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SUMMARY 

Suspensions of phospholipids were prepared from soya bean or mitochondria 
phosphatides or from purified egg lecithin. Using photometric, volumetric or gravi- 
metric determinations it could be shown that the intraparticulate water present in 
these suspensions is lost by the addition of an osmotically active compound. The loss 
ofintraparticulate water follows the Boyle-Van 't Hofflaw. By extrapolation of these 
data it can be shown that all the intraparticulate water present in the suspension 
would be lost at infinite osmotic concentration. Very little intraparticulate water is 
lost when glycerol is used as the solute. Freezing and thawing of the suspension 
decreases the amount of water in the phospholipid particles. With o.17 mM Ca 2+ 
there is an increase in the amount of intraparticulate water lost in the presence of 
different concentrations of sucrose. At this concentration of Ca 2+ no intraparticulate 
water is lost in the absence of sucrose indicating that the Ca ~+ effect is not osmotic. 
1.7 mM K + does not produce the effect observed with Ca 2÷. Suspensions of phospho- 
lipids extracted from mitochondria swollen with ascorbate do not lose water in the 
presence of sucrose. 

INTRODUCTION 

Loss of water from mitochondria which have been swollen in vitro can occur 
either by an osmotic effect1, 2 or by an "active" mechanism requiring ATP 3,4. A third 
type of water extrusion, which requires the addition of an equimolar mixture of 
divalent cations and chelating agents (hereafter called Me2+-EDTA), has been demon- 
strated in dialyzed rat-liver mitochondria 5 and in other subcellular fractions ~. The 
third type of reaction can also be elicited from swollen phospholipid suspensions in 
the presence of serum albumin 7. These suspensions, when examined in the electron 
microscope, show irregular forms which can be described as vesicular and multi- 
lamellar 8. The presence of considerable amounts of water can be detected by gravi- 
metric determinations 7. 

It  is of importance to show whether the intraparticulate water can be lost 
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osmotically, and if the mechanism of action of Me2+-EDTA is osmotic. Transport 
studies through lipid barriers were carried out with various systems: by forming a 
bimolecular leaflet 9q2, by impregnating collodion membranesla, 14 or Millilcore fil- 
tersa5 is with lipids, or by studying phospholipid suspensions19, 2°. 

Using lecithin "spheres" EDELBERG 19 observed volume changes after changing 
the osmolality of the medium. BANGHAM, STANDISIt AND WATKINS 20 predicted from 
their studies on the movement of ions and water using lecithin suspensions that an 
osmotic effect should be observable. In EDELBERG'S experiments, NaC1 was used as 
the osmotic solute. Since this compound precipitates phospholipid micelles 21,~0-, it 
seemed desirable to repeat the expe, riment using non-electrolytes as the osmotic 
solutes. Also, a more quantitative study of the volume changes due to the osmolality 
of the medium seemed desirable. It will be shown by three different techniques that 
phospholipid suspensions respond to the osmotic gradient and follow the Boyle Van 't 
Hoff law. This system is in many aspects dissimilar to the reaction elicited by Me 2+- 
EDTA, and in this latter system no effect of the medium osmolality on the rate of 
the reaction is found. 

Two similarities between the osmotic behavior of the phospholipid suspensions 
and natural systems are observed. It  is known that natural membranes recognize the 
size of the solute moleculeZa,24; this property is also possessed by the phospholipid 
barrier. The presence of high Ca 2+ concentrations in the medium decreases permeabil- 
' *v  of certain compounds and increases water loss from the cell 25-2s. In the presence 
oI low Ca 2+ concentrations that do not affect the water content of the phospholit;id 
suspension, it is possible to demonstrate an increase in water loss in the presence of an 
osmotically active compound such as sucrose. A preliminary account of some asFects 
of this problem has been reported 29. 

EXPERIMENTAL 

Rat-liver mitochondria were prepared according to LEHNINGER 4. PhospholilAd 
suspensions were prepared as previously described without serum albumin 7. Egg 
lecithin was prepared as described by PANGBORN 3° and further purified by column 
chromatography on silicic acid al. The purity of the material was checked by thin-layer 
chromatographyL Total lipids were extracted from mitochondria according to FOLCH- 
PI and dried under N 2. 

A given amount of the suspension is placed in a cuvette and a given amount of 
the solute to be tested is added. The timing is started at this moment, the cuvette is 
mixed and the absorbance of the suspension is determined at IO sec. The control 
cuvette contains the solute mixed with water. Protein was determined by the biuret 
reaction in the presence of deoxycholate 32. Radioactivity was measured with a thin- 
end-window counter. Volumetric determinations of phospholipid suspensions were 
carried out in calibrated plastic tubes which were used in a swinging bucket rotor of 
the Servall SS-4 centrifuge. Gravimetric determinations of water content were ob- 
tained by weighing before and after drying of the centrifuged material. Interpartie- 
ulate water was determined by adding a known amount of E14Qinulin and determining 
the radioactivity of the pellet. 

Soya been phosphatides were obtained from Associated Concentrates, Woodside, 
N.Y. [a4C~Inulin was obtained from Volk Radiochemical, Skokie, Ill. Dextran (aver- 
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age mol. wt. 25o ooo) was obtained from Sigma Chemical Co., St. Louis, Mo. Vaso- 
pression was obtained from Mann Research Laboratories, New York, N.Y. 

RESULTS 

Photometric determinations 
Soya bean phosphatide suspensions show the same osmotic behavior towards 

sucrose as subcellular fractions when photometric techniques are used. The refrac tire 
index of the medium was kept constant with high-molecular-weight dextran. All the 
data shown have been obtained in at least four experiments. The data are exI ressed 
as the inverse of absorbance in agreement with the results reported by TEDESCttI and 
co-workersl,2,3a,34. 

As shown in Fig. I, at two different concentrations of sucrose, the inverse of 
absorbance is proportional to the inverse of the phospholipid concentration, calculated 
as ;,moles of lipid-P. Because this relationship exists, it is possible to correct the 
values of I/A of different experiments carried out with different concentrations of 
phospholipid. In the subsequent experiments the value of I/lipid-P concentration 
was set to I, i.e., I #mole of lipid-P per incubation mixture. Similar data are obtained 
if the phospholipid suspension is dialyzed either for 2 days or with five hourly changes 
of dialysis fluid. Fig. 2 shows that at a given sucrose osmolality, the inverse of ab- 
sorbance increases when the refractive index of the medium is raised. 
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Fig. i. Relat ionship between absorbance and phospholipid suspension concentrat ion at two 
different sucrose concentrat ions.  Abscissa: inverse of concentrat ion of suspension;  ordinate:  
inverse of absorbance IO sec after  mixing of sucrose and phospholipid suspension. Incuba t ion  at 
room temperature .  

Fig. 2. Dependence on refractive index of medium of absorbance in relation to sucrose concentra-  
tion. Abscissa: refractive index of medium;  ordinate:  inverse of absorbance.  Determined as in 
Fig. I. and data  calculated for i / l ipid-P = i. 
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Fig. 3. Reversal  of osmotic changes. Abscissa: t ime; ordinate:  inverse of absorbance.  Phospho-  
lipid concentrat ion for first 2 rain of O O tracing is 2 ffmoles, in all other  cases is i ,umole. 
For  explanat ions see text .  

Fig. 4. Absorbance changes of suspensions of egg lecithin and of soya bean phosphat ides  in the 
presence of various sucrose concentrat ions.  Abscissa: inverse of sucrose concentrat ion;  ordinate:  
inverse of absorbance.  Determined as in Fig. i and calculated as in Fig. 2. 

The reversibility of these absorbance changes is shown in Fig. 3. In Fig. 3 the 
phospholipid suspension is kept in o.12 Molal sucrose, and at 2 min an equal volume 
of either o.12 Molal sucrose or of solvent is added. The decrease of absorbance in the 
presence of o.12 Molal sucrose represents only the dilution of the phospholipid while 
the larger decrease seen with solvent alone, represents both the dilution of the phos- 
pholipid and the increase of intraparticulate water in the phospholipid suspension due 
to the decrease of the sucrose osmolality. The values obtained after dilution are com- 
parable to those of the phospholipid suspension at one-half the concentration mixed 
with the appropriate sucrose concentrations. 

The data were repeated using different types of phospholipid preparations. 
Fig. 4 compares data obtained with suspensions prepared from soya bean phospha- 
tides and from purified egg lecithin. It is evident that both preparations respond to 
sucrose according to the Boyle-Van 't Hoff law. The absolute values of the absorb- 
ances are consistently higher for the egg lecithin at any one sucrose concentration, 
suggesting that the latter preparation may contain less water. Total mitochondrial 
lipids also responded to sucrose concentration as the other phospholipid preparations. 
No great reproducibility is obtained with these preparations in the apparent intra- 
particulate water content of the dispersed suspension from one preparation to another 
although the suspensions were prepared in exactly the same way. 
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Volumetric determinations 
This technique was used to check the photometric data  shown above. In Fig. 5 

it can be seen that  the volume occupied by  phospholipid suspensions is proportional 
to the amount of phospholipid present in suspension. The data shown in Fig. 6 indi- 
cate that  the relationship between volume occupied and the inverse of osmolality 
holds true for soya bean phosphatide suspensions. I t  might be argued that  the smaller 
volume occupied at higher sucrose concentrations is due to incomplete sedimentation 
of the phospholipid suspensions because of the higher density of the medium. This 
does not seem to hold true since at longer centrifugations of 9 ° min there is only a 
small increase of volume and it is evident at all concentrations of sucrose. 
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Fig. 5- Volume occupied by various concentrat ions  of suspensions of egg lecithin or soya bean 
phosphatides.  Abscissa; phospholipid concentra t ions;  ordinate:  volume occupied by  the cen- 
trifuged pellet. 

Fig. 6. Volume changes of soya bean phospholipid suspensions in the presence of various amoun t s  
of sucrose. Abscissa: inverse of sucrose concentrat ions;  ordinate:  volume occupied. 

Gravimetric determinations 
The amount  of intrapart iculate water  is rather  constant from one preparation 

to the other (see Table I). This amount decreases with longer centrifugation at higher 
speed. I t  also varies with the type of phospholipid used to prepare the suspension. 
Since similar evidence is obtained with photometric (Fig. 4) and volumetric (Fig. 5) 
techniques, these various data  are compared. For the various data the ratio of the 
values of soya bean phospholipid to that  of egg lecithin is around 3- 

Evidence of the quanti tat ive relationship between photometric data  and 
amount  of intrapart iculate water  present in the swollen phospholipid was obtained 
by  determining the effect of freezing the suspension before use. This was carried out 
in an acetone-dry ice mixture;  after thawing the suspension behaved osmotically 
towards sucrose. Freezing and thawing removes water  (Table II~, and the increase of 
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T A B L E I  

G R A V I M E T R I G  D E T E R M I N A T I O N S  OF "WATER C O N T E N T  OF V A R I O U S  P H O S P H O L I P I D  S U S P E N S I O N S  

mg water % inulin Centrifu- 
per I~mole space gation 
lipid-P 

Egg  lec i th in  

Soy bean 
p h o s p h a t i d e s  

I 1 2 . 6  1 4 . 2  I h a t  
lO 5 ooo X g 

2 14.2 17.1 
3 14"3 16"4 

I 42.3 25. 7 I h a t  
lO.5 ooo X g 

2 45.5 19-4 
3 49.4 23.2 

I 32.3 26.9 80 rain a t  
195 ooo × g 

2 2 2 . 1  2 3 . 0  

3 25-1 2 i .o  
4 25.7 20-4 
5 26.1 17.6 

absorbance correlates well with the loss of intrapart iculate water. The ratio of these 
vaiaes lies between 6. 5 and 7-5 (Table II).  In Table I I  is seen that  more intrapartic- 
ulate water is lost by  subsequent freezing. At present, no evidence for a minimum 
amount  of water  not affected by freezing has been obtained. The loss of intrapartic- 
ulate water is prevented if freezing is carried out in 0.25 M sucrose but not in o.125 M 
NaC1. More intraparticulate water is lost by quick freezing than by slow freezing. 
The frozen and thawed suspensions do not re-swell by dialysis overnight. 

T A B L E  I I  

P H O T O M E T R I C  A N D  G R A V I M E T R I C  D E T E R M I N A T I O N  

LIPID SUSPENSION 

OF W A T E R  LOSS A F T E R  F R E E Z I N G  OF P H O S P H O -  

Times mg water* I/A* a/b 
frozen (a) (b) 

I. Soya  bean  phosph a t i de s  o 43.8 6.22 7.20 
I 19.3 2.57 7.54 
3 i i . I  1.67 6.63 

2. Soya  bean  phospha t ide s  o 35.8 5.Ol 7.15 
i 2.5.6 3.85 6.65 
3 i3.8 1.86 7.42 

3. Soya bean  phospha t i de s  i 26.0 3.98 6.53 
3 8.1 1.24 6.52 

4. Egg  lec i th in  o 13.7 1.97 6.95 
i 5.1 0.76 6.70 

5. Egg  lec i th in  i 7.8 1.16 6.72 

* Calcu la ted  pe r /*mole  l ipid-P.  
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As mentioned above the photometric determinations of intraparticulate water 
loss using suspensions prepared from mitochondrial lipid are not quantitatively re- 
producible (see below also). Table I I I  compares gravimetric and photometric deter- 
minations carried out with these preparations. Although the water content is un- 
explainably different, the ratio of the photometric data and the water content is quite 

T A B L E  I I I  

C O M P A R I S O N  O F  G R A V I M E T R I C  A N D  P H O T O M t ; T R I C  D A T A  O B T A I N E D  W I T H  S U S P E N S I O N S  O F  T O T A L  

L I P I D  F R O M  R A T - L I V E R  M I T O C H O N D R I A  

mg water* ±/A at x/A at a/b a/c % inulin 
(a) o Molal 0.05 Molal space 

S~tcrose* sucrose* 
(b) (c) 

I 14. 5 1.58 1.32 9.2 lO.9 25.0 
I I  18. 4 1.98 1.61 9-3 11.4 25.4 

I I I  21. 4 2.07 1.78 lO. 3 12.o 23.3 
IV 36.6 3.85 2.54 9.5 14.4 15.7 

* Calcu la ted  p e r / , m o l e  of l ipid-P.  

similar for the various preparations. This again supports the evidence for the quantita- 
tive significance of the photometric determinations in this system. 

It is also important to establish how much of the intraparticulate water present 
in these phospholipid suspensions is free and responds to the osmotic pressure. Fig. 7 
indicates that  all the water is affected by sucrose in the presence of CaC12 (see below 
for the effect of this compound) and that  no evidence for bound water exists. 
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ffig. 7. Grav ime t r i c  changes  of w a t e r  c on t e n t  of phosphol ip id  suspensions  in the  presence of 
var ious  sucrose concen t r a t i ons  and  o.17 mM CaC12. Abscissa:  inverse  of sucrose concen t r a t i on ;  
o rd ina te :  a m o u n t  of i n t r a p a r t i c u l a t e  water .  
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Fig. 8. Effect of  various  c o m p o u n d s  on absorbance changes  of  phosphol ip id  suspension in the  
presence of  various  sucrose concentrat ions .  Abscissa: inverse of  sucrose concentrat ions;  ordinate:  
inverse of  absorbance.  De termined  as in Fig. i and calculated as i / l ip id -P  = I. 

Effect of various compounds on osmotic properties 
A series of compounds  were tested using tile photometr ic  assay in the presence 

of  sucrose. Some  of  these are wi thout  apparent effect; e.g., o.I  M butanol,  o .o i  % de- 
oxycholate ,  0.04% Tween 60, i ffM oleic acid, 33 fig pitressin (containing 2 pressor 
units) or 330 # g  bovine serum albumin per incubation.  The effect of some  compounds  
which reproducibly affected the response to sucrose of the phospholipid suspensions 
are shown in Fig. 8. It  is apparent that  the various compounds  do not alter the osmo- 
tic response, since that data follow the B o y l e - V a n  't Hoff  law. It  can be seen that in 
the presence of o.17 mM Ca 2+ there is a considerable increase in amount  of intra- 

T A B L E  I V  

XVATER CONTENT OF PHOSPHOLIPID SUSPENSIONS IN THE PRESENCE OF CaC12, MgCI 2, KC1, AND 
SPERMINE 

mg waler/ffraole l i p i d - P  

N o  sucrose W i t h  

I. Cont ro l  24.4 
2. W i t h  o.17 m M  CaCI,~ 26.2 
3. \ ¥ i t h  1. 7 m M  KC1 21. 7 

i. Con t ro l  25.3 
2. \Vi th  0.2 m M  s p e r m i n e  i6. 4 

1. Con t ro l  25. 9 
2. W i t h  o.17 m M  MgC12 24.1 

o. 08 .WIolal 
SUC~'OSe 

11.8 
6.9 
9.1 

9.6 
5"4 

9.8 
5.0 
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particulate water lost in the presence of sucrose. Effects similar to these shown by 
Ca 2+ were obtained with Mg 2+ and polylysine (3.3 #g/ml). The effect of Ca 2+ is lost 
when it is added together with equimolar amounts of EDTA. The presence of 1.7 mM 
KC1 does not alter the effect of the divalent cations. The effect of Ca 2+ is not osmotic 
since no effect was seen in the absence of sucrose. 1. 7 mM KC1 or o.2 mM spermine 
(see Fig. 8) increase absorbance in the absence of sucrose but do not affect the ab- 
sorbance increases due to sucrose additions. 

Gravimetric data on water content in the presence of various compounds are 
shown in Table IV indicating close agreement with the photometric determinations. 
The effect of KCI may possibly be of osmotic nature. It  is possible that spermine 
effects the phospholipids in a way similar to the Me~+-EDTA reaction previously 
described 5,7. Since at this concentration Ca 2+ does not affect the amount of water 
present in the suspension one should assume that it reacts mostly with the phosphate 
groups of the phospholipids of the outer layers. It  has been suggested by PARPART 35 
that  the effect of Ca 2+ on diffusion in natural membranes occurs by decreasing the 

T A B L E  V 

I N T E R P A R T I C U L A T E  W A T E R  O F  P H O S P H O L I P I D  S U S P E N S I O N S  I N  T H E  P R E S E N C E  O F  V A R I O U S  C O M -  

P O U N D S  

A dditions mg water]l~mole lipid-P 

Expt. I Expt. I I  

i.  Control  6.6 7.9 
2. \Vi th  o.17 mM CaC12 4.7 2.7 
3. Vqith 1. 7 mM KCI 7.2 7.9 

I. Control  5.8 6.5 
2. W i t h  o.17 mM MgC12 5.4 6.3 
3. \Vith 3.3/~g po ly lys ine  per  ml  5.6 6.6 

i. Control  6. 7 4.8 
2. \Vi th  0.2 mM spermine  4.6 2.2 

water present in the membrane. Evidence supporting this view is shown in Table V, 
where values for the interparticulate water are reported. The amount of interpartic- 
ulate water is significantly decreased by the addition of Ca 2+ and not by KC1, but, 
on the other hand, the effect of Mg e+ and of polylysine is too small to be significant. 

Effect of solutes of different size 
Since natural membranes are able to recognize the size of various solutes such as 

carbohydrates of various chain length, the effect of these compounds on the phospho- 
lipid suspensions was studied. For this purpose the photometric changes were followed 
with the use of a recording instrument and the effect of solutions of constant molality 
was tested. Fig. 9 shows tracings obtained after the exposure of the suspension to 
mannitol, erythritol and glycerol. The tracings start below IOO% transmittance, since 
the solutions are added with the shutter open. In the presence of mannitol there is a 
decrease in transmittance indicating loss of intraparticulate water which then reaches 
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a s t e a d y  level. The  ver t ica l  lines in the  t rac ings  ind ica te  momen t s  at  which the  carr ier  
is moved  from the  tes t  sample  to the  cont ro l  sample  p repa red  in de x t r a n  of the  same 
re f rac t ive  index  and  back,  and  the  lower t rac ings  ind ica te  values  for the  control  which 
in this  and  the  o ther  t rac ings  does not  change. W h e n  e ry th r i to l  is used as the  solute 
a s imilar  increase in absorbance  is observed  b u t  ins tead  of reaching a p l a t eau  there  is 
a l a t e r  decrease  of  absorbance .  This  suggests  t ha t  this  sugar  is able to pe rmea te  the  

i i~ ̧  

Fig. 9. Time course of absorbance changes of phospholipid suspensions in the presence of 0.08 Molal 
mannitol, erythritol or glycerol. Abscissa: time (~5 sec between vertical lines) ; ordinate: per cent 
transmittance. For explanations, see text. 

phospho l ip id  suspensions,  bu t  t h a t  i t  goes at  a slower ra te  than  wa te r ;  thus,  wa te r  
moves  first out  and  only  l a t e r  on will i t  move  back  in wi th  the  solute.  When  glycerol  
is the  solute  added,  then  l i t t le  if  any  increase of  absorbance  above  the  control  value  
is seen. This suggests  t h a t  g lycerol  pene t ra t e s  the  l ip id  bar r ie r  ve ry  fast.  

Lack of osmotic response of lipids of ascorbate-swollen mitochondria 
I t  has  been shown b y  HUNTER el al. 36,av t h a t  ascorba te  produces  swelling of ra t -  

l iver  mi tochondr i a  wi th  concomi tan t  fo rmat ion  of  pe rox ida t ion  p roduc t s  of the  l ipids.  
A l though  the  in te r re la t ionsh ip  be tween the  two events  is not  clear,  i t  can be argued 
t h a t  because  of the  pe rox ida t ion  of u n s a t u r a t e d  f a t t y  acids of the  phosphol ip id ,  the  
mi toehondr i a l  m e m b r a n e  becomes leaky.  Fig. IO shows t ha t  osmotic  response to su- 
crose add i t ions  of ascorbate-swol len  ra t - l iver  mi tochondr i a  is present  dur ing  the  
swelling process b u t  t h a t  no effect is seen at  the  end of the  swelling period.  Tota l  
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Fig. io.  Effect  of sucrose add i t i ons  a t  different  t i m e  in t e rva l s  af ter  the  add i t ion  of ascorba te  to  
r a t - l i ve r  mi tochondr ia .  Abscissa:  t i m e ;  o rd ina te :  absorbance .  I n c u b a t i o n  m i x t u r e :  20 mM T r i s -  
HCl (pH 7-4), 125 mM KC1, 0. 3 mM E D T A  in a final vo lume  of 3 ml  con ta in ing  2 mg se rum 
a lbumin .  I n c u b a t i o n  a t  room t empera tu r e .  At ar rows enough sucrose to  br ing  the  so lu t ion  to  
7 ° mM was added  in smal l  volume.  

Fig. I I. Absorbance  changes  of phosphol ip id  suspens ion  p repa red  f rom norma l  and  ascorba te -  
swollen mi tochond r i a  in the  presence of var ious  sucrose concent ra t ions .  Abscissa:  inverse  of 
sucrose concen t r a t i on ;  o rd ina te :  inverse  of absorbance .  1 ~ - O ,  A - - A ,  O - - 0 ,  th ree  different  
p r epa ra t i ons  of no rma l  mi tochondr i a l  l ip id;  O - - -  O, A --2X, O - - -  O, th ree  different  pre- 
pa r a t i ons  of ascorba te -swol len  mi tochondr i a l  l ipid. De t e rmined  as in Fig. i and  ca lcu la ted  for 
i / l i p i d - P  = I. 

lipids were prepared from such mitochondria or from mitochondria incubated without 
ascorbate. Suspensions were prepared from each of these incubations and the response 
to sucrose was determined photometrically. Although the absolute values are not 
reproducible (Fig. i i ) ,  it is evident tha t  all three preparations prepared from the 
aseorbate-swollen mitochondria are unaffected by  the changes of sucrose osmolality. 

DISCUSSION 

The data presented here confirm the observation reported by EDELBERG l° and 
indicate that  loss of intrapart iculate water  from a phospholipid suspension in the 
presence of sucrose obeys the Boyle-Van ' t  Hoff  law. Comparison of gravimetric, 
volumetric and photometric data  indicate that  in this system the photometric data  
are quanti tat ively significant. Thus, the experiments which indicate osmotic reversal 
(Fig. 3) and the effect of various sugars (Fig. 9) are valid. The lipid barriers of these 
preparations are semi-permeable in agreement with the results of BANGHAM, STAN- 
DISH AND WATKINS ~°, and they recognize the size of the solute, e.g. from erythritol to 
glycerol. That  a similar recognition pat tern exists in red blood cells is apparent  from 
the relative hemolysis t ime of 60 for glycerol and io 750 for erythritol ~3. 

The effect of Ca 2+ on the osmotic behavior of these suspensions is of particular 
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interest. Interaction between this ion and phospholipid has been observed through 
the study of phospholipid monolayers 3s, micellar suspensions21,22, a9 and with Millipore 
filters impregnated with lipids 15 is. With the last system, decreased osmotic water flux 
is observed in the presence of Ca 2+ (see ref. 16). In the same system Ca ~+ is observed 
to decrease the water content of the membrane model. Similar observations are made 
with the model system used here. Ca 2+ increases the amount of water lost in the pres- 
ence of sucrose and the extent of water loss still obeys the Boyle Van 't Hoff law. 
Ca 2~ decreases the amount of interparticulate water but not that present inside the 
particles. A diagramatic representation of the possible mechanism of Ca ~+ is shown 
in Fig. 12. 

The particles composing the suspension are represented as empty circles, but 
should be considered as multivesicular and multilamellar. The hydrophylic portion 
of the phospholipid of the outer layer of the particles are represented as P. On the right- 

... to;,., j 
"-----~e ~ < ~  ~ ~>cob<~, 

Fig. 12. 

2 

d d ~  d d  

hand side, the particles are shown in the absence of Ca2+; on the left side, in the 
presence of the cation. In the latter case, the distance between particles has decreased 
while the size of the particle has remained constant. No special emphasis should be 
given to tile actual number of Ca 2+ on the outer surface of the particle; it is only 
suggested that Ca 2+ reacts with the outer portion of the phospholipid. The quanti ty 
of water lost under these conditions amounts to lO5-288 molecules of water per 
molecule of phospholipid. Whether this water is actually present at all times bound to 
the surface of the particles is not known. 

Freezing of the suspensions damages these structures with concomitant loss of 
water from the inside. This is of interest since the damaging effect of freezing on 
biological systems is well-known. The fact that more damage is observed with quick 
freezing than byslow freezing suggests the formation ofintraparticulate ice crystals 4°,41. 
Various compounds such as glycerol and sucrose protect cells from the injurious effects 
of freezing. These compounds protect enzymes from inactivation by freezing 42 and 
lactate dehydrogenases from hybridization 43. The effect of freezing in cells has often 
been considered in terms of the effects of freezing on protein or nucleic acid macro- 
molecules. The observation presented here indicates that the lipid component of the 
cell is also affected by freezing, and that this effect can be prevented by sucrose.Since 
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lipids are present in membranes,  this effect of freezing is of great importance in under- 
standing the effect of freezing on cells like the erythrocyte,  in which the membrane 
may  be damaged44, 45. 

The work of HUNTER e ta / .  3e,37 indicates that  certain agents such as Fe 2+, 
ascorbate and mixtures of GSH-GSSG swell mitochondria with formation of peroxid- 
ation products of lipids. These workers also show formation of lipid peroxidation by 
some of these agents when mixed together with pure fa t ty  acid 46. A product of lipid 
peroxidation is malonaldehyde but this compound does not produce swelling av. Thus 
the data suggest that  peroxidation of lipid components per se will induce permeability 
changes of the mitochondrial membrane.  Evidence in support of this hypothesis is 
shown by the photometric determinations of the response to sucrose by total lit-~id 
suspensions extracted from normal mitochondria and from ascorbate-swollen mito- 
chondria (Fig. I I) .  The lipid preparation from the ascorbate-swollen mitochondria 
did not respond to sucrose addition indicating that  this sugar probably enters the 
suspension at a considerably higher rate. This seems to be the first instance in which 
it is possible to test some of the permeabili ty properties of components of natural 
membranes which have been damaged in situ. 

The osmotic properties of these suspensions and the Me2+-EDTA-elicited water  
extrusion system are compared. I t  has been previously reportedS, v that  Me2+-EDTA - 
dependent water extrusion does not behave osmotically. The data reported here 
support  the previous contention since no effect of increased osmolality on the rate of 
water extrusion is observed. Also, osmotic loss of water is not affected by serum 
albumin and EDTA which are required for water extrusion by the lipid suspensions v. 
CA 2+ has an effect on both water extrusion and osmotic loss of water, but various data 
suggest a difference in the mechanism. 0.17 mM Ca 2+ has no effect on the intra- 
particulate water content of lipid suspensions, but at this concentration it enhances 
the amount of intraparticulate water lost at any given sucrose concentration. The 
effect by Ca z+ on osmotic loss of water is not altered by the presence of serum albumin, 
however it is abolished by equimolar concentrations of EDTA. Both serum albumin 
and EDTA are required for water extrusion elicited by  Ca ̀ '+ from these preparations v. 

Water  extrusion and osmotic loss of water from these suspensions are due to 
different mechanisms. Although Ca 2+ probably interacts with the phosphate groups 
of the phospholipid, the mechanism by which it affects these two reactions appears 
to be different. 
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