-

" Cellular Proteases
~ and Control Mechanisms




>

Cellular Proteases
and Control Mechanisms

Proceedings of a Glaxo-UCLA Colloquium on Cellular Proteases
_and Control Mechanisms Held at Lake Tahoe, California
February 21-26, 1988

-
wev——
Se—

Editor
Tony E. Hugli

Scripps Chnic and Research Foundation

Ewjuilapisaleiong 12

Alan ReLiia,dud. § New York



- Address all Inquiries to the Publisher
Alan R. Liss, Inc., 41 East 11th Street, New York, NY 10003

Copyright © 1989 Alan R. Liss, Inc.

Printed in the United States of America

Under the conditions stated below the owner of copyright for this book hereby grants permission to users
o make photocopy reproductions of any part or all of its contents for personal or intemnal organizational
use, or for personal or internal use of specific clients. This consent is given on the condition that the
copier pay the stated per-copy fee through the Copyright Clearance Center, Incorporated, 27 Congress.
Street, Salem, MA 01970, as listed in the most current issue of “Permissions to Photocopy” (Publish-
er’s Fee List, distributed by CCC, Inc.), for copying beyond that permitted by sections 107 or 108 of
the US Copyright Law. This consent does not éxtend to other kinds of copying, such as copying for gen-

eral distribution, for advertising or promotional purposes, for creating new collective works, or for
resale.

Library of Congress Cataloging-in-Publication Data

Glaxo-UCLA Colloguium on Cellular Proteases and Control Mechanisms
(1988 : Lake Tahoe, Calif )

Cellular proteases and controt fiiéeHaflEsie ™ pfoceediligs of a Glaxo-
UCLA Colloquium on Cellul% Proteases and %ug} hamsms, held
at Lake Tahoe, Califorma, February 2325, 1988 / editéx, Tony E
Hugli.

p. cm. — (UCLA symposia on molecular and celfular biology
new ser., v. 104)

Includes bibliographies and index. .

ISBN 0-8451-4703-X N

1. Proteolytic enzymes—Physiological effect—Cohgrgsses
2. Proteolytic enzymes—\‘lnhnbitors—Congmsseg» + 1 Hbgh, TE
(Tony E.) 1. Title III Senes .

(DNLM: 1. Peptide Hydrolases—physialogy <~tonggesses 2 Protease
Inhibitors— pharmacology —congresses ‘W3 U17N new ser v 104/ QU
136 G552¢ 1988]

QP609.P78G53 1988

574.19'256—dc20

DNLM/DLC

for Library of Congress 89-8202
CIP



Cellular Proteases
and Control Mechanisms



Pages 1—140 of this volume are reprinted from the Journal of Cellular Biochemistry, Volumes 38,39 and 40
The Joumnal is the only appropriate literature citation for the articles printed on these pages. The page number:
in the table of contents, contributors list, and index of this volume correspond to the page numbers at the foo
of these pages. .
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Preface

Advances in basic research areas such as the proteases have been revolution-
ized in recent years by molecular biologic techniques. This new technology has
permitted molecular characterization of many cell products not readily available
using classical protein methodologies. Trace proteases from cellular sources have
been studied with new intensity in recent years. Therefore, data that provide an
adequate understanding of protease processing, activation, and regulation events are
just now becoming available.

Applications of this new information in the clinical arena are already being under-
taken as therapeutic protocols for enzyme/inhibitor replacement are explored. Also,
it is hoped that recombinant inhibitor molecules will be effectively used in treating a
spectrum of diseases from progressive chronic conditions such as emphysema to
-acute forms such as myocardial infarction.

It was this broad-based front of research activity in the field of proteases that led
to the organization of a conference held in Lake Tahoe, California, February 21-26,
1988. The meeting Cellular Proteases and Control Mechanisms was designed to
bring together a representative cross section of scientists working in the field of
proteases and protease inhibitors. The goal was to examine proteases in molecular
architectural, ‘molecular biologic, regulatory, and clinica! terms. This proceedings
volume contains a collection of conference presentations that exemplify these var-
ious areas. A feature of this conference that may be uncharacteristic of other UCLA
colloquia was its bringing the latest clinical data concerning effective therapeutic
uses of protease inhibitors and their complications to the attention of leading basic
researchers in this field.

Effective utilization of proteases or protease inhibitors in commercial or clinical
applications will depend on the quantity of basic knowledge availabie. It is impor-
tant not only to disseminate current information but also to examine whether the
direction of effort will assist in or maximize applications for the treatment and pre-
vention of disease. It was this goal that guided the selection of scientists, who
presented their results in an atmosphere of active discussion. It was the intent of the
organizers to encourage clinical researchers to participate by identifying problems
that could perhaps be solved in the basic research laboratory and to focus on the
current limitations of using proteases or inhibitors as therapeutic agents. In this
regard, the meeting proved to be a lively and constructive interchange of ideas.

The volume consists of 15 articles representing: four topic areas from the collo-
quium. Two general sections deal with various characterizations of cellular proteases
and inhibitors. These sections were designed to address the diversity of cellular
proteases and protease inhibitors and to identify the tremendous technical difficulty

- XV



xvi Preface

that one faces when studying trace materials such as cellular products. The next
section deals with the latest technical approaches using molecular biology to obtain
fundamental information about molecules that are not otherwise easily isolated in
quantity. These reports outline molecular details of proteases and regulators of pro-
teases that were not generally obtainable just five years ago. Most of these protein
molecules certainly could not be fully characterized without the tools of molecular
biology. These articles largely demonstrate the enormous latitude for obtaining new
. and useful information without the need for classical purification of proteins from a
cellular source. Finally, in Section IV we have an article that serves to define the
potential of protease regulators in therapeutic treatment of disease. It is this type of
approach that validates the need to continue the basic exploration of protease struc-
ture, function, and design.

We wish to express our gratitude to Robin Yeaton and Jacqueline Wester, who
made major contributions to the success of the colloquium by offering continued
assistance both before and during the meetings in Tahoe. We are also indebted to
Alice B. Clagett for her role in supervising the manuscript review process.

We gratefully acknowledge the support of Glaxo, Inc., and The Directors’ Fund,
sponsors of the colloquium, and special thanks go to Apphed Biosystems, Inc., for
providing funds to support the Keynote Address, and to Vestar, Inc.

Tony E. Huglhi
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Activation and Membrane Binding of
Carboxypeptidase E

Lioyd D. Fricker

Department of Molecular Pharmacology, Albert Einstein College of Medicine, Bronx,
New York 10461 .

Carboxypeptidase E (CPE)is a carboxypeptidase B-like enzyme that is thought to
be involved in the processing of peptide hormones and neurotransmitters. Soluble
and membrane-associated forms of CPE have been observed in purified secretory .
granules from various hormone-producing tissues. In this report, the influence of
membrane association on CPE activity has been examined. A substantial amount
of the membrane-associated CPE activity is solubilized upon extraction of bovine
pituitary membranes with either 100 mM sodium acetate buffer (pH 5.6) contain-
ing 0.5% Triton X-100 and 1 M NaCl, or by extraction with high pH buffers (pH
> 8). These treatments also lead to a two- to threefold increase in CPE activity.
CPE extracted from membranes with either NaCl/Triton X-100 or high pH buffers
hydrolyzes the dansyl-Phe-Ala-Arg substrate with a lower K, than the membrane-
associated CPE. The Vp,, of CPE present in extracts and membrane fractions
after the NaCl/Triton X-100 treatment is twofold higher than in untreated mem-
branes. Treatment of membranes with high pH buffers does not affect the Vinax of
CPE in the soluble and particulate fractions. Pretreatment of membranes with
bromoacetyl-D-arginine, an active site-directed irreversible inhibitor of CPE,
blocks the activation by NaCl/Triton X-100 treatment. Thus the increase in CPE
activity upon extraction from membranes is probably not because of the conver-
sion of an inactive form to an active one, but is the result of changes in the
- conformation of the enzyme that effect the catalytic activity.

Key words: enkephalin convertase, carboxypeptidase H, carboxypeptidase B-like, neuropeptide
blosynthesis

Many peptide hormones and neurotransmitters are initially produced as large
precursors that must be enzymatically processed into the bioactive peptides [1]. The
processing sites are usually pairs of basic amino acids, and the sequential action of a
trypsin-like endopeptidase and a carboxypeptidase B-like exopeptidase produces the
bioactive peptides. Carboxypeptidase E (CPE, EC 3.4.17.10, also designated enkeph-
alin convertase and carboxypeptidase H) is a carboxypeptidase B-like enzyme associ-
ated with the biosynthesis of numerous peptide hormones and neurotransmitters. CPE
is present in many tissues where peptide biosynthesis occurs, such as brain, pituitary,

Received May 3, 1988; accepted June 9, 1988.
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280:JCB Fricker

and adrenal medulla [2-8]. Within the pituitary, adrenal medulla, and an insulin-
producing tumor, CPE is associated with the peptide hormone-containing secretory
granule fraction [3,6-8], which is the putative site of peptide processing. CPE is
maximally active at pH 5.6 [3,6], the intragranular pH of pituitary and adrenal
medulla secretory granules [9,10].

Within the secretory granules, CPE is present in several forms. One form is
soluble upon extraction of lysed granules with low ionic strength buffers, such as 10
mM sodium acetate, pH 6 [3]. A small amount of the membrane-associated CPE
activity is solubilized by 1 M NaCl [11]. Some of the remaining membrane-associated
CPE activity is solubilized with buffers containing both 1 M NaCl and 0.5% Triton
X-100 in 10 mM sodium acetate, pH 6 [12]. The different forms of CPE have been
purified to apparent homogeneity using affinity and ion exchange chromatography
[12,13]. Both the soluble and membrane associated forms of CPE have similar
enzymatic and physical properties [3,12,13]. The only detectable difference between
the purified forms of CPE is the apparent molecular weight on SDS polyacrylamide
gels, with the soluble form (50,000 daitons) slightly smaller than the form extracted
from membranes by NaCl/Triton X-100 (52,000 daltons). Both forms have the same
amino acid sequence of the N-terminal region [14].

Recently a cDNA clone encoding bovine CPE has been isolated and sequenced
[14]. Southern blot analysis of bovine genomic DNA indicates that a single gene
encodes CPE. Northern blot analysis of bovine pituitary mRNA shows several species
that hybridize with the cDNA probes [14]. One of these species accounts for > 95%
of the CPE mRNA, and the other RNA ‘species presumably arises from alternate
polyadenylation sites within the 3’ untransiated region [14]. These results suggest that
the differences between the soluble and membrane forms of CPE are the result of
post-translational modifications of a single precursor protein. This protein does not
contain hydrophobic regions that would be predicted to form transmembrane-spanning
domains. Instead, a potential amphipathic helix located within the C-terminal region
may assist in the association with membranes [14,15], although the:s is no direct
evidence for this possibility. :

Antisera raised against the purified soluble form of CPE binds to both soluble
and membrane-extracted forms with equal affinity [16]. When examined by either
radioimmunoassay or immunoblot techniques, comparable amounts of CPE immu-
noreactivity are present in soluble and membrane fractions of adrenal medulla chro-
maffin granule lysates [17,18]. However, when similar fractions are examined for
carboxypeptidase activity, there is significantly more CPE activity in the soluble
extracts [3,17]. This finding suggests that the specific activity of the soluble form is
greater than the specific activity of the membrane-bound form. Since CPE purified to
apparent homogeneity from either soluble or membrane extracts has a similar specific
activity [12], it is likely that the membrane form is less catalytically active when
bound to membranes. In the present study, this possibility has been tested by measur-
ing the enzymatic activity and kinetic parameters of the membrane form of CPE both
before and after solubilization, using different extraction conditions.

. MATERIALS AND METHODS

Frozen bovine pituitaries were purchased from Pelfreeze. Membranes were
prepared by homogenizing (Brinkman Polytron) the pituitaries in 5 volumes 100 mM

2:CPCM
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NaAc, pH 5.6. The homogenate was centrifuged for 1 hour at 150,000g. The
supernatant was removed, and the pellet was resuspended in 100 mM NaAc, pH 5.6,
and centrifuged at 150,000g for 1 hour. After two extractions with 100 mM NaAc,
the pellet was similarly extracted twice with 1 M NaCl in 100 mM NaAc buffer, pH
5.6. The pellet was resuspended in H,0, frozen (—20°C), thawed, and centrifuged
as above. The supernatant was removed, and the pellet was resuspended in 10 mM
NaAc buffer, pH 5.6. This pellet is referred to as the “membrane” fraction.

Carboxypeptidase E activity was assayed using dansyl-Phe-Ala-Arg, as previ-
ously described [13]. In a typical assay, tissue extract, NaAc buffer, pH 5.6 (50-100
mM final concentration), and substrate (100 uM final concentration) were combined
in a total volume of 250 ul. The samples were incubated at 37°C for 20 min, and the
reaction was stopped with 100 ul 0.5 M HCI. Chloroform (2 ml) was added, the
tubes were mixed and centrifuged (1 minute at 1,000 rpm in a Beckman TJ-6), and
the fluorescence in the lower organic phase was determined in a Perkin-Elmer LS-3
fluorimeter. Substrate is insoluble in chloroform, whereas the product (dansyl-Phe-
Ala) is highly soluble in this solvent [13]. Standard curves using dansyl-Phe-Ala were
used to convert the fluorimeter readings into nmoles product. All determinations were
performed in triplicate. Carboxypeptidase E activity was calculated from the differ-
ence between enzymatic activity measured in the presence and absence of 1 uM
GEMSA. These conditions have been previously shown to be specific for CPE
[12,19,20]. In some cases, the CPE activity has been adjusted for the number of
pituitary glands used in the membrane preparation, which allows the resuits of
separate experiments o be compared.

RESULTS

As prevxously reported [3,11,12], bovine pituitary glands contain seyetal forms
of CPE activity: One of these activities is observed in the supernatant of pituitaries
extracted with 10 mM NaAc, pH 5.6 (Fig. 1). Repeated homogenization and extrac-
tion with either 10 or 100 mM NaAc, pH 5.6, does not extract the majority of the
membrane-associated enzymatic activity. High salt buffers (1 M NaCl/100 mM NaAc,
pH 5.6) extract some of the membrane-associated activity. The addition of 0.5%
Triton X-100 to the high salt buffer solubilizes a substantial amount of the membrane-
bound activity. However, some CPE activity remains associated with the membranes
even after a second extraction with 0.5% Triton X-100 in high salt buffer (Fig. 1).

To investigate whether solubilization of the membrane-associated form leads to
an increase in the ‘enzymatic activity, pituitary membranes were prepared by repeated
homegenization and extraction of bovine pituitaries with 100 mM NaAc, pH 5.6, and
then 1 M NaCl in the same buffer. Treatment of these washed membranes with 0.5%
Triton X-100 in the high salt buffer, followed by centrifugation, solubilizes a substan-
tial amount of the CPE activity (Fig. 2). Quantitation of this enzymatic activity shows
there is more activity in the supernatant than is present in the membranes before
treatment with NaCl/Triton X-100. The level of CPE activity in the membranes after
extraction with NaCl/Triton X-100 is only slightly lower than the level of activity
present in the homogenate: before the extraction. The net result is a two- to threefold
increase in the total CPE activity upon‘NaCl/Triton X-100 treatment of membranes,
with 65% of the CPE activity solubilized by the treatment. Centrifugation of untreated

e
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Fig. 1. Extraction of CPE activity from bovine pituitary. One whole pituitary was homogemzed
(Polytron) in 10 ml of 10 mM NaAc buffer, pH 5.6, and then centrifuged at 50,000g for 10 min. The
supernatant was removed (column 1) and the pellet resuspended in the same buffer. The homogenate
was centrifuged as above and the supernatant removed (column 2). The pellet was extracted in a similar
manner with 100 mM NaAc, pH 5.6 (columns 3, 4), with 1 M NaCl in 100 mM NaAc, pH 5.6 (columns
§, 6), and then with 0.5% Triton X-100 in the 1 M NaCl/100 mM NaAc buffer, pH 5.6 (columns 7, 8).
The pellet was resuspended in 10 mi 100 mM NaAc, pH 5.6 (column 9), and aliquots of each fraction
were assayed for CPE activity as described in Materials and Methods.

membrane homogenates does not produce ‘an increase in CPE activity, and all of the
enzymatic activity is recovered in the membrane fraction.

Treatment of bovine pituitary membranes with high pH buffers (100 mM
NaHCO;, pH 9) also leads to a solubilization and elevation of the CPE activity (Fig.
2). As with the NaCl/Triton X-100 extraction, the level of CPE activity in the
supernatant following the high pH treatment is greater than the level of activity in the
untreated membranes. The CPE activity remaining in the membranes is lower after
extraction with NaHCO; than with NaCl/Triton X-100. The total CPE activity is
approximately twofold higher after NaHCO; extraction, compared with the level in
the membranes before extraction.

Treatment of pituitary membranes with buffers other than NaHCO; also leads
to a solubilization of the CPE activity (Fig. 3). Sodium borate buffers, ranging from
pH 8 to pH 10, are comparable to NaHCO; in their effect on the membrane
association and activity of CPE. The increase in enzymatic activity in the soluble
extracts is accompanied by a decrease in enzymatic activity remaining in the mem-
branes. However, the sum of the extracted and membrane-bound activities is two- to
threefold higher than when membranes are treated with NaAc, pH 5.6 (Fig. 3).

‘Sodium acetate buffer at pH 6.0 is comparable to the same buffer at pH 5.6, with all

of the enzymatic activity remaining membrane-bound. Interestingly, treatment of
membranes with sodium phosphate buffers of pH 5.6 or 6.0 leads to a small increase
in the activity present in the soluble extracts. Sodium phosphate buffers in the pH 6-
8 range are more effective in solubilizing the membrane-bound activity than the lower
pH buffers, but are not as effective as the sodium borate buffers. Tris-chloride buffers
of pH 7.4-8.4 vary in effectiveness, with the lower pH buffer comparable to sodium
phosphate and the higher pH buffers comparable to sodium borate and sodium
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