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Description 

[0001] This invention relates to the gene of a human CNP (human C-type natriuretic peptide which is hereunder 
abbreviated as hCNP), as well as the hCNP precursor protein (prepro hCNP) that is encoded by said gene. 

5 [0002] In recent years, various peptides collectively referred to as "natriuretic peptides" (NP) have been isolated from 
the atria and brains of various animals. Today those NPs can be classified into three types, A-type natriuretic peptide 
(ANP), B-type natriuretic peptide (BNP) and C-type natriuretic peptide (CNP), depending on similarities in the primary 

amino acid sequence and the structure of their precursors. Among the three types, ANP and BNP were first isolated 
and identified from the atrium and brain and hence are sometimes called "atrial natriuretic peptide" and "brain natriuretic 

10 peptide", respectively (Matsuo, H. and Nakazato, H., Endocrinol. Metab. Clin. North Am., 16, 43, 1987; Sudoh, T. et al., 
Nature, 332, 78, 1988). However, it is known today that ANP occurs not only in the atrium but also in the brain and that 
BNP occurs not only in the brain but also in the atrium. Further, both ANP and BNP exhibit significant natriuretic and 
hypotensive actions, so it has become clear that each of these peptides works not only as a hormone to be secreted 
from the atrium into blood but as a nerve transmitter in the brain, in either case helping regulate the homeostatic balance 

15 of body fluid volume and blood pressure in mammals. 
[0003] The CNP has very recently been isolated and identified from porcine brain by Sudoh et al. as a third type of 
NP that is assignable to neither ANP nor BNP (Sudoh, T. et al., Biochem. Biophys. Res. Commun., 168, 863, 1990). 
The first discovered CNP consisted of 22 amino acid residues (this peptide is hereunder abbreviated as "pCNP-22"). 
Like ANP and BNP, CNP contained two cysteine residues which formed an intramolecular disulfide bond, producing a 

20 ring structure composed of 17 amino acid residues. Further, the primary amino acid sequence forming that ring structure 
in pCNP-22 was found to be highly homologous to that in ANP and BNP. 
[0004] However, pCNP-22 differs from ANP and BNP in that the latter have several amino acid residues additionally 
attached to the C-terminus of the ring structure whereas no such "tail structure" is present in pCNP-22. In other words, 
the C-terminus of pCNP-22 is terminated with a cysteine residue. On the basis of these facts, it has been found that the 

25 structure of pCNP-22 is similar to but clearly distinguishable from those of ANP and BNP. In addition, pCNP-22 exhibited 
natriuretic and hypotensive actions and it was also found to display a higher activity than ANP and BNP in relaxant 
activity tests on chick rectal samples. From these observations, pCNP-22 was found to be an NP assignable to a new 
type, the peptides of which were named "CNPs". 
[0005] Following pCNP-22, a second peptide assignable as CNP was isolated and identified from porcine brain by 

30 the present inventors. The peptide was found to consist of 53 amino acid residues with pCNP-22 present at the c­
terminus (this peptide is hereunder abbreviated as pCNP-53). In other words, pCNP-53 was found to be a peptide that 
had 31 more amino acid residues attached to the N-terminus of pCNP-22. Interestingly enough, pCNP-53 has been 
found to occur in a greater amount than pCNP-22 in porcine brain (commonly assigned Japanese Patent Application 
No. 186582/1990). 

35 [0006] Another very recent study succeeded in identifying the structure of the precursor of pCNP-22 and pCNP-53 by 
gene analysis and this helped unravel the mechanism behind the biosynthesis of those peptides (European Patent 

Application No. 91 111 630.9). The present inventors isolated and identified a porcine chromosomal gene and cDNA 
coding for pCNP-22 and pCNP-53; by their analysis, the structure of the porcine CNP precursor protein (prepro pCNP) 
was unravelled; at the same time, it was found that each of pCNP-22 and pCNP-53 was first translated from mRNA as 

40 a prepro pCNP composed of 126 amino acid residues and that the signal peptide present in the N-terminal region of the 

precursor protein was then cleaved in the process of secretion to be converted to pro pCNP, which was further cleaved 
specifically with processing enzymes and converted to pCNP-53 or pCNP-22 as appropriate. On the basis of these 
observations, it has been found that as in the case of ANP and BNP, both pCNP-22 and pCNP-53 are secretory peptides 
that are biosynthesized from a common precursor protein (prepro pCNP). 

45 [0007] However, in sharp contrast to the peptides assignable to ANP and BNP which have been found by previous 

studies to work not only as hormones to be secreted from the atrium into blood but also as nerve transmitters in the 
brain, thereby regulating the homeostatic balance of body fluid volume and blood pressure, CNP remains unclear in 
many points as regards details of its distribution in vivo and physiological actions. 
[0008] As for ANP and BNP, their structures have been established in humans and the efforts to apply them as 

50 pharmaceuticals are under way. However, as of today, the structure of CNP has not been identified in humans. 
[0009] The present invention has been accomplished under these circumstances and has as an object identifying the 
structures of CNPs in humans (hCNP), particularly those of human CNPs that correspond to pCNP-53, as well as the 
structure of their precursor protein which corresponds to prepro pCNP in porcine. 

55 Fig. 1 shows the restriction enzyme map for hgEco-2 and hgEco-1, as well as the strategy for base sequence 
determination; 
Fig. 2 shows DNA base sequence of hgEco-1 coding for the hCNP precursor protein, as well as the amino acid 
sequence of hCNP precursor protein coded by the exons in the structural gene region; and 
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Fig. 3 shows the whole base sequence of hCNP cDNA, as well as the amino acid sequence of the hCNP precursor 
protein coded by it. 

[0010] Noting that the amino acid sequence of ANP and the base sequence of the gene encoding it are both retained 
5 with high homology across animal species, the present inventors thought that there would be a high likelihood of the 

same situation occurring in CNP. Further noting that CNP occurs in a much smaller amount in porcine brain than ANP 
and BNP do and that the brain tissue for the production of those peptides is yet to be identified, the present inventors 
thought it difficult to isolate and identify the CNP peptide directly from a human brain and to isolate and analyze the 
cDNA for identifying human CNP. Based on these assumptions, the present inventors projected a program in which the 

10 human CNP gene was isolated using as a probe the previously obtained porcine CNP gene or cCNP and the isolated 
human CNP gene was analyzed to identify the structure of the human CNP precursor protein as well as the structures 
of human CNPs that correspond to pCNP-53 and pCNP-22 Sudoh T. et al. (Biochem. Biophys. Res. Comm. 168 (1940) 
863-870) have identified C-type natriuretic peptide (CNP) which is a new member of natriuretic peptide family. The 
peptide disclosed therein has been obtained from porcine brain extracts. 

15 [0011] In accordance with this program, the present inventors first cut a DNA fragment of ca. 70 based (pC cDNA) 
from pCNP cDNA (see European Patent Application No. 91 111 630.9) by processing with a restriction enzyme Ddel 
and used this fragment as a probe. The probe may also be synthesized chemically. Using this probe, the present inventors 
screened a human chromosomal gene library (11,-phage vector incorporating a human chromosomal gene fragment). 
The human chromosomal gene library can be readily prepared by one skilled in the art or, alternatively, it is commercially 

20 available from Clonetech Co. As a result, a clone hybridizing pC cDNA was obtained. Analysis of this clone (11,hCNP2) 
showed that it harbored ca. 15 kbp of the human chromosomal gene and that an EcoRI DNA fragment (hgEco-2) 
composed of ca. 2 kbp of that 15 kbp hybridized with the pC cDNA probe. When this hgEco-2 composed of ca. 2 kbp 
was analyzed, it became apparent that this DNA fragment contained part of the hCNP gene (for the restriction enzyme 
map for hgEco-2 and the strategy for base sequence determination, see Fig. 1 ). 

25 [0012] In the next step, with a view to identifying the whole structure of the hCNP precursor protein, the present 
inventors screened the human chromosomal gene library again using hgEco-2 as a probe. As a result, a clone that 
hybridized with the hgEco-2 probe was obtained. Analysis of this clone (11,hCNP1) confirmed that it contained a human 
chromosomal gene of 15 kbp and more and that an EcoRI fragment (hgEco-1) of that clone that was composed of ca. 
4 kbp hybridized with the hgEco-2 probe. The present inventors then constructed a restriction enzyme map for the hgEco-

30 1 fragment and compared with the map already constructed for hgEco-2 (see Fig. 1 ). As a result, it became clear that 
hgEco-1 was a DNA that had a human chromosomal gene of ca. 2 kpb additionally attached to the 5' side of hgEco-2. 
Based on this finding, the present inventors determined the base sequence of the DNA fragment of interest (for the 
strategy for determining the base sequence of hgEco-1, see Fig. 1 ). As a result, it was found that as shown in Fig. 2, 
the hgEco-1 contained not only a structural gene coding for the whole amino acid sequence of the human CNP precursor 

35 protein but also the promoter region of the human CNP gene. 
[0013] First, as for the promoter region, a TATA box that was shared by the promoter regions of eukaryotic genes 
was present in positions 1546 - 1551 of the DNA base sequence shown in Fig. 2 and it was also found that two GC 
boxes and one Y box, both of which would presumably take part in the control of gene expression, were present upstream 
of the TATA box. Based on these facts, the present inventors concluded that the region of interest was the promoter 

40 region of the CNP precursor gene. 
[0014] As for the structural gene region, ATG was present in positions 172 - 174 of the base sequence downstream 
(on the 3' side) of the TATA box. Since this ATG was the first methionine codon that appeared downstream (on the 3' 
side) of the TATA box and since the base sequence around that codon was in agreement with the consensus sequence 
of a translation initiation codon, A/G NNATG (N denotes either one of A, T, G and C), which is known to exist in eukaryotes, 

45 the present inventors estimated that the ATG of interest would be a translation initiation codon for the human CNP 
precursor. If this ATG is assumed to be a translation initiation codon, comparison with the already identified structure of 
the porcine CNP chromosomal gene shows that the area up to the codon (AAG) of the lysine residue present in positions 
1809 - 1811 of the base sequence corresponds to the first exon. A similar comparison also shows that the second exon 
starts with the codon (GTC) of the valine residue present in positions 2256 2258 of the base sequence. The first 

50 analyzed hgEco-2 is a DNA fragment coding for the area of the second exon in position 2286 onward of the base 
sequence. These facts are also supported by the following: base sequences similar to C/A AGGT and A/G AGT which 
are known as the consensus sequences of a splicing donor are present in the neighborhood of position 181 0 of the base 
sequence; and a base sequence similar to (Py)nNC/T AGG (Py denotes the pyridine residue, and N denotes either one 
of A, T, C and G) which is known as the consensus sequence of a splicing acceptor is present on the 5' side of position 

55 2256 of the base sequence. Based on these observations, the present inventors presumed that the DNA region in 
positions 1812 - 2255 of the base sequence was an intron and that said intron could be removed by splicing during the 
formation of a mature mRNA coding for the hCNP precursor protein. In other words, it became clear that the hCNP 
precursor protein was coded by the first exon which started at position 1722 of the base sequence and which ended at 

3 
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position 1811 and also by the second exon which started at position 2256 and that said precursor protein was a polypeptide 
that was totally composed of 126 amino acid residues as in porcine. 
[0015] The thus identified hCNP precursor protein (which is hereunder referred to as the "prepro hCNP") was compared 
for its primary amino acid sequence with the pCNP precursor protein. The two precursor proteins were found to be 

5 identical except for the difference in five positions of the amino acid sequence (positions 37, 40, 56, 90 and 101 of the 
primary amino acid sequence of prepro hCNP shown in Fig. 3). It was particularly interesting that the following two amino 
acid sequences were completely the same in humans and pigs: the primary amino acid sequence of the signal peptide 
that existed in the N-terminal region of prepro CNP which was already found to take part in the secretion of the CNP 
precursor protein in the mechanism of biosynthesis of porcine CNP; and the amino acid sequence in areas near the N-

10 terminus of CNP-22 and CNP-53 that would be recognized and cleaved by processing enzymes during the formation 
of CNP-22 and CNP-53 from prepro CNP. 
[0016] With the above-discussed facts taken into consideration, the human CNP is presumably biosynthesized by the 
following pathway which is similar to that associated with porcine. First, prepro hCN P composed of 126 amino acid 
residues is translated from mRNA. Then, the signal peptide present in the N-terminal region of the prepro hCNP is 

15 cleaved for conversion to pro hCNP in the process of secretion. Further, the pro hCNP is cleaved by processing enzymes 
at specific positions (between positions 73 and 74 of the primary amino acid sequence that is shown in Fig. 3 and 
between positions 104 and 105 of the same sequence) to be converted to human CNP-53 (positions 74 126 of the 
primary amino acid sequence shown in Fig. 3) that corresponds to pCNP-53, as well as to human CNP-22 (positions 
105 - 126 of the same sequence) that corresponds to pCNP-22. As for hCNP-22, its primary amino acid sequence is 

20 completely identical to that of pCNP-22, so there is no doubt that it will exhibit the same physiological activities as does 
pCNP-22 (e.g. natriuretic and hypotensive actions). 
[0017] On the other hand, the amino acid sequence of hCNP-53 differs from that of pCNP-53 in two positions (positions 
90 and 101 of the primary amino acid sequence shown in Fig. 3), so hCNP-53 is a novel peptide and its physiological 
actions have not been known. Hence, the present inventors synthesized hCNP-53 chemically and examined the phys-

25 iological activities of that novel peptide. As a result, it was found that hCN P-53 exhibited a chick rectum relaxant action; 
at the same time, it showed definite natriuretic and hypotensive actions when administered to rats. 
[0018] In summary, the present inventors isolated a chromosomal gene coding for the hCNP precursor protein and 
analyzed it to identify its primary amino acid sequence. As a result, they successfully identified the structures of human 
CNPs (hCNP-22 and hCNP-53) corresponding to pCNP-22 and pCNP-53. At the same time, they synthesized hCNP-

30 53 chemically and verified its physiological activities. The present invention has been accomplished under these circum­
stances. 
[0019] It should be noted here that if the hCNP chromosomal gene of the present invention is transduced into a suitable 
mammalian cell (e.g. COS cell derived from monkey kidney cells) either directly or as it is linked to an area downstream 
of a suitable promoter (e.g. the initial promoter of SV 40), hCNP cDNA can be obtained and this fact is within the scope 

35 of obviousness (see European Patent Application No. 91 111 630.9). 
[0020] The whole base sequence of the thus obtained hCNP cDNA and the primary amino sequence of the hCNP 
precursor protein coded by said cDNA are shown in Fig. 3. 
[0021] The following examples are provided for the purpose of further illustrating the present invention. 

40 Example 1 : Preparation of DNA probe (pC cDNA) 

[0022] The DNA probe (pC cDNA) to be used for cloning a chromosomal gene that encoded the human CNP precursor 
protein was prepared by the method consisting of cleaving the porcine CNP cDNA (see European Patent Application 
No. 91 111 630.9) with a restriction enzyme Ddel, isolating a DNA fragment of ca. 700 bp, then marking the DNA with 

45 [a-32p] dCTP by nick translation. 

Example 2: Isolation of chromosomal gene coding for part of the human CNP precursor protein 

[0023] coli strain K12 derived LE 392 was infected with a human chromosomal gene phage DNA library stored at 
50 4°C. The cells were plated on an LB medium (1 o g, bactotryptone; 5 g, yeast extract; 5 g, Nace; 1.5%, bactoagar; total 

volume, 1 e) and cultivated overnight at 37°C. The plate was cooled at 4°C for 30 min and a nitrocellulose filter (product 
of Shleicher & Schnell Co.) was left to stand on the phage plaque for 5 minutes. Subsequently, the filter was stripped 
from the plate, dried with air, immersed in an alkaline denaturation solution (0.5 M NaOH and 1.5 M Nace) for 1 minute, 
and then immersed in a neutralizing solution (0.5 M Tris-HCC; pH 7.0; 1.5 M Nace) for 1 minute. Thereafter, the nitro-

55 cellulose filter was rinsed with a 3 x SSC solution (20 x SSC Nace, 175.3 g; trisodium citrate, 88.2 g; total volume, 1 
e), dried with air and heat-treated under vacuum at 80°C for 120 min. 
[0024] Using the thus prepared nitrocellulose filter, plaque hybridization was performed under the following conditions. 
First, a prehybridization solution [3 x SSC; 1 x Denhardt's solution (consisting of albumin, polyvinyl pyrrolidone and 
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Ficoll, each weighing 0.2 mg/mC); salmon sperm DNA, 50 µg/mt'; 0.1 % SOS] was added to the nitrocellulose filter and 
prehybridization was conducted at 60°C for 3 hours. Then, using 106 cpm of the pC cDNA probe and 1 me of the 
prehybridization solution for two sheets of the nitrocellulose filter, hybridization was performed overnight at 60°C. Sub­
sequently, the filter was washed three times with a 3 x SSC solution containing 0.1 % SOS, each washing done at 60°C 

5 for 30 minutes; the washed filter was dried with air and subjected to autoradiography at -80°C for 24 h. By screening 
ca. 2 x 105 clones in this way, one clone hybridizing with the pC cDNA probe was obtained. This clone was named 
"lhCNP 2" and subjected to analyses in the subsequent stages. 

10 

Example 3: Analysis of lhCNP 2 phage and determination of its DNA base sequence 

A. Analysis of lhCN P 2 phage DNA 

[0025] DNA was prepared from lhCNP 2 phage in the usual manner. Subsequently, the phage DNA was cleaved 
with a restriction enzyme Eco RI and the resulting DNA fragment was separated and analyzed by electrophoresis on an 

15 agarose gel. The lhCN P 2 was found to be a phage containing a ca. 15-kbp human chromosomal gene. Analysis by 
Southern blotting using the pC cDNA probe showed the Eco RI fragment of hCNP 2 (hgEco-2) having a length of ca. 2 
kbp hybridized with the pC cDNA probe. 

20 

B. Determining the base sequence of hgEco-2 DNA fragment 

[0026] In order to determine the base sequence of the hgEco-2 DNA fragment, the latter was first subcloned in a 
plasmid vector pUC 118 (Takara Shuzo Co., Ltd.) at the Eco RI site to prepare pUC hCNP 2. The pUC hCNP 2 was then 
cleaved with a suitable restriction enzyme and the resulting DNA fragment was subcloned in M13 phage. The base 
sequence of the hgEco-2 DNA fragment was determined by the dideoxy method. 

25 [0027] As a result, it was found that the DNA fragment of interest encoded part of the human CNP gene. 

Example 4: Isolation of chromosomal gene coding for the entire region of human CNP precursor protein 

[0028] Using the nitrocellulose filter conditioned by the method described in Example 1, plaque hybridization was 
30 performed under the conditions described below. The probe to be used was prepared by marking the hCNP 2 derived 

hgEco-2 (ca. 2 kbp) with [a-32P] dCTP by nick translation. The thus prepared probe is hereunder designated hgEco-2 DNA. 
[0029] First, a prehybridization solution [3 x SSC; 1 x Denhardt's solution (consisting of albumin, polyvinyl pyrrolidone 
and Ficoll, each weighing 0.2 mg/mC); salmon sperm DNA 50 µg/mt'; 0.1 % SOS] was added to the nitrocellulose filter 
and prehybridization was conducted at 65°C for 3 hours. Then, using 106 cmp of the hgEco-2 DNA probe and 1 m of 

35 the prehybridization solution for two sheets of the nitrocellulose filter, hybridization was performed overnight at 65°C. 

40 

Subsequently, the filter was washed three times with a 3 x SSC solution containing 0.1 % SOS, each washing done at 

65°C for 30 minutes; the washed filter was dried with air and subjected to autoradiography at-80°C for 24 h. By screening 
ca. 5 x 105 clones in this way, five clones hybridizing with the hgEco-2 DNA probe were obtained. One of those clones 
was named "lhCNP1" and subjected to analyses in the subsequent stages. 

Example 5: Analysis of lhCNP1 phage DNA and determination of its DNA base sequence 

A. Analysis of lhCNP1 phage DNA 

45 [0030] DNA was prepared from the lhCNP1 phage in the usual manner. Subsequently, the phage DNA was cleaved 

with a restriction enzyme Eco RI and the resulting DNA fragment was separated and analyzed by electrophoresis on an 
agarose gel. As a result, the lhCNP1 was found to be a phage containing a human chromosomal gene of ca. 15 kbp 
or more. Analysis by Southern blotting using the hgEco-2 DNA probe showed that the Eco RI DNA fragment (hgEco-1) 

of ca. 4 kbp hybridized with the hgEco-2 DNA probe. Hence, the base sequence of this DNA fragment which hybridized 
50 with the hgEco-2 DNA fragment was determined by the following method. 

B. Determining the base sequence of hgEco-1 DNA fragment 

[0031] In order to determine the base sequence of the hgEco-1 DNA fragment, the latter was first subcloned in a 
55 plasmid vector pUC 118 (Takara Shuzo Co., Ltd.) at the Eco RI site to prepare pUC CNP1. The pUC CNP1 was then 

cleaved with a suitable restriction enzyme and the resulting DNA fragment was subcloned in M13 phage. The base 
sequence of the DNA fragment of interest was determined by the dideoxy method. The region of the base sequence 
determined by the method described above is shown by solid arrows in Fig. 1. 

5 
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[0032] In a separate step for determining the base sequence of the lower strand of the hgEco-1 DNA fragment (hgEco-

1 ), the latter was first subcloned in a phage vector M13 mp18 at the Eco RI site to prepare M13 hCNP1. Then, with this 

M13 hCNP1 used as a template, the base sequence of the DNA fragment of interest was determined by the dideoxy 
method using a universal primer and the oligonucleotide primer that was synthesized chemically on the basis of the 

5 already determined base sequence. The region thus determined is shown by dashed arrows in Fig. 1. The base sequence 

determined by the method described above was combined with the base sequence of the hgEco-2 DNA fragment to 

complete the whole base sequence of the hgEco-1 DNA fragment. The completed base sequence and the amino acid 

sequence to be coded in the exon site as predictable from said base sequence are shown in Fig. 2. 

10 Example 6: Chemical synthesis of hCNP-53 

[0033] The hCNP-53 was synthesized by a solid-phase method with a peptide synthesizer of Applied Biosystems Co. 

It was thereafter deprotected with hydrogen fluoride to form an intramolecula1· S-S bond, followed by purification. 

[0034] The results of amino acid sequencing of the final pure product and the data of amino acid analysis are shown 

it> in Tables 1 and 2, respectively. Those results and data proved positively that the chemically synthesized hCNP-53 was 

exactly the intended product. Table 1 shows the yields of PTH-amino acids as obtained for successive cycles of analysis 

on the chemically synthesized hCN P-53 by the Edman method. In Table 1, each amino acid is designated by a single 

letter. Table 2 shows the data of amino acid analysis on the chemically synthesized hCNP-53. 

20 Table 1 Amino Acid Sequence Analysis of Synthetic Human CNP-53 

Cycle No. Cycle No. 

D 349.8 pmol 28 A 1621.0 

2 L 4000.6 29 N 418.3 

?5 3 R 105.9 30 K 1910.6 

4 V 3060.8 31 K 1164. 7 

5 D 292.0 32 G 771.0 

6 T 851.1 33 L 1277.0 

7 K 2860.4 34 s 159.7 
30 8 s 595.3 35 K 1204.8 

9 R 290.6 36 G 552.8 

10 A 2761.5 37 C ND 

11 A 2714.6 38 F 998.2 

3!:> 12 w 1038.4 39 G 668.2 

13 A 2386.8 40 L 959.6 

14 R 151.6 41 K 634.2 

15 L 2628.7 42 L 1251.3 

16 L 2701.2 43 D 141.1 
10 17 Q 762.3 44 R 339.1 

18 E 418.7 45 778.9 

19 H 71.0 46 G 702.7 

20 p 758.0 47 s 163.2 

4!:> 
21 N 478.6 48 M 420.9 

22 A 1322.9 49 s 68.8 

23 R 138.9 50 G 430.1 

24 K 1176.9 51 L 408.6 

25 y 678.9 52 G 223.7 
50 26 K 1204.6 53 C ND 

27 G 1674.0 

55 Table 2 Amino Acid Composition Analysis of Synthetic Human CN P-53 

Amino acid Found Calculated 

Asx 4.95 5 

6 
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(continued) 

Amino acid Found 

Thr 0.92 

Ser 3.59 

Glx 2.06 

Gly 7.04 

Pro 1 .01 

Ala 4.90 

1 /2Cys 1.21 

Val 0.97 

Met 0.97 

lie 0.99 

Leu 7 

Tyr 0.97 

Phe 1.02 

Lys 6.92 

His 0.97 

Trp ND 

Arg 5.04 

Examply 7: Measurement of the Physiological Activities of hCNP-53 

A. Chick rectum relaxant activity of hCNP-53 

Calculated 

4 

2 

7 

1 

5 

2 

1 

7 

1 

7 

5 

[0035] A chick rectum relaxant activity measurement was conducted in accordance with the method of Currie et al. 
described in Nature, 221, 1 - 13, 1983. The EC50 of hCNP-53 was found to be 0.87 ± 0 1 nM which was about three 

times as high as the activity of cx-ANP. 

B. Natriuretic and hypotensive actions of hCNP-53 

[0036] The natriuretic and hypotensive actions of hCNP-53 were measured in accordance with the method of DeBold 
et al. described in Life Sci., 28, 89 - 94, 1981. As a result, it was found that hCNP-53, when administered in a dose of 

100 nmol/kg, increased the urine clearance by 2.5 times while reducing the blood pressure by 10%. 
[0037] As described on the foregoing pages, the present inventors isolated part of the hCNP gene from a human 
chromosomal gene library using pCNP cDNA as a probe. With the isolated hCNP gene being used as a probe, a gene 
coding for the whole region of the hCNP precursor was successfully isolated. The isolated gene also contained the 

promoter region of hCNP. As a result, it was verified that a gene coding for CNP also existed in humans as well as in 

pigs. Further, the whole structure of the hCNP precursor protein was determined. As in pigs, the hCNP precursor protein 
was composed of 126 amino acid residues and contained at the C-terminus the amino acid sequences that corresponded 
to pCN P-53 and pCN P-22 isolated from porcine brain. Since the amino acid sequences of those peptides at the processing 
site were in complete agreement between porcine and human, it is predicted that those peptides would also be biosyn­
thesized in humans through a pathway similar to that involved in pigs and that they would work as hormones or nerve 
transmitters that regulate the homeostatic balance of body fluid volume and blood pressure in vivo. 

[0038] What is worth particular note in the present invention is that the hCNP-53 was found to be structurally different 
from pCNP-53 in two positions of the amino acid sequence. The present inventors therefore synthesized hCNP-53 
chemically and checked its physiological activities in terms of chick rectum relaxant action, as well as natriuretic and 

hypotensive actions. As a result, hCNP-53 proved to be a physiologically active peptide. This will bear great importance 
on the application of peptides of the CNP family to pharmaceuticals. For instance, if pCNP-53 which is structurally 
different from hCNP-53 is used as a pharmaceutical, it will probably be recognized as foreign matter in the human body 

to cause antibody production. As a consequence, the activity of pCNP-53 may be neutralized or nephrotoxicity may be 
caused by an antigen-antibody complex. Further, pCNP-53 may have less affinity for the CNP receptor of human cells 
than hCNP-53 does and, in that case, the action per se of pCNP-53 may be attenuated. These problems are absent 
from hCNP-53 and the same is true for other peptides that can be biosynthesized from the hCNP precursor protein 

[between positions 24 and 102 of the primary amino acid sequence of prepro hCNP, there are at least 9 lysine residues 
(in positions 24, 30, 51, 52, 55, 65, 89, 97 and 99) and at least 8 arginine residues (in positions 33, 68, 70, 73, 76, 82, 

7 
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87 and 96) and pro hCNP can be cleaved by processing enzymes in vivo at specific positions on the C-terminal side of 
those basic amino acid residues to increase the likelihood that there exist in vivo those peptides which have additional 
amino acids attached to the N-terminus of hCNP-22 and hCNP-53]. 
[0039] It has also been found that the gene of the hCNP precursor protein shown in Fig. 2 contains not only the 

5 structural gene region coding for that protein but also the promoter region which expresses that structural gene. By 
linking, for example, the gene of CAT (chloramphenicol acetyl transferase) to an area downstream of this promoter 
region and by transducing the combination into a suitable human cell, it becomes possible to closely study the mechanism 

behind the regulation of hCNP expression. 
[0040] Hence, the information obtained by the present invention concerning the chromosomal gene of the hCNP 

10 precursor protein and its primary amino acid sequence will make great contributions not only to future studies for un­

ravelling the mechanism behind the biosynthesis and physiological actions of CNPs in humans but also to the efforts to 
establish pharmaceutical applications of peptides assignable to the CNP family. 

15 

SEQUENCE LISTING 

[0041] 

<110> Daiichi Asubio Pharma. Co., Ldt. 

20 <120> Human CNP gene and precursor protein 

25 

<130> PED-11-2EPB 

<160> 7 

<170> Patentln version 3.1 

<210> 1 
<211> 53 

30 <212> PRT 

<213> Homo sapiens 

<400> 1 

35 

Asp Leu Arg val Asp Thr Lys Ser Arg Ala Ala Trp Ala Arg Leu Leu 
1 5 10 15 

40 
Gln Glu His Pro Asn Ala Arg Lys Tyr Lys Gly Ala Asn Lys Lys Gly 

20 25 30 

Leu Ser Lys Gly Cys Phe Gly Leu Lys Leu Asp Arg Ile Gly Ser Met 
35 40 45 

45 

Ser Gly Leu Gly cys 
50 

50 <210> 2 
<211>159 
<212> DNA 
<213> Homo sapiens 

55 <400> 2 

8 
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gacctgcgcg tggacaccaa gtcgcgggca gcgtgggctc gccttctgca agagcacccc 60 

aacgcgcgca aatacaaagg agccaacaag aagggcttgt ccaagggctg cttcggcctc 120 

5 aagctggacc gaatcggctc catgagcggc ctgggatgt 159 

<210> 3 
<211 > 4258 

10 <212> DNA 
<213> Homo sapiens 

<220> 

<221 > CDS 
15 <222> (1722) .. (1811) 

<223> 

<220> 
<221 > CDS 

20 <222> (2256) .. (2543) 

<223> 

<400> 3 

25 -

gaattcctgt ttcctaagca aagtgacctg tgtagtggtt gctccaatgt tgtgagtcag 60 

ggtatgagag tgggaagggg tagcctgaga aaggtgccga cagagcagac catgatgcgg 120 

30 

35 

40 

45 

50 

55 

9 
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ccgccttagc agctctggga ccaggctcac taccacggag ggaagaggga ggcttggagg 180 

gaacctggtt ctccaagccc ctcttcactc cagttgcctt cctgcctcag gcacagcttc 240 

ctctccctgg aaaatctcgt ctgggctact gtctccccag aatcgccttc acgcctgggg 300 

acagccactg cactcctgcg gcaacatttg ttctctctcc agcctgcgtc ctgctcagca 360 

gcagccagtc atagattcct gctcttcaat caattcgggg gatctgggct ctccgcctct 420 

gcggcccaca ccgcagtgcc caaatgccca ccacactcct tagtgtccaa gggaccgaga 480 

agcccagtgc aaggagagca agttcgtgag tggtagggat atgtggccat gtcccgagag 540 

ccacggggac ctctctacag tcaaaaacgg gaagttgacc acctgtcacg gctggcagag 600 

gctggactgg gccgctggct aggaagctct ctccccagcc tgtgaaagtg cacaggatac 660 

tggagcgggc ttccccagca gcggatcctc gcgtgggtgc aggcaaggtc aggtgcgcat 720 

tgttcccaca gagggagttc accagcggag tcagaccccg ggacgttctg tgtggccgaa 780 

accggctgaa cgtgaaccta gagcagtaac tggcgagcat acgatgccgc ggagcacacg 840 

catgagcatg aatatcttgg ttccgcgctc gcagtcccct cgttcccgcc ttgcgctcaa 900 

acactcaggc tggcgacacc cctgcactct ccagtgtgga agacttgcgc tcccccctgc 960 

25 ggcccaggcg aaccccgctc tccctgcgcc tcccacccca gtcctccaac cccatcctct 1020 

gcctcccaac ctaacgacgt cgctgtggtc tgcgtcccgc cctgaccggc aggtgaaagg 1080 

cggagctgca atgccatccc gcggctgtca ggtgcccagg gaagagtttg gcgacaagca 1140 

30 gggctgcgtg gatttcgggc agcgccaact ttctgcctgt atgactttgg gcaagtgact 1200 

teattectct gagcctgtct ttgcacctgc aaagagggct acgtatccct tccaggtaga 1260 

gtgagtgcga tgaggaccta gtgggtgcac aagggcacca aggcgcaccg atgctcggca 1320 

35 

40 

ggccagggcg cgcgctcgct gcaaatggag ttcccctgtg cgctcagctc tgcagctcea 1380 

agtgcagcct ggagcgagcc egccgagccg cgggatccct ccggggtggg ataagggagg 1440 

ggagcccccg cggccccctc ccggccctcg gcgcggccgc gtgcgtggtg tcattggccc 1500 

gggcggcccg gtgggcggga ggatgacatc agcggcaggt tggattataa aggcgcgagc 1560 

agagtcacgg gctcagagcg cacccagccg gcgccgegca gcactgggac cctgctcgcc 1620 

ctgcagccca gccagcctgc tccgcatccc cctgctggtc tgcccgccga cctgcgcgcc 1680 

ctcgctgccg cccgtgtgcg cccctcgacc ccagcggcac c atg cat etc tee cag 1736 
~ Met His Leu Ser Gln 

50 

55 

1 5 

ctg ctg gee tgc gee ctg ctg etc acg ctg etc tee etc egg ccc tee 1784 
Leu Leu Ala cys Ala Leu Leu Leu Thr Leu Leu ser Leu Arg Proser 

10 15 20 

gaa gee aag ccc ggg gcg ccg ccg aag gtgggtgctg tcgtggggac 
Glu Ala Lys Pro Gly Ala Pro Pro Lys 

25 30 

gccgagcctg ggagaggcgt gggaggctgg gggcttggag aatgcggcgc gcaggaccca 

1831 

1891 

ggagagaggg aaggcaggcg gctgtctcct ccgagatgcg cgtgggcgag agccggggag 1951 

10 
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ccctcgaagc gcggattcgg gggtccactt ctccagcctc cggagaacat cggcccatgc 2011 

gcagccccct accccagtgt ggcctgcccg gcgagcagca aagggagggc agggggcttc 2071 

cggagggagc ggcgaaggcg gccgcgtggc aggtggatgc ggggccaagc tggccggcat 2131 

cggtgggggc ggctctgggc ttgggaggga caccccgcgc cggcgggcgc gtggggctgg 2191 

agcatcagag tcccccgtgc tgcagccgcg tgtcccttca cctgceegct ctttcctcgg 2251 

acag gtc ccg cga ace ccg ceg gca gag gag ctg gee gag ecg cag get 
val Pro Arg Thr Pro Pro Ala Glu Glu Leu Ala Glu Pro Gln Ala 

35 40 45 

geg ggc ggc ggt cag aag aag ggc gac aag get ccc ggg ggc ggg ggc 
Ala Gly Gly Gly Gln Lys Lys Gly Asp Lys Ala Pro Gly Gly Gly Gly 

50 55 60 

gee aat etc aag ggc gac egg tcg cga ctg etc egg gac ctg cgc gtg 
Ala Asn Leu Lys Gly Asp Arg Ser Arg Leu Leu Arg Asp Leu Arg val 

65 70 75 

gae ace aag tcg egg gca gcg tgg get cgc ctt ctg caa gag cac ccc 
Asp Thr Lys Ser Arg Ala Ala Trp Ala Arg Leu Leu Gln Glu His Pro 

80 85 90 

aac gcg cgc aaa tac aaa gga gee aac aag aag ggc ttg tee aag ggc 
Asn Ala Arg Lys Tyr LYS Gly Ala.Asn LYS Lys Gly Leu Ser Lys Gly 

95 100 105 

tgc ttc ggc etc aag ctg gac cga ate ggc tee atg age ggc ctg gga 
Cys Phe Gly Leu Lys Leu Asp Arg Ile Gly Ser Met Ser Gly Leu Gly 
110 115 120 125 

tgt tagtgcggeg ccccctggcg gcggtgagta cggcccaccc gacgcccagc 
cys 

2300 

2348 

2396 

2444 

2492 

2540 

2593 

cccagcccgg cccgggaecg cccgccgccc agceagcctt cggaggegcg cgagccgcct 2653 

ttgctcaagt tgtgctaggc gtttgccagc cgcccccttt attatcccac tttacagaca 2713 

aagaaagcga aggataacgt gatcggggaa ctttggeaag gtcagaaaeg gctcagcctg 2773 

gttgaaccca cctggcttct tctggagaag cagaaacagg cttggtggtg tctcacccae 2833 

ccctgaaccg tagctgaact agcageactg gcccetattg gceagctggt ggggggattg 2893 

agaggagatc atgggtttgt gggagcagag aaggaaggtt aeacccacaa gtccagggga 2953 

catcgateat ctgctggcca ccatgececc tgtagtgaga gtagccctct gctggcactg 3013 

tcagagcgcc cttctgcctg ggacactccg attectgtcc cttctetaaa cccaggcagt 3073 

gggcaaactg gtctgtccag ggtcctgagg cagctgcagc ctggtggctt cgggggtgaa 3133 

tctcagtgct tgtggcacta tttcagggaa taggaaagac actaaagtaa atattatttg 3193 

ccccagcetc gaactcaaca cgtcccagag tccctcacca accctgteec gacccaaccg 3253 

gtgctetggg ctccgtttct ggtgtggggt ctcaccccgc actagggctg gaaacctctg 3313 

cectaccgcc accccctgcc gggtgccgcg tggtggtaat ttactgctgc agagagcctc 3373 

acctctcctc tttccctcct ctctattcct gccgcctgcc cgtgcccaet gaataacatc 3433 

ccagcetctg acattgacag tcatgtgcgt taggatcagg cttacctggc tttctcgctt 3493 
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tcttgcctcc agctcagcag ctgccactgc ctgtcccaca ccttgactgt cccatcccag 3553 

gctacgggca agctgctgtc ctccccagaa acccttgtca gtgtggatct tctcccggag 3613 

gaaacaagag cgcctgtcca gcacactgtc tcttttttac agtactgaac actttttcac 3673 

agtttgtgaa cccattcacc tctccatatt gaacagctta agggcgaagt gctggcctaa 3733 

ggcactctag gacccactgc accccgaaca gactcgtgga aatatttgtc aatgaccaga 3793 

gaaaccagca caccctggcc catggccact cccacctgcc cgaggtttta accagtgccc 3853 

ttcctctctt tgcagccaga cctcactcgg ctgtgggcct ctccccagtt ctgcaaaggc 3913 

tgtagttgtc tgtgatcttg actctcccct gcacagggag aagaatgatt ctgacacttg 3973 

gggaccagcc ttcagtagct acccttggaa tgcctttgct ctcttctctc ctgtctaaac 4033 

aacaaagaga cggagtctga ggcctcaaat tttcagtttg atttaagcat caagttcaaa 4093 

ctttagaacc tgagcaaatg ttagtgactc tccattggtt cgtacctgga atgcgcatcc 4153 

ccacaggggc tttgttcttg ggcctggctg tctgtggtca ccaagtgatg gccaaacggg 4213 

tggtgaaaga tgctgtgtag gaggaatcca cattgttaag aattc 4258 

25 <210> 4 
<211> 30 
<212> PRT 
<213> Homo sapiens 

30 <400> 4 

Met His Leu Ser Gln Leu Leu Ala Cys Ala Leu Leu Leu Thr Leu Leu 
1 5 10 15 

35 

Ser Leu Arg Pro Ser Glu Ala LYS Pro Gly Ala Pro Pro Lys 
20 25 30 

40 <210> 5 

<211> 96 
<212> PRT 
<213> Homo sapiens 

45 <400> 5 

50 

55 

12 
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val Pro Arg Thr Pro Pro Ala Glu Glu Leu Ala Glu Pro Gln Ala Ala 
1 5 10 15 

5 Gly Gly Gly Gln Lys Lys Gly ASP Lys Ala Pro Gly Gly Gly Gly Ala 
20 25 30 

Asn Leu Lys Gly Asp Arg Ser Arg Leu Leu Arg Asp Leu Arg val Asp 
35 40 45 

10 

Thr Lys Ser Arg Ala Ala Trp Ala Arg Leu Leu Gln Glu His Pro Asn 
50 55 60 

15 Ala Arg Lys Tyr Lys Gly Ala Asn Lys Lys Gly Leu Ser Lys Gly Cys 
65 70 75 80 

20 Phe Gly Leu Lys Leu Asp Arg Ile Gly Ser Met Ser Gly Leu Gly cys 
85 90 95 

<210> 6 
25 <211 > 378 

<212> DNA 
<213> Homo sapiens 

<220> 
30 <221 > CDS 

<222> (1 ) .. (378) 

<223> 

<400> 6 
35 

40 

45 

50 

55 
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atg cat etc tee cag ctg ctg gee tgc gee etg ctg etc acg ctg etc 48 
Met His Leu ser Gln Leu Leu Ala Cys Ala Leu Leu Leu Thr Leu Leu 
1 5 10 15 

5 tee etc egg CCC tee gaa gee aag CCC gqg gcg ceg ecg aag gtc ccg 96 
Ser Leu Arg Pro Ser Glu Ala Lys Pro G y Ala Pro Pro Lys val Pro 

20 25 30 

cga ace ccg ccg gca gag gag ctg gee gag ceg eag get gcg g~c gvc 144 
Arg Thr Pro Pro Ala Glu Glu Leu Ala Glu Pro Gln Ala Ala G y G y 

10 35 40 45 

gr cag aag aag gTc gac aag get ccc glg g1c gTg gr gee aat etc 192 
G y Gln Lys Lys G y Asp Lys Ala Pro G y G y G y G y Ala Asn Leu 

50 55 60 

15 aag gTc gac egg tcg cga ctg etc egg gac ctg egc gt1 gac ace aag 240 
Lys G y Asp Arg ser Arg Leu Leu Arg Asp Leu Arg va Asp Thr Lys 
65 70 75 80 

tcg egg gca gcg tgg get cgc ett ctg caa gag cac ccc aac gcg cgc 288 
Ser Arg Ala Ala Trp Ala Arg Leu Leu Gln Glu His Pro Asn Ala Arg 

85 90 95 
20 

aaa tac aaa g1a gee aac aag aag 91c ttg tee aag gTc tgc ttc grc 336 
Lys Tyr Lys G y Ala Asn Lys Lys G y Leu Ser Lys G y Cys Phe G y 

100 105 110 

etc aag ctg gac cga ate g1c tee atg age 91c ctg g1a tgt 378 
25 Leu Lys Leu Asp Arg Ile G y Ser Met Ser G y Leu G y cys 

115 120 125 

<210> 7 
30 <211>126 

<212> PRT 
<213> Homo sapiens 

<400> 7 
35 

Met His Leu Ser Gln Leu Leu Ala cys Ala Leu Leu Leu Thr Leu Leu 
1 5 10 15 

40 Ser Leu Arg Pro Ser Glu Ala Lys Pro Gly Ala Pro Pro Lys val Pro 
20 25 30 

Arg Thr Pro Pro Ala Glu Glu Leu Ala Glu Pro Gln Ala Ala Gly Gly 
45 

35 40 45 . 

50 

55 
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Gly Gln Lys Lys Gly Asp Lys Ala Pro Gly Gly Gly Gly Ala Asn Leu 
so 55 60 

5 

Lys Gly Asp Arg Ser Arg Leu Leu Arg Asp Leu Arg val Asp Thr Lys 
65 70 75 80 

10 Ser Arg Ala Ala Trp Ala Arg Leu Leu Gln Glu His Pro Asn Ala Arg 
85 90 95 

Lys Tyr Lys Gly Ala Asn Lys Lys Gly Leu Ser Lys Gly cys Phe Gly 
100 105 110 

15 

Leu Lys Leu Asp Arg Ile Gly Ser Met Ser Gly Leu Gly Cys 
115 120 125 

20 

Claims 

1. A polypeptide consisting of amino acid residues 1 to 53 with the following amino acid sequence 
25 

Asp Leu Arg Val Asp Thr Lys Ser Arg Ala 
Ala Trp Ala Arg Leu Leu· Gln Glu His Pro 

30 Asn Ala Arg Lys Tyr Lys Gly Ala Asn Lys 
Lys Gly Leu Ser Lys Gly Cys Phe Gly Leu 
Lys Leu Asp Arg Ile Gly Ser Met Ser Gly 
Leu Gly Cys 

35 

2. A polypeptide as depicted in claim 1 which is deficient of the peptide at the N-terminus because it is cleaved between 
any two adjacent amino acid residues in the amino acid sequence between amino acids Asp(1) to Ala (28). 

40 3. A DNA coding for a polypeptide according to claim 1 or 2. 

4. A DNA according to claim 3, which has the following base sequence. 

45 GAC CTG CGC GTG GAC ACC AAG TCG CGG GCA 
GCG TGG GCT CGC CTT CTG CAA GAG CAC CCC 
AAC GCG CGC AAA TAC AAA GGA GCC AAC AAG 

50 AGG GGC TTG TCC AAG GGC TGC TTC GGC CTC 
AAG CTG GAC CGA ATC GGC TCC ATG AGC GGC 

CTG GGA TGT 

55 

15 
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Patentanspriiche 

1. Polypeptid, bestehend aus Aminosaureresten 1 bis 53 mit der folgenden Aminosauresequenz: 

5 

Asp Leu Arg Val Asp Thr Lys Ser Arg Ala 

Ala Trp Ala Arg Leu Leu Gln Glu His Pro 

Asn Ala 
10 

Arg Lys Tyr Lys Gly Ala Asn Lys 

Lys Gly Leu Ser Lys Gly Cys Phe Gly Leu 

Lys Leu Asp Arg Ile Gly Ser Met Ser Gly 

Leu Gly Cys 
15 

2. Polypeptid wie in Anspruch 1 dargestellt, dem das Peptid am N-Terminus fehlt, da es zwischen irgendwelchen zwei 
benachbarten Aminosaureresten in der Aminosauresequenz zwischen Aminosauren Asp(1) bis Ala(28) geschnitten 
ist. 

20 

3. DNA, die fur ein Polypeptid gema.B Anspruch 1 oder 2 codiert. 

4. DNA gema.B Anspruch 3, welche die folgende Basensequenz hat: 

25 

GAC CTG CGC GTG GAC ACC A.AG TCG CGG GCA 

GCG TGG GCT CGC CTT CTG CA.A GAG CAC CCC 

A.AC GCG CGC AA.A TAC AA.A GA.A GCC A.AC A.AG 
30 

AGG GGC TTG TCC A.AG GGC TGC TTC GGC CTC 

A.AG CTG GAC CGA ATC GGC TCC ATG AGC GGC 

CTG GGA TGT 
35 

Revendications 

40 1. Polypeptide constitue des residus d'acides amines 1 a 53 avec la sequence d'acides amines suivante 

Asp Leu Arg Val Asp Thr Lys Ser Arg Ala 
Ala 

45 
Trp Ala Arg Leu Leu· Gln Glu His Pro 

Asn Ala Arg Ly~ Tyr Lys Gly Ala Asn Lys · 
Lys Gly Leu Ser Lye Gly Cys Phe Gly Leu 
Lys Leu Asp Arg Ile Gly Ser Met Ser Gly 

50 Leu Gly Cys 

2. Polypeptide selon la revendication 1 qui est deficient du peptide a l'extremite N-terminale parce qu'il est clive entre 
deux residus d'acides amines adjacents quelconques dans la sequence d'acides amines entre les acides amines 

55 Asp(1) et Ala(28). 

3. AON codant pour un polypeptide selon la revendication 1 ou 2. 

16 
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4. AON selon la revendication 3 qui a la sequence de bases suivante 

GAC CTG CGC GTG GAC ACC AAG TCG CGG &cA 
5 GCG TGG GCT CGC C'r'l' CTG CAA GAG CAC CCC 

AAC GG:G CGC AAA TAC AAA GGA GCC AAC MG 

AGG GGC TTG TCC AAG GGC TGC TTC GGC CTC 

AAG CTG GAC CGA ATC GGC TCC ATG AGC GGC 
10 

CTG GGA TGT 

15 

20 

25 

30 

35 

40 

45 

50 

55 
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I 
I I 

GAATTCCTGT1.TTCCTA.AGC~GTGACCTG~GTAGTGGTTGCTCC 

AATGTTGTGAGTCAGGGTATGAGAGTGGGAAGGGGTAGCCTGAGA 

AAGGTGCCGACAGAGCAGACCATGATGCGGCCGCCTTAGCAGCTC 

90 

180 TGGGACCAGGCTCACTACCACGGAGGGAAGAGGGAGGCTTGGAGG 

GAACCTGGTTCTCCAAGCCCCTCTTCACTCCAGTTGCCTTCCTGC 

CTCAGGCACAGCTTCCTCTCCCTGGAAAATCTCGTCTGGGCTACT 270 

GTCTCCCCAGAATCGCCTTCACGCCTGGGGACAGCCACTGCACTC 

CTGCGGCAACATTTGTTCTCTCTCCAGCCTGCGTCCTGCTCAGCA 360 

GCAGCCAGTCATAGATTCCTGCTCTTCAATCAATTCGGGGGATCT 

GGGCTCTCCGCCTCTGCGGCCCACACCGCAGTGCCCAAATGCCCA 450 

CCACACTCCTTAGTGTCCAAGGGACCGAGAAGCCCAGTGCAAGGA 

GAGCAAGTTCGTGAGTGGTAGGGATATGTGGCCATGTCCCGAGAG 540 

CCACGGGGACCTCTCTACAGTCAAAAACGGG~.AGTTGACCACCTG 

TCACGGCTGGCAGAGGCTGGACTGGGCCGCTGGCTAGGAAGCTCT 630. 

CTCCCCAGCCTGTGAAAGTGCACAGGATACTGGAGCGGGCTTCCC 

CAGCAGCGGATCCTCGCGTGGGTGCAGGCAAGGTCAGGTGCGCAT 720 

TGTTCCCACAGAGGGAGTTCACCAGCGGAGTCAGACCCCGGGACG 

TTCTGTGTGGCCGAA.ACCGGCTGAACGTGAACCTAGAGCAGTA..~C 810 

TGGCGAGCATACGATGCCGCGGAGCACACGCATGAGCATGAATAT 

CTTGGTTCCGCGCTCGCAGTCCCCTCGTTCCCGCCTTGCGCTCAA 900 

ACACTCAGGCTGGCGACACCCCTGCACTCTCCAGTGTGGAAGACT 

TGCGCTCCCCCCTGCGGCCCAGGCGAACCCCGCTCTCCCTGCGCC 990 

TCCCACCCCAGTCCTCCA.~CCCCATCCTCTGCCTCCCA.ACCTAAC 

GACGTCGCTGTGGTCTGCGTCCCGCCCTGACCGGCAGGTGAAAGG 1080 

CGGAGCTGCAATGCCATCCCGCGGCTGTCAGGTGCCCAGGGAAGA 

GTTTGGCGACAAGCAGGGCTGCGTGGATTTCGGGCAGCGCCAACT 1170 

TTCTGCCTGTATGACTTTGGGCAAGTGACTTCATTCCTCTGAGCC 

TGTCTTTGCACCTGCAAAGAGGGCTACGTATCCCTTCCAGGTAGA 1260 

GTGAGTGCGATGAGGACCTAGTGGGTGCACA.AGGGCACC.'bi.AGGCG 

19 
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Fig. 2-2 
CACCGATGCTCGGCAGGCCAGGGCGCGCGCTCGCTGCAAATGGAG 1350 

TTCCCCTGTGCGCTCAGCTCTGCAGCTCCAAGTGCAGCCTGGAGC 

GAGCCCGCCGAGCCGCGGGATCCCTCCGGGGTGGGATAAGGGAGG 1440 

GGAGCCCCCGCGGCCCCCTCCCGGCCCTCGGCGCGGCCGCGTGCG 

TGGTGTCATTGGCCCGGGCGGCCCGGTGGGCGGGAGGATGACATC 1530 

AGCGGCAGGTTGGATTATAAAGGCGCGAGCAGAGTCACGGGCTCA 

GAGCGCACCCAGCCGGCGCCGCGCAGCACTGGGACCCTGCTCGCC 1620 

CTGCAGCCCAGCCAGCCTGCTCCGCATCCCCCTGCTGGTCTGCCC 

GCCGACCTGCGCGCCCTCGCTGCCGCCCGTGTGCGCCCCTCGACC 1710 

CCAGCGGCACCATGCATCTCTCCCAGCTGCTGGCCTGCGCCCTGC 

MetHisLeuSerGlnLeuLeuAlaCysAlaLeuL 

TGCTCACGCTGCTCTCCCTCCGGCCCTCCGAAGCCAAGCCCGGGG 1800 

euLeuThrLeuLeuSerLeuArgProSerGluAlaLysProGlyA 

CGCCGCCGAAGGTGGGTGCTGTCGTGGGGACGCCGAGCCTGGGAG 

laProProLys 

AGGCGTGGGAGGCTGGGGGCTTGGAGAATGCGGCGCGCAGGACCC 1890 

AGGAGAGAGGGAAGGCAGGCGGCTGTCTCCTCCGAGATGCGCGTG 

GGCGAGAGCCGGGGAGCCCTCGAAGCGCGGATTCGGGGGTCCACT 1980 

TCTCCAGCCTCCGGAGA.ACATCGGCCCATGCGCAGCCCCCTACCC 

CAGTGTGGCCTGCCCGGCGAGCAGCAAAGGGAGGGCAGGGGGCTT 2070 

CCGGAGGGAGCGGCGAAGGCGGCCGCGTGGCAGGTGGATGCGGGG 

CCA.AGCTGGCCGGCATCGGTGGGGGCGGCTCTGGGCTTGGGAGGG 2160 

ACACCCCGCGCCGGCGGGCGCGTGGGGCTGGAGCATCAGAGTCCC 

CCGTGCTGCAGCCGCGTGTCCCTTCACCTGCCCGCTCTTTCCTCG 2250 

GACAGGTCCCGCGA.ACCCCGCCGGCAGAGGAGCTGGCCGAGCCGC 

ValProArgThrProProAlaGluGluLeuAlaGluProG 
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Fig. 2-3 
AGGCTGCGGGCGGCGGTC~GAP-.G?~GGGCGACAAGGCTCCCGGGG 2340 

lnAlaAlaGlyGlyGlyGlnLysLysGlyAspLysAlaProGlyG 

GCGGGGGCGCCA.ATCTCA.;GGGCGACCGGTCGCGACTGCTCCGGG 

lyGlyGlyAlaAsnLeuLysGlyAspArgSerArgLeuLeuArgA 

ACCTGCGCGTGGACACC~~GTCGCGGGCAGCGTGGGCTCGCCTTC 2430 

spLeuArgValAspThrLysSerArgAlaAlaTrpAlaArgLeuL 

TGCAAGAGCACCCCAJI.CGCGCGCAAATACAAAGGAGCCAACAAGA 

euGlnGluHisProAsnAlaArgLysTyrLysGlyAlaAsnLysL 

AGGGCTTGTCCA.~GGGCTGCTTCGGCCTCAAGCTGGACCGA.ATCG 2520 

ysGlyLeuSerLysGlyCysPheGlyLeuLysLeuAspArg!leG 

GCTCCATGAGCGGCCTGGGATGTTAGTGCGGCGCCCCCTGGCGGC 

lySerMetSerGlyLeuGlyCys*** 

GGTGAGTACGGCCCACCCGACGCCCAGCCCCAGCCCGGCCCGGGA 2610 

CCGCCCGCCGCCCAGCCAGCCTTCGGAGGCGCGCGAGCCGCCTTT 

GCTC~~GTTGTGCTAGGCGTTTGCCAGCCGCCCCCTTTATTATCC 2700 

CACTTTACAGACAAF.Gµ~.Ji.GCGAAGGATAACGTGATCGGGGAACT 

TTGGC~~GGTCAGAAACGGCTCAGCCTGGTTGAACCCACCTGGCT 2790 

TCTTCTGGAGPJ:l.GCAG~~~CAGGCTTGGTGGTGTCTCACCCACCC 

CTGµ~CCGTAGCTGP~CTAGCAGCACTGGCCCCTATTGGCCAGCT 2880 

GGTGGGGGGATTGAGAGGAGATCATGGGTTTGTGGGAGCAGAGAA 

GGAAGGTTACACCCACAJ..GTCCAGGGGACATCGATCATCTGCTGG 2970 

CCACCATGCCCCCTGTAGTGAGAGTAGCCCTCTGCTGGCACTGTC 

AGAGCGCCCTTCTGCCTGGGACACTCCGATTCCTGTCCCTTCTCT 3060 

A~..ACCCAGGCAGTGGGC~~ACTGGTCTGTCCAGGGTCCTGAGGCA 

GCTGCAGCCTGGTGGCTTCGGGGGTGAATCTCAGTGCTTGTGGCA 3150 
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Fig. 2-4 

CTATTTCAGGGAATAGGAAAGACACTAAAGTAAATATTATTTGCC 

CCAGCCTCGAACTC~.ACACGTCCCAGAGTCCCTCACCAACCCTGT 3240 

CCCGACCCAACCGGTGCTCTGGGCTCCGTTTCTGGTGTGGGGTCT 

CACCCCGCACTAGGGCTGGAAACCTCTGCCCTACCGCCACCCCCT 3330 

GCCGGGTGCCGCGTGGTGGTAATTTACTGCTGCAGAGAGCCTCAC 

CTCTCCTCTTTCCCTCCTCTCTATTCCTGCCGCCTGCCCGTGCCC 3420 

ACTG~.ATAACATCCCAGCCTCTGACATTGACAGTCATGTGCGTTA 

GGATCAGGCTTACCTGGCTTTCTCGCTTTCTTGCCTCCAGCTCAG 3510 

CAGCTGCCACTGCCTGTCCCACACCTTGACTGTCCCATCCCAGGC 

TACGGGCAAGCTGCTGTCCTCCCCAGAAACCCTTGTCAGTGTGGA 3600 

TCTTCTCCCGGAGGAAACAAGAGCGCCTGTCCAGCACACTGTCTC 

TTTTTTACAGTACTGAACACTTTTTCACAGTTTGTGAACCCATTC 3690 

ACCTCTCCATATTGAACAGCTTAAGGGCGAAGTGCTGGCCTAAGG 

CACTCTAGGACCCACTGCACCCCGAACAGACTCGTGGAAATATTT 3780 

GTCAATGACCAGAGAAACCAGCACACCCTGGCCCATGGCCACTCC 

CACCTGCCCGAGGTTTTAACCAGTGCCCTTCCTCTCTTTGCAGCC 3870 

AGACCTCACTCGGCTGTGGGCCTCTCCCCAGTTCTGCAAAGGCTG 

TAGTTGTCTGTGATCTTGACTCTCCCCTGCACAGGGAGAAGA.ATG 3960 

ATTCTGACACTTGGGGACCAGCCTTCAGTAGCTACCCTTGGAATG 

CCTTTGCTCTCTTCTCTCCTGTCTAAACAACAAAGAGACGGAGTC 4050 

TGAGGCCTCAAATTTTCAGTTTGATTTAAGCATCAAGTTCAAACT 

TTAGAACCTGAGCAJl..ATGTTAGTGACTCTCCATTGGTTCGTACCT 4140 

GGAATGCGCATCCCCACAGGGGCTTTGTTCTTGGGCCTGGCTGTC 

TGTGGTCACCAAGTGATGGCCA.AACGGGTGGTGAA.AGATGCTGTG 4230 

TAGGAGGAATCCACATTGTTAAGA.ATTC 4258 
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1 10 20 
MetHisLeuSerGlnLeuLeuAlaCysAlaLeuLeuLeuThrLeuLeuSerLeuArgProSer 
ATGCATCTCTCCCAGCTGCTGGCCTGCGCCCTGCTGCTCACGCTGCTCTCCCTCCGGCCCTCC 

30 40 
GluAlaLysProGlyAlaProProLysValProArgThrProProAlaGluGluLeuAlaGlu 
GAAGCCAAGCCCGGGGCGCCGCCGAAGGTCCCGCGAACCCCGCCGGCAGAGGAGCTGGCCGAG 

50 60 
ProGlnAlaAlaGlyGlyGlyGlnLysLysGlyAspLysAlaProGlyGlyGlyGlyAlaAsn 
CCGCAGGCTGCGGGCGGCGGTCAGAAGAAGGGCGACAAGGCTCCCGGGGGCGGGGGCGCCAAT 

70 80 
LeuLysGlyAspArgSerArgLeuLeuArgAspLeuArgValAspThrLysSerArgAlaAla 
CTCAAGGGCGACCGGTCGCGACTGCTCCGGGACCTGCGCGTGGACACCAAGTCGCGGGCAGCG 

90 100 
TrpAlaArgLeuLeuGlnGluHisProAsnAlaArgLysTyrLysGlyAlaAsnLysLysGly 
TGGGCTCGCCTTCTGCAAGAGCACCCCAACGCGCGCAAATACAAAGGAGCCAACAAGAAGGGC 

110 120 126 
LeuSerLysGlyCysPheGlyLeuLysLeuAspArgileGlySerMetSerGlyLeuGlyCys 
TTGTCCAAGGGCTGCTTCGGCCTCAAGCTGGACCGAATCGGCTCCATGAGCGGCCTGGGATGT 
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