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Summary

Approximately 50-fold purification of angiotensin I-converting enzyme
(Peptidyldipeptide hydrolase, EC 3.4.15.1) from rabbit lung was achieved by
affinity chromatography using the synthetic substrate Hippuryl-His-Leu-OH.
The specific activity of the enzyme was increased from 0.044 units/mg protein
to 1.911 units/mg protein for Hippuryl-His-Leu-OH and from 0.33 nmol/
min per mg protein to 13.8 nmol/min per mg protein for angiotensin I.

Angiotensin I-converting enzyme (Peptidyldipeptide hydrolase, EC 3.4.15.1)
converts angiotensin I to angiotensin II by releasing the C-terminal sequence
residue (His-Leu-OH) of the decapeptides. This enzyme was first isolated from
horse plasma [1]. Ng and Vane pointed out the significance of the lung on the
metabolism of angiotensin I in vivo [2], and Cushman and Cheung reported
that high activity of the enzyme existed in the lung [3]. On the other hand, the
enzyme is thought to be capable of inactivating bradykinin and to be the same
enzyme as kininase II [4—6]. The characteristics of the physiological and
biological function of the enzyme in the lung has not been clearly established.
We have therefore attempted to purify the enzyme from rabbit lung by affini-
ty chromatography using the synthetic substrate Hippuryl-His-Leu-OH.

Methods and Results

Synthetic substrate Hippuryl-His-Leu-OH was coupled to agarose via its free
carboxyl group according to method described by Cuatrecasas [7].

Step 1. Sepharose 4B (10 ml of the wet gel) was activated by CNBr (1 g),
maintaining pH 11 with 2 M NaOH at 20°C. CNBr-acitvated Sepharose 4B was
washed immediately with 0.1 M borate buffer (300 ml), pH 9.0, at 0°C and
mixed with 0.5 M hexamethylenediamine in the same buffer (10 ml) at 4°C for
24 h.
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Step 2. The coupled Sepharose 4B (10 ml) was washed with dioxane (300
ml) and incubated with 100 umol Hippuryl-His-Leu-OH (obtained from the In-
stitute for Protein Research, Osaka Univ., Osaka, Japan) in dimethylfvimamide
(5 ml) and dioxane (5 ml) in the presence of dicyclohexylcarbodiimide (2 g)
at room temperature for 24 h. The coupling of the peptide to the gel was
carried out with gentle use of a magnetic stirrer. The gel was washed with 500
ml of ethanol, dioxane, dimethylformamide and then water to remove trapped
Hippuryl-His-Leu-OH. 1 ml of the wet gel was found to contain 5.0 umol ot
covalently bound Hippuryl-His-Leu-OH, which was determined by amino acid
analysis of an acid hydrolysate of the gel.

Enzyme assays

Angiotensin I-converting enzyme assay was performed by the spectrophoto-
metric method of Cushman and Cheung [8]. One unit of the enzyme activity
was defined as that amount of enzyme which hydrolyzed 1 umol Hippuryl-His-
Leu-OH per min at 37°C under the conditions described by them. Next, the
activity of angiotensin I-converting enzyme was determined by using angioten-
sin T as substrate. The reaction mixture, contained 0.4 ml of 100 mM potassium
phosphate buffer, pH 7.8, 0.5 ml of 5 uM angiotensin I in saline, 0.1 ml of the
enzyme solution and a few drops of 0.27 M diisopropylfuruolophosphate, was
incubated at 37°C for 10 min and stopped by boiling for 5 min. The angiotensin
II formed was assayed in isolated rat uterus [6].

Protein concentration was determined by the method of the Lowry et al.
[9]1.

Fresh rabbit lungs (30 g) were chopped into small pieces and suspended in
120 ml of 20 mM potassium phosphate buffer, pH 7.8, containing 0.25 M su-
crose. The suspension was homogenized in a Waring blendor for 4 min and
centrifuged for 20 min at 700 X g. The supernatant was centrifuged for 90 min
at 78 000 X g. The pellet was dissolved in 90 ml of 10 mM potassium phosphate
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Fig. 1. Hippuryl-His-Leu-Sepharose column chromatography (1.6 X 3 cm) of angiotensin I-converting en-

zyme from rabbit Jung. Sample applied: 8.2 mg protein, specific activity 0.044 units/mg protein. 1 unit

= 1 gmol hippurie acid /min/ml, Fraction volume: 3.25 ml. Solid line: absorbance at 280 nm. Broken line:

enzyme activity. The starting buffer was 10 mM potassium phosphate, pH 6.8.
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buffer, pH 7.8. The dissolved material was stirred with a magnetic stirrer for
1h in the presence of 2% Triton X-100 and 2 M urea, and then centrifuged for
90 min at 78 000 X g. The supernatant was concentrated to 50 m! with Amicon
PM 10 filter and dialysed overnight against 10 mM potassium phosphate buffer,
pH 6.8. The specific activity of the dialysed solution was 0.044 units/mg pro-
tein for Hippuryl-His-Leu-OH and 0.33 nmol/min/mg protein for angiotensin 1
(extract of 2% Triton X-100 and 2 M urea). This material was used for the af-
finity column chromatography.

The affinity column (1.6 X 3 cm) had been equilibrated with 10 mM potas-
sium phosphate buffer, pH 6.8. After the application of the sample (8.2 mg
protein), the column was washed with 500 ml of the same buffer to remove
detergent and with 0.5 M KCl in this buffer to exhaust proteins into eluate.
The fraction containing the angiotensin I-converting enzyme was eluted with
4 M urea whereupon the specific activity was increased to 1911 units/mg pro-
tein for Hippuryl-His-Leu-OH and to 13.8 nmol/min/mg protein for angiotensin
I. Recovery of the enzyme activity for Hippuryl-His-Leu-OH was approximate-
ly 80%. The elution pattern of the enzyme is indicated in Fig. 1.

Discussion

There have been several reports of the affinity chromatography of renin
using renin inhibitor. But the affinity chromatography of angiotensin I-convert-
ing enzyme has not been reported. We tried to carry out affinity chromatog-
raphy using the synthetic substrate Hippuryl-His-Leu-OH. An approximately
50-fold purification was achieved by this method. Das and Soffer reported
purification of the enzyme using affinity chromatography on ricin agglutinin
[10]. But their affinity column was specific for galactose residue and not for
angiotensin I-converting enzyme. The affinity chromatography of our method
was found to be a good procedure for purification of angiotensin I-converting
enzyme. Our data indicate that this column will facilitate purification work and
contribute to making clear the mechanism of the enzyme-substrate interaction.
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