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Incubation of cardiac sarcoplasmic reticulum (SRI In the presence of S- 
adenosyl-L-methlonlne, a methyl donor s?r the enzymatic N-methylatlon of 
phosphatldyIethano&mine, increased Ca -stimulated ATPase activity. 
The Increase In 
affinity for Ca21a 

-ATPase activity was not due to changes in the 
and was prevented by methyl acetimidate, an Inhibitor 

of phospholipld N-methylation. The results28uggest a possible regulatory 
role of phospholipid N-methylation in SR Ca -pump mechanism. 0 1985 Academic 

Press, Inc. 

The critical dependence of cardiac function on Ca 
2t 

is now well known 

and the sarcoplasmic reticulum (SR) is consldered to play an Important role 

In modu I at Ing both Cazt release and Ca2+ uptake actlvltles in the myocardlum 

(1). The act Ive transport of Ca2+ in SR Is primarily achieved by Ca 2+- 

st i mu I ated Mg 2+ dependent ATPase (Ca2+ -ATPaseI which is embedded in an annulus 

of phospholipids (2). Although the effects of phosphollplds on the ATPase 

activity and Cazt transport are related to their apolar character for providlng 

hydrophobic envlronment (21, the specifity of any given phosphollpld In the 

function of Ca 2t-pump has not been fully elucidated. Recently, the synthesis 

of phosphatldylcholine (PC) by methylatlon of the amlno moiety of phosphatldyl- 

ethanolamlne (PE) has been implicated In the regulation of several membrane- 

related events (3,4). We have ldentlfled three methyltransferase active sites 

which convert PE to PC in cardiac subcellular membranes In a step-wlse manner 

(5-7). The N-methylatlon of phosphollplds has been shown to enhance Ca 
2t fluxes 

In the erythrocyte (8) and kldney cortex basolateral membranes (9). In the 

1 To whom the reprint requests should be addressed. 

0006-291X/85 $1.50 
Copyright 0 1985 by Academic Press, 1~. 
Afi rights qf reproduction in any Jiwm reserved. 472 



Vol. 130, No. 1, 1985 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

present study, we report the effects of phosphollpld N-methylation on the Ca 2+- 

ATPase activity In purified cardiac SR membranes. 

IAIS AND METHODS 

Cardiac microsomes containing predominantly SR vesicles were isolated by 
differential centrifugatlon according to the method described earlier (IO). 
The final pellet was washed twice and suspended in 0.25 M sucrose, 20 mM 
Tris-HCI (pH 6.8). The SR preparation was examined by electron microscopy, 
as well as for different marker enzymes (IO) and it was found to possess 
minimal contamination by other subcellular organelles. Cardiac SR membranes 
(30 US/ml) were prelncubated at 37'C in a medium containing 100 mM KCI, 5 mM 
MgCl and 20 mM Tris-HCI (pH 6.8) with varying concen$&atlon$+of S-adegqsyl-L- 
meth onlne 3 (AdoMet) for IO min and then the total (Mg + Ca ) and Mg 
ATPase activities were determined for 5 min by measyqing the hydrolysis of ATP 
(5,t~M) In the presence and absence of IO ~.IM free Ca , respectively. Free 
Ca concentration was maintained by the addition of ethylen~+glycol-bls-(B- 
aminoethylether)- N, NV-tetraacetate (EGTA), and the free Ca 
present were calculated as described previously (IO). When Mg 

2$oncentratlons 

measured 0.2 mM EGTA was also added In the incubation medium, 
ATPa3$ was 

The Ca -31 lmulated 
ATPase activity reported here is the difference between the total and Mg 
ATF'ase activities. 

Assay of phosphollpid N-methylation was carried out at 37'C in an 
Incubation medium similar to that used for ATPase assay. Both ATP agd Ca 

2+ 

were included in the medium. The reaction was Initiated by adding [ H]-AdoMet 
and terminated IO mln later with the addition of 3 ml of chloroform:methanol: 
2 N HCI (6:3:1, by3voI) followed by 2 ml of 0.1 M KCI in 50% methanol. The 
incorporation of [ H] methyl groups into SR membrane was m?asured as described 

previously (5,6). To fractlonate and quantitate various [ H] methyl-labelled 
phospholiplds of the membrane, chromatogram on silica gel 60 F-254 was run 
at a room temperature In a solvent system containing propionic acid : n-propyl 
alcohol : chloroform : water (2:2:l:I, by vol). Appropriate standards 
(phosphatidylcholine, monomethyl-, dimethyl- and phosphatidylethanolamlne) 
were run concomitantly. The lipid spots were visualized by exposure to lodlne 
vapours, scraped and radloactlvlty counted. Corrections were made for the 
quenching due to silica gel, in all the data shown here. Radioactivity recovered 
from the thin layer plate accounted for approximately 80% of the total 
radioactivity present in the chloroform phase. 

S-adenosyl-L-methionine was purified by ion-exchange chromatography as 
described earlier (5,6). Results were expressed as the mean + S.E. 
Statistical analysis was carried out by Student's t test and a P level less 
than 0.05 was taken to reflect a significant difference between control and 
experimental values. 

RESUlT$ 

To determine whether phospholipld N-methylatlon alters Ca 2+ -ATPase 

activity, SR membranes obtained from rat heart were preincubated for IO min 

at 37'C, pH 6.8, with varying concentrations of S-adenosyl-L-methlonine 

(AdoMet; 0.1, IO and 150 PM). These three concentrations of AdoMet were 

selected because we have found (5-7) that three catalytic sites for methyl- 

transferase operate at these concentrations. Table 1 shows that Cazt-ATPase 

activity was enhanced by 22% and 58% by IO and 150 UM AdoMet, respectively; 
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Table 1. Effect of varylng concentrations of the methyl donor S-adenosyl-L-methionlne 
(AdcMet) on ATPase actlvltles and phosphollpld N-methylatlon In the rat heart 

sarcoplasmlc reticulum (SRI 

Mg*+ ATPase Ca*+ -stimulated C3H1 Methyl lncorporatlon 
AdoMet ATPase (pmol/mg proteln/l5 mln) 

(PM) 
(nmol Pl/mg protein/5 mln) Total PMME PDME PC 

0 10840 + 750 II50 .t 100 

0.1 11286 It 584 1050 + 170 0.41 + 0.02 0.19 + 0.01 0.08 + 0.003 0.07 + 0.001 

10 10854 lr. 888 1406 + 140 3.6 2 0.03 0.61 2 0.03 1.4 + 0.09 0.92 + 0.06 

150 10952 rt 804 I812 2 250* 14.8 + 0.16 2.6 + 0.43 3.1 + 0.60 6.1 + 0.31 

Assays were carried out as described under Materials and Methods. Each value 
represents mean + S.E. of four experiments done in triplicate. *P < 0.05.PMME: 
Phosphatidyl N-m%omethylethanolamine; PDME: Phosphatidyl-N, N-dimethylethanolamine; 
PC: Phosphatidylcholine. 

however, Mg2+ ATPase activity remained unaltered fnspfte of the increased 

phosphollpid methylatlon of cardiac SR membranes. The ATP-supported Ca 
2+ 

uptake activity of SR In the presence of 5 mM oxalate (IO) was increased 

by about 45% upon methylatfon wfth 150 uM AdoMet (data not shown). The actfva- 

tfon of Ca2+-ATPase dfd not appear to be species dependent since about 50% 

stlmulatfon of thfs enzyme actfvfty was evfdent when SR membranes from 

canfne heart were prefncubated for 3 mfn with (5215 nmol Pf/mg/5 min) or 

without (3524 nmol Pl/mg/S mln) 150 PM AdoMet. The maxlmal stimulation 

of Ca2+ -ATPase took place at a concentration of AdoMet that synthesized PC 

and comparatively smaller amounts of intermediate products such as monomethyl-, 

and dlmethyl-phosphatldyl 

The effect of methyl 

methylation that blocks t 

ethanolamlne (Table 1). 

acetimldate, a speclflc Inhlbitor of phosphollpld N- 

he amlno group of PE molecule (II), was examined on 

cardiac SR ATPase actlvlty. Membranes were prefncubated with 150 PM AdoMet 

after methyl acetimidate pretreatment and the results are shown in Fig. I. 

Methyl acetfmldate markedly reduced phosphollpld N-methylatlon and prevented 

the AdoMet-fnduced Increase in Ca 2-l. -ATPase activity. Similar results were 

obtafned wfth S-adenosyt-L-homocystefne, another inhibitor of phospholipid N- 

methylatfon (5,6). 
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Inhibition of Ca’t-ATPase activation by methyl 
acetlmldate hydrochloride. Cardiac SF? membranes 
were dncubated with methyl acetlmldate (8 mg/mg protein) 
at 37 C for I5 min. The treated vesicles were 
centrifuged at 40,000 g for 45 mln, resuspended 
In 0.22,M sucrose, 20 mM Trls-HCI (pH 6.8) and used 
for Ca -ATPase and phosphollpid N-methylation assays 
as described In Table I. Control membranes follow 
the same protocol without methyl acetimidate and 
AdoMet treatment. 

Effect of varying Cazt concentrat Ions on Cazt-ATPase 
with or without AdoMet. The double reciprocal plots 
Indicate that the apparent K value (I.4 ~JM) for 
control (01 and membranes meahylated by IO uM (01 or 
150 pM (A) AdoMet does not change, although Vmax values 
greatly differ. Vmax values are 1220, 1480 and 2060 
nmol Pl/mg/5 mln for control, IO UM and 150 UM AdoMet, 
respectively. 

In order to determlne If the observed increase In SR Ca’+-ATPase 

vlty was accompanied by changes In the affinity for Ca 2+ , the ATPase activity 

measured at different concentrations of free Ca 2+ (IO” - IO-*MI following 

ncubation with IO or 150 uM AdoMet (Fig. 2). The double reciprocal 

plot of the data showed that the afflnlty for Ca 2+ 
(Ka=l.4 vM) was unaltered by 

the phosphollpld methylation occurring at IO and 150 uM AdoMet and the increased 

activity of Ca2+ -ATPase was due to changes in the maximal rate of react Ion 

(Vmax). 

DISCUSS ION 

Membrane phosphorylation by CAMP-dependent protein kinase and calmodulin- 

dependent protein kinase has now been well documented to stimulate Cazt-ATPase and 
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Ca2t-uptake activities in cardiac SR (12-14). It has also been shown that 

membrane phosphorylatlon by phospholipld-dependent protein kinase (kinase C) is 

associated with the stimulation of Ca 2t-pump mechanism (15,161. In the present 

study membrane phosphollpid N-methylation was found capable of Increasing Ca 2+- 

ATPase activity and this suggests the activation of Ca 2+ transport across the 

SR membrane. In fact, our preliminary observations regarding the stimulatory 

effect of AdoMet on SR Ca 2+ 
uptake support this view. Although the mechanism by 

which phospholipid N-methylation enhances ATPase activity is not known at 

present, our results are consistent with the observations of other investigators 

(17) that the SR enzyme activity In the presence of PC is higher in comparison 

to that In the presence of PE. Recently, Boyle et al. (18) have reported the 

effect of JJ riyn changes in phospholipid composition on the func-tlon of Iipid- 

dependent liver microsomal enzymes, Furthermore, both Ca2t transport and Ca2t- 

ATPase activities were significantly altered in mice which were maintained on 

a choline deficient diet and treated with methylation inhibitors. All these 

data suggest that Ca2+ transport system in different tissues including heart 

is highly sensitive to the phospholipid composition of the microsomal membrane 

in which it is embedded. 

The possible interactions of different protein kinases and phospho- 

lipid methyltransferases in the membrane can be seen to be intimately 

involved In the regulation of Ca 
2+ transport system. In this regard there is 

evidence indicating a cyclic AMP-dependent mechanism for the activation of 

phospholipid N-methylation in rat hepatocytes and Leydig cells (19,20). On the 

other hand, cholera toxin and NaF, which increased the activity of adenylate 

cyclase without the involvement of the b-adrenergic receptor, had no effect on 

phosphollpid methylation (21). Hence, the effect of CAMP on phospholipld 

methylation seems controversial and extenslve studies are required to make 

any meaningful conclusions. In addition, the regulation of phospholipid 

N-methylation by Ca't appears to be mediated by calmodulin dependent protein 

kinase in rat Ilver microsomes (22). 
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In view of a close relationship between SR Ca 
2+ transport activity and 

muscle relaxation, the observed augmentation in SR Ca 
2+ -ATPase activity by 

phosphollpld N-methylatlon can be seen to enhance the rate of cardiac relaxation. 

The slgnficance of this finding Is evident from the fact that catecholamlnes, 

which are known to Increase SR Ca 
2-f 

transport activity and shorten the 

dlastole (1) have also been reported to stimulate membrane phosphollpld N- 

methylation in myocardium (23). Likewise, stlmulatlon of SR Cazt transport (24) 

and augmentation of membrane phospholipid N-methylatlon (25) have been observed 

in early stages of myocardial hypertrophy which are associated with heart hyper- 

function (26). A depression in membrane phospholipid N-methylatlon (61, a 

decrease In SR Cazt transport and the inability of cardiac muscle to relax (IO) 

have been observed In diabetic cardiomyopathy. These findings suggest that 

membrane phosphollpld N-methylatlon may play an important role In the regulation 

of membrane Cazt transport and cardiac function under physlologlcal and patho- 

physiological conditions. 
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