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sc 11080 
Effect of magnesium and calcium on the ATPase activity of actomyosin at 

low ionic strength 

Since the pioneering work of BANGA AND SZENT-GYORGYI 1 and the subsequent 
detailed work of HASSEI.BACH 2, it has been well known that Mg 2+ activates the 
ATPase activity of actomyosin (EC 3.6.1.3) at low ionic strength, where actomyosin 
is superprecipitated with ATP. However, exact data of the dependence of the ATPase 
activity upon the ionic strength have been lacking. In our previous report s , it 
appeared that the Mg~+-activated enzyme action is increased progressively as the 
ionic strength is decreased down to about 0.o 4 . We have further attempted to in- 
vestigate the ATPase activity at lower ionic strength with special reference to the 
activating effect of Mg 2+ and Ca 2+. The experimental technique is referred to in the 
paper cited above 3. 

As seen in Fig. I, the ATPase activity of natural actomyosin (myosin B) is 
increased up to I -- 0.035 and then at lower ionic strength decreased in presence of 
I mM MgC12 at pH 8.0 and 20 °. Superprecipitation took place rather incompletely 
at very low ionic strength (I < 0.03). A notable decrease in the ATPase activity 
around I -- 0.08 is due to the clearing response of actomyosin where actomyosin is 
dissociated 4. It is of significance that the maximal ATPase activity in presence of 
I mM MgC12 (I ~ 0.035) is higher than that in presence of I mM CaC12 at its optimal 
ionic strength (I ~ o.I5), although the ATPase activity in presence of optimal con- 
centration of Ca 2+ (o~ io -z M) at I oo o.15 is comparable with the maximal acti- 
vity in presence of Mg 2+. At very low ionic strength (I ~ 0.03) Mg was the most 
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Fig. I. Effect  of ionic s t r e n g t h  on the  a c t o m y o s i n  ATPase  a c t i v i t y  in presence of Ca 2+ or Mg 2+. 
Condi t ions :  I mM ATP,  and  7 mM Tris buffer (pH 8.o); 20 °. i mM metals ,  when  added.  KCI was  

added  to  a d j u s t  ionic s t reng th .  O- - -O,  Mg2+; © - - O ,  Ca2+; x - - x ,  control .  

effective activating metal for the actomyosin ATPase activity. Mn enhanced the 
activity to the same extent as Ca did. St, Co and Ni affected only slightly. 

The enhancement of the ATPase activity by Ca 2+ was moderate at low ionic 
strength and the Ca2+-activated activity was roughly increased proportionally to the 
increase in the KC1 concentration up to about 0.I M. A broad optimum between 
I = o.io and o.15 was observed and a slight decrease took place at the higher ionic 
strength 4,5. At the ionic strength of 0.07, the ATPase activity was equal each other 
in presence of Mg 2+ and Ca ~+. 

In the present experiments K+ was added as monovalent cation to increase the 
ionic strength. When the ionic strength was adjusted by NaC1, essentially similar 
dependence of the ATPase activity upon the ionic strength was observed, except 
that  the Ca-enhanced activity in presence of Na + was considerably lower than that 
in presence of K ÷ (see Ref. 6 for the effect of the kind of salt). 

At I ---- 0.025, 3" 10-4--5 . I0-4 M Mg ~+ increased the ATPase activity maximally 
(io times that of the control), half maximal activation was observed at lO -4  M Mg 2+ 
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Fig. 2. Inf luence  of Mg l+ and  Ca ~+ on the  a c t o m y o s i n  ATPase  a c t i v i t y  a t  I = 0.025. O - - O ,  i mM 
MgCI 2 p lus  va r i ed  c o n c e n t r a t i o n  of CaC12; 0 - - - 0 ,  i mM CaClz p lus  var ied  concen t r a t ion  of MgC1 v 
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and  a sl ight  decrease occurred at  IO -a M Mg 2+. On the other  hand,  Ca 2+ did not  affect 
ATPase  ac t i v i t y  at  all up to IO 4 M, and IO -a M Ca 2+ doubled  the ac t iv i ty .  The  
m a x i m a l  ac t i v i t y  in presence of 3" IO a-IO- IO -a M CaC12 was less than  half  of t ha t  
in presence of  3" lO-4 IO- IO 4 M MgC12. W h e n  an increasing concent ra t ion  of MgC12 
was added  in presence of I mM CaC12, an enhancement  in the ATPase  ac t iv i ty  was 
not iced  to t ake  place (Fig. 2) and  on the o ther  hand,  when I mM MgC12 was present ,  
increasing amoun t s  of  CaC12 inh ib i ted  the  enzyme ac t iv i ty  to some extent .  This 
s i tua t ion  is the  same as in the  apyrase  ac t i v i t y  of a contract i le  prote in  from sea- 
anemone  7. 

The effect of  Mg 2+ and Ca 2+ on myosin  ATPase  ac t iv i ty  is comple te ly  different  
under  the  s imilar  condit ions,  as ind ica ted  in Fig. 3. The myosin  ATPase  ac t iv i ty  is 
inh ib i t ed  b y  Mg 2+ at  all the  ionic s t reng th  tes ted  and grea t ly  ac t iva t ed  b y  Ca 2q, 
which was not  apprec iab ly  dependen t  upon the KC1 concentra t ion.  In te res t ing ly  
when Folye thy lene  sulphonate ,  a re laxing agent  ( interact ion inhibi tor)  of  the  acto-  
myos in  A T P  sys tem s, was present  ,the ac tomyos in  ATPase  changed into the myosin  
A T P a s e  type ,  as clear ly shown in Fig. 3- This fact  is also in favor  of the  view s t ha t  
po lye thy lene  su lphona te  inhibi ts  the  in te rac t ion  between F-ac t in  and myosin.  

At  ve ry  low ionic s t rength,  in presence of Mg 2+, the  high ATPase  ac t i v i t y  is 
g r ea t l y  inh ib i ted  by  I mM E D T A  or e thy lene  glycol-bis-( f i -aminoethyl  ether)-N,N- 
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Fig. 3- Convers ion  of  a c t o m y o s i n  A T P a s e  to m y o s i n  A T P a s e  by  p o l y e t h y l e n e s u l p h o n a t e  a t  low 
ionic s t r eng th .  Po lye thy l enesu lphona t e ,  when  added,  lO .5 M. MgC12 or CaC1 v when  added,  i mM. 
O, a c t o m y o s i n  + Ca z+ + p o l y e t h y l e n e s u l p h o n a t e ;  C), a e t o m y o s i n  + Mg e+ + po lye thy lene-  
s u l p h o n a t e ;  ~k, m yos i n  + Ca 2+ + p o l y e t h y l e n e s u l p h o n a t e ;  A ,  m y o s i n  + Ca2+; D,  m y o s i n  + 

Mg 2+; × ,  myos in .  

t e t r aace t i c  acid  and fur ther  add i t ion  of o.5-1 mM CaCI 2 res tored  the original level 
of  the  ac t iv i ty ,  as a l r eady  demons t r a t ed  at  somewha t  higher  ionic s t reng th  9. 

This  work  was suppor ted  b y  a g ran t - in -a id  from the Muscular  D y s t r o p h y  Asso- 
ciat ions of America .  
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The product inhibition of citrate-oxaloacetate lyase from A. aerogenes 

Citrate-oxaloacetate lyase (EC 4.1.3.6) has also been known as citrase, citratas~, 
citrate aldolase or citridesmolase. It cleaves citrate to oxaloacetate and acetate and 
requires divalent metal ions such as Mg 2÷ or Mn 2÷. It  has been obtained in highly 
purified condition from Escherichia coli by BOWEN AND SIVA RAMAN 1, from Aerobacter 
aerogenes by SIVA RAMAN 2 and from Streptococcus diacetilactis by HARVEY AND 
COLLINS 3. Using partially purified preparations DAGLEY AND DAWES 4 concluded that 
during the course of the reaction the enzyme became progressively inhibited by 
accumulation of oxaloacetate in the medium. Such product inhibition is well known 
and many examples are listed by FRIEDEN AND WALTER 5,6. The inhibition may be 
reversible or apparently irreversible; of these the latter case may be of greater quantita- 
tive significanceS, 6. 

The citrate lyase used in the present studies was purified from A. aerogenes as 
described by BOWEN AND ROGERS 7 and used to study the equilibrium constant of the 
reaction 

Citrate Mg2+ Oxaloacetate  + Acetate 

HARVEY AND COLLINS 3 have quoted a value for the equilibrium constant for the enzyme 
from S. diacetilactis which differs from that of SMITH et al. s using the enzyme from 
Streptococcus faecalis. They explain this difference on the basis that the keto form of 
oxaloacetate is the reaction product and not the enol form, a distinction not made in 
the earlier work. They also drew attention to inhibition caused by high levels of 
magnesium ions but made no mention of inhibition caused by the oxaloacetate pro- 
duced, In the present work on the enzyme from A. aerogenes the inhibitory effect of 
excess Mg 2+ was noted but the inhibitory effect of oxaloacetate was the major effect. 
The present communication seeks to show that for this enzyme the inhibition by oxalo- 
acetate is so powerful and irrevelsible as to make it impossible to calculate an equi- 
librium constant for the reaction. 

The substrate used 20 g/1 sodium citrate dihydrate in 0.03 M KHzPO 4 (pH 7.4), 
is called the citrate test medium, i.e. 2% citrate test medium for the medium 
described. All solutions contained 1.6 mM MgS04 since Mg 2+ was the most efficient 
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