resuspended
with dialysis buffer, and the protein concentration was adjusted to 10 mg / ml, and then
transferred to a sterile, washed dialysis tubing. The nuclear protein extract was dialyzed
against 250 ml of dialysis buffer at 4 C with stirring. After 4 hr or more of dialysis, the
nuclear extract was clarified by centrifagation at 4 °C for 10 min to remove the visible
particles. The supernatant was aliquoted and stored at -80 °C for use.

2.4.7. Gel mobility shift assay

In a microcentrifage tube, the followings were added: 4 ^il of5 X binding buffer, 2
[lï of poly (dI/dC) (1 i^g /1^1), 5-10of|Lig nuclear extract (or fasion protein) and dîîiO to a
final volume of 18 pl. After mbdng by spuming the tube, the mixture was mcubated at RT
for 30 min. Then the 32P-oUgonucleotide (20-40,000 cpm, 0.1 pmol) was added, and the
tube was kept at RT for additional 30 min. After the incubation, the reaction mixture was
mixed withl [û of loadmg dye and applied to 6-8 % polyacrylamide gel. The gel was run at
constant voltage, 200V, with 0.25 X TBE as numing buffer. After 2 - 2.5 hr, the gel was
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placed on a piece of0.3-MM Whatinan filter paper, and vacuum-dried. Fmally, the dried gel
was exposed on X-ray film. 10 ^ig ofBSA was used as negative control.

2.4.8. Southwestern blot assay

Nuclear proteins (50 - 200 |Lig) were resolved according to the size by applying to a
4-20% SDS gradient polyacrylamide gel, running at constant voltage, 100-120 V. Then the
proteins were electro-transfered onto a nitrocellulose membrane with constant current, 125
mA for overnight. The meinbrane was soaked in blotting buffer with shaking at 4 C for 2 hr
more, and then rinsed with binding buflfer. The membrane was incubated with P-
oligonucleotide at 105 - 10 cpm / ml m bindmg buffer in the presence of salmon sperm
DNA, 300 (xg/ml at 4 C for overnight. The membrane was washed 3-4 times with bmding
buffer at 4 C for 20 min. FinaUy the membrane was air-dried and exposed on an X-ray j51m.

2.4.9. Southern blot

DNA was separated on a 0.8% agarose gel and then transferred on to a
nitrocellulose (or nylon) membrane. The DNA was denatured by carefully loading the
membrane on the surface of denaturation buffer for 15 min, then re-natured by transferring
the membrane on to the surface of the neutralization buffer for 15 min. After air-dried, the

membrane was baked at 80 °C for 2 hr, and hybridized with the radioactive probe.

2.4.10. Western blot

Proteins were separated on 10% SDS polyacrylajmide gel, and then electro-
transfered onto a nitrocellulose membrane, at the constant current 125 mA for overnight.
The membrane was blocked with 5% non-fat milk in 0.1 M PBS for 2 hr more, and then
incubated with the first antibody (1:1000 dUution) in 0.1 M PBS at 4 °C for overnight. Next
day, the membrane was rinsed with 5% milk in 0.1 M PB S and incubated with the second
antibody (1: 2000) that is conjugated with HPR in 0.1 M PBS at 4 °C for 4 hr. Then the
membrane was rinsed with 0.1 M PBS, and stained in 50 ml of development reagent solution
for 10 min. The specific band(s) will be seen.
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2.4.11. Cloning

The procedures are based on the instruction ofCloneTech laboratories. Inc.

2.4.11.1 Tittermg ofphage library

A single host bacterial (Y1090r -) colony was inoculated in 20 ml ofLB medium
contaming ampicillin, 50 ^tg / ml, 0.2% maltose and 10 mM MgS04. This bacteria tube was
incubated in 37 C mcubator with shaking until the O.D.6oo of the culture reached to 2.0.
The library was diluted from 1:102 to l : 1010 with Lamda dilution buffer, each dilution with a
final volume of 100 p.1, and was incubated with 200 UL of the bacterial culture in 37 C
water bath for 15 min. Then, this bacteria-phage library mbcture was nuxed well with 3 ml of
0.75% agarose (45-55 °C), and poured onto the pre-warmed LB-agar plate (37-42 C). The
plate was left at RT for 20 min to allow the moculum to soak into the agar, and then
transferred to a 37 °C incubator for overnight. Next day, the phage plaques were counted
and calculated the titer (pfu / ml):

pfii / ml = # ofplaques/p,! used X dilution factor X 10 |Lil / ml

2.4.11.2 Preparation of the bacteria / phage plates

This method is based on that ofSmgh et al. (1990) with some modification.

A single bacteria (Y1090r-) was inoculated into 10 ml of LB broth, containing
ampicUlin, 50 p.g / ml, 0.2% maltose and 10 mM MgS04. This bacteria tube was mcubated
m 37 C incubator with shaking until the O.D.6oo of the culture reached to 2.0( 6- 8 hr).
Then 20 microcentriiuge tubes were prepared. For each tube, 200 [d of the Y1090r ' culture
was mixed with 100 |^1 of 1 XX dilution buflTer containing 5X10 pfii ofA,gtll phage. The
nuxture was incubated in 37 C water bath for 15 min for the adsorption ofphage to the
cells. Then each bacteria / phage tube was mixed with 7 ml of 0.75 % agarose (45-55 C),
and poured onto 20 LB - agar plates (37-42 °C) (150 mm) respectively. After air-dried, the
plates were transferred into 37 C incubator for overnight.
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2.4.11.3 Preparation of nitrocellulose jBlter

40 pieces of nitrocellulose filters were saturated in 20 ml oflO mM ofIPTG for 10
min, and then air-dried on Whatman paper. The nitrocellulose filters were marked for 20
plates with duplicate (filter A and B). The bacteria / phage plates were cooled on ice for 1
hr. Then the nitrocellulose filter A was carefully placed on the surface of 20 plates one by
one, avoiding trapping air bubbles. Mark the filter in 3 asymmetric locations by stabbing
through the filter and mto the agarose with an 18-gauge needle. The plates with filters were
stood on ice for 10 min, then the filter were removed. The filter B was overlaid onto the
plates, and the plates / filters were mcubated m 37 °C incubator for 2 hr. Then the plates
were removed and stood on ice for 1 hr, and then the filter B was removed. The filters
removed from the plates were air dried for 20 min, and soaked m 10% non-fat milk in
bindmg buffer for at least 2 hr.

2.4.11.4 Probe the filters with double strand oligonucleotide

The filters, blotted with 10 % non-fat milk, were rinsed with binding buffer, then
incubated with 32P-double strand oUgonucleotide (ANG-CRE, ANG N-806/-779), 106cpm /
ml, in bindmg buflfer in the presence of herring sperm DNA, 100 ^ig / ml, at 4 C for
overnight with gentle shaking. Next day, the filters were washed with bmding buffer at 4 °C,
for 4 X 20 min. And then the filter was air-dried, and exposed on X-ray films for overnight
at -20 °C. The positive colomes were picked fi-om the bacteria / phage plates with small
pipette tips accordmg to the X-ray films fi-om both filter A and B. The agar blocks
containing positive clones were kept separately in different microcentrifage tubes containing
0.5 ml of 1 X Lamda dilution buffer and 50 (xl of chloroform. The tubes were kept at 4 °C
for the next cycle of screening in which much lower titer ofphage was used per plate (300-
500 pfu / plate) to obtain the single, isolated positive clones.

2.4.11.5 Screening of the library with the cDNA probe

The bacteria / phage plates and nitrocellulose filters (A and B) were prepared as
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described above. The differences are: the filter removed from the plates contaming the phage
DNA was denatured by loading the fUter on the surface of denaturation buffer for 15 min,
then re-natured by transferred the filters onto the surface of neutralization bufifer for 15 min.
The filters were air-dried and then baked at 80 C oven with vacuum for 2 hr. Then, the
jBlters were prehybridized with hybridization buffer at 42 °C for 2 hr, and subsequently
incubated with radioactive cDNA (95 °C boiled for 10 min, chilled on ice immediately) or
single oligonucleotide probe in the 42 °C incubator for overnight. Next day, the filters were
washed and exposed on to an X-ray film as described above.

2.4.12. Phage DNA extraction

2.4.12.1 Bacteria / phage lysate preparation

250 ml of host ceU Y1090r - was grown m a 500-ml flask in the presence of 10 mM
ofMgSÛ4 and 0.2 % maltose untU the O.D.eoo reached to 0.6. Then, 1X10 pfù ofphage
was added mto the bacterial culture. The flask was continued to grow in 37 °C incubator
with shaking for6 - 8 ta- until lysis was apparent (when lysis occurred, the culture looked
clear with some bacterial debris. If lysis do not occur, the culture will appear turbid, in this
case small amount of lysozyme powder was added into the culture, and stood the flask at
RT for 20 min.).

2.4.12.2 Preparation of Lamdaphage

The bacteria / phage lysate was centrifuged at 2500 g (Sorvall GAS, 8000 rpm) for
20 min. The supernatant was collected with a 500-ml bottle. 250 [û ofDNase I (10 mg/ml),
and 250 [il ofRNase A (20 mg/ml) were added, and the bottle was incubated at 37 C water
bath for 1 hr. Then, 1/10 volume of chloroform was added into the bottle. The bottle was
shacked with hands. Then lysate with chloroform was transferred into 2 centrifuge tubes and
centrifaged at 2500 g (GSA rotor, 10,000 rpm) for 30 min. The aqueous phase was
carefully collected into a 500 ml bottle and added 1 /3 volume ofpre-cold 30% PEG / 3 M
Nad, mixed and stood on ice for at least for 1 hr or overnight. The lysate was transferred
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mto 2 centrifuge tubes and centrifaged at 2500 g (GSA rotor, 10,000 rpm) for 30 inin. The
pellet was resuspended with 10 ml of 1 X Lamda dilution buffer and extracted once with
equal volume of chloroform. The aqueous phase was transferred to a Beckman SW41 tube,
and added CsCl powder, 0.5 g / ml. After dissolving of CsCl, the tube was centrifaged at 4
C (Beckman SW41 rotor, 27,000 rpm) for 2 hr. The clear, sticky phage pellet was
resuspended in l mlofl X Lamda dilution buffer.

2.4.12.3 Preparation ofphage DNA

1 ml of Lamda phage solution was separated into 2 microcentrifage tubes, and to
each tube, 20 ^1 of 0.5 M EDTA-Naz, 6.3 ^1 of 20 % SDS, and 2.5 |^1 ofproteinase K (10
mg/ml) were added. The tubes were incubated at 65 C for 1 hr. Then extracted with equal
volume of phenoVchlorofomi once and equal volume of chloroform once. Then, 1/10
volume of 3 M NaAc, and 2.5 volume of 95% cold alcohol were added into the tubes, and
the tubes were stood at -80 °C for at least for 1 hr. The tubes centrifiiged in microcentrifuge
at 4 C for 10 min. The phage DNA was washed once with 75% alcohol, vacuum-dried, and
resuspended in 30 |^1 ofTE buffer. The phage DNA was checked with mini-gel, if there was
RNA contamination, the phage DNA was redigested with RNases.

2.4.12.4 Excision of the insert from phage DNA and subclone into pGEM-3 vector

10-15 |^g of purified phage DNA was incubated with EcoRI at 37 C water bath for
2-3 hr. The digest was analyzed on a 0.8 % mini-agarose gel with DNA maker to estimate
the size of the insert. Then cut out the gel block(s) contaming the DNA insert and the insert
was recovered with Gene Clean II kit. The msert DNA was subcloned into PGEM-3 vector

and sequenced from both end with Sp6, T7 and synthetic pruners with the procedures as
described previously.

2.4.13. Polymerase chain reaction (PCR) with PCR kit

In a 0.5-ml PCR tube, the foUowings were added m order: 68 |xl ofHzO; 10 ^1 of 10
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X PCR buffer, 16 (xl ofdNTP mixture (1.25 mM each), 1 ^1 ofDNA template (about 2-3
nM), 2 fil ofpruner l (50 pmol /[iï); 2 [u ofpruner 2 (50 pmol / (il); and l [d ofTaq DNA
polymerase. The total volume was 100 \û. Then 2 drops of mineral oil were carefully loaded
on the surface of the nuxture, and the tube was covered. The PCR was started with the
delay program: 95 C for 5 min to denature the non-specific enzyme(s) (m case there was
contamination). Then the PCR cycles was stated: 94 °C for l min and 30 sec, 50 °C for 1
min 30 sec, and 72 C for 2 min with 2 sec extension every cycle. The number of total cycle
was 35. Fuially, the tube was kept at 4 °C.

After the PCR, the mineral oil was removed carefiilly fi-om the surface of the
reaction nuxture. The latter was analyzed with a 0.8 % mmi-agarose gel with a DNA marker
to check the size of the PCR product. The gel block(s) containing the PCR product was cut
out, and the DNA was recovered by Gene Clean II kit. The PCR product was ready to be
used.

2.4.14. Fusion protem expression

2.4.14.1 Construction of fusion expression vector

The open reading frame of the cDNA coding for ANG-CREB was mserted into
bacterial expression vector pMALc downstream from the maFE gene, at EcoRt site. The
reversed orientation of the cDNA was also constructed as a control. These vectors

containing the cDNA were transformed into the host ceUs, TB -1 with the procedures
described above.

2.4.14.2 SmaU-scale expression culture

Single colonies of transformants was picked and inoculated in 10 ml of LB broth
contaming ampicillin. The tubes were grown in a 37 C incubator for overnight with
shaking. Next day, 1 ml of the bacterial culture was transferred into 9 ml of LB broth, and
contmued to grow until the O.D.6oo reached to 0.5 - 0.6. Then, 200 (xl of l M IPTG was
added until the final concentration was 2 mM, and continued to grow for 3 hr. The tube was
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centriïuged at 12,500 X g, and bacteria peUet was dissolved with 2 ml ofsonication buflfer,
and frozen at -20 °C for overnight. Next day, the frozen bacteria was thawed in cold water
(alternatively, lysozyme was added to l mg/ml and incubate on ice for 30 min), and then
sonicated on ice, 4X1 inm, 50 watt. The cell breakage was monitored by the release of
nucleic acid measured at 260nm wavelength, until it reached a maximum. The cell lysate was
centriïuged at > 10,000 X g for 10 min, and the supernatant was collected and stored at -20
C m aliquots.

2.4.15. Preparation ofantiserum against ANG-CREB

The peptide correspondmg to the residues 227-236 fi-om the N-terminus of ANG-
CREB, NHz-SGDLETRYWG was synthesized, and the purified peptide was then
conjugated to KLH (keyhole limpet hemocyanin). About 100 |j.g of this conjugated peptide
was emulsified in Freund's complete adjuvant and injected into New Zealand rabbits. Four
weeks later, the rabbits received another injection of 100 p,g of the peptide emulsified with
Freund's inconiplete adjuvant. Blood was withdrawn from the rabbits after 10 days. Blood
was allowed to clot at 4 °C overnight and the antiserum was obtained by centrifugation at
3000 g at 4 °C.
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3.1 REGULATION OF ANG GENE EXPRESSION BY cAMP

It has been reported previously that the addition of isoproterenol or cAMP or
forskolin stimulates the expression of the ANG gene in OK cells (Ming et al., 1995) and
Hepa 1-6 cells (Ming et al., 1993). Studies have indicated that there is a putative cAMP
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responsive element (CRE) in the rat ANG gene (ANG-CRE), TGACGTAC, located at -
795/-788 (Chan et al., 1990). In comparison with the previous reported parUndromic CRE
octamer TGACGTCA (Montminy et al., 1986), the last two nucleotides are m reverse
order in ANG-CRE. To investigate whether this DNA sequence would mediate the effect
of cAMP on the expression of ANG-CAT fiision genes, series fusion genes were
constmcted with various length of 5-flanking region with or without putative ANG-CRE
fiised to TK promoter. These constructs were transfected into Hepa 1-6 cells by Ms. Ming,
another Ph.D. student in our laboratory. The results showed that the addition of 8-Br-
cAMP (10'3 moVl) stimulated the expression of pTKCAT (ANG-814/-689),
pTKCAT(ANG N-814/-761) by 1.4- and 2.2 fold as compared to the control ( in the
absence of 8-Br-cAMP). Similarly, the addition of forskolin (10 mol/1) stimulated the
expression of these two fiision genes by 1.5- and 3.0 fold (Ming, PhD thesis). To fiirther
investigate whether the TGACGTCA (ANG N-806/-779) octamer is responsible for the
effect ofcAMP on the expression ofANG-CAT fasion gene, a 28-mer oligonucleotide that
contains this sequence (Fig. 2-1) was chemically synthesized. The oligonucleotide was
cloned into the expression vector (pTKCAT) at the 5'-end of the thymidine kinase (TK)
promoter fiised to the chloramphenicol acetyl transferase (CAT) coding region in the
expression vector. This constmct then were transfected into OK ceUs and assayed for CAT
expression either in the absence or presence of 8-Br-cAMP (10 M) or forskolin (10 M).
The results as shown in Fig.3-1, demonstrated that the addition of both 8-Br-cAMP and
forskolm stimulated the the expression ofpTKCAT(ANG N-806/-779) by 2.1- and 1.9 fold
respectively as compared to the control. Furthermore, a dose-dependent relationship
between the various concentrations of 8-Br-cAMP (10-10 moVl) and the stimulation of
expression of the pTKCAT (ANG N-806/-779) was observed m Hepa 1-6 ceUs. And the
inaximal stimulation (2.2-fold, p^O.Ol) was found when using 10 moVL of 8-Br-cAMP
(Ming, PhD thesis). These results demonstrated that the putative ANG-CRE octamer
conferred an increased expression of fiision genes in the presence of 8-Br-cAMP or
forskoUn.
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Fig. 3-1. Effect ofS-Br-cAMP (10 -3 mol/1) and forskolin (10 -5 mol/1) on the
expression effusion gene containing the putative cAMP responsive element fused
with fhymidine kinase (TK) promoter, pTKCAT(ANG N-806/-779), in OK cells.
Results are expressed for the mean SD as a percentage of control (without the
addition ofS-Br-cAMP or forskolin, 100%) (**P<0.001)
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3.2 ANG-CRE BINDING PROTEIN

Studies have revealed that CRE functions through the binding of the specific
regulatory factor known as cAMP responsive element binding protem (CREB) (Montminy
et al., 1988, 1989; Meyer & Habener, 1993). To address the question whether the nuclear
protein(s) bind to the putative ANG-CRE of ANG gene, DNase I footprinting assay was
performed by Miss Qin Jiang, a former MSc student in our laboratory. In the experiment,
P labeled DNA fi-agment, ANG N-821/-689, was used as the probe. The nuclear extracts
were prepared from mouse liver. The result showed that a region at nucleotide -799/-788,
in which the putative ANG-CRE site was located, was protected by the nuclear protein(s),
(Wu et al., 1998). This result indicates that nuclear protein(s) bind to ANG-CRE sequence.
To further study the ANG-CRE bmding protein (ANG-CREB), we used the ANG-CRE (N-
806/-779) flanked on either side by seven bases of their natural environment (Fig. 2-1). The
flanking sequences were restricted to this length to avoid complication of protein binding
patterns due to the adjacent sequences. The element was labeled with P and used for gel
mobility shift assay. Briefly, the mouse liver nuclear extracts was incubated with the P-
labeled ANG-CRE in the presence of 2 ^ig of poly (dI/dC), and then separated by a 4%
polyacrylamide gel. The result is shown in Fig. 3-2. Lanes 1 and 2 show the 32P-ANG-CRE
probe alone and probe with BSA respectively; both serve as non-specific binding controls.
Lane 3 shows the probe with 10 |^g of nuclear extracts. As expected, a strong DNA/protem
complex band is observed. Lane 4 shows that the DNA/protein complex band is abolished
by the presence of 200 molar excess (20 pmol) ofunlabeled ANG-CRE. Lanes 5 and 6 show
that the DNA / protein binding is not affected by the presence of 200 molar excess (20
pmol) ofCRE (lane 5) and TRE (lane 6) from c-fos gene. The DNA/protein bindmg can be
displaced by unlabeled ANG-CRE, but not by unlabeled CRE and TRE fi-om c-fos gene
indicating this protein has sequence specificity. In addition, these data suggest that the
mouse liver nuclear protein(s) specifically mteract with ANG-CRE and the ANG-CRE
flanking sequences are recognized.
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Fig.3-2. Gel mobility shift competition assay.ANG-CRE was labeled with 32P
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as indicated on the top of the figure. The concentration ofpolyacrylamide gel
is 4%.
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3.3 IMMUNOLOGICAL DIFFERENCE BETWEEN ANG-CREB AND the 43 kDa-CREB

As discussed in chapter 1, the CRE sequence may interact with a group of proteins
that belong to ATF/CREB superfamily. The family members were originally defined by their
specific binding to a palindromic sequence (TGACGTCA), known as the CRE, which has
been found in many cAMP-inducible cellular genes and in several viral promoters. AU of
those proteins share a common basic DNA binding domain followed by a leucine zipper
dimerization domain. Among the increasing number of ATF/CREB fanuly members, the 43
kDa-CREB is the best-characterized one. The 43 kDa-CREB has been shown to be involved

in the regulation of expression of many genes. Therefore, we have reason to believe that it
might also bind to ANG-CRE, and regulate the ANG gene expression. Assuming the
DNA/protein complex showed on the Fig. 3-2 is due to the 43 kDa-CREB binding to ANG-
CRE, the removing of the 43 kDa-CREB fi-om mouse liver nuclear extracts by
immunoprecipitation of the nuclear extracts with the antiserum against the 43 kDa-CREB
could result in the disappearance of the DNA/protein complex band. To test this possibUity,
immunoprecipitation / Southwestern blot was performed. Briefly, the mouse liver nuclear

extracts were incubated with the pre-immune serum, the antisera against the 43 kDa-CREB,
and the activating transcription factor 2 (ATF-2) for 16 hr respectively. Then the Protein A
was added into each tube. After another incubation of 4 hr the nuclear extracts were

subjected to the centrifiigation. The supernatant was separated by a 4-20% gradient SDS-
polyacylamide gel. And then the protems were electro-traiisfered onto a nitroceUulose
membrane. The nitrocellulose membrane was probed with the P-1abeled ANG-CRE. The
result is shown in Fig. 3-3. Lane 1 shows the nuclear extracts treated with pre-unmune
serum, the band that represents the DNA /protein complex is observed. Lanes 2 and 3 show
the nuclear extracts were treated with antisera against the 43 kDa-CREB (lane 2) and ATF-
2 (lane 3) respectively, the DNA/protein complex band has not been abolished but
significantly attenuated. This result suggests that multiple nuclear proteins bmd to ANG-
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CRE, includmg 43kDa-CREB, ATF family members and some unknown factors. The
immuno-precipitation with antiserum agamst the 43 kDa-CREB or ATF-2 removed CREB
or ATF-2-related protems, but not all. Therefore, the DNA/protein complex band was
attenuated but not abolished. To fiirther confirm the ANG-CRE does interact with different
proteins, we performed the gel mobility supershrft assay with 43-kDa-CREB antiserum. The
gel mobility supershift is different fi-om the regular gel mobility shift by the pre-incubation of
the nuclear extracts with the 43-kDa-CREB antiserum before the co-incubation ofDNA and

the nuclear extracts. If the protein interacts with the antiserum, the mobility of the
DNA/protein complex will be affected because of the possible changes of the electric
charges and the molecular weight of the DNA/protein complex. Usually, the gel shift band
wUl be up-shifted. Alternatively DNA/protein complex may disappear because the banding
of the antibodies to nuclear protein may cause the later lossing the banding activity to DNA.
The result of the supershift assay is shown in the Fig. 3-4. To increase the resolution the
higher concentration of polyacrylamide (6%) was used. Lane 1 shows the BSA, which
serves as the non-specUic binding control. Lanes 2-4 show the nuclear extracts without
treatment of any serum, the protein binds to 32P-ANG-CRE and formed DNA/protein
complexes. Lanes 5-6 show the nuclear extracts treated with pre-immime serum, no
supershift ofDNA/protem complex was observed. Lanes 7-12 shows the nuclear extracts
treated with the 43-kDa-CREB antiserum produced in our laboratory, the DNA/protein
complexes are partially up-shifted comparied with lanes 5-6. Lanes 13-15 show the nuclear
extracts treated with the 43-kDa-CREB antiserum purchased from the company, similar
results to lanes 7-12 has been shown. These results, taking together with the results from the
unmunoprecipitation / Southwestern blot, demonstrated that a protein that is
unmunologicaUy different from the 43 kDa-CREB and ATF-2 can band to ANG-CRE. This
protein might be a novel transcription factor. We designated this ANG-CRE bmdmg protein
as the ANG-CREB.

u
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Fig.3-4. Gel mobility supershift assay. ANG-CRE was labeled with 32P as the
probe. The nuclear extracts were prepared from Mouse liver Lane l, BSA was
used instead of nuclear exti'acts. Lanes 2-4, the nuclear extracts were not
incubated with serum. Lanes 5-6, nuclear extracts were incubated with pre-
immune serum. Lanes7-12, nuclear extracts were incubated with 43 kDa-CREB
antiserum prepared in the laboratory. Lanesl3-15, antiserum from commercial.
The polyacrylamide gel is 6%.
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3.4 MOLECULAR WEIGHT OF ANG-CREB

Previous experiments have demonstrated that ANG-CRE mediates the cAMP
response of ANG gene (Fig. 3-1), and this DNA element interacts with nuclear

protein(s) (Fig. 3-2). Initially we thought that this ANG-CRE binding protein was the well
characterized 43 kDa-CREB. The 43-kDa-CREB phosphorylated by cAMP-dependent PKA
binds to ANG-CRE to regulate the gene expression. However, the results from
immunoprecipitation (Fig. 3-3) and gel mobility supershtft assay (Fig. 3-4) indicate that in
addition to the 43kDa-CREB, there is another nuclear protem interacting with ANG-CRE.
This ANG-CRE binding protein is immunologically different fi-om the 43 kDa-CREB,
suggesting that this ANG-CRE binding protein is distinct fi-om the bZIP family. Although
the CRE-binding proteins identified so far are all belong to the bZIP family, recent studies
showed that CRE-binding protein might be structurally distmct fi-om CREB / ATF family
members (Jansen et al., 1997). If the ANG-CREB is novel CRE bmding protein, the first
question is what is the molecular weight of this protein? To address this question, we
perfonned the Southwestern blot assay. Briefly, the mouse liver nuclear extracts were
separated by a 4-20% gradient SDS polyacrylamide gel and then electrotransfered onto a
nitrocellulose filter. The nitrocellulose filter was then probed with the P-1abeled ANG-
CRE. The result is shown in Fig. 3-5. The molecular weight of the protein marker was noted
on the left of the figure. Dififerent amounts of the nuclear extracts were used as shown in
Fig. 3-5. Two DNA-protein complexes that represent two nuclear proteins were observed.
Compared with the protem marker, the two protems have an apparent molecular weight of
52 kDa and 43 kDa respectively. The 52 kDa one shows a much stronger radioactive
mtensity than the 43 kDa one, suggesting either a higher amount of the protein in the
nuclear extracts or/and a stronger binding afiBnity of the protein to the '"P-ANG-CRE. The
52-kDa-protem showed a good stability and was reproducible in the different preparation of
the nuclear extracts (data not showed). Whereas the 43-kDa-band is less dense and only
appeared when a large amount of nuclear protein was used in the assay as showed in the
Fig. 3-5. Accordmg to the size of the protem, the 43-kDa-protem might be the 43 kDa-
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CREB that was first reported by Montminy et al in 1989. However, the uncertainty of this
protein m different nuclear extract preparations supports the possibility that it may be
derived fi'om the degradation of the 52-kDa-protein.

As discussed above, the mouse liver nuclear protein that bmds to the ANG-CRE has
a molecular weight at around 52 kDa.

0

3.5 THERM08TABILITY OF ANG-CRE BINDING PROTEIN

As discussed above, the appearance of the 52-kDa-protein was very reproducible for
different preparation of the nuclear extracts. The protein does not appear to be sensitive to
the temperature durmg the experiments. To test the thenno stability of this protein, we
heated the nuclear extracts at 95 °C for 10, 20, and 30 min respectively before they were
used for the Southwestern blot analysis. The result is shown in Fig. 3-6. In lanes 1-2, the
nuclear extracts were not heated, and the protein can bind to the P-ANG-CRE probe.
Lanes 3-8, the nuclear extracts were heated at 95 C heating block for 10 (lanes 3-4), 20
(lanes 5-6), and 30 (lanes 7-8) min respectively. Compared with the control (lanes 1-2), the
heating of nuclear extracts at 95 °C for 30 min (lanes 7-8) did not significantly afifect the
protein binding to the ANG-CRE. At present we do not know whether the heating wUl
change its biological fimctions.

u

3.6 TISSUE DISTRIBUTION OF ANG-CRE BINDING PROTEIN

The results presented above revealed that a 52-KDa nuclear protein fi-om mouse liver
can bind to the ANG-CRE, which may play some roles in the expression of the ANG gene.
As discussed in the chapter 1, the ANG gene is not only expressed in the liver, but is also
expressed in niany other tissues. The 52-kDa-protein may be also widely expresed in
dififerent tissues. To test the tissue distribution of the 52-protein, the Southwestern Blot was
perfonned with the nuclear extracts from mouse liver, kidney, testis, lung, brain, heart, and
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Fig. 3-7. Southwestern blot. ANG-CRE was labeled with 32P. Nuclear exfa-act
from mouse liver, kidney, testis, lung brain, spleen heart and two cell lines, Hepa
1-6 and OK were used in the blot. The protein marker was noted on the left, and
the molecular weight of the ANG-CRE binding protein are noted on the right of
the figure.
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spleen as well as two cell lines: Hepa 1-6 and OK. The result is shown in Fig. 3-7. The
molecular weight of the protein marker was noted at the left of the figure. Lanes 1-9 show
the nuclear extracts fi'om the different tissues or cells as indicated on the top of the figure.
The same amount of nuclear extracts from different tissues were loaded m the experunent
except brain, lung and heart because of the rich oflipids and connective tissue which result
m the difficulty of the preparation of nuclear extracts fi-om these two tissues. As shown in
the Fig.3-7, the 52-kDa protein was présente in the liver, kidney, testis, brain, and two cells
lines, Hepal-6 and OK, but was not présente in the lung, heart and spleen. Although the
lung and heart were negative, these might not be tme because of the modest amount of
protein loaded. The OK cells a higher molecular weight (56 kDa) protein, was detected, as
compared with that fi-om other tissues and Hepa 1-6 cells. This difference of the molecular
weight might be explained by the different isoform of the protein that may contribute to the
difference of the ANG gene expression m Hepa 1-6 and OK cells as observed in our
laboratory (Ming et al., 1993).

u

3.7 AFFINITY OF ANG-CREB FOR ANG-CRE

The resiilts fi-om the above experiments above suggest that 52-kDa-protein is a novel
CRE bindmg protein. We then asked whether the 52-kDa protein binds to the CRE
sequences fi-om different genes and is involved m the regulation of gene expression. We
synthesized the CREs fi-om the rat somotostatin gene (SOM-CRE), phosphoenopymvate
carboxyl kmase gene (PEPCK-CRE), and tyrosine amino transferase (TAT-CRE). Like
ANG-CRE, these elements are flanked on both ends by four bases of their natural
environment. We labeled these CREs with P and performed the Southwestern blots.
Briefly, the mouse liver nuclear extracts were separated by a 4-20% SDS-polyacylamide
gradient gel and electrotransfered onto a nitrocellulose filter. The filter was cut into 4 pieces
by scissors, and these filter pieces were probed with 32P-ANG-CRE, 32P-SOM-CRE, 32P-
PEPCK-CRE, and 32P-TAT-CRE respectively. As shown in Fig. 3-8, lanes 1-2 show the
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Fig. 3-8. Southwestern blot.ANG-CRE, SOM-CRE, PEPCK-CRE, and
TAT-CRE were labeled with 32P as the probes. The same amount of
mouse nuclear extracts (100 ug) were used for each probe. The protein
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u



n

0

u

ANG-CRE can bmd to two proteins with molecular weights 52 kDa and 43 kDa
respectively. While the CREs from SOM (lanes 3-4), PEPCK (lanes 5-6) and TAT (lanes 7-
8) CREs bind only to the protein with a molecular weight of 43 kDa. These results
demonstrate that the 52-kDa-protem could bind to the ANG-CRE but not to the SOM-
CRE, PEPCK-CRE, and TAT-CRE. Also, these results support the premise that the 43-kD-
protein might be the 43 kDa-CREB, because the SOM-CRE, PEPCK-CRE and TAT-CRE
are known to bind to this CREB protem. To further deteriiiine the DNA sequence specificity
of the 52-kDa-protem, we perfonned Southwestern competition assay. Briefly, the mouse
nuclear extracts were separated by a 4-20% of SDS-polyacylamide gradient gel and then
electro-transfered onto a nitrocellulose filter. The filter was cut into different pieces, and
then these filter pieces were pre-incubated with the 200-fold ofunlabeled ANG-CRE, SOM-
CRE, PEPCK-CRE, and TAT-CRE respectively. After the incubation the filter pieces were
probed with the 3 P-ANG-CRE in the presence of different competitors respectively. The
result is shown in the Fig. 3-9. The different unlabeled competitors were indicated on the
top of the figure. For each competitor, the two concentrations of nuclear extracts (50 and
100 p,g / lane) were used. Lane 1 shows the normal DNA / protein bmding without any
competitor. Lanes 2 and 3 show the P-ANG-CRE / protein bindmg was blocked by the
presence of200-fold ofunlabeled ANG-CRE. Lanes 4-9 shows the 32P-ANG-CRE / protem
binding was not affected by the presence of either 200-fold excess of SOM-CRE (lanes 4
and 5), PEPCK-CRE (lanes 6 and 7), or TAT-CRE (lanes 8 and 9). These results, together
with the results shown in Fig. 3-8, strongly demonstrate that 52-kDa-protein can bind
specificaUy to the ANG-CRE but does not interacted with SOM-CRE, PEPCK-CRE, and
TAT-CRE. Thus the 52-kDa-protein might be a novel CRE-binding protein.

The results from the Southwestern blots analysis (Fig. 3-8 and Fig. 3-9) demonstrate
that the 52-kDa-protein can't bind to the CREs from the SOM, PEPCK, and TAT genes.
However, because of the sensitivity of Southwestern blot is much lower compared with the
gel mobility shift assay, there might be a possibility that ANG-CREB can bind to the CREs
from SOM, PEPCK, and TAT genes, but the bindmg afiSnity to these CREs is much lower
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Fig. 3-9. Southwestern competition assay. ANG-CRE was labeled with 32P as the probe.
Nuclear extracts were prepared fi-om mouse liver. For each competitor, 50 (lanes, 1,2,4,6,
and 8) and 100 (lanes 3,4,5,7, and 9) pg of nuclear extracts were used. Lane 1, the nuclear
protein bind to 32P-ANG-CRE without any competitors; Lanes 2-3, the binding of nuclear
protein to 32P-ANG-CRE was displaced by the presence of 200 fold of "cold" ANG-
CRE; Lanes 4-9, nuclear protein bind to 32P ANG-CRE in the presence of 200 molar
excess of competitors as indicated on the top of the figure.
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that that to ANG-CRE. To test this possibility we performed the gel mobility shift
competition assay. Briefly, the mouse nuclear extracts were pre-incubated with 100 or 200
fold ofunlabeled ANG-CRE, SOM-CRE, PEPCK-CRE, or TAT-CRE before the addition
of the probe, P-ANG-CRE. The nuclear extracts were then separated by a 4% of
polyacylainide gel. The result is shown in the Fig. 3-10. Different unlabeled competitor
sequences are indicated m the figure. Lanes 1-2, the BSA as nonspecific binding controls.
Lanes 3-4 shows the P-ANG-CRE / protein binding without any competitor. Lanes 5-6,
unlabeled ANG-CRE competes with the 32P-ANG-CRE to bind with the protein, and result
in disappearance of the radioactivity. Lances 7-8 shows the presence of 100- or 200-fold of
SOM-CRE did not displaced the 32P-ANG-CRE bmding, mdicating the affinity between the
SOM-CRE and the protein is very low. Lanes 9-12 show the presence of 100- or 200-fold
of the PEPCK-CRE (lanes 9-10) and TAT-CRE (lanes 11-12) could partiaUy aboUshed the
32P-ANG-CRE / protein bindmg, suggesting the protein may bind to the PEPCK-CRE or
TAT-CRE, but the afGnity is much lower than ANG-CRE. Fig. 3-10 suggests that afSnity
order of the 52-kDa-protein to these CREs is: ANG-CRE, PEPCK-CRE, TAT-CRE, and
SOM-CRE.

u

3.8 THE BINDING SITE OF ANG-CRE BINDING PROTEIN

A mutation within the palindromic CRE octamer will reduce or eliminate the bmdmg
of the 43 kDa-CREB to this sequence. Our studies have demonstrated that the 52-kDa-
protein is mimunologically different from the 43 kDa-CREB, mdicating that the protein
might be structurally distinct from the CREB/ATF family members. To test the miportance
of the ANG-CRE sequence for protein binding, the 28-mer-oligonucleotide (ANG N-806 /-
779) was cleaved into three smaUer fragments: -806 /-796, -800 / -783, and -787 /-768.
These fi-agments represent sequences of upstream, ANG-CRE, and downstream
respectively. These fragments are 4 bases overlapped each other (Fig. 2-2). With these
elements, we performed a Southwestern blot. The results reveal shown on Fig. 3-11. The
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Fig. 3-10. Gel mobility shift competidon assay. ANG was labeled with 32P as the probe.
Nuclear extracts were prepared from mouse liver. Lanes land 2, BSA control; Lanes 3
and 4, the nuclear protein bind to 32PANG-CRE without competitors; Lanes 5-12, the
nuclear protein bind to "P-ANG-CRE in the presence of 100 (lanes 5,7,9,11) and 200
(lane 6,8,10,12) molar excess of competitors as indicated on the top of the figure.
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Fig. 3-11. Southwestern blot. The fi-agments -806 / -796 (upstream ofANG-CRE)
(lanes 4-6), -800 /-783 (ANG-CRE), and-787 /-796) (down stream of ANG-CRE)
were labeled a with 32P as probes. Nuclear extracts were prepared fi-om mouse liver,
kidney, and testis as indicated on the top of the figure.
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nuclear extracts were prepared from mouse liver, kidney, and testis. The result shows that
the nuclear protein binds to the probes 32P-800/-783 (lanes 1-3) and 32P-814/-796 (lanes 4-
6) but not the probe 32P-787/-769 (lanes 7-9), suggesting that the ANG-CRE and its
upstream sequence is the protein-bmding site. The similar result was obtamed from the gel
mobility shift competition assays. As shown in Fig. 3-12, fragment -814/-796 (upstream of
the ANG-CRE) was labeled as the probe, and nuclear extracts were prepared fi-om OK cells.
Lane l shows the BSA control. Lanes 2-3 shows the DNA/protein binding without any
competitor. Three bands were observed. In the presence of the 200-600 fold of unlabeled
fi-agment -814/-796 (upstream ofANG-CRE) (lanes 4-6) or -800/-783 (ANG-CRE) (lanes
7-9), or -806/-779 (containing ANG-CRE) (lanes 13-15) the band 3 is completely aboUshed.
However, the presence of 200-600 fold of unlabeled fragment -787/-768 (downstream of
ANG-CRE) (lanes 10-12) does not affect band 3. These results indicate that this protein
bmds to the ANG-CRE and its upstream sequence (the probe). To compare the importance
of the ANG-CRE octamer and its upstream sequence, we labeled ANG-CRE core sequence
-800/-783 with 32P to performed gel mobility competition assays. The results are shown in
Fig. 3-13. The nuclear extracts were prepared from mouse liver. Lane 1 shows the BSA
control. Lanes 2-3, show the DNA/protein binding without any competitors. This DNA
/protein binding was not affected by the presence of 200-600 fold of-814/-796 (sequence
upstream of the ANG-CRE) (lanes 4-6) and -787/-768 (sequence downstream of the ANG-
CRE) (lanes 10-12). The probe /protein binding was completely abolished by the presence
of 200-600 fold of -800/-783 (lanes 7, 8, and 9) and -806/-779 which contains the ANG-
CRE. The exact same results were obtained fi'om the gel mobility shift competition assays
with the nuclear extracts from Hepa 1-6 cells (Fig. 3-14). These results demonstrate that the
ANG-CRE core sequence and its upstream 4 bases are necessary for the 52-kDa-protem
binding. Taken togther this is the 52-kDa protein-binding site. Because the fragment
upstream the ANG-CRE (-814/-796) has only 4 bases which overlap the ANG-CRE core
sequence (-800/-783), it is uderstandable that the ANG-CRE fi-agment can compete with
upstream fragment (Fig.3-12, lanes 7-9 and lanes 13-15) to abolish the protein bmding. The
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Fig. 3-12. Gel mobility shift competidon assay. The fragment -814 / -796 (upstream of
ANG-CRE) was labeled with 32P as the probe. Nuclear exta-acts were prepared fi-om OK
cells. Lane l, BSA œntrol; Lanes 2 and 3, the nuclear protein bind to 32P-814/-796
without any competitors; Lanes 4-15, the nuclear protein bind to 32P-814 / -796 in the
presence of 200 (lanes 4,7,10,and 13), 400 (lanes 5,8,11, and 14), and 600 (lanes 6, 9, 12,
and 15) molar excess of competitors as indicated on the top of the figure.
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Fig. 3-13. Gel mobility shift competition assay. The fragment -800 / -780 (ANG-
CRE) was labeled with 32P as the probe. sNuclear extracts were prepared from
mouse liver. Lane l, BSA control; Lanes 2 and 3, the nuclear protein binds to 32P-
800 / -783 without any competitors; lanes 4-15, the nuclear protein binds to 32P-800
/ -783 in the presence of 200 (lanes 4,7,10,and 13), 400 (lanes 5,8,11, and 144), and
600 (lanes 6,9,12,and 15) molar excess of competitors as indicated on the top of the
figure.
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Fig. 3-14. Gel mobility shift competition assay. The fi-agment -800 / -780 (ANG-
CRE)was labeled with 32P as the probe. Nuclear extracts were prepared fi-om
Hepa 1-6 cells. Lane 1, BSA control; Lanes 2 and 3, the nuclear protein bind to
32P-800 / -783 without any competitors; Lanes 4-15, the nuclear protein bind to
"P-800 /-783 in the presence of 200 (lanes 4,7,10, and 13), 400 (lanes 5,8,11,
and 14), and 600 (lanes 6,9,12,and 15) molar exœss of competitors as mdicated
on the top of the figure.
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upstream fragment (-814/-796) is not able to compet with ANG-CRE core sequence (-800/-
783), and thus is unable to abolish protein binding (Fig. 3-13 and Fig. 3-14, lanes 4-6). To
study wether the intact ANG-CRE is necessary for the 52-kDa-protem binding, we
generated 3 mutants ofANG-CRE fragments (Fig.2-1 B). With these mutants we performed
gel mobility competition assay and the results are shown in Fig. 3-15. The ANG-CRE (-
806/-779) was labeled as the probe, and the nuclear extracts were prepared fi-om Hepa 1-6
cells. Lane 1, shows the BSA control. Lanes 2-3, show the probe/protein bmding without
any competitor. Lanes 4-6 show the probe/bmding was completely abolished by the
presence of 100-300 fold of the unlabeled -806/-779. The probe/protein bmding can not
aboUshed by the presence of 100-300 ofANG-CRE mutant 1(M-1, lanes 7-9), mutant 2 (M-
2, lanes 10-12), and mutant 3 (M-3, lanes 13-15). These results demonstrated that intact
ANG-CRE octamer is necessary for the protem binding.

Thus, these results have demonstrated that the ANG-CRE sequence and it's 4
upstream bases represent the binding site of the 52-kDa protein, and mutations within the
ANG-CRE results in the loss of the bindmg between of the DNA and the protein.

u

3.9 CLONING OF ANG-CRE BINDING PROTEIN

The results from the above experiments suggest that the 52-kDa-protein might be a
novel CRE-binding protein that is structurally distmct from the CREB/ATF faniily members.
In addition, this protein shows the ANG-CRE sequence specificity, which may play an
important role in the regulation of ANG gene expression. Based on the strong binding of
this protem to ANG-CRE under the conditions we used in the Southwestern blot, we
decided to clone the cDNA of this protein by direct cloning according the procedures
developed by Smgh et al. (1988). Briefly, a 28-mer double-strand oligonucleotide (-806/-
779) corresponding to the ANG-CRE was labeled with 32P and used to screen a A,gtl 1
cDNA expression library prepared from mouse liver (purchased from CloneTech). About
IxlO6 recombinants were inoculated evenly onto 20 plates (5000 pfii / plates). 2 mM of
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Fig. 3-15. Gel mobility shift competition assay. ANG-CRE was labeled with 32P as the
probe. Nuclear extracts were prepared from Hepa 1-6 cells. Lane l, BSA control; Lanes
2 and 3, the nuclear protein bind to 32P-800 /-783 without any competitors; lanes 4-15,
the nuclear protein bind to 32P-ANG-CRE in the presence of 100 (lanes 4,7,10,and 13),
200 (lanes 5,8,11, and 14), and 300 (lanes 6,9,12,and 15) molar excess of ANG-CRE
mutants competitors as indicated on the top of the figure.
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IPTG was used for the induction of the protein expression. Four phage clones were found to
bind with the DNA probe in all four rounds of screening. The mserts fi-om these 4 positive
clones were excised by the restriction enzymes EcoM, and analyzed on a mim-agarose gel.
To compare the cDNA size, the cDNA codmg the 43 kDa-CREB was loaded beside. The
DNA was then transferred on to a nitrocellulose membrane. The membrane was then probed
by the 32P-sequence of clone l. As showed in Fig. 3-16 A, the insert fi-om all four clones
show the same molecular weight, about 1.4 Kb, while the cDNA of the 43 kDa-CREB has a
molecular weight at around 1.1 Kb. Fig.3-16 B shows the result from the Southern blot
analysis. All inserts gave strong signal but the cDNA of the 43 kDa-CREB was not
detected. These results suggest that the inserts 1, 2, 3, and 4 have smiilar DNA sequence
with a Uttle homology to the cDNA of the 43 kDa-CREB.

The sequence analysis of the isolated cDNA revealed a >98% identity to the
sequence reported by A.H. Li, et al. (1996). The ammo acid sequence, deduced fi-om the
cDNA as predicted, shows no apparent bZIP structure in the molecule (Fig. 3-17).

u

3.10. EXPRESSION OF ANG-CREB IN A BACTERIAL SYSTEM

To fiirther characterize this protem, we expressed the protein in a bacterial system.
The isolated cDNA was cloned into the prokaryotic expression vector pMalc in frame at
EcoRI site that is downstream of the maltose binding protein (MBP). The reversed
orientation (or antisense) was constructed as a control. The constructs of both orientations
were transformed mto bacterial TB-1, and the bacteria were grown in 2.5 mM ofisopropyl-
p-D-thiogalactopyranoside (IPTG) for induction. After the incubation, 10 ml of the bacterial
culture was subjected to the repeated fi-ozen-thaw and ultrasonication, and the bacterial
extracts were used for the gel mobility assays. The results are shown in Fig. 3-18. Lane 1,
the bacteria transformed with the empty expression vector alone (pMalc) as nonspecific
binding control. Lanes 2-3, the bacteria transformed with pMalc containing the reversed
orientation (or antisense) of 52-kDa-protein cDNA. Lane 4, the bacteria transformed with
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Fig. 3-16. A. Inserts from isolated 4 clones were analysized by 0.8 % agarose
gel. Lanes 1-4 show the inserts from 4 isolated clones are the same size. Lane 5
show the cDNA of the 43 kDa CREB. B. Southern blot. The DNA were
transferred MI to a nitrocellulose filter from the mini-gel (A) and probed with
32P labeled insert fi-om clone 1.
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0 DNA: AGAATGACAAGCCAAATAACTAGTAATTCGCCCGTAAAATGGAAACGTAGA 51
AA: MTSQITSNSPVKWKRR 16

DNA: ACTCGTCATGACACTTGTGGTAAAATAACATTATTCGCCTTGCAAAAAACG 102
AA:TRHDTCGKITLFALQKT 33

DNA: ATGTACTTTGACAATTTAAGCACAAAAAAACACAACCTCGACAATTTAGAG 153
AA.:MYFDNLSTKKHNLDNLE 50

DNA : TTAGAGAGGTCGTGTTTTGAGATTAGTGAGACTATGGATAGTTCATTAAGT
AA:LERSCFEISETMDSSLS

DNA : ATTAT7VICATACTCAATGAGTGTACATAGTCTCCAGAAAAATGGAGAACCC
AA:IITYSMSVHSLQKNGEP

DNA: ATGAAACAAGAAAAACAGCAGTTTATAAAT'ACGGATTGGACGATTGACATG
AA:MKQEKQQ FI KTDWT l DM

DNA: ATAAATGCCGTCGGCAATTTGAGAAATATGCCATTGATATTTCTCACAGCT
AA-.INAVGNLRNMPLIFLTA

•t

204
67

255
84

306
101

357
118

DNA: ACTAAGGATATTCATCGCGGTGGATGGGTAGAACGAATTGATAATAAGGCT 408
AA:T KDI HRGGWVERI DNKA 135

0
DNA: TGGCAGTATGTCAGAGTTTATGAAAATGGCGACATTGAAGTTTTTV^TTACA 458
7'A:WQYVRVYENGDIEVLIT 153

DNA: CTTCAGATT'ATAAGATTCCACAAATATTTTGATACACCAGTTTGGTTACAG 510
AA:LQIIRFHKYFDTPVWLQ 169

DNA: TTTAACCCGAATCATCTTTTACCCGCAGATTATGTGCAACTTGATCATGTG 561
AA:FNPNHLLPADYVQLDHV 186

DNA: ATGAAATATGTTGATCACTCACATTTAACTCGCGCCGATTTAGCAAATGAT 612
AA:MKYVDH S HLT RADLAND 203

DNA: ATTTATAACATCAACTTGCAACGTTACGATTTTGGATTGTTTGGAGTAACT 663
AA:IYNINLQRYDFGLFGVT 220

DNA: AGAGATATCTATCGTAGTTTATCTGGTGATTTAG/'AACACGGTATTGGGGA 714
AA:RDIYRSLSGDLETRYWG 237

DNA: CGCCGAAAAAGTGAGCGCCAAATTCGTCTTTATGACAAAATGCGCGAGATG 765
AA:RRKSERQI RLYDKMREM 254

DNA: AAAAAACATGGCAAAGCAGATGATATTCCAGACGGTATTACTGATTGGTGG 816
AA:KKHGKADDI PDGITDWW 271

u

DNA: CGTTTAGAATTTCAATTTAGAGGTGGCAAGGTTGAGTCATGGCAAGAAGAA 867
7V\:RLEFQFRGGKVESWQEE 288

DNA: GTAATGGACAAAATGCAGTCGTTCCATGTTCTTGCTGTTGATGATAATGAT 918
AA:VMD KMQ S FHVLAVD DN D 305

DNA: GATTTAAGTGAAATAGATAAAGCCATTTTAGCACGTGTTAATGCCGATAAA 969
AA:DLS El DKAI LARVNADK 322



n DNA: TTTGATTTTA?V^GAGTCGGTAAACGTTATGCTGCAAAAATTCGGA7VVLTG 1020
AA:FDFKRVGKRYAAKI RKM 339

0

DNA: GTACGTGAAAACGTTGGTTTTGATACGACCGTTGCAGAATTATCTCTCAAA 1071
7\A:VRENVGFDTTVAELS LK 356

DNA: ACATTCAACGAACAA7WYGATGAGTTGCAGAGACAACTAGATAGCATGCTT 1122
AA:TFNEQKDELQRQLDSML 373

DNA: GCAAAATATAATATCGGTGCACAAACAGAAGAAATGACAGCATATTTTGAG 1173
AA:AKYNIGAQTEEMTAYFE 390

DNA: GAAGAGCTTAAACAAACAGGTAATCTTGATTTTTCTGTTGTTGAGAGTGAA 1224
AA:EELKQTGNLDFSVVESE 407

DNA: TCTGCGTTAGAGCGTAATGTGATACGAAATAGTGCTAAAACTTGGCGTGAA 1275
AA:SALERNVI RNSAKTWRE 424

DNA: GAAAATAGTTTAACGCACAGAACTAATACTAATAGTTGATGCGTATTTTTT 1326
AA:ENSLTHRTNTNS* 436

DNA: ATTTTTCTAATAT 1339

0 Fig.3-17. The nucleotide sequence and deduced amino acid sequences of
ANG-CREB. The nucleotides underlined are different from c-50 Nucleotides
bolded are absent in c-50. The deduced amino acid residues are depicted
below the open reading frame. The nucleotide and amino acid sequence are
numbered.
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Fig. 3-18. Gel mobility shift assay. ANG-CRE was labeled with 32P as the
probe. The bacterial extracts were prqîared from the bacteria transfected
with empty expression vector (pMalc) (lane l), pMalc fused with ANG-
CREB antisense (lanes 2 and 3) or sense ( lane 4). The specific band is
markered with arrow

u



n
pMalc containmg the sense of 52-kDa-protem cDNA m fi'am. Only the bacterial extracts
from the bacterial transformed with pMalc containing the sense of 52-kDa-protein cDNA
binds with 32P-ANG-CRE (lane 4).

Gel mobility shift competition assays performed with the bacterial extract reveals the
binding specificity ofANG-CRE of the binding. As shown in Fig. 3-19, lane 1 is the BSA
control. Lanes 2 and 3, the bacterial extracts from the bacteria traiisformed with the empty
expression vector alone (pMalc) and treated with IPTG, no specij&c probe/protein
interaction was observed. Lanes 4 and 5, the bacterial extracts from the bacterial
transformed with pMalc containing the sense of 52-kDa-protein cDNA, and treated with
IPTG, the probe/protein complex was observed. Lanes 6-9 demonstrates the probe/protein
binding in presence of the 100-300 fold ofunlabeled ANG-CRE. In the presence of 300 fold
of unlabeled ANG-CRE, the probe/protein was abolished (lanes 8 and 9). Lanes 10-13
shows the presence of 100-300 fold ofunlabeled SOM-CRE could not compete with the
32P-ANG-CRE probe nor abolish the probe/protein bindmg. Also, the presence of 300 fold
of unlabeled ANG-CRE mutant 3 (Fig. 2-1) could not abolish the probe/protein bindmg
(lanes 14 and 15). These results demonstrate that the intact ANG-CRE is necessary for the
protem bindmg and is in good agreement with the results from the nuclear extracts jfrom
mouse liver.

u

3.11TRANSCRIPTIONAL ACTIVITY OF ANG-CREB

The results of experiments CFig. 3-9 and Fig. 3-10) indicate that ANG-CREB can
binding to ANG-CRE. The sequence deduced amino acid reveals no apparent leucine zipper
structure (Fig. 3-17), which distinct from the superfamily members ofCRE binding proteins
reported so far. We next asked whether this protein is fimctional in vivo. To answer this
question. The cDNA of the 52-Kda protein was constructed into the pRSV maiiimalian
expression vector at EcoRI site m both orientation, and the constmcts were then co-
transfected into Hepa 1-6 ceUs respectively with pTKCAT expression vector with ANG-
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Fig.3-19. Gel mobility competition assay. ANG-CRE was labeled with 32P as
the probe. The bacterial extracts were prq)ared fi-om the bacterial transfected
with empty expression vector (pMalc) (lanes 1 and 2), pMalc fiised with sense
(lanes 3 -14). Lanes 4 and 5, the ANG-CREB / MBP fusion protein bind to 32P-
ANG-CRE in the absence of competitors. Lanes 6-14, the fusion protein / 32P-
ANG-CRE in the presence of 100-3 00 molar excess of competitors as
indicated.
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CRE sequence upstream of TK promoter. The CAT activity was assayed in either absence
or presence of isoproterenol. The results are shown in Fig. 3-20. As expected, the
isoproterenol stimulates the CAT activity (black bar) compared with control (empty bars)
(control group). The same result was obtained when the pTKCAT(ANG-CRE) expression
vector was co-tranfected with pRSV with the antisense of 52-kDa protein cDNA,
suggesting the antisense of the cDNA has no effect on both basal (empty bars) or stimulated
levels (black bars) (groupantisense). However, when pTKCAT(ANG-CRE) expression
vector was co-transfected with pRSV containing the sense of 52-kDa protein cDNA, the
stimulatory effect of isoproterenol on the CAT activity is suppressed. This result indicates
that the stimulation of isoproterenol on the ANG-CRE/TK promoter was blocked by the
expression of the 52-kDa-protein. Compare the basal levels (untreated by isoproterenol,
empty bars) of both orientation of the 52-kDa-protein cDNA fiision gene and control
plasmid (pGEM-3), expression of the 52-kDa-protein shows little effect on the CAT
activity. In other words, 52-kDa-protein down-regulates the transactivity ofANG-CRE/TK
promoter only on the stimulated level but not on the basal level. This result highlights the
functionally difference between the 52-kDa protem and the 43 kDa-CREB. The 43 kDa-
CREB was demonstrated to stunulate the transactivity of ANG gene promoter (ANG N-
1498/+18) (Qian et al., 1997). The addition of isoproterenol further enhanced the
stimulatory effect ofpRSV/CREB (Qian et al., 1997).

u

3.12THE EXPRESSION OF THE ANG-CREB IS REGULATED BY cAMP AND DEX

As discussed in chapter 1, the expression of ANG gene is regulated by
glucocorticoids. Previous studies m our laboratory have demonstrated the addition ofDEX
could stimulate ANG gene expression in both Hepa 1-6 and OK ceUs (Ming et al., 1993;
1995). The adrenalectomy results in the decrease of the ANG gene expression because of
the lack of the stimulation by glucocorticoids. The administration ofDEX could reverse the
decreased ANG level to some extent (unpublished data in our laboratory). Durmg the
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Fig.3-20. Transient gene transfection assay. Effect ofisoproterenol (10~5 moi /
l) on the expression of pTKCAT(ANG N-806/-779) m Hepa l-6 cells
cotransfected with pRSV(ANG-CREB) or control plasmid PGEM-3. Results
are expressed for the mean+SD as a percentage of control (without the
addition ofisoproterenol 100%) (**p±0.01).
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studies on the eflfect of the DEX and cAMP on the adrenalectomized mouse, we used the
mouse Uver nuclear extracts for the gel mobility shift and Southwestern blot assays.
Interestingly, we found that the adrenalectomy decreased the ANG-CREB level. As
showed m Fig. 3-21, in normal mouse liver, two ANG-CRE binding protein are observed,
and the 52-kDa protein is predominant (lane l). Adrenalectomy resulted m the decrease in
the 52-kDa-protem and an increase of the 43 kDa-CREB (lane 2). The injection ofDEX
(lane 3) or cAMP (lane 4) alone could not reverse the adrenalectomy-reduced level of 52-
kDa-protein significantly. However, the injection of the combination of the DEX and
cAMP, restored the level of the 52-kDa protein close to the normal level (lane 5). This
result indicates that the 52-kDa-protein may be regulated by DEX and cAMP.

C)

u

3.13ROLES OF THE 43 kDa-CREB ON THE ANG GENE EXPRESSION

As discussed in chapter 1, we know that CRE mteracts with a group of proteins
with similar bZIP structure. Our present studies reveal a non-b-ZIP protein that can also
bind to ANG-CRE and regulate the gene expression. Studies demonstrate that the 52-kDa-
protein is a novel ANG-CRE binding protein that is different from CREB both structurally
and functionally. However, whether the 43 kDa-CREB interacts with ANG-CRE and
subsequently regulates ANG gene expression is unknown. Southwestern blot (Fig. 3-5, 3-
8) assays with mouse nuclear extracts demonstrated that the 43-kDa-protein binds to
ANG-CRE in vitro. Immunoprecipitation/Southwestem blot (Fig. 3-3) and gel mobility
supershift (Fig. 3-4) assays with 43 kDa-CREB antiserum demonstrate that the 43 kDa-
CREB does bind to ANG-CRE. To investigate whether the 43 kDa-CREB functions in
vivo, the cDNA coding for 43 kDa-CREB was cloned and constmcted mto the mammalian
expression vector. The construct (pRSV/CREB) was transfected mto OK 27 cells (a stable
OK cell line with a fusion gene contaming the 5'-flanking regulatory sequence of the rat
ANG gene fased with a human growth hormone (hGH) gene as a reporter, pOGH(ANG N-
1498/+18)). The level of expression of the pOGH (ANG N-1498/+18) in OK 27 ceUs was

92



n

A.
Gel mobiïity shift

B.
Southwestern blot

^
^' <^
^

<s ^'d̂k /
/

^u'

^.....^^
.-. -.,-_-,:-n^-,?-'^^'^

a
a."

^

^
52kDa

43kDa

m
s?,.'

sg

Fig.3-21. The effect of cAMP and dexamethasone (DEX) on the expression of the 52
kDa protein in adrenectomized (ADX) mouse. The nuclear extracts were prepared from
mouse liver. The probe was 32P-ANG-CRE. Lanel, normal mouse without injection of
either 8-Br-cAMP or DEX; Lane 2, adrenectomized mouse without injection of either
8-Br-cAMP or DEX; Lane 3, adrenectomized mouse with injection ofS-Br-cAMP. Lane
4, adrenectomized mouse with injection ofDEX; Lane 5, adrenectomized mouse with
injection of both 8-Br-cAMP and DEX.

u



0

0

estunated by the amount of immunoreactive hGH secreted into the culture medium. The
results demonstrate that the transfection ofpRSV/CREB alone stunulated the expression of
pOGH(ANG N-1498/+18), and the addition of isoproterenol or forskolin further enhanced
the stimulatory effect of pRSV/CREB on the expression of pOGH(ANG N-1498/+18)
(Qian et al., 1996). The enhancing efiFect of isoproterenol was mhibited by the presence of
propranolol (an inhibitor of p-adrenoceptors) and R-p-adenosine-3'5'-cyclic
monophospho-orthioate ((Rp)-cAMP, an inhibitor of cAMP-dependent protein kinase AI
and II) (Qian et al., 1996). Transfection ofpRSV/CREB had no effect on the expression of
the fusion gene contaming the thymidine kinase promoter fused with an hGH gene as a
reporter (pTKGH) (Qian et al., 1996). Because isoproterenol is known to stimulate the
synthesis of intraceUuah- cAMP via P-adrenergic receptor, and also forskolin is a wildly
used cAMP activator, these studies suggest isoproterenol stimulates the expression of
ANG gene via the cAMP-dependent protein kmase A (PKA) and probably via the
interaction of the 43 kDa-CREB with ANG-CRE, the nuclear 43-kDa-CREB may play a
modulatory role on the expression of the ANG gene in OK cells.

0
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4.1 ANG GENE EXPRESSION IS REGULATED BY cAMP

4.2 cAMP RESPONSIVE ELEMENT (CRE) OF RAT ANGIOTENSINOGEN GENE
4.3 THE 43-kDa-CREB IS INVOLVED IN THE ANG GENE REGULATION
4.4 ANG-CRE BINDING PROTEIN (ANG-CREB)
4.5 CLONING AND EXPRESSION OF ANG-CREB

4.6 THE FUNCTION OF ANG-CREB

4.7 THE MECHNISIMS OF THE ANG-CREB FUNCTION

0 4.1 ANG GENE EXPRESSION IS REGULATED BY cAMP

0

The systemic renin-angiotensin system is designed to maintain cardiovascular
homeo stasis in response to hypotension. Under normal conditions, angiotensinogen (ANG)
concentrations circulating m the plasma are rate limitmg for the maximum formation of
angiotensin I. In the liver, the major site of circulating ANG synthesis, ANG expression is
under tight honnonal control. Hormonal regulation of expression ofANG gene can occur
on dufferent levels dependent on different hormones which function via different pathways,
such as, transcription rates, mRNA stability and processing, and translational initiation
rates. Some hormones may function via different mechnismslevels. Ang II increases ANG
gene expression by both transcription (Chan 1992) and stabilization of the transcripts (Klett
étal., 1993).

Although the regulation of ANG gene expression may occur on different levels,
changes in transcriptional initiation rate have been observed to be a common and important
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mechanism in controlling genes expressed by the mammalian hepatocyte. Studies have
showed the treatment of rats with a combmation ofdexamethasone (DEX), estradiol and L-
T3 increases ANG œRNA synthesis in liver and other tissues (Campbell and Habener, 1986;
Kalinyak and Perhnan, 1987). It has been also demonstrated that a combination treatment
with DEX and L-T3 resulted m a synergistic increase m ANG mRNA levels in the rat
hepatoma cells (Reuber H35) (Chang and Perhnan, 1988). DEX may increase ANG mRNA
levels in rat pancreatic islet cells (1056A) in a tune- and dose-dependent manner (Brasier et
al., 1986). In our laboratory, studies employmg gene transfection assays with the different
fi-agments of rat ANG gene 5'-flanking regulatory region fused to a reporter gene (CAT)
demonstrated that 8-Br-cAMP (a cAMP analogue) and forskolin (can increase intracellular
cAMP) stimulate ANG gene expression in OK ceUs and Hepa 1-6 cells.

The cAMP eflfect on ANG gene expression in OK cells: cAMP or forskolin directly
stimulated the expression ofpOCAT(ANG N-1498/+18) in a dose dependent maimer in
cultured OK ceUs. It has been found that pOCAT (ANG N-1136/+18), pOCAT(ANG N-
960/+18), pOCAT(ANG N-814/+18), and pOCAT (ANG N-688/+18) are also responsive
to the addition ofcAMP but not pOCAT (ANG N-280/+18), pOCAT(ANG N-196/+18),
pOCAT (ANG N-110/+18), pOCATANG (N-53/+18), and pOCAT(ANG N-35/+18) (Ming
étal., 1995).

The gene transfection experiments revealed that the addition of 8-Br-cAMP or
forskolin stmiulated the expression of pTKCAT(ANG N-814/-761) by 2- to 3-fold,
compared with the controls (in the absence of either cAMP or forskolm), whereas it
stunulated the expression ofpTKCAT(ANG N-814/-689) by 1.3- 1.2-fold. Comparing with
ofpTKCAT(ANG N-814/-761), we do not know the reason for a lower stimulation by
cAMP on pTKCAT(ANG N-814/-689). One possible explanation may be that the
downstream DNA sequence N-760/-689 may mteract with a CREB-associated protein(s),
which may modulate or inhibit the effect of cAMP. Indeed, this possibility is supported by
the report (MUler et al., 1993) that CREB-associated proteins bind to the DNA sequence
adjacent to the CRE motif of glucagon gene and inhibit the response of the glucagon gene to
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cAMP. Deletion of the fragment ANG N-814/-761 to ANG N-806/-779, the
pTKCAT(ANG N-806/-779) is also responsible to either 8-Br-cAMP (2.1-fold) or forskolin
(1.9-fold). These studies further provide evidence that the CRE motif is probably located in
ANG N-795/-788 (5'-TGACGTAC-3') m rat ANG gène (Ming et al, 1997).

The addition of Rp-cAMP (10'4 moVL), an intubitor of cAMP-dependent protein
kinase AI and II, blocks the eflfect of 8-Br-cAMP on the expression ofpTKCAT (ANG N-
806/-779) in OK cells (Ming et al, 1997). These studies demonstrated that the stimulatory
ejffect of 8-Br-cAMP on the ANG gene expression was mediated by the PKA pathway. The
addition of DEX further enhanced the stimulatory effect of cAMP or forskolin on the
expression ofpOCAT(ANG N-1498/+18) in OK ceUs ( Ming et al, 1995), which showed
that glucocorticoid and 8-Br-cAMP inay significantly stimulate the transcription of the ANG
gene m kidney cells. Moreover, the studies showed that the stimulatory efiFect of 8-Br-
cAMP plus DEX on the expression ofpOCAT(ANG N-1498/+18) was no more than 2- to
3-fold, compared with control (in the absence of both DEX and cAMP). Such observations
are in agreement with the studies of Ohtani et al. (1992), which showed that the maximal
effect of DEX and dibutyryl (DB)2cAMP on ANG secretion by primary cultured
hepatocytes is about 2- to 3-fold over the control.

Unlike in OK cells, 8-Br-cAMP alone did not stimulate the expression of the fuU
length ANG-CAT fusion gene, pOCAT(ANG N-1498/+18) in Hepa 1-6 ceUs. However, it
can stimulate the expression of the fusion genes ofANG / thymidine kinase promoter /CAT
reporter: pTKCAT(ANG N-814/-761) and pTKCAT(ANG N-806/-779) (Ming et al, 1995,
1997). The action of 8-Br-cAMP on pOCAT(ANG N-1498/+18) required the addition of
DEX. DEX alone can stimulate the pOCAT(ANG N-1498/+18) in Hepa 1-6 ceUs. The
combination of 8-Br-cAMP and DEX stimulated the expression of pOCAT(ANG N-
1498/+18) at least 1.5-fold higher than the DEX alone. This synergistic effect of 8-Br-
cAMP and DEX was also shown in studies by Ohtani et al. (1992) who reported that in the
primary culture of rat hepatocytes, the basal secretion of ANG decreased during culture.
The addition of DEX and (Bu)2-cAMP completely prevented this decrease. ANG secretion
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by fi-eshly plated hypatocytes was slightly increased in response to DEX, but after 24 hrs in
culture, hepatocytes no longer responded to DEX alone. When hypatocytes were treated
with (Bu)2-cAMP, or glucagon, or forskolin, ANG secretion increased m response to DEX
in a concentration-dependent manner. This synergistic efifect of 8-Br-cAMP and DEX was
also observed m OK ceUs as well as hepal-6 ceUs (Ming et al, 1995)

The molecular mechanism of the difference of the same gene pOCAT(ANG N-
1498/+18) in Hepa 1-6 and OK cells is unclear at present. We hypothesize that there is an
inhibitory factor in Hepa 1-6 cells, which may inhibit the stimulatory effect of8-Br-cAMP on
the expression of the ANG gene, by binding to a neighbormg sequence. The addition ofDEX
may decrease the efifect of inhibitory factors. Thus the effect of cAMP on ANG gene
expression appeared only in the presence ofDEX (Ming et al., 1997). Indeed, 8-Br-cAMP
alone may induce the fusion genes pTKCAT(ANG N-814/-761) and pTKCAT(ANG N-806/-
779) to which the element(s) that supposed to be the binding site of the inhibitory factors has
been deleted.

^

4.2 cAMP RESPONSIVE ELEMENT (CRE) OF RAT ANGIOTENSINOGEN GENE

Eukaryotic gene transcription is regulated by DNA sequence-specific transcription
factors that bind to cis-acting enhancer and promoter element. The cAMP effect is often
mediated by a short parlmdromic core motif, 5'-TGACGTCA-3' (designated as a cAMP-
responsive element, CRE) in the 5'-flanking region of a specific gene (Montminy et al.,
1986; SUver et al., 1987; Phmppe, 1991). The CRE is highly conserved among the cAMP-
inducible promoters. The cAMP-responsive element displays properties of a classical
enhancer sequence, stimulating transcription at a distance and fimctionally independent of
orientation. The CRE core motif was also observed in promoters of certain viruses including
HTLV-I and -II, cytomegalovims and adenovu-us. It has been reported that a putative CRE,
5'-TGCGTCA-3' is localized in the 5'-flanking region (ANG N-839/-833) of the human
ANG gene (Fukamizu et al., 1990). Previous studies in our laboratory (Chan et al, 1990) on
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the sequence of the 5'-flanking region of the rat ANG gene demonstrated that the DNA
sequence of nucleotides N-795/-788 (5'-TGACGTCA-3') was almost identical to the
consensus CRE of the somatostatin gene (Montminy et al., 1986), except the last two
nucleotides are in reverse order. Thus this observation raises the possibility that cAMP may
stunulate the expression of the ANG gene via this putative ANG-CRE in the 5'-flankmg
region of the rat ANG gene. Indeed, the gene transfection experiments demonstrated that
the addition of 8-Br-cAMP or forskolin stunulated the expression of pTKCAT(ANG N-
814/-689), and pTKCAT(ANG N-814/-761) as weU as pTKCAT(ANG N-806/-779), but
not the mutants ofANG N-806/-779 (Ming et al., PhD thesis).

The expression of the ANG gene in mouse hepatoina cells (Hepa 1-6) has shown
that isoproterenol or 8-Br-cAMP eiihances the stimulatory eflfect of dexamethasone on the
expression of the ANG gene in Hepa 1-6 cells (Ming et al., 1993; Ming et al., 1995). The
enhancing effect of isoproterenol is blocked by the presence of propranolol (P-adrenergic
receptor blocker), ICI 118,551 (p2-adrenergic receptor blacker) and Rp-cAMP (an inhibitor
of cAMP-dependent protein kinase A I and II), but only mœimally by atenolol (pl-
adrenergic receptor blacker). These findings demonstrated that the enhancing efFect of
isoproterenol is mediated predominantly via the p2-adrenergic receptor and the cAMP
dependent protein kiase A (PKA) signal transduction pathway.

The molecular mechamsm(s) responsible for the enhancing effect ofisoproterenol or
8-Br-cAMP with DEX on the expression of the ANG gene in Hepa 1-6 cells has not been
defined. One possibiïity may be that the addition of isoproterenol stiinulates the synthesis of
mtracellular cAMP, since P-adrenergic receptors are linked through guanine nucleotide
regulatory protein (G-protein) to adenylyl cyclase on the inner part of the plasma membrane
of target cells (Ri2za et al., 1980). The intracellular cAMP then binds to the regulatory
subunit of cAMP-dependent PKA and releases the catalytic subunit of PKA. The free
catalytic subunit ofPKA then translocates into the nucleus and subsequently phosphorylates
the nuclear 43 kDa-CREB and / or other CRE-bmdmg proteins. These nuclear proteins
interact with the putative ANG-CRE in the 5'-flanking region of the rat ANG gene (Chan et
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al., 1990), and interact with the activated-glucocorticoid receptor complex (GRC) which is
bound to the glucocorticoid-responsive element (GREs) in the 5'-flanking region of the rat
ANG gene when activated by DEX. Subsequently, the boimd CREB / GRC unit will act
synergistically with the pre-initiation complex to enhancing the expression of the ANG gene.

u

4.3 THE 43 kDa-CREB IS INVOLVED IN THE ANG GENE REGULATION

Within the last 10 years at least 20 different CRE-binding proteins (CREBs) have
been cloned, including CREBs, CREM and ATF family (Meyer and Habener, 1993). CREB
341 (341 amino acid residues) and CREB 327 (327 amino acid residues) (they are
tentatively designated as 43 kDa-CREB) are the best-characterized CREBs. They are
encoded from the same gene by two alternatively spliced messenger RNAs. The 43 kDa-
CREB homodimers bind strongly to the symmetrical palindrome but less well to the
asymmetrical sequence, such as the CRE (TAGCGTAA) of the phosphoenopyruvate
carboxykinase (PEPCK) gene and CRE (TGACTTCA) of the a-subunit of human
glycoprotein. Thus, the symmetry of the CRE-sequence and its flanking sequence determine
the relative binding afGnity and specificity of the 43 kDa-CREB. The binding of CREB to
CRE in the regiilatory region ofcAMP mduciable gene is thought to be an important step in
the regulation of the cAMP regulated gene expression. Elevated intracellular cAMP
activates the protein kinase A (PKA) that dissociates into regulatory subunit and catalytic
subunits. The catalytic subunits of PKA then translocated into nucleus, and results in the
phosphorylation of the 43 kDa-CREB and / or other functional nuclear protems. The
phosphorylated nuclear protein then bmds to specific region of the DNA (CRE) and
interacts with other transcriptional activators to influence the gene expression (Fig.1-17).
Therefore, the cAMP functions via the 43 kDa-CREB or / and other nuclear proteins.

Our studies demonstrate that the 43 kDa-CREB does mteract with ANG-CRE. From
mouse liver nuclear extracts we found a 43-kDa protein bmds to ANG-CRE (Fig. 3-5). This
43 kDa protein also bind to somatostain gene CRE (SOM-CRE), phosphoenol pyruvate
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carboxyl kinase gene CRE (PEPCK-CRE) and tyrosine ammo transferase gene CRE (TAT-
CRE) (Fig. 3-8). Immunoprecipitation (Fig. 3-3) and gel mobility supershift (Fig. 3-4)
assays with the 43 kDa-CREB antiserum suggest this 43-kDa protein is the 43 kDa-CREB.
We have also demonstrated that either the full length of the 43 kDa-CREB or the bZIP
domain can bind to ANG-CRE in vitro (unpublished data in the laboratory). The
experiments showed that the mutations within ANG-CRE sequence resulted in the loss of
the binding activity of the ANG-CRE with the 43 kDa-CREB (unpubUshed data m the
laboratory). These results indicate that the intact CRE-motif of ANG-CRE (TGACGTAC)
is essential for the bindmg with the 43 kDa-CREB.

The 43 kDa-CREB can interact with ANG-CRE in vitro. We speculate that the 43
kDa-CREB inight mediate the effect offorskolin or 8-Br-cAMP on the expression ofANG
gene in via the binding to the putative CRE. We have previously reported that isoproterenol
enhances the stimulatory effect ofDEX on the expression ofANG gene in mouse hepatoma
cells via the p2-adrenergic receptor and cAMP-dependent protein kinase A (PKA) pathway
(Ming et al., 1993; 1995). To study the effect of the 43 kDa-CREB on the expression of the
ANG gene, we constructed the fusion gene pRSV/CREB, by fusing the full length of the 43
kDa-CREB cDNA with SV promoter. The fiision gene was introduced into a opossum
kidney (OK) cell line, OK27 cells which is a stable transfectant with a ftision gene
(pOGH(ANG N-1498/+18)) contaming the 5'-flanking regulatory sequence of the rat ANG
gene fused with a human growth hormone gene as a reporter. The level of expression of the
pOGH(ANG N-1498/+18) in OK27 cells was estimated by the amount of immunoreactive
human growth hormone secreted mto the culture medium. Transfection of pRSV/CREB
alone stimulated the expression ofpOGH(ANG N-1498/+18). The addition ofisoproterenol
(an activator of both pl- and p2-adrenergic receptor) or forskolin which are known to
increase intraceUular cAMP levels further enhanced the stimulatory effect of pRSV/CREB
on the expression ofpOGH(ANG N-1498/+18) (Qian et al., 1996). The stimulatory effect
of isoproterenol was blocked m the presence of propranolol (an inhibitor of P-
adrenoceptors) and Rp-cAMP (an inhibitor of cAMP-dependent protein kinase AI and II)
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(Qian et al., 1996). Transfection ofpRSV/CREB had no effect on the expression of human
growth hormone that was fused to thymidine kinase promoter (TK) in another stable
transfectant OK13 (Qian et al., 1996). These studies demonstrate that isoproterenol
stimulates the expression of ANG gene via the cAMP-dependent protein kinase A, and
probably via the interaction of the 43 kDa-CREB with the putative CRE in 5'-flanking
region of the ANG gene. Or the nuclear 43 kDa-CREB may have a modulatory role on the
expression of the ANG gene.

^

4.4 ANG-CRE BINDING PROTEIN (52-kDa protein)

The cAMP effects on ANG gene transcription observed in our studies revealed a
stunulation factor of approximately 2.5 fold (Ming et al 1993, 1995). Compared to other
cAMP-responsive system, however, the induction of the ANG promoter achieved in our
assay system is relatively low. For instance, the appropriate regions (CRE) of the human
gonadotropin alpha subunit gene and somatostatin gene promoters conferred over 10-fold
stimulation by 8-Br-cAMP (Hoeffler, 1992) or forskolin (Brindle et al, 1995). This may be
due to the deviation m the end of the ANG-CRE from the consensus sequence
(TGACGTAC instead of TGACGTCA). However, a putative CRE with the siinilar
deviation as in the ANG promoter is found in the promoter of the PEPCK or TAT genes.
There might be a possibUity that some element in the vicinity of ANG-CRE octamer exerts
additional effects partly obscuring the cAMP induction mechanism in ANG gene.
Alternatively, the stunulatory effect ofcAMP on the expression ofANG gene is decreased
by an mhibitory protein. This mhibitory protein functions via either blocking the bmding of
43 kDa-CREB to ANG-CRE or attenuating the transcriptional activity of the 43 kDa-
CREB. The latter possibility is supported by the results fi-om the present studies.

In the present study, a double stranded oligonucleotide of the putative CRE element
on the rat ANG gene was used to isolate a cDNA from mouse liver library. This cDNA
encodes a nuclear protein, designated 52-kDa-protein, which binds to ANG gene CRE-like
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sequence in vitro. The apparent stmcture of the 52-kDa-protem is not siirular to either
CREBs or ATF-1 or CREM-related proteins (Meyer and Habener, 1993) that are the
proteins demonstrated to be able to bmd to CRE sequence. These CRE-binding protems
belong to the bZIP superfamily, in which the members all contam the basic DNA-bindmg
domain and the leucine zipper dimerization domain (bZIP). However, Southern blot (Fig.3-
16) demonstrated that the 52-kDa-protein has little sequence homo logy to the 43 kDa-
CREB. Not surprisingly, the sequence analysis of the cDNA and deduced amino acid of the
52-kDa protein show no the basic zipper structure. It is understood that the addition of the
antibodies can decrease but not eliminate the binding of the labeled ANG-CRE with the
nuclear proteins as showed in Fig.3-3. Also addition of rabbit polyclonal antibodies against
the 43 kDa-CREB can not yield a complete supershift band in the gel mobility shift assays
by employing the labeled ANG-CRE as probe (Fig. 3-4). These studies support the notion
that the 52-kDa-protem is unmimologically different from the 43 kDa-CREB. These results
demonstrate that antibodies against the CREB or ATF-1 protein did not interfere with the
binding of the labeled ANG-CRE with the 52-kDa-protein. The 52-kDa-protein is a non-
bZIP CRE binding protein. Indeed, the previous studies have suggested that the CRE
binding protein could be stmcturally distinct from CREB / ATF family menibers. Jansen et
al. (1997) reported a protein that binds to the CRE of the prohormone convertase 1
promoter (PC 1). Moreover, this protein did not cross-react with the antibodies agamst the
bZIP family members: ATF-1, 2, 3, CREB-1, CREM, C/EBP, AP-1 (c-Jun), and c-Fos m
the supershift assays, indicating that this protein is not a known member of the bZIP
superfamily. UV cross-linking experiments demonstrated this potential novel protein was
~ 100 kDa in size. This protein has not yet been cloned or characterized further. This work is
the fcst of identification of a non-bZIP CRE-binding protem

u
4.5 CLONING AND EXPRESSION OF ANG-CREB IN BACTERIAL SYSTEM
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The cDNA ofANG-CREB is isolated by the strategy that was developed by Signs et al
(1988). Briefly, the double strands DNA (or oligonucleotide) that represents the protein site
was labeled with radioisotope, 32P. The Xgtl 1 library culture was treated with IPTG to
induce the expression of proteins. The clone that expresses the DNA-binding protein wUl
give the positive signal after incubation with the radioactive labeled DNA. So, this strategy
is based on the DNA-protem interactions. Compared with the conventional cloning which is
based on DNA-DNA mteractions, this strategy was designed to clone genes encoding
sequence-specific DNA-bmding proteins, and undertaken with the particular aim of isolating
genes specifymg mammalian transcriptional regulatory proteins. This method is first
established by Singh et al. (1988) in the isolation of the MHC class l H-2Kb gene with a
recognition site probe, H2TF1. The vector used for the construction of the library must be
an expression vector, or it must have the translation machinery, and express protein, in high
concentration. The IPTG may be used as a inducer for the Lac promoter. IPTG functions by
bindmg to the represser protein and mtermpted the bmding of repressor to the gene
operator, and therefore sthnulates gene expression. Lastly, the protem can bind to the
labeled DNA probe with relatively high binding constants since only these are likely to form
complex with half-lives long enough to withstand the wash protocol. It may be possible to
isolate recombmants encoding proteins with binding constant of 10 M' or lower (Singh et
ai., 1988). Usmg DNA probes containing multiple binding sites that are spaced so that the
probe can simultaneously bind two or more immobilized protein molecules might
significantly enhance the sensitivity of this strategy for low affinity proteins. Alternative, it
may be possible to covalently stabilize protein-DNA complexes by procedures such as UV-
uradiation. Since the binding constants of regulatory proteins are dependent on ionic
strength, temperature, and pH, these factors might also be manipulated to enhance
detection. From Southwestern blot assay, we know that a 52-kda protein has a high affinity
to ANG-CRE. Under the same condition, we screened a À.gtll cDNA library with an
oligonucleotide contaming a smgle ANG-CRE sequence. We isolated a cDNA clone that is
1345 base long. During this study, we found that a very sunilar cDNA sequence was
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published by Li et al (1995). Li et al. used a polyclonal antibody agamst the prostaglandin D
synthetase to screen the a human brain cDNA expression library, isolated a full-length
cDNA of 2295 bp coding for a hiunan cerebrospinal fluid protein designated cerebrin-50.
Comparison of cDNA sequences of our clone and cerebrm-50, we found that our clone
corresponded to the codmg region of cerebrin-50, the identity is over 95% (Fig.3-17).
Because such a high homology exists, there is a possibility that our clone and cerebrin-50
are counterparts in different species. By hot-nested PCR, the cerebrin-50 mRNA was found
in human spleen, brain, liver, testis, and T lymphoblastoid cells (Li et al., 1995). The present
study, by Southwestern blot, we demonstrated that the ANG-CREB exists in liver, kidney,
testis, brain, probably heart, but not in the spleen (Fig. 3-7). The difference m spleen might
be result from the different species: human and mouse, or from the techniques used. In
comparison with the Southwestern blot, PCR is much more sensitive.

For the further study we tried to express the protein m bacterial expression system.
We constructed the cDNA in both orientations, sense and antisense, into bacterial
expression vector pMalc, and expressed in TB1 cells. The pMalc vector alone (without
insertion of cloned cDNA) was used as the control. After incubation, the bacterial extracts
were prepared, and used for gel mobility shift and competition assays. The results were
shown in Fig. 3-18 and Fig. 3-19. Only the bacterial extract fi-om the pMalc/cDNA sense
reveals specific bindmg. The cell extract fi-om the bacteria transformed with pMalc alone or
with reversed orientation of the cDNA showed no the specific binding.

u

4.6 THE FUNCTION OF ANG-CREB

ANG-CREB is suggested to be novel CRE bmdmg protein. To study its
physiological functions, we inserted the ANG-CREB cDNA into the mammalian expression
vector, pRSV, in both orientations, sense and antisense, and co-transfected them with the
pTKCAT/ANG-CRE into the Hepa 1-6 cells respectively. The results showed that without
any treatment of the cells, compared with the control, the transfection of the 52-kDa-protem
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cDNA has no efîèct on the ANG gene promoter activity (Fig. 3-20). However, when the
cells were treated with isoproterenol, as reported previously, the ANG promoter activity
was stimulated (Ming et al, 1995). This stimulation of isoproterenol was inhibited by the
transfection of the sense ANG-CREB whereas the antisense ANG-CREB showed no effect
on the stimulated levels (Fig.3-20). This primary data obtained from transient gene
transfection assays indicated that the ANG-CREB functions as a repressor on the ANG gene
promoter, which is contrary to that of 43 kDa-CREB. We may hypothesize that ANG-
CREE works together with the 43 kDa-CREB or other transactive factors to assure that
ANG gene expresses at a proper level. Usually ANG-CREB exists at a very low level or
inactive, once the ANG gene was stimulated at a high level, ANG-CREB level may be
increased and become bioactive. Indeed, our primary in vivo studies showed the increased
52-kDa-protein when the mouse was injected with the combination ofcAMP and DEX (Fig.
3-21). This combmation synergistically stimulated the ANG-gene expression as previously
reported (Ming et al., 1993). ANG-CREB and the 43 kDa-CREB were demonstrated to
regulate the ANG gene promoter activity in the opposite ways that assure the ANG level is
at a proper level. The intermption of this balance might result in physiological probleins. In
fact, this biological balance may be regulated at different levels, such as the dissociation
/association of protein kinase A regulatory submiit (R) and catalytic subunit (C). Newly
synthesized cAMP molecules bind to regulatory R subunits in A kinase holoenzyines,
causing them to release their catalytic (C) subunits. These fi-ee C subunits then
phosphorylate the substrates until the cAMP level falls, the R subunits regain their afiGnity
for fi-ee C subunits, and thus form inactive holoenzymes again. However if cAMP levels
remam persistently elevated, many cells change their A kinase system. Some cells alter the
rate of degradation of subunits, and some cells change the level or stability of the
messengers encodmg subunits. Cellular behavior often changes if cAMP levels remain
elevated: many cells differentiated, some ceUs proliferate, and some cells die, depending on
the stage of the cell cycle. The two forms of A kinase holoenzyme (type I and type II)
contain identical C subunits, but contain either a R[ dimer or an R[I dimer. In some tissues,
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type II holoenzyme is compartmentalized to subcellular organelles via specific anchoring
protems, whereas type I holoenzyme is generally cytosolic. Free RI subunits turn over more
rapidly than fi-ee RII subunits in most cells, but all free subunits are degraded more rapidly
than when they are associated together in holoenzymes. Free C subunits can phosphorylate a
broad spectrum of proteins in both the cytoplasm and nucleus, depending on the type ofceU,
its state of difierentiation, and the hormone. If free C subunit is micromjected into the
cytoplasm of some intact ceUs, it migrates to the nucleus, whereas if free R subunit is
microinjected, it remains in the cytoplasm. If both subunits are co-injected, R subunit blocks
the nuclear migration of the C subunit. A major nuclear target for free C subunits is the
CREB family of nuclear proteins, which bind to cAMP response element (CRE) in the
promoter regions ofcAMP-responsive genes. Phosphorylation ofCREB proteins alters their
ability to form dimers and to interact with CREs. Many CREB proteins can be
phosphorylated by other kinase as weU, indicating that this represents a mechanism by which
cells coordinate cAMP- and non-cAMP-mediated gene response. However, interactions
between CREB and a number of other nuclear proteins with which they can dunerize,
especially proteins whose levels are rapidly altered in response to hormones, provide an even
higher degree of complexity of gene regulation than is possible fi'om various kinases
phosphorylating the different sites in CREB protems.

4.7 THE MECHANISMS OF THE ANG-CREB FUNCTION

u

The physiologically role(s) of ANG-CREB is not clear at present. We have initially
demonstrated that the ANG-CREB can bind to the ANG-CRE (Fig.3-2), and repress
isoproterenol-stimulated level of ANG gene promoter in the transient gene transfection
assays (Fig. 3-21). The mechanism about how the ANG-CREB works is not clear. Our
studies have shown that not only the 52-kDa-protein, but also the 43 kDa-CREB could bind
to ANG-CRE. The 43 kDa-CREB showed a stimulatory effect on the ANG promoter in
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expression ofpOCAT (ANG N-1498/+18) m a dose-dependent manner. The maximal and
one-half maximal stimulation of the expression of the pOCAT (ANG N-1498/+18) were
found with 10'3 and 10'5 mol/L of 8-Br-cAMP, respectively. However, when the same
fiision gene was transfected into mouse hepatoma cells (Hepa 1-6), 8-Br-cAMP could not
stimulate the gene expression significantly. The 8-Br-cAMP function requu-ed the addition
of dexamethasone (DEX) in Hepa 1-6 ceUs. DEX alone stimulated the fusion gene
expression when transfected mto both OK and Hepa 1-6 ceUs. In Hepa 1-6 cells, DEX
stimulated fusion gene expression with a maximal stimulation at 10 moVL. cAMP alone did
not stimulate gene expression significantly. The combination ofDEX (10 moVL) and 8-Br-
cAMP (10 moVL) was synergistic. Considering the difference in the molecular weight of
this ANG-CRE binding protein in Hepa 1-6 cells and OK cells, the cell-specificity of the
fusion gene expression could be in part explained the result fi-om the modification of 52-kDa
protein m OK cell. The higher molecular weight of the protein in the OK cell may suggest a
structural difference. Although this difference does not show the effect on the protein
binding to DNA in vitro (Fig.3-7), it might affect the traiiscriptional activity and results in
the different expression pattern of ANG gene. In Hepa 1-6 cells, the ANG-CRE binding
protein exerts inhibitory function, the addition of the DEX can release the mhibition. We
hypothesize that the glucocorticoid receptor interacts with the 52-kDa protein or 43 kDa-
CREB or both, to change their DNA bmding afBnity and results in the changes of
transcriptional activity. At present, we miss the experiments to prove that glucocorticoid
receptor can mteract with the 52-kDa-protein, but it was reported to interact with 43 kDa-
CREB. Nevertheless more experunents are required to reveal the molecular mechanism of
the ANG-CREB fimctions.
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5. Conclusion

l. A cAMP-responsive element (CRE) was identified on the 5' regulatory region of
rat angiotensinogen (ANC) gene. This ANG-CRE motif was located at -795 / -788.
Compared to the previously reported parlindromic CRE in the somatostatin gene, the last
two nucleotides are in reverse order in ANG-CRE.

2. A full length of cDNA was isolated from mouse liver cDNA library. This cDNA
encodes a nuclear protein that binds to ANG-CRE in vitro. Because of its molecular weight,
we designated it as 52-kDa-protem.

3. The 52-kDa-protein exists m the mouse liver, kidney, testis and brain but not the
spleen.

4. The 52-kDa protein is thermostable.
5. DNA sequence demonstrates that the 52-kDa protein is different fi-om the

members ofleucme zipper famUy, although all CRE-bindmg proteins identified so far belong
to this family.

6. The 52-kDa-protein can decrease the stimulated levels of ANG gene promoter
activity m cultured cells. It may play an important physiological role in keeping the
angiotensinogen at a proper level.
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0 6. Future Work

0

As discussed above, the 52-kDa-protein is a novel CRE-binding protein that is
structurally diïîerent fi'om the members of CREB/ATF family identified so far. As a novel
regulatory protein, the information we have obtained is limited. We believe that the
following experiments wiU be of interest m the future:

1. The most important aspect is to elucidate the physiological role of the 52-kDa
protein. Although the results fi-om transient gene transfection assay suggested that ANG-
CREB might fiinction as an inhibitor on the ANG gene expression, this data is preliminary.

2. Our studies have demonstrated that both the 52-kDa-protein and the 43 kDa-
CREB interact with ANG-CRE and play a role in the expression of the ANG gene. It is
possible that these two proteins may interact directly or indirectly, and regulate the gene
expression cooperatively. Experunents are needed to reveal the relationship between the 52-
kDa protein and the 43 kDa-CREB.

3. Phosphorylation is known to be important to the functional 43 kDa-CREB, and it
could also be important to the functional 52-kDa-protein. Experiments are needed to study
whether the phosphorylation may afFect either the DNA-binding ability or transactivity of
the 52-kDa protein, or both.

4. To better understand how the 52-kDa protein works, experiments are needed to
fiirther characterize the structure of the 52-kDa-protein. Such as the DNA binding domain,
transactive domain, and probably a protein-protein mteraction domain by which the ANG-
CREB interacts with the 43 kDa-CREB. For this purpose different DNA constmcts should
be made.
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transient gene transfection assays (J.F. Qian et al., 1997), which is contrary to that of 52-
kDa-protein which exhibited represser activity. These two protems are able to bind to the
same DNA element, and in this regard we hypothesize that there might be a competition
between the 43 kDa-CREB and ANG-CREB for the ANG-CRE sequence. Our previous
studies have shown that either 8-Br-cAMP or forskolin or isoproterenol could just stimulate
ANG gene promoter activity by a maximum 2.5-3.0 fold, even if the extraneous 43 kDa-
CREB cDNA is introduced. This stimulation is relatively low compared with other
expression systems, such as human TSHp gene expression system, as forskoUn induced
CAT activity by about 12-fold (Hans, et al., 1991). Increasing doses of the drugs or CREB
could not elevate the stimulation level of ANG gene promoter. It seems that the cAMP-
PKA-CREB pathway was blocked. The 2.5-fold induction might be thought to be due to the
nonspecific efifect of the drugs (Hans, et al., 1991). Alternatively, these results might be
explained by the hypothesized molecular mechanism: the 52-kDa protein functions as a
represser protein that competes with the 43 kDa-CREB to bind to ANG-CRE. Because of
the much higher afGnity of the 52-kDa protein to ANG-CRE than 43 kDa-CREB, which has
been demonstrated by gel mobility shift and Southwestern blot assays in vitro, the presence
of the 52-kDa protein effectively blocks the binding of 43 kDa-CREB to ANG-CRE. In
addition to the competition hypothesis, we can also assume that the 52-kDa protein and the
43 kDa-CREB may mteract and form a heterodimer complex. Compared with the 43 kDa-
CREB homodimer, this complex may have lower DNA binding afiSnity and transcriptional
activity to ANG gene, and can't effectively stimulate gene expression. This model may
explain that introduce of 43 kDa-CREB cDNA m the transient gene transfection system
resulted in higher level of the promoter activity compared with control. Because the over
expressed CREB can saturate the endogenous 52-kDa-protein and the rest can form the
homodimer which bind to ANG-CRE effectively, and stimulate the gene expression.

As we mentioned in the beginning of the result section, transient gene transfection m
Hepa 1-6 ceUs and OK cells revealed the different results. When the transfection assays were
carried in opossum kidney (OK) cells, 8-Br-cAMP (10-10 moVL) stimulated the
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Identification of a novel mouse hepatic 52 RDa protein that interacts with
the cAMP réponse element of the rat angiotensinogen gene
Jie WU, Qin JIANG, Xing CHEN, Xiao-Hua WU and John S. D.CHAN'
University of Montreal, Maisonneuve-Rosemont Hospital, Research Center, 5415 Boul. de I'Assomption Montreal, Quebec, Canada HIF 2M4

To identify the nuclear protein(s) that interact with the putative
cAMP response element (CRE) of the rat angiotensinogen
(ANG) gene (i.e. nt 806-779 upstream of the transcriptional start
site), mouse liver nuclear proteins were prepared for the present
studies. The DNase l footprinting protection analysis revealed
that nt - 799/ - 788 in the 5'-flanking region of the rat ANG gene
are protected by the mouse liver nuclear protein. Gel mobility-
shift assays revealed that the addition of the unlabelled DNA
fragment, ANG nt -806/-779 competed eflTectively with the
binding of the labelled ANG nt —806/-779 to the mouse liver
nuclear proteins but the addition ofunlabelled mutants ofANG
nt — 806/ — 779 were only weakly eflTective in competing with the
labelled ANC nt -806/-779. The addition ofunlabelled CRE
of the somatosiaiin (SOM) gene and the CRE of the tyrosine
aminotransferase (TAT) gene was also inefîective in competing
with the labelled ANG nt -806/-779. Southwestern blot
analysis revealed that the labelled ANG nt —806/—779 inter-

acted with two mouse liver nuclear proteins with apparent
molecular masses of 52 and 43 kDa, whereas the labelled SOM-
CRE, TAT-CRE and the CRE of the phosphoenolpyruvate
carboxykinase (PEPCK) gene interacted with one molecular
species of 43 kDa. The binding of the labelled ANG nt
—806/—779 to the 52 kDa protein was effectively competed for
by the addition of unlabelled ANG nt -806/-779 but not by
unlabelled SOM-CRE, TAT-CRE and PEPCK-CRE. Finally,
Western blot analysis revealed that polyclonal antibodies against
the CRE-binding protein (CREB) interacted with the mouse
liver nuclear 43 kDa protein but not with the 52 kDa protein.
These studies demonstrate that the CRE of the rat ANG gene
(ANC nt -806/-779) interacts with the 43 kDa ÊREB and a
novel 52 kDa protein from mouse liver, The novel 52 kDa
protein is immunologically distinct from the 43kDa CREB.
These studies suggest that the 52 kDa protein might have a role
in the expression of the hepatic ANG gene.

INTRODUCTION

We have previously reported on the expression of the angio-
tensinogen (ANC) gene in mouse hepatoma cells (Hepa 1-6) and
have shown that isoprenaline or 8-Br-cAMP enhances the
stimulatory elTect of dexamethasone on the expression of the
ANC gene in Hepa 1-6 cells [1,2]. The enhancing effect of
isoprenaline is blocked by the presence of propranolol (jff-
adrenergic receptor blacker), ICI l 18,551 (/?,-adrenergic receptor
blacker) and Rp-cAMP (an inhibitor of cAMP-dependent protein
kinase AI and II), but only minimally by atenolol (/?,-adrenergic
receptor blacker). These studies demonstrate that the enhancing
effect of isoprenaline is mediated predominantly via the ^,-
adrenergic receptor and the cAMP-dependent protein kinase A
signal transduction pathway.

The exact molecular mechanism(s) for the enhancing effect of
isopren aline with dexamethasone on the expression of the ANG
gene in Hepa 1 -6 cells has not been defined. One possibility might
be that the addition of isoprenaline stimulates the synthesis of
intracellular cAMP, because yî-adrenergic receptors are linked
through a guanine nucleotide regulatory protein to adenylate
cyclase on the inner part of the plasma membrane of target cells
[3]. The intracel!ular cAMP then activates the cAMP-dependent
protein kinase AI and II and subsequently phosphorylates the
nuclear 43 kDa cAMP response element.binding protein (CREB)
[4]. The phosphorylated 43 kDa CREB then interacts with the
putative cAMP response element (CRE) (i.e. ANG nt
-806/-779 containing the motif of the CRE, TGACGTAC, on
nt -795/-788) in the 5'-flanking region of the rat ANG gene
[5]. The phosphory-lated CREB might also interact with the

activated-glucocorticoid receptor complex (GRC), which is
bound to the glucocorticoid response elements in the 5'-flanking
region of the rat ANG gene when stimulated by dexamethasoae.
Finally, the bound 43 kDa CREB/GRC unit will act syner-
gistically with the pre-initiation complex to enhance the ex-
pression of the ANG gene. This possibility is supported by the
studies of Imai et al. [6], who reported that the 43 kDa CREB
interacts with the glucocorticoid receptor to stimulate the ex-
pression of the phosphoenolpyruvate carboxykinase (PEPCK)
gene. Moreover our recent studies showed that the expression of
the ANG gene in opossum kidney (OK) cells is stimulated by the
transfected plasmid containing the cDNA for the 43 kDa CREB
[7]. The addition ofisoprenaline further enhanced the stimulatory
effect of the 43 kDa CREB on the expression of the ANG gene
in OK cells [7].

The objective of our present study was to identify Ae mouse
liver nuclear protein(s) that might interact with the putative CRE
(i.e. ANG nt -806/-779) of the rat ANG gene. Our studies
demonstrate that the CRE of the rat ANG gene interacts with
the 43 kDa CREB and a novel 52 kDa nuclear protein from
mouse liver. This novel 52kDa nuclear protein is immuno-
logically diflFerent from the 43 kDa CREB, suggesting that this
52 kDa nuclear protein might have a role in the regulation of
expression of the ANG gene in the liver.

•MATERIALS AND METHODS
Materials

Rabbit polyclonal antibodies against the C-terminus (residues
295-321) of the 43 kDa CREB were purchased from Santa Cruz

Abbreviations used; ANS. angiotensinogen; ATF, activating transcription factor: CRE, cAMP response element; CREB, CRE-binding protein; DTT,
dithiothreitol: OK. opossum kidney; PEPCK, phosphoenolpyruvate carboxykinase; SOM, somatostatin; TAT, tyrosine aminotransferase.
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Biotechnology (Santa Cruz, CA, U.S.A.). These polyclonal
antibodies are specific for the 43 kDa CREB and have no cross-
reaction with other activating transcription factors (ATFs) and
CREB transcription factors.

Rabbit polyclonal antibodies (Rb#8) against the residues
137-150 of the 43 kDa CREB were raised in our laboratory.
Briefly, the fragments of 43 kDa CREB (residues 137-150)
conjugated with keyhole limpet haemocyanin were purchased
from Biosynthesis (Lewisville, TX, U.S.A.). The conjugated
peptides were used to iinmunize New .Zealand white rabbits
(Charles River, St-Constant, Quebec, Canada) by the procedure
described previously for ovine placental lactogen [8].

[y-"P]ATP (3000 Ci/mmol) was purchased from Dupont-
New England Nuclear (Boston, MA, U.S.A.).

OIigonucleotides for the CRE of rat ANG gene (ANC N-
CRE) nt -806/-779 (5-.AAG AGA TTA CIT GAC GTA
CTG GAT GCA A.3') [5], mutant I (MI) (5/-AAG AGA TTA
CTT GAC TTA CTG GAT GCA A-3'), mutant II (Mil) (5'-
AAG AGA TTA CTT GAA TTA CTG GAT GCA A-3'),
mutant III (Mill) (5--AAG, AGA TTA CTT ATA TTA CTG
GAT GCA A-3'), the CRE ofsomatostatin gene (SOM-CRE nt
-59/-32, 5--GCC TCC TTC GCT GAC GTC AGA GAG
AGA G-3') [9], the CRE of the PEPCK gene (PEPCK.CRE, nt
-101/-74, 5' AGG CCG GCC CCT TAG GTC AGA GGC
GAG C-3') [10] and the CRE of the tyrosine aminotransferase
gene (TAT-CRE, nt -3660/-3634, 5'-CTG CAG CTT CTG
CGT CAG CGC CAG TAT-3') [11] were synthesized by
Biosynthesis (Lewisville, TX, U.S.A.).

Restriction and modifying enzymes were purchased either
from Bethesda Research Laboratories (Gibco-BRL, Burlington,
Ontario, Canada), Boehringer-Mannheim (Dorval, Quebec,
Canada) or Pharmacia (Baie d'Urfe, Quebec, Canada).

Other reagents were of molecular biology grade and obtained
from Sigma Chemicals (St. Louis, MO, U.S.A.), Gibco-BRL,
Boehringer-Mannheim or Pharmacia.

Mouse liver nuclear extract preparation
Adult mouse (CD-I) liver nuclear extract was prepared by the
method of Hennighausen and Lubon [12] with slight modi-
fication. Briefly, male adult mice (aged 4-6 months) were killed
under anaesthesia. The livers were removed immediately, rinsed
twice in saline and cut into small pieces with scissors. The tissue
fragments were homogenized with a Dounce homogenizer
(2000 rev./min, three or four strokes; Electrical Stirrer, model
RZR 50; Canlab Scientific Inc.) in 10 mM Hepes buffer, pH 7.6,
containing 2.2 M sucrose, 5% (v/v) glycerol, 15 mM spermine,
0.5 mM spermidine, l mM EDTA, 0.5 mM dithiothreitol
(DÎT), 0.5 mM PMSF, 2 /zg/ml aprotinin, 2 /<g/ml leupeptin and
l /'g/ml pepstatin A. The homogenate was loaded on a 2 M
sucrose cushion containing 10 mM Hepes, pH 7.6, 15 mM KC1,
0.15mM spermine, 0.5mM spennidine, l mM EDTA, 0.5M
DTT. 0.5 mM 4-(2-aminoethyl)ben2enesulphonyl fluoride,
2/fg/ml aprotinin, 2/i/ml leupeptin, l/<g/ml pepstatin A and
10°o (v/v) giycerol and then centrifuged at 80000^ for I h
at 4°C. The pellet was dissolved in a lysis buffer [10 mM
Hopes (pH7.6)/IO% (v/v) glycerol/lOO'mM KCl/3.0mM
MgCl.;/0.1 mM EDTA/l.OmM DTT/0.1 mM PMSF/2/<g/ml
I';upeptin/2 /<g/ml aprotinin/1 /(g/ml/pepstatin A]. The nuclear
extract was further diluted with lysis buffer to a protein con-
centration of 0.5 mg/ml. The final KC1 concentration was
adjusted to 0.55 M. The precipitate in the nuclear extract was
removed by centrifugation at 95000^ for 30min at 4°C.
Subsequently, solid (NH,),SO, was slowly added to the nuclear
extract until a concentration" of 0.3 g/ml was achieved. The

extract was kept on ice for 50-60 min or kept overnight at 4 °C,
then centrifuged at 100000^ for 30min. FinaUy the pcUet
was dissolved in a small volume of dialysis buffer [25 mM
Hepes (pH7.6)/10% (v/v) glycerol/40 mM KCI/l.OmM
DTT/0.1 mM PMSF] and dialysed against a large volume (i.e. l
litre) of dialysis buffer at 4 °C foi 5 h with several changes of
buffer. The dialysed nuclear extract was then centrifuged in an
Eppendorfmicrocentrifuge to remove the precipitate; thesuper-
natant (nuclear extract) was stored frozen in liquid nitrogen or
at — 80 °C in aliquots. The protein concentration of the extract
was detennined by the Bio-Rad protein assay with BSA as
standard.

DNase 1 (ootprinting protection assay

The plasmid containing nt —814/-689 of the rat ANG gene
(13) was linearized with restriction enzyme Hindîîî (polylinker
site ofpGEM-3 plasnud) and end-labelled with T^ polynucleodde
kinase. The DNA was cleaved with a second restriction enzyme
JE'coRI (polylinker site ofpGEM-3 plasmid) to release the labelled
DNA fragment. The 5' end-labelled DNA was separated and
isolated on a 4 % (w/v) polyacrylamide gel. The labelled DNA
fragment was then incubated separately on ice with eiAer BSA
(20 /tg) or mouse liver nuclear extract (0-20 /<g) in a total volume
of SQ/zl of buffer containing 1/<g of poly(dI/dC) and
10000 c.p.m. of labelled probe (final buffer concentration 20 mM
Hepes/KOH, pH 7.5, containing 50 mM Nad, 0.1 mM EDTA,
0.5mM DÎT, 5mM MgCl,, l mM Cad, and 10% (v/v)
glycerol). After a 30 min incubation at room température, 0.2
unit of DNase l (Pharmacia) was added to the reaction mixture
and incubated for a further 5 min at room temperature. The
reaction was stopped by the addition of 100/tl of IQOmM
Tris/HCl, pH 7.6, containing 100 mM NaCl, 15mM EDTA,
0.375% SDS, 150/tg/ml proteinase K and 100/<g/ml tRNA.
The reaction mixture was then incubated at 37 °C for 20s
followed by an additional incubation at 90 "C for 2 min. The
reaction mixture was extracted once with phenol/chlorofonn
(1:1, v/v) and the DNA digest was separated in an 8% (w/v) j
.urea sequencing gel and exposed overnight for autoradiography.
The nucleotide position and DNA sequence were determined by j
parallel running of Maxam-Gilbert sequencing ladders [13].

Gel mobility-shift assay
The DNA fragments, ANG nt -806/-779, were 5' end-labelled
with [y-"P]ATP by using T, polynucleotide kinase. Mouse liver
nuclear proteins (lOftg) or BSA (10 fig) in the presence of 0.3
units of poly(dI/dC) in 20 mM Hepes (pH7.6)/lmM
EDTA/50mM KCl/2mM spemiidine/1 mM DTT/0.5mM
PMSF/
10% (v/v) glycerol were incubated for 30min at room tem-
perature. Then the 5'-labelled probe (0.1 pmol) was added and
further incubated for 30 min at room temperature. After being
chilled on ice, the mixture was run on an 8% (w/v) non-
denaturing polyacrylamide gel and exposed for autoradiography.

In competition assays, a 100-500-fold excess (or more) of
unlabelled DNA fragments was added to the reaction mixture
and incubated for 30 min at room temperature before incubation
with the labelled probe.

Southwestern blot

Southwestern blot analysis was performed in accordance with
the procedures found in [14,15], with slight modifications.
Briefly, mouse liver nuclear proteins (50-200 /<g) were resolved
by SDS/PAGE [4-20% (w/v) gradient gel] and then electro-
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[raniferred to a nitrocellulose membrane (0.45/<nr pore size)
(Schleicher & Schuell, Keene, NH, U.S.A.). The membrane was
incubated with 10% (w/v) non-fat milk proteins in a binding
buffer containing 10 mM Hepes, pH 7.0, 10 mM MgCI,, 50'mM
NaCl. 0.25 mM EDTA and 2.5% (v/v) glycerol for l h at 4 "C.
The membrane was then washed at least twice with the binding
bufîer containing 0.25 % non-fat milk proteins. Subsequently the
membrane was hybridized with 32P-labelIed double-stranded
oligonucleotides (approx. 1.0-2.0 pmol; 10* c.p.m./ml) m bind-
ing buffer containing 0.25 % non-fat milk proteins and 300 /ig/ml
non-denatured herring sperm DNA at 4°C overnight. The
membrane was washed, air-dried and exposed for auto-
radiography.

In competition assays, a 50-100-fold excess of unlabelled
DNA fragments was incubated with the membrane overnight
before biotting with the radioactive ANG nt -806/-779.

Western blot

Western blot analysis was perfonned to analyse the mouse liver
nuclear proteins by employing rabbit polyclonal antibodies
against the C-terminus (residues 295-321) of the 43 kDa CREB,
or employing rabbit polyclonal antibodies (Rb#8) against
residues 135-150 of the 43 kDa CREB, Bio-Rad's anti-rabbit
horseradish peroxidase conjugates and the avidin-horseradish
peroxidase conjugales, in accordance with the protocol of the
supplier (Bio-Rad, Richmond, CA, U.S.A.).

RESULTS
DNase 1 footprinting protection assay

.'

Figure 1 shows that the nudeotides of ANG nt -799/-788
were protected by the mouse liver nuclear proteins. No protected
region, however, was observed with BSA.
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Rgure 2 Gel mobility-shitt assay o( the radioactively labelled DNA
fragment ANG nt -806/-779 with the mouse liver nuclear proteins

The labelled DMA probe (0.1 pmol) was incubated with 8SA (10/fg) (lane 1) or mouse liver
nuclear proteins (10 /<g) (lanes 2-15) in the presence of 0.3 i.u. of poly(dl/dC). Competitions
with various amounts of unlabelled ANG nt -806/-779, ANG nt -814/-796, ANG nt
-800/-783 and ANG nt -787/-769 are shown in lanes 4-6, lanes 7-9. lanes 10-12
and lanes 13-15 respectively. Similar results were obtained in another experiment
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Figure 3 Autoradiography of the gel mobility-shlft assay o» the radIoacUveIy
labelled DNA fragment ANG nt -806/-779 with the mouse liver nuclear
proteins

The labelled DMA probe (0.1 pmol) was incubated with BSA (10/ig) (lane 1) or mouse liver
nuclear proteins (10 /<g) (lanes 2-14) in the presence of 0.3 i.u. of poly(dl/dC). Competitions
with various amounts of unlabelled ANG nt —806/- 779, mutant I, mutant II and mutant III are
shown in lanes 3-5, lanes 6-fi, lanes &-11 and lanes 12-14 respectively. Similar results were
obtained in two other experiments.

( Figure 1 DNase 1 (ootprintlng analysis o» the DNA fragment, ANG nt
-814/-689, of the ANG gene

j The DMA was 5' end-labelled and incubated with BSA {20 fig) or with mouse Jver nuclear
j extract (0-20 fig of protein), as described in the Materials and methods section. The protected
j DNA sequence was ANG nt -7gg/-783 as indicated. Abbreviation: vg. fig.

Gel mobility-shift assays

The interaction of the CRE (ANC nt -809/-779) of the rat
ANG gene with the mouse liver nuclear proteins was analysed by
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Figure 4 Gel mobility-shin assay of the radioactlvely labelled DNA
fragment ANG nt -806/-779 with the mouse liver nuclear proteins
The labelled DNA prcoe (01 omoi) was incubated with BSA (10/ig) (lane 1) or mouse liver
nuclear proteins (10 /<g) Canes 2-15) in tne presence of 0.3 i.u. of poly(dl/dC). Competitions
with various amounts of uniabefed ANG nt - 806/ - 779, SOM-CRE and TAT-CRE are shown
in lanes 4-7. lanes 8-1 l anc '.snes 12-14 respectively. Similar results were observed in three
other experiments.

a gel mobility shift assay as shown in Figure 2. When the labelled
DNA fragment nt —S06/—779 was incubated with the mouse
liver nuclear proteins, one major band appeared with retarded
mobility. No slowly migrating band was observed when the

labelled DNA was incubated with BSA. The addition of an
unlabelled DNA fragment, ANC nt -806/-779 or ANC nt
—800/-783, was effective in competing with the binding of
labelled ANG nt -806/-779 to the nuclear proteia(s) (i.e. at
100-200-fold excess of unlabeiled DNA fragment) but the
unlabelled DNA fragments representing ANG nt -8I4/-796
and ANC nt - 787/ - 769 were only weakly effective (Figure 2).
Similarly, the addition of the unlabelled mutants of ANG nt
-806/-779 (i.e. Ml, M2 and M3) was not as effective as the
unlabelled ANC nt - 806/ — 779 in competing for the binding of
labelled ANC nt -806/-779 to the nuclear protein(s) (i.e. at
100-fold and 200-fold excesses of unlabelled DNA fragments)
(Figure 3). These results indicate that the CRE motif is localized
within nt -795/-788 (i.e. TGACGTAC) and is important for
binding to the mouse liver nuclear proteins.

Figure 4 displays the effectiveness of the DNA fragments
representing the CRE of the SOM gene (SOM-CRE) and the
CRE of the TAT gene (TAT-CRE) in competing with the
labelled ANG nt -806/-779 for the mouse Uver nuclear
protein(s). The addition of unlabelled SOM-CRE and TAT-
CRE was not effective in competing with the binding of labelled
ANC nt -806/-779 to the nuclear protein(s).

Southwestern blot analysis
The interaction of the ANG-CRE (ANC nt -806/-779) with
nuclear proteins was examined by Southwestern blot analysis as
shown in Figure 5(A). The labelled ANC nt -806/-779 inter-
acted with one major and one minor protein band. The apparent
molecular masses of the major and minor proteins were 52 and
43 kDa respectively, in contrast, Figure 5(B) shows that a single
protein band with an apparent molecular mass of 43 kDa
interacted with the "P-1abelled SOM.CRE, the labelled PEPCK-
CRE and the labelled TAT-CRE.
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Figure 5 Southwestern analysis with the labelled DNA probes
(A) Mouse liver nuclear extracts were resolved by SDS/PAQE [4-20% (w/v) gradient gel], transferred to a nitrocellulose membrane, hybridized with radioactive ANG-CRE (ANG nt -806/-779),washed and finally subjected 10 autoradiography. Rainbow protein markers were used as molecular mass markers. (B) Comparison of the membrane hybridized with labelled ANG nt —806/—779(lanes 1 and 2), labelled SOM-CRE fanes 3 and 4). labelled PEPCK-CRE (lanes 5 and 6) or labelled TAT-CRE (lanes 7 and 8) (200 /<g of nuclear proteins was loaded per well).
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Figure 6 Effect of addition of the competitor DNA In the Southwestern-
analysis with labelled ANG nt -806/-779

Mouse liver nuclear extracts (50 or 100 fig per lane) were resolved by SDS/PAGE [4-20%
(w/v) gradient gel), L'anste.'refl ta a nitrocellulose membrane, hybridized overnight with 200-told
excess of unlabelled ANG-CRE (ANG nt -809/-779) (lanes 2 and 3). SOM-CRE (lanes 4
and 5). PEPCK.CRE (lanes 6 and 7) or TAT-CRE (lanes 8 and 9) at 4 °C. Then the membrane
was nybridized with radioacnvely labelled ANG nt -806/-779, washed and subjected to
autoradiography.
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Figure 7 Distribution of the 52 kDa protein in various mouse tissues as
analysed by Southwestern blot analysis
Nuciear extract (rom various mouse tissues or mouse hepaloma (Hepa 1-6) cells (100 /(g per
lane) were resolved by SDS/PAGE (4-20% (w/v) gradient gel], transferred to a nitrocellulose
mem&rane, hybriCk-sd wiin radioactive ANG nt -806/-779, washed and subjected to
autoradiograpny. Similar rssults were obtained in another experiment.

Figure 6 shows that the addition of a 200-fold excess of
unlabelled DNA fragment ANC nt -806/-779 competed
effectively for the binding of labelled ANG nt - 806/ - 779 to the
52 kDa protein but not of the unlabelled DNA fragment of
SOM.CRE, PEPCK-CRE or TAT.CRE.
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Figure 8 Southwestern and Western blot analysis of Immunoreactive
43 kDa CREB from the mouse liver nuclear extract

(A) Soulhwestem blot analysis: different amounts (100 or 200/<g) of mouse Iwer nuclear
extract were resolved by SOS/PAGE [4-20% (w/v) gradient gel], transferred to a nitrocellulose
membrane, hybridized with radioactive ANQ nt -806/-779. washed and subjected to auto-
radiography. (B) Western blot analysis : after Southwestern blot analysis, the same nitrocellulose
membrane was bloHed with rabbit polyclonal antibodies against (lie C-terminal portion of the
the 43 k0a CREB. Rainbow protein markers were used as molecular mass marifers. Similar
results were obtained in another experiment.

Figure 7 illustrates the tissue distribution of the 52 kDa protein
in various mouse tissues. It is apparent that the 52 kDa protein is
present in the liver, kidney, testis and brain, as well as in mouse
hepatoma (Hepa 1-6) cells. The 52 kDa protein was not detectable
in the lung, heart or spleen.

Western blot analysis
Figure 8(A) shows the Southwestern blot analysis of the mouse
liver nuclear extract by employing the labelled ANG at
— 806/ - 779. After Southwestern blot analysis, the same mem-
brane was blotted with the polyclonal antibodies against the
C-temiinus (residues 295-321) of the 43 kDa CREB (Figure SB).
The polyclonal antibodies against the 43 kDa CREB interacted
with one species of the 43 kDa CREB-like protein in the mouse
liver nuclear extract. The antibodies did not interact with a
52 kDa nuclear protein.

Similarly, Figure 9(A) shows the Southwestern blot analysis of
the mouse liver nuclear extract by employing the labelled ANG
nt —806/-779. After Southwestern blot analysis, the same
membrane was blotted with the polyclonal antibodies (Rb#8)
against residues 135-150 of the 43kDa CREB (Figure 9B).
Again, the polyclonal antibodies interacted with the 43 kDa
species but not with the 52 kDa species in the mouse nuclear
extract. These studies demonstrate that the 52kDa nuclear
protein is immunologically distinct from the 43 kDa CREB.

DISCUSSION
We have previously demonstrated that the transfected pRSV/
CREB stimulates the expression of the ANG gene in OK cells m
a dose-dependent manner [7]. The addition ofisoprenaline further
enhances the stimulatory efiect of pRSV/CREB [7]. We have
also demonstrated that the CREB binds to the CRE (ANG nt
-806/-779) of the rat ANG gene [16]. These studies support
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Figure 9 Southwestern and Western blot analysis o( 43 RDa CREB from
the mouse liver nuclear extract

(A) Southwesîern blot anaJysis: 100 or 200 /<g of mouse liver nuclear extract were resolved
by SDS/PAGE (4-20ti (w/v) gradient gel). transferred to a nitrocellulose membrane, hybridized
with radioactive ANG nl -606/-779. washed and subjected to autoradiography. (B) Western
blot analysis: after Sautnwestern blot analysis, the same nitrocellulose membrane was blotted
with rabbit polyctonal antibodies (Rb#8) against the mid-region (residues 137-150) of the
43 k0a CRE8. aaincow protein markers were used as molecular mass markers. Similar results
were obtained in ancfer exoerjmenl

the hypothesis that the nuclear 43 kDa CREB stimulates the
expression of the ANG gene via its interaction with the putative
CRE (ANC nt -806/-779) in the 5'-flanking region of the rat
ANC gene.

To investigate whether ANG nt -806/—779 interacts with
endogenous CREB or other protein(s) in mouse liver extracts,
we performed DNase l footprinting protection and gel mobility-
shift assays. Our DNase I footprinting protection assay revealed
that the nucleotide sequence ANG nt -799/-788 is protected
by the mouse liver nuclear extract (Figure 1). These studies
provide strong evidence that the DNA fragment, ANG nt
-806/-779, contains the putative CRE.

Our gel mobility-shift assays showed that one major retarded
band is obsen-ed with the labelled ANG nt -806/-779. The
addition of unlabelled ANG nt -806/-779 and ANG nt
-800/-783 competed effectively with the binding of labelled
ANC nt -806/-779 to the nuclear protein(s) (Figure 2). In
contrast, the addition ofunlabelled ANG nt -8I4/-796 and
ANC nt -787/-768 was only weakly effective in competing
with the labelled ANG nt -806/-779 (Figure 2). These studies
suggest that ANC nt -800/-783 is the core CRE and that the
DNA fragment ANC nt -806/-779 is interacting with mouse
liver nuclear protein(s).

Furthermore our studies showed that the mutants ofANG nt
- 806/ - 779 (i.e. mutations in nt - 795/ -788) were less effective
in competing with the binding of the labelled ANG nt
-806/-779 to the mouse liver nuclear proteins than the
unlabelled ANC nt -806/-779 (Figure 3). These studies further
demonstrate that nt -795/-788 (TGACGTAC) represent the
CRE motif, which is essential for the binding to the mouse liver
nuclear proteins.

In contrast, the addition of competitors, SOM-CRE and TAT-
CRE. was only weakly effective in competing with the labelled
ANG-CRE for the binding to the mouse liver nuclear proteins

compared with the unlabelled ANG-CRE (Figure 4). These
results suggest that nuclear protein(s) other than the 43 kDa
CREB might interact with the ANG-CRE.

Indeed, our Southwestern blot experiments showed that the
labelled ANC nt -806/-779 binds to the two mouse liver
nuclear proteins with apparent molecular masses of 52 and
43kDa (Figures 5A and 5B), ^yhereas labelled SOM-CRE,
PEPCK-CRE or TAT-CRE interact only with one molecular
species of 43 kDa (Figure 5B). These experiments suggest that
ANC nt -806/-779 interacts with a novel 52kDa nuclear
protein and a putative 43 kDa CREB. Furthermore the addition
ofunlabelled ANC nt -806/-779 competed effectively for the
binding of the labelled ANG nt -806/-779 with the 52 kDa
nuclear protein but not the unlabelled SOM-CRE, PEPCK-CRE
and TAT-CRE (Figure 6). These studies indicate that the 52 kDa
nuclear protein might have a higher binding afiinity for the
labelled ANC nt -806/-779 than for SOM-CRE, PEPCK-
CRE and TAT-CRE. The 43 kDa species was not apparent in
Figure 6. This might be explained by the small amoimts of
nuclear proteins (i.e 50 or 100 /tg) that were loaded into the well.

Interestingly, our tissue distribution analysis revealed that the
52 kDa protein is detectable in the nuclear extracts of mouse
liver, kidney, testis and brain but not in the heart, lung and
spleen (Figure 7). Mouse liver, kidney, testis and brain are
known to express ANG mRNA [17]. These observarions raise
the possibility that the expression of the 52 kDa protem might
have a role in the expression of the ANG mRNA in these tissues.
Again, the 43 kDa species was not observed in Figure 7. This
might be explained by the small amount of nuclear protein (i.e.
100 /tg) that was loaded per well and by the over-washing of the
membrane. The 43 kDa species was visible in mouse liver,
kidney, testis and brain when 200 /tg of nuclear proteins were
loaded per well (J. Wu and J. S. D. Chan, unpublished work).

Our Western blot analysis of the mouse liver nuclear proteins
revealed that the polyclonal antibodies against the C-termiaus
(residues 295-321) and the mid-region (residues 137-150) of the
43 kDa CREB did not interact with the 52 kDa molecular
species, but interacted with the 43 kDa molecular species (Figures
8B and 9B). These studies demonstrate unequivocally that the
52kDa nuclear protein is immunologically distinct from the
43 kDa CREE.

At present the exact molecular structure of the 52 kDa nuclear
protein is not known. The apparent molecular mass of this
nuclear protein is not similar to CRE-BP2, ATF-1 or CREM-
related proteins (reviewed m [18]). Moreover we have observed
that the antibodies against ATF-1 did not interfere with the
binding of the labelled ANG nt -806/-779 to the 52 kDa
protein as analysed by Southwestern blot (J. Wu and J. S. D.
Chan, unpublished work). These studies suggest that the 52 kDa
protein might be a novel CREB-like protein. The physiological
role(s) of this 52 kDa nuclear protein is unknown. Experiments
such as cloning and expression of the 52kDa proteins are
definitely warranted, to demonstrate the biological activity of the
52 kDa protein.

In summary we provide evidence that ANC nt —799/—788 is
protected from the DNase 1 digestion by the mouse liver nuclear
extract. Our studies demonstrate that ANG nt -806/-779
interacts with two mouse liver nuclear proteins with apparent
molecular masses of 52 and 43 kDa. It seems that the
43 kDa molecular species is immunologically similar to
the 43 kDa CREE reported by Gonzalez et al. [4], whereas
the 52 kDa nuclear protein is immunologically distinct from the
43 kDa CREE. Our studies raise the possibility that the
novel 52 kDa nuclear protein might have a role in modulating
the expression of the ANG gene in the liver.
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Angiotensinogen Gene Expression Is Stimulated by the
cAMP-Responsive Element Binding Protein in Opossum
Kidney Cells

JING-FANG QIAN, TIAN-TIAN WANG^XIAO-HUA WU, Jffi WU, CHANG GE,
SILVANA LACHANCE, SERGE CARRIERE, and JOHN S. D. CHAN
University of Montreal, Maisonneuve-Rosemont Hospital, Research Center, Montreal, Quebec, Canada.

Abstract. It has been reported previously that the addidon of
isoproterenol or forskolin stimulates the expression of the
angiotensinogen (ANG) gene in opossum kidney (OK) 27
cells, an OK cell line with a fusion gene containing the 5'-
flanking regulatory sequence of the rat ANG gene fiised with
a human growth hormone (hGH) gene as a reporter, pOGH
(ANC N-1498/+18), pennanendy integrated into their ge-
nomes. To investigate whether the effect of isoproterenol or
forskolin on the expression of the ANG gene is mediated via
the nuclear 43-kD cAMP-responsive element binding protein
(CREB), OK 27 cells were transiently transfected with an
expression plasmid containing the cDNA for the 43-kD CREB
(pRSV/CREB). The level of expression of the pOGH (ANG
N-1498/+ 18) in OK 27 ceUs was estimated by the amount of
immunoreactive hGH secreted into the culture medium. Trans-
fection of pRSV/CREB alone stimulated the expression of
pOGH (ANC N-1498/+18). The addition of isoproterenol or
forskolin further enhanced the stimulatory effect of pRSV/

CREB on the expression of pOGH (ANC N-1498/+18). The
enhancing effect of isoproterenol was inhibited by the presence
of propranolol (an inhibitor of ^-adrenoceptors) and (R)-p-
adenosine 3'5'-cyclic monophospho-orthioate (Rp)-cAMP (an
inhibitor of cAMP-dependent protein kinase A I and H). Trans-
fection of pRSV/CREB had no effect on the expression of
thymidine kinase growth hormone in OK 13 cells, an OK cell
line with a fusion gene containing the promoter/enhancer DNA
sequence of the viral thymidine-kinase gene fused with an hGH
gene as a reporter, thymidine kinase growth honnone, perma-
nently integrated into their genomes. These studies demon-
strate that isoproterenol stimulates the expression ofANG gene
via the cAMP-dependent protein kinase A and probably via the
interaction of the 43-kD CREB with the 5'-flaaking region of
the ANG gene. Our data indicate that the nuclear 43-kD CREB
may have a modulatory role on the expression of the ANG
gene in OK cells. (J Am Soc Nephrol 8: 1072-1079. 1997)

Angiotensinogen (ANC) mRNA has been localized in rat renal
proximal tubules by the techniques of in situ hybridization (1)
and PCR (2). Funhemiore, studies by Wolf and Neilson (3) and
Tang el al. (4) showed that ANG mRNA is expressed in mouse
and rat immonalized proximal tubular cell lines, respectively.
We (5), as well as Ineelfinger et ai (6), have also demonstrated
that the ANC mRNA is expressed in opossum kidney (OK)
proximal tubular cells. Thus, these studies demonstrate that the
intrarenal angiotensin (Ang) I and II are probably derived from
the ANG synthesized in renal proximal tubules.

We have reported previously that thyroid hormone (L-T-s),
dexamethasone. 8-bromo-cAMP (8-Br-cAMP), and forskolin
stimulate the expression of the ANG gene in OK cells in vitro
in a dose-dependent manner (5,7,8). We have also demon-
strated that isoproterenol stimulates the expression of the ANG
gene in OK cells (9). The effect of isoproterenol is mediated
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via the JSi-adrenoceptor and is blocked by the presence of
propranolol (/3-adrenoceptor blacker), atenolol (^i-adrenocep-
tor blacker), and (/?)-/?-adenosine 3 5'-cyclic monophospho-
orthioate (Rp)-cAMP (an inhibitor of cAMP-dependent protein
kinase A I and D) (9), but not by ICI 118,551 (^-adrenoceptor
blacker). The specificity of the ^i-adrenoceptor is supported
further by our more recent studies that isoproterenol stimulates
the expression of the ANC gene when cotransfected with an
expression vector containing the cDNA for the j3i-adrenocep-
tor, but not the cDNA for the ^-adrenoceptOT (10). Our studies
confirm the report of Nakamura and Johns (11) that the ad-
ministration of atenolol blocks the effect of renal nerve stim-
ulation after the increase of the ANG inRNA level in the rat
kidney in vivo. Furthermore, our studies (9,10) and those of
Nakamura and Johns (11) together suggest the presence of a
functional relationship between the renal sympaAeric nervous
system and the activation of local renal renin-angiotensin sys-
tern. Thus, the local formarion of renal Ang II may play an
important role in the modulation of the physiology of the renal
proximal tubular cells (i.e., sodium and fluid reabsorption)
(12-17).

The exact molecular mechamsm(s) for the effect of isopro-
terenol on the expression of the ANG gene in OK cells is
unknown. One possibility may be that the addition of isopro-
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terenol stimulates the synthesis of intracellular cAMP, which
we have demonstrated previously (9). The intracellular cAMP
•hen binds to the regulatory subunit of cAMP-dependent pro-
(ein kinase A (PKA) and releases the catalytic subunit ofPKA.
The free catalytic subunit of PKA then translocates into the'
nucleus and subsequently phosphorylates the nuclear cAMP-
responsive element binding protein (CREB) (18) or CREB-like
proteins. The phosphorylated CREE or CREB-like protein(s)
then interacts with the putative cAMP-responsive element
(CRE) (i.e., WG N-795 to N-788, TGACGTAC) in the 5'-
flanking region of the rat ANG gene (19) and enhances the
expression of the ANG gene.

Thus, in the present studies, we investigated the possibility
of whether the 43 kD-CREB will directly enhance expression
of the ANC gene in OK cells. Our studies demonstrated that
the transient gene transfection of the plasmid containing the
cDNA for the 43-kD CREE (pRSV/CREB) stimulates the
expression of the fusion gene pOGH (ANC N-1498/+18) in
OK 27 cells (9). an OK cell line into which has been stably
integrated the fusion gene pOGH (ANC N-1498/+18) contain-
ing the 5'-flanking regulatory sequence of the rat ANG gene
fused with a human growth homione (hGH) gene as a reporter.
The addition of isoproterenol or forskolin further enhanced the
stimulatory effect of pRSV/CREB on the expression ofpOGH
(ANC N-1498/+18). Finally, the addition of propranolol and
Rp-cAMP blocked the enhancing effect of isoproterenol on Ae
expression of the pOGH (ANG N-1498/+18) in OK 27 cells
when transfected with pRSV/CREB.

Materials and Methods
Materials

The fusion gene pOGH (ANG N-1498/+18) containing the 5'-
flanking sequence (1498 bp) upstream of the transcriptional site plus
18 bp of Exon I of the rat ANG gene fused with an hGH gene, has
been described previously (19). The plasmid pRSV-Neo containing
the coding sequence for Neomycin (Néo) with the Rous sarcoma virus
(RSV) enhancer/promoter sequence fused in the 5'-end of the Neo-
mycin gene was a gift from Dr. Teresa Wang (Department ofPathol-
ogy, Stanford University, Stanford, CA). The plasmid pTKGH con-
taining the thymidine kinase (TK) enhancer/promoter sequence fused
to the 5' end of the hGH gene was purchased from the Nichols
Institute of Diagnostics (La Jolla, CA). The plasmid pGEM-3 as well
as the pTKCAT and pRSVCAT vectors containing the coding se-
quence for chloramphenicol acetyltransferase (CAT) with TK or RSV
enhancer/promoter sequence in the 5' end of the CAT gene, respec-
tively, were a gift from Dr. Joel F. Habener (Laboratory of Molecular
Endocrinology, Massachusetts General Hospital, Boston, MA).

The expression plasmid containing the cDNA for the 43-kD CREB,
pRSV/CREB. was constructed as follows. Briefly, total cellular RNA
was prepared from adult, male rat liver (Wistar, Kyoto, Japan) by
guanidium isothiocyanate/cesium chloride gradient as described pre-
viously (5). Tweniy micrograms of total RNA was used to synthesize
the double-strand cDNA for CREB by the method of reverse tran-
scription and amplification by PCR (Thennal Cycler) according to the
lanual supplied by the manufacturer (Perkin Elmer Cetus, Inc.,

roster City, CA). The nucleotide sequences for two oligonucleotide
primers corresponding to the first 18 nucleotides (5'-ATG ACC ATG
GAC TCT GGA-3') and the last 18 nucleotides (5'-TTA ATC TGA
CTT GTG GCA.3') in the opening reading frame of the rat CREB

(18), respectively, were used in PCR. The oligonucleotides were
synthesized'by Biosynthesis, Inc. (Lewisville, TX). One-kilobase
CREB cDNA fragment was amplified and then subcloned in the
plasmid pBluescript (SK~) (Stratagene, Inc., La Jolla, ÇA). The
sequence for the CREB cDNA was confirmed by dideoxy sequencing
with Î3 and T^ primers (Stratagene, Inc.). Fmally, the CREB cDNA
containing the entire coding sequence was isolated and inserted into a
mammalian cell expression vector pRC/RSV (purchased from uivitro-
gen. Inc., San Diego, CA). The plasmid pRC/RSV contains the
RSV/long temùnal repeat promoter and enhancer plus a bovine
growth hormone polyadenylation signal for polyadenylation of tran-
scribed mRNA.

The RIA kit for hGH (RIA-hGH) was a gift from Nadonal Institute
of Diabetes and Digestive and Kidney Diseases, National Institutes of
Health. The RIA procedure has been described previously (19). Na-
tional Institute of Arthritis, Metabolism, and Digestive Diseases-hGH-
1-1 (AFP-4793 B) was used for both iodination and as a honnone
standard. The limit of sensitivity of the assay was 0.1 ng/ml. The inter-
and intra-assay coefficients of variation were 10% (n ;= 10) and 12%
(n = 10), respectively.

/?(-)-isoproterenol (+)-bitartrate salt, forskolin, ^(-)-propranolol
hydrochloride, and Rp-cAMP (an inhibitor of the cAMP-dependent
protein kinase A I and II) (20) were all purchased from Research
Biochemicals, Inc. (Natick, MA).

Na-I25I was purchased from Dupont, New England Nuclear (Bos-
ton, MA). Calcium chloride was purchased from Mallinckrodt, Inc.
(Montreal, Quebec, Canada), and Geneticin (G 418) was purchased
from Bethesda Research Laboratories (Gibco-BRL, Burlington, On-
tario, Canada). Other molecular biology grade reagents were obtained
either from Sigma (St. Louis, MO), Gibco-BRL, Boehringer-Mann-
heim (Dorval, Quebec, Canada), Pharmacia, Inc. (Baie d'Urfe, Que-
bec, Canada) or Promega-Fisher, Inc. (Montreal, Quebec, Canada).

Cell Culture
The OK proximal tubular cell line was obtained from the American

Tissue Culture Collection (Rockville, MD). This cell line is derived
from the kidney of a female American opossum, retains several
properties of proximal tubular epiAelial cells in culture (21,22), and
expresses a low level ofANG mRNA (5-6). The culture conditions of
OK cells have been described previously (5,7-10).

OK Cell Stable Transformants
Clones OK 27 and OK 13 are stable transformants with pOGH

(ANG N-1498/+18) and pTKGH integrated into OK ceUular ge-
nomes, respectively. The characterisdcs of Aese clones have been
reponed previously (9). Briefly, Aese clones were grown in the
medium containing 500 p,g/ml G 418 for more than 3 mo and
expressed a high amount of immunoreactive (IR)-hGH into the me-
dium. The expression of pOGH (ANC N-1498/+18) and pTKGH in
OK 27 and OK 13 cells, respectively, was rime-dependent. The levels
of IR-hGH in cellular extracts were consistently less than 5% of that
found in the media, indicating that IR-hGH is not stored in the cell (9).

DNA Transfection
The method of transient gene transfection into OK 27 and OK 13

cells is similar to that described previously in OK cells (7-10).
Brieïïy, cells were incubated in Dulbecco's modified Eagle's medium
(DMEM) containing 10% fetal bovine serum (FBS) immediately after
transfection. Twenty-four hours after the DNA transfecdon, the media
were replaced with fresh media without FBS. The media and cells
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were harvested 24 h later and assayed for IR-hGH and CAT acdvity,
respectively.

To study the effect of isoproterenol or forskolin on the expression
of the fusion gene (pOGH (ANC N-1498/+18)) in OK 27 cells
transfecied with pRSV/CREB, cells were incubated in DMEM con-
taining 1% depleted FBS, and various concentrations of hormones
were added on day 1 after DNA transfection. After a 24-h incubation
period, the media and cells were harvested for hGH assays and CAT
enzymatic assays, respectively. The control plasmid pRC/RSV was
used as negative control.

To normalize the efficiency of transfection of the plasmid, 2 ^.g of
pTKCAT (a vector with the TK enhancer/promoter fused to the
coding sequence of CAT) was cotransfected with pRSV/CREB, pRC/
RSV, or pGEM-3 as internal control for nomialization. The levels of
CAT activity in the control groups (i.e.. Figure 1, cells transfected
with 2 /ig of pTKCAT but without the cotransfection with either
pRSV/CREB or pRC/RSV) were used as 100% transfection effi-
ciency. The levels of CAT activity in other groups (i.e., cells cotrans-
fected with 2 ^g of pTKCAT and pRC/RSV (at various concentra-
lions) or pRSV/CREB (at various concentradons) were compared
with the control group as percentage of transfection efficiency. Sub-
sequently, the IR-hGH levels in groups cotransfected with either
pRSV/CREB or pRC/RSV were normalized with the percentage of
transfection efficiency as compared with controls (group l). In each
experiment, an additional group of cells was transfected with 2 ^.g of
pRSVCAT (a plasmid with the RSV enhancer/promoter fused to the
coding sequence of CAT) as the posiuve control for the comparison of
transfection efficiency. The transfection efficiency of pTKCAT
ranged from 25 to 55% compared with pRSVCAT.

The depleted FBS was prepared by incubation with 1% acdvated
charcoal and 1 % AC 1 x 8 ion-exchange resin (Bio-Rad Laboratories,
Richmond, CA) tor 16 h or more at room temperature as described by
Samuels et ul. (23). This procedure removed endogenous steroid and
thyroid hormones from the FBS as demonstrated by Samuels et al.
(23).

Effect ofpRSV/CREB on the Expression ofpOGH
(ANC N-1498/+18) in OK 27 Cells

OK 27 cells were plated at a density ofl to 2 X 105 cells/well in
6-weil plates and incubated overnight in DMEM containing 10% FBS.
Then. 2 ^tg of pTKCAT with or wiAout 1 to 10 /Ag of pRSV/CREB
or pRC/RSV per well were transiently cotransfected into OK 27 cells.
After an overnight incubation, the media were replaced with fresh
media without FBS and incubated for an additional 24 h. After
incubation, cultured media and cells were harvested and kept at
-20°C until assayed for IR-hGH and for CAT enzymatic activity,
respectively.

Effect of Propranolol or Rp-cAMP on the Expression
ofpOGH (ANC N-1498/+18) in OK 27 Cells
Transfected with pRSV/CREB m the Presence of
Isoproterenol

OK 27 cells were plated at a density ofl to2 X 105 ceIls/weU m
6-well plates and incubated overnight in DMEM containing 10% FBS.
Then, 2 /ig of pTKCAT and 5 ^.g of pRSV/CREB or pRORSV were
transiently cotransfected into OK 27 cells. After an overnight incu-
bation, the media were replaced with media containing 1% depleted
FBS, 10-9 M isoproterenol, and I0~6 M propranolol or 10~4 M
Rp-cAMP. After 24 h of incubation, media and cells were collected
and kept at -20°C until assay.

Effect ofpRSV/CREB on the Expression ofpTKGHin
OK 13 Cells

OK 13 cells were plated at a density ofl to2 X 105 cells/well in
6-well plates and incubated overnight in DMEM containing 10% FBS.
Then, 2 ^g of pTKCAT with or wiAout 1 to 10 ^ig ofpRSV/CREB
per well were transiently cotransfected into OK 13 cells. After an
overnight incubation, the media were replaced with fresh media
containing 1% depleted FB S and incubated for an additional 24 h.
After incubation, cultured media and cells were collected and kept at
-20°C until assayed.

Statistical Analyses
The experiments were performed at least three to four times in

triplicate. The data were analyzed with t test or ANOVA. A proba-
bility level of P s 0.05 was regarded as significant

Results
Effect ofpRSV/CREB on the Expression ofpOGH
(ANC N-1498/+18) in OK 27 Cells

Figure 1 shows that the transfection ofpRSV/CREB (1 to 10
fJLg DNA) per well stimulates the expression of pOGH (ANG
N-1498/+18) in OK 27 cells. A dose-dependent relationship
between pRSV/CREB and the sdmulation of expression of the
pOGH (ANC N-1498/4-18) was observed for pRSV/CREB at
1 to 5 ^,g of DNA. It appears that Ae maximal stimulation was
found with 5 /xg of pRSV/CREB. At doses greater than 5 /ig
of pRSV/CREB, Ae expression of pOGH (ANG N-1498/+18)
diminished. No significant stimulation of expression of Ae
pOGH (ANC N-1498/4-18) was observed with the control
plasmid pRC/RSV (l to 10 ^g). These studies indicate that Ae
expression ofpOGH (ANC N-1498/+18) could be stimulated
directly by CREB alone.

Effect of Isoproterenol or Forskolin on the Expression
ofpOGH (ANC N-1498/+18) in OK 27 Cells
Transfecied with pRSV/CREB

OK 27 cells were plated at a density ofl to 2 X 10 cells/well in
6-well places and incubated overnight in DMEM containing 10% FBS.
Then, 2 /xg of pTKCAT and 5 p.g ofpRSV/CREB or pRC/RSV were
transiently cotransfecied into OK 27 cells. After an overnight incu-
bation, the media were replaced with media containing 1 % depleted
FBS and various concentrations (10- to 10-5 M) of isoproterenol or
forskolin and incubated for 24 h. At the end of the incubation period,
media and cells were collected and kept at -20°C until assayed.

Dose-Response Curve of Isoproterenol or Forskolin on
the Expression of pOGH (ANC N-1498/+18)
Transfected with pRSV/CREB or pRC/RSV

Figure 2 shows that the addition of isoproterenol (10-u to
10~5 M) stimulated the expression of the pOGH (ANG
N-1498/+18) when transiently transfected with 5 <xg ofpRSV/
CREB in a dose-dependent manner. It appears that the maxi-
mal effect of isoproterenol was found with 10-u to 10-9 M
isoproterenol. At concentrations greater than 10- M, the en-
hancing effect of isoproterenol was diminished.

Similarly, Figure 3 shows that addidon offorskolin (10-
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Figure l. Basai expression of the pOGH (ANC N-1498/+18) in OK 27 cells when transiently transfected with different concentrations of
plasmid containing the cDNA for the 43-kD CREB (pRSV/CREB) or with the control plasmid pRC/RSV. The levels of transcriptional activity
of pOGH (ANC N-149S/- 18) were quantified by the amount of immunoreactive human growth hormone (IR-hGH) in the medium assayed
by a specific RIA for hGH (RIA-hGH). The concentration ofIR-hGH in the medium of cells (2 X 105 cells per well) without transfection with
pRSV/CREB or pRC/TÎSV is considered as the control level. Results are expressed as the mean ± SD of three determinations (triplicates). Solid
bars. cells transfected with pRSV/CREB; suppled bars, cells transfected with pRC/RSV. Similar results were obtained from four independent
xperiments. The data M.ere normalized with the DNA transfection efficiency by cotransfection with 2 ^.g ofpTKCAT as internal controls. The
ransfection efficiency of pTKCAT in this experiment was approximately 40% compared with the positive control (i.e., cells transfected with

2 w ofpRSVCAT. *P s 0.05; **P s 0.01; ***P a 0.005.

to 10-7 M) significantly stimulated the expression of the
pOGH (ANC N-1498/+18) in OK 27 cells transfected with
pRSV/CREB. The maximal and half-maximal effect of fors-
kolin was found with 10~7 and 10~9 M forskolin, respectively.
At concentrations greater than 10-7 M (i.e.,-10~5 M), the
expression of the pOGH (ANG N-1498/+18) was inhibited.

Figure 4 shows thai the addition of isoproterenol (10-9)
alone significantly stimulated the expression of pOGH (ANG
N-1498/+18) in OK 27 cells compared with the control (with-
out the addition of isoproterenol). The effect of isoproterenol
was funher enhanced (P ^ 0.001) when OK 27 cells were
transiently transfected with pRSV/CREB (5 ^.g per well), but
not when transfected with pGEM-3 (5 /ig).

Effect of Propranolol or Rp-cAMP on the Expression
ofpOGH (ANC N-1498/+18) m OK 27 Cells
Transfected with pRSV/CREB m the Presence of
Isoproterenol

Figure 5 shows that addition of propranolol (10~5 M) or
p-cAMP (10-4 M) blocked the stimulatory effect of isopro-

terenol (10~7 M) on the expression of pOGH (ANC N-1498/
+18) in OK 27 cells when transiently transfected with pRSV/
CREE.

Effect ofpRSV/CREB on the Expression ofpTKGH in
OK 13 Cells

In OK 13 cells, transfection ofpRSV/CREB (1 to 10 /xg of
DNA per well) had no effect on the expression of pTKGH
compared with the controls (in the absence of pRSV/CREB)
(Figure 6).

Discussion
Eukaryotic gene transcription is regulated by DNA se-

quence-specifîc transcription factors Aat bind to cu-acting
enhancer and promoter elements. The CRE, one of the best
studies of such an element, consists of a palindromic oc-
tanucleotide, TGACGTCA (24). Within the past 7 to 8 yr, at
least 20 different CREB have been cloned, including CREE,
activating transcription factor family, and cAMP response el-
ement modulator family (for review, see reference 25). CREE
341 (341 amino acid residues) and CREB 327 (327 amino acid
residues) (they are tentatively designated as 43-kD CREB) are
the best characterized CREB. They are coded from the same
gene by two alternatively spliced mRNA. The CREB ho-
modimers bind strongly to the symmetrical palindrome but less
well to the asymmetrical sequence such as the CRE (TGACG-
TAA) of the phosphoeno/pyruvate carboxyl kinase gene (26)
and CRE (TGACTTCA) of the a-subunit of human glycopro-
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Figure 3. Dose-response relationship for the addition of forskolin on the expression of pOGH (ANG N-1498/+18) in OK 27 cells cotransfected
with pRSV/CREB. Five micrograms ofpRSV/CREB or pRC/RSV per well (2 X I05 cells) were used in the experiment. The effect offorskolin
is compared with the control cells (transfected with 5 fig of pRSV/CREB but without the addition of forskolin). Results are expressed as the
mean ± SD of a minimum of three detemunations. Similar results were obtained in three independent experiments. The DNA transfecdon
efficiency for this experiment was approximately 35% compared with pRSV/CAT. *P s 0.05; **P s 0.01; ***P S 0.005.

tein (27). Thus. the symmetry of the CRE sequence and its 5'-
and 3 -flanking sequences determine the relative binding af-
finity and specificity of the CREE.

Our previous studies (19) on the DNA structure of the
5'-flanking sequence of the rat ANG gene showed that the

DNA sequence of nucleotides N-795 to N-788 CTGACGTAC)
is almost identical to the CRE (TGACGTCA) of Ae soma-
tostatin gene (24), except that the last two nucleotides are in
reverse order. With such homology, we raised the question of
whether the sequence ANG N-795 to N-788 could be a putative
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Figure 6. Expression of the pTKGH in OK 13 cells when transiently
transfected with different concentrations of the plasmid pRSV/CREB.
The levels of transcriptional activity of pTKGH were quantified by
the amount of IR-hGH in the medium assayed by RIA-hGH. The
conceniration of IR-hGH in the medium of cells (I X 10s cells)
without transfection with pRSV/CREB is considered as the control
level. Results are expressed as the mean ± SD of a minimum of three
determinations. Similar results were obtained from three addidonal
experiments. The DNA transfection efficiency in this experiment was
approximately 35% compared with pRSVCAT.

CRE. Indeed, we have demonstrated that forskolin or 8-Br-
CAMP directly stimulated the expression of pTKCAT (ANG
N-814 to N-761) (a fusion gene containing the 5'-flanking
region [nucleotides N-814 to N-761] of the rat ANG gene
upstream of the TK promoter fused to a CAT gene in OK cells)
(8). Thus, we speculate that CREB might mediate the effect of
forskolin or 8-Br-cAMP on the expression of the ANG gene in
OK cells via the binding to the putative CRE.

Our present gene transfection experiments showed that
pRSV-CREB directly stimulated the expression of pOGH
(ANC N-1498/- 18) in OK 27 cells (Figure 1). The maximal
stimulation was at 5 ^.g of DNA. At higher concentrations of
DNA (i.e.. >5 ^Lg), the effect ofpRSV/CREB was diminished.
At present, we do not know the reasons for this observation.
One possible explanation may be that large amounts of DNA
transfected into OK cells might exhaust the limited amount of
cellular transcriptional factors. Nevertheless, more studies are
warranted to clarify this observation.

Isoproterenol and forskolin are known to increase intracel-
lular cAMP levels. Indeed, our previous studies have shown
that the addition of isoproterenol increased the intracellular
levels of cAMP in OK 27 cells (9). The present studies (Fig-
ures 2, 3, and 4) showed that addition of isoproterenol or
forskolin funher enhanced the stimulatory effect of pRSV/
CREB compared with those without the transfection with
pRSV/CREB. These studies support the hypothesis that iso-
proterenol stimulates the synthesis of intracellular cAMP. The
elevated intracellular cAMP then activates the cAMP-depen-
dent PKA and phosphorylates the nuclear CREE. Subse-

quently, the CREB binds to the CIŒ of the rat ANG gene and
enhances the gene expression.

At present, we do not undeistand why forskolin at 10~5 M
has an inhibitory effect on the expression of the pOGH (ANG
N-1498/+18) in OK 27 cells when transfected with pRSV/
CREB. One possible explanation may be that the high concen-
tration of forskolin may exert other physiological effects (i.e.,
Ça transport) and subsequently alter the effect of CREB on
the expression of the ANG gene in OK cells. Indeed, more
experiments are required to clarify this observadon.

Our results also showed that the addition of Rp-cAMP or
propranolol blocked the enhancing effect of isoproterenol on
the stimulatory effect of pRSV/CREB on pOGH-(ANG
N-1498/+18) gene expression in OK 27 cells (Figure 5). These
studies suggest sU-ongly that the effects of cAMP-dependent
PKA and 3-adrenergic receptor are involved in the expression
of the ANC gene and probably are mediated via the CREB.
Indeed, expehments are under way in our laboratory to mves-
tigate the direct involvement of cAMP-dependent PKA with
the 43 kD CREE (i.e., phosphorylation of43-kD CREB).

Finally, it appears that pRSV/CREB had no effect on the
expression of pTKGH in OK 13 cells (Figure 6). Because the
expression of pTKGH in OK 13 cells is driven by the promot-
er/enhancer DNA sequence of the TK gene, these studies
demonstrated that the promoter/enhancer DNA sequence ofTK
gene is not responsive to the addition of 43-kD CREB. The
effect of CREE in OK 27 cells may be mediated via the
interaction of CREE with the putative CRE (ANG N-795 to
N-788) in the 5'-flanking region of the rat ANG gene of Ae
fusion gene. Indeed, preliminary studies in our laboratory (28)
have shown that the CREE is able to bind to the CRE of the
ANG gene. Nevertheless, more experiments are under way in
our laboratory to confirm this observation.

In summary, our present studies demonstrate that CREB
directly stimulates the expression of pOGH (ANG N-1498/
+18) in OK 27 cells. The stimulatory effect ofCREB could be
further enhanced by the presence of isoproterenol or forskolin.
The addition of Rp-cAMP or propranolol could block the
enhancing effect of isoproterenol. Our studies raise the possi-
bility that the molecular mechanism(s) of the effect of renal
nerve (that is, via the activation of P-adrenoceptors) on the
expression of the renal ANG gene is probably mediated via the
PKA and nuclear 43-kD CREB. The local fomiation of renal
Ang H might then modulate the sodium and fluid reabsorption ~
by the renal proximal tubular cells. Hence, the local intrarenal
renin-angiotensin system might play a significant role in the
modulation of sodium reabsorption.
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Abstract We have previously reported that addition of 8-bromo-
cyclic AMP enhances the stimulatoiy effect of dexamethasone on the
expression of the angiotensinogen gene in mouse hepatoma œlls m
vitro, koproterenol is kncwn to stimulate the synthesis of hq>atic
intracellular cyclic AMP via p-adrenergic reœptors. To study the
possible effect of ^-adrenergic reœptors on the egression of the
angioiensinogen gene in mouse hepatoma œlls, we transientiy trans-
t'ecred them with a fusion gene with the 5'-flanldng region of the
angioicRsinogen gene linked to a bacterial chlorainphenicol acetyi-
transferase coding sequence as a reponer, pOO\T (ANC N-1498/
+18). The addition of isoproterenol (10~9 to 10~5 moI/L) alone had
no stimuiaioiy effect on the aqpression of pOC\T (ANC N-1498/
-r IS). Ln the presence of dexamethasone (10~6 rool/L), however,
isoproterenol enhanœd the stimulatoiy effect of the dexamethasone
on the expression of pOCAT (ANC N-1498/+18). The enhancing

irculating angiotensinogen (ANG) is synthesized
mainly in the liver and cleaved successively by
renin and angiotensin-converting enzyme to

yield the bioactive peptide angiotensin II (Ang U).
Recent studies by Kimura et all and Fukamizu et al2
demonstrated that transgenic mice that cany an exoge-
nous ANC gene and/or renin gene and express high
levels of plasma ANG and Ang II will develop high
blood pressure. These studies demonstrated unequivo-
cally that ANC is an important component for the
development of hypertension. •

We have previously reponed the expression of the
ANC gene in mouse hepatoma (Hepa 1-6) cells and
shown that dexamethasone stimulates the expression of
the fusion genes containing the 5'-flanking region of the
rat ANC gene fused with a bacterial chlorampheiiicol
acetyltransferase (CAT) codmg sequence as reporter in
a dose-dependent manner.3 Furthermore, we have
shown that addition of 8-bromo-cyclk AMP (8-Br-
cAMP) enhanced the stimulatory effect of dexametha-
sone on the expression of angiotensinogen-chloram-
phenicol acetyl transferase (ANG-CAT) fusion gènes.
The addition of 8-Br-cAMP alone, however, had no
stimulatory effect on the expression of the ANG-CAT
fusion genes. These studies suggest that dexamethasone
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effect of isoproterenol was inhibited by the presence of propranoloi
(A- and ft-adrenergic receptor antagonist) and ICI 118^51 (ft-
adrenergic receptor antagonist) but not by the presence of atenotoi
(ft-adrenergic reœptor antagonist). Furthermore, the addition of
Rp-cAMP (an inhibitor of protein kinase A I and II) blocked the
enhancmg effect of isoproterenoL These studies denxmstrated that
isoproterenol enhances the stimulatoiy effect of ddamethasone ca
the expression of the angiotensmogen gene in mouse hepatoma œlk
via ft-adrenergic receptor and cyclic AMP-dependent protem Id-
nase pathways. Our data may be important in understanding tis
molecular mechanism(s) of the stimulatoiy effect of catecholamines
glucocorticoid-mduced expression of the angiotensmogen gene m the
liver. (Hypertension. 1995^5:105-109.)

Key Words • P-adrenergic receptors • angiotensinogeD
gene • hepatoma cells

and cAMP might act synergistically or cooperatively to
stimulate the expression of the ANG gene m the liver.

A classic example of the activation of the membrane
adenylate cyclase system to increase intracelluiar cAMP
in the liver is seen with catecholamines. Catecholamines
(norepinephrine and epmephrme) are known to interact
with both a- and ^-adrenergic receptors.4-6 p-Adreaer-
gic receptors are linked through a guanine nucleotide
regulatory protein to adenylate cyclase on the inner pan
of the plasma membrane of target cells.7-8 The biological
responses to interaction of isoprotereaol (a ^i- and
ft-adrenergic receptor agonist) are generally mediated
by an increase of intracellular cAMP, which subse-
quently initiates the biochemical cascade, including gly-
cogenolysis in the liver.9-12 It is not clear, however.
whether isoproterenol has an effect on the expression of
the ANG gene in the liver.

3-Adrenergic receptors are present in mouse liver.1-1
The objective of our present study was to mvestigate
whether addition of isoproterenol enhances the stimu-
latory effect of dexamethasone on the expression of
ANG-CAT fusion genes, pOCAT (ANC N-1498/+18)
in Hepa 1-6 m vitro. Our studies provide evidence that
isoproterenol enhances the effect ofdexamethasone and
that the enhanced effect of isoproterenol is mediated via
the ft-adrenergic receptor and the cAMP-dependent
protein kinase A pathway.

Methods
Materials

Both restriciion and modiiying enzymes were purchased
either from Bethesda Research Laboratories, Boehringer-
Mannheim, or Pharmada Inc.
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The expression vectors (pOCAT and pRSVCAT containing
the coding sequence for CAT without or with Rous sarcoma
virus enhancer/promoter sequence fused to the 5" end of the
CAT coding sequence, respectively) were a gift from Dr Joel F.
Habener (Laboratory of Molecular Endocrinology, Massachu-
sells General Hospital, Boston).

a-['?S]dATP (> 1000 Ci/mmol), a-[MP]CTP (800 C.i/mmol).
y-[:':P]ATP (300U Ci/mmol), and D-//ireo-[1.2NC]-chloram-
phenicol were purchased from New England Nuclear. Dupont.

/?(-)-Isoproterenol(+)-bitartraie salt,^(-)-propranolol hy-
drochloride. 5(-)-atenolol, ICI-118,551 HC1, and Rp-cAMP
(an inhibitor of the cAMP-dependent protein kinase A I and
II'-') were all purchased from Research Biochemicals Inc.

Thin-layer chromatography plates were purchased from Fisher
Scientific Ltd. Other reagents were molecular-biology grade and
were obtained from Sigma Chemical Co, Bethesda Research
Laboratories. Boehringer-Mannheim, or Pharmacia Inc.

Construction of Fusion Genes
The method of construction ofANG-0\T fusion genes has

been described previously.15 The sequences and orientation for
all fusion genes were confirmed by dideoxy sequencing16 with
SP6 primers (Promega-Fisher, Inc) and restriction enzyme
digestion mapping.

Cell Culture
The mouse hepatoma (Hepa 1-6) cell line was obtained from

the American Tv-pe Culture Colleciion. The Hepa 1-6 cells
were grown in 100x20-mm plastic Petri dishes (Gibco) using
Dulbecco's modified Eagle medium (DMEM), pH 7.20, sup-
piemenied with 10% fetal bovine serum (FBS), 50 U/mL
penicillin, and 50 ^g/'mL streptomycin. The cells were incu-
baled in a humidified atmosphere of 95% 0: and 5% CO; at
37'C. For subculturing, cells were trypsinized (0.05% trypsin
and EDTA) and plated at 3.5xl0< cells per dish.

DNA Transfection
Plasmid or ANG-CAT ftision gene was transfected into

Hepa 1-6 cells using calcium phosphate endocytosis as de-
scribed previously.3 We have shown previously that the optimal
dose of DNA for gene transfection is 20 iig per OJ to IxlO6
cells. Thus. in the present studies, a total of 20 p.g of super-
coiled DNA was routinely used in the cell transfection.

To study the effect of dexamethasone with isoproterenol and
P-adrenergic receptor antagonists or Rp-cAMP on the expres-
sion of pOCAT (ANC N-1498/+18),, cells were incubated in
DMEM without FBS. and various concentrations of hormones
or drugs were added on day 1 after DNA transfection. The cells
were han'ested on day 3 for CAT assays.3 The plasmids
pOCAT and pRSVCAT were used as negative and positive
controls, respectively.

We have previously demonstrated that there is a dose-
dependent relationship between dexamethasone concentration
and the stimulation of expression of pOCAT (ANC N-1498/
+18).? Dexamethasone at lO"6 mol/L consistently produced a
1.5- to rwofold stimulation of expression of pOCAT (ANG
N-149S/+18). Thus. we routinely'used dexamethasone (10"'
mol/L) for the present studies.

To normalize the efficiency of transfection of various plas-
mids, 2 mg of pTKGH (a vector with the thymidine kinase
enhancer/promoter fused to the 5' human growth honnone
gene) was cotransfected with pOCAT (ANC N-1498/+18). The
presence of human growth hormone (National Institute of
Anhritis, Metabolism, and Digestive Diseases-human growth
hormone-I-1, AFP-4793B) or insulin growth factor-I (IGF-I,
Sigma Chemical Co) at levels up to 4.5xl0~9 mol/L and
12.8x 10~" raol/L, respectively, had no stimulatory effect on the
expression of pOCAT (ANC N-1498/+18) m Hepa 1-6 cells
(M. Ming, unpublished observations, 1994). Similarly, the
presence of isoproterenol (10~5 mol/L), propranolol (10~5
moL'L). aienolol (10-5 moLl.), ICI 118^51 (10-5 mol/L), or
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FIG 1. Bar graph shows the effect of isoproterenol (Isop; 10~9 to
10'5 mol/L) alone or combined with dexamethasone (DEX; 10~°
mol/L) on the expression of pOCAT (ANS N-1498/+18) in mouse
hepatome (Hepa 1-6) cells. The chloramphenicol acetyttrans-
ferase (CAT) activity of the pOCAT (ANG N-1498/+18) in the
absence of both dexamethasone and isoproterenol is expressed
as 100% (control). Each point represents the mean±SD of a
minimum of three determinations, and the probability values are
derived from Student's ( test fPs.05, "Ps.01, and ""Ps.005}.

dexamethasone (10~6 mol/L), or a combination of both dexa-
methasone (10-° moI/L) and isoproterenôl (10~5 moI/L), had
no stimulatory effect on pTKGH expression (M. Ming, unpub-
lished results, 1994). However, the results presented here were
nomialized to the eflficiency of transfection of pTKGH in the
absence of various hormones or drugs added. The radioimmu-
noassay for human growth hormone was performed according
to the method described previously.'7-18 The level of transfec-
tion efficiency for pOCAT (ANG N-1498/+18) ranged from
25% to 35% compared with pRSVCAT.

Chloramphenicol Acetyltransferase Assay
The method for the CAT assay has been described previous-

ly.' The results of all CAT assays are gwen as a mean ±SD of
triplicates.

Statistical Analysis
The experiments were run three times in triplicate. Values

are given as meanïSD (n=3), and statistical analysis was done
with Student's t test. A level of Ps.05 was regarded as
significant.

Results
Effect of Isoproterenol and Dexamethasone on the
Expression of the pOCAT (ANG N.1498/+18)
Fusion Gene in Hepa 1-6 Cells

Fig 1 shows that addition of isoproterenol (10~9 to
10"5 moI/L) enhanced the stimulatoiy effect of dexa-
methasone (10-6 mol/L) on the expression of pOCAT
(ANC N-1498/+18) in a dose-dependent manner. The
maximal (280%) and half-maximal (220%) enhancing
effect appeared to be 10~5 moVL and 10~7 moVL, respec-
lively. On the other hand, isoproterenol alone had no
effect on the expression of pOCAT (ANG N-1498/+18).
whereas the addition of dexamethasone (10~6 mol/L)
alone stimulated the expression of pOCAT (ANG
N-1498/+18) by 1.8-fold (Ps.05). These data suggest
that isoproterenol and dexamethasone acted synergisti-
cally to stimulate the expression of pOCAT (ANG
N-1498/+18).
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FIG 2. Bar graph shows the inhibitory effect of Rp-cAMP on the
expression of pOCAT (ANG N-1498/+18) in mouse hepatoma
(Hepa 1-6) cells stimulated by isoproterenol (Isop) and dexa-
methasone (DEX). Cells were incubated for up to 24 hours in the
presence of dexamethasone (10~6 molA.), isoproterenol (10~5
mol/L), and various concentrations of Rp-cAMP (10~" to 10~5
morL). The chloramphenicol acetyltransferase (CAT) activity of
the fusion gene in the absence of dexamethasone, isoproterenol,
and Rp-cAMP is expressed as 100% (control). Each point
represents the mean =SD of a minimum of three determinations
CPs.05. "P£.01, and —Ps.005).

Effect of Rp-cA.MP on the Expression of pOCAT
(.A-NG N-I498/+18) in Hepa 1.6 Cells

Fig 2 shows that addition of Rp-cAMP (an inhibitor of
cAMP-dependent protein kinase A I and II) inhibits the
enhancing efi'ect of isoproterenol ( 10" mol/L) on the
expression of pOCAT (ANC N-1498/+18) in Hepa 1.6
cells in the presence of dexamethasone (10~6 mol/L).
Maximal inhibition was found with 10"5 mol/L Rp-
CAMP (Ps.Ol). Rp-cAMP (10~6 mol/L) also produced a
significant inhibitory effect (P^.05). These results indi-
cate that the effect of isoproterenol was mediated via the
cAMP-dependent protein kinase pathways.

Effect of p-Adrenergic Receptor Antagonists on the
Expression of pOCAT (ANG N.1498/+18) in Hepa
1.6 Cells

Fig 3 shows that addition of propranolol (a ^i- and
ft-adrenergic receptor blocker; 10~5 moVL) blocked the
enhancing effect of isoproterenol on the expression of
pOCAT (ANC N-1498/+18) m the presence of dexa-
methasone (lO"" mol/L) (P-&.OÏ). It appears that lower
concentrations of propranolol (less than lO"5 mol/L) did
not exhibit an inhibitory effect.

Similarly, Fig 4 illustrates that the addition of ft-
adrenergic receptor antagonist (ICI 118,551) blocked
the enhancing efi'ect of isoproterenol in a dose-depen-
dent manner. The maximal and half-maximal effects
were 10" mol/L and 10"7 mol/L, respectively. On the
other hand. atenolol (a Pi-adrenergic receptor antago-
nist) had no inhibitory effect on the expression of
pOCAT (ANC N-1498/+18) at a dose as high as 10-5
molL (Fig 5). These results show that the enhancing
effect of isoproterenol was mediated predominantly by
the ft-adrenergic receptors.

Discussion
P-Adrenergic receptors are among the best-studied

receptors.19 ^-Adrenergic receptors were initially subdi-
vided into two categories, 3-1 and ^-2, on the basis of
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FIG 3. Bar graph shows the inhibitory effect of propranolol on
the expression of pOCAT (ANG N-1498/+18) in the presence of
dexamethasone (DEX) and isoproterenol (Isop) in mouse hepa-
toma (Hepa 1 -6) cells. Cells were incubated for up to 24 hours in
the presence of dexamethasone (10~6 mol/L). isoproterenol
(10~5 mol/L), and various concentrations of propranolol (10~9 to
10-s mol/L). The chloramphenicol acetyttransferase (CAT) activ-
ity of the fusion gene in the absence of dexamethasone, isopro-
terenol, and propranolol is expressed as 100% (controQ. Each
point represents the mean ïSD of a minimum of three determi-
nations (*Ps.05, "Ps.01, and '"Ps.005).

the rank order of potency of agonists. Recent studies
using recombinant DNA technology, however, have
cloned three different j3-adrenergic receptors.20-23 Thus,
it is now generally accepted that there are three types of
3-adrenergic receptors.

Isoproterenol is known to stimulate the synthesis of
hepatic intracellular cAMP via ^-adrenergic recep-
tors.9-'2-24-25 Our present studies (Fig 1) showed that
addition of isoproterenol enhances the stimulatory
effect of dexamethasone on the expression of the
pOCAT (ANC N-1498/+18) in Hepa 1.6 cells. Thus, •
these studies are in agreement with our previous
studies,3 which showed that 8-Br-cAMP enhances the
stimulatory effect of dexamethasone on the expression
of the ANC gene. The present studies indicate that
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FIG 4. Bar graph shows the inhibitory effect of ICI 118,551 on
the expression of pOCAT (ANG N-1498/+1B) in the presence of
dexamethasone (DEX) and isoproterenol (Isop) in mouse hepa-
toma (Hepa 1 -6) cells. Cells were incubated for up to 24 hours in
the presence of dexamethasone (10'6 mol/L), isoproterenol
(10-s mol/L), and various concentrations of IC1118,551 (10-9 to
10~5 mol/L). The chloramphenicot acetyltransferase (CAT) activ-
ity of the fusion gene in the absence of dexamethasone, isopro-
terenol, and ICI 118,551 is expressed as 100% (control). Each
point represents the meanîSD of a minimum of three determi-
nations ('Ps.05, "Ps.01, and *"P£.OOS).
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FKS 5. Bar graph shows the effect of atenolol (10-9 to 10-5
moVL) on the expression of pOCAT (ANG N-1498/+18) in the
presence of dexamethasone (DEX; 1 O"6 mol/L) and isoproterenol
(Isop; 10~5 moM.) in mouse hepatoma (Hepa 1-6) cells. The
chloramphenicol acetyltransferase (CAT) activity of pOCAT
(ANG N-1498/+18) in the absence of dexamethasone, isopro-
terenol, and atenolol is expressed as 100% (control). Each point
represents the mean ±SD of a minimum of three determinations
rP£.05, "P^.01, and —Ps.005).

the effect of isoproterenol may be via the cAMP-
dependent protein kinase pathway. Indeed, our stud-
ies-showed that addition of Rp-cAMP (an inhibitor of
cAMP-dependent protein kinase A I and II14) inhibits
the enhancing effect of isoproterenol (Fig 2). The
present studies demonstrated that the effect of isopro-
terenol is mediated via the cAMP-dependent protein
kinase pathway. Moreover, Fig 1 shows that the
maximum enhancing effect of isoproterenol (10~5
mol/L) on the stimulatory efl[ect of dexamethasone
(10~6 mol/L) is no more than 1.5-fold compared with
that of controls (in the presence of dexamethasone,
Ps.05). These observations are also in agreement
with studies of Ohtani et al26 and Ben-Ari et ai,27 who
showed that cAMP enhances the effect of dexameth-
asone on ANG secretion by primary hepatocyte cul-
tures and on the accumulation of the ANG mRNA
transcripts in rat hepatoma cells by about 1.5- to
twofold over that of controls, respectively.

It has been shown that pr, &-, and ft-subtype adren-
ergic receptors are present in the liver and hepatoma
cells. I3-2't-28-29 Our present study showed that addition of
propranolol or ICI 118,551 inhibits the enhancing effect
of isoproterenol on the expression of pOCAT (ANG
N-1498/+18) by dexamethasone, but the addition of
atenolol has no inhibitory effect (Figs 3 through 5).
These studies demonstrated that the enhancing effect of
isoproterenol is mediated by the ft-adrenergic receptors
and not the pi-adrenergic receptors. This is in agree-
ment with the studies of Schmelck and Hanoune24 and
Graziano et al28 showing that ft-adrenergic receptors
are predominant in the liver. Atenolol (10~5 moVL) did
not Inhibit the enhancing effect of isoproterenol (Fig 5).
A higher dose of atenolol (10~4 moVL), however, was
effective in inhibiting the enhancing effect of isoproter-
enol (M. Ming, unpublished results, 1993). Hence, it is
possible that ^i-adrenergic receptors are also present in
Hepa 1-6 cells but in a lesser amount than fe-adrenergic
receptors. Indeed, more experiments are definitely re-
quired to demonstrate the presence or absence of ^i-
adrenergic receptors in mouse Hepa 1-6 cells. :

Finally, an increased activation of the sympathetic
nervous system30'31 and of the renin-angiotensin axis3133
is believed to be involved in the pathogenesis of hyper-
tension. Numerous studies have shown that Ang II
enhances those responses (release of norepinephrine)
that are elicited by postganglionic sympathetic nen-e
stimulation in vivo and in vitro.34-36 The recent studies of
Matsukawa et ai37 showed that administration of capto-
pril (an angiotensin-converting enzyme inhibitor) signif-
icantly decreases the muscle sympathetic nerve activity
in accelerated hypertensive compared with normoten-
sive patients, suggesting that levels of plasma norepi-
nephrine, which may reflect sympathetic nerve activity in
the hypertensive patients, could depend on the concen-
(ration of Ang II (ie, activation of the renin-angiotensin
system). On the other hand, there are only a few studies
demonstrating that catecholamines have an effect on the
release of Ang II.3M2 Nakamaru et al38 demonstrated
that isoproterenol (10*9 to 10~6 moVL) causes an m-
crease in the release of Ang II from isolated perfused
mesenteric arteries. The increase in Ang II release
during isoproterenol infusion was blocked by proprano-
loi. Captopril (2x 10~6 moI/L) also inhibited the increase
in Ang II induced by isoproterenol. Studies by Richards
et al39 also showed that a high dose of isoproterenol (100
mmol/L) significantly stimulates the release of Ang II
from neuronal cultures. Recent studies by Tang et al-'0
demonstrated that isoproterenol (10-7 to 10- moll-)
increases secretion of angiotensins from cultured bovme
aortic endothelial cells in a dose-dependent manner.
The addition of 10 118^51 (10-6 mol/L) blocked the effect
ofisoproterenol but not atenolol (10"' mol/L). More recent
studies bv Taddei et al41-42 demonstrated that infusion of
isoproterenol into the brachial arteiy of hypenenswe sub-
jects stimulates a local outflow of Ang II.

All of these studies demonstrate that release of
locally generated Ang II by isoproterenol is mediated
by ^-adrenergic receptors. Unfortunately, there are
no reports demonstrating that isoproterenol has an
effect on the expression of hepatic and/or extrahepatic
ANG gene. Our present study showed that high
concentrations of isoproterenol enhance the stimula-
tory effect of dexamethasone on the expression of the
ANC gene in Hepa 1-6 cells (Fig 1). This suggests that
the sympathetic nervous system may have a regulatory
role in the activation of the renin-angiotensin axis (ie,
synthesis and release of Ang II). Hence, we speculate
that the activation of the sympathetic nervous system
during stress may enhance the effect of cortisol on the
expression of the ANG gene in patients with Cush-
ing's syndrome, since hypertension is present in 75%
to 80% of those patients with hypercortisolism.43-14
More experiments are definitely required to confimi
this hypothesis.

In summary, we have demonstrated that the addition
of isoproterenol enhances the effect of dexamethasone
on the expression of the ANG gene in Hepa 1-6 ceUs.
The enhancing effect of isoproterenol is mediated via the
ft-adrenergic receptors and cAMP-dependent protein
kinase pathway. Our data may be useful for a better
understanding of the molecular mechanism(s) of glu-
cocorticoid/catecholamine(s)-induced hypertension.
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