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Suamary: A fracth~n was Isolated fmm human red C811S capable 

of decreasing Ca -stimulated with a parallel inCmfIS8 Of Mg2+ 

-stimulated ATPase. This fraction ~88118 to produce fin increase 

of the apparent affinity for Ca2+. But, when the fraction 
concentmtion was increased, there was a decrement of Ca2+- 
stimulated ATPase up to the point of COmpl8t8 abolishment. 

At this point, Mgg+-stimulated ATPase reached the initial 
level of the &2+-8timUlat8d ATPasa. 

Introduction: A Ca2+ dependent r8gUl8tOr protein (Calmodulin) 

has b88n characterized (1). This thermostable, acidic protein 

has a molecular Weight of about 17,000 daltons and binds Ca 
2+ 

with high affinity. Calmodulin increases the Ca 2+-stimulat8d 

ATPase activity of erythmcyte ghosts above the level achieved 

with addition of Ca 
2+ 

alone. The active form of this ATPase 

appears to be an enzyme-calmodulin complex. The COmpl8X 

formation is dependent on Ca 2+ which binds to calmodulin 

allowing its Interaction with the eWye8 (2). Wallace 8t al 

(3) described in bovine brain, and Sarkadi et al (4) In red 

cells a heat labile protein fraction that antagonized calmodulln 

activation. On the other hand, Mauldln and Raufogalls (5) 

/Ybbrevlations: Total ATPase: ATPase activity measured in the 

presence of Mg 
2+ 

and Ca 
2+ 

activity measured 
. 5 

2+ 
-stimulated ATPase: ATPase 

in the presence of Mg2+ and ESTA. Ca’+- 

stimulated ATPaae: Activity remaining after subtmcting the 

Mgg+-stimulated activity from the total activity. 
en8 glycol bis (S-aminoethyl ether)-N-N*-tetmacetic acid. 
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described the isolation of an activator of Ca2+-stimulated 

ATPase from red cell membranes apparently different fmm 

celmodulin with e molecular weight of 63,000 daltons. 

All these proteins act on the Ca 
2+ 

-stimulated ATPase 

without any effect on the &J 2+-stimulated ATPase activity (l- 

5). We present, in thia communication, evidence of a factor 

capable of decreasing Ce 
2+ -stimulated ATPase with e parallel 

increment in the Mg2+ -stimulated ATPase from human red cells. 

we called it TBM (thermostable modifier). 

Materiels end Methods: 

Human red cells packed in acid-citrate-dextrose were 

supplied by a blood bank. The red cells were weshed thrice in 

2-3 volumes of cold 155 aM Tris-HCl pH 8 (5%) end white cells 
were removed by aspiration. The erythmcytes were lysed in 10 
volumes of 15 mM Tris-HCl pH 6 (5%) containing 1 nM EGTA. The 

suspension was kept et Cl-5OC for 20 min end then C8ntrifug8d 

at 20,000 x g for 10 min. The supematent was saved to obtain 

the modifier. The pellet was washed in the seme buffer to 

remove visible traces of hemoglobin, fractionated end frozen 
at -40%. The membranes were frozen and thawed once befor use. 
ATPase assay: The incubation mixture contained (2 mL): 40 mM 
Tris-HCl, 100 mM NaCl, 0.1 mM ouebein pH 8 (37%) ; 0.4-O .6mg 

protein as the source of enzyme; 2 mY ATP?da2; 3 mM MgCl2; end 

0.1 mM EGTA. The mixture was incubated for 30 min at 37OC. The 

reaction was stopped by adding either sodium dodecyl sulfate 
to a final concentration of 0.35$ (6) or 0.1 ml of cold lOoq6 
trichloroecetic acid. The released inorganic phosphate (Pi) 

wes measured according to Fidre-Bubbemw (7). Protein was 
measured according to Lowry 8t al (6). All essays were by 
duplicate and individual experiences we18 repeated four times. 

Various controls were made to discover possible alterations 

produced by the heated-henolysete when it was added in the 

aesey mixture: a) To evoid any effect upon the ionic Strength, 

NaCl (100 mM) was included in the assay mixture; although 
similer results were obteined in its absence. b) To discard 

any contamination by Ca2+, 

tried; but the Mg2+ 

EGTA concentretions up to 5 mM were 

-stimulated ATPase activity was the seme as 
in the presence of 0.1 mY EGTA. c) To ~~18 out the possibility 

that the observed effects were derived fmm changes on the 

density of the assay mixture, sucrose or Tris-HCl instead of 
the heeted-hemolysate were added in the essay mixture, In all 
cases the results were the same as the controls in which only 
water was edded. 

Preparation of the thermostable modifier (TSM): The supematant 

from the hemolysis (see above) was dialysed for 1 week against 
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I 
0 2 

mM Mg 

Fig: Effect of various mncentratlons of &J 2+ 
on Mg 

2+ 
- 

stimulated ATPase actlvlty In the presence (a) and in the 
absence (b) of 0.4 ml (0.4 mg protein) of the heated-h-- 
lysate. Experimental conditions were as described in 
Materials and Methods, except that MgC12 was added to the 
reaction mixture as indicated. Similar results wera obtained 
in four experiments. 

distIlLed water. This dielyaed hemolysate had no activating 

effect on Da*+-stimulated ATPase. Then, it was heated to SS°C 
and efter 1 min the solution was cooled in en Ice slurry. The 

coagulated proteins were removed by centrlfugetion at 15,000 
x g for 30 min. The supemetent was used as the Tm without 

further purification (aheated-hemolysatea). 
Molecular weight determination: An aliouot of 2 ml (10 mg 
protein) of the heated-hemolysete was applied to a Sephadex 6- 
50 column (1.3 x SO cm) equlllbreted with 10 mM Tris-HCl pH 8 

(2OOC) containing 30 uM @Cl2; 10 uu sercaptoethanol; 1 U NnCl 
O.OOlqb Trlton X-100 and 3 a CnC12. The colusm was washed with 

the same buffer. Fractions of 2 ml/h were collected and monltof 

ed for the presence of the modifier. The column wes calibrated 
using proteins of known molecular weight. 

Acrylanide se1 electmphoresis: Msk electmphoresls was carri_ 
ed out as described by Davies (9). 

Msterlels: Trls, UiTA, ouabain , ATPNa2 (vanadate-free) , MgC12, 

were from Signe Cheaicel Co., St.l!ouls, MO ,USA. All other salts 
were analytical-reagent grade. 

Results: 
Fig 1 shows the activity of #J *+-stimulated ATPese 

against tdg 
2+ 

concentrations. The presence of the heated- 



Vol. 99, No. 3, 1981 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Fig: Ca*+-stimulated ATPase activity at different Ce 2+ 

concentrations in the presence (a) end in the absence (b) 
of 0.4 ml of the heated-hemolysate. Experimental conditions 
were as described in Material and Methods except thet CeC12 
was added to the reaction mixture as indicated. Similar 
results were obtained in four experfments. 

h8molyaate Increased the hydrolytic activity both at saturating 

and non-saturating #Cl2 concentrations. 

Fig 2 shows the effect of the heated-hemolysate on 

the Ca2+-stimulated ATPase activity at different Ca 
2+ 

concentrations. In the presence of tha TSM ths enzym8 reached 

saturation at lower Ca 2+ 
concentrations and had a lower VAax 

than a control. Thus, the T9M seems to produce an increase of 

the apparent affinity for Ca 
2+ 

. 

The TSU has different 8ff8CtS on the Mg 
2+ 

-stimulated 

and C8 
2+ -stimulated ATPase activities (Fig 3). When the heatad 

hamolysate concentration was increased, there was an increment 

in the M9 
2+ 

-atiaulatad activity and a parallel decrease of tha 

ce2+ -stimulated activity. The activation by Ca 
2+ 

was completely 

abolished at 0.9 ml of the heated-huolyaate (0.9 ml COrr8SpOndS 

to 0 l 9 mg protein) ‘ 

When the heated-haeolysate was passed throrrgh a 

68phadex 6-z column the TSM was eluted in the void volume. 

The molecular weight determination was made In a Sephadex GSO 

column calibrated with proteins of known mol8Cular weights 
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[ml, 

Heated - hemolysate 

w3: Effect of the TSN concentration on ATPese activities 

in the presence of Ca2+ and htg’+ . Experimental conditions 

were es indicated In Materials and Methods, except that 

heated-hsmolysate was added as indicated. Total, total ATPase; 

m, w2+ -stimulated ATPase ; Cs, Ca2+-stimulated ATPass. 

(Fig 4A). An apparent molecular weight of 6,200 daltons was 

found (Fig 4E). The fractions with the highest ability to 

increase Mg 2+ 
-stimulated ATPase activity were pooled. These 

aliquots showed the presence of proteins (by Lowry and A2Go). 

Polyacrylamide gel electrophoresis of the peak from the 

Sephadex G-60 column gave a single bend that was stained 

with e&do black, 

Oiscussion : 

The preliminary determj.nation of the TSg molecular 

weight showed a value that differed Prom caltnodulln and 

the Ca2+ -stimulated ATPase activator reported by Mauldin and 

fmufogelis (5). The cell free hamolysate had calmodulin 

activity, but it was lost after the dialysis for one week. 

The possibility cannot be ruled out that the TSM could be 

either a portion of celmodulin or enother molecule produced 

by the manipulation of the hemolysate. 

Goe et al. (10) demonstrated that palmitoleic acid is 

a factor capable of converting Ca 
2+ -stimulated into Mg 

2+ 
- 
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-4: A) Gephadex G-GO column chromatography of the TGM. 

Heated-hemolysate (10 ng protein) was applied to the column. 

It was run at NIOW temperature. The I&*+-stimulated activity 

was measured es described In Materials and Methoda, except 

that 0.2 ml of the eluate from the column wes added to the 

roact,ion mixture. k@ *+-stimulated ATPase activity without 

addition of the eluate was 0.2 urn01 Pi/h/q protein. B) 

Estimation of molecular weight of the TGM. The Gephadex G-50 

column was calibrated with a)Trypsln (Mr:23,5OfJ), b)Pmtease 

(Mr: 20,000), c) RNase (Yr: 13,500), d) Cytochmae C (Ur: 

11.~0) 8 end e) Insulin (Yr:S,MO). Kav Is defined as the 

ratio of (Ve-Vo)/(Vt-Vo) where Ve is the elution volume of 
the sample, Vo the void volume, and Vt the total volume of 
the column. The void volume was determined using blue dextran. 

stimulated ATPase present in Rhodospirillum rubrun chmma- 

tophores. Slmllarly, Walter and Hasselbach (11) showed that 

sarcoplesmlc reticulum ATPase delipldated with Triton X-100 

exhibits a low activity dependent on Mg 2+ alone. This Ca 2+ - 

independent AfPese can be activated to the level of the Ca 2.4 

stimulated ATPass by both unsaturated and ssturated fatty 

acids, by anionic phospholipids and various synthetic lipids. 

This communication shows that the presence of TSY raises the 
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Ml 
2+ -stimulated activity with a parallel decrease of the Ca 

2+ 
- 

stimulated activity. When the activation by Ca 
2+ 

was completely 

abolished the & 
2+ 

-stimwlated ATPase reached the initial level 

of the Ca 
2+ -stimulated A71Pase. The lower activity of Ca2+- 

stimulated ATPase is not pmduced by a lower apparent affinity 

of the enzyme for Ca 
7+ since the presence of the TSM increase 

it (Fig 2). 

These results could suggest that TSM has the capability 

of converting Ca 
2+ 

-stimulated into @ 
2+ -stimulated ATPase. But 

this affirmation needs the support of more evidence. Studies 

upon this aspect are in progress. On the other hand, it can- 

not affirm that the TSM is a normal component of the erythrocyte 

or aome molecule produced by the treatments of the hemolysate. 

However, in both cases, the TSM could be a good tool to study 

the relation between Mg 2’-stimulated and Ca2+ -stimulated 

ATPesa. 
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