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Cleavage of the ARG'-PRO? Bond of Bradykinin by a Human Lung Peptidase: Isolation,
Characterization, and Inhibition by Several 8-Lactam Antibiotics' (41828)
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Abstract. An aminopeptidase P (EC 3.4.11.9) that cleaves the Arg'-Pro? bond of bradykinin
has been isolated for the first time from human lung and purified 473-fold. The enzyme also
catalyzes the cleavage of arginine from des-[Arg®]-bradykinin and the hydrolysis of several
X-proline dipeptides including L-arginyl-L-proline, L-leucyl-L-proline, and L-alanyl-L-proline.
Purified enzyme was routinely assayed (after initial identification with des-[Arg’]-bradykinin)
with L-leucyl-L-proline. The molecular weight, in nondenaturing buffers, is 188,000 + 8500 Da.
The pH optimum was 8.0 with arginyl-proline, and was 6.8 with leucyl-proline. Chelating agents
do not inactivate the enzyme, but rather only remove loosely bound cations that stimulate the
enzyme. Manganese is the principal cation that stimulates the enzyme. The enzyme is inhibited
by several 5-lactam antibiotics, cephalexin and oxacillin being the most effective of those tested.
The antibiotic inhibition is time and temperature dependent, and it is not fully reversible by
exhaustive dialysis of the antibiotic-treated enzyme.

The mechanisms for bradykinin catabolism
include the previously fully described arginine
carboxypeptidase (carboxypeptidase N or Ki-
nase-1, EC 3.4.17.3) and dipeptidyl peptidase
II (Kinase-II, EC 3.4.15.1) (1, 2). Other pro-
posed cleavages include Ser®~Pro’ cleavage (3)
and Arg'-Pro? cleavage (3, 4). Two bradykinin
cleavages have been suggested to be of primary
importance, namely, Ser®~Pro’ and Arg'-Pro?
cleavage (3). The latter of these two involves
the action of an aminopeptidase that removes
the N-terminal arginyl residue from brady-
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kinin in which case the penultimate N-ter-
minal residue, proline, does not block this
particular aminopeptidase. The existence of
such an aminopeptidase in lung has been pro-
posed by Ryan et al. (3); other workers have
referred to this enzyme as prolidase (4) or
aminopeptidase P (EC 3.4.11.9) (5). Recently
workers in our laboratory have isolated two
enzymes from bovine lung; one cleaves the
Arg'-Pro? bond of des-[Arg’]-bradykinin and
a variety of X-proline dipeptides, and the sec-
ond (with kinin converting enzyme activity)
cleaves methionine and lysine, in a stepwise
manner, from methionyl-lysyl-bradykinin to
yield bradykinin (6, 7).

The occurence of an enzyme in lung that
cleaves the Arg!-Pro? bond of bradykinin
raises the possibility of additional pathway(s)
for kinin catabolism. To investigate this we
have now focused on human lung, from which
we have isolated and partially characterized
an enzyme that cleaves the N-terminal arginyl
residue from bradykinin. This report will
be concerned with human lung aminopep-
tidase P.

Methods. Tissue. Human lung tissue was
obtained at autopsy and was taken only from
those cases wherein there was no evidence of
pulmonary diseases. In almost all cases, the
cause of death was traumatic without involve-
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ment of the thorax. Tissue was taken within
3 or 4 hr after death. Lung tissue was frozen
at —20°C until used for enzyme preparation.

Enzyme units. The unit of enzyme activity
was defined as that amount of enzyme re-
quired to convert 1 pmole of substrate to 1
umole of product at 37°C under the conditions
specified for each enzyme assay.

Aminopeptidase P assay. The confirmation
of aminopeptidase P activity involved the lib-
eration of arginine from des-[Arg’]-bradyki-
nin, as described below under Paper chro-
matography. Once such activity was con-
firmed, it was routinely assayed by a more
convenient method involving the liberation
of arginine from L-arginyl-L-proline (or other
amino acids from X-prolyl dipeptides). In this
simplified and modified procedure 2.0 umole
of substrate were combined with 1.0 ml of
0.05 M tris(hydroxymethyl)aminomethane
buffer, pH 8.0, and after addition of an ap-
propriate amount of enzyme, the mixture was
incubated at 37°C for a period of time up to
60 min. The mixtures were quickly brought
to 100°C, and maintained at that temperature
for 5 min, and then chilled in an ice-water
bath. Following this the amino acid oxidase
method was utilized to determine the free ar-
ginine as follows.

The amino acid oxidase reagent (2 mg L-
amino acid oxidase, 0.4 mg horseradish per-
oxidase, and 2 mg of ortho-dianisidine per 10
ml of 0.05M tristhydroxymethyl)amino-
methane buffer, pH 8.0) in an amount of 1.5
ml was added to each incubation mixture.
After another incubation at 37°C for 30 min,
1.0 ml of 6 N H,SO, was added to each tube,
and after mixing the absorbance was measured
at 530 nm. Arginine concentration was cal-
culated from a standard curve. Proline yielded
no color and did not interfere with the amount
of color produced by arginine. Appropriate
substrate and enzyme blanks were used. Ar-
ginine liberation was linear as function of time
and enzyme concentration. Velocities were
measured at substrate consumptions of less
than 20%; the minimum readily detectable
arginine concentration was 5 nAf.

Paper chromatography. To establish
whether or not the Arg'-Pro? bond of bra-
dykinin is cleaved by a given enzyme, des-
[Arg®]-bradykinin was incubated with that en-
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zyme, after which paper chromatography was
employed to determine whether arginine ap-
peared in the reaction mixture as an early
reaction product. The amino acid composition
of incubation mixtures was determined by pa-
per chromatography. Aliquots of incubation
mixtures were applied to Whatman No. 3 filter
paper sheets (26 X 36 c¢cm) along a line 2.5
cm from the shorter edge at points 4 cm apart.
After drying, the sheets were formed into cyl-
inders along the long axis by means of paper
staples. The filter paper cylinders were then
placed in chromatography jars and developed
in the ascending mode with an n-butanol/ac-
etate acid/water solvent as described by Berry
et al. (8) until the solvent front was within
3-5 c¢m from the top of the paper. After drying,
the cylinders were opened, flattened, and
sprayed with a ninhydrin as described by Berry
et al. (8). Arginine and other amino acids were
identified by the use of appropriate standards
that were chromatographed as were the in-
cubation mixture aliquots.

Kinin converting enzyme assay. The assay
of kinin converting enzyme activity was car-
ried out by two methods, one involving the
release of methionine from methionyl-lysyl-
bradykinin, and the second method involving
the release of S-naphthylamine from methi-
onyl-3-naphthylamide, as described by Starnes
et al. (9).

Polyacrylamide gel electrophoresis. Poly-
acrylamide gel electrophoresis was carried out
as described by Starnes and Béhal (10).

Protein determination. Protein was deter-
mined by measuring the absorbance at 280
and 260 nm in a Beckman Acta 111 recording
UV/Vis Spectrophotometer.

Molecular weight determination. Molecular
weight determinations were carried out by gel
filtration. Agarose beads (Bio-Gel ASm, Bio-
Rad Laboratories) were used in conjunction
with a 1.5 X 54-cm column (Glenco Scientific
Co.). The agarose packed in the column and
the samples were equilibrated with 0.05 M
borate buffer, pH 8.0, which was also 0.5 M
with respect to NaCl. The reference proteins
with known molecular weights were ox liver
catalase (EC 1.11.1.6, molecular weight
= 250,000 (11)), Escherichia coli tryptophanse
(EC 4.1.99.1, molecular weight = 208,000
(12)), yeast aldehyde dehydrogenase (EC
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1.2.1.5, molecular weight = 205,000 (13)),
yeast alcohol dehydrogenase (EC 1.1.1.1, mo-
lecular weight = 150,000 (14)), and yeast
hexokinase (EC 2.7.1.1, molecular weight
= 103,000 (15)). All of these standards were
obtained from Sigma Chemical Company; the
standards were treated in the same way as
described above before application to an Aga-
rose column which was eluted at 0.15-0.25
ml/min at 4°C. A standard curve was con-
structed with the elution volume on the hor-
izontal axis and with log,, mol wt on the ver-
tical axis. A straight line was passed through
the points corresponding to the various stan-
dards by the least-squares linear regression
analysis method.

Tissue homogenization. Tissue was ho-
mogenized for 20 min in a Sorvall Omni-
Mixer Homogenizer at 4°C after which the
tissue homogenate was further disrupted with
a Tekmar SDT disrupter for 20 min. During
these two homogenization processes care was
used to ensure that the sample was not heated.
This was accomplished by operating the ho-
mogenizer for 1 min at full speed and then
operating the homogenizer at low speed for 2
min to allow any heat to be dissipated into
the ice-water bath surrounding the homoge-
nization chamber. Thus to obtain 20 min of
homogenization, 20 cycles of 1 min full speed
and 2 min low speed were carried out. Finally
the homogenate was even further disrupted
by treatment with a Branson S-125 Sonifier
for 20 min at 4°C.

Results. Human lung aminopeptidase P was
prepared as follows from 120 g of tissue. The
tissue was thawed and quickly cut into small
pieces (about 5 g each) which were immedi-
ately put in 350 ml of 0.05 M phosphate buffer,
pH 7.4, which was also 10~> M with respect
to L-1-tosylamide-2-phenylethylchloromethyl
ketone (TPCK) and p-tosyl-L-lysine chloro-
methylketone (TLCK). The TPCK- and
TLCK-containing buffer was chilled to 4°C
prior to use and it was maintained at that
temperature during the tissue dissection. The
tissue was then homogenized as described
above. The resulting homogenate was clarified
by centrifugation at 30,000¢ to yield an extract
of 300 ml which contained 58 units of ami-
nopeptidase P activity. The extract was then
concentrated to 250 ml and then dialyzed
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against 20 vol of 0.05 M borate buffer, pH
8.0, which was also 0.5 M with respect to so-
dium chloride. This preparation was then ap-
plied to a 5.0 X 80-cm column (with upward
flow) containing agarose beads (Bio-Gel ASm,
Bio-Rad Laboratories, Richmond, Calif.) that
had previously been equilibrated with the bor-
ate/sodium chloride buffer described above.
The column was then eluted with this same
buffer at 20 ml/hr in the ascending mode with
an LKB Varioperpex II peristaltic pump.
Fractions of 20 ml each were collected until
100 fractions were obtained; the aminopep-
tidase P activity was contained in fractions
114-130 which were then concentrated to 60
ml which contained 57 units of aminopepti-
dase P activity. This sample was then dialyzed
against 20 vol of 0.005 M phosphate buffer,
pH 8.6, for 16 hr at 4°C. This preparation
was then applied to a 2.5 X 60-cm column
containing diethylaminoethyl agarose (DEAE
Bio-Gel A, Bio-Rad Laboratories), which had
previously been equilibrated with 0.005 M
phosphate buffer, pH 8.6, at 4°C. The DEAE
column was then eluted with 1500 ml of a
phosphate buffer/sodium chloride gradient
solution for which the initial composition was
0.005 M phosphate, pH 8.6, and sodium chlo-
ride, 0.04 A; the limit composition was
phosphate, 0.01 M, pH 6.8, and sodium chlo-
ride, 0.09 M. The gradient was linear. The
elution rate was 20 ml/hr; 100 fractions was
collected and the activity in fractions 52-62
was 46 units. These fractions were combined,
concentrated, and applied to a second DEAE
column identical to the first one except that
the limit NaCl concentration was 0.07 M; 120
fractions were collected and 26 units of ami-
nopeptidase P were recovered in fractions 63—
70 (Table I). The preparation (32 ug) gave a
single band upon electrophoresis (Fig. 1). The
preparation (50 ug) was incubated with 2 mole
of des-[Arg’]-bradykinin in 2 ml of pH 8.0
buffer; aliquots were taken from the reaction
mixture, for paper chromatographic analysis,
at 10-min intervals. Arginine was the earliest
appearing ninhydrin-positive product.
Molecular weight. The molecular weight of
human lung aminopeptidase P was estimated
by means of gel filtration as described under
Methods. A value of 188,000 + 8500 Da (N
= 7) was obtained; the individual values
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TABLE 1. PURIFICATION OF HUMAN LUNG AMINOPEPTIDASE P

Recovery Protein Specific’
Step Units*® (%) (mg) activity Purification
Homogenate supernatant from 100 g tissue 58 100 7400 0.00784 —
Gel filtration 57 98 2600 0.0219 2.79
Ion exchange chromatography
Gradient No. 1 46 79 348 0.132 16.9
Gradient No. 2 26 44 7 3.71 4734

“ For this purification, the substrate for routine assay was L-arginyl-L-proline; the assay procedure was described
under Methods (Aminopeptidase P assay). The unit of activity was defined as that amount of enzyme required to
convert 1 pmole of substrate to product(s) at 37°C under the condition of this assay as described under Methods.

® Specific activity is defined as units of activity per milligram of protein.

¢ This preparation, when incubated with des-[Arg®]-bradykinin, cleaved the Arg'-Pro? bond of that compond; see

purification data under Results for details.

4 This preparation, and the material from the preceding step, had activity ratios of 4:1, when assayed with des-
[Arg®]-bradykinin as compared to assay with L-arginyl-L-proline. In the gel filtration step this ratio was 2.1:1.

ranged from 174,000 to 199,000 Da. This
value is significantly higher than the value for
erythrocyte aminopeptidase P, 155,000
+ 7000 Da, which we have determined for
comparative purposes.

PH Optimum. Aliquots of enzyme were ad-
justed to various pH values and maintained
at those pH values for 1 hr at 37°C after which
the pH was readjusted to 8.0. Under these
conditions there was no alteration of enzyme
activity as a result of exposure to the various
hydrogen ion concentrations before assay at
pH 8.0. Then aminopeptidase P assay was
performed to determine the pH optimum for
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FIG. 1. Spectrophotometric scan of polyacrylamide gel
electrophoresis of human lung aminopeptidase P. The
sample applied to the gel contained 32 ug of protein; the
gel was stained with Coomassie brilliant blue and the scan
wavelength was 650 nm.

the reaction itself. For arginyl-proline hydro-
lysis the pH optimum was 8.0 and for leucyl-
proline hydrolysis the pH optimum was 6.8.
See Fig. 2.

Effect of chelating agents. A 2.5-ml aliquot
of enzyme was adjusted to 0.001 A with re-
spect to ethylenediaminetetraacetic acid
(EDTA) at pH 8.0 and 4°C and was main-
tained under these conditions for 4 hr. After-
ward the sample was placed in a dialysis
membrane and dialyzed against 500 vol of
0.05 M Tris-HCI buffer, pH 8.0, at 4°C for
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F1G. 2. Plots of the activity of aminopeptidase P as
function of pH for the substrate L-arginyl-L-proline (@),
and the substrate 1-leucyl-L-proline (O). In each case the
pH value giving the highest velocity was designated 100%;
the curves are not comparable, but rather they were con-
structed independently with 100% being arbitrarily as-
signed to the highest rate for the leucyl-proline data, and
to the highest rate for the arginyl-proline data.
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16 hr, The EDTA did not inactivate the en-
zyme per se¢ but rather only reduced the ac-
tivity of a given preparation to a “divalent-
cation-free” baseline level, with the extent of
the inhibition being a function of the ion con-
centration, initially, in the preparation. Thus
human lung aminopeptidase P does not have
an absolute requirement for divalent cations.

Effect of metal ions. The EDTA-treated en-
zyme described above was used to determine
which of the common divalent metal ions
would stimulate the enzyme. The effects of
divalent zinc, magnesium, manganese, and
cobalt were determined over a range of con-
centrations from 107 to 1073 /. Manganous
ions stimulated the enzyme; the maximum
stimulation was reached at 4 X 107* M. Zinc
was weakly inhibitory; Mn?* and Co®* were
without influence at these concentrations.
With respect to other potential enzyme acti-
vators or cofactors, we repeatedly noted that
there was an apparent enzyme activity loss
associated with concentration of the enzyme.
No activity was recovered in the filtrate from
the concentration device (Amicon Model 402
with XM-50 membrane). Upon dilution of
the concentrated enzyme preparation, with the
filtrate or with deionized water to a point com-
parable to that before concentration, the orig-
inal activity was recovered. Such activity re-
covery was routinely obtained with several
aminopeptidase P preparations. Therefore the
loss of some “activator” other than manganese
was ruled out.

Activity on des-[Arg’]-bradykinin and X-
proline dipeptides. The rates of liberation of
arginine from des-[Arg’]-bradykinin and from
arginyl-proline, alanyl-proline, and leucyl-
proline were determined. These determina-
tions were made initially at pH 8.0 in the
presence of 4 X 10™* M manganous ions; in
all cases substrate concentration was 0.1 mA/.
Subsequent experiments showed that the pH
response for the indicator reaction, that is, L-
amino acid oxidase + peroxidase, was very
small over the pH range, 6.8 to 8.0. Next com-
parisons of the rates of cleavage of these four
compounds were made at pH 7.4. Since pH
7.4 is the physiological value, we chose to use
the data obtained at pH 7.4 to obtain the fac-
tors that would relate des-[Arg®]-bradykinin
cleavage (Arg'-Pro? bond) to the X-proline
dipeptide cleavages. The mean (N = 3) values
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are des-[Arg’]-bradykinin, 100; arginyl-pro-
line, 23; leucyl-proline, 430; and alanyl-pro-
line, 12. Thus with the purified enzyme leucyl-
(or arginyl-) proline could be used as substrate,
and related to the rate of cleavage of des-
[Arg’]-bradykinin.

- Inhibition of aminopeptidase P by 8-lactam
antibiotics. Several B-lactam antibiotics have
been screened for aminopeptidase P inhibi-
tion; these are listed on Table II where the
relative inhibitory potencies of these anti-
biotics are given at four different concentra-
tions. Cephalexin was the most effective in-
hibitor. Some preliminary experiments had
indicated that preincubation of antibiotic with
enzyme enhanced the degree of inhibition
produced by the antibiotic. Thus in the ex-
periments described on Table II there was a
2-hr preincubation of cephalexin (or other an-
tibiotic) with aminopeptidase P prior to car-
rying out the assay itself.

The nature of the time dependency of the
antibiotic-enzyme interaction was studied
next; the extent of cephalexin inhibition was
determined as a function of length of time for
the preincubation of antibiotic with enzyme
prior to aminopeptidase P activity assay. These

TABLE II. AMINOPEPTIDASE P INHIBITION BY VARIOUS
B-LACTAM AND OTHER ANTIBIOTICS

Percentage inhibition®

Antibiotic SmM OmM 25mM 50 mM
Cephalexin 72 99 100 100
Methicillin 26 46 100 100
Cloxacillin 15 20 40 66
Oxacillin 26 34 41 55
Neomycin 0 22 40 63
Carbenicillin 8 30 54 92
Ampicillin 13 11 20 27
Penicillin G 0 5 16 70
Gentamycin 0 0 9 37
Chloramphenicol 0 0 0 14
Kanamycin 0 0 0 0

2 In this experiment 0.02 units of enzyme were incubated with
100 gl of buffered (pH = 7.4) antibiotic containing solutions at
the various concentrations indicated in the heading of this table.
After 2 hr incubation of enzyme with antibiotic, the aminopeptidase
P assay was performed in order to determine the residual activity,
from which the percentage inhibition values were calculated. The
substrate in this experiment was L-leucyl-L-proline. Appropriate
antibiotic controls were assayed to correct for any color that might
be derived from the antibiotics themselves, and to ensure that the
antibiotics did not influence the amino acid oxidase reaction.
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results are shown on Table III. The temper-
ature dependency of the antibiotic-enzyme
interaction was also studied; the inhibition did
not occur when the preincubation was carried
out at 0°C, whereas the inhibition did occur
when the preincubation was carried out at
37°C. The reversibility of the antibiotic—en-
zyme interaction was studied next; after
preincubation of cephalexin with aminopep-
tidase P, the antibiotic-treated enzyme was
dialyzed against buffer for 4 hr after which
the residual activity was determined; only 50%
of original activity could be recovered.

Discussion. Two enzyme pathways for kinin
catabolism, carboxypeptidase N and Kinase
II, have been thoroughly investigated. Others
have been suggested as functional in kinin
catabolism, but thus far no direct enzymologic
evidence has been provided as to the actual
presence of these enzymes in human tissues,
especially lung. We now report the isolation
of a human lung aminopeptidase P (EC
3.4.11.9), which cleaves the Arg'-Pro’ bond
of bradykinin.

The molecular weight of this human lung
enzyme (188,000 = 8500) is very near the
molecular weight of the E. coli aminopeptidase
P described by Yaron and Berger (16). The
possibility that the lung enzyme might have
been in actuality an aminopeptidase derived

TABLE IH. TIME DEPENDENCY OF THE EXTENT OF
AMINOPEPTIDASE P INHIBITION BY CEPHALEXIN

Duration of Percentage
preincubation inhibition®
(min) (%)
None 40

5 53
15 60
30 64
60 75

120 78
240 80

“ In this experiment 0.02 units of enzyme were incubated
with 2.5 m M cephalexin at pH 8.0 at 37°C. for the various
times indicated, after which the residual aminopeptidase
P activity was assayed. Control values for each data point
were obtained by omitting the cephalexin from enzyme
preparations treated exactly as above. Appropriate anti-
biotic controls were also assayed to correct, if necessary,
for any color that might be derived from the antibiotics
themselves, and to ensure that the antibiotics did not
influence the amino acid oxidase reaction.
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from trapped erythrocytes has been eliminated
since the molecular weights of the human lung
aminopeptidase and the human erythrocyte
aminopeptidase have differing molecular
weights, 188,000 and 155,000 Da, respectively.
The human lung enzyme and the E. coli en-
zyme have pH optima at 8.0 and 8.6, respec-
tively. This applies when the substrate for the
human enzyme is L-arginyl-L-proline; the pH
optimum for the human enzyme decreases to
7.0 for substrates containing N-terminal neu-
tral amino acids. This could be explained by
postulating that the human enzyme is more
active when the substrate does not have a
charge on the N-terminal residue; the higher
pH optimum for L-arginyl-L-proline would
reflect a decreased charge on arginine at 8.0
as compared to 7.0. The human enzyme is
not completely inactivated by EDTA treat-
ment; only the stimulatory effect of any di-
valent cations occurring in a given preparation
is abolished. By contrast the E. coli enzyme
is completely inactivated by EDTA. Manga-
nous ions stimulate both enzymes. As with
the bacterial enzyme, we noted lower cleavage
rates with substrates such as L-alanyl-L-pro-
line, but higher cleavage rates with des-[Arg’]-
bradykinin and L-leucyl-L-proline. No other
cofactors could be demonstrated. The cu-
mulative effects of giving cephalexin in large
doses over several days could inhibit a very
significant portion of the lung aminopeptidase
P. In patients with renal function compromise,
the blood cephalexin concentrations would be
even higher, thereby enhancing the degree of
inhibition.

Lung has been referred to as a paraendo-
crine organ, and its endothelial cells are potent
metabolic sites for “clearing” a number of cir-
culating substances, e.g., kinins and prosta-
glandins (17). It has been proposed that an
enzyme that cleaves the Arg'-Pro? bond of
bradykinin is located in the alveolar—capillary
membrane (3); furthermore it has been sug-
gested that these enzymes are firmly embedded
in these membranes on the basis of the failure
to obtain any kinase activity in the perfusion
medium following perfusion of isolated rat
lung (3). Plasma itself has been reported to be
lacking in aminopeptidase P activity (18), but
it does occur in erythrocytes (4). The brady-
kinin analog, des-[Arg’]-bradykinin, is a strong
B receptor stimulant, and it exists in the proper
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solution conformation for biological activity
(18, 19).

This study on human lung aminopeptidase
P is a part of our overall study on the con-
tributions of various kinin catabolizing en-
zymes to the total rate of kinin catabolism in
lung; the other enzymes include (a) postproline
endopeptidase (cleaving enzyme) which we
have detected in human lung and which has
been shown by Koida and Walter (20) to
cleave bradykinin, (b) dipeptidyl-peptidase I'V
(which will cleave the dipeptide, Pro-Pro,
from des-[Arg']-bradykinin, the product of
aminopeptidase P action) which we have re-
cently purified from human kidney and hu-
man lung (21, 22), (c) two endopeptidases,
and of course (d) carboxypeptidase N and Ki-
nase II. Our results provide enzymologic ev-
idence for a kinin cleaving enzyme, other than
carboxypeptidase N and Kinase II, in human
lung. The enzyme we have described cleaves
the Arg'-Pro” bond of bradykinin and is con-
sistent with the earlier proposal by Ryan et
al. (3) that such a cleavage does take place in
lung.

1. Erdos EG (ed). Kininases. In: Bradykinin, Kallidin,
and Kallikrein, Handbook of Experimental Phar-
macology, (Suppl). Berlin/Heidelberg/New York,
Springer Verlag, Vol XXV:pp428-434, 1979.

2. Erdos EG (ed). Kininases. In: Bradykinin, Kallidin,
and Kallikrein, Handbook of Experimental Phar-
macology, (Suppl). Berlin/Heidelberg/New York,
Spring Verlag, Vol XXV:pp438-468, 1979.

3. Ryan JW, Roblero J, Steward JM. Inactivation of
Bradykinin in Rat Lung. Advan Exp Med Biol 8:263-
271, 1970.

4. Erdos EG, Yang HYT. Inactivation and potentiation
of the effects of bradykinin. In: Erdés EG, Back B,
Sicuteri F, eds. Hypotensive Peptides. Berlin/Hei-
delberg/New York, Springer Verlag, pp235-251, 1966.

5. Fleminger G, Carmel A, Goldenberg D, Yaron A.
Fluorogenic substrates for bacterial aminopeptidase-
P and its analogs detected in human serum and calf
lung. Eur J Biochem 125:606-615, 1982.

6. Szechinski J, Hsia WC, Béhal FJ. A kininase and a
kinin converting enzyme: Two distinct alpha ami-
noacyl peptide hydrolases from bovine lung. Enzyme
29:21-31, 1983.

7. Sidorowicz W, Zownir O, Béhal FJ. Action of human
pancreas alanine aminopeptidase on biologically active
peptides: Kinin converting activity. Clin Chim Acta
111:69-79, 1981.

8. Berry HK, Sutton HE, Cain L, Berry JS, Williams

509

RIJ. Individual metabolic patterns and human disease:
An exploratory study utilizing predominantly paper
chromatographic methods. Publ No 5109, The Univ
of Texas, Austin.

9. Starnes WL, Szechinski J, Béhal, FJ. Human liver
alanine aminopeptidase: A kinin converting enzyme
sensitive to B-lactam antibiotics. Eur J Biochem
124:363-370, 1982.

10. Starnes WL, Béhal FJ. A human liver aminopeptidase:
Amino acid and carbohydrate content, and some
physical properties of a sialic acid containing glyco-
protein. Biochemistry 13:3221-3227, 1974.

11. Schonbaum GR, Change B. Catalase. In: Boyer PD,
ed. The Enzymes, Part C. New York/San Francisco/
London, Academic Press, Vol. 13:pp366-367, 1967.

12. Davis L, Mezler DE. Pyridoxal linked reactions. In:
Boyer PD, ed. The Enzymes. New York/San Fran-
cisco/London, Academic Press, Vol 7:p36, 1972.

13. Steinman CR, Jakoby WB. Yeast aldehyde dehydro-
genase. J Biol Chem 242:5019-5023, 1967.

14. Branden CI, Jornvoll H, Eklund H, Furugren B. Al-
cohol dehydrogenases. In: Berg PD, ed. The Enzymes.
New York/San Francisco/London, Academic Press,
Vol 11:p172, 1975.

15. Colowick SP. The hexokininases. In: Boyer PD, ed.
The Enzymes. New York/San Francisco/London,
Academic Press, Vol 9:pp6-7, 1973.

16. Yaron A, Berger A. Aminopeptidase P. In: Colowick
SP, Kaplan NO, eds. Methods in Enzymology. New
York/San Francisco/London, Academic Press, Vol
19:pp521-534, 1970.

17. Ryan JW, Ryan US. Is the lung a para-endocrine
organ? Amer J Med 63:595-603, 1977.

18. Marceau F, Gendreau M, Barabe J, St-Pierre S, Rigoli
D. The degradation of bradykinin (BK) and of des-
Arg’-BK in plasma. Canad J Physiol Pharmacol
59:131-138, 1981.

19. Dive V, Lintner K, Fermandjian S, St-Pierre S, Regoli
D. Preferred solution conformation of des-Arg-bra-
dykinin and analysis of structure-conformation-ac-
tivity relationships in the series [Ala"}-des-Arg-bra-
dykinin. Eur J Biochem 123:179-190, 1982.

20. Koida M, Walter R. Post proline cleaving enzyme.
J Biol Chem 251:7593-7599, 1976.

21. Béhal FJ, Sidorowicz W, Heins J, Barth A. Human
kinin catabolism. Fed Proc 42:1021, 1983.

22. Heins J, Neubert K, Barth A, Canizaro PC, Béhal
FJ. Kinetic investigation of the hydrolysis of ami-
noacyl-p-nitroanilides by dipeptidyl peptidase IV from
human and pig kidney. Biochim Biophys Acta, in
press, 1984.

Received August 14, 1983. P.S.E.B.M. 1984, Vol. 175.
Accepted January 9, 1984.



