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.Submandibular glands from male rats were
homogenized in 0.34 M sucrose and 0.5 mM
ethylenediaminetetraacetic acid in 10 mM
HEPES buffer at a pH of 7.4. The extract
was centrifuged and filtered through nucle-
pore filters to prepare a granule-rich frac-
tion. Electron dense zymogen granules cons-
tituted approximately 85% of the particles in
this fraction which also contained about a
third of the total alkaline esterase activity
in the gland.

In addition to protein digestive properties,
trypsinlike proteolytic enzymes of rodent sub-
mandibular glands (SMGs) have been shown
to promote vascular permeability, smooth
muscle contraction, increased blood pressure,
and growth of a number of embryonic and
cultured tissues.1-5 Most research in this
area has dealt with isolation and purification
of soluble proteins from whole gland homo-
genates. A few investigators have isolated
the granule-rich fractions from either rat or
mouse SMG homogenates and have shown
evidence that the granules are responsible for
a major part of the peptidase and other
biologic activity of this gland.3,6,7 In addi-
tion, the progressive accumulation of alka-
line protease activity has been associated
with the maturation of rodent SMGs.8
Presence of this enzyme activity appears to
be related to differentiation of the ductal
system and to be under the influence of such
endocrine factors as testosterone and thyro-
xin.8-11
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It is necessary to isolate and purify in-
dividual proteins in order to study the re-
lationships between the alkaline esteropepti-
dases (AEPS), their biologic activities, and
the growth and development hormones.
Therefore, this article describes, as a first
step, the isolation of organelle-rich fractions
from rat SMG homogenate by differential
centrifugation and determination of the rela-
tive amounts of AEP activity in each sub-
cellular fraction.

Materials and Methods
PREPARATION OF CENTRIFUGAL FRACTIONS.-

Adult male rats weighing between 400 and
500 gm each were killed by cervical disloca-
tion and exsanguination through the inferior
vena cava. The submandibular glands were
immediately removed, dissected free of con-
nective tissue, minced with razor blades, and
homogenized, in a glass Potter-Elvehjem
mortara (30 ml) with a fitted Teflon pestle
turning at maximum speed on a stirring ap-
paratusb for three up-and-down strokes. This
was followed by three more up-and-down
strokes of a loose, Dounce homogenizera (41
ml) fitted with a loose glass pestle. The
homogenate was then filtered through four
layers of clean cheesecloth to remove fibrous
connective tissue and large tissue debris.
The fractionation scheme used is shown in

Figure 1. All steps were done at 0 to 4 C
on an ice bath. The homogenizing medium
consisted of 0.34 M sucrose and 0.5 mM
ethylenediaminetetraacetic acid (EDTA) in
10 mM HEPES buffer, with a pH of 7.4.
The glands were homogenized as a 5%,
(w/v) suspension, and the homogenate was

a Arthur Thomas Co., Philadelphia, Pa.
b Model 134-2, Talboy Engineering Co., Emerson, NJ.
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FIG 1.-Centrifugal fractionation and filtration scheme for homogenized rat
SMG.

centrifugede for five minutes at 165 X g.
The pellet was suspended in a volume of
homogenizing medium equal to the super-
natant removed and centrifuged again under
identical conditions. The combined post-
nuclear supernatant (S1, a 2.5% gland sus-
pension) was centrifuged at 2,500 x g for 15
minutes to prepare a single, crude, granule-
rich fraction (P2). P2 was then washed with
30 ml of homogenizing medium and filtered
through 8-, 5-, and 3- micrometer ([Lm)

eSorvall RC2-B centrifuge.

nuclepore filters,d successively, to obtain a
purer granule-rich fraction (wfP2). Frac-
tions were frozen in liquid nitrogen and
stored at -70 C for subsequent biochemical
assays.
The supernatant (S2) resulting from 2,500

X g centrifugation was then centrifuged at

11,700 x g for 15 minutes to separate a
mitochondria-rich fraction (P3) from the
post-mitochondrial supernatant (S3). The
S3 fraction, in turn, was centrifuged at

dArthur H. Thomas Co., Philadelphia, Pa.
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100,000 X g for one hour in a preparative
ultracentrifugee using a high-speed rotorf for
preparation of a microsome-rich pellet (P4)
and final supernatant (S4).
BIOCHEMICAL ASSAYS.-Esterase activity was

measured using as substrate, 0.5 mM BAEE,g
in 0.1 M glycine-NaOH buffer (pH, 9.2) or
0.1 M Tris buffer (pH, 6.0). The esterase
activity was determined by the rate of change
of absorbance (with time) at a 253-nm wave-
length with use of a double-beam recording
spectrophotometerh.l2

For measuring peptidase activity, BAPAI
was used as a substrate. The incubation mix-
ture consisted of I ml of 0.1 M glycine-
NaOH buffer with a pH of 9.2 (or 0.1 M
Tris-HCl buffer with a pH of 8.0), 0.5 ml
of sample solution, and 0.5 ml of 1 mM
BAPA (in the same buffer). After incuba-
tion at 37 C for the appropriate time (15 to
60 minutes), the reaction was terminated by
the addition of (and mixing) I ml of 1 M
sodium acetate-HCl buffer, with a pH of 4.2.
The amount of paranitroaniline liberated
was determined by measuring the increase in
absorbance at 410 nm with use of a spectro-
photometeri against a reagent blank -treated
similarly (except that 0.5 ml of buffer was
used instead of enzyme solution in the blank
cuvette). A calibration curve was prepared
using paranitroaniline and the same experi-
mental conditions, according to Ekfors,
Malmiharju, and Hopsu-Havu.13
Acid phosphatase (EC 3.1.3.2) activity in

various fractions was determined at 37 C
and at a pH of 6.0 by sodium phenol-
phthalein hydrolysis according to the method
of Huggins and Talalay.l4 Succinoxidase
activity was determined by measuring the
formazan products resulting from electron
transfer from several "mitochondrial" en-
zymes to nitro blue tetrazolium according to
the method of Nachlas, Margulis, and Selig-
man.15 Glucose-6-phosphatase (EC 3.1.3.9)
activity was assayed by measuring the
amount of inorganic phosphorus released
from the substrate after incubation with the
fractions according to the method of Fiske
and Subbarow.16

° Spinco model L2-65B, Beckman Instruments, Inc.,
Fullerton, Calif.

f SW27, Beckman Instruments, Inc., Fullerton, Calif.
g N-benzoyl-L-arginine ethyl ester-hydrochloride.
h Bausch and Lomb Spectronic 505, Bausch and

Lomb, Rochester, NY.
i N-benzoyl-DL-arginine-P-nitroanilide hydrochloride.
J Bausch and Lomb Spectronic 70, Bausch and Lomb,

Rochester, NY.

The method of Lowry et al'7 was used to
determine protein concentrations. Total en-
zymatic activity was expressed as the num-
ber of micromoles of substrate hydrolyzed
per minute per fraction, and specific ac-
tivity was expressed as the number of micro-
moles of substrate hydrolyzed per minute per
milligram of protein.
LIGHT AND ELECTRON MICROSCOPY.-The

content of pelleted material from each step
of the fractionation procedure was quickly
evaluated by spreading a drop of suspension
on a clean glass slide and staining it with
1% toluidine blue in a 1% sodium borate
solution. In this manner, nuclei, mito-
chondria, secretory granules, and microsomes
could be distinguished at the light micro-
scopic level. Fresh pellets were also sus-
pended in 2.5% glutaraldehyde in 0.1 M
sodium phosphate buffer (pH, 7.2) for a
period from two hours to overnight at 4 C.
After pelleting by centrifugation, the frac-
tions were postfixed in 2% osmium tetroxide
for two hours. Rapid dehydration was done
either in an acetone series or an ethyl
alcohol-propylene oxide series, and was fol-
lowed by embedding in epoxy resink.18S,9
Representative blocks from pellets and seg-
ments of pellets were sectioned at approxi-
mately 0.5 jum for light microscopy and at
approximately 0.1 tcm for electron micro-
scopy. Toluidine blue was used for staining
the 0.5 1sm sections on glass slides, whereas
uranyl acetate20 and lead citrate2l were used
for staining the 0.1-ucm sections on formvar-
coated or uncoated copper grids (200- and
300-mesh). Thin sections were studied with
an electron microscope1 at 60 kv accelerating
voltage.
To determine the approximate number of

different organelles in typical centrifugal
fractions, electron micrographs were taken
at a magnification of X 500. A glass grid
6 x 6.5 cm was then placed over negative
images of the fractions and the numbers of
each type of organelle were tallied per a
39-cm2 area of negative (representing ap-
proximately a 150_,pm2 area of unmagnified
pellet). Standard error of the mean was
calculated for the P2 fraction only since the
strands and particles of endoplasmic retic-
ulum became so numerous as to be uncount-
able in fractions P3 and P4.

Supernatant fractions were handled simi-
k Ladd Research Industries, Inc., Burlington, Vt.
'Model 9A, Carl Zeiss, Inc., New York, NY.
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larly to pellet fractions except that equal
volumes of 5% buffered glutaraldehyde were
added to the supernatant for overnight pre-
fixation before centrifugation. Osmium
tetroxide postfixation, dehydration, and em-
bedding were done routinely as just des-
cribed.

Several P2 fractions were viewed under
the scanning electron microscope in an at-
tempt to distinguish between mitochondria
and secretory granules and to evaluate the
surface characteristics of the secretory gran-
ules. These fractions were prepared by
spreading the pelleted material on nuclepore
filters, fixing tlhem in sodium phosphate buf-
fered 2.5% glutaraldehyde, and quickly de-
hydrating them in acetone. The dried filters
were then placed on a metal specimen block,
coated with a 150 A gold film, and scanned
at a magnification of X 3,000 under a scan-
ning electron microscopem at 15 kv.

HISTOCHEMISTRY.-Slices of SMGs and sub-
lingual gland were fixed in acetone and in-
cubated with the trypsin substrates, BAPA
and BANA.n The combinations of methods
that gave the best results for the two sub-
strates are described. The tissue was fixed in
100% acetone at 4 C for 18 to 24 hours,
then subjected to a toluene dehydration
series from 30 to 100%; at 30-minute intervals
on an ice bath, followed by vacuum em-
bedding in paraffin (melting point, 5 C).
This method proved superior to the follow-
ing methods of fixation and dehydration:
(1) 4% Formalin in a 0.1 M phosphate
buffer followed by ethanol dehydration, (2)
6% glutaraldehyde in 0.1 M phosphate
buffer followed by ethanol dehydration, (3)
95% ethanol followed by xylene dehydra-
tion, (4) or freeze-drying in liquid nitrogen
after allowing tissue to remain for several
hours in 0.88 M sucrose, 10% dimethyl-
sulfoxide (DMSO) or 5 to 20%1Y polyvinyl
alcohol for subsequent cryostat microtomy.

After embedding, the paraffin sections
were cut at a 5 Mcm thickness, placed on
glass slides, and incubated at various tem-
peratures from 4 to 52 C in coplin jars, ac-
cording to the method of Hopsu and
Glenner.22

For the substrate BAPA, the incubating
mixture included: I ml of 1.1 mM BAPA
and 9 ml of 0.1 M buffer (Tris-HCl with a

m Model JEM P3, Jeolco (USA), Inc., Medford, Mass.
n N-benpoyl-DL-arginine-b-naphthylamide hydrochlo-

ride.

pH of 8.2; glycine-NaOH with a pH of 9.2).
A positive reaction was evident within five
minutes in the reaction vessel at room
temperature.

For the substrate BANA, a postcoupling
reaction was most efficient. The hydrolysis
incubation mixture included: I ml of 1.1
mM BANA (solubilized first in 0.1 ml DMSO
and then diluted in water) and 9 ml of 0.1
M buffer (Tris-HCl, with a pH of 8.2; gly-
cine-NaOH with a pH of 9.2). This incuba-
tion reaction was allowed to proceed for 15
minutes at room temperature after which the
slides were placed in another coplin jar for
coupling. The coupling solution contained 1
ml of dye stock (3.5 fast Garnet GBC/ml
distilled water), I ml of 10% Tween 20, and
8 ml of 0.1 buffer (same buffer as in hydro-
lysis reaction) . The coupling reaction took
place within five minutes at room temper-
ature.

Results
LIGHT MICROSCOPY.-Acetone-fixed sections

of normal rat SMG when incubated with
BANA and postcoupled with fast Garnet
GBC or when incubated with BAPA gave

FIG 2.-Photomicrograph of acetone-fixed, par-
affin-embedded rat SMG incubated with 0.11
mM BANA (pH, 9.2) and postcoupled with
fast Garnet GBC. Darker staining structure (ar-
row) represents convoluted tubules (mag X200).

Vol 54 No. S



942 HANKS AND CHAKRABARTID

identical and characteristic reaction patterns r, p
(Fig 2). The dark-brown reaction product
was, in all instances, localized over the area O tTt,""
of the ductal system of the SMG which is ¢ K .';
consistent with the pattern of the convoluted * ,g
granular tubules under routine staining con- ta4 *
ditions (Fig 3). No reaction product was 44¼.i
localized over the ductal system area of the .61 *' NP. @
sublingual gland in control sections. When A,h4" k&/
pellets derived from steps in the centrifugal , i ,
fractionation procedure were stained with > * , " i e >
toluidine blue, the granules were easily dis- ¢ > * * * > t¢ _
tinguishable from background particulate Y'
(mitochondria) and stringy material (micro- tlr
somes) to which they were adherent. When * 4 t,ir
such a pellet was observed in thick sections % Wt* j t4 :*>'
cut from epoxy resin blocksn prepared for .'* ;q ; ..(.
electron microscopy by routine methods, the tA 4Ft 7NtXt ' 'sZ'{A *:

n Epon 812, Ernest F. Fullam Inc., Schnectady, NY. 7 *.Atr,X v=;+

f't

FiG, 4.-Thick plastic section of granule-rich
pellet after staining with toluidine blue. Al-
though all of these granules are more dense than
acinar cell granules, there is great deal of vari-
ation in size and staining qualities of these

ij structures (mag x750).

P2 preparation showed variation in size and
density of the granules (Fig 4). Each succes-
sive filtration of the P2 fraction through
nuclepore filters reduced the amount of con-
taminating organelles as well as the final
yield of the wfP fraction.

^ 00vELECTRON MICROSCoPY.-Centrifugation
St , yielded a nuclear pellet that consisted of

nuclei, cell membranes, aggregates of cell
edebris, and connective tissue which were not
filtered out by the cheesecloth. The P2
pellet after washing and filtration through
the series of nuclepore filters (wfP2) con-
sisted mainly of secretory granules with a

&| _ ¢\ -S small amount of contaminating material (Fig
5). A similar preparation observed under

FIG 3.-Photomicrograph of epoxy resin-em- the scanning electron microscope consisted
bedded section of adult male SMG shows con-
voluted tubules (t) and adnar structures (a). of numerous rounded projections lying on
Cells of convoluted tubules vary as to number top of a coated"holeyv, O.B-Mm nuclepore
of dense granules they contain, as well as size filter. However, it was impossible to dis-
and staining qualities of these granules (mag tinguish between small granules and mito-
x650). chondria or to visualize the granule surface,

J Dent Res SePtember-October 1975
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FIG 5.-Electron micrograph of granule-rich
pellet shows mainly zymogen-type granules and
few mitochondria. Granules exhibit homog-
eneous matrices, but some are more electron
dense than others (mag x6,500).

especially after coating the preparation with
the gold film.
Under the transmitting electron micro-

scope, the wfP2 pellet consisted of a few
mitochondria and many zymogen-type gran-
ules, ranging in diameter from 0.8 to 2.5
tcm. In different P2 preparations, there was

Fic 6.-Zymogen granules with homogeneous
matrices are partially surrounded by unit mem-
branes (arrow). No granule was observed in
centrifugal fractions after homogenization which
were completely surrounded by membranes
(mag X22,500).

variation in both the extent to which unit
membranes surrounded individual granules
as well as the density of their matrices (Fig
6). Perhaps this was due to the amount of
membrane lost during homogenization and
thus the degree to which soluble components
could be extracted by the homogenizing me-
dium. In all instances, however, the matrices

TABLE 1
MICROSCOPIC ANALYSIS OF ORGANELLES IN CENTRIFUGAL FRACTIONS

Partides (x.± SEM) per 150 pM2

Dense
Fraction Granules Mitochondria Lysosomes

24.8 1.83

(84.6%7) t

0.5 + 0.85

3.7 0.86
(12.6%) t

103 + 8.52
2.3 + 1.02

0.8 0.22
(2.7%) t

Estimate' of
Microsomal
Membrane
Content

Area
Viewed
(Am,)

2,100

)±0.85 +1 300
++++± 450

Note: SEM, standard error of the mean; wfP2, purer granule-rich fraction; P2 mito-
chondria-rich fraction; P4. microsome-rich pellet.

*, only occasional microsomal membranes; -+, membranes of endoplasmic reticulum
between mitochondria; and ++++±+, membranes of endoplasmic reticulum too dense
to count.
t Percent figure represents the fraction of total particles in the area view of wfP2.

wfPa

Pa
P4
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944 HANKS AND CHAKRABARTI

Fic 7.-Electron micrograph shows cross sec-
tion of convoluted granular tubule. Granules in
each cell are similar in density and size, have
homogeneous matrices, are surrounded by unit
membranes, and are located apical to cell nu-
cleus (mag x4,000).

of these granules were homogeneous and
dense, as in electron micrographs of whole
glands (Fig 7), and could be distinguished

from adjacent lysomal structures (myelin
bodies and autophagic vacuoles). Because
acid phosphatase histochemistry was not
done on these sections, this impression could
not be confirmed. In addition, acinar cell
granules with paracrystalline inclusions were
rarely present in the preparation. The rela-
tive numbers of different kinds of particulate
structures in this preparation are shown in
Table 1.
The P3 pellet (centrifuged at 11,700 x g

for 15 minutes) consisted mainly of mito-
chondria but also contained a small number
of granules and microsomal structures. The
P4 pellet (centrifuged at 100,000 x g for
one hour) consisted mostly of microsomes
but was also contaminated with a few mito-
chondria and "granules."

BIOCnEMISTRY.-Table 2 shows the com-
parative rates of hydrolysis of BAPA and
BAEE at both a pH of 8.0 and 9.2 for cen-
trifugal fractions from a typical experiment
according to the preparation scheme. The
BAPA hydrolysis rate for each fraction was
the same whether the assay was done at a pH
of 8.0 or 9.2. The BAEE hydrolysis rates for
the various fractions were slightlv higher at a
pH of 9.2 than rates at a pH of 8.0. In
addition, the hydrolysis rate of BAPA was
only 0.2 to 0.4% that of BAEE at both pH
levels in all fractions. Proteolytic activity in
other experiments was followed routinely by
the hydrolysis of BAEE at a pH of 9.2.
Table 3 summarizes the esterase activity

in the different centrifugal fractions from
another experiment. In this instance, more
than half (57%) the total activity was found

TABLE 2
COMPARISON OF RATE OF HYDROLYSIS* OF BAPA AND BAEE

BY FRAcTIONS OF RAT SMGt

Homogenate
NP (165 x g-15 min)
P2 (2,500 x g-15 min)
P3 (11,700 X g-5min)
P4 (100,000 x g-l hr)
S4
% Recovery

pH, 8.0

BAPAt BAEE§

104.5 24,570
5.3 2,060

21.9 8,650
2.3 875
3.7 1,150

56.5 18,200
86% 126%

pH, 9.2

BAPA BAEE

110.4
6.4

21.9
2.5
3.8

54.5
86%

32,100
1,680

10,350
1,050
1,150

18,250
101%

Note: NP, nuclear pellet; P2, crude, granule-rich fraction; P3, mitochondria-rich
fraction; P4 microsome-rich pellet; and S4, final supernatant.

0 Total activity (micromoles hydrolyzed per minute per fraction) corrected to original
volume of homogenate.

+ Adult males (400 to 500 gm each).
t a-N-benzoyl arginine p-nitroanilide.
§ a-N-benzoyl arginine ethyl ester.

J Dent Res SePtember-October 1975
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TABLE 3
DISTRIBUTION OF ALKALINE ESrERASE ACTIVrIY IN CENTRFUGAL FRACrIONS

Total BAEE
Activity* Specific Ac-

(pmoles BA tivity (jsmoles
Formed/ % of Total Total Protein BA formed/

Fraction fraction) Activity (mg/fraction) mg protein)

Homogenate 42,200 100.0 466 90.5
NP 3,660 8.6 91.5 40
PS 24,100 57 78.1 309
PS 615 1.5 24.1 25.5
P4 850 2 38.8 21.9
S4 14,960 35 204 73.3
% Recovery . .. 104% 93% ...

Note: NP, nuclear pellet; P2. crude, granule-rich fraction; P3, mitochondria-rich
fraction; P4, microsome-rich pellet; and S4O final supernatant.

0 The figures represent micromoles a-N-benzoyl-L-arginine formed per minute at
25 C, with a pH of 9.2.

in P2. A third of the total activity (32%)
remained after washing with homogenizing
medium and filtration (wfP2, not shown in
Table 3). This suggests that a large percent

of the total esterase activity was associated
with organelles in the granular preparation.
In addition, it is apparent that BAEE ac-

tivity with a pH of 9.2 is much less in the
P2 fraction than in the S4 fraction in Table
2, and it is much more than it is in the S4
fraction in Table 3. Even with a routine
homogenizing and fractionating technique,
it was not uncommon for individual prepara-

tions to vary to this extent.
Table 4 shows the distribution of marker

enzymes (a measure of the degree of con-

tamination) for each fraction. That wfP2
fraction that had the highest specific esterase
activity also had a small percentage of the
total acid phosphatase (4%) and total glu-
cose-6-phosphatase (1.4%) activities, indica-
ting little contamination by lysosomes and

microsomes, respectively. However, about
20% of the total succinoxidase activity was

associated with the wfP2 fraction thus agree-

ing with mitochondrial contamination of this
fraction.

Discussion
The histochemical activity with BANA

and BAPA, when incubated at either a pH
of 8.2 or 9.2, was found to be distributed
only over the SMG ductal system. The re-
action was especially intense over the apex
area of these cells, which was reminiscent of
the distribution of granules within the con-
voluted tubules (Figs 2, 3). Other substrates
for these enzymes have been used but are
less sensitive. For example, the granules of
the convoluted tubules react positively in
the p-dimethylaminobenzaldehyde reaction23
for the tryptophane-positive sites.24,25 In ad-
dition, fluorescein-labeled antibodies have
been used to localize proteins associated with

TABLE 4
PERCENTAGES OF MARKER ENZYME AcrivrTIEs IN CENTRIFUGAL FRACTIONS

Percentages

Alkaline Acid Glucose-6-
Fraction Esterase Phosphatase Succinoxidase phosphatase

Homogenate 100 100 100 100
NP 8.6 20.6
P2 57 6.2 32.3 5.1
WfP2 32 4.0 19.8 1.4
P8 1.5 11.1 36.0 21.2
P4 2 26.0 18.8 88.5
S4 35 7.8 65.5 <1.0

Note: NP, nuclear pellet; P2, crude, granule-rich fraction; wfP2, purer, granule-rich
fraction; P., mitochondria-rich fraction; P4., microsome-rich pellet; and S4, final supernat-
ant.

* Total activity in fractions based on homogenate as 100%.

Vol 54 No. 5



946 HANKS AND CHAKRABARTI

AEP activity to granules in the convoluted
tubules of mouse SMGs.26

Since previous studies have strongly sug-
gested that trypsinlike activity, including es-
teropeptidase activity in the mouse, is re-
lated to the granules of the convoluted tu-
bules,8,126 it was expected that most of this
enzymatic activity should be associated with
a centrifugal fraction rich in zymogen gran-
ules. By the simplest fractionation method
without any subsequent filtration or grad-
ient manipulation, more than a half the
total BAEE activity was found within the
P, fraction in the experiment illustrated in
Table 3. The total activity of this fraction
(24,000 ,umoles BAEE hydrolyzed/min/frac-
tion) was 57%, of the total activity of the
homogenate. The final S4 fraction contained
approximately a third of the total activity.
A large proportion of this was probably be-
cause of breakage of the granules and solub-
ilization of the proteins during the homog-
enization and isolation procedures. Since
65% of the succinoxidase activity had been
found in the final S4 fraction (Table 4),
mitochondria were probably also damaged
during this procedure.

It was also apparent that temperature and
composition of the homogenizing medium
played a major role in the recovery of en-
zyme activity. In preliminary experiments,
0.88 M sucrose, 10 mM Tris-HCl buffer, 1
mM EDTA, and 1 mM lauryl alcohol, at a
pH of 7.4 were used as the homogenizing
medium, and all steps were done at 25 C.
This was a modification of a method de-
scribed by Geipert and Erd6s.4 Fractiona-
tion of the gland after homogenization was
easier by this method and the P2 prepara-
tions were less contaminated with other
organelles and debris. Therefore, fractiona-
tion at room temperature appeared to de-
crease the tendency of "stickiness" between
organelles, perhaps by enhanced proteolysis.
However, at the same time, the total activity
of the P2 fraction was reduced to less than
1% of total activity and the specific activity
was reduced to less than a quarter of the
value reported in this study. More than 90%
of the total esterase activity was subsequently
and consistently found in the S4 fraction,
suggesting even greater disruption of gran-
ules and solubilization of proteins during
the homogenization procedures. Disruption
of granules and increased vacuolization of

granules were confirmed by electron micros-
copy.

Reikkinen, Ekfors, and Hopsu27 reported
a major soluble enzyme (salivain) with an
optimum pH of 9.3 and a specific activity of
1,560 zcmoles BAEE/min/mg protein, iso-
lated from whole rat SMG homogenate. In
comparison, the highest specific activity re-
ported in the present article was that of the
washed and filtered P2 preparation, 327
,umoles BAEE/min/mg protein, a value
which was only about a fifth of that reported
by Reikkinen's group. However, their ob-
jective was to purify alkaline peptidases
from homogenized glands, without regard
for their association with organelles. Much
of the total activity in the present experi-
ments was lost in attempting to purify a
granular fraction.

If the AEP activity is associated with gran-
ular proteins of the convoluted tubules as is
suggested by these data, then most of the es-
terase activity at a pH of 9.2 represents sali-
vary enzymes, rather than metabolic proteins
associated with other organelles. This paral-
lels the findings of Hopsu-Havu, Reikkinen,
and Ekfors28 who reported that within min-
utes after intraperitoneal injection of isopro-
terenol, 0.1 mg/kg, the amidase activity
(BAPA) at a pH of 9.2 in saliva was ten
times that found in the SMG homogenate.
The difference in the sizes and densities of
the zymogen granules (Fig 5) may result
from differences in composition, that is com-
partmentalization of different enzymes in
separate granules. However, these granules
may represent two different stages of matu-
ration, with the enzyme composition being
the same in each.

Conclusions
Morphologically, the serous granules of

the convoluted tubules of rat submandibular
glands were satisfactorily preserved in a ho-
mogenizing medium of 0.34 M sucrose and
0.5 EDTA in 10 mM HEPES buffer at a pH
of 7.4 and at 4 C. The preservation as well
as yield of granules and total alkaline ex-
teropeptidase activity were better than that
with more concentrated sucrose in 10 mAf
Tris buffer at the same pH at room temper-
ature, even in the presence of the membrane-
stabilizing agent, lauryl alcohol. Contam-
ination of the granule-rich fraction was
mainly by mitochondria. However, it is un-
likely that the mitochondria are the source
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of these enzymes since such a small propor-
tion of the total AEP activity was found in
the mitochondria-rich fraction.

We are grateful for the technical assistance of Mrs. S.
Johnson, Mrs. H. Carr, Ms J. Pasich, Ms P. Hollings-
worth, Ms D. Riggins, Ms J. Seegert, and Mrs. H.
Kassem.
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