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water bath, and after filtration through four thicknesses of cheese-cloth were
rapidly frozen in a dry ice—acetone bath. Frozen homogenates were either stored
at —20° for subsequent use or immediately th:ywed rapidly by intermittent immer-
ston with vigorous shaking in a water bath at 37°. Care was taken not to allow the
temperature of the homogenate to rise above 4-5°. Thawed homogenates were
immediately transferred to an ice-water bath. When homogenates were used without
storagc, mncubation with sul strate was usually begun within 20-30 min after the
death of the animal.
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SC 11039
Studies of small intestine during development

11, The intracellular location of intestinal B-galactosidase

Recent studies have indicated that intestinal f-galactosidase (EC 3.2.1.23) can be
sedimented with the ''nuclear” and microsomal fractions derived from an homogenate
of intest_ial nuucosal. In liver several acid hydrolases are contained within a lysosome,
which when disrupted will release the active enzymes?. This study was designed to
determine more accurately the distribution of f-galactosidase by comparing its
celluiar location with that of acid phosphatase {EC 3.1.3.2) and S-glucuronidase
(EC 3.2.1.31) {typical lysosomal enzymes) and also with alkaline phosphatase
({EC 3.1.3.1). an enzyme associated with the brush border3.

Rats of the Wistar strair, 2—4 days of age were used. The method of preparation
of the intestinal homogenate, the centrifugal fractionation {except for the use of a
somewhat higher force, 6vo x g, for sedimentation of the nuclear fraction) and the
p-galactosidase assay, using lactose as substrate have been described!. Homogenaies
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of liver were treated in the same manner. §-Glucuronidase and acid phosphatase
were astaved as described by Graxerro axv DE Duvel. Alkaline phosphatase using
f-glycerophosphate as substrate was determined by the method of MooG® with
Tris buffer instead of Veronal-carbonate buffer. To test for “‘activation” of lysosomal
enzymes the cellular fractions were assayed in the presence of 0.29%, deoxycholate.
This concentration of deoxycholate slightly inlibited activity of intestinai g-glucu-
ronidase but the extent was ascertained by comparing activity in the presence of
deoxycholate with that obtained after pre-incubation in hvpotonic media. The
activities of f-glucuronidase and #-galactosidase were slightly lower (approx. 209%,)
in homogenates made with 0.25 M sucrose as compared to those prepared with
0.65 M manniiol but there was no effect on the celiutar distribution of any of the
enzymes using either homogenizing mediurn. Tvpical specific activities of the three
acid hydrolases in fractions of voung-rat intestinal hotnogenate, and their recovery
in each fraction are shown in Table I. The observed distribations of acid phosphatase
and f-glucuronidase are quite similar except that there is more f-glucuronidase
associated with the soluble fraction. Distribution of f-galactosidase in the various

TABLE(

SPECIFIC ACTIVITY ANIY RECOVERY OF 4010 nYDROLASES
iN SUBCELLULAKR FRAUTIONS OF RAT INTESTINAL HOMUOUGENATE

smoles of glucose ot inorganic phosphate or ug phenolphthalein released per myg protein per
10 min.

Fuzome

Adcid phoshkatase

B-Galactmitfae B-Glucuramidate

Fraglion apeaiiic Recovery Npecatic Recarvery Npropc Hecovery

actrpdy [ actin iy ") adnnty %)

Whole homogenate 1.9 100 o.21 100 20 100
Nuclear 4.8 58 a.z2, 28 19 23
Mitocheondnal 1.1 7 0.2 s 24 13
Microsomal 3.1 25 0.34 15 30 14
Solubie .38 10 013 22 22 37
Total 100 82 3q

fractions differs quite strikingly from that of the other twu ciizymes. In the presence
of deoxycholate there was no increase in activity of the three enzymes in various
fractions from intestine. Since these results are markedly different from those found
for adult-rat liver?, livers from young rats {2 days old) were fractionated, and the
activities of these same enzymes were determined with and without deoxycholate.
The activity of 8- galactosidase was very low in this tissue and could not be measured
accurately in crude preparations except in the mitochondrial fraction (0.008 umoles
glucose released/10 min/mg protein). There was a similarity of distribution of §-
glucuronidase and acid phosphatase in the various fractions and the activity of the
two enzymes (#-galactosidase also, in liver mitochondria) was markedly increased
after distruptive treatment with deoxycholate. The ratio of activity after treat-
ment of the mitochondrial fraction with deoxycholate to that before treatment was
as follows: B-galactosidase, 6.2; acid phosphatase, 5.5; and f-zlucuronidase, 4.4-
These results are similar to those already described for adult-rat liver®.
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From the distribution studies it was concluded that §-galactosidase is not asso-
ciated with the same type of particle in intestinal mucosa as are fg-glucuronidase
and acid phosphatase. Also, there is no indication chemically that these latter two
enzymes arc associated with a lysosomal-like particle in intestine. The ccllular
distribution of #-galactosidase was also compared with that of alkaline phosphatase
since histochemically this phosphatase has been shown to be associated with the
intestinal epithelial brush border®. The distribution of the two enzymes i3 similar
(Table LI} although a higher percentage of alkaline phosphatase than of g-galartosi-
dase has consistently been found in the soluble fraction of the cell. This might be
interpreted as indicating that alkaline phosphatase is less tightly bound to a particle.
There is no '“activation’’ of intestinal alkaline phosphatase by deoxycholate.

There has been considerable work in recent yesars concerning the intraccliular
lscation of various enzymes in different tissues {for references see reviews by Novi-
ror¥® and DE DUvVE? and the demonstration by De DUVE ef al.? of a separate cell
particle in liver, the lysosome, as the locus of a number of acid hydrolases stimulated
further work in this field. In liver, the major acid hydrolases, 8-glucuronidase, acid
phosphatase, acid ribonuclease (EC 2.7.7.16), acid deoxyribonuclease (EC 3.1.4. 5)

TABIE 11

SPECIFIC ACTIVITY AND DISTRIBDUTION OF ﬂ-GhLACTOSIDASE AND ALKALINKE PHOSPHATAYE
IN SUBCELLULAR FRACTIONS OF YOUNG RAT (2 DAVS OLD) IKTESTINAL HOMUGENATE

Glucose or inorganic phosphate (gmoles) releasced per mg protein per 1o min.

Enryme

‘pCalactesideie | Aldaline phosphatase
Fraction e -e- -

Speific Recrrery Specific Recmary
aciviy (i activity (%a}
Whole homogenate 2.3 100 | 9 too
Nuclear 5.1 52 24 47
Mitochondrnial 007 4 12 10
Microsomal 3.9 I4 25 17
Soluble 0.54 7 8 19
Total 77 93

and cathepsin arz contained in a particle which effectively separates them from
their substrates and from which they can be released in fully active form by rupture
of the membrane of the particle. In kidney as well, these enzymes have been shown
to be contained within lysosomes or “droplets’” ar they were originally termed® and
GREENBAUM ¢ al.® have described lysosomes in rat 1ammary tissue. It has been
hypothesized? that lysosomes have a digestive function related particularly to phago-
cytosis and pinocytosis. In an extensive fractionation procedure of mouse pancreas
VAN LANCKER AND Horzgw!® found a distribution of acid phosphatase similar tu
that found in liver with a 2-fold activation when assayed in the presence of Iriton
X-100. In other tissues, bowever, these enzymes have not always been found asso-
ciated with such particles. In heart muscle for instance!* fully active acid phos-
phatase bas Leen found largely in the particulate fractions. In rat ventral prostate
this enzyme is distributed throughout all fractions and its activity can be increased
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by only 46%, by homogenizing in hypotomec solutinn ot by repeated freezing and
thawing!?. The significance of the difierences in activation of S-glucuronidase and
acid phosphatase in intestine as shown here as compared with liver and kidney is 2
matter for conjecture but may be related to the different functions performed by
these tissues.

In the intestine, g8-glucuronidase and acid phosphatase have a similar distribu-
tion pattern which differs from that of g-gatactosidase and alkaline phosp.hatase in-
dicating that they are probably not contained in or upon the same particles. Of
considerable interest in this regard is the histochemical demonstration by BArka??
of different intracellular loci for the acid and alkaline phosphatases of mouse in-
testinal epithelium. The acid phosphatase was found in small granuies of the “ter-
minal web'” whereas the enzyme active at alkaline pH was concentrated in the brush
border and Golgi zone. Alkaline phosphatase has also been shown by electron
micioscopy to be ussociated with the brush border and intracellular granules of the
intestinal epithelial cells!d, Invertase (EC 3.2.1.26) may also have both a brush
border membrane? and intraceliuler granule location!®. The histochemical te:h-
nique used by DaHLVIST AND BRUN!® demonstrated that invertase activity is not
particularly concentrated within the hrush border but is concentrated in granules
of different sizes in the apical part of the cytoplasm.

From the data presented it appears that B-galactosidase and alkaline phos-
phatase occupy similar sites within the intestinal epithelial cell. The observed
bimodal cellular distribution of activity of f-galactosidase (lactase) may represent
assaciation of the enzyme with larger granules after synthesis within or upon micro-
somal particles or it may result from mechanical distuption of large particles during
homogenization.
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