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Inuring the oourse of a study on the effeot of phospholipase A on mlto- 

ohondrlal metabolism of normal and tumour tissues, It, beoame apparent that 

phospholipase A aotlvated the dephosphorylatlon of ATP In fresh mitoohondria 

from normal rat tissues and oompletely inhibited this aotivity in mito- 

ohondrla separated from Yoshlda Sarooma oells and oertain other tumours.This 

is a brief report of experiments showing the presenoe of a Ca+z activated 

adenosinetriphosphatase(ATPase) in tumour mltoohondria whioh Is firmly bound 

to the particles and has the properties of a phospholipoprotela. An ATPase 

having similar properties oould not be deteoted in mitoohondrla isolated 

from a variety of normal rat tissues. 

Rat liver mitoohondria were isolated aooording to Sohneider (1948).The 

asoltlo fluid oontaining Yoshida Sarooma cells was withdrawn from the intra- 

peritoneal oavlty of rats three to five days after transplantation with this 

tumour. The tumour oells were freed from the blood oells aooording to MoRee 

et al (1953) and homogenised in 0.25 Y suorose. -- The prooedure for separating 

the mitoohondria was the same ns that employed for liver. The mifoohondrial 

fraction oontained 80% of the oytoohrome oxidase activity of the homogenate. 

The oonoenfration of RNA was low and DNA content was negligible. 

*This work was aided by the Counoil of Soientlflo & Industrial Research(India) 
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Erperiments designed to explore the effect of phosphollpase A more 

direotly on the ATPases of mltoohondrla required the use of preparations in 

whloh the mltoohondrial struotures had been disrupted. These were obtained 

by freezing and thawing a suspension of mltochondria and then dialysing it 

against water at 0 to 2OC for 6 hours. 

The ATPase aotivity of damaged mltochondrial preparations was determined 

aocording to Potter et al (1953) in presenoe of various supplements. The -- 

results obtained are given in table 1. The effeots of Cat+ and Ngtt in no-1 

Table I 

ATPase aotivity of damaged mitoohondrla from 
rat liver and Yoshida Saraoma Cells 

Supplennt added pmoles P liberated 

Ltver Yoshide Sarooma 

None 

& 
++ 

Cat+ 

Ng++ t phospholipase A 

Cat+ t phospholipase A 

w3 
++ t Ca ++ 

Ng++ t Cat+ t phospholipase A 

0.60 0.56 

2.09 1.70 

o.69 1.56 

2.05 1.67 

0.69 0.21 

1.71 

1.76 

System: 0.004N ATP, 
protein) or Yoshida 
0.005 Y Ng++; 0.001 

0.02 11 Trls buffer pH 7.4, liver mitoohondria (4 mg. 
Sarcoma mltoohondria (15 mg. protein). Sunulemeats : 
N Cat+; i pg. phospholipase A. Total volume = 1.0 ml. 

Temp. = 3OOC. Period of incubation = 10 minutes. 

rat liver q ltochondrla are in agreement with the properties of damaged 

mitoohondria reported previously (Chanoe and Villiams,ig56). Phosphollpase A 
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prepared from Cobra venom (Suzuki et al ig58)had ns effeot on noma liver -- 

mlfoohondria. This is eapeoted from results reported previously whioh ham 

shows that phosphallpass A inhlblts various enzymio aotivities in fresh 

mltoohondrla by disrupting mltoohondrlal struoturs (Aravindakshan and Bra- 

ganoa). In oontrast to the effeofa produoed on sroraal tissue, the ATPase 

aotlvlty of preparations from Yoshida Sarooma was aotivated by Ca+*. The 

effeot of Ca++ was oomplefelp inhibited by i pg of orystalline phospholipase 

L Ng++ also aoflvated the ATPase ID tumour preparations but as fotmd with 

nowal livsr, the aotivatisn produoed by Mg++ was unaffeofsd by phospholipase 

A. It Is also ssen that Mg*+ inhibit the Ca+f aotivated ATPase. This is 

evident from results whloh show that in w&ems oontaining Ligdg++ and Ca* the 

aoflvlty was sinllar to the one obtained aith Ug*+ alone. In addition, 

phosphollpase A had no effeot on the system oontalning the two ions together. 

The destruotlve aotlon of phospholipase A on Ca+f aoflvatsd ATPase of 

tumour preparatloll suggested that it may be a phosphollpoprofelo. In oonfor- 

mity wlth this view, the Ca+f aotfvated enzynre was found to be firmly bound 

to mitoohoudrltbl fragments. Vashing the sediment three times with Trls 

(hydroxymethyl) aminomethane (T8IS) buffer was ineffeotlvs ID extraotlng ths 

aotivity In the aqueous phase. The enzyme was solublllsed by using organlo 

solvents suoh as n-butanol under Oondltlons generally employed for extrao- 

fing lipoprotein (Basford and Green, 1959). The prooedure oonsisted in 

suspending the washed mitoobondrlal sediment in a mixture of Sucrose and 

desoxyoholate. The dispersion obtained was treated with n-butanol. The two 

phases were separated &nd dialysed againat water at 0 - 2OC. The ATPase 

aoflvltles In n-butanol and ID the aqueous’ layer are given In table 2. The 

Ca+z aotlvated ATPase present in tumour mltoohondrla Is found entirely ID 

the n-butanol extraot and none oould be deteoted in the. aqueous phase. A 

13 fold lnorease -In speolflo aotivlfy was found in the final extraot. The 

aotlvlty was oompletely inhibited by I pg. of ph,ospholipase A. gTPase et lmu- 

lated by Ca+* Is totally absent in extraofs obtained from normal liver. An 

ATPase aotivated by Mg++ was deteoted in n-butanol extraots prepared from 
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normal liver as well as from tumour mltoohondria. As expeoted this enzyme 

was not inhibited by phospholipase A. The speoifio activity of the Ug++- 

aotlvated ATPase in n-butanol extraot lnoreased by a faotor of 4. Although 

n-butanol extraction did not effeof a separation of the two ATPases found 

in mltoohondrla from Yoehlda Sarooma, there was an inorease in the conoen- 

tration of the Ce++- stimulated enzyme in relation to the other. 

Table 2 

ATPass aotivity of n-butanol extra& prepared from mitoohondrla 

Enzyme preparation 

Speciflo ATPase activity @moles P/mS.protein 

ldver Yoshido Sarooma 

?&++ cll++ &++ Ca++ 

Mitoohondria (aged) 

n-butanol extraot 

Aqueous layer 

n-bufanol extraot + 
phospholipase A 

0.55 Nil 0.13 0.11 

3.20 Nil 0.42 1.45 

Nil Nil Nil Nil 

3.16 0.46 Nil 

System sucte as in Table 1. 

The Ca++ aotivated ATPase present In n-butanol extraot from Yoshlda 

Sarcoma oells could not dephosphorylate uridine triphosphate , adenosine- 

monophosphate (muscle), adenosine diphosphate and d-glycerophosphate. 

DISCUSSION 

The findings reported here denonstrute that mitoohondrla scparnted 

from Yoshida Sarooma cells coutain an ATPase firmly bound to particles, 

which is stimulated by en++. This enzyme is presumably In conbination 

with a phospholipid oomponent whose integrity is essential for Its aoti- 

vity. These properties could explain the inactivation brought about by 

small amounts of phospholipase A and also its soluhility in n-butanol. 

A similar enzyme was detected in rot hcpafomas ioduced by feeding dinethyl- 

aninoazobenzene as well as in a spontaneous mammary tumour from clba(Dnr) 
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ttlice. A phospholipid-dependent ATPase that was Mgag+t activated has been 

dcsoribed by Uelley and LIeyerhof (1950) In musole homogenate preparations. 

ln contrast, mitoohondria separated from normal rat liver, kidney and brain, 

as well cs heart saroosoues failed to show the presenoe of Ca+z stimulated 

ATPase. Xg+z activated ATPase of the type desoribed by Klelley and Iiielley 

(1953) is apparently present in both normal and tumour mitoohondria. Ear- 

llcr studies on ATPases of normal and tumour tissues have Indicated certain 

differenoes. Novilcoff et al (1951) working with homogenates observed that -- 

the ATPase in tumour oould be aotivated by I&++ and Ca++ whereas in normal 

tissues only hIg’+ were effeotive. These observations can well be explained 

on the basis of the mltochondrfal ATPases described here. 

REPBRENCES 

Aravindakshan,I., and Draganoa,B,II., Gioc11ou.J. (in press) 

Basford,R.E. ,and Greon,D.E., Biochem. Biophys. -4ota 33, l.85 (1959) 

Chenoe, B. and Villiams,G.R,, Advances in Erxaymol. I‘& 65 (ig56) 

Green, D.E.,and Lsster,R.L., Pederntion Proc. l.O, 987 (1959) 

Klelley,B.U., and Kielley,R.K., J.Biol.Chem, E, 213 (1953) 

IUelley,W.%. , and bleyerhof ,O. , J.Blol. Chem. I& 391 (1950) 

EloKee ,ll.!l., Lonberg-IIolm,K., and Jehl, J., Cancer Researoh Q,537 (1953) 

Novikoff ,A.B., Podber,E. and Ryan,J., Cancer Resenroh 2, 273 (1351) 

Potter,Y.R., Sielcevitz, P. and Slmonson,ILC., J.Clol.Chem. %,893(1953) 

Schneider ,D.C., J.Blol.Cheh. I& 259 (1348) 

Suzuki ,T., Irvanaga,S., and I<awaohi,S., Yakuguku Zasshi. &568 (1358) 

488 


