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It has been shown that injected or ingested
(1-3) labeled sulfated polyanions may be ex-
tensively desulfated as evidenced by the ex-
cretion of labeled inorganic sulfate. However,
the administration of antibiotics prevented
the extensive degradation of the labeled poly-
anions, thus leading investigators (1, 4) to
infer that bacterial enzymes were probably
responsible for the observed degradation.
Nevertheless, the existence and location of
mammalian enzymes which degrade sulfated
polyanions continues to be a subject of active
investigation (5-8).

We report here the presence in the rat gas-
tric mucosa of sulfatases and depolymerases
which are directed at sulfated polyanions iso-
lated from rat stomach, duodenum and rib
cartilage.

Materials and Methods. Preparation of
substrate. Five adult male Sprague-Dawley
rats weighing 100-200 g were injected intra-
peritoneally with 150 xCi Nay**SO,. The ani-
mals were fasted and sacrificed 18 hr later.
The stomach and first 12 cm of small intes-
tine were removed and rinsed with cold wa-
ter and scraped. The scrapings were homoge-
nized and extracted with chloroform—ethanol
(2:1), dried and weighed. Then the material
was suspended in 0.1 M acetate buffer, pH
5.5 containing 6.36 mM cysteine and 4.28
mM EDTA and digested with papain (100
mg; Mann Biochemical, Orangeburg, New
York) at 60°. The material solubilized with
papain was dialyzed in a size 20 cellulose
dialysis membrane (Union Carbide) against
distilled water for 3 days at 5°. Polyanions
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were precipitated from the retenate by cetyl-
pyridinium chloride (CPC) and fractionated
with aqueous 0.125, 0.7, and 1.4 M MgCl,
(9).
35S-labeled chondroitin sulfate was ob-
tained from rat rib cartilage after in vitro
incubation in a medium containing 355042~
as described by Yamagata et al. (10) fol-
lowed by isolation according to Perlman ef
al. (11). The proportion of chondroitin 4-
sulfate, chondroitin 6-sulfate and dermatan
sulfate in this preparation was determined
(12) with the enzyme kit and sulfated di-
saccharides purchased from Miles Labora-
tories (Kankakee, Illinois). Radioactive hepa-
rin bearing 3%S in the sulfamido group at an
activity of 1.75 mCi/g was purchased from
Calatomic (Los Angeles, Calif.).

Preparation of enzyme exiracts. Rats were
sacrificed as described earlier. The stomachs
were chilled, irrigated with cold distilled wa-
ter, scraped and homogenized in 20 ml of ace-
tate buffer (0.1 NV sodium acetate—acetic acid,
saturated with toluene, pH 4.0) per 1.5 g wet
weight of stomach tissue in a VirTis homoge-
nizer, This homogenate constituted the crude
enzyme. This procedure was applied first to
the stomachs of 5 rats and later to batches
of 100 frozen stomachs (Pel-Freeze Biologi-
cals, Rogers, Arkansas).

Extreme care was taken to prevent the
proliferation of microorganisms with the at-
tendant production of bacterial enzymes im-
plicated in the studies by others (1, 4) of
polyanion degradation in urine. All tissue
sources used here were promptly frozen or
processed immediately after removal from
the animal, enzyme fractionation was carried
out quickly at 0-2° and incubations with
substrate were performed in media contain-
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ing toluene and a complete mixture of anti-
biotics.

Ammonium  sulfate  fractionation. The
stomach homogenate was clarified by centri-
fugation (16,000g, 30 min, 5°). To the su-
pernatant was added graded amounts of
(NH,4)2SO, with stirring at 0-2°. The pre-
cipitates were collected by centrifugation
(25,000g, 30 min, 5°) and were dissolved in
0.1 N acetate buffer at pH 4. The resulting
solutions and the 72% (NH;).SO, superna-
tant were each dialyzed thoroughly against
the acetate buffer saturated with toluene.
Protein in the dialyzed solutions was deter-
mined by the method of Lowry ef al. (13).

Liberation of sulfate. Crude enzyme or en-
zyme fraction obtained by salting-out (1-3
ml) were incubated in 0.1 N acetate buffer
at pH 4 with 3S-labeled substrate at 37°.
Toluene and an antibiotic mixture of strep-
tomycin 100 ug/ml, penicillin 100 units/ml,
acromycin 10 pg/ml, and mycostatin 25
units/ml were included. This incubation mix-
ture was placed in a dialysis bag (size 8, cel-
lulose membrane) immersed in 25 ml of buff-
er containing antibiotics and toluene.

Aqueous BaCl, was added to the dialyzate
in the presence of 0.04 mM of carrier sulfate
and the resulting precipitate was collected by
centrifugation at 2,000 rpm at 5° for 20 min.
Incubation mixture containing boiled enzyme
and treated in all other respects as the ex-
perimental mixture served as a control. The
radioactivity in the Ba3%SQ, precipitated from
the control dialyzate was subtracted from the
corresponding radioactivity of the experimen-
tal precipitate. Radioactivity in the dialyzate
not precipitable by BaCly was precipitated
by this reagent after oxidation of the super-
nate with a mixture of HNO; and HCIO,
(14) or after hydrolysis in 2 N HCI for 2
hr at 100°. Aryl sulfatase activity was deter-
mined spectrophotometrically using p-nitro-
catechol sulfate (Sigma Chemical Co., St.
Louis, Mo.) as substrate (15).

Electrophoresis. Paper electrophoresis was
performed using Whatman 3MM paper and
a 0.3 M pyridinium—formate buffer of pH 3
at 15 mA per cell for 3 hr in examination for
inorganic sulfate and dialyzable organic sul-
fate and usually for 5 hr for polyanions.

Chondroitin 4-sulfate (gift of Dr. L. M. Mor-
rison, Institute for Arteriosclerosis Research,
Los Angeles, Calif.), Chondroitin 6-sulfate
(purchased from Miles Laboratories), hepa-
rin (gift of Dr. 1. Danishefsky, New York
Medical College, N.Y.C., and hyaluronic acid
(16) were used as reference compounds.

Determination of radioactivity. Counting
was performed by liquid scintillation spec-
trometry using a solvent of toluene contain-
ing 0.5% of 2,5-diphenyloxazole (PPO) and
0.03% of p-bis-[2-(5-phenyloxazolyl)] ben-
zene (POPOP). Radioactivity in precipitat-
ed BaSO; was determined by counting the
salt suspended with Cabosil (14). Sufficient
counts were accumulated to insure a stan-
dard deviation not greater than 19%. The ef-
ficiency of counting of Ba®S0, suspended in
Cahosil was 80% and the counts were cor-
rected accordingly. After electrophoresis,
paper strips were cut into l-cm segments,
suspended in toluene-PPO-POPOP and
counted. Reference strips were stained for
inorganic sulfate by rhodizonate (17) and
for polyanions by alcian blue (18).

Results. Fractions soluble in (A) 0.125
M, (B) 0.7 M, and (C) 1.4 M aqueous
MgCl, were obtained from the CPC precipi-
tation—fractional salt extraction procedure
applied to the papain digest of stomach and
duodenum scrapings. The following partition
of radioactivity was found for these fractions:
(A) 130,000, (B) 1,000,000, and (C) 105,
000 cpm, respectively.

The preparation of rib chondroitin sulfate
was obtained in a yield of 8 mg/g (wet wt)
cartilage and exhibited a specific activity of
9.1 X 105 cpm/mg of preparation. The
preparation contained 84% chondroitin 4-sul-
fate, 8% chondroitin 6-sulfate and 8% other
polyanion sulfates,

Crude homogenate of mucosal scrapings
was tested against fraction B (0.7 M MgCl,)
from the mucosa and both inorganic sulfate
and dialyzable organic %S were liberated and
counted. The optimum pH for liberation of
radioactivity was pH 4.0.

The radioactive constituent in the precipi-
tated barium salt was investigated further by
radioelectrophoresis after dissociation and
solubilization in the presence of Dowex 50
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TABLE I. Cleavage of *S-Polyanions by Gastric Enzymes.®

Dialyzate
Retentate
358049' 358042-
(inorg.) (organic) ! Radioactivity
Substrate (epm) (epm) (epm) liberated (%)
Rib chondroitin sulfate 46,000 30,000 5000 94
#8-N-heparin 5200 500° 80,000 7
Mucosal fraction A 4800 6000 3000 78
Mucosal fraction B 2100 1000 7500 29
Mucosal fraction C 520 420 3400 22

¢ Incubation for 17 hr, pH 4 at 37° with 1 mg of enzyme in dialysis bag.

b As sulfamido—>S.

(Nat) with heating (19, 20). The radioac-
tivity migrated like 3550,2—.

Prior to fractionation with (NH,).SO,,
the homogenate was clarified by centrifuga-
tion. The supernate contained 5 times the ac-
tivity present in the sediment. The supernate
was fractionated by the addition of (NH,),
SOy, and the fractions, after dialysis against
pH 4 acetate buffer, were assayed for activ-
ity against mucosal substrate B and rib chon-
droitin sulfate. The most active fraction pre-
cipitated at 60-72% saturation with (NH,),
SOy, and was obtained in a yield of 150 mg
of protein from 100 rats. This fraction was
designated as the partially purified enzyme
and represented a 164-fold purification of the
enzyme. The partially purified enzyme was
tested against the labeled mucosal substrate
fractions, chondroitin sulfate, and 35S-N-
heparin, and the counts liberated as inorga-
nic sulfate and organic %S are shown in Table
I. This enzyme preparation also exhibited 10
units of aryl sulfatase/mg protein,

The dialyzable organic 33S (not precipi-
table by BaCls) was hydrolyzed in 2 N HCl
for 2 hr at 100°, and the 33S was liberated
as ¥S0,2— precipitable by BaCl,.

The labeled chondroitin sulfate prepara-
tion was analyzed before and after incubation
with enzyme as shown in Table II. All three
components of the substrate were attacked
with the liberation of inorganic and organic
sulfate.

The dialyzate was subjected to paper elec-
trophoresis and two radioactive bands were
found. One migrated like the sulfated disac-
charide 2-acetamido-2-deoxy-3-O-(8-p-gluco-

4-enepyranosyluronic  acid)-4-O-sulfo-p-glu-
cose (12), and the other like inorganic sul-
fate.

In all, 160 pg of the chondroitin sulfate
preparation were degraded in 17 hr at 37° by
1 mg of enzyme protein. The enzyme prepa-
ration retained sulfatase activity after 2-
month storage in pH 4 acetate buffer under
toluene at 5°.

Discussion. Rat stomach scrapings contain
a variety of hydrolases directed against sul-
fated polyanions. Both inorganic and or-
ganic sulfates were liberated from chondroi-
tin sulfate and from gastric and duodenal sul-
fated polyanions indicating that sulfatases
and probably glycosidases were present. Since
chondroitin 4-sulfate and chondroitin 6-sul-
fate as well as other sulfated substrates (gas-
tric-duodenal and rib) were desulfated, sev-
eral different sulfatases probably are pres-
ent. Sulfamidase activity and arylsulfatase
activity also were found.

Mammalian sulfatases directed against sul-
fated polyanions have been previously re-

TABLE II. Action of Gastric Enzymes on Rib
Chondroitin Sulfate.®

Composition (%)

Before After
Chondroitin 4-sulfate 84 4
Chondroitin 6-sulfate 8 <0.25
Other polyanion sulfate 8 2
Dialyzable organie sulfate — 37
Inorganie sulfate — 57

2160 ug of rib ®8-chondroitin sulfate was incu-
bated with 1 mg of enzyme for 17 hr at 37°.
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ported: a keratan sulfatase (7) and a cerebro-
side sulfatase from rat and pig kidney (21),
a sulfatase hydrolyzing oligosaccharide sul-
fates from rat liver (5), a chondroitin 4-sul-
fatase from cattle aorta (6) and a sulfami-
dase from rat spleen and intestine (8, 22).
This is the first report of sulfatases present in
the stomach, and it is of interest to note the
variety of activities present.

The observation that both inorganic and
low molecular weight organic sulfates were
released, prompts the following question: does
the liberation of organic sulfate and inorga-
nic sulfate proceed independently of one an-
other, or does one process precede the other?
Additional kinetic studies, preferably with
more highly purified enzymes, may help solve
this problem.

The sulfate-cleaving and depolymerizing
enzymes from the gastric mucosa may be
lysosomal enzymes as is suggested by the low
pH optimum. The localization of this enzyme
and the conditions which stimulate its release
are of interest owing to the possible role of
the enzyme in degradation of mucosal poly-
anions.

Summary. Rat stomach mucosal scrapings
contain enzymes which attack chondroitin 4-
and 6-sulfates, heparain, sulfated polyanions
from gastric and duodenal mucosa and aryl
sulfates. Inorganic and organic sulfates were
liberated from the sulfated polyanions. Frac-
tionation with (NH,)»,SO4 afforded enrich-
ment of the sulfatase and depolymerase en-
zymes in the precipitate obtained at 60-72%
saturation. Enzyme activities were stable for
at least two months when stored in pH 4.0
acetate buffer under toluene at 5°.
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