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A considerable part of the unspecific acid phospha-
tase of rat liver is bound to cytoplasmic granules
which are recovered mainly with the mitochondria,
but also to some extent with the microsomes
(Berthet & Duve, 1951). Recent experiments have
shown that these granules form a separate group,
entirely distinct from the cytochrome oxidase-
containing mitochondria and from the glucose
6-phosphatase-bearing microsomes (Duve, Gianetto,
Appelmans & Wattiaux, 1953; Appelmans, Wat-
tiaux & Duve, 1955).

Fresh preparations show very little enzymic
activity when assayed under conditions which
preserve their morphological integrity; they are
easily activated by a number of treatments, which
all cause the simultaneous release of the enzyme
in soluble form. Investigations bearing on this
phenomenon led to the conclusion that acid phos-
phatase is retained within the granules by a
membrane-like barrier, impermeable to sucrose and
glycerophosphate, but not to a number of other
substances, such as glycerol, glucose and various
inorganic salts (Berthet, Berthet, Appelmans &
Duve, 1951). The granules appeared to behave as
typical osmotic systems.
The present paper deals with a more detailed

study of the facts observed previously. In general,
the new results afford additional support to the
earlier conclusions. However, some of the concepts
on which these were based have had to be re-
examined.

METHODS

Washed mitochondria were isolated from 0-25M sucrose
homogenates of rat liver by a slight modification of the
method described previously (Berthet & Duve, 1951).
The pressing of the liver through a wire mesh was omitted

and higher field-time values were used to ensure a better
yield of phosphatase-containing granules. Using a Spinco
Model L preparative ultracentrifuge, with rotor no. 40

(rm,= 8.1 cm., r.,w.=4-8 cm.), the 1:10 cytoplasmic
extract, free of nuclei, was usually centrifuged at 160000g-
min.; (Sm,,.=3500S); the resuspended particles were
washed twice at 130000 g-min. (Smj,3l=4400S). (The use of
the composite unit g-min. has been proposed by Duve &
Berthet (1953). It is necessitated in the present case by the
fact that the centrifugings are performed essentially by
means of up-and-down runs, full advantage being taken of
the force developed during acceleration and deceleration.
The term Smin. refers to the sedimentation constant,
expressed in Svedberg units (10-'3 sec.), of the lightest
spherical particles which are completely sedimented under
the conditions used.)
Acid phosphatase was measured as before, with ,B-

glycerophosphateassubstrate. Various commercial prepara-
tions were used, after it had been ascertained by means of
periodate titration that they contained no more than 5% of
the m isomer (which, unlike the , isomer, is significantly
hydrolysed by the microsomal glucose 6-phosphatase).
Most ofthe assays were carried out in 10 min. at pH 5 and

370, or for longer periods at pH 6-1 and 00. As already
shown (Berthet & Duve, 1951), little thermal activation
occurs under these conditions, allowing for a selective
estimation of the amount of free enzyme present in the
incubation mixture. The total enzyme content of the pre.
parations was measured in a similar manner on suspensions
previously treated for 3 min. in a Waring Blendor (usually
after tenfold dilution with distilled water), care being taken
to prevent excessive heating of the preparation during this
treatment. The reaction was stopped by the addition of
8% (w/v) trichloroacetic acid and inorganic P estimated on
the filtrates by the method of Fiske & Subbarow (1925).

RESULTS

Osmotic activation

As reported previously (Berthet et al. 1951), treat-
ment of granules with distilled water causes a rapid
release of their acid phosphatase activity. The same

* Part 2 of this series: Berthet, Berthet, Appelmans
& Duve (1951).
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phenomenon occurs, but in a more progressive
manner, when the granules are kept at 00 in 0-25m
solutions of various ionized or non-ionized sub-
stances. The rate of release at 0° is negligible in
025M sucrose or ,-glycerophosphate, or in media
containing 0-25M sucrose in addition to a substance
such as NaCl or KCl, which alone is unable to
prevent the activation. The osmotic properties of
the granules were deduced from the results of these
experiments.

In most of the investigations mentioned above,
the release of the phosphatase was followed by
determining the amount ofunsedimentable enzyme
present after centrifuging off the particulate
material at high speed. Owing to adsorption
phenomena, this method does not measure the total
activity set free. This drawback has been overcome
in the present studies by assaying the free activity
of the preparations in the presence of the particles.
In addition, advantage has been taken of a tech-
nique involving the graded osmotic lysis of the
granules, to investigate some of the finer aspects of
this phenomenon.

Graded o8motic y8is8. Fig. 1 shows the influence of
sucrose concentration on the rate of liberation of
inorganic P by granules incubated at pH 6-1 and 00
in the presence of 0-0125M sodium P-glycerophos-
phate. The reaction proceeds linearly with time in
all cases, but at a rate which increases with de-
creasing sucrose concentration. Thus each decrease
in sucrose concentration causes the rapid release of

2
Time (hr.)

Fig. 1. Influence of sucrose concentration on the acid
phosphatase activity of a mitochondrial preparation.
Incubation at 00 in 00125M sodium ,-glycerophosphate,
pH 6-1, and sucrose at concentration indicated.

a finite fraction ofbound enzyme, and no additional
activation occurs during the subsequent incuba-
tion.
The general shape of the activation curve is

shown in Fig. 2, in which the rates, expressed in
percentage of the maximal rate achieved by the
blender-treated preparation, are plotted against
sucrose concentration. This graph includes the
results of a parallel experiment made in the
presence of 10-4M 2:4-dinitrophenol. It is seen that
this compound, which has beenfound to activate
the latent ATPase of mitochondria (Hunter, 1951;
Potter & Recknagel, 1951; Lardy & Wellman,
1953), is without effect on the osmotic activation of
acid phosphatase.

O8motic protection by glyceropho8phate. In a
similar experiment, run at two different concentra-
tions of glycerophosphate, the curve obtained with
the higher substrate concentration was parallel to
the other, but shifted to the left by an abscissa value
corresponding to a difference in sucrose concentra-
tion of approximately 0-03M (Fig. 3). Since this
shift is due to the presence of 00125M glycero-
phosphate in excess, it follows that 12 5,umoles of
glycerophosphate show the same protective effect
on the granules as 30 ,umoles of sucrose. At pH 6- 1,
12-5,moles of glycerophosphate (pK2=6-37, ac-
cording to Kiessling, 1934) are equilibrated by
17-1 pequiv. of sodium, and will create an osmotic
pressure equal to that of 29*6 umoles of sucrose
dissolved in the same volume. The data of Fig. 3,
therefore, demonstrate in a quantitative manner
that the protection afforded by glycerophosphate is
of osmotic nature, a conclusion which had already
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Fig. 2. Osmotic activation curve. 0, data of Fig. 1;
0, duplicate experiment, with 10-4m 2:4-dinitrophenol.
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been drawn from earlier experiments in which large
amounts of glycerophosphate were used.

Transient protection by monovalent 8a1t8. The
effect of inorganic salts has also been studied by the
new technique. Fig. 4, which should be compared
with Fig. 1, shows the rate of liberation of inorganic
P when 015M-NaCl is present in addition to the
other components. The rates are initially equal, but
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Fig. 3. Influence of glycerophosphate concentration on the
osmotic release of acid phosphatase. Experimental con-

ditions as in Figs. 1 and 2, with substrate concentrations
indicated.
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Fig. 4. Transient osmotic protection by NaCl. Experi-

mental conditions as in Fig. 1, but with 0- 15m-NaCl in all

samples.

I955
increase progressively in the samples which are
hypotonic with respect to sucrose, to reach finally
the value which would have obtained immediately
if no NaCl had been present. Obviously, the salt
affords only a transient osmotic protection, which

1 2 3 4
Preincubation at 00 (hr.)

5

Fig. 5. Osmotic activation in solutions of KCI. Preincuba-
tion at 00 and pH 6*1 (0.002M cacodylate buffer) in KCI at
concentration indicated on graph. Free acid phosphatase
measured in 10 min. at pH 5 and 370 in 0*05M glycero-
phosphate, 0-05M acetate buffer, 0*25M sucrose and KCI
at the concentration used for the preincubation.
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Fig. 6. Irreversibility ofosmotic activation. Preincubation
30 min. at 00 in sucrose concentration indicated on the
abscissa. Free acid phosphatase measured in 10 min. at
370 in 0-006M glycerophosphate adjusted to pH 5 and
sucrose at same concentration as during preincubation
(0) or 0-25M (0).
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disappears as the concentration within the granules
becomes equilibrated by diffusion with that in the
medium.

In the experiment of Fig. 5, the granules were
kept at 00 and pH 6-1 in two different concentra-
tions of KC1, sucrose being 0-025M in the mixture.
Free acid phosphatase was measured at regular
intervals at pH 5 and 37°. The substrate added
contained KCl at the same concentration to prevent
the bursting of salt-enriched granules (Berthet et al.
1951). The results are consistent with the hypo-
thesis that diffusion is the factor limiting the rate of
activation when the granules are suspended in salt
solutions. However, attempts to measure quanti-
tatively the permeability constant of the granules
to various salts in experiments of this type failed,
owing to the difficulty of establishing the exact
relationship between the penetration of salt and the
release of enzyme.

Irrever8ibility of osmotic activation. In order to
study the possible degree of reversibility of the
activation which occurs in hypotonic media,

100

80~~~

60
E

E
0

4,
4

(00

duplicate samples of granules were preincubated
for 30 min. at 00 in the presence of different sucrose
concentrations, following which the free enzyme
was estimated at pH 5 and 37°. Dilute glycero-
phosphate was used, in order to minimize the con-
tribution of the substrate to the osmotic pressure.
In one series, the sucrose concentration was kept
constant during the preincubation period and the
actual assay. In the other, sufficient sucrose was
added with the substrate to make its concentration
0-25M in all cases during the enzyme test. As is
shown in Fig. 6, this procedure did not decrease the
amount of enzyme made available by hypotonic
conditions and it may be concluded that osmotic
activation is entirely irreversible.

Reproducibility of oamotic activation. In Fig. 7, the
results of six different experiments have been
plotted against the minimum effective osmotic
pressure of the medium to which the granules had
been exposed. Some differences appear to exist
between individual preparations with respect to
their resistance to osmotic disruption. However,

0-05 0-10 0-15 0-20 0-25 0-30 0-35 0-40 0-45 0-50
Equivalent sucrose concentration (M)

Fig. 7. Reproducibility of osmotic activation. *, experiment of Fig. 2; (, same with 10-4M dinitrophenol; 0, experi-
ment of Fig. 3, 0-0125m glycerophosphate; 0D, experiment of Fig. 3, 0-025m glycerophosphate; x, experiment of
Fig. 6; L/ +, data of three experiments, in which the free activity was measured in 10 min. at 370 and pH 5 in
0-25M sucrose, after 15 min. exposure at 00 to varying osmotic pressures. For the experiments of Figs. 2 and 3,
the glycerophosphate present has been considered as iso-osmolar sucrose in the abscissa.
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differences in technique may have to be considered
as well, for the two upper curves in Fig. 7 were ob-
tained at 0° and pH 6-1, whereas the four lower ones
were established at 370 and pH 5. As will be shown
below, there is some evidence of a greater contribu-
tion of the internal enzyme to the free activity at
pH 6-1.

Thermal activation

Berthet et al. (1951) have shown that granules
incubated at 380 in isotonic sucrose progressively
release acid phosphatase in unsedimentable form.
However, the true amount of enzyme set free was
not measured and no attention was paid to the pH
of the incubation mixture. It was therefore decided
to repeat these experiments under more controlled
conditions.

Effect of pH. Equal quantities of a mitochondrial
suspension were incubated at 370 in individual test
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Preincubation at 370 (hr.)
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Fig. 8. Influence ofpH on thermal activation. For experi.
mental conditions, see text. 0, intact granules, pH 5;
*, intact granules, pH 6-1; O, blender-treated granules,
pH 5; *, blender-treated granules, pH 6-1.
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tubes, containing 0-25M sucrose and either O-1M
cacodylate buffer, pH 6-1, or 0- M acetate buffer,
pH 5. The free activity was measured at regular
intervals by adding equal volumes of a mixture
containing 0-1M glycerophosphate adjusted to the
same pH and 0-25M sucrose, and incubating for
10 min. Similar tests were made on blender-
treated preparations. Fig. 8 shows the results of a
representative experiment of this type.

It is seen that the activation proceeds more
rapidly at pH 5 than at pH 6-1. This difference is
not, however, apparent during the early phase of
the process, and the initial free activity of the
preparation is actually higher at pH 6-1 than at
pH 5. As will be shown later (Fig. 9) this dis-
crepancy is explained by the difference in the pH/
activity curves of the free and total activities and it
may be concluded that thermal activation is at all
times more rapid at pH 5 than at pH 6-1.

Kinetic properties of the free enzyme

As shown in this and previous papers, homo-
genates or mitochondrial preparations always
contain a certain amount of free phosphatase,
representing usually 10-20% ofthe total activity or
sometimes more if the granules have been damaged
in the course of isolation. Only part of this activity
is recovered in soluble form when the granules are
centrifuged off, but strong evidence was obtained
that the part which remains attached to the sedi-
ment is fundamentally different from the native
bound form and must be considered as free enzyme
secondarily adsorbed to the surface of the granules,
or perhaps also partly trapped within 'ghosts' of
injured granules (Berthet et al. 1951). In the
present study an attempt has been made to com-
pare the kinetics ofthe free activity ofmitochondrial
suspensions with those of completely disrupted
preparations.

Influence of 8ub8trate concentration. Raising the
concentration of glycerophosphate, even within the
range where the enzyme is almost saturated, hardly

Table 1. Influence of ub8trate concentration onfree and total activity at pH 5

Free activities measured on intact granules, incubated 10 min. at 370 in 0-25m sucrose and 0-05m acetate buffer, pHl5;
total activities measured similarly on blender-treated granules. Results expressed as jig. P/10 min./g. liver.

Expt. 1 Expt. 2
Glycero- I_ A.

Free
activity

44-6
54-5
62

71-3
82-1
89
97.5
99

Free
activity

(% of total)
14-9
11-8
10-3
9-6
9-6
9-5

10-2
10-3

Free
Total Free activity

activity activity (% of total)

297 40-3 13-6
435 51-7 11-9
623 67-5 10-8
802 87-8 10-9
920 102 11-1
1028 120 11-7
1070 131 12-2
1082 133 12-3

l_

_

> I-

phosphate
concn.

(m-molesfl.)
3
6
12
24
36
60
90
120

Total
activity

300
460
600
745
855
935
955
958
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ion of the total activity to that it consists simply in a protective effect against
This fact, which is shown thermal activation during the assay.
ishes strong corroborative Influence of pH. As is shown in Fig. 9, a distinct
al impermeability of the difference between free and total enzyme becomes
phate. A slight relative evident when the pH is varied. As a result, the
is noted at very low sub- proportion of total enzyme estimated as free

suggesting that glycero- activity is not constant, but varies from 9% at

exert some kind of action pH 5 to 14% at pH 6-1 and 23% at pH 6.9. An

tion could possibly affect increase in the rate of destruction of the granules
more likely explanation is during the assay can hardly account for these

results, since a less acid pH value should have a
protective effect (Fig. 8). On the other hand, this
explanation could account for the slight relative
increase in free activity observed in the very acid
range.

Influence of temperature. The temperature co-
efficient of the reaction was measured at pH 6 1 in
order to minimize the danger of activation during
the enzyme assay. The liberation of inorganic P
proceeded linearly with time, even with the sus-
pension Qf granules, and made it possible to obtain
accurate values for the velocity of the reaction at
each temperature. These values furnish very
satisfactory Arrhenius plots, as shown in Fig. 10.
However, the slope of the two lines is not the same.

J--- Using the method of least squares, it was calculated
H 6 7 that the energy of activation is 10300 ± 250 cal./
pH mole for the blender-treated preparation, and

free and total activity. Assays 11800 ± 250 cal./mole for the free activity of the
70, in 0-05m glycerophosphate, intact suspension. The difference between the two
Dacodylate, adjusted to desired values is statistically significant (P < 0.01).
3, assayed in 0O25M sucrose;

es.

1-2 _

08 F

0-4 _

3-2 34

T (°K)
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Fig. 10. Influence of temperature on free and total activity
at pH 6-1. 0, free activity measured on intact granules
incubated in 0-05M glycerophosphate, pH 6-1, and 0-25m
sucrose; 0, total activity, measured similarly on blender-
treated granules.

DISCUSSION

The new data presented here are compatible with
the sac-like representation proposed in an earlier
paper for the acid phosphatase-containing granules

(Berthet et al. 1951). However, since it has now

been found that these granules are entirely distinct
from those which contain cytochrome oxidase
(Duve et al. 1953; Appelmans et al. 1955), the con-

clusions arrived at cannot any more be taken to

apply to the mitochondria in general. Conversely,
morphological observations may have no bearing
on the properties ofthe acid phosphatase-containing
granules, for the latter are probably much less
abundant than the oxidizing type in the usual mito-
chrondrial fractions. As was pointed out pre-

viously, the two approaches lead to similar con-

clusions with respect to the permeability properties
of the 'mitochondrial' membrane. Moreover,
examples of structural hindrance, recalling the
facts observed with acid phosphatase, have been
described for other enzymes, such as glutamic de-
hydrogenase (Hogeboom & Schneider, 1953),
aconitase (Dickman & Speyer, 1954) and succin-
oxidase (Tyler, 1954), which probably belong to
true mitochondria. These facts suggest that the

k
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two types of granules may not be too dissimilar,
but the possibility remains that significant differ-
ences may show up in other studies. For instance,
the reversibility of the water activation of succin-
oxidase, observed by Tyler (1954), is in contrast
with the essential irreversibility of the osmotic
release of acid phosphatase, reported in this
paper.
Some additional comments are necessary with

respect to the interpretation of the data. In the
earlier work, a sharp distinction was made between
free and bound activity. The former was attributed
exclusively to diffusible enzyme, either present in
true solution or adsorbed upon the outer surface of
particulate material, whilst the enzyme present in
intact granules was taken to be entirely inaccessible
to its substrate, owing to the impermeability of the
membrane to P-glycerophosphate. The fact that no
release of enzyme occurred when the granules were
kept in 0'25M glycerophosphate was brought
forward in support of this contention. In the
present work, the osmotic nature of the protection
afforded by glycerophosphate has been established
in a quantitative manner with small concentrations
of substrate, thus strengthening the earlier
evidence. However, attention must be called to

a possibility which was not taken into account in the
previous reasoning.

It is true for any inert substance that it can only
afford osmotic protection if it is unable to penetrate
through the membrane. Otherwise it will enter

together with sufficient water to maintain osmotic
equilibrium, and will cause the granules to swell as

they do in distilled water, but at a rate limited by
the rate of diffusion of the solute. Examples of this
phenomenon have been described by Berthet et al.
(1951) and in the present paper (Figs. 4, 5). How-
ever, if the solute which penetrates is altered inside
the granules and converted into products for which
there exists a negative concentration gradient,
causing them to diffuse out of the granules, perfect
osmotic protection remains compatible with some

degree of permeability, provided the action of the
enzyme and the back-diffusion of the products of
reaction are able to keep pace with the inward
diffusion of the substrate, thus preventing the latter
from accumulating within the granules.

Since this could be the case for glycerophosphate,
the possible contribution of the enzyme within the

particle to the free activity must be re-examined.
A consideration of all the data available indicates
that this contribution, if it exists at all, must be
very small at pH 5. The free activity under these
conditions can be less than 10% ofthe total activity
and is due mainly to dissolved and adsorbed phos-
phatase (Berthet et al. 1951), leaving very little for
the possible contribution of the internal enzyme.
In addition, if the latter were somewhat accessible

to external substrate, one would expect its contri-
bution to increase with increasing glycerophos-
phate concentration. That such is not the case is
indicated by the results of Table 1.
On the other hand, a few facts suggest that the

inaccessibility between intemal enzyme and ex-
ternal substrate may become less complete as the
pH increases. At least such a hypothesis could
account for the anomalous pH/activity curve of the
free activity (Fig. 9) and for the difference in the
temperature coefficients of the free and total
activities, as measured at pH 6 1 (Fig. 10). It is
possible that the bivalent glycerophosphate ion
enters the granules more easily than the univalent
ion. Of interest in this respect is the finding by
Cleland (1952) that isolated sarcosomes are more
permeable to the bivalent than to the univalent
inorganic phosphate ion. Dickman & Speyer (1954)
have recently reported a similar difference in the
pH/activity curve of mitochondrial and soluble
aconitase, which they also ascribe to selective
permeability. In their case, the permeability to
iaocitrate appeared to decrease with increasing pH.

Attention must be called to the peculiar shape of
the osmotic activation curves described in this
paper. As is shown in Fig. 7, the process is very
gradual and the lysis curves, unlike those obtained
in studies on erythrocytes (Hunter, 1940), extend
practically over the entire range of osmotic pressure
below isotonicity. This fact suggests that great
differences must exist between individual granules
with respect to their resistance to osmotic dis-
ruption.
Thermal activation has been ascribed to auto-

lytic changes of the membrane, possibly occurring
in an autocatalytic manner (Berthet et al. 1951).
The effect ofpH on this process (Fig. 8) is consistent
with the above hypothesis, since the preparation
contains a cathepsin, with a strongly acid pH
optimum, which is released in the same manner as
acid phosphatase (Duve et al. 1953). However, if
the observation of Cleland (1952) that the perme-
ability of heart sarcosomes to sucrose increases
with decreasing pH is applicable to liver granules,
the phenomenon could also be osmotic in nature and
occur as a consequence of the penetration of sucrose
and water within the particles.

SUMMARY

1. The osmotic activation of the bound acid
phosphatase of rat liver has been studied as a
function ofthe sucrose concentration ofthe medium
to which the granules are exposed. The lysis curves
are S-shaped and extend over the entire range of
osmotic pressure below isotonicity, indicating great
variability in the resistance of individual granules
to osmotic disruption.
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2. The partial activation which occurs in hypo-
tonic media takes place very rapidly, does not show
a further increase if the time of exposure at 0° is
prolonged and is not reversed by a return to iso-
tonicity.

3. Inorganic univalent salts afford only transient
osmotic protection. In contrast, part of the sucrose
can be replaced in the medium by an iso-osmolar
quantity of ,B-glycerophosphate, with no adverse
effect on the stability of the granules. 2:4-Dinitro-
phenol is without significant influence on the
activation of acid phosphatase.

4. The activation which occurs when the
granules are incubated at 370 in 0-25m sucrose is
much more rapid at pH 5 than at pH 6-1.

5. The internal enzyme appears to be entirely
inaccessible to external glycerophosphate at pH 5,
but seems to contribute significantly to the free
activity of intact preparations as the pH is raised,
or as the temperature is increased at pH 6- 1.

6. The results obtained afford additional support
for the sac-like representation of the acid phos-
phatase-containing granules arrived at in earlier
work. It is pointed out that a limited degree of
permeability of the membrane to glycerophosphate
remains compatible with perfect osmotic protection
by this compound, as long as its rate of inward
diffusion does not exceed the rate at which it can be

hydrolysed within the granules and eliminated in
the form of glycerol and inorganic phosphate.

These investigations have been supported by grants from
the 'Centre National de Recherches sur la Croissance
normale et pathologique', the Rockefeller Foundation and
the Lilly Research Laboratories.
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4. COMPARATIVE STUDY OF THE BINDING OF ACID PHOSPHATASE,

P-GLUCURONIDASE AND CATHEPSIN BY RAT-LIVER PARTICLES

BY R. GIANETTO* AND C. DE DUVE
Department of Phy8iological Chemi8try, Univer8ity of Louvain, Belgium

(Received 3 Augu8t 1954)

In a study of the ,-glucuronidase of mouse liver,
Walker (1952) has described a number of observa-
tions which resemble in a striking fashion the
findings made in this laboratory on the unspecific
acid phosphatase ofrat liver (Berthet & Duve, 1951;
Berthet, Berthet, Appelmans & Duve, 1951;
Appelmans & Duve, 1955). Like acid phosphatase,
,-glucuronidase occurs largely in particulate form;
it is partly unreactive when in the bound state and
is rendered simultaneously soluble and fully active
by all the treatments which have been found to
cause a similar release of acid phosphatase. After it
was verified in preliminary experiments that the
findings of Walker (1952) also apply to the fi-

glucuronidase of rat liver, it was decided to make
a parallel study of the release of the two enzymes,
using the methods previously worked out for the
investigations on acid phosphatase.
In a search for other enzymes of the same type in

rat liver, it was found that cathepsin, whose intra-
cellular distribution recalls in some respects that
of acid phosphatase (Maver & Greco, 1951), also
exhibits the same general pattern of behaviour.
Accordingly, the release of this enzyme was also
studied in a number of comparative experiments
with acid phosphatase. These studies, which have
been reported elsewhere in condensed form (Duve,
Gianetto, Appelmans & Wattiaux, 1953), have
revealed a close parallelism, both qualitative and
quantitative, in the manner of release of the three
enzymes.

* Post-doctorate fellow of the National Research Council
of Canada. Present address: Department of Biochemistry,
University of Montreal.
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