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0.007 M NaCl, 0.5% triton X-100, pH 6.9), and made to 10 ml.
After centrifugation at 2000 x g g for 10 ménutes to remove cell
debris, an aliquot was taken for amylase determlnatlon. Total
amylase (per rat, both parotid glands) was calculated. The

remaining homogenate was treated with ethanol and glycogen

as described in the Analytical Section to isolate amylase.

The amylase-glycogen complex was dissolved in a small
volume of phosphate buffer by incubation for one hour at room
temperature. An aliquot was taken and suitably diluted for
amylase and protein determinations. The remaining solution
was dissolved in NCS solubilizer then dispersed in toluene-
base scintillation liquid (Omnifluor). Scintillation counting \
was carried out as described in the Analytical Section, and
the channels ratio method was used to calculate counting
efficiency.

Amylase was determined by the automated Bernfeld method,
and protein, by the autoﬁated Lowry method. (Pre-weighed
centrifuge tubes were used at all stages of amylase isolation
so that sample volume could be accurately estimated by weighing.)

Total amylase was calculated from the amylase assay of
the whole homogenate. Amylase act;vity in the‘isolated enzyme
Preparation as well as total isolated protein and DPM were
also calculated. Total DPM (DPM incorporated in the complete
amylase content of the parotid glands) was calculated from
the DPM of isolated amylase and the recovery of amylase after

isolation. A summary of the results is shown in Table 17.
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Results

Changes in amylase levels: The changes in amylase levels

at various times after injection of isoproterenol are represented
in figure 36. Amylase was expressed as total parotid amylase
per weight of animal (units/g). This was necessary since the
size of rats varied between groups.

The general pattern of amylase depletion and repletion

in figqure 36 was similar to that shown in figure 35. Amylase

d P i AT TR

was lowest two hours after injection, slowly increased hetween

2 and 6 hours and rose at an increasing rate to 18 hours when h

2 _
:;f”: the control level was reached. Amylase remained at close to ’
% the control level from 18 to 30 hours. This pattern of repletion '
% was very similar to the one described by Byrt (133) as

A

exponential or logarithmic.

1

The mathematical relatidnship of amylase levels during

ST

the repletion phase (2 to 18 hours) was explored. The linear,
exponential, and quadratic regression equations of best fit
were estimated from the amylase/rat weight values from

Table 17. The following equations were used:

e SR e L R A RS R T P )

Linear equation; A = a - bt

Exponential equation; A = e (a - bt)

E ' log A = a - bt

. 2
Quadratic equation; A =k + at - bt

A-k _
T a bt

Amylase/rat wt (units/qg)

where; A

" —

time (minutes after isoproterenol injection)

a, b, k = constants
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Figure 36 . The change in total parotid amylase follow-
ing injection of starved rats with 5 mg of isoproterenol.
Mean values with 5% confidence limits are shown. The
last point, (|—x—|) is the pooled value for times between
22 and 30 hours.
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The best linear regressions of A, log A and A -~k, on
t were found. Calculations were made on an Olivett§ Underwood
Programma desk-top computer using the least squares program
(359). The general regression formula is Y = a - bt. The
values A, log A, or A - k were substituted for Y in this
formula and the statistics; a, b, k, r (correlation coefficient)
and Sy.x (standard error of estimate) were calculated. These
data are listed in Table 18.

These data were used to calculate the variance due to

regression and variance about regression for each of the above ‘

regressions. The following calculations were made:

SS = (Y - ¥)?
— .2 T2
SSR = r<(Y Y)
SS_ = (1 - r?) (Y =~-7¥)°2
where; ¥ = individual wvalue
Y = mean value

SS = total sums of squares

SSR

SS_
r

SS due to regression

SS about regression

Variances between times and within times were calculated
by computer with an analysis of variance program (360).

The analysis of variance for the regressions and times
is shown in Table 19. The closeness of fit of the data to
the regression lines, was tested by comparing the

variance about the regression coefficient with the sample

variance (variance within times). If the variance about the
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TABLE 18

Regression of parotid amylase on time.

Regression Formula a b r - Sy.x
LINEAR
A = a - bt -38.017 1.682 0.937 1.930 _
EXPONENTIAL ¢
log A = a - bt 0.431 0.177 0.955 0.169
QUADRATIC
A-k __ _
T = a bt
where; K ==6 -3.909 1.727 0.950 1.718
K =17 -4.532 1.788 0.954 1.699
K =8 -5.158 1.850 0.958 1.691
K=29 -5.782 1.912 0.961 1.690 .

The data of Table 17 for the times 2:10 to 18:33 were used
to calculate linear, exponential and quadratic regression
lines from the basic regression formula Y = a + bt by the
method of least squares, where:

Y = amylase values expressed as A, log A or A - k
t

A = amylase activity (units/rat wt)

a, b, k = constants

r = correlation coefficient

Sy.x ¥ standard error of estimate
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TABLE 19 .

Analysis of variance of regression lines for repletion of

amylase, |
Source of Variance df S.S. M.S. Pt
LINEAR
Total 49  1535,40
Due to Regression 1 1348.90 1348.90 2.53% 3
About Regression 48 186.50 3.8855 o
Between Times 7 1470.80 210.11
Within Times 42 64.60 1.536
EXPONENTIAL
Total 49 16.405 ‘
Due to Regression 1 14.973 14.973 1.52
About Regression 48 1.432 0.02983
Between Times 7 15.586 2.227
Within Times 42 9.820 0.01953
QUADRATIC
Total 49 1886.68
Due to Regression 2 1743.67 - 871.84 1.078
About Regression 47 143,03 3.043
Between Times 7 1768.10 252.58
Within Times 42 118.575 2.823
af - dégrees of freedom; S.S. ~ sums of Squares; M.S. - mean square

T F = M.S. About Re ression
M.S. Within Times

* P<0.01
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regression is significantly higher than sample variance,
then the regression is not a good fit.

The best fit for the linear equation is shown in Table 18;
A =1.68t - 38.02. The F value of 2.53 (Table 19) was highly
significant (P<0.0l1). This indicates that the best linear
fit to the data is significantly different from the data.

In other words, the repletion of amylase was not linear with
time.

The best fit of the exponential equation was; 1log A =
0.431 + 0.177 t. The F value of 1.52 was not significant.
This means that the data for amylase repletion are consistent
with an exponential regression.

The quadratic regression equation was more complicated
than either the exponential or linear equations, since one
more constant value (k) needed to be estimated. Several
values of k were therefore used in calculating the regression
equations. It was only after analysis of variance and cal-
culation of F ratios for each of these equations that the
equation of best fit could be found. In figure 37, these F
ratios are plotted against values of k. The F values decreased
between k = 6 and k = 9, but leveled off between k = 8 and
k = 9. The value of k = 9 was chosen as being very close to
the best fit. The quadratic equation of best fit, from

Tables 18 and 19, is:

A-9 _ _5.782 + 1.912 t

or A=9 - 5.782 t + 1.912 t?
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Ble o

<>‘--<,-—
A R N . A A A A
4 6 8 10
K

Figure 37-. Determination of constants of the
quadratic regression formula for amylase repletion:
Variation of F ratio”™ with K ;

A -K _ MS regression
t ~ MS error

= a+bt, F
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The F value of 1.078 was not significant and thus the data of
amylase repletion were consistent with the quadratic regression.
Linear regression lines with their 5% confidence limits

were plotted with the aid of a modified Olivetti Underwood
program (361). Figures 38, 39 and 40 show the regression and
confidence limits for the linear, exponential and quadratic
equations respectively. Experimental points from Table 17

are also shown in these figures. The exponential and quadratic

regression lines (figures 39, 40) obviously fit the experimental

iiiNvwaiy

points much better than the linear regression line (figure 38). 3

Changes in amino acid incorporation: The change in

incorporation of !“C-amino acids into total parotid amylase
after isoproterenol stimulation is shown in figure 41. No
change in incorporation was observed during the secretion phase
(first 2 hours). During the early repletion phase, the radio-
active incorporation increased rapidly to a level about 3 times ‘
the basal level, 8 hours after isoproterenol injection. A

decrease in incorporation occurred between 8 and 24 hours, but

even after 24 hours, the incorporation was about 40% above the

basal level. All points between 4 and 24 hours were significantly
higher than the basal level. The points at 25 hours and 30 hours

were not significantly different from the basal level.” When the
values for the points 25 hours, 28 hours and 30 hours were

pooled, the mean was 5798+730, which was significantly higher

" than the control (4172+289).
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Figure 38 . Linear regression line of amylase repletion,
with 5% confidence limits. Sample means with standard
errors of the mean are also shown.




-187~-

180}

1601

140}

120}

)

Li.ka

100}

60F

AMYLASE

40r

20

2 e 2 Py " 2

8 2 6 20 24

==F
a

TIME (hr)

Figure 39 . Logarithmic regression line of amylase‘
‘repletion, with 5% confidence limits. Sample means
with standard errars of the mean are also shown.
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- Figure 40 . Quadratic regression line of amylase
repletion, with 5% confidence limits. Sample means
with standard errars of the mean are also shown.
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Figure 41 . Total incorporation of amino acids into rat
parotid amylase at various times after injection of iso-
proterenol. Mixed !*C-amino acids (5 uC) were injected
30 minutes before the rats were sacrificed.
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Gromet-Elhanan and Winnick (148) have followed amino acid
incorporation into total rat parotid protein. The pattern
they described was very different from the one described here.
Salivary stimulation was followed by an immediate decrease in
amino acid incorporation. At 8 hours, the incorporation was

only slightly above basal, but reached maximum (a 2~fold increase)

at 18 hours.

In figure 42, the striking difference between amino acid
incorporation and the repletion of parotid amylase is shown.
Eight hours after isoproterenol, when amino acid incorporation
was maximum, the increase in amylase was low. Maximum increases

in amylase occurred when amino acid incorporation was falling \

off. To explain changes in parotid amylase level by de novo
enzyme biosynthesis alone, one would expect to observe a
linearly increasing incorporation of amino acids during the
logarithmic increase of amylase levels (2 to 18 hours). This
should be followed by an immediate return to basal levels.

The relationship between amylase levels and amino acid incor-
poration is more easily seen in figure 43, in which increments
in the amylase levels of 100 minutes have been plotted against
time. These increases describe a straight line which indicates
a steadily increasing rate of amylase biosynthesis. Assuming
that de novo synthesis, alone, is responsible for the increase
in amylase, one would expect the rate of amino acid incorpor-

ation to parallel the incremental increase in amylase levels.
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Figure 42 . Comparison of total amylase and amino acid
incorporation : A - total parotid amylase ; B - total
incorporation. Both scales are logarithmic.
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Figure 43 . Comparison of the incremental increase in

amylase with incorporation of amino acids into amylase:’
A -DPM ; B - A Amylase, the change in total amylase
during 100 minute intervals.
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Contamination of Isolated Amylase

The isolation of amylase contaminated with excess
'*C-amino acids would, of course, affect the results shown
in figure 41. Contamination of the isolated amylase-glycogen
preparations was tested in the following way: Rats were
injected with !“C-amino acids, and amylase isolated in the
usual way. Each isolated amylase preparation was divided
into two equal velumes. One was counted in the usual way.
The other was precipitated with an excess of cold 20% TCA
containing unlabeled casein hydrolysate. The precipitate
was centrifuged, resuspended in TCA and recentrifuged
It was finally washed with absolute alcohol and ether, dried,
dissolved in NCS solubilizer and counted in the usual way.

Table 20 shows that a recovery of nearly 95% of radio-
activity after precipitation with TCA was usually attained, sug-
gesting a non-protein, *“C-contamination of 5 or 6 per cent.
Even in the depleted gland (sample #5), the maximum contamin-
ation was 12 per cent. This contamination may, in fact, have
been less since it is l?kely that during the extra manipula-
tions of TCA precipitation, (especially the resuspension of
the TCA precipitate) there would be a small loss of protein.

In Table 17, the specific enzymatic activity of the
isolated amylase was msually close to 3000 amylase units/mg
protein. At the times, 2 and 4 hours, however, the values

were close to 2000. This suggested contamination of amylase

\
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TABLE 20

Isolation of amylase: contamination of labeled parotid
amylase with !“C-aminc acids.

TOTAL DPM IN AMYLASE

Sample Axa;i:;e Glycecgen Re-precipitated $ Recovery ogaa..
Number (units/2 glands) Precipitate with TCA in TCA ppt.‘
s
1 24300 1382 1301 94

2 28700 2502 2242 89

3 45200 3456 3240 95

4 37700 4150 3936 95

5 2080 3030 2660 88
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by other proteins. This would result from decreased
efficiency of amylase isolation at the low concentrations
of amylase found in the depleted gland.

Contamination of isolated amylase with heavily labeled
contaminant could seriously affect any studies of amino acid
incorporation into amylase. In order to find the contribu-
tion of contaminating proteins to the total sample radio-
activity, two sets of experiments were performed. In one,
labeled amylase was isolated in the usual manner by pre-
cipitation on glycogen, except that a higher than usual
level of contamination was ensured by using an excess of
glycogen, and by not washing the glycogen-amylase precipitate.
This experiment represents greater contamination than could
be ordinarily expected to occur. In the other set of experi-
ments, amylase was isolated with the usual care, in order to
obtain low contamination.

Protein and amylase determinations were performed on all
preparations to determine specific activity, and aliquots were
taken for scintillation counting and for disc electrophoresis.
After staining for protein, the disc electrophoresis gels were
sliced and radioactivity was determined in the slices as
described in the Analytical Section. Typical results are

shown in figure 44.
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Figure 44 . Disc electrophoretic separation of '“C-labeled
Gels are shown stained for protein with amido black

amylase.
Samples A and B

(A and B) or Coomassie brilliant blue (C).
contained more non~amylase protein than sample C.
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Crude parotid homogenates revealed between 12 and 16
distinct bands, most of them very faint. The strongest band
was amylase. When amylase was isolated with care, then sub-
jected to disc electrophoresis and stained with amido black,
only a single band was observed. Amylase, isolated with
high contamination, separated into a very strong amylase band
plus three or four other faint bands, (figure 44, A and B).
The contamination resulted in a high proportion of radio-
activity outside the heavily stained amylase band. The
per cent of radioactivity in the amylase band is shown in
Table 21. The two contaminated preparations (Rats 1 and 2)
were much less pure than was normally obtained (as could be
seen by the low specific activity (892 and 1057 units amylase/
mg/rat). Gel C in figure 44 is a typical amylase preparation,
isolated in the same way as gels A and B; except with the
usual care to ensure low contamination. The sensitive stain,
Coomassie blue, was used since only a single band could be
observed after staining with amido black. 1In this case, each
identifiable band was cut out and measured separatély. Band 1
was the stacking gel, bands 4 and 6 wefe lightly staining bands
on either side of the major band, 5, which was amylase.

In Tables 21 and 22, the results of these experiments are
summarized. Total DPM is a sum of all the radioactivity found
in all the bands. On this basis, amylase contained 81, 88 and
91% of the radioactivity when isolated from rats, 2 hours, 4

hours and 0 hours after isoproterenol injection. When gels.
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were assayed for amylase activity (described in the chapter,

Isoamylases), some slight amylase activity was found in bands

other than the strongly staining, main amylase band. These
bands corresponded to fractions 3, 4 and 6 of figure 44, gel C.
The radioactivity of the minor amylase bands 2 and 4 are shown
in Table 22 and are included in the calculation of per cent
DPM in amylase.

The results of Table 21 are summarized in Table 22 and
compared to values of Table 17. The correction of amylase DPM
was made on the basis of per cent DPM in the main amylase band

(Table 21). It is apparent that under the methods of amylase ‘
|

isolation used to obtain the results summarized in Table 17,

the contamination was low. With amylase isolated from rats,
2 and 4 hours after isoproterenol injection, specific enzymatic
activity was low. However, the contaminating protein contri-

buted very little radioactivity.

De Novo Synthesis of Amylase and
Non-Amylase Protein

Introduction

It has been suggested by Goldstein and Reddy (362, 363) that
the change in amino acid incorporation into rat‘skeletal muscle
is due to changes in the specific radioactivity of the precursor
amino acid pool. This can be the result of chandges in the

composition of the amino acid pool, a change in the size of
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the pool or a change in the rate of uptake of laseled amino
acids by the tissue. It is possible that similar changes in
rat parotid gland could account for some of the changes in
incorporation into amylase.

Kridakorn (364, 365) observed a decrease in the free
amino acid pool cf both parotid and submaxillary glands in
rats treated with epinephrine. This was under conditions
which resulted in an increase of submaxillary amylase but
no change in parotid amylase. Grand (152) found that in
parotid gland slices, the composition of the amino acid pool
remains constant during stimulation with epinephrine. Under
the conditions of the experiment, secretion of amylase was

induced, and two-fold and four-fold increases were found in

incorporation of labeled amino acids into total cell protein

and amylase respectively (150).

Epinephrine in the medium inhibited the up take of
radioactive precursors into the slices. However, when the
slices were washed after exposure to epinephrine, prior to
pulse labeling, uptake was normal (152)-. Grand showed that
é the increase in specific radioactivity in amylase and TCA
: insoluble protein three hours after treatment with epinephrine
was accompanied by a 50% decrease in specific radioactivity.
of the amino acid pool. He concluded that changes in the
labeling of the total protein and amylase represented changes

in the rate of protein synthesis rather than precursor transport.
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The changes he found in amylase and protein specific radio-

activity could, on the other hand, be explained by the loss

of preformed (unlabeled) amylase and protein due to secretion.
Changes in the RNA precursor pool in mouse salivary

glands have also been shown (249). The specific radicactivity

of the UTP pool increased more than two-fold one hour after
injection of isoproterenol and remained higher than the control
for 20 hours. The increased incorporation into RNA, which was
found 12 hours after injection of isoproterenol, could be
explained by changes in precursor pool rather than increase

in RNA biosynthesis. There was, however, a significant decrease

in RNA synthesis one hour after isoproterenol.

In a review of methods of measuring rates of enzyme bio-
synthesis, Shimke and Doyle (366) recommended the use of a
single pulse-labeling with isotopic amino acid and subsequent
isolation of enzyme to determine whether there is an accelerated
rate of synthesis. They suggested that results be expressed
as total incorporation of radioactivity into a specific protein
relative to incorporation into total protein. That would,
therefore, make a correction for any differences in dose of
isotope or in the time-integrated amino acid precursor pool.

When applying this method to amylase in the parotid
gland, it must be emphasized that amylase makes up a very large
portion of the soluble protein, and also of the total amino
acid incorporation into protein. If changes in incorporation
into amylase are being investigated, then expressing total

radioactivity incorporated into amylase,relative to that
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incorporated into total protein, will not make a complete
correction for changes in precursor pool because changes in
amylase biosynthesis will also affect total protein incorp-
oration. It should, therefore, be preferable to express
results as incorporation into amylase relative to incorporation

into total non-amylase protein.

Experimental Design

In many of the previously described experiments in which
incorporation of !“C-amino acids into total amylase was deter-
mined, an estimate of non-amylase amino acid incorporation was
also made. 1In these experiments, amylase was precipitated on
glycogen in a 40% alcohol homogenate of the parotid glands.
Amino acid incorporation into amylase was determined from the
precipitated amylase. The 40% alcohol supernatant was used
for the determination of non-amylase incorporation. Starved
male Sprague-Dawley rats were injected with 5 mg isoproterenol
and killed at various intervals aé previously described.

They were treated with 5 uCi !“C-amino acids exactly 30 minutes
before killing. Amylase was isolated from the parotid glands

in the usual way. The 40% alcohol supernatants from each group

(time after isoproterenol) were pooled. Solid TCA was dissolved
in the cold 40% ethanol supernatant until a concentration of

10% TCA was reached. It was centrifuged after 30 minutes.
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The precipitated protein was resuspended in 10% TCA and
centrifuged. The precipitate was washed with absolute alcohol.
It was transferred quantitatively to scintillation vials and
allowed to dry under vacuum. For counting, the dried TCA
precipitate was moistened with one or two drops of water.
About 1 ml of NCS solubilizer was added. This was usually
sufficient to dissolve the protein on standing overnight.

It was sometimes necessary to add more NCS solubilizer and
gently warm the mixture to ensure complete solubilization.
After addition of scintillation fluid, DPM was determined

in the usual manner.

Results

The amino acid incorporation is shown in figure 45 and
compared with incorporation into amylase in Table 23. There
is no increase in incorporation into the non-amylase protein
two hours after isoproterenol but incorporation almost doubles
at four hours and a moderate increase occurs between four
hours and 18 hours when it reaches maximum. This pattern was
very similar to that found by Grommet-Elhanan and Winnick (148).
They followed amino acid inéorporation into total parotid
protein after rats were treated with pilocarpine.

The incorporation into amylase relative to the incor-
poration into non-amylase protein is shown in figure 46, curve B.
There was a two-fold increase in relative incorporation between
0 and 7 hours after isoproterenol. The level remained approx-

imately double the basal level between 7 and 16 hours,
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30 ) 20
TIME ATTER ISOPROTERENOL (MRS)

Figure 45 . Total incorporation of !“C-amino acids (DPM)

into non-amylase protein of the rat parotid gland, after
, isoproterenol injection. The number of animals used for
i each experimental point are indicated.
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TABLE 23

Amino acid incorporation into amylase and non-amylase protein
of rat parotid glands.

Time after Total Incorporation Ratio

Isoproterenol Number (DPM) Amylase DPM
(hours) of Rats Amylase Non-Amylase Non-Amylase DPM

0 4 2872 5960 .482

2 5 4815 6329 .761

4 4 7777 10220 . 740

7 8 10679 11091 .963

16 4 10471 11379 .919

18.5 4 10672 14787 .722

23-24 8 6078 12124 .513

28-30 8 4791 8988 .533

The values of DPM are in most cases from the pooléd parotid
homogenates of several rats.




-207-

*\\\\x
/ \* A
n AN
% x‘\\\
/

b

X

o‘

¥ e X

BASAL LEVEL o

m D WM GIP GhN AR GOD GEAD GNP GRS CHID GED GHER GIND GND Uk GERG CIN AR IR IR SRND GRS wee -— aaes cms s eun o o

X

AMINO ACID INCORPORATION (% OF BASAL LEVEL)

° 5 10 15 20 25 50
TIME  AFTER 130PROTERINOL (hr)

Figure 46 . De novo amylase biosynthesis during the deple-
tion and repletion of parotid amylase : A - Amino acid

incorporation into total parotid amylase - (per cent of
basal level); B - Ratio of incorporation into amylase to
incorporation into non-amylase protein - (per cent of
basal level).

B
%
iz
b
i
&
A
g
i
:
i3
i



-208-

decreased at 18 hours and returned to almost the basal 1level
at 23 hours. 1In figure 46, the total incorporation of labeled
amino acids into amylase relative to non-amylase protein
(curve B) is compared to the total incorporation into amylase
(curve A). It is apparent that the changes in incorporation
are similar but smaller when expressed relative to non-amylage
protein.

The incorporation of !“C-amino acids into non-amylase
protein, shown in figure 45, most likely reflects a change
in precursor amino acid specific radioactivity. It may,
however, reflect to a certain extent, changes in general
protein synthesis. Assuming these changes are due to changes

in precursor, then the incorporation into amylase relative to

incorporation into non-amylase protein (figure 46, curve B)

represents changes in rates of amylase biosynthesis. If it
is assumed that the changes in non-amylase incorporation
reflect general changes in parotid gland protein synthesis,
then the total incorporation of !“C-amino acids into amylase
reflects the rate of amylase biosynthesis.

In either case, a real increase in the rate of amylase
biosynthesis occurs in the parotid gland during the repletion

phase. This increase is between 2 and 3.5 fold.

Secretion of Amylase in Anaesthetized Rats

Introduction

Schucher and Hokin (366) questioned the assumption that

- stimulation of enzyme secretion in the pancreas leads to an
o L E————————————
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accelerated rate of enzyme synthesis. They suggested that

"the so-called cycle of secretion and resynthesis of pan-

creatic enzymes, based on fall and subsequent rise in zymogen
granule content of the pancreas following food or cholinergic
stimulation may merely reflect a constant rate of enzyme syn-
thesis with superimposed variations in secretion rate". The

2 exponential rate in the concentration of amylase in the parotid

§ gland (figure 42) might, by the same logic, be an artifact

resulting from a decreasing rate of secretion superimposed on

3 a more or less linear rate of amylase synthesis. It has been

shown that amylase is secreted from the parotid gland only \
B ) ;

in response to a definite stimulation (367), and that the

é secretion of amylase after isoproterenol injection continues
for only two hours (132) . The latter study was made with
whole saliva, however, rather than parotid saliva.

In order to study the direct response of amylase secretion
to isoproterenol stimulation, parotid amylase secretion was

continuously monitored in anaesthetized rats.

Experimental Design

Rats were prepared for continuous monitoring of amylase
secretion as described in the Analytical Section. They were

anaesthetized by i.p. injection of Nembutal or urethane.

The parotid duct was exposed and attached to the collector

and amylase was measured continuously as described. The

rats were injected with isoproterenol during the course of
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the experiment. The rats were sacrificed after completion

of secretion, the parotid glands were removed and assayed

for amylase.

Results

The flow of amylase from the parotid glands of several
i
rats is shown in figures 47, 48 and 49. Conditions for these
experiments are outlined in Table 24, which also indicates

the total amylase secreted from the parotid gland and the

amylase remaining at the end of the experiment. The percent-

age of the total gland amylase secreted at various times after Q‘l!

injection of isoproterenol is also shown in figures 47, 48,
and 49,

In these experiments, the results were quite variable,
but a few observations were the same in all cases. When the
parotid duct was first placed in the collector, no amylaée
could be detected. The apparatus was capable of detecting an
amylase secretion rate of 1 unit/min. Secretion was initiated
by i.p. injection of isoproterenol. This was detected from
1l to 3 minutes after injection. In most cases, the maximum
secretion rate was observed 5 to 10 minutes after stimulation.
These maximum rates were between 200 and 400 units/min.

Rats 1, 2, 3 and 4 were anaesthetized with Nembutal
(Table 24, figure 47, 48). When 5 mg of isoproterenol was

injected (figure 47), the amylase secretion rate very quickly

reached a maximum (near 250 units/min). Rat 1 continued to

secrete for 65 minutes, during which 90% of the parotid
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Figure 47 . 2amylase secretion in Nembutal
anaesthetized rats : Rats were anaesthetized

and injected with 5 mg isoproterenol at time
0. The arrow indicates a subsequent injection
of 5 mg of isoproterenol. A - secretion rate;
B - amylase secreted as % of initial parotid
amylase.
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amylase was secreted. Rat 2 secreted 48% of its amylase
during 30 minutes. An additional injection of 5 mg iso-
proterenol had no effect on amylase secretion. A lower dose
of isoproterenol in rats 3 and 4 (figure 48) resulted in a
higher maximum rate of amylase secretion (between 350 and
40d units/min). Injection of 2.5 mg isoproterenol resulted
in 55% depletion of the gland in 30 minutes. An additional
injection did not stimulate further secretion. Rats 1, 2 and
3 were similar in that secretion increased to maximum, decreased,
then fell to zero withoﬁt further secretion. Rat 4, however,
was very unsteady, with several peaks of amylase secretion.
In this case, injection of 1 mg isoproterenol at 0 and 45

minutes resulted in 45% secretion during the first 30 minttes,

and 56% during 70 minutes.

Urethane anaesthesia produced results which'ﬁere varied
but slightly different from Nembutal anaesthesia (figure 49)
With injection of 1 or 2 mg 1soproterenol into urethane—r
anaesthetized rats, secretion up to three hours was detected.
In each case, secretion rates were very unsteady, and between
54 and 64% amylase was secreted._ |

The anaesthetic probably affects the response of the
gland to secretory stimulation. ‘This was suspected when
anaesthetized rats died after injection of 10 mg iseproterenol.
There seemed to be a difference in the effect of urethane and
Nembutal. In.one ease, 90% of amylese.wesASecreted after

65 minutes in Nembutal-anaesthetized rats. Lower depletions
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were found in other cases. There were greater fluctuations

in secretion rates in urethane~anaesthetized rats, and secretion

continued for a longer time. Inhibition of secretion was indic-
~ated by the general low percentage secretion in these experiments.

In unanaesthetized rats, 5 mg isoproterenol induced 98% secretion

and 1 mg induced 85% secretion. Additional injections of iso-

proterenol did not induce further secretion in anaegthetized

rats after initial partial depletion.

These experiments point out the problemsof using data from
anaesthetized animals to represent normal physiological or
pharmacological responses. This'type of experiment cannot conclusively
prbve as claimed, (132) that little or no secretion of amylase
takes place more than two hours after injection of &soproterenol.

In two cases (rats 5 and 6), secretion continued more than two

hours at a low rate. This might be explained by interference
of anaesthetic in metabolism of_isoproterenol; Under normal
circumstances, isoproterenol was rapidly metabolized (294), and
unmetabolized isoproterenol in salivary glands was very low as
soon as 30 minutes after injection (217). 1In the absence of
free isoproterenol to stimulate secrefion; it is gnlikely that
secretion takes place during the repletion stage of the amylase

cycle
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Microsomal Amylase

Introduction

It has been reported by Brosemer and Rutter (44) that the
amylase in rat liver is microsomal. Most of the liver amylase
is present in a latent form which becomes active on addition of
detergents. Mordoh et al (23) suggested that the concentration
of detergent used by Brosemer and Rutter was suboptimal for the
purpose of activation. They found that when larger concentrations
of Triton X-100 were used, microsomal amylase was solubilized
and that this activation was reversible.

In our experiments on repletion of amylase and incprporation
of 1%, Triton X-100 was used in both the homogenizing medium

and the incubation medium, but the concentration was lower than

that recoammended by Mordoh et al. (23). While parotid amyiase
is found’mainly in the zymogen granules and in the solﬁble
fraétion, it was thought that membrane-bound amylase might
vrepresent "amylase precursor". The following experiment was

done to explore‘this possibility.

Experimental Design

Eieven rats were treated with 5 ug isoproterenol and killed
five hours later. The parotid glands were homogenized in
0.25 M sucrose and fractionated by centrifugation as outlined

in Table 25. Each fraction was assayed without deté;gent to
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 measure free amylase and then with 0.1% Triton X~100 to measure
total amylase. The difference was considered to be "latent
amylase".

The microsomal fraction (100,000 ¥ g for 30 minutes) was

further purified by recentrifuging at 10,000 x ‘g for 10 minutes

A S T T

and the supernatant was centrifuged at '100,000 X 'g for 30 minutes
to reprecipitate the microsomal fraction. The éurified micro-

& somal fraction was dissoived in 0.25 M sucrose and incubated

5 with either water or Triton X-100 (0.1% final concentration)

% for 15 ﬁinutes at 37°. The preparations were recentrifuged

e

(100,000 x g for 30 minutes) and the resulting precipitates and

TR SR

supernatants were assayed for both free and total amylase

it TG

(without and with Triton X-100). These results are shown in

. Table 26.

Results

Table 25 indicates thatat ahigh conceni:ration of Triton
X-100 (0.1%) the amylase activity of bound amylase (the amylase
in the precipitates) was increased. This was particularly
true in the case of the microsomal fraction (about 100% increase
in activity). The l#tent amylase, however, was very low compared
to total amylase (about 2600 units out of a total of 44,000, or
about 240 units per rat). It should be noted that at high
concentrations of Triton X-100, the amylase activity‘ of soluble

amylase was slightly decreased.
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TABLE 25

Distribution of free, total, and latent amylase amonhg
subcellular fractions of rat parotid glands.

Anmylase Activity*

Fraction Free  Total Latent Protein (mg)

Total Homogenate 44080 41180 -2900 . 201.6

9000 x g,10 min. ppt 9417 10273 856 61.3

27000 x g,10 min. ppt 3816 4305 489 48.6

100,000 x 9,30 min. ppt 1135 2426 1291 © 55.6

100,000 x'g,30 min. 23237 20791 -2446 120.6
Supernatant

* Amylase activity is expressed as mg maltose monohydrate re-

- leased in 3 minutes at 37°. Pree amylase was measured with~
out .detergent. Total activity was measured with Triton
X-100 (0.12) in the incubation mixture, and latent amylase.
activity was the difference between total and free activity.
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TABLE 26

Effect of Triton X-100 on the solubilization and activation
of microsomal amylase.

Pretreatment Amylase Activity*

with Total as & of
Triton X-100 Free Total - Sum (S + P)
Total Microsomal + 1312 1281
Homogenate - 969 1250
Supernatant, (S) + 1359 1309 96.9%
- 161 151 11 ¢
Precipitate, (P) + 14 42 3.1%
- 389 1111 88 §
Sum, (S + P) + 1351 100 %
- ' 1263 100 %

* The free and total amylase activity is defined in Table 25.
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Table 26 indicates that the detergent almost completely
solubilized the microsaﬁal amylase. With detergent, 96.9%
of the amylase was found in the soluble fraction but without
detergent, only 11% was solubilized. |

These results parallel those of Mordoh et al (23) for
iiver amylase. Thé difference is that in liver over 70% of
the amylase is microsomal whereas in the depleted paroti&, only
about 5% was found. Although activation of microsomal amylase
by detergent was found in the parotid gland, the levels were
much too low to account for the "amylase precursor" suggested
by our incorporaﬁion studies. Furthermore, the preparation
of parotid homogenates for the repletion studies was such that
the micxosomgl amylase would have been present in the assay
mixture even if the Triton X-100 concentration was too low
for complete solubilization. The detergent was Sufficient

for activation of insoluble amylase.

Attempted Activation of Amylase Precursors:

Hydrolytic Enzymes .

Introduction

It was thought that amylase might be synthesized in an
inactive form and require some éort'of hydrolytic cleavage
for activation. This was suggested by the following evidence:

Amylase isolated from Aspergillus oryzae (taka-amylase A) was

incubated with taka-proteinase. The amylase was 50% degraded




-222-

after 24 hours at 37°. From the hydrolized mixture was isolated
a fraction with higher specific activity than the original taka-
amylase A (368). The possibility that similar activation might
take place in the parotid gland was suggested by the finding of
protease activity in the parotid (70). The following experiments
were undertaken to explore the possibility of this type of

activaticn.

Experiment A

Eight rats were killed between 4 and 5 hours after injection
of 5 ug of isoproterenol. The parotid glands were homogenized in

the usual way and cell debris was removed by centrifugation at

4000 x g for 10 minutes. One ml aliquots were incubated at 37°

SR
s

SR

with catt (ﬁsﬁb M) or EDTA (0.002 M) plus 0.1 ml of one of the

5

s
A

TH P

following solutions: trypsin, 2 mg/ml; papain, 10 mg/ml; pepgin,

S

it ]
RS

2 mg/ml; phospholipase C, 5 mg/ml; digitonin, 4%; or water.

Amylase determinations were made on small aliquots of each

o ot Tt L Ay ot
SRR

solution at many time intervals between 0 and 5 hours incubation.

The results are shown in.figure 50.

Experiment B

i Since pancreatin (a crude pancreatic extract) contains
numerous hydrolytic enzymes, it was decided to test the effect
of incubation of pancreatin with homogenates from rats at

various times after depletion of amylase with isoprenaline.

Pancreétin was incubated at 37° with homogenates from rats
! - killed at the following times after injection of 5 yg

isoprenaline; 0, 3%, 5, 6% and 10 hours. The supernatant
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and the residue after centrifugation (4000 x '9, for 10 minutes)

were similarly analyzed. The results are shown in figure 51.

Results

In figure 50, it is shown that during five hours of in-
cubation, there was no increase in amylase activity. There
was a decrease with EDTA (18% in 4 hours) ; pepsin + EDTA
(20%) ; papain + EDTA (25%) ; trypsin + EDTA (858%) ; and
chymotrypéin + EDTA (60%). The.slow loss of activity with
EDTA (30% over 24 hours) was seen with phospholipaseté~+ EDTA
and Digitonin + EDTA. There was no loss in activity during
8ix hours incubation when ca'’ was present or when no EDTA

was present. Without EDTA, the levels of amylase remained

steady over 48 hours fdr the control (no additions), phos-
pholipase ¢, and digitonin. There was a slight decrease in
48 hours with trypsin (7%), chymotrypsin (20%) and pancfeatin
.-(35%). The decrease in stability of amylase in the presence
of EDTA was due to chelation of catt which is necessary for |
full activity and stability. In the presence of sufficient
Ca++, amylase is remarkably resistant to proteolytic attack (70).
| In Experiment B, (figure 51) incubation of the vgrious
B homdgenates with or without pancreatin did not result in any
increase in amylase activity. Without pancreatin, the amylase
a&tivities remained constant for 24 hours. With pancreatin,

there was a loss (between 20% - 80% loss at 24 hours).
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INCUBATION TIME (HR)

Figure 50 . Attempted activation of "amylase precursor”
with hydrolytic enzymes. Incubation (37°, 0.02 M phos-
phate pH 6.9) of parotid gland homogenates .was carried
out as described in the text with the following additions:
A - no addition, or addition of pepsin, phospholipase c,
or digitonin ; B - trypsin ; C - chymotrypsim ;

D - EDTA ; E - pepsin + EDTA ; F - papein + EDTA ;

G - chymotrypsin + EDTA ; H - trypsin + EDTA.
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Figure 51 . Attempted activation of "amylase

pPrecursor" with pancreatic extracts and calcium.

Incubation of parotid homogenate (37° in 0.02 M

phosphate pH 6.9) was carried out as described
in the text with the following additions

A.

B.

3 x concentrated homogenate (unstarved rat)
with pancreatin and ca’t.
homogenate (4 hours after‘isoproterenol)
with pancreatin and ca*?.
homogenate (5 hours after isoproterenol)

. . ++
with pancreatin, no Ca .
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These results indicate that if some amylase is stored in
the parotid gland in the form of an inactive precursor, it
is different from other pro-enzymes. Those are easily acti-
vated by proteolytic attack, and cleavage of specific peptide

bonds (369).

Attempted Activation of Amylase Precursors:

Protein Kinase

Introduction

The role of protein kinase in several tissues was
discussed in the Literature Review. It appears to be one of

many enzymes activated in the complex series of reactions

taking place following adrenergic stimulation, starting with
adenyl cyclase activation and resulting in a specific physio-
logical response. The elevated salivary protein kinase activity
following isoproterenol stimulation (214) suggested its pessible
role in the activation of amylase during the repletion stage

of the secretory cycle. This possibility was investigated in

the experiments described below.

Conditions for Activation of Protein Kinase

Protein kinase activity has been determined by measuring
the transfer of 32p from vy-32P-ATP during incubation with a

protein substrate, such as bovine serum albumin (220), casein

(215), histone (213, 219), protamine (213, 219), and
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phosphorylase kinase (215). The conditions for maximum

activation of protein kinase by Mg++

(219, 220), cyclic AMP

(215, 216, 217, 219, 220), glycogen (370) and ATP (220), have
been reported. Optimum pH was 6.5 (220). Other substances

used in incubation mixtures have been theophylline, an inhibitor
of phosphodiesterase activity (215), and sodium fluoride, a
specific inhibitor of the phosphatase which attacks phosphorylase
kinase (214).

Several incubation mixtures were used in the study of

protein kinase of rat parotid gland. These mixtures, listed
in Table 27, were based on optimum conditions described above.
An ATP regenerating system (phosphoenol pyruvate and pyruvate
kinase), was included because incubations were carried out for
extended periods of time. As can be seen in Table 27, only
incubation mixture A contained y-3?P-ATP. This was the only
mixture in which protein kinase activity was actually measured.
No protein substrate was included in any of the incubation

;% mixtures because we were interested in the phosphorylation of
- normal cell components rather than in the actual levels of
protein kinase activity.

An estimation of protein kinase activity was made after
incubation of medium A. At a specific time after initiation
of incubation, a 1.0 ml aliquot was mixed with 2.0 ml of bovine
serum albumin (6 mg/ml) and 6 ml of cold 10% TCA was immediately

added. The precipitated protein was twice washed with 4 ml of

10% TCA and drained. After solubilization in 0.3 M KOH, it

was dispersed in scintillation fluid (Aquasol, New England Nuclear)
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TABLE 27

Conditions used for the activation of protein kinase in
salivary glands.

MEDIUM*

Components A B C
Potassium Phosphate pH 6.5 10 - -
Sodium Glycerol Phosphate pH 6.5 - 21 16
Magnesium Acetate 5 16 13
Sodium Fluoride - 9 9
Theophylline 2 1.8 1.8
ATP 1.2 0.45 0.45
y-32P-ATP 10 uCi - -
Cyclic-AMP .005 .022 .022
Phosphoenol Pyruvate 8 7 7
Pyruvate kinas: 50 ul 25 1l 10 pl @
Protein Kinase - - 200 pl
Parotid Homogenate 1l ml 2 ml 0.5 ml
Final Volume 5 ml 2.7 ml 1.1 ml
Number of Parotid Glands in .

each incubation 1 0.4 0.1
Incubation Temperature 37° 37° 30°

* The conditions in each medium are expressed as final con-
centration (mM) unless otherwise specified.
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and radioactivity was measured. From the specific activity of

v-32P-ATP in the incubation mixture and the DPM of the isolated

protein, protein kinase activity could be calculated as nM3ZPp

transferred from y-32P-ATP to total incubation mixture protein.
The protein kinase used in medium C was prepared by

Mrs. Dorothy Horwood. It was isolated from rat parotid gland

according to the general method of Myamoto et al (226) and

was purified by the first three steps described by these authors

(extraction of the soluble enzyme with an EDTA solution followed

by precipitation of pH 4.8 and ammonium sulfate fractionation).

The amount of this preparation (0.2 ml) in medium C contained

2 mg protein and under the conditions of the assay (10 minutes

at 30° with .550 mg histone as substrate) had an activity of
3.9 nM. The preparation also contained some amylase (575 amylase

units in 0.2 ml or approximately 0.2 mg).

Experiment 1

Rats were starved overnight and injected with 5 mg
isoproterenol except for the control which was untreated.
Parotid glands were immediately removed and homogenized in
distilled water, and made to a final volume of 1 ml. The
whole homogenate was incubated at 30° under the conditions
described in Table 27,medium A. These conditions were very
similar to those used by Corbin and Krebs (217) except that

no substrate was added and an ATP regenerating system was used.
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In all cases, 10 pl was removed for amylase assay at
10 minutes and one hour after initiation of the incubation.
With the control, amylase was also assayed after 2, 4 and 6
hours of incubation. Protein kinase activity was determined
on 1.0 ml aliguots removed from all incubation mixtures after
10 minutes incubation and in the control, after 10 minutes,

1 hour, 2 hours, 4 hours and 6 hours.

Amylase was isolated (by precipitation on glycogen) after
one hour of incubation. Incorporation of 3?P into the isolated
amylase was measured. Aliquots of the amylase were subjected
to disc electrophoresis, and the *?P in electrophoretically

pure amylase was measured. \

The results of this experiment are summarized in Table 28. ‘ﬁ

It was apparent that there was significant protein kinase activity
in parotid glands, and that the normal cell contents of the
glands could serve as a substrate for this'enzyme. However,
amylase was not phosphorylated. The low levels of %2p found

in the amylase prepared by glycogen precipitation were probably
due to contamination with small amounts of phosphorylated
protein. The report that some phosphorylated proteins such

as phosphorylase-b and phosphorylase-b-kinase are bound to
glycogen (371) suggests that similar phosphorylated enzymes

could be contaminating our amylase preparation.
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Experiment 2

A series of rats were starved overnight and treated with 5
ng isoproterenol in the morning. After six hours, the rats
were killed, the parotid glands were removed, immediately homo-
genized in 0.025 M sodium glycerol phosphate buffer pH 6.5 and
made to a final volume of 5 ml. Incubation mixture B, Table 27,
was prepared for each homogenate. At the same time, a control
made the same way but without ATP, cyclic AMP, or the ATP gen-
erating system, was prepared for each homogenate. Aliquots were
removed for amylase assay at times 0, %, 2% and 16 hours after
initiation of incubation at 37°.
The results from two typical experiments are shown in
figure 52. There were no significant changes in amylase activity

during incubation, with or without ATP and cyclic AMP.

Experiment 3

Essentially the same conditions for incubation were used
(Table 27, medium C) except that protein kinase was added and
incubation was carried out at 30°. Eight rats were starved
overnight, injected with 5 mg isoproterenol in the morning and
killed after 8, 10 or 11 hours. The parotid glands from each
rat were homogenized in 0.025 M sodium glycerol phosphate pH 6.5
and made to a final volume of 5.0 ml. .

Two sets of incubations were carried out for each parotid
homogenate one containing everything in medium C, the other with-

out the protein kinase. Aliquots were removed for amylase assay
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Figure 52 . Attempted activation of
amylase by activation of protein kinase.
A and B are two parotid homogenates,
incubated with ATP and cyclic AMP.

A' and B' are their respective control
incubations (no ATP or cyclic AMP).
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at times 0, %, 1% and 4 hours after initiation of incubation
at 30°.
The results of this experiment are shown in figure 53.

The lower points are from the incubation without protein
kinase. The upper points are for the incubation mixtures
containing 0.2 ml protein kinase. The difference between
these two sets is due to contamination of the protein kinase
preparation with amylase. 1In neither incubation mixture was

any significant change in amylase levels observed.

Inhibition of Protein Synthesis ‘

Many compounds have been used to inhibit the biosynthesis

Introduction

of protein in intact animals. Actinomycin-D, which indirectly
affects protein synthesis by inhibiting the synthesis of mess-
enger RNA has been shown to inhibit the incorporation of
3H-uridine into salivary gland RNA (249). At near lethal dose
of actinomycin-D, the pilocarpine induced increase in rat sub-
maxillary gland amylase was significantly augmented (157).
Cycloheximide inhibits an early step in protein synthesis,
probably the interaction of m~RNA with ribosomes (372). At a
dose of 1 mg/Kg in adrenalectomized rats, it causes a 95%
inhibition of induction of liver tyrosine transaminase by
hydrocortisone (373), and a dose of 30 mg/Kg inhibits

3H-leucine incorporation into mouse salivary gland proteins (150).
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1 2 3 4
TIME AFTER ISOPROTERENOL (HR)

Figure 53 . Attempted activation of "amylase precursor"
by incubation with protein kinase. A, B, C, and D are
incubations of different homogenates with protein of
kinase. A', B', C', D' are their respective control

incubations without protein kinase.
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Cycloheximide in rat parotid gland slices inhibited !“C-amino
acid incorporation into amylase and protein by 90% but did
not affect epinephrine induced secretion of amylase (150).

Puromycin, which is an analog of amino acyl-transfer-RNA,
causes the release of partially synthesized protein from ribo-
somes (374), which results in the inhibition of synthesis of
specific proteins. A dose of 85 mg/Kg into rats each liour
for three hours resulted in 99% inhibition of amino acid in-
corporation into protein and 75% inhibition of tryptophan
pyrolase synthesis in the liver. At the same time, a 3 to 4-
fold increase in free amino acids was observed (375). Within
30 minutes of injection of puromycin (50 mg/Kg) into mice,
SH-leucine incorporation into proteins was inhibited by 70%
(376) . In rat submaxillary glands, injection of 150 mg/Kg
puromycin did not inhibit the pilocarpine induction of
amylase (157).

Ethionine has been shown to inhibit leucine incorporation
into liver proteins of female rats but not in males (377, 3178).
It stimulated protein synthesis in the pancreas of rat (379).
Ethionine has also caused degeneration of acinar tissue in

the pancreas, stomach and submaxillary glands (380).

Experimental Design

A series of experiments were carried out to study the
effect of the inhibitors, discussed above, on the repletion

of amylase in the rat parotid gland, and on amino acid
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incorporation into proteins and amylase. Rats were starved
overnight, injected with 5 mg isoproterenol in the morning
and injected with an inhibitor six hours later. Some rats
were injected with 5 uCi of !“C-leucine or !'*C-mixed amino
acids at the same time as the inhibitor. The rats were
killed ten hours after injection of isoproterenol (4 hours
after injection of inhibitor). Control rats were also in-
jected with isoproterenol and six hours later were injected
with isotonic saline. The control rats were killed six hours
or ten hours after isoproterenol injection. Parotid glands
were homogenized and amylase content was determined. 1In
experiments in which labeled amino acids were injected, an
aliquot of the homogenate was treated with TCA to precipitate
protein. Both the TCA supernatant and precipitate were dis-
persed in scintillation fluid with the aid of NCS solubilizer
and DPM was determined. Amylase was also isolated from the
homogenates and DPM determined. The dosage of the inhibitors

used in these experiments are the following:

Actinomycin-D - 1.0 mg/Kg (single injection)
Actinomycin-D - 1.5 mg/Kg (single injection)
DL-Ethionine - 1350 mg/Kg (675 mg/Kg, 6 and 8 hrs
after isoproterenol)
Puromycin - 100 mg/Kg (40, 20, 20 and 20 mg/Kg
hydrochloride at 6,7,8 and 9 hrs
after isoproterenol)
Puromycin - 200 mg/Kg (80, 40, 40 and 40 mg/Kg
hydrochloride at 6, 7, 8 and 9 hrs

after isoproterenol)

Cycloheximide - 0.6 mg/Kg (single injection)
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Results

Table 29 summarizes the results of these experiments.
The total activity of parotid amylase in each group of rats
is compared with the total radioactivity incorporated into
the total amylase, the TCA precipitable protein, and the
TCA supernatant. The radioactivity in the TCA supernatant

may be mostly in free amino acids, but some of it may be due

to mucoprotein (TCA soluble) and to short peptides. Short

peptides could result from interrupted protein synthesis
particularly in animals treated with puromycin. In Table 29
(Group A), !“C-leucine was used and in Table 29 (Group B),
mixed !*C-amino acids were used, so that amino acid incor-
poration cannot be compared between groups. Amylase can be
compared between A and B.

Parotid amylase content increased almost four-fold
(from 16.62 to 63.78 units/g rat wt) between six hours and
ten hours after injection of isoproterenol. Approximately
the same rates of amylase increase were observed in rats
treated with actinomycin-D and ethionine since the amylase
activities in these rats were significantly higher than the
six hour control but not significantly different from the ten
hour control. The amylase biosynthesis in the cycloheximide
treated rats was apparently inhibited. Although there was

a significant increase in amylase it was much lower than in

the ten hour control. Amino acid incorporation into total

amylase and TCA precipitable protein were also decreased

about five-fold. There were no significant differences in
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amino acid incorporation between the ten hour control and
the actinomycin and ethionine treated rats.

A large dose of puromycin (200 mg/kg) completely in-~
hibited protein biosynthesis and amino acid incorporation
into amylase. The fact that the amylase level in this rat
was much lower than in the six hour control, indicated
either a very rapid destruction of amylase or induced amylase
secretion. When a lower dose of puromycin was used (100 mg/kg),
neither the amylase level, nor the incorporation of amino acids
was significantly different from the ten hour control. The
TCA soluble fraction had much higher radioactivity. This may
be due to release of partially synthesized protein from
ribosomes. It is therefore possible that disruption of
protein biosynthesis may have taken place without effect on
the increase in amylase activity. The rat with the high
puromycin dosage showed no increased in TCA soluble DPM.

These results, summarized in Table 29, are generally
consistent with the view that the increase in amylase levels
during the repletion stage requires the syntheis of new enzyme.
No activation of amylase was found during inhibition of

protein synthesis.
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Isoamylases

The electrophoresis of isolated parotid amylase on acryl-
amide gel revealed the presence of small amounts of protein
other than the major amylase peak (figure 44). The recent
reports of several isoamylases in saliva (48-50, 38l) suggested
that the minor protein bands in figure 44 might be isocamylases.
This was investigated in the following experiments.

Disc electrophoresis of both human parotid saliva and
rat parotid homogenate was carried out as described in the
Analytical Section. Several protein bands were revealed but
amylase activity was not well defined.as shown in figure 54.
The major amylase peak showed very strong amylase activity.
Amylase activity was indistinctly smeared in front of and
behind that major band.

Isoelectrofocusing in acrylamide gels, however, resulted
in very sharp and distinct bands of amylase activity in both
human and rat parotid (figure 54). There were six distinct
isoamylases in the human parotid saliva and five in the rat
parotid homogenate.

The above results indicate the superiority of isoelectro-
focusing in studying isoenzymes, at least, in the case of
salivary amylase. Other workers have studied the separation
of salivary proteins using isoelectrofocusing on gels (383)
but did not measure amylase activity.

The separation of isoamylases by disc electrophoresis

(48-50, 381l) can be due to differences either in the net
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charge or in the molecular weight of each isoenzyme. However,
the separation of isoamylases by isoelectrofacusing demonstrates
that these isoenzymes differ in net charge.

The finding of isoamylases in the parotid gland suggests
another possible mechanism of control of amylase activity.
Parotid amylases may be similar to LDH in which two subunits
of the enzyme form tetramers in all possible combinations
with distinct enzymatic constants (382). This possibility of
amylase subunits is supported by the work of McGeachin and
Brown (58) which indicated that hog pancreatic amylase consisted
of three polypeptide chains. It is possible that subunits of
amylase may be synthesized separately and then combined to
form active amylase at a different time and site in the cell.
In this type of mechanism, the inactive subunits could be the
"amylase precursor" which was suggested.by our data comparing
amylase synthesis to amylase repletion (figure 43).

To further investigate the possibility of amylase sub-
units, several possible experiments could be carried out.

The isoenzymes can probably be isolated on a DEAE cellulose
column. End group analysis of each isoenzyme would be of
interest. Separation of amylase into subunits by EDTA treat-
ment and reduction of disulfide bridges (66) could be followed
by electrophoretic separation of subunits. The recombination
of subunits by oxidation of sulfhydryl groups in the presence
of ca™t (66) may result in different isoenzyme patterns depend-
ing upon the proportions of each subunit used. This could be

followed by disc electrophoresis or isoelectrofocusing.

N
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Discussion: Models for Repletion of Amylase

Introduction

The unusual kinetics of parotid amylase repletion are
shown in figure 36. A number of possible mechanisms for this

pattern of repletion have been explored.

l. 1Increased de novo synthesis: The steadily increasing
level of amylase in the parotid gland between 2 and 18 hours
after secretion could be a result of an increasing rate of
de novo biosynthesis.

2. Amylase secretion: The increase can be the result

of a steady rate of biosynthesis with a simultaneous changing ‘
rate of secretion. il

3. Activation of an inactive precursor: The increase
may result from a form of precursor activation, in which the

activation of a proenzyme rather than enzyme biosynthesis
controls the level of amylase.

4. Changes in degradation and turnover: The changes in
amylase levels may be due to changing rates of amylase degrad-
ation rather than changing amylase biosynthesis.

% 5. Stabilization of amylase: Newly synthesized amylas$+
] .

% may be stabilized (by association with a cofactor such as Ca
ﬁ or by translocation to a protected area such as in zymogen

granules) thus affecting apparent turnover. Assuming constant
turnover of unstabilized amylase, changes in amylase levels
may result from changing rates of stabilization.
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These mechanisms can be assessed. on the basis of the
experiments presented in this section as well as on the basis of
known cytological and biological changes in mammalian exocrine
glands and on the basis of control mechanisms described for

other mammalian enzymes.

Increased de novo Biosynthesis

To account for the exponential pattern of amylase repletion,
a linearly increasing rate of biosynthesis during the exponential
phase is expected. In orther words, the rate of increase of
biosynthesis could parallel the incremental increase in amylase
levels. Estimates of ratesof de novo amylase synthesis were
made by determining the extent of l%c_amino acid incorporation
during a 30 minute "pulse".

A 3.5-fold increase in amylase DPM occurred between two
and eight hours after depletion of the gland (figure 41). The
probably more valid estimate of de novo biosynthesis, the ratio
of amylase DPM to non-amylase DPM, increased two-fold between
two to seven hours (figure 46). The subsequent decrease in the
rate of amylase biosynthesis occurred when the increase in
amylase levels was greatest. These changes in amylase bio~-
synthesis cannot alone account for the repletion of amylase.
The discrepancy between amylase biosynthesis and amylase re-
pletion becomes particularly obvious when amino acid incorp-=

oration is compared to the ijncremental increase in amylase

levels (figure 42).
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Amylase Secretion

The suggestion was made by Schucher and Hokin (366)
that changes in levels of secretory enzymes may be due to
constant rates of synthesis with changes in secretion rates
superimposed. To account for the exponential pattern of
amylase repletion, secretion would have to be substantial in
the starved rat, increase immediately after stimulation with
1soproterenol, decrease exponentially between two and 18 hours,
then immediately increase to the basal (starving) level. Our
experiments with anaesthetized rats (figures 47, 48, 49) in-
dicated absolutely no secretion in the unstimulated rat. No

secretion was observed three hours after stimulation with iso-

proterenol. This was supported by other workers (132). Much
evidence exists to support the view that amylase is secreted
from the parotid glands only in response to specific stimulus
(367) . Isoproterenol is rapidly metabolized in the rat and
none was detected in the parotid gland four hours after

injection (217, 294).

Activation of an Inactive Precursor

The exponential increase in amylase is very similar to
the increase in enzyme activity during autocatalytic activation
of some proteolytic enzymes. Several proteolytic enzymes are
stored in pancreatic zymogen granules in the form of inactive
proenzymes. Amylase is also stored in parotid and pancreatic

zymogen granules, but in an active form. It is tempting to
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speculate on the possibility of some form of "pro-amylase",
stored in the pancreas and parotid gland. The type of "auto-
catalytic" activation found with proteolytic pro-enzymes is

not expected with non-proteolytic enzymes. The logarithmic
increase in amylase might be explained if "pro-amylase" were
closely associated with a "pro-protease" which underwent auto-
activation resulting in simultaneous activation of "pro-amylase".

Several experiments were carried out in attempts to
activate this elusive precursor. Incubations of detergents,
proteolytic enzymes, protein kinase, lipase, phospholipase
with parotid homogenates did not increase amylase activity.
When inhibitors of protein synthesis were injected into iso-
proterenol-stimulated rats, an increase in amylase levels was
observed only when amylase and general protein synthesis
(incorporation of !“C-amino acids) was uninhibited.

Inactive precursors of proteolytic enzymes are obviously
necessary in order to protect cells from autolysis. An in-
active form of amylase would only be required where active
amylase could disrupt cell integrity or function, such as in
the liver or muscle where amylase might interfere with glycogen
storage. In fact, latent microsomal amylase is found in the
liver and may have some requlatory function in glycogen
storage (23).

It is not possible to mathematically relate changes in
apparent amylase synthesis (}*c-amino acid incorporation) to

changes in amylase levels on the basis of precursor activation.
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This is because the DPM of isolated amylase is related only
indirectly to the rate of synthesis of precursor. Other un-
known factors are the rate of activation of precursor and

the size of the precursor pool.

Changing Turnover Rates

The importance of changing rates of enzyme degradation
in the control enzymes was pointed out by Schimke et al (384).

They formulated the following kinetic model:

= K - KE
s

&

where E is the content of enzyme (units mass 1), K, is the

1 mass !)

zero order rate constant of synthesis (units time
and k is the first order rate constant for degradation (time !).
The units of mass can usually be omitted since usually organ
mass remains almost constant during most experiments. The

rate of degradation of protein is expressed as a first order
rate constant because according to Schimke (385); "in all

cases studied, except for the red blood cell and its hemoglobin,

the degradation of an individual intracellular protein follows

first order kinetics".

0

In the steady state, when dE/dt
then Ks = KE

In the steady state, the level of an enzyme is a function

of both rate of synthesis (Ks) and the rate constant of

degradation (k).
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This model can be applied to the kinetics of amylase
repletion. The steady state is found in the starved, un-
stimulated rat (time, 0) where no change in amylase levels
is observed. Setting E = 100 at time 0, the values of E at
various times will be the amylase content expressed as per
cent basal level. Estimates of KS and k can be made as follows:
KS at various times is assumed to be proportional to enzyme
synthesis ,expressed either as total DPM incorporated into
amylase or the ratio of amylase DPM to non-amylase DPM.

The increase in amylase levels is maximum between 16

and 18 hours after isoproterenol stimulation. From the re-
gression line of best fit (figure 40), the maximum increase in

amylase was found to be 12.5 per hour (% of basal amylase).

If it is assumed that the rate of degradation approaches

R T B ST T R N O

zero at a time when rate of enzyme increase is maximum,

4214 A
SERNAERE

then the turnover time, t, (time required for synthesis of

E = 100) was: t = %%23 = 8 hr. 1In Table 30, the calculations

of enzyme kinetics at various times during the repletion of
amylase were made with one of three assumptions:

A. that K, is proportional to incorporation of
amino-acids into amylase;
B. that Kg is proportional to the ratio, amylase

DPM/non-amylase DPM;
C. that there is no change in Kg during repletion,
(changes are due only to changes in degradation,

k).
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The variation of kE (the total amylase degraded per hour)
with time is shown in figure 55. Figure 56 shows that varia-
tion of the first order rate constant for degradation, k, with
time. With assumptions A, B and C , there was an
initial 40, 50 and 30-fold increase respectively in the values
of k. This was followed by an exponential decrease to below
the basal level at 17 hours and an immediate return to near
basal levels when repletion was complete (18 - 22 hours).

These large changes in the rate of amylase degradation
are very difficult to explain. It is difficult to understand
why such an unusual mechanism would be required for the function
of the parotid gland. After depletion of the gland, there is
an apparent 2 or 3-fold increase in the rate of synthesis (K;)
based on increased incorporation of amino acids into amylase.
This is understandable since the gland must replace the amylase.
The greatly increased rate of degradation (k) at the same time
appears to be "self-defeating". 2mylase could be repleated
much more quickly and efficiently if there were an immediate

decrease rather than increase in degradation.

Stabilization of Amylase

The above kinetic analysis was made on the assumption
that the complete gland content of amylase was in a single
pool with input from synthesis and output from degradation.

This assumption may not be valid for several reasons.
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Figure 55 . Changes in total degradation of parotid
amylase, kE, during repletion. Curves A, B and C
are calculated values of KE based on the assumption
that the rate of de novo amylase biosynthesis, Kg

A - is proportional to amylase DPM ; B - is pro-
portional to amylase DPMmon-amylase DPM ; or C -
remains constant during repletion.
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Figure 56 . Changes ink, the first order rate
constant of amylase degradation during repletion.
A, B and C are based on assumptions defined in
figure 55.
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Storage of the whole gland overnight or incubation of
gland homogenates did not result in any loss of amylase.
This indicated the relative stability of the parotid amylase.
Gland homogenates were resistant to proteolytic attack,
particéularly when Ca'*'+ was present. Only when EDTA was
added did extensive degradation of amylase take place.

Synthesis of amylase takes place on ribosomes in the
rough endoplasmic reticulum (142, 144). Cytological studies
have indicated that zymogen granules are formed near the
Golgi complex (169) in the parotid gland. It has been
suggested that newly formed amylase is transferred through
the endoplasmic reticulum to the Golgi complex and into the
zymogen granules (143, 169). Since the amylase within the
zymogen granules seems to be stable (171, 172, 386), amylase
stabilization must take place somewhere along the route be-
tween the site of amylase synthesis and zymogen formation.
This stabilization may be simply removal from contact with
degrading enzymes or it may be due to a cofactor such as
Ca++. In either case, "vulnerable" or unstabilized amylase
may be a small part of the total amylase. The kinetics de-

scribed above should only apply to unstabilized amylase and

- thus the size of the pool of unstabilized ‘amylase is very

important.

The changes in amylase levels can be explained on the

basis of a changing pool of unstabilized amylase, P. If
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the rate of synthesis of amylase, KS, changes as described

previously (assumptions A, B or C), then;

and the values of kP are the same as the values of kE in
Table 30. Assuming no change in the first order rate of
degradation, k, then the changes in amylase levels (%%}
can be related to changes in P.

Electron microscopic studies (169) have indicated that
stimulation with isoproterenol results in the immediate re-
lease of zymogen granule contents into the cell lumen for
secretion. Two hours after secretion there were no zymogen
granules observed in the cells. At four hours, there was
evidence of numerous small condensing vacuoles close to the
Golgi complex and later at six hours a few zymogen granules
were present in the same area. Condensing vacuoles probably
collect amylase from near the Golgi complex and then become
zymogen granules. If it is assumed that amylase is stabilized
within the zymogen granule but can be degraded outside, then
at 2 or 4 hours when no zymogen granules are present, the
degradable pool, P, is the same as total amylase E. In Table
31, P was set equal to E at two or four hours after isoproterenol
stimulation. On this basis, with k held constant and on the
basis of assumptions about amylase biosynthesis, A, B, or C,

P was calculated (Table 31).

The initial size of the pool, P, was 2.5 or 3 per cent of

the total amylase content. After secretion of amylase, the

ﬂ!.!
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TABLE 31

The changing pool of unstabilized amylase in the parotid
gland during repletion of amylase.

*
Time after Amy?ase Unstabilized Amylase
Isoproterenol Content (¢ of E)
(hours) (¢ of Control) A B c
0 100 2.36 2.60 3.12
2 3.12 2.29 3.12  3.12
4 4.06 4.06 3.39 2.80
6 7.8 5.29 4.12 2.32
8 15.6 6.13 3.64 2.00
10 26.9 4.86 3.22  1.45
12 42.5 3.59 2.53 1.12
14 60.0 2.36 1.73 0.70
16 8l.3 1.04 1.00 0.25
17 94.0 0.33 0.35 0
18 106.3 6.02 3.50 3.12
22 100 5.12 2.81 3.12

* p ig the pool of unstabilized amylase calculated on
the basis of the assumptions about amylase biosynthesis,

A, B and C as described in the text.
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size of P increased according to the rate of increase in
enzyme synthesis, KS. There was a subsequent decrease in
P during the later stages of repletion. After 18 hours,
when repletion was complete, P returned to near control
levels.

These changes in the size of the pool, P, can be easily
related to the transfer of amylase into the zymogen granules,
and the availability of membrane material for formation of
granules. On secretion, zymogen granules travel to the cell
lumén and discharge their contents. The initial increase in
Ks results in increased pool size P. The transfer of amylase
from the pool to zymogen granules probably requires greatly
increased availability of phospholipids for formation of new
zymogen granule membrane. The work of Hokin (170, 174-183)
in the field of phospholipid metabolism may be very important
in explaining reaccumulation of secretory enzymes after
secretion. He proposed a possible mechanism of membrane
circulation. The membranes from emptied zymogen granules
are rapidly broken down into subunits brought about by the
hydrolysis of phosphatidyl inositol. Phosphatidyl inositol
js re-synthesized in the intracellular membranes of the endo-
plasmic reticulum and Golgi apparatus. The membrane subunits
may then be re-assembled with phosphatidyl inositol to form
new membranes available for the formation of new zymogen granules.

It seems possible that in the parotid gland, the secretion

of amylase takes place with simultaneous transfer of zymogen

membrane to the cytoplasmic membrane and subseguent break down.
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The increased rate of amylase biosynthesis does not initially
result in an increased rate of amylase accumulation. This
may be because stabilization is limited by the availability
of the phospholipids and lipoproteins. These require trans-
location from the cell wall to the site of amylase synthesis.
The logarithmic pattern of amylase repletion may therefore
result from a linearly increasing availability of membrane
structural units due to increased phospholipid turnover.

The findings of Dreisbach and Taugner (231) that uptake
of Ca*® in rat parotid and submaxillary acinar cells was
greatly reduced two hours after isoproterenol, suggest other
possibilities with regard to re-accumulation of amylase.

Ca"'+ uptake may be a limiting factor in stabilization of newly
synthesized amylase. It may have an effect on the synthesis

of membrane available for zymogen granule formation, or it

may effect the transport of amylase from the cysternae of

the endoplasmic reticulum to the Golgi complex or to condensing
vacuoles.

These possibilities are open to a variety of lines of
investigation. It would be very interesting to compare the
time course of accumulation of P’?-inositol into membranes
with the accumulation of amylase. If the rate of membrane bio-
synthesis could be measured by injection of p?2-phosphatidyl
inositol or a labeled precursor (CTP, phosphatidic acid,
inositol) then the availability of new membrane could be
compared with the accumulation of amylase. It would also be

interesting to isolate the parotid zymogen granules to measure
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the labeled phospholipid in the membrane. Autoradiographic
studies might be useful in determining whether labeled mem-
branes travel from the endoplasmic reticulum and Golgi
apparatus to zymogen granules. The role of calcium might

also be explored by similar means, using Ca"®.
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PART II

CHANGES IN SALIVARY ENZYMES AFTER

ISOPROTERENOL STIMULATION

Introduction

In this study, I was particularly interested in the
short term changes which take place in salivary glands after
isoproterenol treatment. The hypothesis that early changes
in salivary gland enzyme activity could be explained by
general changes in the levels of subcellular structures,
particularly the endoplasmic reticulum was of most interest.
It was therefore decided to study the subcellular distri-
bution of enzymes in the salivary glands and the changes
which take place after isoproterenol stimulation. The
changes in total gland enzyme activities, and the relation-
ship of "marker" enzymes to changes in subcellular particles

was also studied.

In these studies, the following enzymes were measured
in salivary glands:

1. Cytochrome oxidase: This has been used by many
workers as a "marker" for mitochondria (268, 369,
386-389). Mueller et al (271) found no significant
increase in rat submaxillary cytochrome oxidase
activity after repeated injections of isoproterenol
when both gland weight and MAO activity were increased.
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2. Monoamine oxidase: In rat liver, MAO was found
mainly in the mitochondrial fraction although a

small portion was separated with the microsomal
fraction (388). A large proportion of MAO was

found in the microsomal fractions of heart, salivary
glands, vas deferens and spleen (268, 275) and it

has been suggested that it may be associated with

the norepinephrine storage particles (268) or with the
endoplasmic reticulum (271) of these tissues. An
alternative suggestion (275) is that microsomal MAO
originates in the outer membrane of mitochondria (390)
which may be released as small vesicles during homo-
genization of the tissue.

established as a lysosomal marker (369, 387, 389, 391)
in cell fractionation studies. It has been reported

that after chronic administration of isoproterenol to
rats, the level of acid phosphatase activity in acinar

3. Acid phosphatase: This enzyme has been well \

cells was greatly increased (392).

4. Lactate dehydrogenase: This is a soluble enzyme
(369) . After administration of large doses of iso-
proterenol, increased serum LDH has been reported (393).
This increase was associated with decrease in heart LDH,

as well as hypertrophy and lesions of the heart.

5. Catechol-0-methyl transferase: COMT is a soluble
enzyme which is involved in the metabolism of the drug,
isoproterenol and other catecholamines (349).

6. Glucose-6-phosphatase: This has been used as a
microsomal marker in liver, kidney and intestine (369,394).
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7. UDP-Glucuronyl transferase: This enzyme, which
is present in many tissues and acts with varying
degrees of specificity on many phenolic substrates,
has been found only in microsomal preparations (334).

8. Cytochrome-P-450: This pigment is found largely
in the microsomes (277). It is part of a drug hydro-
xXylating complex and is increased after exposure to
many aromatic compounds (277). It has also been
found in mitochondria and may be involved with
steroid hydroxylation (278).

9. Oxidative demethylation: The enzyme which cata-
lyzes the oxidative demethylation of aminopyrene is

of a drug metabolizing complex (277). It is also
increased after exposure to some drugs and is ‘i
usually associated with microsomes (277).

very closely associated with P-450 and may be part S

Sucrose Density Gradient Centrifugation

Experimental Design

Two male rats were killed and immediately the livers and
the salivary glands were removed and placed in 0.25 M sucrose
at 0°. wWithin 30 minutes, the tissues were homogenized with a
cooled Potter-Elvejhem homogenizer equipped with a teflon pestle.
The liver was homogenized in 4 volumes of 0.25 M sucrose.

Linear sucrose gradients were prepared and stored on ice

for two hours before centrifugation. 1In the plastic tubes

which fit the Spinco S.W.-56 rotor, sucrose gradients of between

't
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0.50 and 2.0 M in 3.0 ml volume were preparedlby continuous
mixing of equal volumes of 0.5 and 2.0 M sucrose in a Beckman
plastic gradient apparatus. Over the gradients were layered
1.0 ml of each homogenate. The tubes were completely filled
by the addition of 0.25 M sucrose and centrifuged at 56,000
RPM for 2.5 hours at 4° in a Spinco S.W.-56 rotor.

After centrifugation, each tube was observed and the
separated bands were noted. Six fractions were collected
from each tube according to the observed bands. This was
done by careful removal of each fraction with a Pasteur
pipette. The volume of each fraction was determined and then
each fraction was diluted with 0.03 M phosphate buffer, pH 7.0
containing 0.2% Triton X-100. Aliquots were taken for the
determination of protein concentration and the activity of

cytochrome oxidase, MAO, acid phosphatase and amylase.

Results

Figures 57, 58 and 59 are histograms of protein concen-
tration and enzyme activity in the fractions separated by
sucrose gradient centrifugation of liver submaxillary and
parotid homogenates respectively. The bands are shown and
the volume of each fraction is indicated. Activities are shown
in terms of units/ml. Per cent distribution is also shown..

The separation of a liver homogenate in figure 57 is
similar to that found by other workers. Highest activity of

cytochrome oxidase, MAO and highest protein concentration

corresponded to a heavy band at a sucrose concentration
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Sucrose density gradient centrifugation of

a rat liver homogenate. Numbers in each bar indicate %

distribution.

Units are given in terms of concentration:

protein - mg/ml ; cytochrome oxidase - units/ml ; MAO -
units/ml x 10°.
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about 1.5 M. De Duve (387) observed that liver mitochondria
reached equilibrium at a density of 1.45 M sucrose and micro-
somes at 0.9 M sucrose. Our results were similar to those of
de Champlain et al (268). Most MAO was found in the mito-
chondria but the distribution of MAO and cytochrome oxidase
were not completely parallel. The distribution indicated a
small amount of MAO activity in the microsomal fraction.

The separation of submaxillary homogenate was much mdre
complex, with several observable bands (figure 58). The
strongest bands were at about 1.4 and 1.8 M sucrose. The
band at 1.4 M was mainly mitochondrial since cytochrome
oxidase was most concentrated in that band. Although this
band showed MAO activity, most MAO activity was behind it
associated with the microsomal and soluble fractions. Acid
phosphatase activity was not concentrated into any single
band, being spread almost equally among all fractions includ-
ing the soluble fraction. Protein was most concentrated in
both the soluble (lightest) fraction and in the most dense.

It is of interest that the most dense fraction (1.8 -
2.0 M) contained a peak of activity for all three enzymes.
Whole, unbroken cells would normally be expected in this
fraction. TIf this were the case, the same percentage of each
of the enzymes should be found. The fact that acid phosphatase
and MAO activities were lower than cytochrome oxidase activity

can be explained as being due to interference by mucous in the
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cell. (homogenization of the cells breaks open the cell
membrane, allowing the escape of soluble and particulate com-
ponents. Some of the particles may be trapped in the heavy,
viscous mucous, and spun down in association with the frag-
mented cell membrane and the nucleus.) The possibility of
this type of interference was further explored in some experi-
ments which will be described below.

Disregarding the most dense fraction, it becomes apparent
that a large part of MAO activity was associated with the micro-
somes of submaxillary gland. The MAO in the most dense fraction
may have been of mitochoadrial or microsomal origin or both.

The work of de Champlain et al (268) also indicated that
a large portion of MAO activity of rat salivary gland is ‘
microsomal. The pattern after sucrose gradient centrifugation
indicated very low MAO activity in the mitochondrial fraction.
As a preliminary to sucrose density gradient centrifugation,
however, he removed a fraction at 600x:9;for ten minutes. It
is possible that this step removed a large proportion of the
submaxillary mitochondria due to entrapment by mucous. The
predominance of microsomal and soluble MAO which they observed
may have been due to a loss of mitochondria.

The density gradient centrifugation of a parotid homo-

d in a separation similar to that of the sub-

genate resulte

maxillary (figure 59). This may have also been due to inter-

ference by mucous. Only two distinct bands were observed;
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a weak one at a concentration of 0.6 M sucrose and a heavy
band at 1.6 M sucrose. The light band (close to 0.6 M sucrose)
may be composed of altered or partly damaged lysosomes since
it shows a peak of acid phosphatase activity. It has been
reported (395) that lysosomes treated in vivo with detergent
have an equilibrium density peak at 0.8 M sucrose.

The heavy band at 1.6M sucrose contains peaks of amylase,
acid phosphatase, cytochrome oxidase and MAO activity as well
as high protein concentration. For this reason, it is probably
not a pure mitochondrial fraction. Mitochondria are expected
to band close to 1.45 M sucrose (386). It cannot be due to

unbroken cells since only 10% of amylase activity was found

there, 80% being found in the soluble fraction. The amylase

in this band may be due to surviving zymogen granules, although

they cannot usually be separated by density gradient centri-

fugation because of their sensitivity to osmotic shock (396).

Alternatively, it may be membrane-bound, or microsomal amylase.
The peak of acid phosphatase activity is likely due to

lysosomes which have been reported to band at 1.65 M sucrose

(387). The mixture of enzymes in this band strongly suggested

a type of interference similar to that in the submaxillary gland.
The clumping of subcellular particles by mucous

cannot only explain the band at 1.6 M sucrose but also the

"smearing" of cytochrome oxidase activity into the microsomal

fraction.
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Disregarding the last two fractions, the distributions
of cytochrome oxidase and MAO are very dissimilar. Their

relative patterns indicate that some MAO activity is microsomal.

Differential Centrifugation

Preliminary Experiments

The separation of subcellular components by differential
centrifugation has been described for many tissues (387, 389,
391, 397). The following experiments using these methods of
differential centrifugation were hindered because salivary

mucins tended to entrap subcellular particles. \

Fractionation A: Parotid and submaxillary glands from

two unstarved rats were removed. The pooled parotids apd
pooled submaxillaries were homogenized as described in the
previous section except that 0.25 M sucrose containing 0.005 M

phosphate pH 6.9 was used and each homogenate had a final

volume of 10 ml.

The nuclear fraction was obtained by centrifugation at
600 x- g for ten minutes. The precipitate was resuspended in

about 3 ml of the homogenizing medium and recentrifuged at

600:{gﬁor ten minutes.

The mitochondrial fraction was obtained by centrifuging
the combined nuclear supernatants at 25,000x g for ten minutes.

The precipitate was resuspended in about 2 ml homogenizing

medium and recentrifuged at 25,000x g for ten minutes.
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The microsomal fraction was obtained by centrifuging
the combined mitochondrial supernatants at 100,000 x g for
sixty minutes. The microsomal supernatant was the soluble
fraction. All fractions were resuspended in isotonic sucrose
and stored on ice. Aliquots were removed for the determin-
ation of MAO (Method A), cytochrome oxidase (Method a),
amylase, LDH, and protein concentration. The results are
shown in Table 32 and all values are expressed as per cent

of the sum of the fraction values.

Fractionation B: This was essentially the same as

Fractionation A except that the final tissue homogenates were
more concentrated, (5 ml final volume). Each fraction was
isolated by centrifugation as described for Fractionation A
except that precipitates were not resuspended and recentri-
fuged. Instead, homogenates and supernatants were layered
over 0.32 M sucrose before centrifugation. Fractions were

assayed for LDH and cytochrome oxidase activity. Results are

also shown in Table 32.

Fractionation C: The nuclear fractions from Fractionation B

were rehomogenized in 6 ml of 0.25 M sucrose and centrifuged

at 500 x g for ten minutes to precipitate the nuclear fractions.

The supernatants were centrifuged at 25,000x g for ten minutes

to precipitate the mitochondrial fractions. Cytochrome oxidase

was determined. The results are shown in Table 3'2 expressed

as per cent of the activity originally present in the crude
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nuclear fractions from Fractionation B.

It can be seen in Table 32 that a high proportion of
cytochrome oxidase and MAO activity was found in the nuclear
fractions of both parotid and submaxillary glands by each
method of fractionation. It was unlikely that this high
nuclear MAO and cytochrome oxidase activity was due to un-
broken cells, since LDH which is a soluble enzyme was almost
completely released into the soluble fraction. These results
suggested entrapment of mitochondria and probably microsomal
particles in the nuclear fraction. Re-homogenization of the
nuclear fraction (Fractionation C) released only part of the
cytochrome oxidase from entrapment.

The observed high viscosity of the nuclear fractions
indicated the presence of salivary mucins. It was thought
that this viscous material was probably responsible for en-

trapment of mitochondria.

Solubilization of Interfering Salivary Mucins

The nuclear fractions of salivary glands were very viscous.
Under the light microscope, a wet smear of these preparations
showed very few whole cells. A large number of small particles
were seen to move in large clumps along with nuclei. These
were identified as mitochondria by their staining with Janus
Green. Staining of these smears with a periodic acid-Schiff
(PAS) stain for carbohydrate indicated the presence of large
amounts of mucin. A study of smears of total cell homogenate

and the nuclear fraction indicated the presence of only a few
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whole cells. There were large clumps of PAS staining material
containing many nuclei and small particles but without any
cell walls.

The suggestions of Blobel et al (398) and Chauveau et al
(399) for the preparation of "clean" nuclei were considered
as possible means of overcoming entrapment due to mucins.
Salivary glands were homogenized in two volumes of isotonic
sucrose (0.25 M sucrose, 0.025 M KC1, 0.005 M MgCl,, 0.05 M
tris pH 7.5), thoroughly mixed with two volumes of 2.3 M
sucrose, layered over one volume of 2.3 M sucrose and centri-
fuged at 124,000x g for 30 minutes. The nuclear precipitate
was resuspended in 0.25 M sucrose. It was very viscous.

Under the microscope, a mixture of nuclei and many small
particles was observed.

In order to find a "mucin solubilizer", human saliva was
treated with a variety of agents (400). Change in viscosity
was assessed by visual inspection. Agents which were able to
decrease viscosity were used to treat salivary homogenates.
After centrifugation, cytochrome oxidase was determined.
Several of these agents interfered in the determination of
cytochrome oxidase. This is indicated in Table 373.

Treatment of salivary gland homogenates with NaCl, KCl and
neuraminidase did not interfere with the cytochrome oxidase

assay. The effect of these agents upon the fractionation of

subcellular particles was investigated. Parotid and submaxillary
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TABLE 3.3

Effect of various agents upon the viscosity of salivary mucins
and on the determination of cytochrome oxidase activity.

Decrease in

. Viscosity Effect on Determination
Treatment of Salivat of Cytochrome Oxidase
a. Ascorbate + CuSO, +++ Interference
b. Ascorbate + H.0: +4+4++ "
c. Mercaptoethanol ++ "
d. NaBH,4 ++++ "
e. KC1 +++ No Interference
f. NaCl ++ "
g. Neuraminidase + "
*Preatments: to one volume of saliva or homogenate was added
one volume of the solubilizing solution,
a. 0.06 M Ascorbate, 0.12 M CuSO4 pH 6.0
b. 0.06 M Ascorbate, 0.25 M H,0, pH 6.0
c. 0.25 M B Mercaptoethanol pH 8.0
e. 0.15 M KC1
f. 0.15 M NaCl
g. 1 mg/ml Neuraminidase (Cl. Perfringens)

+Visual assessment
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gland homogenates (in 0.25 M sucrose, 0.02 tris pH 6.0,
0.003 M MgCl,) were incubated for 20 minutes at 37° with
neuraminidase. The incubation mixtures were readjusted to

pPH 7.4, subcellular fractionation-was carried out, and cyto-

chrome oxidase was determined. The results, shown in Table 34,

indicate that the neuraminidase was not efficient in the re-
lease of mitochondria from the "mucin clot".

To determine the effect of KCl on cell fractionation,
the following experiment was carried out. Parotid and sub-
maxillary homogenates were prepared in 0.25 M sucrose. An
aliquot of each was rehomogenized with an equal volume of
0.15 M KC1 or 0.25 M sucrose for the control. They were

layered over 0.32 M sucrose and centrifuged at 600X g for ten

minutes. The residues were resuspended in 0.15 M KC1 or 0.25 M

sucrose and recentrifuged at 600X g for ten minutes. The resi-

due was the nuclear fraction. The mitochondrial fraction was

isolated by centrifuging the combined supernatants, resuspension

and recentrifugation at 18,000x g for ten minutes. The super-—
natant contained both the microsomal and soluble fractions

which were not separated. Cytochrome oxidase and protein was

assayed in each fraction.

The results are shown in Table 35. In the control, most

cytochrome oxidase activity is

ment with KCl, on the other hand, resulted in the appearance of

over 80% of the cytochrome oxidase activity in the mitochondrial

fraction.

indicated by the increase of

and the soluble fraction (which included the microsomes) .

in the nuclear fraction. Treat-

The release of entrapped particles by KC1l was further

i
R

protein in the mitochondrial fraction,

_ 3
-
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TABLE 34

Effect of preincubation of salivary gland
homogenates with neuraminidase on the dis-
tribution of cytochrome oxidase in subcell-
ular fractions.

Cytochrome Oxidase Activity*

Control Neuraminidase

Parotid

Nuclear 65 69

Mitochondrial 28 23

Microsomal 7 8

Soluble 0 0
Submaxillary

Nuclear 80 76

Mitochondrial 17 20

Microsomal

Soluble 0

* per cent distribution among the subcellular
fractions.

g
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TABLE 35

Effect of KCl upon the distribution of cytochrome oxidase

among subcellular fractions after differential cehtrifugation.

PER CENT DISTRIBUTION*

Control KC1l
Cytochrome Cytochrome
Oxidase Protein Oxidase Protein

Parotid

Nuclear 75 24 13 13

Mitochondrial 21 8 80 15

Solublet 4 68 7 72
Submaxillary

Nuclear 52 20 10 10

Mitochondrial 44 11 84 15

Solublet 3 69 6 75

* Activity in each fraction expressed as a per cent of the
sum of activities in all fractions.

+ Mitochondrial supernatant: Contains microsomal and soluble
fractions.
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Effect of Starving and Isoproterenol on Subcellular Fractionation

On the basis of the reduction of entrapment of mitochondria
in the nuclear fractions after treatment of salivary homogenates
with KCl, the following experiments were performed.

Rats were starved overnight. In the morning, rats were
injected with 5 mg isoproterenol. Other rats received no iso-
proterenol. The rats were killed. Those receiving isoproterenol
were killed 1% to 4 hours after the injection. Parotid and

submaxillary glands were immediately removed, transferred to

cold isotonic KCl and then homogenized.
[ .

Homogenization was in a sucrose-KCl medium (0.25 M sucrose
0.154 M KCl1, 0.03 M MgCl, and 0.02 M tris, pH 7.6), with a final
volume of 5 ml for each pair of glands. The homogenate was
layered over 2 ml of 0.32 M sucrose, and centrifuged at 600x g
for ten minutes. The precipitate was resuspended in 4 ml of
the homogenizing medium, and recentrifuged at 600 X g for ten

minutes, yielding the nuclear precipitate. The combined

nuclear supernatants were layered over 1 ml of 0.32 M sucrose

and centrifuged at 22,000 x g for ten minutes. The precipitate

—

was resuspended in 4 ml homogenizing medium and recentrifuged

at 22,000 x g for ten minutes, yielding the mitochondrial pre-

cipitate. The combined mitochondrial supernatants were centi-

fuged at 105,000 X g for one hour, yielding the microsomal

precipitate and the soluble supernatant. The nuclear mito-

ipi i or
chondrial and microsomal precipitate were resuspended 1n 1
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2 ml of 0.25 M sucrose. Cytochrome oxidase (Method A) , MAO
(Method B) and protein were assayed in each fraction.

Table 36 shows the mean percentage distributions of cyto-
chrome oxidase, MAO and protein among subcellular fractions
from several experiments. The effect of starving and treatment
with isoproterenol (undepleted and depleted) are compared.

This indicates that entrapment of mitochondria in the nuclear
fraction was not completely overcome by the use of KCl in the
homogenizing medium. Little cytochrome oxidase or MAO activity
was found in parotid nuclei of starved rats, but when treated
with isoproterenol, one quarter of total MAO and cytochrome
oxidase activity was found in the nuclear fraction. The low
value for total cytochrome oxidase activity eompared to the
sum of activities in the fractions may have been due to vary-
ing concentrations of inhibitors in each fraction. Inhibition
of cytochrome oxidase is discussed in the Analytical Section.

In starved rats, almost half of the MAO and cytochrome

oxidase activity was found in the nuclear fraction indicating

continued interference from mucins. The decrease in submaxillary

nuclear cytochrome oxidase after isoproterenol can be explained

by the secretion of mucins. Changes in protein distribution

mainly reflect the loss of soluble proteins due to isoproterenol

induced secretion, particularly in the parotid gland.

These experiments indicate that while the inclusion of

KCl in homogenizing media can partially overcome entrapment of

particles in the nuclear fraction, the results are quite

variable. The solubilization of mucins under these conditions,
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may depend upon the concentration or composition of mucins

in the gland. This probably depends, in turn, upon the physio-
logical state of the gland (such as the depleted or repleted
state). In any case, the variability in the fractionation
makes it of little value in the study of subcellular changes

in the salivary glands.

It is surprising that interference from mucins in the
subcellular fractionation of salivary glands has not been
generally observed. In a recent study of bovine submaxillary
glycoproteins (49), the precipitation of most of a microsomal
protein in a viscous mass was described but not explained.

It is possible that in the experiments described by some authors,q!!I
the salivary mucins may have interfered and may even have led

to erroneous conclusions.

The Use of Marker Enzymes

Introduction

The previous section dealt with attempts to study sub-

cellular changes in salivary glands induced by isoproterenol

treatment. The interference of salivary mucins in the sepa-

ration of subcellular particles of differential centrifugation

or sucrose gradient centrifugation prevented the use of these

methods. As an alternative, marker enzymes can be used to

indicate changes taking place in subcellular structures.

There are several enzymes which are known to be associated
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with specific subcellular particles. Several of these have
been found in the salivary glands.

We did not study any nuclear markers but other workers
have followed changes in DNA, RNA, DNA synthesis, RNA syn-
thesis and chromosome number in the salivary glands (241,

246, 248, 250, 253). Of the enzymes studied in the present
work: cytochrome oxidase has been found in parotid and sub-
maxillary mitochondria; acid phosphatase was also found in
salivary glands and it is a lysosomal enzyme; amylase, in the
parotid gland, is a secretory enzyme stored in zymogen granules;
LDH, a soluble enzyme, was also found in salivary glands.

There were no known microsomal enzymes reported in the \
salivary glands. The increase in incorporation of amino acids o
into a specific protein, amylase, was reported in the previous
section. While protein synthesis takes place on ribosomes
attached to the endoplasmic reticulum, the increased rate of
synthesis of a specific protein does not necessarily indicate
a general increase in microsomal activity. Attempts were
made to measure the activity of known microsomal enzymes,
glucose-6-phosphatase, UDP-glucuronyl transferase, P-450 and

oxidative demethylation, in the salivary glands.

Microsomal Markers

Glucose-6-phosphatase: The salivary glands and liver

from two rats which had been starved overnight were homo-

genized in sucrose-KC1l medium (0.25 M sucrose containing

0.15 M KC1, 0.03 M MgCl, and 0.02 M tris, pH 7.6), and
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centrifuged at 17,500 x g for ten minutes to remove heavy
particles. Microsomes were obtained by centrifuging the
supernatant at 105,000 x g for one hour. The precipitate
was resuspended in a small amount of isotonic sucrose.
Glucose-6-phosphatase activity and protein concentration
were determined in each microsomal preparation.

The results in Table 37 are expressed in uM of phos-
phate liberated/mg microsomal protein in 15 minutes for rat
liver, parotid and submaxillary. The activity in the salivary
glands was very low. The sample absorbance was only very
slightly greater than blank absorbance for the salivary glands.

Salivary gland glucose-6-phosphatase activity was less than
2% of that in liver. It is apparent that the salivary glands
contain very low or no glucose-6-phosphatase activity, sinze
the activity measurement was too close to the blank value for

experimental error to be excluded as the source of the

difference.

UDP-glucuronyl transferase: Salivary glands and liver

from an unstarved rat were homogenized in 0.15 M KCl, and cen-

trifuged at 17,500 x g for ten minutes. The supernatants

were centrifuged at 105,000 x g for one hour, and the micro-

somes were resuspended in isotonic KCl. UDP~glucuronyl

transferase activity was determined with about 2 mg microsomal

protein for each sample.
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TABLE 37

Glucose-6-phosphatase activity in the microsomes
of rat liver and salivary glands.

Glucose-6-phosphatase

activity¥*
. % of liver
Units Activity
Liver 0.218 100
Parotid .001 0.46
Submaxillary .004 1.83

* Moles phosphate liberated/mg microsomal protein
during incubation at 37° for 15 minutes.

TABLE 38

UDP-glucuronyl transferase activity in rat parotid

and submaxillary microsomes

CPM
Formation¥
Blank Sample of Glucuronide
Liver 20154 1503 19,451
Parotid 20308 20791 -483
Submaxillary 20775 20264 +511

Two mg of microsomal protein from each giSSue was
incubated with UDP-glucuronic acid and °H-17 a-estradiol

for 30 minutes at 379.

* Formation of glucuonide is the difference between
sample and blank.
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The crude results in Table 38 indicate that salivary
glands contained negligible UDP-glucuronyl transferase

activity, at least with 17 a-estradiol as acceptor.

Cytochrome-P-450: Three rats were starved overnight and

the liver, parotid and submaxillary glands were removed. Each
tissue was homogenized in 6 volumes of 0.15 M KCl. The homo-
genates were centrifuged at 600 x g for ten minutes and the
precipitate discarded. The mitochondria were sedimented by
centrifuging the mitochondrial supernatant at 105,000 x 1
for one hour. The mitochondrial and microsomal precipitates
were resuspended in a small volume of isotonic KCl. Protein
and cytochrome-P-450 activities were determined in each sample. \
For P-450 determination, the samples were diluted with 0.15 M A
KCl to the maximum concentration at which the spectra could
be measured. (This varied according to sample turbidity.)

In Table 39, P-450 measured in the usual way (uncorrected)
was readily detected in liver microsomes. The lower level of
P-450 in liver mitochondria was measured near the limits of
detection. No activity could be detected in the microsomes
or mitochondria of salivary glands.

The presence of hemoglobin in all fractions was indicated
by sharp absorption peaks at 434 mu (reduction difference
spectra) and 422 mu (CO difference spectra). Hemoglobin

interferes in the measurement of P-450 due to a reduction of

absorbance at 450 mu (402). With tissues high in P-450,
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hemoglobin interference may be relatively low. With low
P-450 concentration, hemoglobin may interfere substantially,
and may even completely obscure P-450 absorbance. It was
thought this might be the case with salivary glands, i.e.
that the apparent lack of P-450 as measured by the usual
method might be due to low P-450 masked by hemoglobin.
Calculations were therefore made to‘correét for hemoglobin
activity.

The corrections were based on the absorption spectra
of hemoglobin. The soluble fraction from a rat liver homo-

genate which contained a fairly high concentration of hemo- ‘

globin and no P-450, was used to estimate the interference
from hemoglobin. Hemoglobin had two very strong peaks; a
reduction difference spectrum peak at 434 my and a CO differ-
ence spectrum peak at 422 mu. From the liver soluble fraction,

the following spectral measurements were made:

Eyso - Eygo (CO difference) = =0.1l1
Ey3s - Eyoo (Reduction difference) = +0.58
= +0.61

Ey22 - Eyoo (CO difference)

Correction A:

Eyso = Euvgo — _0.19
Eysu = Euoo

Correction factor A

: - E ) + 0.19 (Eusu = Euso) A3
Therefore; P=-450 = (Buso 120551 x 10‘mpM
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Correction B:

Correction factor B = =450 = Euso _ _
Euzz = Eugo 0.18

Therefore; P-450 = (Eyso = Eugo) ;10-18 (Evzp - Euso)x 10 *muM

Correction B is probably accurate only when P-450 values
are low since P-450 reduces absorption slightly at 422 mu.

Table 39 indicates that there was no P-450 present in the
microsomes of submaxillary gland or the mitochondria of parotid
or submaxillary gland. By the usual method, P-450 was not
detected in the parotid microsomes. By using the correction

factors, a very slight P-450 activity was estimated in parotid !!!!

microsomes which was lower than that found in liver mitochondria.
The concentration of parotid microsomal P-450, even using

the correction factors, was at the limits of detectability.

We have not established the reliability of our correction

factors, and the presence of low levels of P-450 in rat parotid

microsomes requires further evidence.

Oxidative Demethylation

This enzyme is probably the same as, or closely associated
with, P-450 (277). 1Its determination was much more sensitive,

particularly when the modification utilizing fluorimetric

detection (Method B) was used.

In two experiments, the oxidative demethylation activity

of microsomes from liver, parotid and submaxillary was deter-

mined. The main differences between experiments 1 and 2 is

the method of enzyme assay.
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Experiment 1: A male rat was starved overnight, the liver

and salivary glands were removed and homogenized in 0.15 M KCl.
Microsomes were prepared (the same way as in the experiment on
P-450), and resuspended in .15 M KCl. Between 2 and 4 mg of
microsomal protein was used in each oxidative demethylation
assay (Method A). In this experiment, no sample blank correction
was made. Results are expressed in Table 40 as mumole formalde-

hyde formed/min/mg protein.

Experiment 2: Liver and salivary gland microsomes from

two unstarved rats were prepared in the same way as described
in Experiment 1. Oxidative demethylation activity was deter-
mined on about 2 mg microsomal protein by Method B. These

results are also shown in Table 40.

In Experiment 1, the activity of oxidative demethylation
salivary gland microsomes was very low (1 to 2% of liver
activity). The sample values were only slightly above the
reagent blank. 1In Experiment 2, where sensitivity was in-
creased due to lowered reagent blank (Method B), and where

the slight interference from the sample itself was subtracted,

it is apparent that salivary gland oxidative demethylation

was completely absent (less than 0.4% of liver activity).

The Effect of Isoproterenol on Cytochrome Oxidase,
LDH and COMT Activities in

MAO, Acid Phosphatase,
Parotid and Submaxillary Glands

In several experiments, male rats weighing between 155
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TABLE 40

Oxidative demethylation in microsomes isolated from rat liver
and salivary glands.

OXIDATIVE DEMETHYLATION ACTIVITY

Experiment 1% Experiment 2*
Units/mg $ of liver Units/mg % of liver
Proteint Activity Proteint Activity

Liver 2.81 100 1.8 100
Parotid .030 1.06 .004 0.2
Submaxillary .057 2.03 007 0.35

* In Experiment 1, Method A was used and no correction was
made for fluorescence due to the sample. In Experiment 2,
Method B was used and a sample blank was subtracted.

+ Units are mpuM formaldehyde formed/min.
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and 185 g were starved overnight and injected with 5 mg
isoproterenol in the morning. They were killed 4 or 8

hours after injection. Some were killed in the morning
without injection (0 hours). The salivary glands were
immediately removed and chilled in cold isotonic KCl.

Each pair of glands was homogenizéd in buffered isotonic

KCl, (0.15 M KC1l, 0.003 M MgCl;, 0.02 M tris, pH 7.6),‘and
made to a final volume of 9 ml. A small aliquot was removed
for protein and acid phosphatase assays. The homogenates
were centrifuged at 105,000 x g for ten minutes. The pre-
cipitate was called the total particulate fraction (contain-
ing nuclei, mitochondria and microsomes) and the supernatant
was the soluble fraction. The precipitate was resuspended in
the homogenizing medium and made to a final volume of 2.0 ml.
MAO and cytochrome oxidase (Method B) activities were measured
in the total particulate fraction. COMT and LDH activities
were determined in the soluble fraction. There were at least
six animals at each time (0, 4 or 8 hours after isoproterenol)
for each enzyme assay.

The response of parotid enzymes to isoproterenol is

summarized in Table 41. There were no significant changes

in cytochrome oxidase, MAO, acid phosphatase or LDH total

activity, 4 or 8 hours after isoproterenol. COMT was increased
about 70%, 4 hours after injection and returned almost to the
basal level 8 hours after injection. The increase between

0 and 4 hours was significant (P<0.05) .
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The response of submaxillary enzymes to isoproterenol,
which is summarized in Table 42, paralleled the response in
the parotid gland. No changes were found in cytochrome oxi-
dase, MAO, acid phosphatase, or LDH levels in the submaxillary
gland. The increase in COMT was almost two-fold four hours
after injection of isoproterenol. This change was highly
significant (P<.01). The level of COMT eight hours after
isoproterenol stimulation was higher than the basal level,

but the difference was not significant.

Discussion

The results in general for Part II of the Experimental
Section can be summarized as follows: Very few changes in
enzyme activities were found in salivary glands in the re-
pletion stage of the secretory cycle following isoproterenol
stimulation. The moderate increase in de novo amylase bio-
synthesis (described in Part I of the Experimental Section)
suggested a possible stimulation of microsomal enzyme activity.
However, a number of typical microsomal enzymes (glucose-6-
phosphatase, cytochrome-P-450, oxidative demethylase and UDP-

glucuronyl transferase) were not found in either the parotid

or submaxillary glands of rats. Furthermore, the interference

of salivary mucins in subcellular fractionations prevented

the isolation of microsomes for the study of changes follow-

ing isoproterenol.
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Other subcellular "marker" enzymes were measured, and
no changes were found in the activities of mitochondrial
cytochrome oxidase, lysozomal acid phosphatase or soluble
LDH. The catecholamine metabolizing enzymes were also

measured. MAO, which has been found in both mitochondrial

and microsomal fractions of rat salivary glands (268) was reported

by Muelley et al (271) to be increased approximately
30% three hours after isoproterenol injection. The paper
did not make clear, however, whether these results were
obtained with pooled parotid and submaxillary glands, or
submaxillary alone. The results in the present study con-
flict with the findings of Mueller et al, because no
change in MAO activity was found in either submaxillary or
parotid. One possible explanation is the following:

Mucins in the homogenate bind the subcellular particles
in a mucin "clot" which can rapidly precipitate these part-
icles out of suspension. If a preliminéry low spéed centri-
fugation to remove cell debris and nuclei were carried out
(268), or if care were not taken to keep the particles
suspended while removing an aliquot for MAO determination,
some MAO activity would be jost. The salivary mucin con-
centration varies according to the secretion and repletion

cycle. This could, therefore, result in apparent changes

in MAO activity.

~
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Another possible explanation is related to the choice
of substrate for MAO determination. ~ Mueller et al
(271) measured MAO with tryptamine as substrate. In the
present study, kynuramine was used. Tryptamine as well
as serotonin, dopamine and tyramine have been described
as having similar properties as a MAO substrate, being
much more active than compounds such as epinephrine, nore-
pinephrine, benzylamine and kynuramine (403). Sierené (280)
has shown that in rat liver there are two separable MAO
isoenzymes which display distinctly different kinetics.
Serotonin is a good substrate for one isoenzyme, whereas
benzylamine is a good substrate for the second. More
recent studies in this laboratory have shown that kynuramine
is also a substrate for the second isoenzyme (404). Axelrod
and Vesell (292) have also indicated the presence of two iso-
enzymes of MAO activity. The pair of enzymes are the same in
all the tissues of each species. It is possible that the
discrepancy between the present work and that of "Mueller
et al (271) may be due to the measurement of two different
MAO enzymes. It would therefore be interesting to measure
the changes in the serotonin (tryptamine) -specific, and
benzylamine (kynuramine) -specific enzymes separately.

The increase in COMT activity in both parotid and sub-

maxillary glands four hours after isoproterenol stimulation

which was described in the Experimental Section may be simply
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a response of the gland to metabolize high glandular con-
centrations of the drug. The fact that COMT activity
subsequently returned to normal (at 8 hours) after all
parotid isoproterenol had been metabolized, is consistent
with this view. The report of Barka (254) that salivary

COMT activity was greatly decreased 24 hours after iso-
proterenol stimulation is very difficult to explain, either
in terms of drug metabolism, or as an expected response to
increased cell growth or cell division. The dosage of iso-
proterenol used by Barka (254) however, was many times
greater than that used in the present work. It is possible
that this may have something to do with the decreased COMT
levels at 24 hours. In order to clarify this issue, COMT
activities could be measured over the complete range of time
from 0 to 24 hours after injection of varying doses of iso-
proterenol. It has recently been suggested by Jarrott (28%9)
and Broch et al (290) that COMT activity in salivary glands is
located in both acinar cells and neuronal cells. The changes
in salivary COMT activity following isoproterenol may therefore

reflect a change in one of the two localized COMT enzymes.

The changes in €OMT at- 4 hours and at 24 hours may even

have a different localization. This possibility might be

investigated by using sympathectomized rats, and rats pre-

treated by salivary duct ligation.
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SUMMARY AND CONCLUSION

A summary of the experimental work described in the
Analytical and Experimental Sections is listed below with

conclusions drawn from this work.

Analytical

The following analytical procedures and modifications

of methods were developed in order to carry out the studies

in this thesis. \
1. An automated amylase method was developed for the "

routine assay of amylase activity in parotid homogenates,

and isolated amylase preparations. It was based on the
saccharogenic method of Bernfeld (3) and utilized the ordinary
modules of the Technicon AutoAnalyzer. The method retained
the speed and sensitivity of the manual method with the

added advantage of greater convenience and precision.

2. An adaptation of the automated amylase method

allowed the continuous monitoring of parotid amylase

“secretion in anaesthetized rats.

3, TFor the routine determination of protein in
isolated amylase preparations, the method of Lowry et al

(306) was adapted to the Technicon AutoAnalyzer. This

automated modification measured precisely and rapidly protein
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concentrations between 25 and 500 ug/ml in sample volumes

as small as 0.4 ml.

4. Inhibition of cytochrome oxidase activity by normal
cell components in salivary gland homogenates was overcome
by the suitable choice of pH and ionic strength as well as

addition of RNA to the incubation medium.

5. The measurement of very low levels of oxidative
demethylase activity in the salivary glands required greater
sensitivity than was afforded by the method of Orrenius (227).

Increased sensitivity was achieved by solvent extraction and
fluorometric determination. \

Experimental

Part I

The effect of isoproterenol induced secretion on rat

parotid amylase was investigated. This work can be summarized
as follows:

1. Previous workers have shown that injection of iso-
proterenol results in depletion of rat parotid amylase within

two hours, followed by repletion between 2 and 18 hours (132).

The repletion followed exponential kinetics. In the present

study, similar effects were found with a smaller dose of

isoproterenol. The kinetics of repletion fitted a quadratic

equation. This indicated the complexity of the repletion.

Changes in protein concentration were much_ smaller but were



~301-

parallel to the changes in amylase levels.

2. De novo synthesis of amylase was estimated on the
basis of the rate of incorporation of amino acids into
amylase, or on the ratio of amylase incorporation to non-
amylase incorporation. By the first method of estimation,
de novo synthesis was increased by a factor of 3.5 during
the first 8 hours after isoproterenol treatment, then
returned almost to the initial rate after 24 hours. By the
second estimation, the changes were less dramatic, but the
rate was doubled at six hours and returned to the basal levgl
at 24 hours. Neither of these estimations can alone account

for the exponential or quadratic kinetics of amylase repletion.

3. The observed pattern of amylase repletion cannot
result from changing rates of secretion. Coninuous monitoring
of amylase secretion indicated the complete cessation of

parotid amylase secretion within three hours of the isoproternol
injection.
4. A possibility was investigated that the activation

of an inactive precursor of amylase might be responsible for

the unusual kinetics of amylase repletion. Incubation of

parotid homogenates with a variety of hydrolytic enzymes,

detergents, cyclic AMP, or protein kinase in an attempt to

i " i i se in amylase
activate "proamylase resulted in no increa \4

activity. The effect of specific inhibitors of protein

synthesis on the in vivo repletion of amylase was investigated.
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In general, when amino acid incorporation into protein was
inhibited, amylase repletion was also inhibited. When no
inhibition of amino acid incorporation was observed, amylase
repletion was normal. This indicated the close dependence
of repletion on protein synthesis and failed to show any

evidence of precursor activation.

5. Several other possible mechanisms were discussed.
These included changing rates of amylase degradation due to
changing activity of degradative enzymes or changing stabil-

ization of newly synthesized amylase. The large changes in

degradative activity which would be required to account for the

repletion of amylase could not be explained on the basis of
known biochemical or cytological changes. The repletion
kinetics could, however, be caused by a changing pool of
unstabilized amylase. The changes in pool size which could.
account for the unusual repletion kinetics were discussed
in relation to known cytological changes such as zymogen
granule formation, phospholipid turnover and changes in

Ca++ transport and concentration.

6. Salivary isoamylases have been previously demon-

strated by disc electrophoresis. Their existence was

confirmed in the present study by the use of isoelectrofocus-

ing on polyacrylamide gels. A superior separation of the

isoamylases into distinct bands was achieved by this method.

Their separation by isoelectrofocusing indicates that

N
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isoamylases differ in ionic charge rather than molecular

weight.

Part I1

General changes in salivary gland enzymes following the
injection of isoproterenol were investigated in Part II.

The findings are summarized as follows:

1. Subcellular fractionation of salivary glands by
differential or by sucrose gradient centrifugation was
unsuccessful because of interference from salivary mucins.

This was due to the entrapment of mitochondria and possibly

other subcellular particles in a “"mucin clot". %

2. The interference by mucins was partially overcome
by the addition of KCl to the homogenizing medium. The
effectiveness of KCl varied with the time after isoproterenol
injection, and therefore, subcellular fractionations could
not be used with confidence in studying changes during the
repletion cycle. It is also possible that experiments of

some other workers may have been affected by salivary mucins.

3. TFour microsomal markers, glucose-6-phosphatase,

UDP-glucuronal transferase, cytochrome P-450 and oxidative

demethylation were measured. No significant activity of

any of these enzymes could be detected in either the parotid

or the submaxillary gland.
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4. No significant changes were found in cytochrome
oxidase, acid phosphatase and lactate dehydrogenase activities

of salivary glands following isoproterenol induced secretion.

5. No change in MAO activity was found in salivary
glands following isoproterenol induced secretion. This
contradicted the work of Mueller et al (271) who reported
a 30% increase in salivary gland MAO 3 hours following iso-
proterenol stimulation. Possible reasons for this discrep-

ancy have been discussed.

6. COMT activity in both parotid and submaxillary glands

was almost doubled, 4 hours after isoproterenol injection, \

and returned almost to the basal level 8 hours after iso-

i

proterenol injection. These changes may be the specific
response of a degradative enzyme to high levels of sub-
strate (isoproterenol) followed by a return to normal

levels after complete metabolism of the substrate.



10.

11.

-305-

REFERENCES

E.H. Fischer and E.A. Stein: The Enzymes 4 313 (1961)
ed. P.D. Boyer, H. Lardy and K.Myrback, Academic Press, N.Y.

P. Bernfeld: Advances in Enzymology 12 379 (1951)
ed.F.F. Nord, Interscience Publishers, N.Y.

P. Bernfeld: Methods in Enzymology 1 149 (1955)
ed. Collowick and Kaplan, Academic Press, N.Y.

K. Myrbick and G. Neumiiller: The Enzymes 1 653 (1950)

G.C.S. Kirchhoff: Mem.Acad.Imp.Sci. St. Petersbourg
4 27 (1811) cited in (1)

E.F. Leuchs: Poggendorff's Ann.Phys.Chem. 22 623 (1831)
cited in (1)

A. Payen and J. Persoz: Ann.Chim.Phys. 63 73 (1933)
cited in (1)

M. Magendie: Compt.Rend.Acad.Sci. 3 189 (1846)

cited in (1)

R. ‘W. Atkinson: Proc.Roy.Soc. 32 299 (1881) cited in (1)

R. Kuhn: Ber. 57 1965 (1924)

——

Cc.T. Greenwood, A.W. MacGregor and E.A. Milne: Arch.

Biochem.Biophys. 459 466 (1965)



i

12.

13.

14.

15.

16.

17.

17a.

18.

19.

19a.

20.

21.

22.

23.

24.

~306-

S.Schwimmer and A.K.Balls: J.Biol.Chem. 179 1063 (1949)
T.Fukushi, A.Imanishi, T.Isemura: J.Biochm. 63 409 (1968)
E.H.Fischer and R.de Montmollin: Nature 168 606 (1951)

M.Miiller, P.Baudhuin and C.de Duve: J.Cell.Physiol.
68 165 (1966)

W.W.Doane: Amer.Zool. 5 697 (1965)
R.L.McGeachin: in Screebny and Meyer, 1964 (17a), p.325

L.M.Sreebny and J.Meyer: ed. "Salivary:Glands. and their
Secretions, - Macmillan, N.Y. (1964)

R.L.McGeachin: Ann.N.Y.Acad.Sci. 51 208 (1968)

L.C.U.Junqueira: in Schneyer and Schneyer, 1967 (19a) p.286

L.H.Schneyer and C.A.Schneyer: ed. Secretory Mechanisms
of Salivary Glands, Academic Press, N.Y. (1967)

R.L.McGeachin, J.R.Gleason and M.R.Adams: Arch.Biochem.
75 403 (1958)

M.Arnold and wW.J.Rutter: J.Biol.Chem. 38 2760 (1963)

R.J.McGeachin and J.P.Lewis: J.Biol.Chem. 234 795 (1959)

J .Mordoh, C.R.Krisman, A.J.Parodi and L.F.Leloir:

Arch.Biochem.Biophys. 127 193 (1968)

W.J.Rutter, M.L.Arnold, R.W.Brosemer and J.A.Miller:

J.Biol.Chem. 236 1259 (1961)



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

=307~

M.R.Robinovitch and L.M.Sreebny: Arch.Oral Biol.
14 935 (1969)

L.H.Schneyer and C.A.Schneyer: Ann.N.Y.Acad.Sci.
85 189 (1960)

D.Afonsky: Saliva and its Relation o Oral Health,
U. of Alabama Press (1961)

J.Muus: Compt.Ren.Trav.Lab. Carlsberg, Ser.Chim.
28 317 (1953) cited in (6)

K.H.Meyer, E.H.Fischer, A.Staub and P.Bernfeld:
Helv.Chim.Acta 31 2158 (1948)

E.H.Fischer, F.Duckert and P.Bernfeld: Helv.Chim.Acta
33 1060 (1950)

K.H.Meyer, E.H.Fischer and P.Bernfeld: Helv.Chim.Acta
30 64 (1947) '

K.H.Meyer, M.Fuld and p.Bernfeld: Experientia
3 411 (1947)

S .Akabori, T.Ikenaka and B.Hagihara: J.Biochem.
41 577 (1954)

B.M.Pogell: ‘:Methods in Enzymology, 9 9 (1966)
ed. S.P.Collowick and N.O.Kaplan, Academic Press, N.Y.

24 210 (1910), cited in (1)

E.Starkenstein: Biochem.Z.

F.B.Straub: Acta Physiol.Acad.Sci.Hung. 12 295 (1957)

A.Loyter and M.Schramm: Biochim.Biophys.Acta 65 200 (1962)



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

-308~-

A.Levitzki, J.Heller and M.Schramm: Biochem.Biophys.

Acta 84 101 (1964)

B.Gelotte: Acta Chem.Scand. 18 1283 (1964)

R.Shainkinand Y.Birk: Biochim.Biophys.Acta 122 153 (1966)

H.Mutzbauer and G.V.Schulz: Biochim.Biophys.Acta

102 526 (1965)
P.Wilding: Clin.Chim.Acta 8 91

G.Marchis-Mouren and L.Paséro:
140 336 (1967)

P.Cozzone, L.Paséro and G.Marchi
Biophys.Acta 200 590 (1970)

R.W.Brosemer and W.J.Rutter: J.

8 (1963)

Biochim.Biophys.Acta

s-Mouren: Biochim.

Biol.Chem. 236 1253 (1961)

D.L.Kauffman, N.I.Zager, E.Cohen and P.J.Keller:

Arch.Biochem.Biophys. 137 325 (
W.W.Doane: Proc. 12th Intl.Cong
W.W.Doane: Dros.Inf.Serv., Cite
J.Muus and J.M.Vnenchak: Nature
R.O0.Wolf and L.L.Taylor: Nature

B.Boettcher and F.A.de la Lande:
Sci. 47 97 (1969)

G.M.Malacinski and W.J.Rutter:

1970)
.Ent., London (1964)
d in Canalco Ab;tract #356
204 283 (1964)
13 1125 (1967)

Austral.J.Exp.Biol.Med.

Biochemistry, 8 4382 (1969)

-



™

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l1.

62.

63'

64.

-309-~

J.A.Thoma, C.Brothers and J.Spradlin: Biochemistry
9 1768 (1970)

H.Heller and R.G.Kulka: Biochim.Biophys.Acta
165 393 (1968)

J.Muus: J. Am. Chem.Soc. 6 5163 (1954)

M.L.Caldwell, E.SxDickey, V.M.Hanrahan, H.C.Kung, J.7.Kung
and M.Miski: J. Am. Chem.Soc. 76 143 (1954)

E.A.Stein, J.M.Junge and E.H.Fischer: J.Biol.Chenm.
235 371 (1960)

C.E.Danielsson: Nature 160 899 (1947)

R.L.McGeachin and J.H.Brown: Arch.Biochem.Biophys.
110 303 (1965)

S.Akabori and T.Ikenaka: J.Biochem. 42 603 (1956)

7.Ikenaka: J.Biochem. 3 255 (1956)

K.Sugae: J.Biochem. 7 170 (1960)

L.L.Campbell and p.D.Cleveland: J.Biol.Chem.
236 2966 (1961)

G.Marchis-Mouren, L.Paséro and P.Nesnuelle: Biochem.

Biophys.Res.Commun. 13 262 (1963)

M.L.Caldwell: Abstr.Am.Chem.Soc.Meeting, p.66C (1960)
Cited in (40, 138)




-310-

65. G.A.Malodova, I.D.Ivanov and G.M.Nikolaev: Izwv.Akad.
Nauk .SSSR, Ser.Biol. 30 359 (1965), Cited in Chem.
Abstr. 63 4601f (1965) |

66. J.Friedman and C.J.Epstein: J.Biol.Chem. 242 5131 (1967)
67. I.Kato, H.Koda and K.Narita: J.Biochem. 63 479 (1968)

68. I.Kato, H.Koda and K.Narita: J.Biochem. 63 487 (1968)

69. T.Fukushi, A.Imanishi and T.Isemura: J .Biochem.
63 409 (1968)

70. E.A.Stein and E.H.Fischer: J.Biol.Chem. 232 867 (1958)
70a. N.E.Welker and L.L.Campbell: Biochemistry 6 3681 (1967) ‘

71. M.Schramm and L.Loyter: Methods of Enzymology 8 533 (1965)
ed. Collowick and Kaplan, Academic Press, N.Y.

72. R.J.Henry and N.Chiamari: Clin.Chem. 6 434 (1960)
73. J.A.Thoma: J.Theoret.Biol. 19 297 (1968)

74. 1I.Radichevitch, M.M.Becker, M.Eitingon, V.H.Gettler,
G.C.Toralballa and M.L.Caldwell: J .Am.Chem.Soc.

81 2845 (1959)

75. J.Wakim, M.Robinson and J.A.Thoma: . Carbohydrate Research

10 487 (1969)

76. W.C.Davidson: Bull.John Hopkins HOSp. 37 281 (1925)

Cited in 76a



76a.

77.
78.
79.
80.

8l.

82.

83.

84.

85.

86.

87.

88.

89'

90.

-311-

R.L. Searcy, P.Wilding and J.E.Berk: Clin.Chim.Acta
15 189 (1967)

R.Elman and J.M.McCaughan: Arch.Intl.Med. 40 58 (1927)

L.C.Chesley: J.Biol.Chem. 92 171 (1931)

V.C.Meyers and E.Reid: J.Biol.Chem. 99 595 (1933)
G.Gomori: Am.J.Clin.Pathol. 27 714 (1957)

P.Rona and C.van Eweyk: Biochem.Z. 149 174 (1924);
Cited in 76a

J.M.Waldon: J.Lab.Clin.Med. 8 148 (1951)

P.H.Guth, S.A.Komarov and H.Shay: Am.J.Physiol. 173
461 (1953)

L.Jacobson and H.Hansen: Scand.J.Clin.Lab.Invest.
4 134 (1952)

P.H.Guth: Am.J.Gastroenterol. 3 139 (1960)

F.L.Bates, D.French and R.E.Rundle: J.Am.Chem.Sec.
65 142 (1943)

D.L.Mould and R.L.M.Synge: Biochem.J. 38 585 (1954)

7.J.Schoch:
83 (1961); Cited in 76a

Proé.Ann.Meet.Amer.Soc.Brewing Chemists

J.Wohlgemuth: Biochem.Z. 2 1 (1908); Cited in 76a

J.Biol.Chem. 25 399 (1938)

——

M.Somogyi:

N



.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

=312~

C.Huggins and P.S.Russell: Ann.Surg. 128 668 (1948)
B.W.Smith and J.H.Roe: J.Biol.Chem. 179 53 (1949)
H.V.Street and J.R.Close: Clin.Chim.Acta 1 256 (1956)
A.Dahlgvist: Scand.J.Clin.Lab.Invest. 14 145 (1962)

R.L.Searcy, J.Ujihira, S.Hayashi, J.E.Berk: Clin.Chim.
Acta 9 505 (1964)

N.R.Pimstone: Clin.Chem. 10 891 (1964)

K.Moeckel and F.Rost: Z.Physiol.Chem. 67 433 (1910);
Cited in 76a

N.Nelson: J.Biol.Chem. 153 375 (1944)

S.%2.Sorkin: J.Clin.Invest. 22 329 (1943)

B.Fingerhut, R.Ferzola, A.Poock and W.H.Marsh: Clin.
Chem. 9 862 (1965)

A.C.Kilbrick, H.E.Rogers and S.Skupp: J.Biol.Chem.
190 107 (1951)

K.Lorentz: Arztl.Forsch. 19 578 (1965); Cited in 76a

K.Lorentz and D.Oltmans: Clin.Chem. 16 300 (1970)

V.C.Myers and J.A.Killian: J.Biol.Chem. 29 179 (1917)

v.C.Myers, A.J.Free and E.E.Rosinskis J.Biol.Chemn.

154 39 (1944)



106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116 L]

117.

118.

=313~

F.Hosteller, E.Borel and H.Devel: Helv.Chim.Acta
34 2132 (1951)

J.B.Sumner: J.Biol.Chem. 47 5 (1921)

J.B.Sumner: J.Biol.Chem. 108 51 (1935)

G.Noelting and P.Bernfeld: Helv.Chim.Acta
31 286 (1948)

K.H.Meyer, E.H.Fischer and P.Bernfeld: Helv.Chim.Acta
38 64 (1947)

R.L.Searcy, S.Hayashi and J.E.Berk: An.J.Clin.Path.
36 582 (1966)

A.D.Jamieson, K.M.Pruitt and R.C.Caldwell: J.Dent.Res.
48 483 (1969)

S.Akabori, K.Usihara, Y.Shimazu and K.Nakanishi:
J.Chem.Soc.Japan 61 1046 (1943)

A.P.Jansen and P.G.A.B.Wydeveld: Nature 182 525 (1958)

H.Rinderknecht, P.Wilding and B.J.Haverback: Experientia
23 805 (1967)

J.A.Hathaway, C.R.Berrett and D.T.Hunter: Clin.Chem.

15 781 (1969)

A.L.Babson, S.A.Tenney and R.E.Megraw: Clin.Chem.

16 39 (1970)

M.Ceska, E.Hultman and B.G.A.Ingelman: Experientia

25 555 (1969)



119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

-314-

M.Ceska, K.Birath and B.Brown: Clin.Chim.Acta
26 437 (1969)

B.Klein, J.A.Foreman and R.L.Searcy: Analyt.Biochem.
31 412 (1969)

S.Take, J.E.Berk and L.Fridhandler: Clin.Chim.Acta
26 533 (1969)

H.Rinderknecht and E.P.Marbach: Clin.Chim.Acta
29 107 (1970)

L.T.Skeggs: Am.J.Clin.Pathol. 28 311 (1957)

R.A.Scheidt: Technicon Symp.I. (L.T.Skeggs, Jr.,
et al Eds.) Medioc New York (1964)

J.A.Lott and J.E.Mercier: Clin.Chem. 16 390 (1970)

J.Fukumoto: .Agr.Chem.Soc.Japan 19 489, 634, 689,
853 (1943); 20 23, 121, 303 (1944) ; Cited in (1)

L.E.Hokin: Biochem.J. 48 320 (1951)
G.W.Rapp: J.Dent.Res. 40 1226 (1961)

R.L.McGeachin and B.A.Potter:

M.M.Daly and A.E.Mirsky: J.Gen.Physiol. 36 243 (1952)

A.K.Laird and A.D.Barton: Biochim.Biophys.Acta
27 12 (1958)

P.Byrt: Nature 212 1212 (1966)

Adv.Enz.Reg. 3 137 (1965)



=315~

133. I.Norafelt: in Schneyer and Schneyer, 1967 (19a) p.l142

134. M.Nomura and H.Hoshikawa: Biochim.Biophys.Acta
31 125 (1959)

135. M.Nomura: J.Biochem. 44 87 (1957)

136. A.Ullmann, T.Garzo and F.B.Straub: Acta Physiol.Hung.
13 179 (1958)

137. A.Ullmann and F.B.Straub: Acta Physiol.Hung.
11 31 (1957)

138. A.K.Laird and A.D.Barton: Biochim.Biophys.Acta
25 56 (1957)

139. T.A.Douglas and H.N.Munro: Exp.Cell Res. 16 148 (1959)

140. P.Siekevitz and G.E.Palade:
a) J.Biochem.Biophys.Cytol.

619 (1960)
b) J.Biochem.Biophys.Cytol. 6

7
7 631 (1960)

141. L.E.Caro and G.E.Palade: J.Cell Biol. 20 473 (1964)

142. G.M.Redman, p.Siekevitz and G.E.Palade: J.Biol.Chem.
241 1150 (1966)

143. J.D.Jamieson and G.E.Palade: Proc.Nat.Acad.Sci.
55 424 (1966)

144. P.Siekevitz and G.E.Palade: J.Cell Biol. 30 519 (1966)

145. J.D.Jamieson and G.E.Palade: J.Cell.Biol. 34 577 (1967)

146. M.Schramm: Ann.Rev.Biochem. 36 307 (1967)



147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

=-316-

L.M.Sreebny and D.A.Johnson: in Schneyer and Schneyer
1967 (19a) p.275

Z.Gromet-Elhanan and T.Winnick: Biochim.Biophys.Acta
69 85 (1963)

M.Schramm and A.Bdolah: Arch.Biochem.Biophys.
104 67 (1964) |

R.J.Grand and P.R.Gross: J.Biol.Chem. 244 5608 (1969)

R.J.Grand and P.R.Gross: Proc.Nat.Acad.Sci.
65 1081 (1970)

R.J.Grand: Biochim.Biophys.Acta 195 252 (1969)

M.R.Robinovitch, E.A.Smuckler and L.M.Sreebny:
J.Biol.Chem. 244 5361 (1969)

R.L.Tapp: Exptl.Cell Res. 7 536 (1967)

N.Jacobsen: Arch.Oral Biol. 14 679 (1969)
J.Hurliman and C.Zuber: Immunology 14 819 (19638)
C.F.Chignell: Biochem.Pharmacol. l152225'(1968)

P.Filner and J.E.Varner: Proc.Nat.Acad.Sci.
58 1520 (1967)

A.S.V.Burgen and N.G.Emmelin: ‘Physiology -of the
Salivary Glands, - Edward Arnold, London (1961)

R.de Graaf: (1677),cited by Burgen and Emmelin (159)

N



N

l61l.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

-317-

J.MlUller: (1839), cited by Burgen and Emmelin (159)
C.Bernard: (1856), cited by Burgen and Emmelin (159)
I.P.Pavlov: (1897), cited by Burgen and Emmelin (159)
W.Andrew: in Sreebny and Meyer, 1964 (17a) p.l1l3
R.P.Suddick and R.J.Dowd: Arch.Oral Biol. 14 567 (1969)

B.L.Scott and D.C.Pease: in Sreebny and Meyer, 1964
(17a) p.1l3

6.Siefert: in Schneyer and Schneyer, 1967 (19a) p.191
Takahama and Barka: J.Ultra.Res. 17 452 (1967)

A.Amsterdam, I.Ohad and M.Schramm: J.Cell Biol.
41 753 (1969)

L.E.Hokin: Internat.Rev.Cytol. 23 187 (1968)

L.E.Hokin: Biochim.Biophys.Acta 18 379 (1955)

M.Schramm and D.Danon: Biochim.Biophys.Acta
50 102 (1961)

M.Schramm: in Sreebny and Meyer, 1964 (17a) p.315

L.E.Hokin: Ann.N.Y.Acad.Sci. 65 693 (1969)

J.Biol.Chem. 33 805 (1958)

L.E.Hokin and M.R.Hokin:



—318— ”

176. M.R.Hokin, L.E.Hokin, M.Saffran, A.V.Schally and
B.U.Zimmerman: J.Biol.Chem. 233 811 (1958)

177. M.R.Hokin, B.G.Benfey and L.E.Hokin: J.Biol.Chem.
233 814 (1958)

178. M.R.Hokin: Ann.N.Y.Acad.Sci. 165 695 (1969)

179. L.D.Eggman and L.E.Hokin: J.Biol.Chem. 235 2569 (1960)

180. L.E.Hokin and A.L.Sherwin: J.Physiol. 135 18 (1957)

181. C.M.Redman and L.E.Hokin: J.Biophys.Biochem.Cytol.
6 207 (1959)

182. L.E.Hokin and D.Huebner: J.Cell Biol. 33 521 (1967)

183. P.Bernhard: Scientific Res. 3 #22 34 (1968)

184. L.M.Sreebny and D.A.Johnson: Arch.Oral.Biol.
14 397 (1969)

185. C.Ludwig: (1951),cited by Junqueira (19) and Burgen (159)

186. S.C.Wang: in Sreebny and Meyer, 1964 (17a) p.1l45

187. N.Emmelin: in Schneyer and Schneyer, 1967 (19a) p.1l27

188. J.Raynaud: in Sreebny and Meyer, 1964 (17a) p.47

189. B.L.Baker, H.W.Clapp,Jr..and J.A.Light: ibid. p.63

190. L.M.Sreebny and J.Meyer: ibid. p.83

191. C.A.Schneyer and H.D.Hall: in Schneyer and Schneyer

1967 (19a) p.155




g

-319-

192. P.Photo: J.Oral.Ther.Pharmacol. 4 467 (1968)

193. B.C.R.Stromblad and M.Nickerson: J.Pharmacol.Exp.Therap.
134 154 (1961)

194. L.L.Iversen: Nature 214 8 (1967)

195. J.H.Burn: Recent Adv.Pharmacol. p.155 (1968) ed. J.M.Robson
and R.S.Stacey; Little, Brown, Boston

196. I.Yamamoto, R.Inoki, A.Tsujimoto, S.Kojima:
Eur.J.Pharmacol. 3 117 (1968)

197. R.P.Alquist: Am.J.Physiol. 53 586 (1948)

198. G.A.Bray: Endocrinology 79 554 (1966)

199. S.Kojima: Nippon Yakurigaku Zasshi 63 169 (1967) ;
cited in Chem.Abstr. 69 42679 (1968)

200. G.A.Robison, R.W.Butcher and E.W.Sutherland:
ann.N.Y.Acad.Sci. 139 703 (1967)

201. G.A.Robison and E.W.Sutherland: Circ.Res.Suppl.
21 147 (1970)

202. E.W.Sutherland.and G.A.Robison: Pharm.Rev. 18 145 (1966)

203. E.W.Sutherland, I.gye and R.W.Butcher: Recent Prog.

in Horm.Res. 21 623 (1965) ed. G.Pincus, Academic Press,N.Y.

204. E.W.Sutherland: J.Am.Med.AssccC. 214 128 (1970)

205. L.Triner, Y.Vulliemoz, M.Verosky and G.G.Nahas:

Life Sci. 9 707 (1970)



-320-

206. M.Johnson, H.S.A.Sherratt, R.M.Case and T.Scratcherd:

J.Biol.Chem.Collg.on Cyclic AMP and Adenyl Cyclase,
#3, Nov.1970

207. D.Malamud: Biochem.Biophys.Res.Comm. 35 754 (1969)
208. M.Schramm and E.Naim: J.Biol.Chem. 245 3225 (1970)

209. A.Bdolah.and M.Schramm: Biochem.Biophys.Res.Comm.
18 452 (1965)

210. H.Babad, R.Ben-Zvi, A.Bdolah and M.Schramm:
Eur.J.Biochem. 1 96 (1967)

211. R.G.Kulka and E.Sternlicht: Proc.Nat.Acad.Sci.

61 1123 (1968} \

212. T.Posternak, E.W.Sutherland and W.F.Henion:
Biochim.Biophys.Acta 65 558 (1962)

213. S.Batzri, A.Amsterdam, Z.Selinger, I.OChad-and M.Schramm:
Proc.Nat.Acad.Sci. 68 121 (1971)

214. D.M.Horwood: Personal Communication

215. D.M.Horwood, A.P.Gaunce and A.D'Iorio: Proc.Can.Fed.

Biol.Sci. 14 141 (1971)
216. Y.Salomon and M.Schramm: Biochem.Biophys .Res .Comm.
38 106 (1970)

T.Sasaki and J.P.Wwhitlock,Jr.:

217. R.Baserga,
ed. R.Basergai

. Biochemistry of Cell Division p.77,
C.C.Thomas, Springfield, I11. (1969)

218. T.A.Langan and L.K.Smith: Fed.Proc. 26 603 (1967)



219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

23l.

-321-

W.D.Riley, J.De Lange, G.E.Bratvold and E.G.Krebs:

J.Biol.Chem. 243 2209 (1968)

D.A.Walsh, J.B.Perkins and E.

243 3763 (1968)

G.Krebs: J.Biol.Chem.

E.G.Krebs: Abstr.8th Int.Congr.Biochem.,Switz.,

p.234 (1970)

T.A.Langan: Science 162 579 (1968)

J.D.Corbin and E.G.Krebs: Biochem.Biophys.Res.Comm.

36 328 (1969)

K.Marushige, V.Ling, B.Jergil and G.H.Dixon:

Fed.Proc. 27 336 (1968)

E.Miyamoto, J.K.Kuo and P.Greengard: Science

165 63 (1969)

E.Miyamoto, J.F.Kuo and P.Greengard: J.Biol.Chem.

244 6396 (1969)

H.Naeno, E.M.Johnson and P.Greengard: J.Biol.Chem.

246 134 (1971)

L.E.Hokin: Biochim.Biophys.Acta 115 219 (1966)

S.Heisler and A.Tenenhouse:
14 62 (1971)

A.Bdolah, R.Ben-Zvi and M.Schramm:

104 58 (1969)

R.H.Dreisbach and R.Taugner:
14 1395 (1969)

Proc.Can.Fed.Biol.Sci.

Arch.Biochem.Biophys.

Arch.Oral.Biol.




232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

-322~-

H.Feinstein and M.Scramm: Eur.J.Biochem. 13 158 (1970)

Z.Selinger and E.Naim: Biochim.Biophys.Acta
203 335 (1970)

Zz.Selinger, E.Naim and M.Lasser: Biochim.Biophys.Acta
203 326 (1970)

H.Rasmussen and A.Tenenhouse: Proc.Nat.Acad.Sci.
59 1364 (1968)

H.Selye, R.Veilleux and M.Cantin: Science 133 44 (1961)
T.Barka: Exp.Cell Res. 37 662 (1965)

W.C.Chan: J.Path.Bact. 8 563 (1964)

H.Wells: in Schneyer and Schneyer, 1967 (19a) p.178

C.A.Schneyer: Am.J.Physiol. 03 232 (1962)

w——

C.A.Schneyer, W.H.Finley and S.C.Finley: Proc.Soc.
Exp.'-Biol.Med. 125 723 (1967)

H.D.Hall and C.A.Schneyer: Proc.Soc. Exp. Biol.Med.

117 789 (1964)

Am.J.Physiol. 211 943 (1966)

———

Cc.A.Schneyer and H.D.Hall:

M.Fukuda: Jap.J.Pharmacol. 18 185 (1968)

.Wells: Am.J.Physiol. 212 1293 (1967)



246.

247.

248.

249.

250.

251.

252,

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

-323-

T. Barka: Exp.Cell Res

T. Barka: Lab.Invest.

. 41 573 (1966)

8 38 (1968)

R. Baserga and S.Heffler: Exp.Cell Res. 46 571 (1967)

D.Malamud and R.Baserga: Biochim.Biophys.Acta.

195 258 (1969)

D.Malamud and R.Baserga

: Sci. 62 373 (1968)

e —

E.D.Mayfield, Jr., J.J.Ghidoni, E.Bresnick and H.C.Stanton:

Proc.Soc.Exp.Biol.Med.

D.Malamud and P.Keenan:

T.Barka: Exp.Cell Res.

129 91 (1969)
Fed.Proc. 26 467 (1968)

39 355 (1965)

T.Barka: Lab.Invest. 33-73 (1970)

R.Baserga: Life Sci. 5 2033 (1966)

J.Radley: Aust.J.Exp.Biol.Med. 46 795 (1968)

D.Malamud and R.Baserga

. Life Sci. 6 1765 (1967)

J.P.Whitlock, Jr., R.Kaufman and R.Baserga: Cancer Res.

28 2211 (1968)

L.Pegoraro and R.Baserga:

D.Malamud and R.Baserga

T.Sasaki, G.Litiwack and

244 4831 (1969)

G.S.Stein and R.Baserga

Lab.Invest. 2 266 (1970)

—

: Exp.Cell Res. 50 581 (1968)

R.Baserga: J.Biol.Chen.

J.Biol.Chem. 45 6097 (1970)

—

- ———— RN




263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

-324-

T.Ekfors and T.Barka: Lab.Invest. 24 197 (1971)

K.C.Kirby,Jr., D.Severn and R.Baserga: Molec.Pharmacol.

55 72 (1969)

J.Himms-Hagen: Pharmacol.

Rev. 19 367 (1967)

E.Quevedo: Doctoral Thesis, U.of Ottawa (1970)

T.Barka and H.Van der Noen: Lab.Invest. 20 377 (1969)

J.de Champlain, R.A.Mueller and J.Axelrod: J.Pharmacol.

Exp.Ther. 166 339 (1969)

M.Takahama and T.Barka: J.Ultrastruct.Res.

17 457 (1967)

B.L.Scott and D.C.Pease:

Am.J.Anat. 104 115 (1959)

R.A.Mueller, J.de Champlain and J.Axelrod: Biochem.

Pharmacol. 17 2455 (1968)

P.Ohlin: J.0ral Ther.Pharmacol. 3 190 (1966)

J.de Champlain, L.R.Krakoff and J.Axelrod: Cirq. Res.

23 361 (1968)

A.Horita: Nature 215 411 (1967)

L.Stjarne, R.H.Roth and N.

17 2008 (1968)

A.P.Martin and R.Baserga:
131 1022 (1969)

J.Giarman: Biochem. Pharmacol.

Proc.Soc.Exp.Biol.Med.




-

b

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

=325~

S.0Orrenius: J.Cell Biol. 6 213 (1965)

R.A.Miegs and K.J.Ryan: Biochim.Biophys.Acta
165 476 (1968)

P.J.Anderson: Ph.D. Thesis, U.of Ottawa (1967)
L.Sierens: Ph.D. Thesis, U.of Ottawa (1969)
J.Axelrod: Pharmacol.Rev. 18 95 (1966)

I.S. Kopin: Pharmacol.Rev. 16 179 (1964)

V.Z.Gorkin: Pharmacol.Rev. 8 115 (1966)

¢.Almgren, N.E.Andén, J.Jonason, K.A.Norberg and
L.Olson: Acta.Physiol.Scand. 67 21 (1966)

G.I.Klingman: Biochem.Pharmacol. 15 1729 (1966)

J.Jonason: Acta.Pharmacol.Tox. 27 60 (1969)

J.Jonason: Acta.Physiol.Scand. 76 299 (1969)

J.Axelrod, W.Albers and C.D.Clemente: J .Neurochem.

5 68 (1959)

B.Jarrott: J.Neuronchem. 18 17 (1971)

0.J.Broch,Jr., H.G.Guldberg and C.A.Marsden:

Brit.J.Pharmacol. 41 393 (1971)

p.J.Anderson and A.D'Iorio: Biochem.Pharmacol.

17 1943 (1968)



292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

-326-

J.Axelrod and E.S.Vesell: Mol.Pharmacol.6 78 (1970)
J.Jonason: J.Pharm.Pharmacol. 22 93 (1970)
G.Hertting: Biochem.Pharmacol. 3 1119 (1964)

C.D.Morgan, C.R.J.Ruthven and M.Sandler: Clin.Chim.
Acta 26 381 (1969)

T.J.Schoch: Adv.Carbohyd.Chem. 1 247 (1945)
ed. W.W.Pigman, M.L.Wolfrom, Academic Press, N.Y.

D.H.Strumeyer: Analyt.Biochem. 19 61 (1967)

L.G.Miller: Analyt.Chem. 31 426 (1959)

M.Saffran, P.Ford, E.K.Matthews, M.Kraml and L.Garbaczowsk

Can.J.Biochem. 45 1901 (1967)

C.A.Schneyer and L.H.Schneyer: in Sreebny and Meyer,
1964 (17a) p.309

E.C.Greene: Anatomy of the Rat, Hafner, N.Y. (1955)

R.Holtzer, J.L.Van Lancker and H.Swift: Arch.Biochem.

Biophys. 101 439 (1963)

J.L.Van Lancker and R.L.Holtzer: J.Biol.Chem.

234 2359 (1959)

A.Loyter and M.Schramm: Biochim.Biophys.Acta

65 200 (1962)

E.A.Lane and C.Maurides:

Analyt.Biochem. 27 363 (1969)

~



306.

307.
308.
309 L]

310.

311.

312.
313.
314.

315.

316.

317.

318.

319.

-327-

O.H.Lowry, N.J.Rosebrough, A.L.Farr and R.J.Randall:
J.Biol.Chem. 193 265 (1951)

H.Schuel and R.Schuel: Analyt.Biochem. 20 86 (1967)
B.Zak and J.Cohen: Clin.Chim.Acta 6 665 (1961)
W.T.Roubal and A.L.Tappel: Analyt.Biochem. 9 211 (1964)

P.A.Anastassiadis and R.H.Common: Analyt.Biochen.
22 409 (1968)

R.E.Thiers, R.R.Cole and W.J.Kirsch: Clih.Chem.
13 451 (1967)

A.P.Gaunce and A.D'Iorio: Analyt.Biochem. 37 204 (1970) ‘

M.A.Peters and J.P.Fouts: Analyt.Biochem. 30 299 (1969)
J.Eichberg and L.C.Mokrasch: Analyt.Biochem. 30 386 (1969)

J.Bonitati, W.B.Elliott and P.G.Miles: Analyt.Biochem.
31 399 (1969)

C.W.Tabor, H.Tabor and S.M.Rosenthal: J.Biol.Chem.
208 645 (1954)

H.Weissback, T.E.Smith, J.W.Dbaly, B.Witkop and

S.Undenfriend: J.Biol.Chem. 235 1160 (1960)

Biochen.Pharmacol. 3 995 (1964)

——

§.0tsuka and Y.Kobayashi:

J.Southgate and G.G.S.Collins: Biochem.Pharmacol.

18 2285 (1969)



320.

321.

322.

323.

324.

325.

326.

327.

328.

329.

330.

331.

-328-

M.Kraml: Biochem.Pharmacol. 14 1684 (1965)

B.D.Drujan and J.M.Diaz Borges: cited in M.Roth.
ed. Methods of Biochemical Analysis, 17 189 (1969)

B.Century and K.Rupp: Biochem.Pharmacol. 17 2012 (1968)

S.J.Cooperstein and A.Lazarow: J.Biol.Chem. 189
665 (1951)

F.G.Smith and E.Stotz: J.Biol.Chem. 179 891 (1949)

L.Smith: Methods in Enzymology, 2 732 (1955)
ed. S.P.Collowick and N.O.Kaplan,Academic Press, N.Y.

L.Smith and H.Conrad: in Haematin Enzymes, I.U.B.Symp.
19 260 (1961) , ed. J.E.Falk, R.Lemberg and R.K.Morton,

Pergamon Press, oxford

L.Smith and H.Conrad: Arch.Biochem.Biophys.
63 403 (1956)

P.Person and A.S.Fine: Arch.Biochem.Biophys.

94 392 (1961)
Y.Orii and K.Okunuki: J.Biochem. 58 561 (1965)

Oxidases and Related Redox

L.Smith and N.Newtbn:
Systems, 2 745 (1965), ed. T.E.King, H.S.Mason,
M.Morrison; J.Wiley and Sons Inc., New York

W.W.Wainio, B.Eichel and A.Gould: J.Biol.Chem.

235 1521 (1960)



=329~

332. P.Person, P.T.Mora and A.S.Fine: J.Biol.Chen.
238 4103 (1963)

333. A.Kornber: Methods of Enzymology, 1 441 (1955)
ed. S.P.Collowick and N.O.Kaplan, Academic Press, N.Y.

334. H.U.Bergmeyer, E.Bernt and B.Hess: Oxidases and Related
Redox Systems, 1 323 (1965), ed. T.E.King,H.S.Mason,
M.Morrison; J.Wiley & Sons Inc., N.Y.

335. M.K.Schwartz and O.Bodansky: Methods of Enzymology,
1 294 (1955), ed. S.P.Collowick and N.O.Kapian, Academic
Press, N.Y.

336. W.J.Reeves,Jr., and G.M. Fimognari: Methods of Enzymology, ,
1 288 (1955), ed. S.P.Collowick and N.O.Kaplan, Academic

Press, N.Y.

337. E.Amador, L.E.Dorfman and W.E.C.Wacker: Clin.Chem.
9 391 (1963)

338. J.B.Neilands: Methods of Enzymology, L 449 (1955)
ed. S.P.Collowick and N.O.Kaplan, Academic Press, N.Y.

339. G.Hiibscher and G.C.West: Nature 205 799 (1965)

340. J.B.Sumner: Science 100 413 (1944)

341. G.J.Dutton: Glucoronic Acid, Free and Combined,

Academic Press Inc., N.Y. (1966)

342. D.C.Collins, H.Jirku and D.S.Layne: J.Biol.Chem.

243 2928 (1968)



agret”

343.

344.

345.

346.

347.

348.

349.

350.

351.

352.

353.

354.

355.

356 L]

357.

~-330-

L.Ernster, P.Siekevitz and G.E.Palade: J.Cell Biol.
15 541 (1962)

T.Nash: Biochem.J. 55 416 (1953)

S.Belman: Analyt.Chim.Acta 29 120 (1963)

C.A.C.Haley and P.Maitland: J.Chem.Soc. 3155 (1951)
T.Omura and R.Sato: J.Biol.Chem. 239 2370 (1964)
T.Omura and R.Sato: J.Biol.Chem. 239 2379 (1964)
R.E.McCaman: Life Sci. 4 2353 (1965)

L.Ornstein: Ann.N.Y.Acad.Sci. 121 321 (1964)

B.J.Davis: Ann.N.Y.Acad.Sci. 21 404 (1964)

—

G.Dale and A.L.Latner: Lancet 294 847 (1968)

C.Wrigley: Sci.Tools 15 17 (196 8)

A.Chrambach, R.A.Reisfeld, M.Wyckoff and J.Zaccari:
Analyt.Biochem. 20 150 (1967)

G.R.Revis: Proc.Soc.Exp.Biol.Med. 128 1110 (1968)

P.V.Tishler and Cc.T.Epstein: Analyt.Biochem.

22 89 (1968)

A.Chrambach: Analyt.Biochemn. 15 544 (1965)



-331~

358. R.R.Sokal and F.J.Rohlf: Biometgx W.H.Freeman
San Francisco (1969)

359. Olivetti-Underwood Corp: Statistical Analysis,
Program #2.19, ed. J.B.Williams (1968)

360. Olivetti-Underwood Corp: Statistical Analysis,
Program #6.10 (corrected), ed. J.B.Williams (1968)

361. Olivetti-Underwood Corp: Statistical Analysis,
Program #2.51 (modified), ed. J.B.Williams (1968)

362. S.Goldstein and W.J.Reddy: Biochim.Biophys.Acta
141 310 (1967)

N

363. S.Goldstein and W.J.Reddy: Biochim.Biophys.Acta
150 733 (1968)

364. O.Kridakorn: Alabama J.Med.Sci. 2 194 (1965)
365. O.Kridakorn: J.0Oral Therap.Pharmacol. 2.362 (1966)
366. R.Schucher and L.E.Hokin: J.Biol.Chem. 210 551 (1954)

367. L.H.Schneyer, W.Pigman, L.Hanahan and R.W.Gilmore:
J.Dent.Res. 35 109 (1956)

Nippon Nogei Kagaku Kaishi

368. H.Horitsu and M.Tomoeda:
66 82601w (1967)

40 387 (1966) , cited in Chem.Abstr.

Biological Chemistry,

369. H.R.Mahler and E.H.Cordes:
Harper and Row, N.Y. (1966)

370. R.J.DeLange, R.G.Kemp, W.D.Riley, R.A.Cooper and E.G.Krebs:

J.Biol.Chem. 243 2200 (1968)



-332-

371. E.G.Krebs, D.S.Love, G.E.Bratvold, K.A.Trayser,
W.L.Meyer and E.H.Fischer: Biochemistry 3 1022 (1964)

372. E.S.Fiale and F.P.Davis: Biochem.Biophys.Res.Commun.
18 115 (1965)

373. C.Mavrides and E.A.Lane: Science 156 1376 (1967)

374. B.E.H.Maden, R.R.Traut and R.E.Monro: J.Mol.Biol.
35 333 (1968)

375. A.M.Nemeth and G.de la Haba: J.Biol.Chem. 237 1190 (1962)

376. T.Sasaki, G.Litwack and P.Baserga: J.Biol.Chem.

244 4831 (1969)

377. M.V.Simpson, E.Farber and H.Tarver: J.Biol.Chem.
182 81 (1950)

378. E.Farber and M.S.Corban: J.Biol.Chem. 233 625 (1958)
379. H.Sidransky and E.Farber: J.Biol.Chem. 219 231 (1956)
380. W.E.Loring and L.J.Hartley: Am.J.Path. 31 521 (1955)

381. B.L.Lamberts, T.S.Meyer and F.L lLosee: Fed.Proc.
24 441 1736 (1965)

Ann.N.Y.Acad.Sci. 151 14 (1968)

382. C.L.Markert:

383. J.A.Beeley: Arch.Oral Biol. 14 559 (1969)

384. R.T.Shimke, E.W.Sweeney and C.M.Berlin:. Biochem.Biophys.

Res.Comm. 15 214 (1964)



A )
. /

385.

386.

387.

388.

389.

390.

391.

392.

393.

394.

395.

396.

~-333-

R.T.Shimke and D.Doyle: Ann.Rev.Biochem. 39 929 (1970)

R.L.Holtzer and J.L.Van Lancker: Arch.Biochem.Biophys.
101 439 (1963)

C.de Duve: Harvey Lectures 59 49 (1963)

p.Baudhuin, H.Beaufay, H.Rahman-Li, O.Z.Sellinger,
R.Wattiaux, P.Jacques and C.de Duve: Biochem.J.
92 179 (1964)

A.P.Mathias: Br.Med.Bull. 22 146 (1966)

C.Schnaitman, V.G.Erwin and J.W.Greenawalt: J.Cell Biol.
32 719 (1967)

J.L.Van Lancker and R.L.Holtzer: J.Biol.Chem.
234 2359 (1959)

G.Seifert: Beitr.Pathol.Anat.Allgem.Pathol. 130 294
(1964) , cited in (195)

P.G.Wenzel and J.P.Lyon: Toxicol.Appl.Pharmacol.

11 215 (1967)

ed. Methods of Separation of Subcellular
23 (1963)

J.K.Grant:
Components, Biochem.Scc.Symp.

pP.Jacques, P.Baudhuin, 0.%.Sellinger,
Biochem.J. 92 184 (1964)

H.Beaufay.,
J.Berthet and C.de Duve:

R.Ben-2vi: Doctoral Thesis, Hebrew University, Jerusalem

(1965) , cited by M.Schramm (146)



~334-

397. W.C.Schneider and G.H.Hogeboom: J.Biol.Chem.
195 161 (1952)

398. G.Blobel and V.R.Potter: Science 154 1662 (1966)

399. J.Chauveau, Y.Moulé and C.Rouiller: Exp.Cell Res.
11 317 (1956)

400. Y.Ericsson and L.Stjernstrom: O.Surg., O.Med., O.Path.
4 1465 (1951), cited in Afonsky (27) p.33

401. A.Hagopian and E.H.Eylar: Arch.Biochem.Biophys.
129 515 (1969)

402. K.Paigen: Biochim.Biophys.Acta 19 297 (1956)

403. E.Werle: in Hoppe-Seyler/Thierfelder's Handbuch der
Physiologisch- und Pathologisch-chemischen Analyse 10.
Auflage, Band 6, Teil A, p. 653. Springer Verlag,
Berlin (1964), cited by L.Sierens (280)

404. J.M.Diaz Borges and A.D'Iorio: Adv.Biochem.Psycho~

pharmacology, Vol 5 (in Press)





