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ABSTRACT. An enzyme capable of hydrolyvzing histidylleucine was purified 50 fold from hog
lung. The final preparation hydrolyzed 1.6 umoles of histidylleucime per minute par mg of protein.
The K, of the enzyme for the enzyme was found to be 2x 10-%AM. The enzyme was required a num-
ber of free dipeptides for the substrate specificity, and was inhibited by EDTA and 1, 10-phenan.
throline. The molecular weight of the enzyme was estimated to be 80, 000 daltons from sucrose den
ity gradient sedimentation analysis. The corrected sz, value was 5.38S.

that specifically splits off histidylleucine from an-

INTRODUCTION giotensin I, it would be of interest to see if lung
It is now evident that the conversion of angio- contains an enzyme which is capable of splitting

tensin I to angiotensin II occurs much more histidylleucine.

rapidly in the passage of blood through the lung
than in blood itself'™. The half-time is on the
order of 15 seconds in lung and about 3 minutes
in blood®€. If the mechanism of conversion is
the same in lung as in blood™>%, i.e. if the lung
contains the same kind of converting enzyme

The possible existence of such an enzyme is
also of interest in regard to the question of the
nature of the conversion that occurs in lung.
Converting enzyme has not actually heen de-
monstrated in lung tissue and there is some spe-

culation®® that the actual reaction may involve
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a kind of carboxypeptidase that sequentially remo-
ves leucine and then histidine from angiotensin
I. This suggestion is based upon the appearane
of *H-leucine as the principal metabolic product
arising from 5-Ileu, 10-Lea(H®) angiotensin I
(decapeptide} accounted for in two ways: (1)
aspecific converting enzyme cleaves histidyl-
leucine from angiotensin 1 and histidvllecucine is
in turn rapidly hydrolyzed by one or more other
enzymes. {2} a carboxypeptidase acts directly
on angiotensin I to release free leucine and pro-
duce a nonapeptide. The nonapeptide might itself
be active, Alternatively, the nonapeptide might
be further hydrolyzed to produce angiotensin I
and histidine.

Actually we have known for some time in
connection with other related work that lung
does contain a relatively large histidylleucine hy.
drolyzing activity and we report our findings in
this paper along with some properities of the

enzyme.

EXPERIMENTAL PROCEDURES

Enzyme Preparation. Frozen hog lung was
thawed and then homogenized in a Waring blen-
der with 5 volumes of 0.05 M sodium phosphate
buffer, pH7. 0 at5°. The homogenate was filtered
through cheesecloth and the cellular debris was
then removed by contrifugation at 13, 200 x g for
30 minutes. The centrifugate was filtered throu-
gh glass wool prior to ammonium sulfate fracti-
onation. The protein which precipitated between
1.8 M and 2. 2 M ammonium sulfate was collec
ted, dissolved in a minimum volume of 0.05 M
sodium phosphate buffer, pH 7.0 and then di-
alyzed against the same buffer at 5° until the
sulfate concentration was negligible. This crude
ammonium sulfate fraction was concentrated to
25 mg/m{ with an Amicon ultrafiltration system
employing a P-10 filter. The concentrated prepa-
ration was then passed on 2 2. 2emx 30 cm bed

of DEAE—cellulose column, Whatman DE-52,

seies ITI, -with a NaCl gradient from zero to Q. 5-
M in 0. 0531 sodium phosphate buffer, pH 7.0
(Fig. 1).

The active enzyme fractions were combined,
dialyzed against 0. 013 sodium phosphate buffer,
pH 7.0 and Iyophilized, The specific activity of
this final partially purified enzyme was obtained
as 1. 6 wmoles per minute per mg protein when it
was assayed using the synthetie substrate, His-
UC-Leu(UL),

Radicactive Assay for Histidyllemcire Clea-
vage. The ability of enzyme preparations to split
histidylleucine was measured by following the-
release of YC-leucine(UL) from histidyl-"#C-le-
ucine(UL). The standard assay mixture contained
20z of Q.1 ) sodium phosphate buffer, pH7;
204 of 11072 AL unlabeled histidylleucine; 5ul
of (0.75.<1073M) histidyl-¥C-leucine (UL) of
specific activity 0.45 millicuries/millimole: and 5
! of enzvme solutien(0. 1 mg/ml}. The incuba-
tions were carried out at 37° for 30~60 minutes .

after which the reactionmixtures were immedia-
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exchange chromatography.

Purification of hog lung dipoptidase by ion-

The crude enzyme
preparaticn was passed on 2, 2cm X 20 cm bed of
CEAE-cellulese colum with 2 NaCl gradient in
0. 017 phosphate buffer, pH 7.0. The flow rate
was 30 mi/hr. The enzyme activity was mesaur-
ed by radioactivity assay using His-"C-Leucine
{UL).

tely spotted on Whatman 3MM paper. High vol-
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tage paper electrophoresis was performed at
2,500 volts for 45 minutes in a pyridine-acetic
acid-vsater buffer (1:10:289 v/v), pH 3.6. The
extent of histidylleucine hydrolysis was determin-
ed from the amount of radiocativity present as
leucine and histidylleucine, Leucine and histidyll-
eucine migrated approximately 5 and 15cm,
respectively. The radicactivity present in each
spot was measured by counting 1x2cm sections
of the dried electrophoretogram for 10 minutes or
a pre-set error of 5% in 25 ml scintillation vials
with 10 m! of scintillation mixture(7g of PPO
and 0.45 g of POPOP/liter). A Beckman, LS-
250 Liquid Scintillation System was used. Portein
concentrations were determined by the method
of Lowry?,

Enzymic Hydrolysis of Peptides. The pepti-
de substrate at 2% 1073 M concentrations was in-
cubated in 50 pf of 0.01 M phosphate buffer, pH
6.4, containing 10 ¢ of enzyme preparation.
After incubation at 37° for 1 hr the
mixture was then diluted to 1.0 m! with sample

reaction

dilution buffer, pH 2.2, for application to the
amino acid analyzer. The JEOLCO amino acid
analyzer, model JLG-3AH was used for analy-
sis of the enzymic products(free amino acids)!?

Sucrose Density Gradient Centrifugation.
Sedimentation experiments were carried out as
described by Martin and Ames!*, One-tenth mi-
liliter of test enzyme or standard known enzyme
markers, catalase, cytochrome ¢ and alkaline
phosphatase, was applied to a 5% to 20 % su-
crose gradient in 0. 1Af Tris, pH 7.65, and cen-
trifugation was carried out at 38, 000 rpm for 18
hours at 5° using 2 SW 50 L rotor in a Model
L2 65 B Beckman Spinco Preparative Ultracent-
rifuge. The sedimentation velocity of the en-
zymes were measured by the enzyme activities
except for cytochrome ¢ which was measured by
absorption. Five to ten drop fractions were col-
lected from each tube after centrifugation, and

an aliquot of each fraction was analyzed for the
enzyme activity as described in the above. Se-
dimentation coefficients corrected to sy, values
obtained were compared to the reported values
and the approximate relationship of sedimentation
constant and molecular weight, (s5,/52)% %= (mol
wt;/mol wty) was used to determine the relati-
ve molecular weight of the histidylleucine cleav-

ing enzyme as compared to catalase®.

RESULTS and DISCUSSION

An enzyme capable of cleaving histidylleucine
was prepared from hog lung homogenate by
ammonium sulfate and further by Whatman DE-
52 ton exchange chromatography(Fig, 1). The
specific activity of the final partially purified
preparation was 1.6 gmoles per minute per mg
protein which represents a fifty fold purification
over the centrifuged and filtered homogenate.
The rate of histidylleucine cleavage during stan-
dard assay conditions was constant over an incu-
bation period of 60 minutes at 37° and directly

125 T 7_.& A._|
2 2.0 i
5100k
300 §
-— /(’
a -
275 5
o — r &
E P LO,/
= % -~
= e e
S 50 e /// -
: / |
@

[N e

E - et
2 251 - / .
i G |

| 1 H .
o} s} 30 <5 &0
Incusation time(min!

Fig. 2. Time course of histidyileucine hydrolysis by
the hog lung enzyme. The incubstion mixture
contained 200 nmeles of unlabaled histidylleu.
cine, 3.75 nmoles of histidyl-"*C-leucine(UL) of
specific activity Q.45 millicuries/millimole, 0.5,
1.0, or 2.0ug of enzyme, and 0.1M sodium
phosphate, pH 7, in a final volume of 50z, AlR
incubations were carried out at 37°.
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‘propartional to the enzyms concantration (Fig. 2)

The percent reaction varied from 4 to 60%.
However, the enzvme did not exhibit product
inhibition when histidine and leucine were pre-
sent at 2.4x 1072 M i.e, after 609% reaction.
The pH optimum of the enzyme appeared to be
about 6. 0(F7g. 3). The enzyme was completely
inhibited by preincubation with EDTA (6::107*
M) or 1, 10~phenanthroline (6x10-¢ M) at 37°
for 30 minutes prior to performing the standard
assay.

The enzyms preparation showed a broad subs-
trate specificity as a dipeptidase, but free car-
boxyl and amino groups are ahsolute requirement
for the enzyme activity(Table 1). As shown in
Table 1, dipepties containing N-terminal aro-
matic amino acids were hydrolyzed more easily
than other dipeptides. The blocked dipeptides,
tripeptides and angiotensins were not hydroly.
From this it
-could be concluded that there was no other pep-

zed by this enzyme preparation.

tidases like carboxypeptidase or aminopeptidase
as a possible contaminant in the enzyme prepar-
ation,
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Fig. 3. Depenednce of the histidyllencine cleaving
enzyme on pH. The standard radioactive assay
was performed with the exception of the buffers.
At pH 5.2 and 5.6, 0.1.M sodium acetate was
used and at pH 6.0, 6.4, 6.8 7.2, and 7.6,
0.1 M sodizm phsophate was emploved. The
incubations were carried out at 37° for 1 hour.

The K, of the enzyms for histidylleucine was
2x1074M as calculated from a modified from of
the Michaelis~Menten!*(Iig. 4) in which 1/%
was plodtte versus }/sor (1/ds) In (S,/S); @

Tabic 1. Enzymic hydrolysis of peptides.

Substrate Products formed(% Hydrolysis)®
His-Leu Leu{109) His(93}
Phe~-lecu Leu(33) Phe(20)
His-Gly Gly (95) His{93)
Phe-Gly Gly (90) Phe(90}
Phe-Pro Phe(15) Pro(
Ala~Ala Ala(35)

Gly-Leu Gly(40) Leu(30}
Ala-Phe-Leu Ala(5) Leu(()
Angiotensin None

Angiotensin II None

Z-His-Leu-OMe None

Z~-His-Leu None

His-Leu-OMe His(3) Leu~-OMe(5)

N-Cbz-Gly-Tyr-Gly None

*Enzymic hydrolysis products were analyzed by
amino acid analyzer, JEOLCO, Model JLG-5AH
¢Z = N-benzyloxycarbony).
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Fig. 4. Modified Lineweaver-Burke plot for the his-
tidvileucine cleaving enzyme. Histidylleucine
present at 0. 16, 0.22, .28, 0.41, 0.53 and 1.3
*x107*M was incubated with 0.5 pg of enzyme
in 504 of 0.1 sodium phosphate bufler, pH
7 at 37° for 30minutes. The average velocity
and mean substrate concentration are designated
& and 5, respectively.
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and § are the average velocity and the mean
substrate concentration, 52%(30—#-3, )’ respecti-
vely, S, is the initial substrate concentration, S
equals the substrate concentration at t minutes,
and 4s equals $5-S.

The corrected 525.., values of the histidylleuc
ine cleaving enzyme and known standard marker
Based on
the assumption that the partial specific volumes

proteins were calculated (Table 2).

and shapes of catalase and the histidylleucine
cleaving enzyme are similar, the molecular wei
ght of the cleaving enzyme was estimated to be
80, 000 daltons.

Although the lung contains a relatively large
amount of dipzptidase which hydrolyzes histi-
dylleucine (20 #moles/min/g of wet tissue), it is
hard to make anr accurate comparison with the
amount of enzyme in lung that transforms an-
giotensin I to angiotensin II because this quan-
tity is not given in the literature. However,
Huggins, et al.® report on a purified prepar-
ation of this enzyme that bas a specific activity
of 0.007¢mole/min/mg of tissue. If we make
et al .

purified their preparation that hydrolyzes 1.62

the probable assumption that Huggins,

pumoles of histidvlleucine per min per mg protein,

we can conclude that there is at least two hund.

Table 2. The calculated s,,, values from the sucrose

density Gradient sedimentation experiment.

Pratein 5295 Si00w Molecular
(obtained) (literature) weoght
Histidyileucine 53 — 80, 000*
cleaving enzyme
Catalse (Bovine 11.2 i1.3 247, 300
liver)
Cytochrome ¢ 1.7 1.71 12, 500
Alkaline 6.2 6.0 ~85, 000.

phosphatase(E. coli)

*Molecular weight of histidylleucine cleaving enzyme
was calculayed based on bovine liver catalse.

red times as converting enzyme activity. Under
these circumstances it would be difficult to show
histidylleucine as a product when angiotensin T
is hydrolyzed to angiotensin II. This high histi-
dylleucine splitting activity could easily explain
the appearance of *H-leucine rather than histidyl-
3H-leucine in the lung perfusion experiments

described in the
that we can anticipate some difficulty in demon—

introduction®® and indicates.

strating histidylleucine in homogenates even if it
is formed.

It would seen possible that the histidylleucine:
splitting enzyme has a physiological function in
“removing” histidylleucine, ie., in returning hi-
stidine and leucine to their amino acid pools. We
have not investigated thorougbly the specificity
of the enzyme which will require further purifi-
cation, but specificity is not a requirement for
this function. The K, value, 2x107%A{, isin a
suitable range.

Our preparation may contain only one enzyme
that hydrolyzes histidyllencine. The evidence for
this is that the distribution of enzyme activity
in the sucrose gradient experiment was symmet-
rical and suitably sharp. Also the double recipro~
cal plot from which the K, value was calcula-
ted was a good straight line.

The enzyme apparently contains an essential
metal since two metal chelating agents inactivate

the enzyme but chloride ion is not required.
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