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SUMMARY 

Addition of ATP to a microsomal suspension in o.25 M sucrose containing K + 
caused a significant decrease in light scattering from the suspension. By comparing 
such an ATP-induced change in the angular scattering pattern with that of osmotically 
induced microsomal shrinking, as well as in relation to changes in microsomal water 
content, the ATP-induced decrease in light scattering was proved to be due to the 
shrinkage of microsomal vesicles. The effect of ADP was nearly identical to that of 
ATP, while AMP showed practically no effect. In view of the fact that both active 
nucleotides are capable of chelating Ca 2+ and Mg 2+, various chelating agents such as 
EDTA were examined and were found to cause a decrease in light scattering, the extent 
of which varied linearly with the logarithm of their association constant for Mg 2÷. Such 
a rule was found to apply to ITP and AMP, but not to ATP and ADP. Moreover, the 
presence of Na +, K +, Li + or Rb + in the suspension was required for the occurrence of 
such a specific effect of ATP and ADP. Thus it was concluded that factors other than 
their action in chelating Mg ~+ contribute to the contraction of microsomal vesicles 
induced by ATP and ADP. The action of these nucleotides was not affected by ouabain 
but was depressed by fi-chloromercuribenzoate, indicating that some enzymic mech- 
anism might be involved. 

INTRODUCTION 

It  has been suggested that the microsomal fractions from brain and liver react as 
osmometers to alterations in the tonicity of the suspending medium 1-4. In our previous 
report we presented a method of quantitatively estimating volume changes of micro- 
somal vesicles by angular light-scattering studies, and it was demonstrated with this 
procedure that the Boyle-van 't Hoff relation applies to the osmotic behavior of brain 
microsomes. Such osmotic volume changes of microsomes accompanying turbidity 
changes appear to correspond to low-amplitude turbidity changes observed in nil- 
tochondrial suspension#. 

On the other hand, it has been well established by light-scattering measure- 
ments, that there exists a close correlation between mitochondrial swelling and con- 
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traction and the process of oxidative phosphorylation: this is manifested in the so- 
called high-amplitude turbidi ty changes. Even in the mitochondrial membrane frag- 
ments, PACKER AND TAPPEL 7 demonstrated light-scattering changes due to structural 
alterations. Taking these facts into consideration, PACKER AND RAH~A~ "8 performed 
light-scattering studies of reversible structural changes induced by ATP and certain 
detergents in a liver microsomal system. They reported that  ATP and detergents led 
to a decrease in light scattering in the particle preparations and elevated the activity 
of certain enzymes, but the nature of such changes was not explored. Later  AGHAJA- 
NIAN 9 reported that  incubation with ascorbate plus AMP caused a turbidity change in 
the suspension of brain microsomes which accompanied a structural change in the 
membrane fragments. Turbidity changes occurring on addition of ATP or EDTA were 
also studied by ROBINSON with microsomes of rat  liver ~ and brain a° in a series of 
turbidimetric investigations in which the effects of these agents were considered in 
terms of cation chelation rather than enzymic alteration. 

Such circumstances prompted us to reexamine the effects of ATP and some che- 
lating agents on brain microsomes by angular light-scattering measurements. The ex- 
periments reported here are chiefly concerned with microsomal shrinking induced by 
ATP especially as compared with that  caused by chelating agents. 

METHODS 

Essentially the same methods as those employed in our previous work s were 
applied in this study. 

Microsomal suspensions were usually prepared from rabbit  brain homogenized 
in o.25 M sucrose as described. In some experiments, however, brains were homoge- 
nized in IO vol. of o.125 M KCl solution containing 2o mM Tris-HC1 buffer (pH 7.3); 
the salt solution was only used for homogenization and washing, the final microsomal 
pellets being suspended in buffered o.25 M sucrose and stored for use in the cold. 

Angular-scattering measurements, protein assay and determination of the water 
content of microsomes were carried out as described previously. 

The magnesium content of microsomal pellets was determined with an atomic 
absorption spectrometer (Hitachi 2o7), with the wavelength control initially set at 
285 mr* then adjusted to obtain maximum transmission at the resonance line of mag- 
nesium 285.2 mr*. 

The nucleotides used (ATP, ADP, AMP and ITP) were obtained from Sigma 
Chemical Co.. The chelating agents EDTA, glycoletherdiaminetetraacetate, 1,2-cyclo- 
hexanediaminetetraacetate and nitrilotriacetate were obtained from Dojin Pharm. 
Lab., Japan.  After these reagents were dissolved in distilled water, the resulting solu- 
tions were adjusted to pH 7.3 with ioo mM Tris, submitted to centrifugation and then 
passed through a Millipore filter under positive pressure before use. 

RESULTS 

Effects of adenine nucleotides on h'ght scattering 
When ATP was added to microsomes prepared in o.125 M KC1 solution and sus- 

pended in o.25 M sucrose, the intensity of light scattered at 45 ° (I45) or 9 °° (I90) 
showed a rapid decline, attaining a steady level within 2-3 rain. On the addition of 
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ADP, a very similar effect was observed, while AMP showed practically no significant 
effect (Fig. I). 

Such a decrease in lab (AI4~) induced by the addition of adenine nucleotides is 
dependent on the amount added, reaching a maximum level at a final concentration of 
about 0.5 mM ATP for IOO t~g microsomal protein per ml (Fig. 2). In Fig. 2 osmotically 
induced A I45 (measured by suspending aliquots of the same microsomal preparation in 
various sucrose concentrations) is also illustrated; this indicated that the maximum 
AI45 induced by ATP is equivalent to that osmotically induced by o.85-0. 9 M sucrose. 
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Fig. I. Effect  of aden ine  nucleot ides  and  E D T A  on l igh t  sca t t e r ing  f rom rabb i t  b ra in  mic rosomal  
suspens ion .  Ord ina te ,  I ~  a t  436 m/~ expressed  as % of t h a t  of t he  control  suspens ion ;  abscissa,  
t ime  (min) wh ich  elapsed af ter  add i ng  reagents .  The  final concen t r a t ion  of added  A T P  (O) ,  
A D P  (O),  A M P  ([3) and  E D T A  (A) was o. 5 raM. Microsomes  were p repared  in o.125 M KC1 and  
su spended  in o.25 M sucrose  (lO 4 /*g  p ro te in  per  ml). 

Fig. 2. Dependence  of I45 a t  436 m/* of b ra in  mic rosomal  suspens ion  on the  concen t ra t ion  of added  
A T P  (O),  A D P  ( 0 )  a n d  A M P  ([3). o - - - o ,  osmot ic  v o l u m e  changes  observed  on a l iquots  of 
the  same  mic rosome  p repa ra t i on  su spended  in hype r ton i e  sucrose  media ,  the  concen t ra t ions  of 
which  are ind ica ted  above.  Microsomes  were p repared  in o.125 M KC1 and  su spended  in o.25 M 
sucrose  (I 17 / ,g  p ro te in  per  hal). 

A TP-induced scattering changes and shrinkage of vesicles 
When ATP was added to microsomes prepared in o.25 M sucrose and suspended 

in a sucrose medium, the change in I ~  was not so remarkable. As seen in Fig. 3, 
however, an immediate decrease in I45 occurred when a small additional amount of K + 
(at a final concentration of 5 mM or more as KC1) was added. Alternatively, addition 
of KC1 (5 raM) to the microsomal suspension did not cause any significant changes in 
I~5, but a further addition of ATP induced a significant decrease in I45. I t  is obvious, 
therefore, that K + is needed to obtain maximal ATP-induced microsomal shrinkage. 

K + could be replaced by other monovalent ions, e.g. Na +, Li + and Rb +, with 
Na + and K + being nearly equivalent for obtaining ATP-induced contraction (Fig. 3). 

Because of the importance of Na + and K + for the activity of (Na+-K+)- 
dependent ATPase, reportedly present in brain microsomes n, the effects on scattering 
of adding combinations of these ions in various proportions were examined. However, 
we failed to obtain any significant increase in ATP-induced scattering changes. More- 
over, microsomes incubated with ouabain (3" lO -4 M) for 3o rain at 25 ° never lost their 
response to ATP. I t  might be concluded, therefore, that  (Na+-K+)-dependent ATPase 
is not involved in this microsomal contraction. 
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As discussed in our previous report 5, if ATP-induced changes in the light 
scattering are really caused by  shrinkage of microsomal vesicles, the angular light- 
scattering pattern of microsomes suspended in 0.88 M sucrose should be nearlyidentical 
with that  in 0.25 M sucrose solution containing K + and enough ATP to cause the 
maximal AI45. Indeed, as shown in Fig. 4, both curves were found to overlap almost 
completely for the angle of 45-I35 °. Applying the results presented in the previous 
report, therefore, it might be said that microsomal vesicles maximally shrink to about 
7 ° % of their original volume when treated with adenine nucleotides. 
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Fig. 3. Effect of monovalent  ions on ATP-induced scattering changes (145 at  436 mF). At arrow I, 
ATP (0. 5 raM) was added. At arrow 2, Na+(O), K+(O), Li(A) or Rb+(E]) was fur ther  added 
(5 mM as chloride). Microsomes were prepared in 0.25 M sucrose and suspended in 0.25 M sucrose 
(126/~g protein per ml). 

Fig. 4. Angular  variation curves ot l ight scattering at  436 m/~ from brain microsomal suspension 
(lO8 /~g protein per ml) prepared in o.125 M KCI. O - - O ,  in 0.25 M sucrose solution containing 
o. 5 mM ATP; O - - O ,  in 0.88 M sucrose solution. 

Alternatively, shrinkage of vesicles could be evaluated by  using the observed 
dissymmetry coefficient (Z) as reported earlier ~. With this method, the maximal 
shrinkage induced by the appropriate amount of ATP was expected to be about 25 %, 
a value in fairly good agreement with the 30 % estimated by the above method of 
overlapping. 

Thus it was demonstrated by the light-scattering measurements that ATP 
caused microsomal shrinkage accompanying a decrease in turbidity. Indeed, as shown 
in Table I, microsomes incubated at 25 ° for IO rain in o.125 M KCI medium containing 
ATP showed a decrease in wet weight, but their dry weight remained fairly constant, 
a fact indicating that ATP caused water loss from the microsomes across the mem- 
brane. Volume changes estimated from water loss are also consistent with those evalu- 
ated from the light-scattering measurements. 

TABLE I 

. ~ - T P - I N D U C E D  C H A N G E  I N  W A T E R  C O N T E N T  O F  M I C R O S O M E S  

A T P  (m211) Microsomal pellet (mg) Water content 

Wet Dry mg % 

o I5O.5~o.4 I2 .4~o.2  138.2±o.5 
1.5 12o.2±o.5 I2 .7~o . I  lO7.5±o.6 
3.0 IO6.OLO. 4 I2 .7~o . I  93.3~o.3 

I 0 0  

77.74-o.1 
6 7 . 4 i o . I  

Biochim. Biophys. Acta, 183 (1969) 48-57 



5 2 K. KAMINO 

Divalent cations 
As described previously ~, divalent cations such as Mg 2+ and Ca 2+ caused an 

increase in light scattering from microsomes suspended in sucrose media. The pres- 
ence of a monovalent ion was found to exert almost no effect. The interaction of ATP 
and Mg 2+ on scattering has already been reported by PACKER AND RAHMAN s. As 
stated by these investigators, the scattering decrease with ATP in the presence of K + 
was found to be reversed by Mg ~+ or Ca +2 (added as the chloride) and a number of 
such decreases and increases could be repeated by successive additions of ATP and 
Mg 2+. 

Chelating agents 
ROBINSON 1° considered the effect of ATP on turbidity changes of microsomal 

suspensions in terms of its chelation of divalent cations. Indeed, the ability of adenine 
nucleotides to chelate Mg 2+ and Ca 2+ is well-known 12-15, and their association constant 
to form complexes has already been reported is. The above-stated interaction of ATP 
and Mg 2+ might be interpreted in terms of such a chelation. To elucidate the nature 
of physical changes indicated by scattering, the effects of some chelating agents on 
light scattering from microsomal suspensions were examined. The agents used were 
EDTA, glycoletherdiaminetetraacetate, 1,2-eyclohexanediaminetetraacetate and ni- 
trilotriacetate. 

All these agents caused a decrease in light scattering quite similar to that induced 
by ATP in the presence of K + or Na + (Fig. I). However, their action was entire- 
ly independent of whether microsomes were prepared in 0.25 M sucrose or in o.125 M 
KC1 as well as whether or not monovalent ions were present in suspension media. 

To correlate scattering changes with chelation of divalent ions, these chelating 
agents and nucleotides were added to aliquots of the microsomal suspension in 0.25 M 
sucrose containing 95 t~g per ml ; their final concentrations were all adjusted to 0.5 raM, 
and the observed decrease in 14a (AI45) was compared with their K~ig and Kca values 
as reported by WALAAS 13. 

When microsomes prepared in o.25 M sucrose were used, AI45 was found 
(Fig. 5), to vary almost linearly with log KMg but no correlation was obtained with 
log I£ca. Addition of KC1 (5 raM) caused hardly any effect upon such a linear correlation 
of scattering changes with log K~tg except for ATP and ADP; AI45 due to both nu- 
cleotides were markedly enhanced, to which the linear relation with log KMg no longer 
applied. 

When microsomes were prepared in o.125 M KC1 solution and suspended in 0.25 
M sucrose, scattering changes induced by ATP and ADP in the absence of exoge- 
nously added K +- were also far larger than those expected by their K~tg. These results 
strongly suggest that the scattering decrease caused by chelating agents is different 
from that caused by ATP in the presence of K +, for which only a minute amount of 
K + exogenously added or remaining attached to vesicles is needed. 

Treatment with these agents caused a decrease in mierosomal Mg 2+ content 
paralleling their KMg values. In Fig. 6 are given the results of an experiment in which 
microsomes prepared in o.125 M KC1 solution were incubated with these agents 
(i mM per mg microsomal protein) in 0.25 M sucrose at 25 ° for 30 rain; the pellets 
separated by centrifugation at 78 ooo X g for 60 rain were washed once by resuspending 
in 0.25 M sucrose, then spun down, and the Mg 2+ content was determined after com- 
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plete dissolution (by sonication) into deionized redistilled water of known quantity. 
Taking into account the results of scattering studies stated above, it might be said that 
the scattering decreases caused by EDTA and other chelating agents including ITP 
parallel decreases in mierosomal Mg ~+, but those caused by ATP and ADP in the 
presence of K+ do not. 

log KMg CyDTA p t 
1.g5 4.03 5.41 10.32 

1. " ' , "  • 5.21 6.8g NIA _ _  
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Fig. 5. Correlat ion be tween  l igh t - sca t t e r ing  change  (ZII¢5 a t  436 m/~) of mic rosomal  suspens ion  
(95 /~g p ro te in  per  ml  of 0.25 M sucrose) induced  by  nuc]eot ides  (ATP, ADP,  A M P  and  ITP) or 
che la t ing  agen t s  (EDTA,  g iyco le the rd i amine t e t r aace t a t e  (GEDTA),  n i t r i lo t r iace ta te  (N'FA) and  
1 ,2 -cyc lohexaned ia ln ine te t raace ta te  (CyDTA))  and  the i r  associa t ion  c o n s t a n t  wi th  3fg 2+ (KMe). 
© and  0 ,  in the  presence of K+;  El and  I ,  in t he  absence  of K +. The  va lues  on the  o rd ina te  are 
normal ized  to t he  va lue  of A T P  in t he  presence of K +. The  final concen t r a t ion  of nuc leot ides  or 
che la t ing  agen t s  added  was  ad j u s t ed  to be t he  s ame  (0. 5 mM). 

Fig. 6. Mg 2+ con t en t  of r abb i t  b ra in  microsornes  af ter  the  t r e a t m e n t  wi th  nucleot ides  or che la t ing  
agen t s  (i m M  per  m g  mic rosomal  protein) .  For  abb rev i a t i ons  see legend to Fig. 5. 

Thus it was demonstrated that the scattering change induced by ATP in the pres- 
ence of K + or Na + was different from that induced by chelation of Mg 2+ caused by 
certain chelating agents. 

Effects of A T P  on microsomes in hypertonic media 
The addition of ATP to microsomes suspended in hypertonic sucrose solution 

also caused a decrease in light scattering as in the 0.25 M solution, a fact which dem- 
onstrates that  vesicles partially shrunk by hypertonicity can still respond to ATP's 
effect of decreasing their volume. Applying the method described in our previous 
report 5, the scattering changes observed could be transformed into volume changes 
(v) by using the v - A I  relationship obtained with aliquots of the suspension, where v is 
the relative volume referred to the vesicle volume in 0.25 M sucrose. An example is 
presented in Fig. 7 A, in which v is plotted against the final concentration of ATP 
(CA) added to each observation cell. 

As shown in Fig. 7 A, ATP-induced scattering changes, and therefore microsoma! 
shrinkage, increased almost linearly with concentration of ATP even in hypertonic 
media, but reached a limit, va, below which an increase in cA failed to cause further 
shrinkage; the more hypertonic the suspension media the smaller the value of v,]. 

It  has already been reported that Boyle-van 't Hoff's relation is applicable to 
the osmotic behavior of microsomes 2, 5, which is expressed as 

P ( v o -  b) = constant (I) 
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where P is the osmotic pressure of the suspension media, v 0 the volume of microsomal 
vesicles in equilibrium with P (in the absence of ATP), and b a constant usually called 
"osmotically dead space". The osmotic volume work done by  ATP (W) might there- 
fore be estimated by  

f 
v v - - b  

W = Pdv = K l n - -  (2) 
V 0 ~'0 - -  b 

Applying Eqn. I to 2 and expanding logarithmically, W can be approximated by  
P(v o - v ) .  The value of P can be estimated from the sucrose concentration, c, as in the 
previous report, while v 0 - v  is easily obtained from Fig. 7 A. As shown in Fig. 7 B, W is 
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Concentration of ATi~(mM) Concentration of ATP (raM) 
Fig. 7. (A) ATP-induced volume change of microsomal vesicles in sucrose medium of various con- 
centrations.  Ordinate,  volume changes of microsomal vesicles est imated f rom light-scattering 
changes; abscissa, final concentrat ion of added ATP. (B) Relation between the osmotic volume 
work done by  ATP and concentrat ion of the nucleotides derived from (A). ©, in o.25 M sucrose; 
~ ,  in o. 5 M sucrose; Q ,  in I.O M sucrose. 

nearly independent of c. Moreover, it is clearly seen in Fig. 7 B that  W per mole ATP 
remains constant until v reaches va, the maximum shrinkage in a given tonicity of the 
medium; then it decreases as cA increases, a fact suggesting that  contraction induced 
by ATP increases proportionally with the number of ATP molecules per vesicle (N). 
However, there is a limit beyond which any further increase in N is unnecessary to 
elicit such a contraction. 

Effects of  enzyme inhibitors 
As stated above, ATP-induced shrinkage could not be considered only in terms 

of its chelation of Mg 2+ ; some enzymic mechanism seems to be involved. The effects of 
some inhibitors were therefore examined: included were cyanide (io -4 M), azide 
(IO -~ M), phloretin 2'-glucoside (Io -4 M), ~-dinitrophenol (lO -4 M), ouabain (3" lO-3 M) 
and fl-chloromercuribenzoate (IO -~, lO -5 M). 

After incubation at 37 ° for 30-60 rain, scattering changes induced by  ATP in the 
control suspension (0.25 M sucrose containing 5 mM KC1) were significantly depressed, 
so that  effects of added inhibitors were difficult to ascertain. When incubated at 
28-3 °0 for 30-60 rain, this problem was not encountered. However, the effect of ATP 
was found to be practically unaffected by  the presence of the inhibitors tested, the 
only exception being j)-chloromercuribenzoate. As already noted by  ROBINSON 1°, a 
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scattering decrease (about 15 %) was caused by/5-chloromercuribenzoate alone. As 
shown in Fig. 8, however, percent decrease in I4s induced by ATP and K + was de- 
pressed to the level which was attained in the absence of K +. It  might be said, there- 
fore, that the effect of ATP plus monovalent ions is blocked by this inhibitor, a finding 
which suggests that some enzymic mechanism might be involved. 

On the other hand, AGHAJANIAN 9 already reported that in the presence of 
ascorbate AMP caused a remarkable decline in the turbidity of microsomal suspension. 
We have confirmed that in the presence of AMP, ADP or ATP, not only ascorbate but 
also cysteine, NADH and NADPH induced a decrease in 145 for the microsomal sus- 
pension in 0.25 M sucrose and that such scattering changes could be caused in the 
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Fig. 8. Effect  of p-chloromercur ibenzoate  on ATP-induced change of l ight  scat ter ing from micro- 
somal suspension (121 /tg prote in  per  hal). Ordinate,  1a5 at  436 m/~ expressed as % of the  initial  
value;  abscissa, t ime (rain). [5, in the  absence of K+; O,  in the  presence of K+( io  raM) ; • and &, 
in the  presence of t<+ and p-chloromercur ibenzoate  (lO -6 and lO -5 M, respective]y). 

Fig. 9. Light -sca t te r ing  changes induced by  adding  ascorbate  and nucleotides.  Ordinate,  Ia~ at  
436 m/* expressed as % of control  value;  abscissa, t ime  (min). Ascorbate  was added  at  first a t  
arrow I (0.5 raM). Nucleot ides (0. 5 mM) were followed at  arrow 2. &, AMP, ~ and O,  AT]? in the  
absence and presence of p-chloromercur ibenzoate  (IO -s  M), respectively.  

absence of K + or Na + and markedly inhibited by  ~h-chloromercuribenzoate on in- 
cubation at 28 ° for 30 rain (Fig. 9). From this time recording, however, it is obvious 
that the scattering decreases observed with these reducing agents are far slower than 
those obtained with K+ and ATP or EDTA. It might be said, therefore, that the 
scattering changes caused by the former are different from those caused by the latter. 
A detailed report on this subject will be pulished later. 

DISCUSSION 

The results presented above clearly demonstrate that ATP causes decreases in 
light scattering from the microsomal suspension, as reported by earlier investiga- 
tors3,8,10, and that the scattering changes are really due to microsomal shrinkage ac- 
companying water movements across vesicular membrane. 

Noting that ATP and other triphosphates (but not AMP) elevated the activity 
of certain microsomal enzymes, PACKER AND RAHMAN s stated that the nature of the 
light-scattering changes was unknown but that such changes lead to some type of 
structural change in microsomes which may modify enzyme activity. ROBINSON TM, on 
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the other hand, suggested that  the effect of ATP on turbidity changes, which could be 
reproduced in part  by EDTA, reflected the chelation of divalent ions with a subsequent 
alteration in membrane permeability, rather than an enzymatic utilization of ATP. 

As demonstrated above, chelating agents such as EDTA and 1,2-cyclohexane- 
diaminetetraacetate were indeed effective in inducing scattering changes, their 
potency paralleling the association constant of their complex with Mg 2+ (KMg). I t  
should be noted, however, that  the effect of ATP or ADP in the presence of a mono- 
valent ion is far greater than that  expected from its KMg. Concerning ADP, ROBINSON 17 
recently reported the presence of adenylate kinase in brain microsomes, so that  the 
effect of ADP might be explained by the formation of ATP from ADP. At any rate, 
it is obvious that  ATP-induced shrinkage of brain microsomes in more physiological 
media containing Na + and K + is not solely attributable to its chelating action, some 
other interactions with microsomes being involved. 

Two questions now arise: (I) what role is played by microsomal Mg ~+ in main- 
taining the normal physical state of microsomes, that  its removal leads to structural 
changes, and (2) how does ATP interact with microsomes in the presence of K + or Na + 
to cause contraction of the vesicles. The results obtained in the present study are not able 
to afford any satisfactory explanation of these problems, but can be commented upon. 

Exogenously added Mg 2+ has already been reported to cause scattering increases 
from microsomal suspensiona, 5, which could reverse the decreases in scattering induced 
by ATP 8. The present study confirmed these results. Such an effect of Mg 2+ might be 
attributable to aggregation of the particles iv. From our previous observations, however, 
it seems unlikely that  microsomes aggregate to a considerable extent without exo- 
genously added Mg 2+. Therefore the effects of chelating agents described above seem 
not to be explained by the disaggregation of vesicles due to the removal of microsomal 
Mg 2+. ROmNSON ~ referred to the effects of Mg 2+ on ribosomal particles. Electron- 
microscopic observations showed that  there are very few ribosomes free of or attached 
to the membrane in our preparations, so that  such a view could not apply fully to our 
results. According to WALLACH e{ al. 1~, the shrinkage of microsomaI vesicles was 
considered in terms of water loss from the vesicle interior caused by a reduced Donnan 
effect. However, we have no evidence for or against their view. On the basis of available 
data we may  speculate that  removal of microsomal Mg 2+ leads to some type of struc- 
tural change in the particles, which causes decreases of scattering. 

Concerning the second point, it seems very likely, as suggested by  ROBINSOg 1°, 
that  (Na+-K+)-dependent ATPase is not involved, because the effect of ATP is only 
slightly influenced by  ouabain. Nevertheless we cannot reject the participation of 
some enzymic mechanism in the ATP-induced microsomal shrinkage; the phenomena 
could not be at tr ibuted to the chelation of Mg z+, and the osmotic work done per mole 
of ATP is nearly constant until saturation occurs, while p-chloromercuribenzoate 
depressed the effect of ATP plus monovalent ions. I t  appears rather probable that  
some enzymic utilization of ATP is involved in the ATP-induced contraction of mi- 
crosomal vesicles. 
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