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Chapter I: Preface
Since the discovery of renin 90 years ago, there have been remarkable
advances in our understanding of the renin-angiotensin system. The

system as it is known today is summarized below. Renin controls the rate

Angiotensinogen

f——

Angiotensin I

*47:“*— Converting enzyme

Angiotensin II

-limiting step in the formation of the potent vasoactive peptide,
angiotensin 1II, by catalyzing the formation of angiotensin [ from
angiotensinogen. Angiotensin II has several important physiological
functions such as pressor action, stimulation of aldosterone or
cathecolamines secretion. Through these actions, the renin-angiotensin
system plays an important role in the regulation of blood pressure and
of the volume and composition of the extrécellular fluid.

The conventional concept that the renin-angiotensin system 1is a
circulating endocrine system has been challenged recently by the
observations that components of the system can be detected in many
tissues (1). Particularly, in reproductive organs, it was suggested that
renin expression is regulated by gonadotropic hormones (2,3).

Attempts to analyze the structure and function of renin have been



hampered Hby the difficulties involved in purification of this enzyme,
which is unstable and of low abundance. However, the advent of protein
purification and recombinant DNA technology has obviated some of these
difficulties. Particularly, the DNA recombinant technology allowed us to
isolate mouse (4), human (5), and rat (6) renin cDNAs, and to express
these cDNAs in Escherichia coli anci mammalian cells (7,8).

A central problem in eukaryotic molecular biology is to understand the
mechanisms by which specific genes are expressed in a temporal or tissue
-specific manner or are activated in response to extracelluar inducers.
The development of methods for cloning and characterizing individual
genes has provided the opportunity to study these mechanisms at the
molecular level.

Recent studies (9,10) indicated that genes expressed in a particular
tissue contain cis-acting elements which are required for their
tissue-specific transcription. Three classes of such elements have been
distinguished. Firstly, upstream promoter elements, which are located 5’
-regions of the TATA boxes (11). Secondly, cellular enhancers increase
transcription rate independently of their orientation and distance from
the pt;omotet". Finally, the steroid response elements (SRE), which 5ind
steroid hormone receptors, have enhancer-like characteristics (12).

From these situations, the renin-angiotensin system may provide a very
attractive model to analyze how these three classes of cis-acting
elements control gene transcription in different cell types. Therefore,
I have cloned and sequenced the exon-intron junctions of the human

renin gene (13). However, little is known about the renin gene expression.



In this thesis, to examine more precisely the regulation of renin
gene, | have cloned and characterized the 5’ -flanking region (promoter
and regulatory regions) of the human renin gene from a juxtaglomerular
cell (JGC) +tumor (14) (Chapter 1II), and determined the complete
nucleotide sequence of rat renin gene including its 5°- and 3’ -flanking
regions (15) (Chapter 1II). Furthermore, 1 have characterized the
expression of the rat renin mRNA in ovary and uterus (61) (Chapter IV),
and of the human renin mRNA in an ileal carcinoma (an ectopic renin-

secreting tumor) by Northern blot analysis (62).



Chapter II: Human Renin Gene of Renin-Secreting Tumor

Abstract

A large amount of renin mRNA was found to be expressed in the
juxtaglomerular cell (JGC) tumor, as determined by Northern analysis. I
have isolated the long 5'-flanking region of the human renin gene from
the tumor, and characterized the promoter region with respect to DNA
sequence and mRNA transcription start point. 0f two sets of CAAT and
TATA boxes, the TATA box at 29 base pairs (bp) upstream from the capping
site is demonstrated to be a functional promoter by primer extension
analysis. The 1.6 kilobase (kb) sequence, containing the 5’ -flanking
region, exon 1, and part of the first intron, obtained from the tumor
was in complete agreement with that of the clone from fetal liver, which
does not produce renin. This indicates that abnormal expression of the
renin gene in the JGC tumor involves no major alteration in the primary
structure within 1.2 kb of the 5’ -flanking region. Within 1.2 kb of the
5’ -flanking region, there are several nucleotide segments exhibiting
homology with the glucocorticoid, estrogen, and progesterone receptor-
binding sites and enhancers. These structures may be related to the

tissue-specific expression of the renin gene.



Introduction

Renin is an asparty! proteinase and catalyzes the initial and rate-
limiting reaction, which plays an important role in the control of blood
pressure and in the pathogenesis of hypertension. Renin is mainly
synthesized in the JGCs of kidney, which are located in the afferent
arterioles immediately proximal to the glomeruli (16). The biosynthesis
of renin is considered to be under complex regulation, which rouses
interest about the detailed structure of the gene. We therefore cloned
and sequenced cDNA (5) and genomic clones (13).

The JGC tumor, a benign tumor, secretes very large quantities of renin
into the bloodstream (17,18). This tumor provides an excellent material
for studying the molecular events controlling renin gene expression. It
is interesting to know the mechanism(s) through which normal controls
are altered in tumor tissue.

In the present study, 1 have cloned and sequenced the 5'-flanking
region immediately upstream from the start site for transcription of the
human renin gene in the tumor tissue.

The results Shows no difference in the nucleotide sequence of the
5’ -flanking region between the normal and tumor renin gene. However, in
this region, | found potential contrel elements such as enhancers,
steroid hormone receptor-binding sites, and cAMP-regulatory units, which

may contribute to the cell-specific expression of the human renin gene.



Materials and Methods

(a) Materials
All restriction endonucleases, DNA modifying enzymes, and reverse
transcriptase were obtained from Takara Shuzo, Nippon gene, and Toyobo.

[7-22PJATP and [¢-22P]dCTP were from Amersham.

(b) Preparation of DNA and RNA
Human genomic DNA was isolated from different tissues (placenta,
kidney, and JGC tumor) by the method as described (19).

Total RNA was isolated from a human JGC tumor and normal kidney by the
guanidinium thiocyanate procedure (20). RNA was enriched for poly(A)*-
containing sequences by two passage over oligo{(dT)-cellulose.

Charon 4A recombinant phage and plasmid DNAs were purified as
described (21).

A 920-bp Pstl-Hpall fragment was isolated from pHRn321 (5), coding

for the 5 -portion of the human renin mRNA. This fragment was labeled

with [a-22P]dCTP by nick translation (22) and used as a hybridization probe.

(c) Construction and screening of the juxtaglomerular cell tumor
genomic library
Human JGC genomic DNA fragments were generated by partial EcoRI
digestion and cloned into Charon 4A by the method as described (21).
The library was screened by the methqd of Benton and Davis (23), for

sequences that hybridize with the probe as described above.



Hlybridization was conducted at 65C for 20 hr and the fil'tefs were
subsequentially washed several times in (i) 0.3 M NaCl/ 0.03 M sodium
citrate/ 0.1% SDS at room temperature, (ii) the same buffer at 65T,
(iii) 15 mM NaCl/ 1.5 mM sodium citrate/ 0.1% SDS at 65¢C, and (iv) (i)
buffer at room temperature and exposed to Fuji X-ray film RX-50 with a
DuPont Cronex Lightning Plus screen. Positive clones were picked and

rescreened at low plaque density to achieve high purity.

(d) Primer extention analysis

pUX77 was constructed by subcloning a 770-bp Xbal fragment into pUC19.
The 100-bp Ddel-Dral fragment of pUX77, labeled at its Dral
5 -end with [7-32P]ATP, was used as a primer. This DNA fragment was
denatured at 90C for 5 min and then hybridized with poly (A)*RNA from the
JGC tumor and total RNA from normal kidney in 80% formamide (deionized),
0.4 M NaCl, 40 mM PIPES, pH 6.4, and 1 mM EDTA for 3 h at 55C. After
precipitation of the DNA-RNA hybrid, the pellet was dissolved in reverse
transcriptase buffer containing 50 mM Tris-HCl, pH 8.3, 100 mM KCIl, 10
mM MgCl,., and 10 mM DTT. The primer was extended with 20 units of Rous
associated virus (RAV-2) reverse transcriptase, using 1 mM each of the
four dNTPs. The primer-extended cDNAs were analyzed on a 7 M urea/ 6%
polyacrylamide sequencing gel. The size markars used were MI13 mpl8

single-stranded DNA.

(e) Southern blot analysis

A 20 pg of DNA from human placenta, JGC tumor, and kidney were



digested with various restriction endonucleases, electrophoresed on a
0.7% agarose gel, and transferred to a nitrocellulose filter (24).

Hybridization was performed as described above.

(f) Northern blot analysis

The poly(A)*RNAs from normal kidney and JGC tumor were denatured with
glyoxal and electrophoresed on a 1.2% agarose gel. The separated RNAs
were transferred to diazobenzyloxymethyl-paper according to the
procedure of Alwine et al. (25). The paper was prehybridized at 42¢
for 12 h in 50% formamide/ _0.75 M NaCl/ 0.075 M sodium citrate/ 50 mM
sodium phosphate buffer, pH 7.0/ 0.02% polyvinylpyrrolidone/ 0.02%
Ficoll/ 0.02% bovine ser;um albumin/ 1% glycine/ 0.2% SDS/ 100 ug
denatured salmon sperm DNA per ml. The paper was hybridized at 42¢C for
24 h in the same buffer solution except that glycine was omitted and
that the solution contained the ??P-labeled probe described above. After
the hybridization, the paper was washed at 42C in 0.45 M NaCl/ 0.045 M

sodium citrate/ 0.1% SDS and subjected to autoradiography.

(g) DNA sequence analysis
DNA sequencing was performed by the dideoxy-chain termination method

(26) following subcloning into M13 mpl0 and mpl1.



Results and Discussion

(a) Tissue-specific expression of the human renin gene

To determine whether the primary transcript from the renin gene is
correctly spliced in the JGC tumor, poly(A)*RNAs were isolated from the
tumor, and normal kidney, and were subjected to Northern blot analysis
using a human renin cDNA as a hybridization probe. In both cases, as
shown #ig. 1, one major 165 RNA was detected. The amount of the 16S mRNA
species was apparently larger in the tumor in the JGC tumor tissue
{(Fig.1, lane 2). No 16S renin RNA was found in liver or small intestine
(data not shown). These results suggest that the primary transcripts are
similarly spliced in both narmal and tumor tissues, and that the renin

gene is expressed only in specialized cells.

(b) Identification of recombinant phage carrying the human renin gene
derived from the JGC tumor

To characterize the 5’ -flanking sequences of the human renin gene of
the JGC tumor, the human genomic library of the tumor was screened with
the human renin cDNA probe. 15 plaques that hybridized to the probe were
detected among a total of 8 x 10° phages. One positive clone, designated
as AHJg 52, containing an insert of approx. 20 kb, was characterized by
a combination of restriction enzyme and Southern blot analysis. As
displayed in Fig. 2, this DNA contains exon 1, 2, 3, and the 5’ -flanking
region, and shows a restriction map indistinguishable from that of clone
AHR., 88 obtained from the fetal liver, which does not produce renin.
Seven other clones containing the above region from the tumor exhibit

9



the same restriction map as AHJg 52.

(c) No gross rearrangement of the human renin gene in the JGC
tumor genome

Soubrier et al. (27) have shown that the renin gene exists in a
single copy in the human genome. To establish whether the rearrangements
of major sequence occur in the JGC tumor, restricted DNA was analyzed by
Southern blotting. As shown in Fig. 3, the blot hybridization analysis
of total cellular DNA obtained from human placenta, JGC tumor, and
kidney showed that they all produced identical hybridization-positive
fragments, indicating that no gross rearrangement of the renin gene
occurred from non-expressing to expressing cells, and that there are

no other closely related genes or pseudogenes in the human genome.

(d) Identification of the 5 -end of the renin gene mRNA

To define precisely the start site for transcription, [ performed a
primer extension experiment. For this analysis, a 100-bp Ddel-Dral
fragment of pUX77 (Fig. 4-B), labeled at the Dral 5 -end, was used as
a primer, hybridized with the RNAs from human JGC tumor and normal
kidney, as shown in Fig. 4. A main fragment of 137 bp was observed (Fig.
4-A), indicating that transcription is initiated at 29 bp downstream
from the TATA box in both tissues, coinciding with the typical range for

eukaryotic genes: 34-26 downstream.

(e) Nucleotide sequence of the 5 -flanking region of the human renin
gene

10



To compare DNA sequences of the 5’ -flanking region between the normal
and tumor renin genes, the nucleotide sequences extended up to 1200 bp
upstream from the putative capping site in both fetal liver (AHR. 88)
and tumor (AHJg 52) were determined. The sequence of the tumor is in
complete agreement with the clone obtained from the fetal liver, which
does not produce renin.

I found a number of possible control elements in the 5’ -flanking
region and first intron (Fig. 5). Two potential TATA boxes (11) are
located at positions -29 and -77. Associated with these TATA boxes are
two CAAT boxes (28) at positions -51 and -92. The hexanucleotide
sequences TGTTCT and TGTCCT have been proposed as glucocorticoid
receptor-binding sites of the human renin gene (13). In the present
investigation, we confirmed the above sequences at the positions (-185
to -190 and -451 to -456), and also found the hexanucleotide sequence
AGTCCT (29) as a glucocorticoid receptor-binding site in the first
intron at +233 to +238.

There are two DNA segments, at -981 to -999 and -300 to -318, with
differing degrees of similarity to the consensus sequence of the
progesterone receptor-binding site (30). Nine dut of eleven nucleotides
at -335 to -345 match the central sequence of the estrogen receptor
complex binding reported for the chicken vitellogenin gene (31).

Moreover, another noteworthy feature is the presence of a sequence
complementary to a 29-nucleotide sequence at -117 to -145, which has
been proposed as a mediator of cAMP-regulated transcription (32).

It is interesting that at five nucleotide positions in the 5’ -flanking
region and one within the first intron, sequences are located which are

11



very similar to the consensus or complementary sequence for several
enhancers, since the enhancers function independent of locétion or
orientation and, in some cases, confer tissue specificity (33); the
exact positions are: GTGGCAAG (-1223 to -1230), GGGGAAAG (-973 to -980),
CTACCCAC (-573 to -580), GTTCCCAC (+186 to +193) similar to the SV40
enhancer (34), and TGTCCATCA (-669 to -677), TAGTGGAGA (-635 to -642)

similar to the polyoma enhancer (35).

12
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Fig. 1. Northern blot analysis. A 20-xg sample of mRNA from human
normal kidney (lane 1) and 0.5 gg of mRNA from JGC tumor (lane 2) were
subjected to Northern blotting as described in Materials and Methods.
Exposure on X-ray film was done at -70C for 24 h (lane 1) or 2 h (lane
2) with an intensifying screen. The size markers used were calf and E.
coli rRNA.
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Fig. 2. Restriction maps of AHJg52 and AHRn88. Restriction sites are
indicated as follows: B, BamHl; E, EcoRl; H, Hindlll; K, Kpnl;
X, Xbal. Small black boxes represent exons; their numbers are given.
AHJg52 was cloned from the human JGC tumor genomic library, and AHRn88
from the human fetal liver genomic library (13).
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Fig. 3. Squthern blot analysis of genomic human DNA. Samples of 20
gg DNA from human placenta (lanes 1-3), JGC tumor (lanes 4-6), and
kidney (lanes 7-9) were digested with the restriction endonucleases,
FcoRl (lanes 1, 4, and 7), BamHl (lanes 2,5,and 8), or Kpnl (lanes
3,6, and 9). Exposure on X-ray film was done at -70C for 48 h using an
intensifying screen. ADNA digested with Hindlll served as a size
marker (sizes in kb in right-hand margin).
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Fig. 4. Primer extension analysis of the 5'-end of renin mRNA from
JGC tumor and normal kidney. (A) Autoradiograph of the primer extended
cDNA transcripts. Lane 1, 0.1 gg of human JGC poly(A)*RNA; lane 2, 50 g
of human normal kidney poly (A)*RNA; lane 3, 10 1g yeast tRNA. A dideoxy
sequence ladder was used as size markers (lanes A, C, G, T). (B)
Schematic representation of the primer. The asterisk denotes the
labeling position; black box represents the first exon.
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=1245 2060000
TCTAGACCAGGTATTGTGLCAAGGAAAGTACCTTATTCAGAGAACCAGAAAACCAAGAAG

~t1as
ATGGTGGACCAGCATGATAAAGAACCATCTGAAGTCAGCATGAACGTTAGGCTCTTCTTT

=1123
ATGTTAAGGGAAGAGGAAGAAGAAGGGGATTGGGATCAAGAGGGGACTGATGACCACAGA

-1068
CACCTGGGTGCCAGCAAGGGTATACATATTTAACATAACATTGTTATTTGTCTGTATATT

-1008 mEEE cevseeee :
TCCTTATCTCa R E AR ACGAACTGTTACCAT TTTTTTTAAAGTTG

948
AACTGCAAGCTAAACTCCTATAATTAGCTGGTCTATGTACAGAGCTAAGCAGAAGCTTTT
~88s )
AGCTAAAGGATAATACCCCTGGGGGTGCAGAGGCAAAATGGAGTCAGTCATGCTAAGTCT
=825
CCCTCCACTCTCTTTCTTTTTTGAGATGGGATTTCACTCTTATTGCCAGGCGCGGAGTAG
=765 + y
TGGCATGATTCTCAGCTCACTGCAACCTCCGCCTCCTGGGCCTAAGCAATTCTCTTGCTC
-708
CAGCCTCCTGAGTAGCTGAGATTACAGG ACCACACCCAGCTAATTTTTGTAG

=645 908?8898?
TTTA AGATGGGGTTTCACCATTGTTGGTCAGGCTGGTCTGGAACTCCTGACCTCAG

-585 02000009
GTGATCTACCCACCTTGGCCTCCCAAAGTGCTGGGACAGGTGTGAGCCACCATGCCTGGC

-528 ’
CCCTCTACTCTTATAATTAAACCAGCTGTTGCTTTTCCTGCCAAGAAACCAGTCATGAAG

~465
ATTCACCCATGTTCTAGATGGGAAAACTGGGCTGTAGCCTGGGAGAGGCCAGTCAGGGAC

-408
AAAGCCAAAGTTAATATAGAGAATGGAGCTTCCAGGGTATAGGGGTTGGGTCTGGGETAG

T R R R CTAGG TTTTACGC T T T CAG T T T TCATE T T AGCCCTGAGCAGTECT

-285
GTTTCTCATCAGCCTCTGCCTGCTCCAGGGGTCACAGGGCCAAGCCAGATAGAGGGCTGC

=223 VV¥VV¥
TAGCGTCACTGGACACAAGATTGCTTTCCCACAGCTGTCCTTCCTCCAGCCCCTCTGCTC

=168 AA, AAAALA
CCCATCCGGARACCTGGGTACCATTEALLAAR AR IATACLGAACTAGATTTATT

~1038
' GCTGACTGCCCTGEEflCTACCCCAGGGIﬁglﬁﬁﬁTCAGGGCAGAGCAGAATTGS&fICA

- +1
‘5CCCCATGCATGGAGTGIAI&AﬁﬂQGGGAAGGGCTAAGGGAGCCACAGAACCTCAGTGGAT

*IbCTCAGAGAGAGCCCCAGACTGAGGGAAGCATGGATGGATGGAGAAGGATGCCTCGCTGGG
M DGWRIRMPRW

+76GACTGCTGCTGCTGCTCTGGGGCTCCTGTACCTTTGGTCTCCCGACAGACACCACCACCT
G L LLLLWGSTCTTF FGULPTDTTT

8e
H:OTTAAACGGTAATTGGTAACTCAGGCAGAGAAGGGGTGGGAGGGGTGCAGGGTT CACCT
F K R

19 L CCCAACACCCTGACTTTTCCACATGAGGTGTCATTCAG FOQ T TACGATCAGCTGGACAG

naoGGAAGTATGGACCTGTTGACATAGGTCAAGTGACTTGCCCAATAAATGACACTAGTAGTC

+316
AGTCTAGA

Fig. 5. Nucleotide sequence of the 5’'-flanking region, first exon,
and part of the first intron. Nucleotides are numbered on the left
with the cap site, designated +1. The predicted amino acid sequence of
the protein is displayed below the nucleotide sequence. The CAAT and
TATA sequences are underlined by dashed lines. The nucleotide residues
homologous to the putative estrogen ( O ), progesterone ( ® ), and
glucocorticoid ( V ) receptor-binding sites are indicated. Closed and
open circles indicate the sequences homologous or complementary to SV40
and polyoma enhancer core sequences, respectively. The sequence related
to cAMP-regulated genes is indicated (A).
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Chapter III: Primary. Structure of Rat Renin Gene

Abstract

I have isolated the renin gene from a Sprague-Dawley rat genomic
li_brary and determined its complete nucleotide sequence. The single rat
renin gene is approximately 11,000 bases in length and consists of nine
exons and eight introns. The amino acid sequence predicted from the
genomic sequence indicates that the rat renin precursor consists of 402
amino acid residues, and shows 85%, 82%, and 68% homology to the mouse
Ren-7 and Ren-2, and human renins, respectively. The canonical
promoter "TATA” boxes, TATAAA and TAATAA, are found 27 and 57 base-pairs
(bp) upstream from the putative cap site, respectively. Several attractive
sequences analogous to glucocorticoid, estrogen receptor-binding sites,
cAMP-responsive element and SV40 enhancer core sequences were noted in
the 5’ -flanking region of the gene. In the first intron, segments with
an average size of 38 bp containing a Ncol site are present at 46
tandem repeats within 1710 bp. A "CA” element consisting of (CA)Z", was
identified in intron 3. Furthermore, intron 8 contains a segquence that

shows about 93% homology to that of the neuronal identifier sequence.
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Introduction

Although renin 1is classically considered to be synthesized by the
kidney and secreted into the circulation, a number of studies have
identified renin and its mRNA in adrenal, brain, ovary, spleen, testis
and uterus (1-3), as determined by immunohistochemistry and blot
hybridization.

In order to understand the mechanism(s) of the regulation of renin
gene expression in renal and extra-renal tissues, isolation and complete
characterization of renin gene are necessary. However, only partial
nucleotide sequences of renin genes were determined from mouse (36), and
human (13,14). In the present study, the complete nucleotide sequence of
the renin gene, including its flanking regions, was elucidated from rats

that were used most commonly in the experiments on hypertension.
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Materials and Methods

(a) Enzymes and biochemical reagents
Restriction endonucleases, DNA-modifying enzymes, Rous associated
virus 2 reverse transcriptase, and M13 cloning vectors were purchased
from Takara Shuzo, Toyobo, and Nippon Gene. [a-22P]dCTP (>400 Ci/mmol
and ~3000 Ci/mmol) and [7-3?PJATP (>5000 Ci/mmol) were obtained from
Amersham. All other chemical reagents were of the highest quality

available.

(b) Screening of the rat genomic DNA library

The rat genomic DNA library (kindly provided by Drs. H. Esumi and T.
Sugimura, National Cancer Center, Research Institute, Tokyo) constructed
as a partial EcoRI digest of rat liver DNA cloned into bacteriophage
Charon 4A arms, was screened as described by Benton and Davis (23) using
32p_nick-translated mouse renin cDNA (358-bp Accl-Rsal fragment) (4)
as a probe. Hybrydization was carried out in 6 x SSC (1 x SSC, b.15 M
NaCl and 0.015 M sodium citrate), 5 x Denhardt’s solution (1 x Denhardt’s
, 0.02% e.ach of bovine serum albumin, Ficoll, and polyvinylpyrrolidone),
and 100 gg/ml sonicated salmon sperm DNA at 55C for 16 h. The filters

were washed four times with 2 x SSC at room temperature.

(c) Preparation of DNA and Southern hybridization
Rat genomic DNA was isolated from liver by the method of Blin and

Stafford (19). Charon 4A recombinant bacteriophage and plasmids were

20



purified as described (21). Genomic and purified DNAs were digested by
restriction endonucleases, electrophoresed on a 0.7% agarose gel, and
transferred to the nitrocellulose filter (24). Hybridization was carried
out as described above and in the <case of genomic Southern
hybridization, the filters were hybridized with ??P-nick-translated
genomic DNA fragment (1-kb EcoRl fragment from ARRn-1) at 65C for

42h, and washed four times with 0.1 x SSC/0.1% SDS at 65T.

(d) DNA sequence analysis
DNA sequencing was performed by the dideoxynucleotide chain
termination method (26) following subcloning into M13 mpl8 and mpl9. In
some instances, a set of overlapping deletions was generated by the
procedure as described (37). 7-Deaza-2’-deoxyguanosine 5 -triphosphate

was used to prevent the formation of secondary structure (38).

(e) Primer extension analysis

Total RNA was prepared from rat kidney and liver as described (20).
Poly (A)*RNA was purified by oligo(dT)-cellulose affinity chromatography.
The 50-bp Awvall fragment from exon 1 labeled with [7-2?P]ATP was used
as a primer. The labeled primer coprecipitated with 10rg of poly(A)*RNA
was denatured at 90°C for 5 min, and then hybridized in 80% formamide,
400 mM NaCl, 40 mM Pipes, pH 6.4, and 1 mM EDTA for 16 h at 60C. After
precipitation of the DNA-RNA hybrid, the éellet was dissolved in reverse
transcriptase buffer containing 50 mM Tris-HC1, pH 8.3, 100 mM KCl, 10

mM MgCl:, and 10 mM dithiothreitol. The primer was extended with 20

21



units of Rous associated virus 2 reverse transcriptase, using 1 mM of
each dNTP. The primer-extended c¢DNAs were analyzed on a 6%

polyacrylamide /7 M urea sequenceing gel. An M13 mpl8 dideoxy sequencing

ladder was used for molecular markers.

22



Results and Discussion

(a) Organization of rat renin gene

Using mouse renin (Ren-2) ¢DNA (4) as a probe, a rat genomic DNA
library was screened for clones containing the renin gene. One of the
positive clones, ARRn-1, was purified and characterized. The complete
nucleotide sequence of all exons and introns of the rat renin gene was
determined according to the strategy outlined in Fig. 6. The entire DNA
sequence for the gene is shown in Fig. 7. The rat renin gene is about
11,000 bases long and consists of nine exons interrupted by eight
introns. The total Southern blot analysis suggested that there is a
single gene encoding renin in the rat (Fig. 8).

The location and sizes of the exons and introns are summarized in
Table I. The exons range in size from 99 to 354 bp. The average size of
159 bp is similar to that of 150 bp reported for exons in higher

eukaryotes (39,40).

(b) Amino acid sequence of rat renin
The amino acid sequence of rat renin was deduced from the genomic
sequence and compared with those of other species (5,36). Considerable
similarity among four known renin amino acid sequences is shown in Fig.
9. The overall similarities among the precursors are indicated by
following percentages of identical amino acids: rat/mouse Ren-71, 85%:
rat/mouse Ren-2, 82%; rat/human, 68%. A study by Shinagawa et al (41)

indicated that the amino terminus of the mature form of human renin is

23
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identical with that deduced from the human renin ¢cDNA (5). From this,
the amino terminus of the mature form of rat renin is predicted to be
Ser65 (Fig. 9), although no direct evidence exists. This postulated
mature form consists of 338 amino acid residues, Myr 36917, close to
the literature report for rat kidney vrenin (42,43). The two
catalytically important aspartyl residues, Phe-Asp-Thr-Gly-Ser at
positions 101 to 105 and Val-Asp-Thr-Gly at positions 286 to 289, are
completely conserved among three species of renin. These catalytically
important sequences are identical with other aspartyl proteinases (44).
Three potential AN-linked glycosylation sites, Asn-X-Ser/Thr, are
present in rat renin as well as mouse Ren-7, although there is none in

mouse Ren-2. Their positions are at 69, 139, and 320 (Fig. 9).

(c) 5’ -Fflanking region

I have characterized and determined the nucleotide sequence of the
5’ -flanking region and the start site for transcription (Fig. 7 and 10).
In the region preceding the putative +transcription initiation site,
there are several possible promoter and regulator elements. Two "TATA”
sequences, TATAAA and TAATAA, are present at positions -27 and -57,
respectively. Nine out of eleven nucleotides, GAAGCTAAAG (at positions
-228 to -237), match the central sequence of the estrogen
receptor-binding site, GGAGCTGAAAG, reported for the chicken
vitellogenin II gene (31). Additionally, we found, at positions -1048 to
-1053 and +208 to +213, AGGACT and AGTCCT sequences that is present in

the rabbit uteroglobin gene for the glucocorticoid receptor-binding site
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(29). Moreover, we note the presence of two sequences, TTTCCAC (at
positions -448 to -454) and GTGGAAA (at positions -1116 to -1202),
identical with the SV40 enhancer core sequences (34). There is another
noteworthy DNA segment, CTGATGCCAG (at positions -477 to -484), which
has 80% homology to the sequence necessary for the induction by cAMP in

the rat somatostatin gene (45).

(d) Intron features

In the process of determining the DNA sequence of the rat renin gene,
I found several interesting features in the introns. In the first
intron, the average size of 38-bp segment containing Ncol site is
present as 46 tandem repeats within 1710 bp. A stretch of 41 adenine
residues is located close to the 5’ end of exon 2. A repeat of (CA)2~
preceded by consecutive 54 pyrimidine residues is found in the intron 3.
Short repeats of (GT)s and (CA)s;-s are also present in the intron 5 and
the 3’ -flanking region, respectively. Of note also is the presence of
the sequence in the intron 8 (at positions 10235 to 10315) that shows
about 93% homology to the complementary strand of the neuronal

identifier sequence (46).
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AATTCTCAGUGGOC TCACATOCAGGAGGGTGI TG T TCTGAGG TAMAACACATTTC TTANCGCACACC TAGAGACCAAGGCCTGTTTCTCTCACTGTCA -1 10
TTGCTGOOCAGAGATRS [GGAAAAGCAGTCAGGACACACAC TTAGAATACCGGTBOCTC TCGGTCAGGAC TROOC TTGIOGTCCACTCAGCTGTTTCACA — 1015
GOGGOCGAGAGAAGGGAAGAGAGGGGTOCAGCC TOGATGTCACACATOGGTAGCACCTAGGGCTCTOO0GTTC TGOCATT TGATAAACAGCACACTCCAC - 91
TGTCGOCAAGAGGCTCAGGCACAAACATTACT TGGC TGCAAAGGGATGAAGACACACCCTCGAGGTCACACC TCTCACAGGGTGAGAGGOCACAGTAGM — 619
GATOGTCCATGGOOCTTAGGGTC TGOS TTGTRGCATTOG TGROCCAT TTGAAGTGATOCOGGR0GGAACAAACAGGGAGAGGAGCAGAGTCORCACTTAGG — 710
GAGAGTAAGTAGTGCTC TOGGACCTAGGGTTAAGTGCATTTAGGTAGT TCTGTCAGGCTTCTGAGAGGT ACAGOGAGGAAGGAATGCOGCAGAGAMATAG - 615
GTCTAGGCAGTGAAGGCCAATACGULGAT TGATGAAC TRGAAACCAGTTATOC TGGAGACCCGGUGTTC TT TGAGAGCTAQCCTTCCTGTCCACCATCA — 516
CTAACOOCACGAAGGGACAGOOCACOCCACTOOC TGA TOOCAGAGGTTAGAT AGGATCTTACTT T TTOCACTAGGCAGCAGCCAAAAGGAGTCACCCATG - 415
ATCAGGATCGAAGACTOR0G0C TOUGAGGAGDCAG TCAGGGGTAAT ACAMGG T TAATATAGACGATGCAGGC TCAAGGACATAGATGG TGOGGOCTGAG - 319
TTCGAAGTOCAAGCCAGGGTCTATOCTGTCTGTACCCTGACS TTATGCTTGAACCOCACAGTTOCTCATCAGOCTOOGTORAAGC I ABACGTTACAGCG. — 215
CCAGGCAACATGACACCAGCGTCAC TOGG TTCAGCCATGT TTOCCACACTCGATTOC TGOCACTCTGCT TOGCT TOOGACTOCTGCTTATOOCTCAC — 146
CCACCTAGCTTROCC TCAOGGOCTAGGATTTATGAGGC TROCC TROCATOGACOC TUGGGT AATAANTCAGAGCAGGGOC TG TOGGTG TGIATAMGA — 15
ACGCTCACGGTCTOOOCTACACGOCTCTCAGAAAGOCTTROCTOGACCAG ATG GGC GGG AGG AGG ATG CCT CTC TOG GCA CIC TIG T oo
; Met Gly Gly Arg Arg Met Pro Leu Trp Ala Leu Leu L

TG CIC TGG ACC TCT TGT AGC TIC AGT CIC 00G ACA GAC ACA GOC AGC TTT GGA OG GTAACTTOGGCAGAGMGGGOCGIGA 150
eu Leu Trp Thr Ser Cys Ser Phe Ser Leu Pro Thr Asp Thr Ala Ser Phe Gly Ar

GOGTOOGGAACTOOCC TCTTACTAACGCTCTCAGC TTTTGATATGTOGGG TCATOCAG TOC T TATGTOCAGTCAGCCATGGATGTATOCTOOOCTCTG 250
ACAGTCTGACCAACT AGODCAAGGGTACACGROCATAATTAAT TAGGTOCGGGAGRG TTCTC TT TRGAGTCACATOCAGAGGATCOGGAACTCAGAORGT 350
TAGAGCATCOCTAGTOC TTAAGC TCCACAAOCCAGTGACTGAAGGOGCAGTRCTTGC TAACACTOC TGGGTAAGTTAGTCBOGBOCCCTCTAGAGTTIT 450
GCAGGTTAATTCTOCTTCACTOOCAGCOGATGAAGCAAGCAGCAAGCAGGTCTCACCAATOC TCAGCGTGOCATCTTGAAACAGGATGATAACAGAGC 550
CTGORTCACGOGCTOCT TOGAAGATCTGATCAAATOGTGCACACATCACTG TGGATGC TG TGOCAGGAATGGTGTAAGACACCATGOOOCCAGOGTGRAT 650
| TGTCACGGAGTGTAGTAAGGAAAGGC TOOOOGCAGCDCC ACGOCGAGAGGATGACACAT TCGC TTAGTGCAGTTOCAGGGOCATGRCACCAMGGTTICT 750
TOCAGACAGGAGTAGGGAAGAGGOGAGACT ACGAGAAGCL TCACCGGAAGCCBG0G TCTRORCACTRAGG TGAGGOGG TCCTGAGATCTGTGOCAGTGAG 50
CGTTGTCACTCTOCTOOG00C T AGCACTTOGTOAG TTOCT TTOGTCC TAACOGAGTCTOCAGGOCTCAGCACCTATTCTGCAGATGATGGTACCAGGSG 950
GOGTOCTCAAGGAAGGTOOGAGGCO00CCTOG TCT TTG T T TOOCAAGDCC TGOCOCC TTRCTOOCAGGT TTC AGGGAGCAACTOCTOCAATOCGAGAG 1050
AGCCTGTACTTOCTTOCACOOC0C0C00C AGGATGAACGGCAGAAGGAAG T AAATCOG TG TGOCAGGGAGCATROGATCAGC TAGAGCCCAGTAUGCT 1150
CTGTOCTACCTGCTOCG TG T AAAGT AT TGTOCAGGOCACT TGAGBGOC TTTCTTCTCAGGGTCAGTTGOCTTCCATACACACGATGTCCAGCCTOCGATT 1250
TOAAGCTGAGC TG TGACTGODGGACGATORAGACG TCAGAGAGTGCTCAGOODCAC ACAGCATOCTCAGCACCGOCGOGOGROCCAT TCCACTACTACC. 1350

CATGEOCTAGGCTG THRGAGCACTAGAGGAGACOCATROGC TRRC TG TGUGAGCAC TCAGGGGAACCCATANGCTORC TG TAGGAGCACTCAGGIGANC 1450

AT TG A ACTOA S AMOCCATCECTOOC TGTGOGACAC T AU T TGTOUACCTAGGMATS 1530
ACCCATGEACTOECTUTOG/ GCACTCADGACATOOC TORC TETGOGACACT A AMTOGOCCATOG/CTCACTGTIOARCACTCAE 3650

GGAAATOGACOCGTGGACTGACTGTOGGAGCACTAGGGGAAA IWWWNIM’IWMMIHEIUW 1750

GGAGCACTCAGGGAAMATOGACCCATOOGCTGGCTG TGRGAGCACTCAGGGGAAATRGACOCATGIRCTAGCTGTRUGAGCACTAGUIGAMATTGAOCA 1850

mmmmwmmmmwmm 1950

CGAAATBGACCCATGORCTORC TG TOGGAGCACTCACGOGAAA TOGACOCATAAC TAGC TG TGGGAGCACT. ACCGAAMTRGACOCATOGOCTARCTGT. 2050

Phvoduiliegiefpiuaipib g i Sgalgisheghuliguaiegpap =gl SR S Ll LA 4 preaiibulinapahiaiohgiiniydiyioiyphalpp-apiet gttt oghaig e g Qe

COCARCACTCAGCOGAAATGGACOCATOARC TRAC TR TUGGAGCACTCAGGGGAATGGACCCATAAC TAGC TG TOGGAGCACTGRLGGAMTIGAXCE 2150

ATGOCTOOC TG ACTCASCAMATCGACCCATORC TG C TG GHEAGCAC TCAGOGAMTCACDCATOGC TACC TG TOGGAGICTG 3250

T e — o — T R — o S S ) D s o s o s o 8 o T o G ) G i et ey e i G s MM Gy S Sy ey e o e e

CGAAATOGACCCATOOOC TARC TG TOGGAGCACTCAGRGRGAAATGGACOCATOOCC TRGC TG TROGAGCACTCAGGGGAAATOGACCCATURACTRLTC 2350

TCTOOGACCAC TOOGOGAAATAGACOCATOARC TRGCTGTOUGAGCAC TCAGUGAMATGGACCCATOGGCTORC IGTOOGAGCACTCAGGUGAMITGA 2450

i avtptuihddainisiudyihytufonuiaputahanyeaingrttas gl P g

OOCATCOOCTAGCTG TOUGAGCACT AGGGAAATGRGACOCATOGOC TRGC TG TROGAGCACTCAGIGGAAATOGACCCATRAGC TCRCTRITGGAGCACT 2550

CACSOGAATOGACCCATCOGC TAGRC TG TOOGAGCACTOGO0GAATGGACCCATRRUC TRGC TG TRAGAGCACTCAGULGAMATGGACCCATOACTAG 2650

Pibuqianiyugrociiapetb gk plbdeairgbangdilgiiabegilionlieaipatoalidatyidiqpiipheiyistguiiviighahgbtduigil-paispuins e aip Sap e p L bl e e & b et

CTGTORGACCACTAGCGAAATOGACCCATOGGCTRUC TR TOOGAGCACTCAGGIGAATCGACCCATGGAC TORCTG TGGGAGCACTCAGIGGAMITG - 2750
MAMWWWWWMMWAWWA 2850

CTGG0GMATGGACCCATG0C TROCTGICLGARC ACTCACCUGAMTCGACOCATICTAGC TG TOOGAGCACTAGGMATUGAQOCATIOCTG 2550

CCTCTCOCACAC TCALGAMTOCACCCATCGUC TR TG TGOGAGCACTCACGGGAAATUGACCCATIOGCTCTGTORCAGCACTOUDGGAMITG 3050

CAOCCATOACTOOCE0C T TOC TOAGACC AT TAGGACT AMCATCTACGAGAGGAACAGAAGCAGGT TTTATGTT TATCTTCTTTTGUGACAGAGICT 5150
O ACCACCCICAMCTCAC TCTATAGACC TORC TG TCC TCAAACTOCCAMATCAGOCT TCCTT TGOCTCCTGAAGGC TGAAGTTAMGGCATGICE 5250
CACACACCACAGAOGTTTTCTAAAAGACGAAGCGTOOG TAMGTACAGAAACCATGOGTCTTTTCACGAGATOGTGOGAMTAGACCTTTTTGGAT 3350
ATATATIOCCTTCTOCTOC T T TG TAAG TGOGGAAATAMAMCACCCATCTRATGGAATUGCTOCCGTCAAATAMMCACGAGTGAMMMACACTOGTAG 3450

CTGTCATOCCACTGTTTCTGC T AGAGAT TGCACAGAGACG TG TGAAATATAAGT AAAGCACGGACGTGAGGOCGTARAGTOOCAGGACGAMGTTAGIC - 3550
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“TCAOGT TGGAGAACAMGAAGGCTC TC TAGGTG TC TAGGAAACOG TGACCC TRGOC TRROGGCATCT TOCTOCAGACAMAMCAGTCTOCATGOCTCTC
TGTGOC TRRCAGOOC TRGT AGGAANGACAGACAGACAGACAGAGCATGGACTGTCTC TGS TTOGCATTTC TGAGTCATC TTOCAG TCC TATGAAGCTGCA
ATGTCTTUGRC TOGAAAACAGGGAGC TAGCTGTCATGTGGT T TG TATGAGGCTC T TGCCAGGCAGC TGGTC TRCAGCCAGT AGCAGC TCAGDGOGOOCTTG,
TCAAMTTAAATCTCTTGAATTTOOOCAGTCAGTGATGCAT TOGAGGACAACTGAT T TGAGG TGAGGAG TS TGRULG TTCACCOCCAAGACACATCAAT
COOCAGGCTGAGGC TCACAGGCAATCT ACAGACAC TOGGTC TACOOGAGRCAGGCTROG TRCACG TR TACAGC TRGGTACATACCACCTUGCTCTGTG
ACACCCT AGRGGTACCAAGTCCTTGCAGCCTGC TG TAGGCATC T TCTGOCACCT ACAGGOCACCCC TAG TACTOOCTCOOC TG TCAATC AGAGGOGATCA
GAGAGGCAGTAT AGACCTTTATGTTOC T ATOCAGAACAGTGAGGCACAGAGT AGGTGTTCAACACATGATGAT AATGATGGATUOG TOGGTORGTORTOS
GTGGGTAGGTOOGTGARTOOGTGGTUGATG TATOGATGAATGGACGGATOGACAGACGGACAGACAGACGGATCGACAAATTGOCTTATTTAACTAAAT
ACGATCTOGGAATTATTTAGTACCAGAATAAGTGACTOCAAGAAGC TCATACCT TCTOC TOCAGAAACOOCAGGICACAAAAMAGTGATTOG TAATTGCAT
GOGAGAGGGTTAGTGATAGATGTAGCAAAAAMAAAAMAMAAAAMAAAAMAAAAMAMAAAMAANAGGCAGCCTCTOGTTTCTGCTGACATTOGAGTAC
TACAQGACTCTTCTGTTTTTCTTCCTCTATOCTGGAGCAG A ATC TTG CTC AAG AAA ATG OOC TOG GIC CGG GAA ATC CTG GAG G
g lle Leu Leu Lys Lys Met Pro Ser Val Arg Glu lle Leu Glu G
AG OO GGA GTA GAC ATG ACC AGG ATC AGT GCT GAA TGG GGT GAA TTC ATC MG AAG TCT TOC TIT ACC AAT GTT A
lu Arg Gly Val Asp Met Thr Arg Ile Ser Ala Glu Trp Gly Glu Phe Ile Lys Lys Ser Ser Phe Thr Asn Val T
CC TCC OCC GTG GIC CTC ACC AAC TAC TIG GAT GTGAGTGCTGGTICATCTGGTATTTOCTTCTCTCTARGOCGAGCAGTOOCCACTCCT
hr Ser Pro Val Val Leu Thr Asn Tyr Leu Asp
TOCACACATGTCTGACTGAGGCAGGIGAGCACCAGAGOGC TC TG TAGAACTOCT ACG TGCAGODGAGGAGTC TG TOGRGAGGAGC TG TOG TGATTATTA
TGCIGTTTGTTTTGTTTTGTTTTGT TCTTGAGACAGAG TCTOOC TRGG TAGCOC TRGCAAGCC T AGAACTCAC TG TACAGACT AGGCTGACCTCGAACTC
mmmmmmwamnmmmmxmmmmmmmmmmnmmmmmm&m

) mmpﬁrmumwmrmmmtm:cmmm ACC CAG TAC TAT GGT GAG ATC GG&C ATT GGT ACC CC
Thr GIn Tyr Tyr Gly Glu lle Gly Ile Gly Thr Pr
A TCC CAG ACC TTC AAA GTC ATC TIT GAC ACG GGT TCA GCC AAC CTC TGG GTG QCC TXC ACC AAG TGT GGT OCC CT
0 Ser Gln Thr Phe Lys Val Ile Phe Asp Thr Gly Ser Ala Asn Leu Trp Val Pro Ser Thr Lys Cys Gly Pro Le
C TAC ACT GCC TGT G GTAAGAATCAAGCCTUGTGCCTCTCOCCTACTCTRCCTRCTGCTCCTATGAACTGCTTTCOCTCAGCTOCACGCCACTGA
u Tyr Thr Ala Cys G
TOCAAGAGAGAGGACGT TTCTCTCATCTTCCTGAAT TGGACAACCAAGG TGAAT AAGOCAGOC TTGAGAAG TRCCTAGGCACC TAGAAGGOCATTIGCCAG
TGTOOCAAGGAT TCAGACAGGAACAAAT TTGT AAAGOCATCCAAGTCTTGAAGCTTTTCCAATGATAGOOGTAGTCAATGOCC TTGTGCTGAGGACTTAC
TCTGTGCOCAGAATCTTCTTTGOCAGTGTATCGGIGTTATCAATGGTTCTAGAATTCTT TGAAACAAATG TCTCAGAATAATAAGCATTTAAGGCAAAC
CAAGAAAMCACTGTOCTOCACTOGTACTACATTTTATCCAAGCTAAMAMTACACACAAACTCTCTCTCTCTCICTCICTCTCTCTCTCICTCICICIC
TCTCTCTCTCTCTTTCACACACACACACACACACACACACACACACACACACACACACACACACACACATCTAAGTCTTCTAATCATACTACCCATAGCC
ATCCCTTGTOCTACCTCTGAGCCTTTTACTTAGATCAAAAACTCACGTGCTGAT TGGAGCCTGIGTTCCTCIGCTAG AG ATT CAC AAC CIC TAT
lu Ile His Asn Leu Tyr
GAC TCC TOG GAA TCC TCT AGC TAC ATG GAG AAT GGG ACT GAA TIC ACC ATC CAC TAT GGA TCA GGG AAG GIC AAA
Asp Ser Ser Glu Ser Ser Ser Tyr Met Glu Asn Gly Thr Glu Phe Thr Ile His Tyr Gly Ser Gly Lys Val Lys
GGT TIC CIC AGC CAA GAT GIG GTA ACT WMWTAWMAWWTATATWGCM
Gly Phe Leu Ser Gln Asp Val Val Thr
WWMWMWWWWMM
CGTACATGTGGGTGTACCTAAAGOCCAGTTTCCTTCCTAGT ACCTGTCAGACTTTGCTAGT TGAGAGCAGGCTTGGRAGCATTGAAATTAGGAACCAXG
Tmtmmnmrmmmtmcmmm AGOCTTOCTACTCTOROGTCTC TCAGOCCTAC TR TROCAGAGGTAGGAAGAGACACA
TATAGGAGCCCAGAGGAAATCAG TRCAAGCCC TTOCCTCTOOCCATGCC TG TRGAATC TGARGGAGGGGC AGAMOGGAAGOCCTGGT TATAGTGAGGAA
ATCCTCACCTTOGRC TGO T AGGGCTAGCATCAAAG TCAGGOC TOGGGAAGG TGCAGATCACC TG TCTGGCAGGACC TCTTTCTCAGCCCTTATAGCACT
AGTCACCOOCCTCT TTC TGGOCCOCAAGCATAGAGG TG TTGAGACAGTG TG TGCACATTTGGROGAGATAGTC TCACCT TCACGGCTGTACAGAACCTGTA
TWWWMW ATGTTTCTTCTCICACAG GTG GGT CGA
Val Gly Gly
ATC ATT GIG ACA CAG ACC TTT GGA GAG GIC ACC GAG CIG OCC CTG ATA CCC TTC ATG CTG GOC AAG TIT GAC GG
lle lle Val Thr Gln Thr Phe Gly Glu Val Thr Glu Leu Pro Leu Ile Pro Phe Met Leu Ala Lys Phe Asp Gly
GTT CTG GGC ATG GGC TTC CCT GCT CAG GCT GIT GAT GGA GIT ATC CCT GIC TTC GAC CAC ATT CTC TCC CAG AG
Val Leu Gly Met Gly Phe Pro Ala Gln Ala Val Asp Gly Val lle Pro Val Phe Asp His lle Leu Ser Gin Arg
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3650
3750
3850
3950
4050
4150
4250
4350

4450

4550

4634
4709
4798

4898
4998
5098
5198

5286
5361
5455

5555
5655
5755
5855
5955

6049
6124
6215

6315
6415
6515
6615
6715
6815

6911
6986

7061



GIG CTA AAG GAG GAA GIG TIT TCT GIC TAC TAC AGC AG GTGOGCCTTTGACTTCAAGGTCAGOGCAGGGARGUCACGACACCTOMGA 7448
Val Leu Lys Glu Glu Val Phe Ser Val Tyr Tyr Ser Ar
CGACCGCAAMGTCCAGTCCAGGATTTACATGTCCTGATTAGG TOGTOCTCAATCCATATCTAGAACCACACTAGCCAATTAAAATCAATGCAAGTCAAA 7244
CATTOGGTCCTGAGGGACTGRUCACACAGACACAGCTGACTTCATGTCTTTGCTARCACCTTTATCTGICCTC TCATTGATCOGC TCTGIGCTCTGTITC 7348
CATGCTCTGTGGTGGARC TCCAGGAGTGCACAGTOCACAAGACAATCOCTACCCTOCATCCTCATAGATC TCACTGODCAGCAGGRUGAGACGAGAMTACA 7448
GTACAGTGAGTGTCATTCTGAAGCTOCAGATGGTTTTTCAATTCTAGGCCAGGATTC TGGGCAG TTCAGOCAGOC TTGGAGAAGCTGTGGTCAGIGOOCC 7548
AGCGOGGCTOGGATCTRCTROCACAGGCOGGG T TTAGAAAGATGGTCTGAGC TGGAGG TAAAATCATTACTGG TAAGAATAGAGGCCAGGGGTOOCGAGA 7648
CTGGAAGGGAGGAGTAGACT AGAACAATCTCAGAGGAAGC AGGAATTTCTGGATCATGGC TOOGGCAGATTTCTG TGCAAAGAGAGGCATTGAGCAMTG 7748
ACACCTOOCGAGTCTCCTROGG TCAGTAG TCTTRGGG TTGTGCTTCAAAGAGACCAGAAAACAAAGTGOCTAAGAG TGAAGTAGATGTCAGAAMGAG 7848
GTGTOROERGETARGOGAGCAAGTCCACAAAATGTGALCTGCTCTGGAAAATTCAACAAAGAAGGAGATG TGGGGCAGRS TG TOGGGTGAGATCCAGAGA 7948
GAAGAAGGAGGGTGTTCTAAACGCT AGACGATGCTTGAGTAATGCTGTGAG TAGAAGAGCCATRGGAAGACT AMMATG TGGGGAGCACATGCATROAACT  go4s
CTOGAGCAGGACCAC AGAGGAATGAGGCTOC AGCACAGG T AGCAAGC AGGCCTOG T AAGCAGGGACOC TCTTCCC TTOOCTTOGGCTRAGAAGCAGGAA 8148
GACCTAGAT AAGTCACTGACTCTTGCACAGAACATGCACAACC T ACCACATGTACACATGTGCACATACATGOGTGTATGTIGTGCACATACATGIGIGT  g24a
GIGTGTGIGIGTTTTGAATTCTAAGAAACTOCTTCATATAT ACACGAGTACCTTAAAAACCAGTOOGAGGCAGRCCTGOGC TGAAGTAGCATGATCCATG 8348
TGRAGAGGAAGTGAGGACAGTCAGCTTTGACTGAGAATGAGAG TG TRGOCCCAGCCATCOGTGTGTCCACCAGGG TCTCACCATCTGGTGACTCAATIGE  gass
CTGGAGGRCAAAMATTAGCCTCTACTTCTAAAC ACAGGGTTGCTGAATCTTGOC TAAGAAGAAGGTTCTCCCTTCTGTGTOCCTCTTIGOC TCAGCAGAA  gs4a
ATCTTANGAGAGAGGAGCCOCAATGGRGE00CCAAGCTACACT ATTTCOCAGACCCTTATOCCAGAATCATACCCACCCTOOCACACATCCACTCATCAG  goas
ACCCAGCTCCACTAAAGATCTGCCTICTTCOCTCTACACACTCTAGTCATGTCTAOCTTCTCOCCAGAG TCTGOOCCACACACCOGAGAAMGGCACAATT  g74m
TACCGCCATTTGCATCTACCCAGTGTCC TGTAACT AGATGG TTT TCTGGGGGACAGTCRGACAG TOCTAGAAATACTTOGGTTACATTAAGGGAGGGACC  gaas
AGCATGREGAGAAGCAACAGGG TCTATGTGTCTCCTGATGACAGCTTACGACCT TGOCATCTACCCACAGAACCCTTCCTCTGOCCCAAMOCORCCTGL  goasr
ACCAGACTGGACTTTOCCTCATCOUCTAGTCTCCAGTGTGICTCTAAGTTTCROOGCTCTTTCCTITAG G GAG TCC CAC CTG CTG GGG GG go39
g Glu Ser His Leu Leu Gly Gly
GAA GIG GIG CTG GGA GGC AGT GAC COCT CAA CAT TAC CAG GGC AAC TTT CAC TAC GIG AGC ATC AGC AAG GCC GIC 114
Glu Val Val Leu Gly Gly Ser Asp Pro Gln His Tyr Gln Gly Asn Phe His Tyr Val Ser lle Ser Lys Ala Gly
TCC TGG CAG ATC ACC ATG AAG GG GTCAGCAGTTGTAACCCTTCCAACCATCCAAATGCATGTCACCATGTGATOGGGGCAGCATGOGATGG 9206
Ser Trp GIn [le Thr Met Lys Gl
GACAGGOGOCCACCOCTTAAGGCACAGOCACCATC TGCTTTICTGIGIGCTC TG TOC AGGATOGGEGCATGAAGAT T TGAGGG TGGGACTGRGATRGARG 9306
GGACTCAGGGAANGGAGGTOGAGTCTRGAGGC TACCGTG T TGATUGCAAGGAACAGTCAGTACCTTTCTTTAG TGOCTCAGOCCTCCTCCAGGTCACCAC 9406
CAGAACACTTGTATGOOCTCCATCACTOCCTAAATTGOGAAAGGC ATGCAGOCALGIG TCAGGATGGAGGTGRUGTCTGTTGACTGICTAACTGTARCC 9506
TCCACAG G GTC TCT GTG GGG CCT QOC ACC TIG TTG TGT GAG GAG GGC TGT ATG GCA GIG GIG GAC ACT GGC ACA TC  g¢s82
_ y Val Ser Val Gly Pro Ala Thr Leu Leu Cys Glu Glu Gly Cys Met Ala Val Val Asp Thr Gly Thr Se
C TAT ATC TCG GQC CCT ACC AGC TCC CTG CAG TTG ATC ATG CAA GOC CTG GGA GIT AAA GAG AAG AGA GCA MT AA 657
r Tyr lle Ser Gly Pro Thr Ser Ser Leu Gln Leu Ile Met Gln Ala Leu Gly Val Lys Glu Lys Arg Ala Asn As
T GTAAGAGAGCTGOGTAROGTCAAAGGEOGGOGGOGGTRGTOAGALG TRG TGACAACAGCACCATCTGARC TOCAGCCTGCAAACTGTOCAGACCACAC 9756
n
TOGGTCOGAAACAAAGCCTTOCCCTOC TCACC TCTCOCACTOOC TGAATGTACGG TATG TCTOCCAT AGAAGG TGACCAGGCACTGTGTACAGGACTCIC 9856
mmmmmmmmmmﬂmm TAC GIT GIG AAC TGT AGC CAG GTA C o947
- Tyr Val Val Asn Cys Ser GIn Val P
CC ACC CTC OCC GAC ATC TCC TIC TAC CTG GGA GOC AGG ACC TAC ACT CTC AGC AAC ATG GAC TAT GTG CAA AAG G 10022
ro Thr Leu Pro Asp lle Ser Phe Tyr Leu Gly Gly Arg Thr Tyr Thr Leu Ser Asn Met Asp Tyr Val GIn Lys
TGAGEC TG TCAGAGOOG TOGACAGGOGOCACTGAAGGTOCGACAACGTGTAATG TGCAAGTCTCCTAGT ACACTORGGGC TGACGAACGCAGCTCCTGIT 10122
ATCAGGAGAGTTTGTAGCAATCCCAGTCAGTACCCAGTOOGCATOCCTCACGCAGCAGATCAGAACTTCTCAACAGGCACCTAGGTATCRGAGTTTTGT 10222
TTTTAACTTTTTTTTTTOOGGAGC TGGGAAOCGAACCCAGOGCCTTRCACTTCCTAGGCAAGCGC TCTACCACTGAGCTAMATCOOCAAOCCAGTATTG 10322
GAGTTTTAAAAACTOOCCAGCAGAT TCATTATGAAGCTATGC TG TGACTOGG TGATGGTCCTCTCTCTCCATTOG TGAGCGOOCCTCTTTCTGGOCCTCT s 0422
GTTCTTTICATOCTOOGGC T TAGAGAAGTTCAGTGACT TG T TTTRGGTCAAGCTAAG TGAGCC TG TGAACAAGGAGTAGACACACCTTTOGCOCTGATG 10522
TGTACCGCATTOOC TGTCTROCOCAGGAAGCC TGAGATTTAAGAAATGGC TCTOGGAGCACATAGGOGAGAGGAGCCATACACTGAATATAGGTGCTTC 10622
ACTOOLGTOG TOOCAAGGLGTCG TG TGGOCAGUCAATAGAGCAACTTOCTGCTICTTGOCAG AAT CCC TIC AGG AAC GAT GAC CTG T&C 10712
Asn Pro Phe Arg Asn Asp Asp Leu Cys
ATA CTG OCT CTC CAA GGC CIG GAC ATC OCA OCA OOC ACT QGG CCT GIC T4G GIC CIG GGT GOC ACC TIC AIC O&C 10787
Ile Leu Ala Leu Gln Gly Leu Asp lle Pra Pro Pro Thr Gly Pro Val Trp Val Leu Gly Ala Thr Phe lle Arg
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AAG TTC TAT ACA GAG TIC GAC (GG CAT AAC AAT OGC ATC GGG TTC GOC TIG GCC OGC TAA GCTCCTCTGICACCCAGTGA 10867
Lys Phe Tyr Thr Glu Phe Asp Arg His Asn Asn Arg 1le Gly Phe Ala Leu Ala Arg ik

COCTAGTTTTAGGCCAAGCCAAAGCTGGOGTTCCTROGROGCCAT TCTGTCTRAC TC TROCOCCAACATAGOGACACTOGACACAGAGCCCTTGATGAGTG. 10067
CTTGTCOCTTOROCTACC TGCACTCACOCTTOCC TG T TTGAGGAAMACAGAA TAAAGACTGCATGTTTACAACCTGTTTCCAATCOGTTCTTTTGAGT 11067
TTGGAGAAGGAGGGACAGCTOCATGGTCACGC ATGGOGAAGAC TATGACAGATGAAGCC TGAGATGT AGTTTTGT TAGTAAAATGCTTGCTTTTCAGGTG 11167
TGAGGACCTGAATTTGATCOOCAGAACCCACAATTTAAAAAAAAAAGAG TOGGCATGATGRO0GATGTTTTAATOCTGOCAACCAGAGTCACAGAGACAG 11267
GTAGGTACAGACAAMAACAAATCOCTGGAGTTTGATACAATTAAGGTTGTCCTTTGGTTAACACACACGCGOGOGCACACACACACACACACTCACTCAG 11567
AGACAGAGAGACAGAGAGAGAGACAGAGAGAGACGGACCCGCTATACACACATACACAGAGAGAGAC ACAGAGAGACAGAGAGACAGAGAGAGAGACACA 11467
GAGACAGAGAGAGACAGAGACAGAGAGAGGGAGGAGOCTATACACACAC AGACACAGAGAGAGAGAGACAGAGAC AGAGAGAGACAGAGACAGAGACAGA 11567
GACAGAGOGAGGOGGCTATACACACACATACACACACACACAGAGAAAGAGAGAGACAGAGACAGAGAGAGAC AGAGACAGAGAGAGGGAGGGGCCTATA 11667
CACACATACAGAGAGAGAGAGAGAGOGAGGAGCGAGACAGAGAGACAGAAAGACAGAGAGACAGACAGAGAGAGACAGAGAGACAGAGAGACAGAGACA 11767
GAGAGAGOGACGOCCCTATATATACACACACACACACGOGO0GGOCTACACACACAGAGACAGACACAGAGACAGAGACAGAGAACACAGAMACAGAGA 11867
GACAMGACAGACGCACCGAMAACACACAGGCAGAGACATAGAGACAT AGAGAGAAAGAGACAGAGAGATOGAGAGACGCGAGANTGTGACAAAGTAGAT 1 1967
TOCCACACACACACACATACACTGATGT TTTTGTGTGTAAGGTTGATGGCTTCTGTCTACTGTCCACCAGATTCACATAGAMATTTTTCATACAATTTTG: 1 2067
GCTCOAMGTTTAC T AAGAGATAGGOCCORTG TCOCTCTAGGCC TTAGGCCT ATOGCAGTAGAG TGT TAACGGTAGT TTAATGTCAATTTGACACAAGCT 1 2167
AMGTCATCTGAGAGGAAGGCACCTCAATT AAGAAGGGTGC TCCTCTGCACTCTC TR TG TGOOCCATOCC TOCAGAAGATGOGCTGTAGAATTAGTGAAT 1 2267
CATCORTAAGGGTOCAGCOCATTGTORGOCAAAAAGAGCAAGCCAGGAGRCAACACTCC TCCATGGTCTC TACAGTTOCTGOCTCCAGGTTCCTRCCCTG: 3 2567
CIGTTGAGTTCCTGTCTTGACTTOCTTTOCTGATGACCTGTGATGTGGAAGTGT AGGOCAAACAGACOC TTTCCTOGOCAAGTCRGTCATCGTGTTTCAT 1 2467
COOCCAGGCTOOGTGTTGC TGAACAATCCAACCCTATGTAG 12508

Fig. 7. Nucleotide sequence of the rat renin gene and its flanking
regions. The putative transcription start site (nucleotide 1) was
indicated by an arrowhead. The termination codon, TAA, 1s marked by
asterisks. The polyadenylation site deduced from the rat renin cDNA (6)
is indicated by shaded box. TATA boxes and polyadenylation signal are
underlined by double lines. Filled and open triangles indicate possible
glucocorticoid and estrogen-receptor binding sequences, respectively. A
filled circle and a filled square indicale the putative enhancer core
sequence and cAMP- responsive element, respectively. The identifier
sequence, "A” stretch, and (CA). or (TG). are underlined. The 38-bp
tandem repeats are marked by broken lines.
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Fig. 8. Southern blot analysis of genomic DNA and phage DNA
containing the rat renin gene. Genomic DNA (10 rg) (lanes 1-3) or phage
DNA (0.5 pg) (lanes 4-6) was digested with the following restriction
enzymes: Xbal (lanes 1 and 4), Pstl (lanes 2 and 5), and Poull
(lanes 3 and 6). Phage 1 DNA digested with Hindlll served as a size
marker (sizes in kb in right-hand margin). .
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1 19 20 Y ay
en MGG-RRMPLWALLLL-WTSCSFSLPTDTASFGRILLKKMPSVREILE
mien, MDR-RRMPLWALLLL-WSPCTFSLPTRTATFERIPLKKMPSVREILE
men-, MDR-RRMPLWALLLL-WSPCTFSLPTGT-TFERIPLKKMPSVREILE .
hken MDGWRRMPRWGLLLLLWGSCTFGLPTDTTTFKRIFLKRMPSIRESLK

50 6 v m o 8 %
rfBen ERGVDMTRISAEWGEFIKKSSFTNYTSPYVVLTNYLDTQYYGEIGIGT
men ERGYVDMTRLSAEWGYFTKRPSLTNLTSPVVLTNYLNTQYYGEIGIGT
men-2 ERGVDMTRLSAEWDVFTKRSSLTDLISPYVLTNYLNSQYYGEIGIGT
hRen ERGVDMARLGPEWSQPMKRLTLGNTTSSVILTNYMDTQYYGEIGIGT

. 100 4 110 120 120

rRen PSQTFKVIFDTGSANLWVPSTKCGPLYTACEIHNLYDSSESSSYMEN
wRen- PPQTFKVIFDTGSANLWVPSTKCSRLYLACGIHSLYESSDSSSYMEN
nBen; PPQTFKVIFDTGSANLWYPSTKCSRLYLACGIHSLYESSDSSSYMEN
hRen PPQTFKVVFDTGSSNVHVPSSKCSRLYTACVYHKLFDASDSSSYKHN

140 150 160 170 180
fen GTEFTIHYGSGKVKGFLSQDVYVTVGGIIVTQTFGEVTELPLIPFMLA
Pen GSDFTIHYGSGRVKGFLSQDSVTVGGITVTQTFGEVTELPLIPFMLA
en-z GDDFT:IHYGSGRVKGFLSQDSYVTVGGITVTQTFGEVTELPLIPFMLA
hPen GTELTLRYSTGTVSGFLSQDIITVGGITVTQMFGEVTEMPALPFMLA

190 20 210 2 B <
rRen KFD(-}VLGMGFPAQAVDGVIPVFDHILSQRVLKEEVFSVYYSR——-ES
meny KFDGVLGMGFPAQAVGGVYTPVFDHILSQGVLKEEVFSVYYNR---GS
mMen- QFDGVLGMGFPAQAVGGVTPYFDHILSQGVLKEKVFSVYYNR---GP

FRen EFDGVVGMGFIEQAIGRVTPIFDNIISQGVLKEDVFSFYYNRDSENS

240 20 260 20
Pen HLLGGEVVLGGSDPQHYQGNFHYVSISKAGSWQITMKGVSVGPATLL
mens HLLGGEVVLGGSDPQHYQGNFHYVSISKTDSHQITMKGVSYGSSTLL
mBen HLLGGEVVLGGSDPEHYQGDFHYVSLSKTDSWQITMKGVSVGSSTLL

hPen QSLGGQIVLGGSDPQHYEGNFHYINLIKTGVWQIQMKGVSVGSSTLL

20 . 20 20 30 2
Ren CEEGCMAVVDTGTSYISGPTSSL-QLIMQALGVKEKRANNYVVNCSAQ
Weny CEEGCAVVVDTGSSFISAPTSSL-KLIMQALGAKEKRIEEYVVNCSQ
mWen, CEEGCEVVYVDTGSSFISAPTSSL-KLIMQALGAKEKRLHEYVYVSCSQ
WRen CEDGCLALVDTGASYISGSTSSIEKL-MEALGAK-KRLFDYVVKCNE

3 310 %0 20 3
rPen VPTLPDISFYLGGRTYTLSNMDYVQKNPFRNDDLCILALQGLDIPPP
when, VPTLPDISFDLGGRAYTLSSTDYVLQYPNRRDKLCTLALHAMDIPPP
wBen; VPTLPDISFNLGGRAYTLSSTDYVLQYPNRRDOKLCTVALHAMDIPPP
Wen GPTLPDISFHLGGKEYTLTSADYVFQESYSSKKLCTLATHAMDIPPP

380 3% 400
Ren TGPVYWVLGATFIRKFYTEFDRHUNNRIGFALAR
e, TGPVWVLGATFIRKFYTEFDRHNNRIGFALAR
Wen, TGPVWVLGATFIRKFYTEFDRHNNRIGFALAR
hhen TGPTWALGATFIRKFYTEFDRRNNRIGFALAR

Fig. 9. Comparison of rat (rRen), mouse (mRen-7, mRen-2), and
human (hRen) preprorenin amino acid sequences. The sequences,
indicated by standard l-letter amino acid abbreviations, were aligned.
The putative amino-terminal amino acid is marked by an arrowhead. The
catalytically important aspartyl residues are indicated by asterisks.
Gaps have been inserted to achieve maximum alignment.
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Fig. 10. Primer extension analysis of the rat renin gene. (A) A
50-bp fragment from exon 1 was kinased with [r-32P]JATP, hybridized with
10 ¢#g of rat kidney (lane 1) and liver (lane 2) mBNA, and extended with
reverse transcriptase. An M13 mpl8 dideoxy sequencing ladder (lanes A, C,
G,T) was used as for molecular markers. The nucleotide length of the
primer (50 bp) and primer extension products (75 and 76 bp) are
indicated in right-hand margin. (B) Schematic representation of the
primer. The asterisk denotes the labeling position; Black box indicates
the first exon.
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Chapter IV: Identification of Renin and Renin mRNA in Rat Ovary and

Uterus

Abstract

An increase in plasma prorenin during pregnancy suggests that
prorenin is synthesized in the reproductive organs. To demonstrate the
existence of renin and its mRNA in the rat ovary and uterus, [ have
characterized rat ovarian and uterine renin by radioimmunoassay and
Northern blot analysis. These data indicate that prorenin activities in
ovary and uterus were very high, and that renin mRNA was present in the
reproductive organs) These findings suggest that the local renin-

angiotensin system functions in the ovary and uterus.
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Introduction

Maintenance of fluid and electrolyte balance are well known
functions of the circulating renin-angiotensin system. In addition to
its endocrine role, the renin-angiotensin system may function in a
paracrine manner, since components of the system have been reported in
many organs, especially those concerned with cardiovascular and
reproductive organs (1). Reproductive organs in which the renin-
angiotensin system components have been described include the ovary,
testis, uterus, and prostate gland (2).

In the rat ovary, high levels of effector peptide angiotensin II
(AIl) have been measured (47). Angiotensinogen mRNA is expressed in the
ovary (48), and All receptor (47) and angiotensin-converting enzyme (49)
have been localized to several rat ovarian structures. However, little
information about renin is known in rat ovary and uterus. Since
formation of angiotensin I (AI) by renin is considered to be the rate-
limiting step in the formation of All, the demonstration of renin and
its mRNA in the reproductive organs is an important prerequisite for the
demonstration of a functional tissue renin-angiotensin system.
Therefore, the aim of the present study was to determine whether renin
and its mRNA are present in rat ovary and uterus.
This study shows that high levels of inactive renin occur in the rat
ovary and uterus and that renin mRNA is present in the reproductive
organs. These findings greatly strengthen the evidence for a functional

renin-angiotensin system in the rat ovary and uterus.
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Materials and Methods

(a) Determination of renin activity
Renin activity was assayed wusing the partially purified hog
angiotensinogen. Prorenin was determined as the increment in activity
following activation with trypsin. Angiotensin 1 genérating activity of
renin from hog angiotensinogen was determined by radioimmunoassay of

angiotensin | generated after incubation (50).

(b) RNA preparation
Female rats of Wistar-Imamichi strains (200-250g) were used for the
RNA preparation from the ovary, uterus, and kidney. The total RNA was
extracted from various tissues by homogenization in 5M guanidine
thiocyanate and centrifugation through 5.7M cesium chloride (20).
Poly (A)*RNA was isolated by affinity chromatography on oligo(dT)-
celluloce. In the experiments for RNA blot hybridization analysis, the

total RNA (kidney) and poly (A)"RNA (ovary and uterus) were used.

(c) RNA blot hybridization analysis

Poly (A)"RNA or total RNA was denatured with 1M glyoxal/ 50% dimethyl
sulfoxide, electrophoresed on a 1.5% agarose gel and transffered to
diazobenzyloxymethyl paper (25). A 760 base pair fragment derived from
the rat renin gene (15) was subcloned into pSP64 vector (51). The
plasmid, pSPRRnRv9, was linearized with EcoRl and transcribed SP6 RNA
polymerase in the presence of a 32P-CTP (400 Ci/mmol) and used as a
hybridization probe. After prehybridization for 16 h at 42€, the blot was
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hybridized with the 3?2P-labeled rat renin cRNA for 16 h, then washed in
0.1xSSC/ 0.1% SDS (1xSSC: 0.15M sodium chloride. 0.015M sodium citrate)
at 70C. The size marker used were E. coli rRNAs. The filter was then

sub jected to autoradiography at -70%.
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Results and Discussion

(a) Measurement of rat ovarian and utervine renin activity

To demonstrate the existence of renin in the rat ovary and uterus,
renin and prorenin activities were measured. Active renin was not
present in measurabler quantities in the ovary and uterus. However,
prorenin activities in the ovary and uterus were very high and showed-
5.1 £ 0.2 ng A/ ml/ h, and 6.2 * 0.3 ng Al/ ml/ h, respectively (Fig.
11). Polyclonal antibodies against rat kidney active renin completely
inhibited the renin activities from the rat kidney, ovary, and uterus
(data not shown). These data suggest that renin is present as an

inactive form in the reproductive organs.

(b) Northern blot hybridization analysis

To identify the renin mRNA in the rat ovary and uterus, total RNA or
poly (A)"RNA derived from ovary uterus and kidney was subjected to
Northern blot hybridization analysis with a rat renin cRNA probe. As
shown in Fig.12, the RNA preparation from all tissues examined exhibited
a single hybridization-positive band. Renin mRNAs in the ovary, uterus,
and kidney of rat were indistinguishable by size according to their
migration. Based on the relative hybridization signal measured in each
preparation, the relative levels of renin mRNA in the ovary and uterus

varied at around 1/100 of that of rat kidney.
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Fig. 11. Active renin and prorenin measurements in cytosol from rat
ovary and uterus. Prorenin activity was calculated from total renin

activity minus renin activity before trypsin activation.
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Fig. 12. Northern blot analysis of RNAs from rat ovary, uterus, and
kidney. Lane A: kidney (100pg of total RNA), lane B: uterus (50ug of

poly (A)*RNA), and lane C; ovary (50ug of poly(A)"RNA).
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Chapter V. General Discussion

(i) Comparison of the 5’ -flanking regions among human, mouse, and rat

renin genes.

Genes harboring similar regulation in closely related species are
expected to exhibit a high homology in cis-acting regions (DNA
sequence) involved in the gene regulation.

Indeed, when 5’ -flanking regions from human gene are compared with the
analogous region of the corresponding genes in mouse and rat, large
stretches of homology are found. The sequences of rat and human insulin
genes are 75% homologous up to nucleotide -240 (52). A homology equal
to 60% or more is found over 240 bp in the 5’ -upstream regions of human
and mouse opiomelanocortin gene (53,54). In apolipoprotein (apo) A-IV
genes, a region extending from nucleotides -77 to -167 in the human gene
exhibits striking sequence similarity (90% identity) to the rat gene
(55). A further comparison to the promoter region of the mouse apoA-1V
gene (56) reveals the same striking homology in this domain.

Renin mRNA has been identified in kidney, adrenal, testis, heart,
ovary, uterus and brain of mous and rat (57-61). In human, it was also
found in ileal carcinoma derived from small intestine, which does not
produce renin (Fig. 13) (62). These observations suggest that cis-
control elements of the renin genes contribute to the variety of mRNA
expression. It is of ‘interest. therefore, to compare the 5'—f1anking
region of the human, mouse, ana rat renin genes.

Alignment of the rat, mouse, and human promoter region of renin genes,
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(Fig.14) revealed a typical TATA box beginning at comparable positions
in these genes. The high conservation within these regions suggested a
possible biological significance.

There 1is another feature that the rat and mouse genes contain
~deletions between» positions -31 and -32 (rat gene number) in comparison
with the human gene. One hypothesis arising from this comparison is that
these various conserved domains and/or the multiple deletions could be
important in determining the observed patterns of renin tissue-specific
expression in rodents and primates.

Further upstream from the promoter region, no such homology can be
found among three sipecies, although they ‘exhibit a similar tissue-
specific regulation in the kidney. Therefore, 1 initiated a series of
in vitro studies to identify functionally important domains in the
5'-flanking region of the human and rat renin genes.

DNA seguences containing the 5’-flanking region of the human and rat
renin genes (i.e. 3000 and 1200 nucleotides, respectively, upstream
from the start site of traﬁscription) were fused to the 5° end of the
E. coli chloramphenicol acetyltransferase (CAT) gene (63). These
recombinants were introduced into different cell lines (HelLa, A549, and
mouse L cells), and the transient expression of the CAT gene, mediated
by the promoter activity of the renin gene fragments, was measured.
However, the transfection analysis can not be used to find potential
cis-elements for their differential transcription since cell lines

examined are not available.
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For further investigation, it is necessary to find out appropriate

cell lines which synthesize renin constitutively.

(ii) Structure of renin genes

Pepsin and chymosin, as well as renin, are the well-known members of
the aspartyl proteinase group‘. Recently, their nucleotide sequences and
the genomic structure were determined (64,65).

Since it has been proposed that the members of the aspartyl proteinase
family are derived from a common ancestral gene generated by gene
duplication and fusion (66), the structures of five aspartyl proteinase
genes were compared (Fig. 15).

As shown in Table 1II, it is interesting to note that the intron
positions interrupting the amino acid codons are completely conserved
among these enzymes except for the exon 6 in the human renin gene. The
unusual small exon consists of 9 nucleotides and codes for the extra 3
amino acids (13) not found in mouse (36) and rat (6) renins.

Other features indicated among these genes are as fdllows; i) These
genes consists of 9 exons and 8 introns excluding the human renin gene.
ii) The two catalytically important aspartyl residues are encoded by
exon 3 and 7, respectively (exon 3 and 8 in the human renin gene).

The similarity in the structural organization of these genes indicates
that they are evolutionally related, suggesting that the aspartyl

proteinase gene family is arisen from a common origin.
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(iii) Prorenin in reproductive organs

Extrarenal sources of renin including the placenta (67), uterus (68,
69), and brain (70) have been described previously. Recently, several
groups (2,71) reported the presence of prorenin or renin-like activities
in human ovarian follicular fluid. They confirmed that the follicular
fluid prorenin or renin was immunochemically and biochemically identical
to that of the human kidney. However, it has not been clear whether
ovarian renin is synthesized endogenously or derived from the
blood-borne enzyme of another origin.

The presence of renin-angiotensin system in the ovary or uterus is
beginning to be understood. Biochemical characterization of the
components of the system will be an important step toward understanding
the mechanisms of formation and action of angiotensin II (AIl), a
product of renin-angiotensin cascade, at the molecular level. All of the
components, except for ovarian renin, have been well characterized.
Ohkubo et al. (48) confirmed that angiotensin mRNA is expressed in the
ovary and Fernandez et al. (71) suggested the the presence of
immunoreactive AIl in human follicular fluid.

As shown in Fig.12, [ employed rat renin cRNA to examine the
expression of this mRNA in rat ovary and uterus. 1 demonstrated that
renin mRNA accumulated in rat ovary and uterus. The ovary or uterus mRNA
gspecies were indistinguishable in size from that of the kidney. This
provided direct evidence that renin mRNA is expressed in the ovary and
uterus, thus supporting the view that renin is synthesized locally in
these tissues.

In human, the presence of large proportion of prorenin in the
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systematic circulation has been known (72,73). It accounts for 70-90% of
the total plasma renin. The ovary and uterus also contain a large amount
of prorenin which comprises well over the total renin (2). Renin or a
renin-like enzyme was present in the uterus of all species examined. The
concentration of renin is low in the non-pregnant uterus and increases
during pregnancy. Most renin in a uterus exists as an inactive form,
prorenin. The enigma of the selective secretion of prorenin in these
tissues remains to be resolved. Kidney is known to secrete only a small
amount of prorenin (74). Therefore, the increase of prorenin in plasma
during pregnancy or the menstrual cycle might be derived from the ovary
or uterus. The regional and cellular localization of all of the
components of the renin-angiotensin system in the ovary and uterus
suggests that these enzymes and peptides are closely '}nvolved in events

related to the reproductive process.
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Fig. 13. Northern blot analysis. A 20-ug sample of mRNA from human
normal kidney (lane 1), -ileal carcinoma (lane 2), and normal small
intestine (lane 3) was subjected to Northern blotting as described in
Materials and Methods (Chapter 1). Exposure on X-ray film was done at
-70C for 24 h with an intensifying screen. The size markers used were

calf and E. coli rRNA.
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mRen._, VO EEE T ANT AN (WY Y: €0 (0 6 S——— ATACATOGTGTGIRIEIEAGAGOCTCAG
-70 -0 = (R -3 -2 -10

rRen  CTOOCCTGOCATORACOOCTOOGO B ATCAGAGCAGGGCCTGTG — == = CGTGTGIERMEAGAAGGCTCAG
sk k % %k k * ES *

hRen  CTGCCCTGOCATCTACOOCA-GGRIERREATCAGGGCAGAGC - -- AGAAT TGCAATCAACOCC ATGC ATCGAG TGIRIRYYEAGG-GG-- AAG

mRen-; GGTCT--GOG---CT-A
-1

Ben  --TCT--GOG---CT-A
*

hRen  ---CTAAGGGAGOCACA

Fig. 14. Pairwise alignment of the sequences around the promoter
region of the rat, mouse, and human renin genes. Shadded box indicates
the putative transcription start site. "TATA” boxes are displayed in the
negative format. Asterisks indicate mismatches; dashes indicate gaps
introduced for optimal alignment.
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Chapter VI: Concluding Remarks

The application of recombinant DNA techniques to the study of
eukaryotic gene regulation has led to the identification and
characterization of regulatory DNA sequences (cis-acting elements),
and significant advances are being made in the characetrization of the
protein factors (¢rans-acting factors) that specifically interact with
these sequences to promote or repress transcription (9).

DNA sequences involved in the initiation of transcription have been
located not only in the 5’ -flanking region, but also in the 3’ -flanking
region, or ihtrons. These Sequencés may be responsible for cell-type-
specific expression (75-77).

As a first approach to understanding the tissue-specific expression of
renin genes, [ have characterized the 5" end of the human renin gene by
primer extension and sequence analyses, and determined the complete
nucleotide segqguence of the rat renin gene including its 5’ - and 3'k—
flanking regions.

From these analyses, I found several possible cis-elements, steroid
hormone receptor-binding sites or SV40 enhancer, that may confer tissue
specificity of renin gene expression.

Interestingly, two groups (2.71) have reported the presence of
prorenin or renin-like activities in human follicular fluid. Renin mRNA
was also identified in rat ovary by blot hybridization analysis (61),
and found that the ovarian renin 1is transcriptionally regulated by

estrogen (3). Thus, the putative estrogen receptor-binding sites in
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human and rat renin genes might account for a mediator of estrogen
signal wia its specific receptor on the gene regulation. However,
there is no direct evidence that ¢rans-acting factors bind to
tentative cis-acting sequences in the renin genes and renin mRNA
synthesis is initiated by the interaction of factors.

Since angiotensin Il (AIl) affects intracellular calcium and
phospholipase activity, there are many potential roles for prorenin
via All action, ranging from an effect on pituitary luteinizing
hormone release (78) to facilitation of egg extrusion (79) or alteration
of ovarian steroid biosynthesis in a manner similar to the known action
of angiotensin on adrenal cortical steroid biosynthesisb (80). The
comming years should see exciting new research in this regard. Renin has
been found in the male repoductive system (57), but it remains to be
determined whether prorenin is synthesized in the testis in a manner
analogous to that in the ovary or uterus. Whatever the outcome, it seems
likely that a new form and function of the renin-angiotensin system
exists that operate independently of changes in circulating active
renin, and the effect of which is regulated by changes in prorenin.

This new prorenin system seems to be involved in reproductive
function. Future work to elucidate ovarian and uterine prorenin function
may have clinical implications in the fields of birth control,

infertility, and toxemia of pregnancy.
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