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Compound 48 /80  (48/80), a mixture of polycationic compounds was fractionated using affinity chromatography on 
calmodulin-Sepharose. Uafractionated 48 /80  and various fractions were tested for their potential inhibitory effects on 
ATPase activities of isolated human red blood cell membranes. ATPase activities tested included: Mg2+-ATPase, the 
Na+/K +pump ATPase, and the Ca2 +pump ATPase in both its basal (calmodulin-independent) and calmodulin-actiwted 
state. Neither 48 /80  nor its various fractions were very potent or efficacious inhibitors of the MgZ+-ATPase or the 
Na+/K+-pump ATPase. In agreement with previous relmrt& 4 8 / 8 0  was found to be an inhibitor of the calmodulin- 
activated CaZ+-pump ATPase. By contrast, we found that unfraetiouated, as well as some fractionatLd, material 
inhibited both the basal (calmodulin-independent) and calmodulin-acttvated CaZ+-pump ATPase activity. A fraction 
designated as Fraction III bound to calmodtdin-Sepharose in the presence of Ca 2 + and low salt and was eluted in the 
absence of Ca 2+ and 0.15 M NaCi, By gel filtration, Fraction III had an apparent average molecular weight of 2064 
(1320 for unfractionated material). Fraction 111 was the most potent inhibitor of the CaZ+-pmnp ATPase with IC~o 
values for the basal and catmodulin-activated forms of the enzyme of 0.6 and 1.2 pg/mi,  respectively. Inhibition by 
Fraction II1 was cooperative with n apparent values of 2.4 and 5.7, respectively, for the basal and calmodulin-activated 
forms of the enzyme. Thus, binding of 4 8 / 8 0  constituents to calmodulin can not fully account for the obs,~rved data. 
Direct interact|op of 48 /80  constituent(s) with the enzyme and/or the lipid portion of the membrane is suggested. 

introduct;mJ 

AS early as the first definitive description of the 
plasma membrane Ca 2 + pump of the human red blood 
cell [1] it wa noted that tltere was a need for a potent 
specific in~bi,.or. Recently, Gietzen et al. [21 reported 
that compound 48/80 (48/80~., a mixture of polvca- 
tionic 0olym:ric compounds, is a potent and selective 
inhibitor of the calmodulin-activated form of the Ca 2 +- 
pum. p ATPa, e in isolated red blood cell membranes. 
However, the data of Gieizen et al. [2], and preliminary 
data oi..tained in our laboratory, i3l reveal inhibition of 
other ATFa:,x activities. Considering the heterogeneous 
nature of 4"/,80, we reasoned that a more selective 
antagonist ot calmodulin activation of the Ca:'+-pump 
ATPase wo~:td be obtained by calmodulin affinity chro- 
matography. We achieved fractionation of 48/80 on 
calmodulin-Sepharose, but were surprised to find that 
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the material which we predicted to be the most selective 
antagonist of calmodulin (that which binds to calmodu- 
lin in a Ca2-'-dependent manner) was instead a l:otent 
and selective inhibitor of both the calmcdulin-activated 
and basal ferms of the CaZ+-pump ATPase. A report of 
some of our preliminary results has been presell~ed [3]. 

Materials and Methods 

Compound 48/80 (lot Nos. 45F-001L I14F-0523 
and 886-0257), the peptides (molec~,lar weights in 
parentheses) angiotensin II (1049). [Ar-_,.S}vasopressin 
(1084), angiotensin I (1296), bacitracin (1411), colistin 
(1750), insulin chain A (2530), arA other chexmcals of 
reagent grade were purchased from Sigma Chemical Co 
(St. Louis, MO, U.S.A.). Water used was qua rtz distilled 
and de-ionized. All other chemicals were of reagent 
grade. 

Calmodu!in was purified was de:~zribed by Raess and 
Vincenzi [4]. Calmoduiin-Sepharose-4B (calmodutin = I 
mg/ml  gel) was prepared according to Klee et aJ. [5]. 
Compound 48/80 was fractionated by affimty chro- 
matography on the calmodt, lin-Sepharose. A column 

0005-2736/89/$03.50 O ~'J89 Elsevier Science Pubfishers BN, (Biomedical Division) 



338 

(1.5 x 15 cm) was equilibrated with 20 mM morpholine- 
propanesulfonic acid (Mops) buffer (pH 7.1) containing 
0.2 mM CaCI 2- 10 mg of 48/80 dissolved in equilibrat- 
ing buffer were applied to the column. Fractions of 
48/80 were eluted stepwise in a minimum of three bed 
volumes of buffer with and without added salt and 
ethylene glycol bis(B-arn/noethyl ether)-N,N,N', N'-te- 
traacetic acid (EGTA) at a flow rate of 1.3 ml/min in 5 
ml collections. Fraction 1 was defined as material not 
bound to the column and eluted with buffer containing 
0.2 mM CaCI 2. Fraction II elmer with 0.15 M NaCI 
and 0.2 mM Ca z+. Fractions III, IV, and V eluted with 
; .0 mM EGTA and 0.15, 0.5 and 1.0 M NaCI, respec- 
tively. The fractions of 48/80 were concentrated by 
lyophilization and were desalt-~d by gel filtration through 
Sephadex G-10 prior to suspension in 10 mM Mops 
(pH 7.1). Osmolarity of solutions was measured by 
vapor pressure osmometry (Wescor 5100C). Absorbance 
at 280 nm (6.7 A = 1 mg/ml) was used to determine 
48/80 concentrations. Chromaticity of 48/80 was inde- 
pendent of pH between 6.7 and 7.5 and was assumed to 
be constant for all fractions. 

The apparent average molecular weights of unfrac- 
tionated 48/80 and of various fractions of 48/80 were 
determined by gel filtration Peptides were used to 
calibrate the column. Void and total bed volumes of the 
column were determined with myoglobin and sodium 
azide, respectivdy. Samples of 48/80 (0.25-0.5 mg) or 
peptides (0.5-2.5 rag) in 0.5 ml of eluant were applied 
to a Sephadex G-25 (150 medium) column (1.0 x 45 
cm). The elution buffer contained 0.02 M acetic acid 
buffe[ adjusted to pH 3.2 with HC! in 20% glycerol. The 
flow rate was 1 ml/min and 0.6 ml fractions were 
collected. Elution profiles of 48/80 and peptides were 
monitored at 280 rim. 

The average degree of polymerization of un- 
fractionated and fractionated 48/80 was estimated from 
the formula: 

n = (( M -422)/178)  + 2 

where n is the polymer number of the 48/80 sample 
(nearest whole integer). This calculation assumes that 
terminal monomers were comprised of -CH2OH with a 
molecular weight of 204 and -CHO2H of 218. It further 
assumes internal monomeric units of 178 molecular 
weight [6]. 

Calmodulin-deficient red blood cell membranes were 
prepared from ou:dated red blood cells F.y the method 
of Farrance and Vincenzi [7] with the modification that 
EGTA (0.5 mM) was included in the 20 mM imidazole 
buffet (pH 7.4) during hemolysis and the first wash. 
Activities of Mg2+-ATPase, Na+/K+-pump ATPase 
(measured as ouabain-inhibitable (Na ÷ + K ~ + Mg 2 +)- 
ATPase), and Ca2+-pump ATPase (measuced as (Ca ~'+ 
+ Mg2+)-ATPase) were assayed in the presence of vari- 

ous concentrations of unfi'actionated and fractionated 
48.80 by the method of Raess and Vincenzi [8] with 
minor modifications, as noted. A~savs contained in a 
final volume of 0.5 mh membrane protein (25-50/~g), 
histidine (18 raM), imidazole (18 raM) buffer (pH 7.1), 
MgC! 2 (3 mM), NaCI (80 mM). KCI (15 mM) EGTA 
(0.1 raM), and ATP (3 mM) with or without CaCI2 (0.2 
raM, provides free Ca z+ of approx. 1,~ -5 M), ouabain 
(0.1 raM) and calmodulin (30 nM), as appropriate. The 
plasma membranes were diluted 1 : 10 in either water or 
0.1 mg saponin/ml in water and held at 4C for 15 rain 
prior to use. The reaction mixture with membranes was 
preincubated at 37°C for 10 rain in the presence of 
48/80 and then for an additional 10 min in the presence 
or absence of calmodulin prior to the addition of ATP. 
After 60 min at 37 °C, the reaction was terminated by 
addition of 0 25 ml of 5% SDS and inorganic phosphate 
was measured [8]. Membrane protein was measured 
according to the method of Petersen [9] Using bovine 
serum albumin as the stand: Ld Cooperativity of inhibi- 
tion of the (Ca 2+ + Mg 2+) sfPase by Fraction iIl was 
estimated from the best fit 'inear slopes (n apparent, 
napp) of Hill plots between 10 and 90% inhibition. 

Results 

In ',he absence of 48/80, specif;c activities of 
(Mg 2 +)-ATPase and of basal and calmodulin-activated 
Ca2+-pump ATPase for a typical membrane prepara- 
tion were 4.4, 16.7 and 58.5 nmol inorganic 
phosphate/rain per mg membrane protein (nmol /min /  
mg), respectively (Fig. 1). Unfractionated 48/80  (lot 
No. 114F-0523) inhibited calmodulin-activated Ca z+- 
pump ATPase activity with an IC5, ~ of 9.8 /~g/ml. 
However, at this concentration, basal Cae+-pump 
ATPase activity was inhibited by 36%; and Mg 2+ 
ATPase activity by 32%. Inhibition of basal Ca2+-pump 
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Fig. I, Inhibition of ATPase activities by unfractionated compound 
48/80 (48/80). Semi-logarithmic plot of Mg z÷ (ll) and calmodulin- 
activated (r2) and basal {O) Ca2+-pump ATPase activities in the 
presence of various concentrations of 48/80. The results demonstrate 
the relatively selective inhibition of the calmodufin-activated ATPase 

by 48/80, as reported by Gietzen et al. [2], 



ATPase activity occurred mainly between 1 and 10 
/xg/ml 48.80. Above 10 ~ g / m l  the concentration-effect 
relationship became less steep and at 1000 /~g/ml in- 
hibition was 49~. Mg2+-ATPase and ( N a + +  K + +  
Mg:'+)-ATPase activities (data not shown) decreased 
steadily over the concentration range tested. The results 
demonstrate the relatively selective inhibition by un- 
fractionated 48 /80  of the calmodulin-activated Ca 2+- 
pump ATPase activity of isolated red blood cell mem- 
branes. However, there ws also inhibition of other 
ATPase activities. In particular, there was inhibition of 
basal Ca2+-pump ATPase activity between 1 and I0 
/~g/ml, and some inhibition of Mg2+-ATPase and 
N a + / K  ~-pump ATPase at these and higher concentra- 
tions. 

We observed minor batch to batch differences in 
potency of unfractionated 48/80  (data not shown), but 
all three batches tested gave qualitatively similar results. 
These data are similar to those of  Gietzen et al. (1983) 
[2] and were included to emphasize that 48 /80  inhibited 
more that just calmodulin activation of the Ca2+-pump 
ATPase and to provide results with unfractionated 
48 /80  to facilitate coral: , : s o n  with results obtained 
using fractionated 48/80.  

Fig. 2 is a typical elution profile of calrnodulin.Sep- 
harose fractionation of 48/80.  The fractions were de- 
fined as: (I) the flow through of 48 /80  in 20 mM Mops 
with 0.2 mM CaCI 2, (II) the fraction eluted upon the 
addition of 150 mM NaCI to the Ca 2 +-containing buffer, 
( i i i )  the fraction eluted in the presence of 1 mM EGTA 
without added CaCI 2 in 150 mM NaC1 buffer, (IV) the 
fraction eluted when NaCI was added to a concentra- 
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Fig. 2. Calmcdulin-Sepharese fractionation of 48/80. Data are plotted 
as the concentration of frac~'.ionated matenal as a function of fraction 
number. The inset shows Fraction III in more detail. Fraction 1 failed 
to bind to calmodulin-Sephaxose in the presence of 20 mM Mops 
buffer containing 0.2 mM CaCI 2. Fraction II was eluted by the 
addition of 150 mM NaCI. Fraction 111 was elutcd by the removal of 
CaC1 z, and the addition of l raM EGTA. Frac:.~on IV was eluted by 
increasing the NaCI concer tration to 500 raM, and Fraction Veluted 
by increasing tb,~ NaCI concentration to 1000 raM. In the typical 
experiment sho~n here, total recovery was 93~. The average rec~,,ery 
in five such fractionations was 91~ of the total and the average 
portion of recovered material was 57.5, 22.4, 3.1, 13.8 and 3.3% for 

Fractions I-V, respectively. 
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F i g .  3.  I n h i b i t i o n  o f  c a l m o d u l i n - a c t i v a t e d  ( A )  a n d  b a s a l  ( B )  C a  2÷-  

p u m p  ATPase by fractionated 48/80. Semi-logarithmic plot of 
calmodulin-activated ATPase activity in the presence of various con- 
centrations of Fractions 1 (13), I1 (0). III (n), IV (Q), and V (ll). The 
results demonstrate significant differences in the potency and efficacy 
of the various fractions, with Fraction I!I being the most potent. The 
results also demonstrate that fractionated 48/80 inhibited both forms 
of the enzyme more or less equally over a wide range of concentra- 

tions. 

tion of 0.5 M and (V) the fraction etuted when NaCI 
was added to a concentration of 1.0 M. When 5 mg of 
48/80  was added to the column the total amount of the 
fractions other than Fraction I, was reduced by half. 
This suggests that a 10 nag sample did not saturate the 
binding capacity of the column. 

Fig. 3 presents concentration-effect data for 
fractionated 48/80  acting upon the calmodulin activated 
and basal Ca 2 +-pump ATPase. The various fractions of 
48 /80  shnwcd differences from each other, and from 
unfractionated 48 /80  (Fig. 1), in inhibition of the 
ATDase activities. As expected, Fraction III prodt, ct:d 
complete inhibition of the calmodulin activated Ca :.+ 
pump ATPase. But in an unexpected result, Fractior ili  
also completely inhibited the basal Ca2+-pump ATPase, 
and Fractions IV and V also inhibited both the 
calmodulin activated and basal Ca2+-pump ATPase. 
With minor exceptions the respective fractions were 
more or less equipotent in inhibition of the calmodulin- 
activated and basal enzyme activities. Fractions IIi, IV, 
and V were up to ,~-fo°.d more potent than un- 
fractlonated 48/80  in inhibition of both calmoduhn- 
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Fig. 4. Inhibition of ATPase activities by Fraction I11. Semi-logarith- 
mic plot of MgZ+-ATPase (IlL Na+/K+-pump ATPas¢ (A) and 
calmodulin-activated (D) and basal ([2) Ca2*-pump ATPase activities 
in the presence of various ¢onc, cntrations of 48.80. The results demon- 
stratc relatively selective inhibition of the CaZ+-pump ATPase by 
Fraction Ill, both in its basal and calmodulin-activated states. The 
Mg 2 *-ATPase and Na +/K +-pump ATPase activities were resistant to 
inhibition by Fraction Ill. At low concentrations, Fraction It! pro- 
duced slight activation of the calmodulin-activated CaZ+-pump 

ATPase activity. 

activated and basal Ca2+-pump ATPase activities. By 
contrast, Fraction I1 was 8-fold less potent than un- 
fractionated 48/80. Fraction 1 was the least effective 
inhibitor. The results show that Fractions I and II 
produced only limited inhibition cf the enzyme over the 
range of concentrations tested. 

Considering the effectiveness of Fraction Ill on the 
calmoduSn-activated CaZ+-pump ATPase, specificity 
was tested by assaying all ATPases in the presence of 
various concentrations of Fraction III. As shown in Fig. 
4, Fraction IIl produced little or no inhibition of the 
MgZ+-ATPase or the Nz +/K+-pump ATl~ase. And, as 
already shown in Fig. 3, both th( basal and 
calmodulin-activated forms of the Ca2+-[ ump ATPase 
were completely inhibited. However, the concentration- 
effect relationship for calmodulin activated Ca2+-pump 
ATPase was more complex than that of r.he basal en- 
zyme. Between 0.1 and 0.5 #g /ml  the activity of 
calmodulin activated enzyme was slightly higher than 
drug free control. Maximal augmentation (17~) was 
observed at 0.3 #g/ml.  A decrease in basal enzyme 
activity occurred over the corresponding concentration 
range. Above 0.5 #g/ml,  both basal and cahnodulin- 
activated activities decreased precipitously. Fraction I". 
was approximately equipotent in inhibition of the two 
forms of the enzyme. Both basal and calmodulin- 
activated activities were inhibited essentially 1005[ at 10 
#g/ml.  At this concentration, inhibition of Mg 2+- 
ATPase was less than 896 and inhibition of N a + / K  +- 
pump ATPase was about 2056. 

As shown in Figs. 3 and 4, inhibition of ATPase 
activity by Fraction li t  occurred over a narrow con- 
centration range. Hill plots of inhibition data for both 
the basal and calmodulin-activated CaZ+-pump ATPase 
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Fig. 5. Hill plot of data shown in Fig. 4, for the calmodufin-activated 
(11) and basal (El) CaZ+-pump ATPase activities. Data points plotted 
here include only those for the 105~ to 90~ inhibition range. Hill slope 
values were obtained oy linear best fit to these data points. The 
apparent Hill coeflicients were 5.7 and 2.4 for the calmodulin-activated 

and ba:. l Ca z +-pump ATPa~c a,Aivities, respectively. 

, ctivities were prepared and are presented in Fig. 5. The 
ICs0 values taken from Hill plots of basal and calmodu- 
lin-induced activity were 0.52 and 0.82 pg/nd ,  respec- 
tively for the data shown in Fig. 4. Whether in the 
absence or presence of added calmodulin, the enzyme 
exmbited apparent positive cooperativity (n = 2.4 
without and 5.7 with added calmodulin) for inhibition 
by Fraction III. In a typical experiment, fractions which 
bound to calmodulin-Sepharose in a Ca 2+- and /or  
salt-dependent manner showed higher n~pp values (5.7, 
3.6, and 6.0, respectively, for Fractions IIl, IV, and V) 
than Fraction II (0.56) which did not bind, or unfrac- 
tionated 48/80 (0.59). 

It was of interest to learn some characteristics of the 
materials which had been separated by calmodulin-Sep- 
harose affinity chromatography, and which were potent 
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Fig. 6. Gel filtration determination of 48/80 molecular weight. Gel 
filtration on Sephadex G-25, :~s described in Methods. The peptide 
standards (ra) and two examples of 48/80 (11) are plotted here. The 
average apparent molecular wright of Fraction 11] was much higher 
than the average molecular weight of the unfractionated 48/80. 

Values lor all fractions are presented in Table I. 



TABLE I 

Apparent nlo,:eeular weights of fractionated 48,/89 

K a  v a M r  b n ¢ 

Unfractionatcd 0.165 1320 7 
Fraction I 0.593 1357 7 
Fraction I! 0.540 1452 8 
Fraction !11 0.265 2064 11 
Fraction IV 0.249 2106 12 
Fraction V 0.265 2064 11 

• Determined from gel filtration as shown in Fig, 6. 
b Apparent average molecular ¢'eight, 
c Apparent average polymer number. 

inhibitors of the CaZ+-pump ATPase Some fundamen- 
tal information is presented in Fig. 6 and in Table i. 
Fig. 6 shows an example of gel filtration data which 
were used to obtain estimates of the average molecular 
weights of unfractionated and fractionated 48/80. Un- 
fractionated 48/80 and Fractions l -V,  when chromato- 
graphed by gel filtration, eluted as single broad peaks 
(data not shown). Trailing beyond the bed volume was 
observed for each preparation in preliminary work, but 
for the results presented here this trailing was reduced 
in the. presence of 20~ glycerol. As shown in Fig. 6, the 
elution volume at peak height for unfractionated 48/80 
cor:esponded to an apparent average molecular weight 
of 1320. Likewise that of Fraction III corresponded to 
an apparent average molecular weight of 2064. Frac- 
tions I -V had apparent average molecular weights which 
ranged between 1357 and 2106 (filtration data not 
shown). Molecular weight data for all fractions and the 
unfractionated material are presented in Table i. From 
the apparent molecular weight of unfractionated 48/80, 
the average degree of polymerization (n) was estimated 
to be 7. While the precise chemical nature of the frac- 
tionated materials was not defined it is clear that the 
average molecular weigkts of the materials which were 
potent inhibitors of the Ca:+-pump ATPase were con- 
siderably higher than the average molecular weight of 
the unfractionated 48/80. 

Discussion 

A wide variety of ampt'ipathJc cationic compounds 
are able to exert anti-calmodulin effects in a var!ety of 
systems [10-12]. Anti-calmodulin agents act by binding 
to the calmodulin-(Ca:'+),, complex, through surface 
hydrophobicity [t3]. Thus, anti-calmoduliv agents are 
viewed as competing with the calmodulin binding pro- 
tein for binding to the activator and/or  by virtue of 
binding to the calmodulin-(Ca2+),, complex. 

Compound 48/80 is produced by reaction of 
ecuimolar concentrations of formaldehyde and p- 
methoxy-N-methylphenylethylamine [14]. This results in 
a mixture of compounds which are both hydrophobic 
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and polycationic. Thus, 48/80 appears to be a typical 
anti-caimodulin agent. It was suggested by Gietzen et 
al. [2] that 48/80 is more selective than other anti- 
calmodulin drugs (for example, trifluoperazine) because 
its polycationic nature limits its entry into the phos- 
pholipid phase of the membrane. Presumably, this also 
limits non-specific inhibition of the basal Ca2+-pump 
ATPase, and the Na +/K +-pump ATPase and the 
Mg2+-ATPase. While this view may be valid, the pre- 
sent data seem to cast the findings with 48/80 in a new 
light. 

In the present study, and a preliminary report of 
related work [3], unfractionated 48/80 was found to be 
a potent antagonist of calmodulin-activated Ca 2 +-pump 
ATPase and a partial inhibitor of other ATPases. We 
obtained several fractions of 48/80 which bound to 
calmodulin-Sepharose in a Cae+-dependent manner. 
These fractions, Fraction III, IV and V, were each more 
potent than unfractionated 48/80 in inhibiting the 
calmodulin-acti,,ated Ca2'-pump ATPase. However, in- 
stead of the predicted decrease in inhibition of basal 
Ca 2 +-pump ATPase activity, these fractions were potent 
and efficacious inhibitors of the presumably calmodu- 
lin-free basal enzyme. In further discussion we will 
consider mainly Fraction Ill, the most potent of these 
fractions. 

It seems unlikely that endogenous, or otherwise 
tightly bound calmodulin, could account for inhibition 
by Fraction III of the basal Ca2+-pump ATPase. Early 
work on calmodulin activation of the Ca2+-pump 
ATPase and transport demonstrated that membranes as 
we prepare them have very little ca!modulin [7,15] and 
that the basal activity of the Ca 2+ pump in the mem- 
brane is an inherent property of the enzyme entirely 
independent of calmodulin [16,17]. 

Adamczyk-Engelmann and Gietzen [18,19] reported 
calmodulin-Sepharose chromatography of 48/80 under 
similar conditions to yield a fraction, which bound in a 
Ca 2 +-dependent manner and which eluted in high salt. 
Their fraction so obtained was more potent in 
antagonizing calmodulin than was the unfractionated 
material. However, they did not report inhibition of 
basal Ca2+-pump ATPase activity by the same fraction. 
We have no explanation of our differing rebait. Pre- 
sumably, some subtle difference in methodologies re- 
sulted in a different fractionation of material in the two 
laboratories. Differing initial starting materials (which 
are obviously heterogeneous) could also be responsible, 
but we think that unlikely since we have obtained 
similar results with at least three different lot numbers 
of 48/80. 

Mechanism(s) of inhibition of (Ca2++ MgZ+) - 
ATPase by Fractions III-V remain to be determined. 
Unfractionated 48/80 only partially inhibited the basal 
activity (Fig. 1), whereas the fractionated material com- 
pletely inhibited it (Fig. 3). tt appears that 'prctection" 
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from inhibition of the basal ATPase may be present in 
the unfractionated material. It might be suggested that 
the unfractionated 48/80 is a mixture o f '  partial agonist' 
and 'full agonist' inhibitors of the ATPase. Such a 
mixture, and ;ts separation, could account for the data. 
In any event, Fraction Ill contains material which 
inhibits the Ca 2 +-pump ATPase irrespective of the pres- 
ence of calmodulin. Thus, simple binding to calmodulin 
is not the mechanism of action of inhibition. Fraction 
iiI produced complete inhibition of the enzyme at 3 
#g/ml .  If it is assumed that the average molecular 
weight of Fraction III is 2064 (Fig. 6), then this is 
equivalent to 1.45 #M Fraction III; an approximately 
50-fold excess over the calmodulin used to activate the 
enzyme. Even if Fraction Ill were found to exhibit 
anti-calmodulin properties in other enzyme systems, 
that mechanism of action could not account for the data 
shown in Figs. 3, 4 and 5. Inhibition of the Ca2+-pump 
ATPase b) Fraction III must be by some other, as yet 
undetermined, mechanism. We are tempted to suggest a 
direct interaction of at least some component of Frac- 
tion Ill with the enzyme or nearby phospholipids. This 
is similar to suggestions that drugs such as trifluopera- 
zine may influence the enzyme not only by binding to 
calmodulin [20,21]. The slight activation of calmodulin 
activated Ca2+-pump ATPase by Fraction III at low 
concentrations (Fig. 4) could be a reflection of the 
action of Fraction III at some non-calmodulin site. 

Synthesis of 48/80 yields various sized oligomers 
with terminM monomers having different functional 
groups (H, CH2OH, or CH2CI, for example) [14]. Frac- 
tions of 48/80 may have seD.'xated to some extent 
based on functional group properties which might 
account for differing potencies and efficacies of Frac- 
tions I l l-V, as compared to Fractions 1 and II or 
unfractionated 48/80, for example. Separation of Frac- 
tion I and II from Fractions III-V appears to have been 
largely size dependent. Differences in potency and ef- 
ficacy of 48/80 fractions appe.arcd to be related to 
polyme- size. Fractions III-V with an average polymer 
length approximately 50% longer than Fractions i and 
II (Table I) were more potent iniubitors of the Ca 2*- 
pump ATPase. 

The Ca 2 +-pump ATPase appea:s to exist as a dimer 
[22], each subunit containing a sir.gle binding site for 
calmoduli n [23]. Caimodulin is readily dissociated in the 
presence of EGTA. The apparent positive cooperativity 
of Fractic, n IIl in inhibiting the basal (Hill plot n = 2.4) 
and calm, xlulin activated (Hill plot n = 5.7) activities 
suggests to us that Fraction III (or some components of 
Fraction ill) might interact with multiple sites oa the 
enzyme, possibly enhanced by calmodulin. Other inter- 
pretations are possible, including effects on the lipid 
portions of the membrane. Experiments with the iso- 
lated enzyme might he|p to resolve these speculations. 

It seems unlikely that non-specific perturbation of 
the lipid environment is the basis of Ca 2 +-pump ATPase 

inhibition by Fraction Ill. First, as noted by Gietzen et 
al. [2] 48/80 is r,,-t, li_kely to enter the membrane. 
Second, if perturbation of the lipid phase of the mem- 
brane were the ba2as of the profound effects of Fraction 
III, then we might have expected other ATPase activi- 
ties to have been affected. While unfractionated 48/80 
did display some inhibition of other ATPases, Fraction 
III produced only minimal inhibition of the Mg 2+- 
ATPase or Na ~ /U  +-pump ATPase. 
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