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As a facet of our Investigstion of the role of adcnosine-S',b'-
monophosphate in the mechanism of action of antidiuretic hormone
we have explored the possibility of an Interaction between kidney
cel) membrane and certain phosphate-transferring enzymes, This
comnunication Is conceraed with evidence for a membrane-enzyme
interaction as derjved from optical density studies, enzyme
activation and Inhibition effects, and optical rotatory dispersion
data, Wwe have found that phosphoglucomutase, phosphorylase, and
pyruvic kinase appesr fo Interact with kidney cell membrane,

These enzymes are unlque with respect to those studied in requiring
o substrate which bears a phosphorylated carbonyl moiety,
Materials and methods

Optical density measurements were performed using a Beckman D8
Spectrophotometer with 1inear-iogarithmic potentiometric recarder,

Phosphory|ase was determined according to the method of
Helmreich and Cori (1964), In order to determine if membrane couid
serve as a substrate for phosphorylase with the concomitant pro-
duction of glucose-1-phosphate, endopiasmic reticulum was
substituted for omitted glycogen. In order to obtain evidence for
membrane phosphorolysis without glucose-1-phosphate production,

phosphorylase was added 1o a suspension of membrane, sliguots
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were removed at 30 seconds, 10 minutes, and 20 minutes and each
wes repidly introduced into the complete assay medium, Phospho-
glucomutase was determined by modifying the phosphoryl ase assay
medium through omission of glycogen and adenoslne-s'-phosphate
and addition of 4 x 10"3 M glucose-1-phosphate, Pyruvic kinase
was determined according to the procedure of Bucher and Pfleiderer
(1955). Each of these enzymic activity determinations depends
upon the production of or the destruction of a reduced pyridine
nucleatide and, thus, the slope of the recorded optical density
at 340 mp depicted the enzyme activity,

Optical rotatory dispersion studies were performed using
a Cary Model 60 Recording Spectropolarimeter equipped with a
Jacketed cell of 1 cm path length, Data were obtained using
s period of 3, full range of 0.2°, and with programmed siits,
Solutions were adjusted to pH 7,47 - 7,48, Enzyme concentrations
were 40 ug/mi, Cell membrane concentrations were those which
provided an optical density of aspproximately 0.8 at 210 ma,

Phosphorylase, apyrase, and neursminidase were obtained from
Sigms Chemical Company of St, Louis, Mmissourl. Hexokinase, phospho-
glucomutase, creatine phosphokinase, alkaline phosphatase, and
pyruvic kinase were obtained from C. F. Boehringer and Soehn of
mennhelim, Germany, distributed by Californis Corporation for
Biochemical Research, Los Angeles, California., Hyaluronidase

and the adenosine phosphates were also obtained from this vendor,

Arginine vasopressin was synthesized by Sandoz [ncorporated of
Switzeriand and distriputed by the Pharmaceutical Division of
Sendoz, Incorporated, Hanover, New Jersey,

Canine kidney endoplasmic reticulum was isolated from the
cortical portion according to the procedure of Landon and Norris

{1963)., Cell membrane wes isolated from canine cortical tissue
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according to the procedure of Neville (1960), Each of the
membraneous preparations was observed under a Leitz microscope

equipped for phase contrast.

Results and Discussion

The addition of 250 pg of phosphoglucomutase, of phosphorylase,
or of pyruvic kinase to 2 ml of a cell membrsne suspension resulted
in an Increase in opticel density over and above that of the
sum of the components, Similar addition of creatine phosphokinase,
spyrase, alkaline phosphatese, hexokinase, neursminidase, or
hyajuronidase did not produce an anomalous optical density,

The addition of 10’5 M adenosine triphosphate or adenosine di-
phosphate, or of 10'6 M odenosine-3.,5'-monophosphate, or of 10'7 M
arginine vasopressin feiled to aiter the opticel density of kidney
cel|l membrane suspensions, Data for mixtures which exhibited an

anomalous optical densjty are presented in Table I,

TABLE 1
ANOMALOUS INCREASE IN OPTICAL DENSITY RESULTING FROM MENMBRANE-
ENZYME INTERACTION
A 250 ug aliquot of enzyme was added to 2.0 mi
of membrane suspension subsequent to obtaining

the optical density of each separately,

NENBRANE SUM OF COMPONENT OBSERVED PERCENTAGE

PREPARATION  ENZYME  OPTICAL DENSITIES  OPTIGAL DENS __INCREASE

isolated cell phosphogluco- 0,120 0.160 33
membrane mutase

isolated cell phosphorylase 0.125 0.1%0 20
membrane

endoptasmic phosphory | ase 0,209 0,309 48
reticulum

isolated cell pyruvic kinase 0,120 0,140 17
membrane
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The interaction between kidney celi membrane and these enzymes
would appear to Involve binding or aggregating since an increase in
optical density generally reflects an increase In particle size or
density, Of the nine enzymes which were employed in these studies
the three which Induce anomalous optical density effects, phospho-
glucomutase, phosphorylese, and pyruvic kinase, are unique In
requiring a substrete which bears a phosphorylasted carbonyl molety,
i. e,, glucose-~t-phosphate or phosphoenolpyruvate, 1t Is suggested
that these enzymes each possess & specific type of binding
site which finds & sultable membrane substituent with which to
interact,

We then undertook to learn [f Interaction between kidney cell
membrrane and enzyme involved the membrane functioning as a substrate,
Since cell membrane has been reported to possess a polysaccharide
moiety it could be envisioned that the resuyltant of phosphorylase
addition to a membrane suspension would be phosphorolytic activity,
It was found that membrane does not serve as a substrate for phosphorylase

in a reaction which concomitantly produces glucose-i-phosphate since

when the phosphorylase determination is conducted with membrane
substituting for the omitted glycogen there is no evidence of
reaction, Phosphorylase which is first exposed to membrane and then
to an excess of glycogen exhibits diminished enzymic sctivity and this
diminution varies directly with the membrane concentration and the
duration of the inlitial exposure, Typical data are presented

in Teble II,

These data are compatible with a non-competitive inhibition
of phosphorylase activity by membrene and srgue against membrane
serving as a substrate In a reaction which does not produce
glucose~1=-phosphate,

Curves for the optical rotation as a function of wave length,
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TABLE II
EFFECT OF CONCENTRATION AND OF DURATION OF EXPOSURE OF MEMBRANE
UPON PHOSPHORYLASE ACTIVITY
A 250 ug aliquot of phosphorylase was added to 6,0
ml of membrane suspension, Aliquots of 0.5 ml were
removed at the times specified and introduced
immediately info 2,0 mi of the medium for

phosphory | ase determination,

OPTICAL DENSITY OF TIME OF RENOVAL PERCENT INITIAL
MEMBRANE PREPARATION QF ALIQUOT ACTIVITY
0.100 30 seconds 100
10 minutes 100
20 minutes 84
0.173 30 seconds 92
10 minutes 81
20 minutes 70
0.382 30 seconds 74
10 minutes 72
20 minutes 69

from 320 mx fo 195 ma, were obtained for the enzymes phosphogluco=-
mutase, phosphorylase, pyruvic kinase, and hexokinase and also for
isolated kidney cell membrane, Each of the enzyme curves exhibited
the characteristic negative Cotton effect which displtays a trough
at 233 m1 and a peak in the region of 198 my, The curves for
membrane exhiblted a maximum at 202 ma and & minimum at 197 my,
when phosphoglucomutase or hexokinase was added to membrane the
resul tant optical rotatory dispersion curves were identical with
the theoretical summation curves however, the curves obtained

when phosphorylase or pyruvic kinase was added to membrane

di ffered from the theoretical, Flgure 1 shows a typical optical
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Fig. 1. Optical rotatory dispersion curve obtalned using an
{solated kidney cell membrene preparation having an
optical denslty of 1,0 at 210 ms, pH 7,48,

rotatory dispersion curve for Isoiated kidney cell membrane. Figures
2 and 3 show the theoretical summation curves and the ectual curves
obtained when phosphorylase or pyruvic kinase, respectively, was
added to membrene, Interaction between phosphorylase and membrane is
reflected by an optical rotatory dispersion curve which exhibits an
enhanced anplitude of its Cotton effect end a shift of the cross—over
point toward shorter wave lengths, These data are compatiblie with

an increasse in secondary structure, The interaction of pyruvic
kinase and membrane results in a curve in which the amplitude of

its Cotton effect is diminished and it Is suggested that there has
been a decrease of helical structure. It should be noted that the

activity of each of these two enzymes is innhiblted by the presence

of membrane, Data for phosphory!ase have been presented above,
The activity of pyruvic kinase was inhibited 4% by a membrane
preparation having en opticel density of 0,058 and 7,5% by one

of opticel density 0.230, In contrast, there was no evidence of
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Fig, 2. Theoreticel ( ..c.cecc )} ond actual ( __ ) optical
rotatory dispersion curves obtained when phosphorylase,
final concentration 40 png/mi, Is added to an isolated
cell membrane preparation, optical density 1,0 at 210 mu,
PH 7,48,
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Fig. 3. Theoretical { ........ } and actual { ) optical

rofatory dispersion curves obtained when pyruvic kinase,
final concentration 40 pg/ml, Is added to an isolated
cell membrane preparation, optics! density 0.7 at 210 m,
pH 7.48,

412



Vol. 22, No. 4, 1966 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

simi | ar conformational chenges resul ting from membrane Interaction
with either phosphoglucomutase or hexokinase, Wwe have found the
enzymic activity of phosphoglucomitase to be enhanced 6% by a membrane
preparation having an optical density of 0,125 and enhanced 31% by a
preparation having an optical density of 0,220 and it has been reported
that hexokinase activity Is enhanced when this enzyme is bound to
mi tochondrial membrane (Siekevitz, 1962),

Our results provide evidence for an interaction between kidney
cell membrane and each of three phosphate~transferring enzymes
which have a similar substrate requirement, The possible
significance of such an interaction with respect to kidney

function Is being investigated,
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