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Summary. Extracellular pH in the range
5.5 to 8.0 affects the yields of Herpes sim-
plex virus obtained after one reproductive
cycle in HEp-2 cells. For 3 strains of virus
the extracellular pH for maximum yields are
6.5-6.7, 7.0, and 7.2-7.3, respectively. The
data show that (a) extracellular pH for opti-
mal virus multiplication is determined by the
genetic constitution of the virus, and (b)
HEp-2 cells support viral macromolecular
synthesis when incubated in a medium buff-
ered at pH as low as 6.0, i.e., below the pH
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range for optimal cell multiplication and
maintenance,
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In recent years interest in extramitochon-
drial ATPases has centered in large part
on ‘transport’ ATPases. These enzymes have
been prepared from a variety of tissue—such
as crab nerve(1), red blood cells(2), kidney
(3), rat brain(4), and other tissues(5). They
share a certain number of features in com-
mon, namely a stimulation by Nat and K+
and at least partial inhibition by ouabain.
Furthermore, in the standard cellular frac-
tionation methods, the ouabain-inhibitable
Nat+ and K+ sensitive component occurs in
the microsomal fraction which is considered
to contain a large proportion of fragmented
membrane. Further evidence for the involve-
ment of the microsomal fraction in transport
involves (a) ATP-dependent Nat binding to
the protein of brain microsomes(4); (b) P32
labelling of protein derived from ATP3? in
r.b.c. membranes(6) and (c) the reduction of
labelled phosphoserine from kidney ATPase
preparations incubated with DFP32 in the
presence of ATP and a possible identity of
this ATPase and diglyceride kinase(7).

The gastric mucosa under normal condi-
tions apparently contains at least 2 electro-

* This work was supported by USP.HS. grants
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genic pumps acting on Cl— and H* respec-
tively (8). The specificity of the pumps in
the gastric mucosa may make it extremely
difficult to characterize a ‘pump’ ATPase in
the same manner as has been done for those
described above. Thus the chloride mecha-
nism has been shown to transport several
univalent anions in the mucosa and to have
some action on sulfate(9). Therefore the ani-
on pump may be regarded as relatively non-
specific. The hydrogen ion pump is appar-
ently specific for H+. A demonstration of
H+* activation is naturally complicated by
the pH activity curves obtained for enzymic
reactions. The evidence therefore for a hy-
drogen ion pump must at present rest on the
action of specific inhibitors.

In this connection Kasbekar and Durbin
(10) have recently described a SCN— sensi-
tive ATPase in the microsomal fraction of
the gastric mucosa, and in view of the pos-
sible importance of this observation in rela-
tion to H+ ion secretion mechanism, which is
inhibited by SCN—, some of the properties of
the mucosal ATPases have been investigated
with particular reference to the action of
SCN—.

Methods-materials. All chemicals were re-
agent grade. Nucleotides were purchased from
Sigma Chemical Co., labelled nucleotides
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from Schwarz Bioresearch, P32 from Abbott
Laboratories, DEAE-cellulose from Gallard-
Schlesinger.

Enzyme preparation. Starved Rana pipiens
were decapitated and the stomach removed.
The mucosal cells were scraped into ice cold
0.25 sucrose containing 0.1 M tris pH 7.4
and homogenized with a teflon homogenizer.
The homogenate was fractionated into a nu-
clear, mitochondrial, microsomal and super-
natant fraction by the Schneider-Hogeboom
procedure(11). The microsomal fraction was
used for these studies unless otherwise noted.

In some experiments further fractionation
was carried out by layering an aliquot of the
microsomal fraction or microsomal fraction
containing 0.1% Triton X-100, on a linear
gradient of sucrose from 0.7 to 2.5 M. After
centrifuging for 2 hours at 39,000 r.p.m. in
an SW39 rotor, fractions were collected via a
tube-piercing device and assayed for protein
and enzymatic activity.

ATPase studies. The standard incubation
mixture contained 3 mM MgCl, 3 mM ATP
20 mM tris buffer pH 8.4, 0.5 mg protein in
a final volume of 1 ml. Incubation was car-
ried out in a water bath at 37° for 20 min-
utes. The reaction was stopped by addition
of an equal volume of ice-cold 10% chlora-
cetic acid, and the phosphate released was
determined by the Fiske-Subbarow(12) pro-
cedure. For kinetic studies the Mg+ +/ATP
ratio was 1/1 throughout. Blanks were run
with each determination and all assays were
run in duplicate.

ATP-ADP exchange enzyme. The basic
system contained 5 mM ATP, S mM MgCl,,
1 mM ADP with ¢ 20,000 cpm C* ADP, 20
mM tris buffer pH 7.4 and ¢ 0.5 mg enzyme
in final volume of 1 ml. Incubation was car-
ried out for 30 minutes at room temperature.
The reaction was stopped by immersing tubes
in boiling water for 4 minutes; control tubes
showed there was no significant hydrolysis of
the polyphosphates by this procedure. Con-
trol tubes containing boiled enzyme were run
with each determination. After clarification
by centrifugation, 10 ul were spotted on a
DEAE-cellulose plate and developed for 30
minutes with 0.02 N HCI as solvent. The
spots were located by U.V. light and eluted
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using 0.25 M NaCl pH 7.4. An aliquot was
assayed for nucleotide content in a Beckman
DU spectrophotometer at 260 mu and an-
other aliquot counted in a Nuclear Chicago
scintillation spectrometer using a solvent sys-
tem containing 70 g/l napthalene, 7 g/1 PPO
and 0.05 g/ POPOP in dioxane (spectro-
quality). Data were calculated from the aver-
age concentration of labelled precursor and
average specific activity during incubation
period (13).

ATP-Pi exchange. In this assay various
concentrations of the reactants were used in
an attempt to demonstrate activity. Thus Pi
was added in a final concentration ranging
from 1-10 mM, containing 5 X 10° cpm of
P52 20 mM tris pH 7.4-8.0, ADP 0-3 mM,
ATP 5-10 mM, MgCl, 0-10 mM. SCN-
was also used to a final concentration of 3
mM. Assay was as in ATP-ADP exchange
system.

Adenylate kinase. This activity was as-
sayed by formation of ADP formed from la-
belled AMP (c 15,000 cpm) and ATP. The
test system contained 5 mM ATP, 5 mM
AMP, 5 mM MgCl,, 20 mM tris pH 7.4, 0.5
mg enzyme and assay was performed as be-
fore with addition of carrier ADP prior to
chromatography.

Nucleoside diphosphokinases. The reaction
was estimated by the formation of C* GTP
from C* GDP and ATP. The incubation
mixture contained 3 mM ATP, 3 mM GDP
containing 20,000 cpm, 3 mM MgCl,;, 20
mM tris pH 7.4 and 0.5 mg enzyme. Incu-
bation was carried out for 30 minutes at
room temperature and assay was performed
as before. Protein was assayed by the Lowry
method (14).

Results. ATPase activity. ATPases were
found to be distributed in all the fractions of
the gastric mucosa. 3 mM SCN— inhibited
all the fractions to approximately the same
extent (Table 1), and thus acted non-speci-
fically with respect to the frog gastric mu-
cosal ATPases. Further studies were carried
out with the ATPase of the ‘microsomal’
fraction.

Metal ion specificity. A divalent metal
cation was essential for activity and the
greatest activity was obtained with Mg++
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TABLE I. SCN- Sensitivity of ATPase in Sub-
cellular Fractions ym Pi min~ mg-* Protein.

Nuelear 2.4
SCN- 1.5
Mitochondrial 3.6
SCN- 1.7
Mierosomal 3.2
SCN- 1.8
Supernatant 1.7
SCN- 1.1

Assay performed with 3 mM ATP, 3 mM MgCl,
20 mM Tris pH 8.4 and 3 mM SCN-, ¢ 0.5 mg pro-
tein, 30 min, 37°.
(100%). However, both Mn+t+ (93%) and
Cat+ (97%) could substitute for Mg*+,
Various concentrations of Nat and K+ (0-
100 mM) were without effect on the ATPase
activity. The optimal Mg/ATP ratio was
found to be 1 in most preparations, while in
2 of 10 experiments the ratio was close to 2.

pH studies. The pH optimum curve of the
enzyme showed a minor peak at pH 7.75 and
a larger peak at 8.4. SCN— eliminated the
smaller peak and reduced the height of the
peak at 8.4.

Specificity of ATPase. The highest activ-
ity was found with GTP (2.0 pM min—!
mg—!) and ATP (1.8 uM min—! mg-1),
and activity was about 50% lower toward
CTP (1.3 uM) and UTP (1.2 uM). There
was little hydrolysis of ADP (<0.25 pM).
SCN— was found to have an inhibitory ac-
tion on the CTPase activity as well as the
ATPase.

Inhibition of ATPase. Dinitrophenol, N-
ethylmaleimide (NEM), cyanide, and oua-
bain were found to be without effect on the
ATPase at 3 X 10® M. In contrast oligomy-
cin, sodium nitrate, ammonium ion, cyanogen
iodide and sodium thiocyanate were all found
to have an inhibitory action (Table II).
HgCl, was also found to be strongly inhibi-
tory. Thus the -SH groups of the enzyme
were reactive to mercurials but not NEM,
but H+ secretion is sensitive to both.

Nat and Kt and ouabain insensitivity.
Various concentrations of Na* and K+, vary-
ing Na*t from 0-100 mM and K+ from 0-80
mM were without effect on enzyme activity.
QOuabain at a concentration of 10—3 to 10—8
M was also without effect on the system. The
exchange enzyme was similarly insensitive.
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Ouabain is without effect on the secretion of
the in vitro frog mucosa.

Histamine effects. In 6 of 15 preparations,
a variable degree of histamine sensitivity of
the enzyme was found (about 30% stimula-
tion), at concentrations of 10-3 to 10~* M
histamine. Various treatments such as Triton
X-100, deoxycholate, diamine oxidase neither
increased the sensitivity of the enzyme to
such pharmacological doses, nor converted an
insensitive preparation to a sensitive one.
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FIG. 1. 1/8 vs 1/V plot for frog gastrie muco-

sae microsomal ATPase, with SCN-, CN1 at 3 mM
and ATP/mg ratio of 1, pH 8.4.

Kinetic studies. 1/S versus 1/V plots with
3 X 1073 M thiocyanate show apparently a
non-competitive mechanism of inhibition,
with a calculated Ky for ATP of 5 X 10—*
M and a K; of 12 mM for thiocyanate (Fig.
1). Similar studies for CNI showed that CNI
also inhibited, apparently uncompetitively,
but more potently with a K; of 4 mM.

Exchange studies. A potent ATP-ADP ex-
change enzyme was found to be present in the
microsomal fraction of the frog gastric mu-

TABLE II. Frog Gastric Mucosa Inhibition of
Miecrosomal ATPase.

% Inhibition

DNP, NEM, CN- Ouabain 0
NO,, NH, 30
ONS- 40
Oligomyein (105 M) 45
CNI 50
HgCl, 100

Assayed as in Table I, with 3 mM inhibitor, ex-
cept oligomyein as noted.
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TABLE III. Frog Gastric Mucosa ATP-ADP,
ATP-Pi Exchange mymoles mg-' min™,

(a) ATP-ADP 350
ATP-ADP + SCN- 341
Control boiled enzyme <5

(b) ATP-Pi <15

(¢, d) XKinases (GDP, ATP, AMP) <30

(a) ATP-ADP exchange assayed with 5 mM
ATP, 5 mM MgCl,, 1 mM C* ADP, 20 mM Tris
buffer pH 7.4, room temperature 30 min,

(b) ATP-Pi assayed with Pi** 1-10 mM, ADP 0-3
mM, ATP 5-10 mM, MgCl, 0-10 mM, room tempera-
ture 30 min.

(¢) GDP kinase assayed with C* GDP 3 mM,
ATP 3 mM, MgCl, 3 mM, 20 mM Tris pH 7.4, room
temperature 30 min.

(d) Adenylate kinase with 5 mM ATP, 5 mM
C+ AMP, 5 mM MgCl,, 20 mM Tris pH 7.4, room
temperature 30 min,

Nucleotides were separated by the thin layer
chromatography.

cosa. The pH optimum was 7.4 and the aver-
age exchange rate was 350 muyM mg—! min—!
(Table III). Thiocyanate, cyanogen iodide
and oligomycin were found without effect on
the exchange activity. No evidence could be
found for an ATP-Pi exchange activity and
the adenylic kinase and nucleoside diphos-
phokinases account for less than 10% of the
exchange activity observed.

Gradient  fractionation. Two peaks of
ATPase activity were found, with the major
peak of ATPase activity corresponding to the
peak of ATP-ADP exchange activity, The
density at which the enzyme activity frac-
tionates corresponds to the region at which
larger membrane fragments would fraction-
ate. Triton X-100 apparently solubilized
both enzyme activities (Fig. 2).

Discussion. ATPases were found in all
fractions of the frog gastric mucosa. No very
active inhibitor was found for the microsomal
fraction apart from oligomycin and the mer-
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FIG. 2. Density gradient centrifugation of
frog gastric mucosa microsomal ATPase, and
ATP-ADP exchange enzyme between 0.7 M and
2.5 M sucrose, with and without Triton X-100.
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curials. The SCN— sensitivity of the micro-
somal ATPase was found to hold also for the
other ATPases. The mechanism of inhibition
of the microsomal ATPase with SCN— ap-
peared to be non-competitive. However, the
high K; found suggests that SCN— is not a
potent inhibitor of this system. A similar
mechanism of inhibition was found for the
brush border ATPase of the hamster intestine
(15) and the rat liver mitochondrial ATPase.
Thus the action of SCN— on the microsomal
ATPase apparently cannot be taken as evi-
dence for the participation of the ATPase in
hydrogen ion transport, and may rather be
related to displacement of Cl— from anion
binding sites. The other inhibitors found,
namely nitrite, ammonia(16), cynogen iodide
(15), have also been found to inhibit gastric
secretion in vitro. In the case of CNI, the
mechanism of inhibition of the ATPase has
been found to be uncompetitive. The lack of
sensitivity to ouabain and to Nat + K+
distinguished this. ATPase from other ‘trans-
port’ ATPases. It is not clear therefore from
these experiments whether this ATPase is
associated with transport and if so whether
with hydrogen ion or anion transport, or with
some other type of reaction.

The exchange enzyme demonstrated in the
microsomal fraction shows similar properties
to the other transport ATPases in that al-
though ATP-ADP exchange activity is pres-
ent, no ATP-Pi exchange activity was dem-
onstrated(17). The exchange activity was not
associated with adenylate kinase or NDP ki-
nase. Since the ATPase inhibitors tested had
no effect on the exchange enzyme their action
must be confined to the second stage of the
following scheme:

ATP + X = P ~ X + ADP

(1)
(2)

Since no phosphate stimulation of the ATP-
ADP exchange reaction was found, the above
scheme is the simplest compatible with the
data.

We acknowledge with thanks the technical help of
Mrs. Jerri Taylor and Miss Elvira Finley.
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Data on the absorption and excretion of 2
orally administered cholecystographic agents
have been reported from this laboratory(1,2).
It was found that of a 3 g dose of iopanoic
acid* to man, 36% was excreted in the urine
within 132 hours, while 62% was excreted in
the feces. Of the urinary excretory product
about 74 was not extractable by ether at pH
6-7, therefore was presumed to be present as
the glucuronide conjugate(1,3,4). Butyryl-
iopanoic acid (tyropanoic acidt) was found
to be 94% excreted within 108 hours follow-
ing a 4.5 g dose of the sodium salt, but its
partition between urine and feces was almost
exactly 1:1. Although it was also shown that
tyropanoate is excreted in the bile as a glu-
curonide, its partition between free and con-
jugated forms in the urine was not deter-
mined(2). It has been stated(5,6%) that 70%
of an oral dose of bunamiodyl$ is excreted in

* Available from Winthrop Laboratories, New York,
under the trade name of Telepaque®.

t Winthrop Laboratories registered name for tyro-
panoic acid is Bilopaque.

} Although ref. 5 makes it clear that this statement
applies specifically to the dog the idea has become
fairly widespread that it also applies to man (see ref.
9).

the urine. A more recent report, however, in-
dicates that the urinary excretion in man is
only 259% of the dose in the first 30 hours
post-medication(7).

In view of several recent reports of renal
damage in subjects receiving bunamiodyl(8-
13), and the suggestion that cholecystograph-
ic agents might cause oliguria under certain
circumstances by physical blockage(14), it
has been of interest to determine the extent
to which the comparatively insoluble contrast
media are excreted in the urine in the non-
conjugated form,

Materials and methods. Three inmates of
the Oklahoma State Prison served as subjects
for this experiment.| Each received orally, in
experimental cross-over design, 3 g iopanoic
acid, 4.5 g sodium tyropanoate, or 4.5 g of
sodium bunamiodyl. There was a lapse of 2
weeks between the first and second medica-
tions, and a lapse of 4 weeks between the
second and third medications. The radio-
paques were given at 9 P.M. on the first day

|| These samples were collected under the super-
vision of Dr. C. K. Wisdom of Stough-Wisdom Re-
search, Inc.

¢ Bunamiodyl is a product of E. Fougera Co,
Hicksville, N. Y. (trade name, Orabilex).



