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FIG. 1. SDS-polyacrylamide gel electrophoresis of the puri­
fied human NEP. About 5 µg of each purified enzyme was applied 
to a 7.5% polyacrylamide gel. After running, the gel was stained 
for proteins with Coomassie brilliant blue G-250. The marker 
proteins for molecular weight determination were as follows: 
Escherichia coli ,6-galactosidase, M, 130 kDa; phosphorylase a, 
M, 94 kDa; bovine serum albumin, M, 68 kDa; ovalbumin, M, 
45 kDa. 

tion. After column chromatography, the specific ac­
tivity of NEP was 4.85 U/mg protein for Suc-Ala­
Ala-Ala-pNA. The apparent Mr of the enzyme was 
calculated to be 92 kDa (Fig. 1). Time-dependent 
degradation of the three natriuretic peptides by puri­
fied human NEP is shown in Fig. 2. Interestingly, 
hANP-28 and hCNP-22 were degraded at similar 
rates. Under the conditions we used, the half-lives 
of hANP-28 and hCNP-22 were 119 and 88 min, re­
spectively. However, hBNP-32 was only slowly hy-
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FIG. 2. Comparison of the rates at which NEP hydrolyzes to 
the three natriuretic peptides. Peptides were digested with puri­
fied human kidney NEP (40 ng) as described under Materials and 
Methods. At various time points , the reaction was stopped by 
heating, reduction, and alkylation, and the products were ana­
lyzed by HPLC. The percentage of degradation was calculated by 
the disappearance of the substrate peak. (.~) hANP-28; (0) hBNP-
32; and (e) hCNP-22. 

TABLE 1 
Kinetic Parameters for Hydrolysis of Natriuretic 

Peptides by Human NEP 

Km Vmax Keat Kea/Km 
Substrate (mM) (pmoUmin) (min- 1) (min- 1 mM- 1) 

hANP-28 28.3 38.5 145 5.12 
hBNP-32 102 43.2 54.3 0.532 
hCNP-22 12.4 66.1 97.4 7.85 

Note. The values were calculated from the disappearance of 
the substrate peak after HPLC. The incubation conditions are 
described under Materials and Methods. The time of incubation 
and the range of substrate concentration were 60 min and 0.01-
0.125 mM, respectively. Keat was calculated based on a molecular 
weight of 92,000. 

drolyzed by the enzyme, and about 80% of the sub­
strate remained even after incubation for 240 min. 
The kinetic parameters of NEP toward the three na­
triuretic peptides were also determined (Table 1). As 
indicated, hANP-28 and hCNP-22 were hydrolyzed 
with similar catalytic efficiency. The Vmax values 
were similar among the 3 peptides. However, owing 
to decreasing substrate affinity for hBNP-32, the 
Kearl Km value for hBNP-32 was significantly lower. 

NEP is known to primarily hydrolyze peptide 
bonds of hydrophobic amino acid residues, such as 
Phe, Trp, Tyr, Leu, Ile, Val, Ala, and Met. Further­
more, we found that the enzyme required at least 
a tetrapeptide, and cleavage occurred between the 
second and the third hydrophobic amino acids of the 
tetrapeptide unit (19) . NEP cleaves several biologi­
cally active peptides at specific sites (19). There are 
several potential sites at which NEP may cleave the 
three natriuretic peptides. In this study, we identi­
fied human NEP cleavage sites in the three natri­
uretic peptides. The peptide fragments produced by 
human NEP were separated by HPLC and the se­
quence of each peptide fragment was deduced from 
its amino acid composition (Fig. 3). Stephenson and 
Kenny cleaved hANP-28 with porcine kidney NEP 
and identified cleavage sites between Cys7-Phe8, 

Arg14-Ile15 , Gly16-Ala17 , and Ser25-Phe26 during incu­
bation (8) . Furthermore, Vanneste et al. found addi­
tional sites at Arg11-Met12, Gly20-Leu21, and at an 
unusual bond between Arg4 and Ser5 with human 
kidney NEP (11). NEP is usually inert toward bonds 
adjacent to Ser residues because of its high hydro­
philicity. In our study, the Arg4-Ser5 bond was also 
found to be hydrolyzed by human NEP, and our re­
sults from hANP-28 hydrolysis by human NEP agree 
with those observations made byVanneste et al. (11). 
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1: Lau-Gly-Cy•Asn-Ser 
2: Ser-Lw-Arg-Arg 

1: Val-Gln-Gly-$er-Gly-Cys-Phe-Gly-Arg-Lya-Met-AIp-Arg 1: Leu-Aap-Arg 
2: Phl-Oly 

3: Ser--Leu-Arg-Arg-S.r-8er-Cya 
2: lle-s.r..sar-sar-Ser-Gly-Leu-Gly-Cya-Lya-Val-Leu-Arg-Arg-Hla 
3: Val-01n-Gly..set-Gly-Cy1-Ph&-Gly-Arg-lya-Met-A1p-Arg-ll► 3: Leu-Gly-Cy1 

4: Ala-Gln-Ser-Gly-Leu-Gly-Cys-Aan-&w 
5: Phe-Gly-Gly-Arg-Mat-Aap-Arg 

5er-Ser-Ser--Ser-Gly-Leu-Gly-Cy•Lya-Val-Leu-Arg-Arg-Hla 
4: hBNP 

4: Giy-Leu-Ser-Ly1-GIy-Cya 
5: lle-Gly-Ser-Met-Ser-Gly 
6: Leu-Asp-Arg-lle-Gly-Ser 6, Phe-Gly-Gly-Af11 

7: Phe-Arg-Tyr 
a, Phe-Gly-Gly-Arg-Met-A11>Ar9~le-Gly-Ala-Glr>Ser-Gly 
9: Phe-Gly-Gly-Arg-Met-Aap-Arg-lle-Gly 

10: Phe-Gly-Gly-Arg-Met-Aap,-Arg- lle-Oly-Ala-Gln-Ser-Gly­
Leu- Gly-Cya-Aan-Ser-Phe-Arg-Tyr 

7: Leu.Ly.t.eu-Aap-Arg-11&-Gly-Ser-Met-Ser-Gly 
8: Leu--Lys-Leu-Asp-Arg-lle-Gly-Ser 
9, PIM>-Gly-l.eu-Lyo-Leu-A11>A'11 
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FIG. 3. Cleavage of the three natriuretic peptides by NEP. The reaction mixture contained 0.35 mM substrate, 10 mM Tris -HCl, 

pH 8.0, and purified NEP (300 ng for hANP-28 and hCNP-22, and 700 ng for hBNP-32) in a final volume of 50 µI. Incubations were 
carried out at 37°C for 2 h, except hBNP-32, which was incubated for 4 h . Products from the reaction mixture were separated by HPLC 
in an acetonitrile gradient in 0.07% (v/v) TFA. Stars indicate nonpeptide-related peaks derived from the reagents used for reduction 
and alkylation. Arrows on the peptide structures indicate the sites of cleavage. 

The cleavage sites of hBNP-32 have been reported 
by Norman et al. (20) with rat kidney enzyme and 
by Kenny et al. (21) with porcine kidney enzyme. In 
contrast to hANP-28, although hBNP-32 contains 
Cys-Phe at the beginning of the ring structure, the 
bond was not cleaved by human NEP. Our results 
indicate that hBNP-32 was cleaved at two sites, 
Met4-Va15 and Arg17-Ile18. This study is the first to 
determine of the NEP cleavage sites on hCNP-22. 
The fragments identified were derived from cleav­
ages at Cys6-Phe7, Gly8-Leu9, Lys10-Leu11 , Arg13-
Ile14, Ser16-Met17, and Gly19-Leu20. Although some 
peaks were formed and then disappeared during the 
incubation period, the first peak to emerge after the 
limited incubation period was peak 4 (Gly-Leu-Ser­
Lys-Gly-Cys). This suggests that like hANP-28, its 
primary cleavage site in hCNP-22 is between Cys6 
and Phe7 at the beginning of the ring structure. The 

ring structures of hANP-28 and hCNP-22 are essen­
tial for efficient hydrolysis by NEP. Reduction and 
alkylation of hANP-28 and hCNP-22 greatly de­
creased the degradation of the substrates (data not 
shown). Among the three natriuretic peptides, the 
hydrolysis rate of hBNP-32 by human NEP is sig­
nificantly lower than those of hANP-28 and hCNP-
22, and the Cys-Phe bond which is present in hBNP-
32 is not cleaved. 

NEP plays a role in the inactivation of BNP and 
ANP in the plasma; that is, NEP inhibitors in­
creased plasma levels of BNP in humans (22) and 
potentiated the renal activity of BNP in laboratory 
animals (23) . Mukoyama et al. reported that the 
time taken for half the plasma BNP to disappear 
was longer than for ANP and this was in part at­
tributed to the lower binding affinity of BNP than 
ANP to clearance receptors (24). Our results show 
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that the low Kearl Km value of hBNP-32 for NEP may 
also contribute to the slow clearance of BNP from 
the plasma. The low affinity of hBNP-32 for NEP 
may explain the insusceptibility of the Cys-Phe 
bond to cleavage by NEP. 
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