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SUMMARY

The aspartic proteinases are members of a family of enzymes, the
catalytic activity of which depends on the presence of two aspartic
residues in the active site. This thesis concerns four members of this
group - pepsin, gastricsin, cathepsin D and slow moving protease (SMP).
The defining characteristics, nomenclature and general biochemistry of
the aspartic proteinases are reviewed in Chapter 1 and an attempt is
made to clarify the various systems which have been used to classify
this group of enzymes. Assay and purification methods, the structure
and mechanism of action of the enzymes and their immunological
properties are outlined. Pure supplies of these enzymes are not
commercially available and Chapter 2 describes the method by which these
were obtained and how antisera were developed. The antisera are used to
show that cathepsin D and SMP, previously thought to be identical, are
separate enzymes. In Chapter 3 the immunohistochemical methods are
introduced and their use in determining the distribution of the above
enzymes in normal gastroduodenal mucosa is described, at both light aﬁd
electron microscopic level. It is shown that pepsinogen is mainly
confined to the gastric body, while progastricsin co-localises with
pepsinogen but is also present in the gastric antrum and duodenwn;
Cathepsin D is demonstrated in parietal cells, in gastric antral glands
and cells in the lamina propria, while SMP is demonstrated mainly in the
surface epithelium of the stomach. These studies raise the general
problem of the effects diffusion may have on the localisation of tissue
antigens. This problem appears not to have been widely discussed in the
literature and is dealt with in Chapter 4, in which diffusion was
studied by immunolocalisation of pepsinogen and progastricsin in
autolysing gastric mucosa and confirmed experimentally by

immunolabelling of antigens introduced into various normal tissues.
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Enzyme activity at low pH has long been recognised in seminal
fluid. In Chapter b this is shown to be due to the presence of
gastricsin, apparently identical to that in normal gastric juice. The-
zymogen, progastricsin, was localised to the acinar cells of the
prostate, which appear to secrete and presumably synthesise it. In
Chapter 6, the distribution of aspartic proteinases in normal tissues
apart from stomach, duodenum and prostate is discussed. No evidence of
pepsinogen or progastricsin was found in other tissues, while cathepsin
D appears widely distributed both in macrophages and in epithelial
cells. SMP appears to be confined to the surface membrane or cilia of a
few tissues, such as chorionic villi and respiratory epithelium, but its
presence even in these tissues could be derived from the red blood
cells, on the membranes of which it is demonstrated. Studies on the
distribution of the aspartic proteinases are extended to the fetal
stomach in Chapter 7, where it is shown that SMP is the dominant enzyme
from 12 weeks gestation onwards, while progastricsin becomes prominent
by about 17 weeks, when pepsinogen and cathepsin D also appear. Some
attempt is made to relate the order of their appearance to the molecular
evolution of aspartic proteinases.

The rest of the thesis deals with the presence and distribution of
the aspartic proteinases in neoplastic tissues. In Chapter 8, it is
shown that gastric carcinomas produce aspartic proteinases, namely
cathepsin D (100%), SMP (50%), progastricsin (30%) and pepsinogen (6%).
There appears to be no relation to prognosis and both intestinal and
diffuse types of carcinoma contain aspartic proteinases. In Chapter 9,
the studies which showed progastricsin in normal prostatic epithelium,
described in Chapter 5, are extended to carcinomas, up to 40% of which
produce progastricsin. Progastricsin co-Tocalises with acid phosphatase
but is, however, less widely distributed. In Chapter 10 the

distribution of aspartic proteinases in non-gastric tumours is
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described. While pepsinogen is highly specific to gastric carcinomas,
progastricsin occasionally occurs in tumours of some other sites,
especially pancreas, while cathepsin D is found in almost all tumours
studied. SMP appears to be present in certain tumours, mainly kidney.
In Chapter 11, progastricsin is more fully studied in metastatic
tumours, firstly in local 1ymph node secondaries near primary gastric
carcinomas and secondly in deposits further afield, both in lymph node
and liver, from a range of primaries in different sites. It is shown
that in most cases the presence of progastricsin in a lymph node
metastasis of adenocarcinoma indicates a primary in the stomach or in
pancreas but that occasionally metastases from other sites contain
progastricsin. While progastricsin was commonly found in liver
metastases, the correlation with a primary in stomach did not reach
statistical significance. These results could be useful to the
diagnostic histopathologist in determining the primary site from which a
given metastasis has originated. The final discussion (Chapter 12)
incorporates recent evidence that the pol gene of the HIV I virus

codes for an aspartic proteinase and that retroviral proteinase activity
is inhibited by the aspartic proteinase inhibitor, pepstatin. Knowledge
of the distribution of the aspartic proteinases might therefore be
relevant to possible treatment of AIDS with aspartic proteinase

inhibitors.
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PREFACE

The work described in this thesis began as an attempt to use
immunohistochemical methods to identify the primary site of a given
metastatic deposit of malignant tumour. Various enzymes, including
pepsin, which was thought might be specific to stomach, were injected
into rabbits. Pig pepsin yielded antiserum which gave strong labelling
of human gastric mucosa by the peroxidase-antiperoxidase (PAP) method
and which was used in a study of a series of gastric carcinomas.
Although a small number of tumours were positive, the purity of the
antiserum was open to some doubt. With the biochemical advice of Dr.
J. Kay, Cardiff, with whom much collaborative work was subsequently
undertaken, commercial pig pepsinogen was purified to homogeneity and
used to block immune labelling by antipepsin, the specificity of which
was thereby proven. Continued scepticism about staining of parietal
cells led to further work on diffusion of antigen (Chapter 4). It
became clear that the gastric mucosa and juice contained other important
enzymes, of which gastricsin and slow-moving protease (SMP) might also
prove useful as markers of gastric carcinoma. Initial attempts were
made to purify progastricsin from seminal fluid but our supply of
gastricsin was obtained as a gift. Antisera to gastricsin were raised
and used in studies of gastric carcinoma and lymph node metastases.
Subsequent studies on gastricsin in the benign prostate were extended to
prostatic carcinoma. During this work the staining rack, described in
Chapter 3, was devised. Attempts were made to purify SMP from fetal
stomach but, as some difficulty was encountered, attention was turned to
another member of the aspartic proteinase family, cathepsin D, which was
then thought to be possibly identical to SMP. In Cardiff, under the
supervision of Dr. J. Kay, M. J. Valler and I purified cathepsin D from

human spleen, obtaining the most homogeneous form of the enzyme then
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available. Rabbit antiserum to cathepsin D was then raised and the
distribution of the enzyme within human tissues was determined.
Cathepsin D was also demonstrated in a variety of tumours, including
gastric carcinoma.

In April 1984 I spent three weeks in the laboratory of Professor
I.M. Samloff in Sepulveda, California, U.S.A. attempting to set up a
radioimmunoassay for cathepsin D. This proved unsuccessful, but a
supply of anti-SMP was given to us. It was thus possible to prove that
cathepsin D and SMP were not identical and it was soon shown by
Professor B. Foltmann, Copenhagen, using our anti-cathepsin D, that SMP
was the enzyme known as cathepsin E.

It was suggested that the expression of pepsinogen, progastricsin
and cathepsin D by neoplastic stomach might reflect the presence\of the
enzymes in the normal developing gastric mucosa. A study of fetal
stomachs was undertaken under my charge in 1983 - 1984 as part of a
B.Sc. project. Later this work was completed by inclusion of SMP
(Chapter 7).

In another B.Sc. project (1984 - 1985) which I supervised, the
presence of progastricsin in gastric carcinomas and distant metastases
was studied. This was subsequently expanded in a study of widespread
metastases, with the aim of showing whether progastricsin is specific to
carcinoma of gastric origin.

Recently, the distribution of SMP in normal and neoplastic tissues
has been determined and localisation of the enzymes at electron
microscopic level has been attempted.

As much of the work to be described in the thesis presupposes some
knowledge of the enzymes involved, it is with a brief review of their

biochemistry that this thesis begins (Chapter 1).
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CHAPTER 1
INTRODUCTION
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INTRODUCTION

NOMENCLATURE AND DEFINITIONS

In current literature, the terms protease, proteinase and
proteolytic enzyme are used synonymously. Protease is an older term
than the others and has tended to become replaced by proteinase, which
was adopted for the Enzyme Nomenclature (1982) List. Enzymes may be
acid, alkaline or neutral proteinases according to optimal pH. Any of
these types of proteinase may be an exopeptidase, which cleaves peptide
bonds one or two residues from the ends of the protein, or an
endopeptidase, which mainly cleaves bonds distant from the ends.
Cathepsin is a somewhat ill-defined generic name applied to
endopeptidases of mammalian cells and tissues; most are acid
proteinases, but some are neutral or alkaline proteinases. The terms
‘tissue proteinase' and ‘intracellular proteinase’ are also rather
ill-defined but are intended to describe the proteinases which are
stored in lysosomes and other organelles and which act intracellularly
and pericellularly, unlike those which are produced, usually as inactive
precursors, and stored in secretory granules for subsequent export
(Barrett, 1977b).

CLASSIFICATION OF PROTEINASES

Proteolytic enzymes are classified into four groups, according to
their catalytic mechanism: serine, cysteine, metallo- and aspartic
proteinases (Kay, 1982). The aspartic protéinases have been rather less
well studied than many enzymes in the first three groups (Kay, 1985)
and, in particular, their distribution in normal and abnormal human
tissues is poorly documented.

The proteolytic activity of an aspartic proteinase is dependent on
the presence of an aspartic residue in positions 215 and 32 in the
linear sequence. These react with the site-specific affinity labels

diazoacetyl norleucine methyl ester (DAN) and epoxy (p-nitrophenoxy)
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propane (EPNP) respectively, the enzyme in either case being
inactivated. By defin}tion, an aspartic proteinase must be inhibited by
both DAN and EPNP and also by pepstatin, an acylated pentapeptide
produced naturally by various species of actinomycetes (Kay, Valler &
Dunn, 1983).

CLASSIFICATION OF ASPARTIC PROTEINASES

The aspartic proteinase group includes enzymes derived from the

following sources:

1. Mammals - pepsin, gastricsin, slow-moving protease, cathepsin D,
cathepsin E, chymosin and renin.

2. Yeast - proteinase A.

3. Fungi - enzymes from the species Endothia parasitica, Penicillium
janthinellum, Mucor pusillus and Rhizopus chinensis.

4. Plants - proteinases from squash seeds and cucumber (Polanowski et

al, 1985), rice seeds and wheat leaves (Foltmann, 1985a).

It may be noted that no bacterial aspartic proteinases have yet
been found.

Most of these enzymes have molecular weights of 35-42,000 Kd. Most
are acid proteinases, being maximally active in acid conditions, but
renin, which is a neutral proteinase in physiological conditions, is
exceptional. The mammalian aspartic proteinases, unlike the microbial
enzymes, are synthesized as precursors, termed zymogens, namely
pepsinogen, progastricsin, prochymosin, prorenin (Kay, 1980) and
possibly, though less well substantiated, cathepsinogen D (Puizdar &
Turk, 1981).

In the nomenclature of the International Union of Biochemistry,
enzymes are classified according to catalytic activity and further
separated by the substrates on which they act. This system is difficult

to apply to proteinases, as their substrate specificities overlap.
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These enzymes are more conveniently sub-classified according to the
mechanism by which their active sites bind to various inhibitors. By
these criteria, the aspartic proteinases occur in the group EC 3.4.23

and are further divided thus (Foltmann, 1985a):

3.4.23.1 Pepsin A

3.4.23.2 Pepsin B (pig only)

3.4.23.3 Gastricsin

3.4.23.4 Chymosin

3.4.23.5 Cathepsin D

3.4.23.6 Aspartic proteinases from fungi and yeasts

3.4.23.15 Renin

Cathepsin E and slow-moving protease (SMP) are not yet classified.

Pepsin B (Ryle, 1970) occurs only in the pig and in the present
work pepsin A will be referred to simply as pepsin.
Pepsin

Pepsin was the first enzyme ever identified, following its
extraction from human gastric juice (Schwann, 1836). The early history
of its discovery and study is discussed by Wolf (1965). The enzyme is
synthesised as the zymogen pepsinogen (Langley, 1882a), which is
secreted from the gastric mucosa and activated by the low pH in the
gastric juice, where it is the main acid proteinase, its concentration
in humans being 400 mg/1 (Fruton, 1971). Although optimally active at
pH 2.0, it is active up to around 5.3, at which it clots milk. Above
pH7 it is permanently inactivated and no longer functions, even if the
pH is lowered once more (Langley, 1882b). Pepsin survives
lyophilisation but if stored in solution, even at 4°c, it digests itself

rapidly, aTthough the fragments resulting from its autolysis may
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continue to be active for some time.
Gastricsin

The second important acid proteinase of the human stomach, now
called gastricsin, was first demonstrated in pig and dog gastric mucosal
extracts, which were found to display activity not explicable by the
presence of pepsin alone (Takemura, 1909; Hirayama, 1910). The enzyme
was found to be only weakly active at the optimal pH of pepsin. The
enzyme was named cathepsin and was mistakenly thought to be derived from
lymphocytes (Willstatter & Bamann, 1929; Freudenberg, 1940). The
proteinase was found to have optimal pH 3-4 and was extracted from
human duodenal as well as gastric mucosa (Buchs, 1953; Buchs, 1954). As
this enzyme is present in high amounts (150 mg/1, which is 20-30% of the
proteolytic activity of the gastric juice), it seems clear that it is a
secretion product and does not really belong to the group of enzymes
termed cathepsins. It was therefore renamed gastricsin when it was
purified in 1958 (Richmond et al, 1958). Gastricsin is synthesised as
the zymogen progastricsin and, like pepsinogen, is activated by exposure
to gastric acid. The optimum pH of gastricsin is around 3.0, somewhat
higher than that of pepsin. Gastricsin cleaves different peptide bonds
from pepsin, but is similarly inactivated by neutralisation.
Chymosin

In 1853 an acid proteinase was discovered in the infant stomach of
certain mammals: rennin (Heintz, 1853). Rennin was shown, like pepsin,
to be secreted from the gastric mucosa as a zymogen (Langley, 1882a).
Rennin is now called chymosin to avoid confusion with renin of the
kidney. Chymosin is an aspartic proteinase and has great importance in

the manufacture of cheese but does not occur in the human stomach.
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Cathepsin D

- Cathepsin D appears to have been responsible for the acid
proteolytic activity detected in autolysing tissues, such as liver,
muscle, adrenal glands (Salkowski, 1890; Schweining, 1894; Biondi,
1896; Jacoby, 1900), thymus (Kutscher, 1901; Jacoby, 1902), spleen
(Hedin & Roland, 1901a, Hedin, 1904), lymph node, liver, kidney,
skeletal and cardiac muscle, blood cells (Hedin & Roland, 1901b),
inflammatory exudates, reactive l1ymph nodes and bone marrow (Opie, 1906;
Jobling & Strouse, 1912). The acid proteinase was thought to be of
macrophage origin, which would account for its wide distribution in
tissue, and was found to have maximal activity at pH 3-3.5 (Dernby,
1918). The term cathepsin was first applied to an enzyme detected in
gastric mucosa, but it seems likely that this enzyme was in fact
gastricsin rather than cathepsin D. The term cathepsin is now reserved
for any of a group of proteolytic enzymes which are stored within cells,
probably within lysosomes, and act intracellularly. Cathepsins vary in
catalytic mechanism and include not only aspartic proteinases such as
cathepsin D, but also cysteine proteinases, such as cathepsins B, L and
H and the serine proteinase, cathepsin G (Kay, 1982). Cathepsin D was
named in 1960 (Press, Porter & Cebra, 1960).

By the above criteria the evidence for the existence of a cathepsin
in gastric mucosa has until recently not been convincing and will be
discussed later in this chapter.

Renin

Renin differs from other aspartic proteinases in that it is active
physiologically at neutral pH, although its optimum in vitro is 5.5-5.6.
In addition, renin is highly substrate-specific for the plasma protein
angiotensinogen. Renin is synthesised as the zymogen, prorenin, which
is stored in the juxtaglomerular apparatus of the kidney and secreted

into the blood. The enzyme has also been extracted from mouse



24

subméxi]lary gland (Cohen et al, 1972) and from rat and dog brain
(Fischer-Ferraro et al, 1971; Inagami et al, 1982).
Cathepsin E

Cathepsin E is an aspartic proteinase which has been identified in
rabbit bone marrow (Lapresle & Webb, 1962), in rabbit, rat and bovine
spleen (Lapresle, 1971; Yamamoto, Katsuda & Kato, 1978; Yamamoto et al,
1980; Lapresle et al, 1986) and in rabbit skin homografts (Jasani,
Jasani & Talbot, 1978). Cathepsin E has a molecular weight of 85-90,000
Kd and consists of two subunits with molecular weights of around 45,000
Kd (Yamamoto et al, 1978; Lapresle, 1971). It has a pH optimum of 2.5
(Jasani et al, 1978) and is inhibited strongly by the inhibitor protein
from Ascaris lumbricoides (Keilova & Tomasek, 1972). It is known not to
cross-react immunologically with antiserum to cathepsin D (Barrett &
Dingle, 1972; Yamamoto et al, 1980; Lapresle et al, 1986). It has been
suggested that cathepsin E is a dimer of cathepsin D (Yamamoto et al,
1978) but recent studies have shown that the amino acid composition of
cathepsin E is quite different from that of cathepsin D and that they

cleave different peptide bonds (Lapresle et al, 1986).

ASSAY METHODS

Assay methods for pepsin, gastricsin and cathepsin D exploit the
ability of the enzymes to digest haemoglobin at certain pH optima to
yield products which are not precipitated by trichloracetic acid (TCA)
(Anson & Mirsky, 1932; Anson, 1938). Spectrometric measurement of the
change in optical density allows accurate estimation of enzyme activity,

which is expressed in units compared with a standard specific activity.
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~The gastric and urine zymogens may be more clearly resolved by
electrophoresis on polyacrylamide gel and more bands have been
demonstrated than on agar. Even these can be shown by column
chromatography to consist of subtypes (Samloff, 1985).

Slow moving protease (SMP)

Etherington & Taylor (1970)'s zone 7 corresponds to a small early
peak obtained by DEAE cellulose chromatography and appears to correspond
to PIV of Kushner et al (1964) and SMP of Samloff (1969) (Table 1.3).
The main property which distinguishes SMP from pepsin and gastricsin is
its resistance to sequential acid activation and neutralisation. An
enzyme with such a property was isolated from normal human gastric
mucosa and named a cathepsin (Mangla, Guarasci & Turner, 1974). Its
molecular weight, estimated by its mobility on Sephadex G-100, was
40-50,000 Kd and its pH optimum 3.4. This is consistent with the
suggestion that it is cathepsin D and not cathepsin E, which has a
molecular weight of about 90 Kd and pH optimum 2.5 (Barrett, 1977a).
The identity of this enzyme with SMP was not, however, established by
zymography.

The non-pepsin proteinase isolated from human gastric mucosa by
Roberts & Taylor (1978) behaved 1ike SMP on zymography and had optimal
activity at pH 2.5-3.5. It cleaved preferentially peptide bonds
Leu-Tyr and Phe-Tyr, like pepsin and cathepsin E but unlike cathepsin
D, which preferentially cleaves Phe-Phe (Etherington & Taylor, 1972).
These data supported their previous suggestion that normal gastric
mucosa contains an enzyme with properties of cathepsin E and that it is
identical with SMP (Etherington & Taylor, 1972).

The previous authors found no evidence of cathepsin D in normal
gastric mucosa (Roberts & Taylor, 1978), although they had previously
demonstrated it in gastric adenocarcinomas. However, the non-pepsin
proteinase purified from normal gastric mucosa by Kageyama & Takahashi

(1980) had properties similar to, but not identical with, those of
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Cathepsin D
Cathepsin D has only comparatively recently been purified (Table
1.1).

STow moving Protease (SMP)

SMP was partly purified from human fetal gastric mucosa by
acetone-ether extraction (Hirsch-Marie & Touboul, 1973). The method was
somewhat crude and although the SMP obtained was used in immunological
studies, its purity was not convincingly demonstrated. SMP has
recently been purified from human gastric mucosa by chromatography

(Samloff et al, 1987).

STRUCTURE

Primary structure

The primary structure of various aspartic proteinases has now been
determined (Table 1.2 and Fig. 1.1). There is considerable homology
among all the aspartic proteinases, about 10% of their amino acid
residues being at identical positions (Foltmann, 1985b). In most cases
a propart, about 44 amino acids long, is attached to the N-terminal end,
from which the active enzyme is numbered. The catalytic aspartic acids
32 and 215 are present in all the aspartic proteinases, while five
clusters of residues around them are particularly well conserved (Fig.
1.1 and 1.2).

Thirty to forty of the approximately 375 amino acid residues of the
zymogen carry negative charges, 10-20 carry positive charges and the
rest are neutral. Differences in the numbers of these presumably
account, at least partly, for variations in electrophoretic mobility
among the members of the enzyme family. The enzymes and zymogens are
often coupled to a carbohydrate moiety to form a glycoprotein.

Cathepsin D, for example, contains about 1% hexosamine and 5% hexose
(Barrett, 1980a). Variations in the size and charge of the carbohydrate

may also affect electrophoretic mobility.
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FIG. 1.2 Aspartic proteinases - three dimensional structure.
The molecule has been folded open to show the active
site cleft, adjacent to which 1ie the five groups of
conserved amino acid residues (Phe 31 to Ser 36, Tyr 75
to Gly 78, before Gly 122, Asp 215 to Gly 217 and
around Gly 303), shown in yellow. The catalytic amino
acids Asp 32 and Asp 215 normally lie close together
and are hydrogen bonded (red dashes). The substrate
fits into the cleft, binding site S4 being at the top.
The N and C termini are shown in blue. The arrows
indicate beta-structures and the cylinders indicate
alpha-helices. In the zymogen, the propart is attached
to the N-terminal end and occupies the cleft, blocking
access by substrate.
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THREE DIMENSIONAL STRUCTURE

. The three dimensional structures of pig pepsin (Andreeva et al,
1985) and of the fungal aspartic proteinases, penicillopepsin (James &
Sielecki, 1983), endothiapepsin (Blundell et al, 1985) and Rhizopus
chinensis proteinase (Bott, Subramanian & Davies, 1982) have now been
determined and are remarkably similar. The pig pepsin molecule consists
of two lobes separated by a cleft (Fig. 1.2). The N-terminal half
includes amino acids 1-175, while the C-terminal lobe includes residues
176-327. About 35% of the residues in topologically similar positions
are identical in the two lobes of the molecule of any one enzyme.

Each of the two lobes appears in turn to consist of two symmetrical
halves. The active site is in the cleft and is known as an extended
site, indicating that tight binding of substrate requires interactions
with several side chains of either side of the scissile bond, usually at
least seven amino acids in the S;-S3' subsites, the bond between the
hydrophobic residues in the 51-51' sites being cleaved preferentially
(Powers et al, 1977).

Recently the tertiary structure of the zymogen, pig pepsinogen, has
been determined (James & Sielecki, 1986). The propart segment occupies
the cleft of the pepsin part.

ZYMOGEN ACTIVATION

A1l the mammalian aspartic proteinases appear to be synthesised
as zymogens, although the evidence for a cathepsin D zymogen is less
conclusive than for the others. The zymogen is inactive, because the
propart occupies the substrate-binding cleft of the enzyme, blocking
access to the two catalytic aspartyl residues. On acidification, the

propart is detached by sequential removal of short peptides.
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In pig pepsinogen the first cleavage at Leu 16 - Ile 17 and
the second at Phe 25 - Leu 26 occur intramolecularly. The third
cleavage, at Leu 44 - Ile 45 occurs intermolecularly, as this bond is
far from the active site of the molecule in which it is cleaved.
Removal of the propart thus exposes the active site of the enzyme. The
first fragment removed is itself a pepsin inhibitor at or above pH 5 and
may help protect the pepsin from inactivation when the pH of the gastric
juice rises (Kay, 1980).

At pH 4-4.6 activation of pepsinogen is much slower than at pH 2
and is autocatalytic, i.e. pepsin catalyses its own production

(Herriott, 1939).

EVOLUTION OF ASPARTIC PROTEINASES

The homology among the various aspartic proteinases of different
species suggests that the enzymes developed long ago, when fungi and
mammals had a common ancestor (Foltmann, 1981). The bilobed structure
and the symmetry within each of the lobes suggests that the aspartic
proteinases evolved from a precursor gene which coded for about 80 amino
acids. Gene duplication and fusion led to a gene coding for about 160
amino acids and a second duplication and fusion led to an enzyme group
with about 320 amino acids (Tang et al, 1978; Andreeva & Gustchina,
1979; Blundell, Sewell & McLachlan, 1979; Foltmann, 1981). Sequence
divergence would explain the non-homology between enzymes within and
between different species and is considered more likely than convergence
(Burt et al, 1985).

It has been speculated that cathepsin D might be the primitive

ancestor of the aspartic proteinases and was the intracellular digestive
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enzyme of a unicellular organism. On this basis, pepsin, gastricsin and
renin presumably evolved later (Barrett, 1980a). It may be that the
critical step in evolution from fungal to mammalian proteinases was the
acquisition of the zymogens (Stepanov, 1985). The evidence suggests
that the mammalian genes were derived from a common sequence around

160 million years ago and that the mammalian gene precursor and that of
the fungus Penicillium janthinellum diverged about 1000 million years

ago (Burt et al, 1985).

CATALYTIC MECHANISMS

The cleavage of a peptide bond by an enzyme involves at least three
steps:
1 binding of substrate to the active site of the enzyme
2 cleavage of the peptide bond
3 release of the products from the active site
The various aspartic proteinases differ widely in their selectivity for
substrates. Nétura]]y occurring proteins are generally too complex for
use in catalytic studies and much has been learned from experiments with
synthetic substrates, such as
Pro-Thr-Glu-Phe - NOZPhe—Arg-Leu
Pg P3 Py Py P Po' Py’
which is cleaved at the scissile bond between phenylalanine at position
P1 and p-nitrophenylalanine in the Pl' position. The scissile bond is
orientated close to the catalytically essential aspartic residues 32 and
215. In most cases cleavage is at or between aromatic amino acids,
which have hydrophobic groups, but the rate of cleavage is altered
considerably by the amino acid residues at the ancillary positions Pas
P3, Po, P>' and P3‘. Moreover, the corresponding subsites in the enzyme
vary between the different aspartic proteinases. The scissile bond and

the rate at which it is cleaved depends therefore on the structure of
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the .substrate and of the particular aspartic proteinase, as well as on
the ionic concentration of the solution (Pedersen, 1977). The
mechanisms have been discussed in detail elsewhere (Kay, 1985; Dunn et
al, 1985). Naturally occurring inhibitors, such as pepstatin, and
various synthetic inhibitors have also proved useful in such studies.
Renin inhibitors have clinical importance in the treatment of

hypertension.

MOLECULAR VARIANTS OF ASPARTIC PROTEINASES

Because of their clinical interest, some of the aspartic
proteinases have been further classified by their electrophoretic
mobility. In most studies electrophoresis was carried out on 1 to 1.5%
agar gel buffered at pH 7.3 to 8.6 in a slab around lmm thick on a glass
plate, kept cool during the run. More recently, polyacrylamide gel has
been found to give better separation. Some studies have been carried
out on urine, but most work has been performed on gastric mucosal
extracts, prepared from the supernatants obtained by centrifuging
homogenates of tissue in weak neutral or slightly alkaline buffer.
Samples were placed in wells, usually slit-like, and an electric current
was passed through the gel. Most aspartic proteinases are negatively
charged and moved towards the anode. Enzyme activity was demonstrated
by the method of Uriel (Uriel & Scheidegger, 1955; Uriel & Grabar, 1956;
Uriel, 1960), in which the gels are impregnated with protein, usually
haemoglobin, buffered to suitable pH, usually around 2; the plate is
then incubated, dried and stained for protein with amido black or
Coomassie blue. Any enzyme activity at the incubation pH is marked
by a clear lytic zone, where the protein has been digested. This
technique is known as zymography. When electrophoresis is performed
as above, only the zymogens may be demonstrated, as any enzymes

in the sample are inactivated at the neutral or alkaline pH at
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which the electrophoresis is carried out. If, however, electrophoresis
is performed at pH 5.3, the active enzymes are not denatured and so may
be demonstrated.

The number of isoforms of the zymogens detected depends on the
conditions of electrophoresis, but the isoforms have usually been named
in order of decreasing anodal mobility. In several studies, four
zymogens, PI, II, III and IV, were demonstrated in human gastric mucosa
(Rapp et al, 1964) and in gastric juice (Hirsch-Marie, Conte & Burtin,
1965; Hirsch-Marie, 1968). Other workers, studying gastric mucosa from
pig, human, rabbit and dog, obtained only three zymogens, named PGI, II
and ITI. Samloff (1969), on the other hand, found that human gastric
mucosal extracts yielded no less than eight proteolytic bands. Like
Rapp et al. (1964), he found that acidification and neutralisation
abolished the activity in the fastest seven bands, which he therefore
considered to be pepsinogens and named Pg 1 to 7; activity persisted in
the eighth band, which he called slow-moving protease (SMP), as he
considered it not to be a true pepsin. Pg 1-5 but not 6 and 7 or SMP
were detected in the urine, whereas all were present in the blood
(Samloff & Townes, 1970). Seven proteolytic fractions, numbered 1 to 7,
were separated from human gastric mucosa by Etherington & Taylor (1967;
1970).

A number of different zymogen fractions have also been separated
from gastric mucosa by DEAE cellulose chromatography, but these are
often resolved further by electrophoresis (Turner et al, 1970; Samloff,
1971a).

By the early 1970's the nomenclature of the gastric zymogens and
enzymes had become complex, as each group of authors accorded different
names or numbers to the fractions identified (Etherington & Taylor,
1967). The various terminologies are compared in Table 1.3.

Samloff (1971a) showed the fastest 5 bands (Pg 1 to 5) to be
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jmmunologically identical but different from the next two (Pg 6 and 7)
and from SMP. He grouped Pg 1 to 5 together as Group I pepsinogens and
Pg 6 and 7 together as Group II pepsinogens. An additional Group I
zymogen, band 5a, cathodal to 5, has been found in the urine
(Gedde-Dahl et al, 1978). While clinicians tend to use these terms,
biochemists usually call the Group I pepsinogens simply pepsinogen and
the Group II pepsinogens, progastricsin. In the latter terminology,
then, zymography separates gastric mucosal extracts into 1) pepsinogen,
of which there are 5 or 6 isozymodens, 2) progastricsin, of which

there are 2 isozymogens and 3) SMP. These will be considered in turn.

Pepsinogen and progastricsin

The reasons for the different bands are still not understood. The
molecular weights appear to vary from 43,800 to 34,600 Kd (Roberts &
Taylor, 1972). Variations in the amount of phosphate or carbohydrate
attached to the zymogen molecule could be important (Meitner & Kassell,
1971, Kageyama & Takahashi, 1977; Ryle & Foltmann, 1985). It is also
possible that the fractions are breakdown products of the same molecule
(Hirsch-Marie, 1968). Differences in substrate specificity have
apparently been demonstrated between the isozymogens but the
significance of this is not clear (Walker & Taylor, 1978; Roberts &
Taylor, 1979).

The concentrations of the pepsinogen isozymogens vary genetically.
Indeed, about 14% of Caucasians in the U.S.A. lack pepsinogen band 5 on
zymography of both urine and gastric mucosal extracts (Samloff & Townes,
1970) and are said to be of phenotype B. This is inherited as an
autosomal recessive trait. By contrast, all individuals of East Asian
origin are of phenotype A, none lacking band 5 (Samloff, Taggart &
Hengels, 1985). Altogether, nine phenotypes have been identified,
exp]icab]e_by the codominant expression of four alleles at a single

genetic locus (Taggart et al, 1979).
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_ The gastric and urine zymogens may be more clearly resolved by
electrophoresis on polyacrylamide gel and more bands have been
demonstrated than on agar. Even these can be shown by column
chromatography to consist of subtypes (Samloff, 1985).

Slow moving protease (SMP)

Etherington & Taylor (1970)'s zone 7 corresponds to a small early
peak obtained by DEAE cellulose chromatography and appears to correspond
to PIV of Kushner et al (1964) and SMP of Samloff (1969) (Table 1.3).
The main property which distinguishes SMP from pepsin and gastricsin is
its resistance to sequential acid activation and neutralisation. An
enzyme with such a property was isolated from normal human gastric
mucosa and named a cathepsin (Mangla, Guarasci & Turner, 1974). Its
molecular weight, estimated by its mobility on Sephadex G-100, was
40-50,000 Kd and its pH optimum 3.4. This is consistent with the
suggestion that it is cathepsin D and not cathepsin E, which has a
molecular weight of about 90 Kd and pH optimum 2.5 (Barrett, 1977a).
The identity of this enzyme with SMP was not, however, established by
zymography.

The non-pepsin proteinase isolated from human gastric mucosa by
Roberts & Taylor (1978) behaved 1ike SMP on zymography and had optimal
activity at pH 2.5-3.5. It cleaved preferentially peptide bonds
Leu-Tyr and Phe-Tyr, like pepsin and cathepsin E but unlike cathepsin
D, which preferentially cleaves Phe-Phe (Etherington & Taylor, 1972).
These data supported their previous suggestion that normal gastric
muéosa contains an enzyme with properties of cathepsin E and that it is
identical with SMP (Etherington & Taylor, 1972).

The previous authors found no evidence of cathepsin D in normal
gastric mucosa (Roberts & Taylor, 1978), although they had previously
demonstrated it in gastric adenocarcinomas. However, the non-pepsin
proteinase purified from normal gastric mucosa by Kageyama & Takahashi

(1980) had properties similar to, but not identical with, those of
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cathepsin D from human liver and pig spleen. The enzyme consisted of
two identical monomers, covalently bound to form a molecule of weight
85,000 Kd. However, these workers did not convincingly demonstrate by
zymography that this 'cathepsin D-like protease', as they termed it,
was SMP, which they had been attempting to purify. Soon afterwards,
Pohl, Bure¥ & Slavik (1981) demonstrated two non-pepsin proteinases in
normal gastric mucosa. The first, which they termed 'protease 1',
consisted of two polypeptide chains, of molecular weights 33,000 and
18,000 Kd, had optimal pH 3.2-3.6 and cleaved the Phe-Phe bond. On
agar gel electrophoresis it moved cathodally, reflecting a higher
proportion of basic amino acid residues than are known to exist in
pepsinogen or progastricsin. These and other properties supported the
view that this enzyme was identical to cathepsin D isolated from other
tissues. The second enzyme, termed 'non-pepsin protease', moved
electrophoretically Tike SMP. These results suggest that normal
gastric mucosa contains cathepsin D and that SMP is a different
enzyme.

Recently a cathepsin D-like proteinase has been demonstrated in

the rat gastric mucosa (Muto, Arai & Tani, 1983).

IMMUNOLOGICAL PROPERTIES OF THE ASPARTIC PROTEINASES

It has been recognised that pepsin is immunogenic since Northrop
(1930) raised rabbit antisera to his newly purified crystalline pig
pepsin and demonstrated a precipitin line between the antisera and
both active and denatured enzyme. The immunological non-identity of
pepsinogen, progastricsin and SMP has been demonstrated by
immunoelectrophoresis of human gastric mucosal extracts against rabbit

antisera (Kushner et al, 1964; Hirsch-Marie et al, 1965; Samloff,
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1971a). There appears to be partial immunological identity between the
zymdgens and their corresponding active enzymes (Kushner et al, 1964,
Kalinovsky & Okylov, 1978), suggesting that there are shared antigenic
determinants. As aspartic proteinases are normally inactivated at pH
over 7, they may, when used as immunogens, stimulate production of
antisera which react better with the zymogen than with the active
enzyme (Foltmann, 1981).

There is immunological identity among the five pepsinogen
isozymogens (Pg 1-5) and between the two progastricsin fractions (Pg 6
and 7) (Samloff, 1971a), presumably reflecting the strong correlation
known to exist between antigenic similarity and the extent of sequence
homology (White, Ibrahimi & Wilson, 1978). Similarly, pepsin,
gastricsin and chymosin from the same species are less closely related
immunologically than is each enzyme to its counterpart in different
species. It has been suggested that this indicates that development of
separate genes for these enzymes preceded the divergence of mammals
(Foltmann, 1981).

COMMENT

Most work on the aspartic proteinases has been carried out by
biochemists. Perhaps this partly explains why the precise location of
the enzymes in tissues is poorly documented and why their potential use
in tumour diagnosis has not been examined. The immunohistochemical
techniques used by pathologists can readily be applied to such problems
and the answers may, in turn, be of biochemical as well as pathological
interest. In the work described in this thesis, four human aspartic
proteinases, pepsin, gastricsin, cathepsin D and SMP were selected.
Before their immunolocalisation is discussed, however, certain

preliminary studies will be described in Chapter 2.
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CHAPTER 2
BIOCHEMICAL AND IMMUNOLOGICAL STUDIES OF ASPARTIC
PROTEINASES
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INTRODUCTION

A prerequisite of any immunohistological investigation is a supply
of antibody and ideally some pure antigen, for use in absorption control
experiments. As there are no commercially available antibodies to any
of the aspartic proteinases, antisera had to be prepared by immunisation
of animals. However, the only enzymes or zymogens which are available
for this purpose are pig pepsin and pepsinogen. Initially, therefore,
pig pepsin was used as an immunogen and the resultant antiserum was
employed in immunohistological studies. Subsequently, due to doubts
about the homogeneity of the commercial pepsin, it was considered
desirable to obtain a pure supply of this enzyme. In order to avoid
problems due to autodigestion, the zymogen, pig pepsinogen rather than
the active enzyme was further purified, the aim being to use the
purified zymogen, and, if necessary, the derived enzyme, for blocking
experiments to ensure specificity of immune staining with the previously
prepared antipepsin. Later, a small supply of human pepsin was donated
to us.

The purification of the other aspartic proteinases, progastricsin,
cathepsin D and slow moving protease presents greater difficulties than
that of pepsinogen. As the advantage of a partially pure animal form of
these enzymes did not exist, human tissues were used. Because of
similarities between the enzymes, they are difficult to separate from
one another and for this reason sources other than gastric mucosa, in
which several members of this family are present, were chosen whenever
possible. Progastricsin, for example, appears to be the only acid
proteinase zymogen in seminal fluid, which was therefore used as a
source, although during the work we were given a supply of pure
progastricsin. A small amount of human cathepsin D was also gifted to
us but was thought insufficiently pure for use as an immunogen. It was

therefore decided to purify cathepsin D anew from human spleen, which
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was readily available and known to be rich in this enzyme. When the
preéent studies began, little was known about slow moving protease. The
work of Hirsch-Marie et al (1976) suggested that fetal stomach was rich
in SMP and poor in pepsin and gastricsin. For this reason, fetal
stomach was initially used as a source of SMP. Later, SMP, purified
from human gastric mucosa, was gifted to us.

This chapter describes the purification of the various aspartic
proteinases, the development of antisera to the enzymes and the tests
performed to demonstrate the specificity of these antisera, which were
to be used for subsequent immunohistological work. Although pepsin,
gastricsin and cathepsin D have been relatively well characterised,
little is known about SMP. In previous studies, there has been
speculation that it is identical to cathepsin D (Chapter 1).
Experiments were therefore carried out in an attempt to clarify the

nature of this enzyme.
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MATERIALS AND METHODS

Sources of enzymes and zymogens

The sources from which the aspartic proteinases and zymogens used
in this study were obtained are listed in Table 2.1. Pig pepsinogen was
further purified as described below. The human pepsin obtained from Dr.
A.P. Ryle had been purified from gastric juice (Ryle, personal
communication). It had been shown to migrate as a single band on SDS-
polyacrylamide gel electrophoresis. The human gastricsin obtained
from Professor J. Tang had been purified by the previously described
method (Tang, 1970). It migrated as a single band on SDS-PAGE
electrophoresis and on electrophoresis in 5.6% polyacrylamide gel. The
human seminal progastricsin gifted by Professor Svasti had been prepared
as described previously (Ruenwongsa & Chulavantnatol, 1975) and was
activated at pH 2 to yield the enzyme, gastricsin (Surinrut, Svasti &
Surarit, 1981). The human cathepsin D gifted by Dr. Barrett had been
purified as previously indicated (Barrett, 1977a). Attempts were made
to purify SMP from homogenates of fetal gastric mucosa. The supply of
SMP gifted by Professor 1.M. Samloff was purified from human gastric

mucosa as described (Samloff et al, 1987).
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TABLE 2.1

SOURCES OF ASPARTIC PROTEINASES AND ZYMOGENS

Enzyme/Zymogen

Tissue of origin

Source

pig pepsin (1yophilised)

pig pepsinogen
human pepsin
human gastric gastricsin
human seminal
progastricsin

human cathepsin D

human cathepsin D

human SMP

pig gastric mucosa

human

human gastric mucosa

human seminal fluid

human spleen

human gastric
mucosa

Sigma Chemicals Ltd

Dr. A.P. Ryle,
Edinburgh

Prof. J. Tang
Ok 1ahoma

Prof. J. Svasti,
Bangkok

Dr. A.J. Barrett,
Cambridge

purified de novo

Prof. I.M. Samloff,
California
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ENZYME ASSAY

Assay of pepsinogen, progastricsin and cathepsin D is based on
the ability of the active enzymes to digest haemoglobin at optimal pH
2.0, 3.0 and 3.5 respectively. The methods described are for pepsinogen
but, with appropriate pH adjustments, are suitable for estimation of the
other two enzymes and zymogens.

1. Anson's method

The method was that described previously (Anson & Mirsky, 1932;
Anson, 1937, 1938; Berstad, 1970). Duplicate samples of bovine
haemoglobin were kept at 37°C in a water bath. Proteolysis was started
by addition to each tube of either the unknown sample or a standard
solution of pepsinogen, the mixture being buffered to pH 2.0. After 10
mins the reactions were stopped by addition of 5% trichloracetic acid
(TCA). The TCA soluble split products formed were estimated by
measuring the optical density of the filtrates at 280 nm against the
blanks. The amount of enzyme in each tube was proportional to the
optical density and could be estimated by comparison with the optical
density of the known standards.

2. Radial diffusion assay

This is a convenient method for assay of large numbers of samples
and is, like Anson's method, based on haemoglobin digestion. The
samples were allowed to diffuse radially from circular wells in agar
impregnated with haemoglobin buffered to the optimal pH of the enzyme
under assay. The agar gels were prepared as described previously
(Samloff & Kleinman, 1969). It was found convenient to use glass
microscope slides (7.5 x 2 cm), on which a slab of gel 1 mm thick could
be Tayered by addition of 1.8 ml of the agar mixture. The slides were
stored in racks at 49C in an airtight moist container. As originally
described, the wells in the agar plate were 4 mm in diameter. It was

found in the present studies, however, that wells as small as 2 mm could
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be used with satisfactory results. In this way, up to 50 assays could
be accommodated on one slide, although in practice about 30 per slide
sufficed. Into each well was placed a sample, pig pepsin or pepsinogen
being used as standard. The slides were incubated in a humid chamber
for 1 hr at 379C and fixed in 5% acetic acid in 50% ethanol to stop the
reaction and precipitate undigested protein. Each slab was overlain
with moist filter paper to prevent cracking of the agar during drying.
Slides were then stained for protein with 1% amido black (Uriel and
Grabar, 1956). A clear zone developed round each well where there had
been proteolytic digestion of haemoglobin. The logarithm of the
concentration of enzyme is linearly related to the diameter of the clear
zone minus the diameter of the well (Mancini, Carbonara & Heremans,
1965). The concentration of enzyme in each sample could therefore be
read off a series of known pepsinogen standards.

3. Milk clotting assay for pepsin

Pepsin was assayed by the milk clotting method at pH 5.3 (McPhie,
1976).

4., Assay of cathepsin D

During purification, cathepsin D activity was assayed by digestion
of the synthetic substrate Pro—Thr-Glu—Phe—(NOzPhe)-Arg-Leu (Dunn,

Kammermann & McCurry, 1984).

PROTEIN ASSAY

Protein was assayed either by a standard Lowry method (Lowry et al,
1951) or by a Bio-Rad protein assay (Bio-Rad Laboratories - Technical

Bulletin 1051E, April, 1977).

PREPARATION OF GASTRIC MUCOSAL EXTRACTS

Stomachs which had been resected for peptic ulceration or

malignancy were collected fresh and washed in normal buffered saline.



4e

The mucosa was scraped off with a glass microscope slide, homogenised in
0.1M phosphate buffer, pH 7.3 at 49C and centrifuged at 18,000 rpm

(Samloff, 1969). The supernatant was stored at -20°C.

ELECTROPHORESIS OF GASTRIC MUCOSAL EXTRACTS

Agar gel electrophoresis

Agar gel electrophoresis was carried out by the method described by
Samloff (1969). 1.5% Noble agar (Difco) was made up in 0.05M Veronal
buffer pH 8.3 and poured over levelled glass plates to a uniform
thickness of 1 mm. When the agar had solidified samples were placed in
slots 10 x 1 mm cut 2-3 cm from the cathodal end. The plates rested
on a perspex box cooled by circulating water. Electrophoresis was
carried out for several hours at 11 volts per cm (constant voltage).

After electrophoresis the plates were incubated in 0.65% bovine
haemoglobin (Sigma) in 0.06 N HC1, pH 1.6 for 10 min. The excess fluid
was poured off and the plates were incubated in a humid chamber at 37°C
for 1 hr. The plates were then fixed for at least 1 hr in 5% acetic
acid in 50% ethanol. Moist filter paper was laid on the agar surface to
prevent cracking and the gels were dried and stained with 1% amido
black, which stained the haemoglobin protein blue and left a clear zone
where there had been proteolysis.

Polyacrylamide gel electrophoresis (PAGE)

This was carried out by three different methods:

1. PAGE in the presence of sodium dodecyl sulphate (SDS). This was
performed by a standard method as described previously (Valler,
1986).

2. Horizontal slab PAGE. The separating gel consisted of 8% acrylamide
and 0.25% bisacrylamide in 0.42% Tris base (finally 35 mM), pH 7.5.
The electrode buffer consisted of barbitol 22.08g and Tris base 4.0g

in 4 litres of water, pH 7.2-7.5. This was diluted 1:2 for the
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‘cathode chamber. Electrophoresis was carried out at constant power
2.5M.

3. Discontinuous vertical thin Tayer PAGE. The stacking and separation
gels were similar to those published (Taggart et al, 1978). The
electrode buffers were the same as those used in the horizontal slab
PAGE.

Proteolytic activity in the gels was demonstrated by incubation in
haemoglobin solution followed by staining with Coomassie blue (Taggart

et al, 1978).

PURIFICATION OF PIG PEPSINOGEN

Lyophilised pig pepsinogen (Sigma Chemical Co.) was further
purified by ion exchange chromatography and gel filtration, as described
by Ryle (1970) and finally by affinity chromatography. All the
procedures were carried out at 49C. Forty-five mg of pig pepsinogen in
0.02M phosphate buffer, pH 6.9 was loaded on to a DEAE-cellulose column
(2.5 x 20 cm), which was then washed with 100 ml of buffer. The column
was washed with an exponential gradient of 1M NaCl, 7.2 ml fractions
being collected. The fractions containing the resultant optical density
peak at E280 were assayed for proteolytic activity by the radial
diffusion and Anson's haemoglobin methods. The fractions with maximal
proteolytic activity were pooled and the total amount of pepsinogen
estimated. The sample was concentrated, dialysed against phosphate
buffer containing 0.1M NaCl and added to a G100 superfine Sephadex
column (2.5 x 40 cm), which was washed with 0.02M phosphate buffer, pH
6.9, 8 ml fractions being collected. The fractions containing the
resultant peak at Epgy were assayed as before. The samples containing
maximal proteolytic activity were pooled, dialysed against 0.05M
phosphate buffer, pH 6.5 and loaded on to an affinity column (2 x 16 cm)

of poly-L-lysine 1B (Sigma catalogue P1886) coupled to Sepharose 4B.



This was washed with 0.05M phosphate buffer pH 6.5 and a linear gradient
with 120 m1 1M NaCl applied. The fractions of the resultant peak at
Eogp were assayed as before. The samples with maximal proteolytic
activity were pooled, re-run on the washed poly-1-lysine column and
collected, pooled and concentrated as before. The composition of the
final sample was determined by amino acid analysis on a Locarte analyser
following hydrolysis with 6M-HC1 in vacuo for periods ranging from 24-72
hrs. The sample was also examined by SDS-polyacrylamide gel
electrophoresis and was also tested for the presence of pepsin

by milk clotting assay at pH 5.3. These analyses were undertaken by Dr.
J. Kay & M.J. Valler, Biochemistry Department, University College,
Cardiff.

PURIFICATION OF SEMINAL FLUID ACID PROTEINASE ZYMOGEN

Samples of seminal fluid, obtained from the infertility and
vasectomy clinics, were pooled and stored at -20°C. The pooled seminal
fluid was later thawed and centrifuged at 25,000 rpm at 4°C for 30 mins.
The supernatant plasma was fractionated by addition of ammonium
sulphate to 40% saturation. After centrifugation, the resultant
supernatant was assayed for acid proteinase activity by Anson's method.
The supernatant was purified by DEAE-cellulose by the method of
Ruenwongsa & Chulavantnatol (1975) and then by affinity chromatography
as described above for pepsinogen. The fractions collected were assayed
for enzyme activity by radial diffusion assay and those with peak

activity were pooled.

PURIFICATION OF CATHEPSIN D

Cathepsin D was purified from normal human spleen by a three step

procedure as described by Afting & Becker (1981). Normal human spleen
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(64.2g), obtained at splenectomy and stored at -200C, was homogenised in
3 volumes of 30mM veronal buffer, pH 7.4. The homogenate was spun at
17,500 G for 15 min at 4°C and the supernatant retained. The pellet was
resuspended in buffer (1 ml per gram of tissue), homogenised and spun
(31,0009, 20 min). Both supernatants were filtered through glass wool
to remove fat and were pooled and assayed for cathepsin D activity.
Concanavalin-A-Sepharose CL4B (Pharmacia, 17-0440-01) was washed in a
Buchner funnel with 30mM veronal buffer, pH 7.4 containing 1mM Mn™* and
1mM Ca** and 0.6M NaCl. The combined supernatants were stirred gently
at 10 mls per gram of the wet washed ConA-Sepharose for 30 mins and the
gel was washed on a Buchner funnel with excess veronal/0.6M NaCl buffer
containing 1mM mercaptoethanol. The washed ConA-Sepharose was packed
into a column (30 x 1.5cm) and washed with veronal/NaCl/mercaptoethanol
until the eluate had Epgy = 0. The column was washed with 0.1M sodium
phosphate buffer, pH 6.5 containing 0.6M NaCl/1mM mercaptoethanol and
0.2M alphamethyl mannoside (Sigma, M6882). Six bed volumes were
collected, each volume being allowed to equilibrate in the column for 20
min at room temperature. The eluate fractions were assayed for cathepsin
D activity as above. The active fractions were pooled and concentrated
to 10-15 mls with a PM-10 Amicon membrane. The concentrate was applied
to a Sephadex G100 column (2 x 60 cm) in 0.1M sodium phosphate buffer,
pH 6.5/0.6M NaCl/1mM mercaptoethanol. The cathepsin D activity of the
eluate fractions was assayed at pH 3.

Pepstatin-agarose was prepared as follows: isovaleryl pepstatin was
covalently linked via its carboxyl terminal to aminohexyl Sepharose CL4B
with 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide by the method of Kay
& Dykes (1976).

The pooled eluate from the Sephadex column was adjusted to pH 4.0
with 12N hydrochloric acid and passed through a column containing 5 ml

of the pepstatin agarose, which had previously been equilibrated in



50 mM sodium citrate buffer, pH 4.0 containing 0.6M sodium chloride.
The'column was washed with 100 ml of this buffer containing 25 ml of 6M
urea, followed again by 100 ml buffer. Finally, cathepsin D was eluted
with 50mM NaHCO3 solution, pH 8.2 containing 0.6M sodium chloride.
Fractions displaying activity were pooled and dialysed overnight against
2mM sodium phosphate buffer, pH 6.5 and freeze dried. 40 pg samples

were tested by SDS-PAGE as described above.

PURIFICATION OF SLOW MOVING PROTEASE

Attempts were made to purify slow moving protease from fetal
gastric mucosa. Stomachs from fetuses of gestation age 21-36 weeks
were collected at autopsy within 24 hours of death and stored at -20°cC.
The stomachs were thawed and the mucosa scraped off with a glass
microscope slide and homogenised in phosphate buffer as follows:-

1. Mucosae from 14 stomachs were separately homogenised in 1:10 volumes
of 0.005M phosphate buffer, pH 7.4 at 4°C at 16,000 rpm. The
zymogens were extracted by the method of Hirsch-Marie & Touboul
(1973), which entails acetone extraction at -35°C and ether
precipitation at 4°C. The specific activity of the resultant
precipitate was calculated from the relation of acid proteinase
activity as measured by radial diffusion assay to the protein
content by Lowry assay. Agdar gel electrophoresis of 4 of the
extracts was carried out, normal adult gastric mucosal extract being
used as control. Five extracts were selected for immunisation of
rabbits.

2. Pooled mucosae from 8, 5, 8 and 24 fetal stomachs were homogenised
in 5 vol/g of 20mM sodium phosphate buffer, pH 7.2 and centrifuged
at 20,000 rpm. The supernatants were assayed for proteolytic

activity by Anson's method and the specific activity calculated. A
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sample of the fourth homogenate of 24 fetal gastric mucosae was
tested by agar gel electrophoresis with normal adult gastric mucosa

‘as control.

PREPARATION OF ANTISERA

A11 the polyclonal antisera were prepared by injection of rabbits
with enzyme or zymogen emulsified in complete Freund's adjuvant and
boosted with subsequent injections. Finally the rabbits were bled out.
Sodium azide was added to the serum to inhibit bacterial growth and the
serum was stored in aliquots at -20°C. The antisera were tested for
immunohistochemical reactivity by a peroxidase-antiperoxidase (PAP)
method on sections of paraffin-embedded gastric mucosa or, in the case

of anticathepsin D, spleen (for details, see Chapter 3).

Pepsin and Pepsinogen

Anti-pig pepsin

Three rabbits were injected intramuscularly with 1 mg of pig pepsin
and boosted with injections of 0.5 mg at 2 week intervals. After a
further 2 weeks, the rabbits were bled out.

Anti-pig pepsinogen

Antiserum to the highly purified pig pepsinogen was prepared in a
similar way to anti pig pepsin except that there were 7 boosts at 10 day
intervals.

Anti-human pepsin

This was prepared similarly to anti pig pepsin except that the
boosts were at monthly intervals. Serum from 2 of the rabbits labelled
normal gastric mucosa by the PAP method; the rabbits with the higher
titre was bled out.

Gastricsin

Antiserum to seminal fluid acid proteinase

Three rabbits were injected with seminal fluid acid proteinase,
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50 ug in 2 doses, 1 intradermally, the other intramuscularly. Two weeks
later a similar dose was given. A test bleed 3 weeks later showed no
evidence of antibody to gastricsin in serum from any of the rabbits and
in view of the small amount of acid proteinase in the remaining extract
(154 pg) no further rabbits were immunised.

Anti-human gastric gastricsin

Three rabbits were immunised by intradermal and intramuscular
injection of 50 ug (total) of human gastric gastricsin. This was
repeated after 4 weeks and after a further 4 weeks a similar injection
of 37 ug was injected intramuscularly. Two weeks later a test bleed
gave positive labelling of gastric body mucosal sections by the PAP
method with serum from 2 rabbits, the third having died. After a
further week, another intramuscular boost was given and the rabbits were
bled out after a further week.

Anti-human seminal gastricsin

Three rabbits were immunised with 25 pg each of seminal gastricsin
and boosted monthly for 2 months. Serum from all 3 rabbits was tested
by the PAP<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>