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As s facet of our invtstigetlon of the role of sdtnosint-3’.4’- 

lnonophosphstt in the mechanism of action of antidiuretic htmIOnt 

we have txplortd tht possibtlity of en Intersctfon between kidney 

ccl l msnWant and ctrtaln phosphett-WansftrrinQ enrymts. mls 

wmnunic8tlon is concerned rrl th evidence for 8 me&rant-•ntymt 

intersctlon as derived from optical dens1 ty studies, enzyme 

activation and inhibitfon effects, and optical rotatory dispefslon 

dots. Wt hevt found that phosphogluwmutwt, phosphorylsst, and 

pyruvic klnast appear to lnttrsct with kidney ctll mtmbrsnt. 

These enzymes are unique with respect to those studltd In requiring 

0 substrsh which bears a phoSPhWyleted csrbonyl moiety. 

and Mtthods MtttriSlS 

Optical dansf ty mtssurtmtntr were performed usfng a Btckmen 08 

Spectrophotomtter with linear-logarithmic potentiometrlc recorder. 

Phoosphorylase was dtttnnintd according to the method of 

Helmreich and Cori (1964). In ordtr to dtttrmlnt I f  memrsnt wuld 

serve 8s a substratt for phosphorylast with the wnwmi tsnt pro- 

ductfon of glucose-l-phosphate, endoplssmic reticulum was 

Substl tuted for odtttd glycogtr. In order to obtain tvfdtnce for 

membrsns phosphorolysls wl thout glucose-l-phosphate production, 

phosphoryfase was added to a suspension of ntew&rant, stlguots 
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were remvcd at 3D seconds, 10 minutes, and 20 mlnu tes and each 

was rapidly introduced into the complete assay medium. Phospho- 

giucomutase was determined by modifying the phosphorylase assay 

me{dium through omission of glycogen and adenosine-5’-phosphate 

and addition of 4 x lo-’ M glucose-l-phosphate. Pyruvic kinase 

was determined according to the procedure of Bucher and Pfleiderer 

11955). Each of these enzymic activity determinations depends 

upon the productlon of or the destruction of a reduced pyridine 

nucleotide and, thus, the slope of the recorded optical density 

at 340 nj~ depicted the enzyme activity. 

Optical rotatoy dispersion studies were performed using 

a Cat-y Model 60 Recording Spectropolarimeter equipped with a 

jacketed cell of 1 cm path length. Data were obtained using 

a period of 3, full range of O.Z’, and with programned slits. 

Solutions were adjustad to pH 7.47 - 7.48. Enzyme concentrations 

were 40 pg/mi, Cell membrane concentrations were those which 

provided m optical density of approximately 0.8 at 210 m)l. 

Phosphorylase, apyrase, and neuraminidase were obtained from 

Signs Chmnlcal Company of St. Louis, Missouri. Hexokinase, phospho- 

giucomutase, creatina phosphokinase, alkaline phosphatase, and 

pyruvic kinase were obtained from C. F. Boebringer and Soehn of 

Mannhefts, Germany, distributed by California Corporation for 

i?iiochemical Research, Los Angeles, Cat i fornt a. Hyaiuroni dasc 

and the adenoslne phosphates were also obtained from this vendor. 

Arginine vasopressin was synthesized by Sandoz fncorporated of 

!iwltzerland and distributed by the Pharmaceutical Division of 

SmQZ, Incorporated, Hanover, New Jersey. 

Canine kidney endoplasmic reticulum was Isolated from the 

cortical portion according to the procedure of Landon and Norris 

(1963). Cell nembrane was isolated from canine cortical tissue 
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according to the procedure of Nevilie (19601. Each of the 

msmbrsneous preparations was observed under a Lei tr microscope 

equipped for phase contrast. 

Results and Discussion -- 

The addition of 250 pg of phosphoglucomutase, Of phosphorylase, 

or of pyruvic kinsse to 2 ml of a cell mew&wane. suspension resulted 

in an increase in optical density over and above that of the 

sum of the components. Simi Iar addition of crcatine phosphokinase, 

apyrase, slksl ine phosphatase, hexokinase, neuraminidase, or 

hyaluronidase did not produce an anomalous optical density. 

me additlon of 10’5 M adenosine triphosphate or adenosine di- 

phosphate, or of 
-6 

10 M adenosi ne-3*,5’-monophosphste, 
-7 

or of 10 M 

arginine vasopressin failed to 41 ter the optical density of kidney 

cell meatwane suspensions. Data for mixtures which exhibited an 

anomalous optical density are presented in Table I. 

TABLE I 

ANOMALOUS INCREASE IN OPTICAL DENSITY RESULTING FKIM MEWBRAHE- 

ENZYME INTERACTION 

A 250 )rg al iquot of enzyme was added to 2.0 ml 

of membrane suspension subsequent to obtaining 

the optical density of each separately. 

MEMBRANE SW OF COMPONENT 
PREPARATIOY w OPTICAL DENSITIEg 

isolated Cal I phosphogluco- 0.120 
m-rant mutsse 

f so I eted ccl I phosphory I ase 0.125 
menbrsne 

endopl ssmic phosphofy I ase O.aoS 
reticulum 

isolated cell pyruvic kinese 0.120 
membrane 

OBSERvEll PERCENTAGE 
OPTICAL DENSITY INCRFASE 

0.160 33 

O.l!M 20 

0.309 48 

0.140 17 
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The interaction between kidney cell membrane and these enzymes 

would appear to involve binding or aggregating since an increase in 

optic’s1 density generally reflects an increase in particle size or 

densi ty . Of the nine enzymes which were emioyed in these studies 

the three which induce anomalous optical density effects, phospho- 

gluco~mutase, phosphorylase, and pyruvic kinase, are unique in 

requiring a substrate which bears a phosphoryiated carbonyl moiety, 

1. e., glucose-l-phosphate or phosphoenolpyruvate. It is suggested 

that these enzymes each possess a specific type of binding 

site which finds a suitable membrane substi tuent with which to 

interact. 

We then undertook to learn if interaction between kidney cell 

menWane and enzyme involved the m&Wane functioning as a substrate. 

Since cell membrane has been reported to possess a polysaccharide 

moiety it could be envisioned that the resultant of phosphorylase 

addition to a membrane suspension would be phosphorolytic activity. 

It W~IS found that me&rane does not serve as a substrate for phosphoryiase 

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

when the phosphorylase determination is conducted with menWane 

substituting for the omitted glycogen there is no evidence of 

reaction. Phosphoryl ase which is first exposed to membrane and then 

to an excess of glycogen exhibits diminished enrymic activity and this 

diminution varies directly with the membrane concentration and the 

duration of the initial exposure. Typical data are presented 

in nble II. 

These data are compatible with a non-competitive inhibition 

of phosphorylaae activity by membrane and argue against menWane 

serving as a substrate In a reaction which does not produce 

glucose-l-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 PWSPH3RYLASE ACTIVITY 

A 250 pg aliqwt of phosphoryiase was added to 6.0 

ml of menWane suspension. Aliqucts of 0.5 ml were 

remsved at the times specified end introduced 

intnediately into 2.0 ml of the medium for 

phosphoryl ase determination. 

OPTICAL DENSITY OF TIME OF REK)VAL PERCENT INITIAL 
hW8RANE PREPARATION OF ALIOUOT ACTIVITY 

0.100 30 seconds loo 

10 minute6 100 

20 minutes 84 

0.173 30 seconds 92 

10 minutes 81 

20 minutes 70 

0.302 30 seconds 74 

10 minutes 72 

20 minutes 69 

from 320 + to 195 +, were obtained for the enzymes phosphogluco- 

mtase, phosphorylsse, pyruvic kinsse, and hexokinase and also for 

isolated kidney ceil m6mbrsne. Each of the enzyme curves exhibited 

the characteristic negative Cotton effect which displays a trough 

at 233 w and 8 peak in the region of 198 n)r. The cuwes for 

fneebrane exhibited a msxlmum at 202 w and a minimum at 197 tqa. 

When phosp,hogIuconutese or hexokinase was added to me&ran?! the 

resul tent optical rotatory dispersion cuwes were identical WI th 

the theoretical sunmetion cuwes however, the Cuwes obtained 

when phosphoryl sse or pyruvic kinase we6 added to ncnbrane 

differed from the theoretical. Figure 1 shows e typical optical 
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Fig. 1. Optical rotatory dispersion curve obtained using en 

isolated kidney cell nanbrsne preparetion having en 

optical dcnsi ty of 1.0 et 210 q.a, pH 7.46. 

rotatory dispersion curve for isolated kidney cell menWane. Figures 

2 and 3 show the theoretical surnnation curves and the actual curves 

obtained when phosphorytsse or pyruvic kinase, respectively, was 

added to membrane. Interaction between phosphorylsse and Nnbrene is 

reflected by an optical rotatory dispersion curve which exhibits en 

enhanced arpt i tude of its Cotton effect and a shift of the cross-over 

point toward shorter wave lengths. These data are compatible with 

an increase in secondary structure. The interaction of pyruvic 

kinase and menWane results in a cuwe in which the anpli tude 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 inhibited by the presence 

of merbrane. Data for phosphorylsoe have been presented above. 

The activity of PyruViC kinase was inhibited 45 by a menWane 

Preoaration having an optical density of 0.068 and 7.3% by one 

of optical density 0.230. In contrast, there was no evidence of 
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Fig. 2. Theorettcel t . . . . . . . . 1 and actual ( I optical 

rotatory dispersion curves obtained when phosphoryl ase, 

final concentration 40 )rg/ml, Is added to an isolated 

cell man&wane preparatlon, optical density 1.0 at 210 ny, 

PH 7.48. 

PI, + I 2.000 - 

+ 6.000- 

250 300 

Fig. 3. Theoretical i . . . . . . . . j and actual d 1 optical 

rotatory dispersion curves obtained when pyruvic kinase, 

final concentration 40 pg/sl, is added to an isolated 

cetl meaWane preparation, opticof density 0.7 at 210 w, 

PH 7.48. 

412 



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

simi II ar conformational changes resul ting from ncnbrane interaction 

with Cl ther phosphogiucomutase or hexokinase. We have found the 

entymic activity of phosphogiucomutase to be enhanced 6% by a -rant 

preparatlon 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 hexokinaae activity is enhanced when this enzyme is bound to 

mi tochondri al membrane (Siekevi tt, 1%21. 

our results provide evidence for an interaction between kidney 

cell membrane ard each of three phosphate-transferring enzymes 

which have a similar substrate requirement. The possible 

significance of such an interaction with resptct to kidney 

function is being investigated. 
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