
The degree  of development of hyper t rophy of the r a t  adrenal  gland var ies  considerably depending both 
on the animals '  age and the t ime elapsing af te r  the operat ion.  It is in teres t ing to note that instabili ty of de-  
velopment  of compensatory  hyper t rophy also was observed  in re la t ion to ovaries  of infantile golden hams te r s  
[1] and the kidney in young ra ts  [2]. A more  penetrat ing analysis  of the cha rac t e r  of compensa tory  hyper t rophy 
of the adrenal  in the ear ly  postnatal  per iod  will be the subject  of future r e s ea r ch .  
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P lasma  membranes  (PM) isolated f rom smooth-musc le  t i ssues  a re  ves icu la r  format ions  [4, 6, 9]. They 
are  cha rac t e r i zed  by activity of var ious enzymes  connected with ATP hydrolysis  and regulation of the ionic 
composit ion of the cytoplasm. However,  d i rec t  exper imenta l  invest igat ion of the functions of ion- t ranspor t ing  
enzymes  incorpora ted  into the s t ruc tu re  of PM is difficult.  Attempts to inser t  such enzymes  into flat  lipid 
membranes  have not yielded consis tent ly reproducible  resu l t s  [5]. 

In the investigation desc r ibed  below surface  activity of membrane  prepara t ions  and the i r  in teract ion with 
phospholipid monolayers ,  s imulating the sur face  of the b i layer ,  were  studied. 

E X P E R I M E N T A L  M E T H O D  

PM were  isolated f rom smooth-musc le  t issue of the rabbit  small  intestine by different ia l  centrifugation 
in a suc rose  density gradient  and were  cha r ac t e r i z ed  e l ec t ron -mic roscop ica l ly  and biochemical ly as descr ibed  
previously  [4]. The level  of ATPase  activity of PM was ver i f ied  by a potent iometr ic  method [1, 2]. The PM 
prepara t ion  was kept in medium centaining 25% glycero l  (by volume), 0.1 mM EDTA, 0.2 mM CaC12, and 5 mlVl 
imidazole,  pH 7.2, at 0-4~ ATPase  activity pe r s i s t ed  for about 1 month ~nder  these conditions. 
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Fig. i. Cyclic compression isotherms of PM monolayer obtained as a result of injection of vesicles into sub- 
phase (line of dots and dashes) and monolayer formed by application of vesicles directly to surface of elec- 
trolyte-air phase boundary (continuous line). I, 2, 3) Sequence of cycles. Velocity of movement of barrier 
5.2 cm/min. Abscissa, ratio S/S0; ordinate, Aa (in dynes/cm). 

Fig. 2. Cyclic compression isotherms of monolayers from total fraction of PM phospholipids, i) Velocity 
of compression 5.2 cm/min, 2) 13 cm/min, 3) 39 cm/min. Remainder of legend as to Fig. i. 

Fig. 3. Cyclic compression isotherms of original lecithin monolayer (I) and of lipoprotein monolayer (2) ob- 
tained by adsorption of PM injected into subphase beneath lecithin monolayer. Velocity of compression 5.2 
cm/min. Remainder of legend as to Fig. I. 

The sur face  act ivi ty of PM and the i r  in te rac t ion  with phospholipid monolayers  were  inves t iga ted  at 18~ 
on the phase  par t i t ion  boundary between an aqueous solution of e lec t ro ly te  and a i r  [8]. The mono laye r  was 
f o r m e d  in a Teflon cuvette measu r ing  385 • 140 • 12 ram.  An e lec t ro ly te  of the following composi t ion was 
used as subphase:  5 mM Tris-HC1,  10 mM KC1, pH 7.2. The lipids chosen fo r  tes t ing  were  ovolecithin,  syn-  
thet ic  dipalmitoyl leci thin and dioleyllecithin ( f rom Koch Light, England), and a lso  the total  phospholipid f rac t ion  
obtained by ourse lves  f r o m  the PM prepa ra t ion  by the method of Kates [3]. 

Monolayers  were  fo rm ed  by two methods:  by applicat ion of a suspens ion of ves i c l e s  (l rag protein)  di -  
rec t ly  to the su r face  of the subphase  or  by introduction of the same  quantity of the p r epa ra t i on  into a volume 
of e lec t ro ly te  so  that  its d i rec t  contact with the phase  par t i t ion boundary between lipid and a i r  was excluded. 
Phospholipid monolayers  were  f o r m e d  by applicat ion of por t ions  of a solution of leci thin in hexane (0.1 m g / m l )  
to the sur face  of the subphase until the ass igned  packing density of the molecu les  in the monolayer  was achieved.  
Inser t ion  of the m e m b r a n e  p repa ra t ions  into the phospholipid monolayers  was judged by the change in sur face  
tension and the boundary potential  jump in r e sponse  to injection of PM into the subphase .  Surface tension was 
m e a s u r e d  by means  of a h a l f - i m m e r s e d  pla t inum disk (pe r ime te r  9 cm) connected to a KhM-6 mechanot ron  [7]. 
The sens i t iv i ty  of the measu r ing  s y s t e m  was 0.1 d y n / c m .  The boundary jump of potential  was r eco rded  with a 
dynamic capac i to r  [8]. The resolut ion of the ins t rument  was 2 mV. 

E X P E R I M E N T A L  R E S U L T S  

Lipid ves ic les  a re  known to  p o s s e s s  su r face  act ivi ty  [10] and to be adsorbed  on a i r - w a t e r  phase  bound- 
a r i e s .  Under  these  c i r c u m s t a n c e s  the i r  spher ica l  s t r u c t u r e  is d i s turbed  and the b i layer  m e m b r a n e s  s p r e a d  
out along the in te rphase  with the fo rmat ion  of mono laye r s .  A s i m i l a r  approach was used  to study ves i cu l a r  
p repa ra t ions  of PM of s m o o t h - m u s c l e  cel ls .  Af ter  inject ion of membranous  ves ic l e s ,  which a l so  p o s s e s s  s u r -  
face act ivi ty  and a re  adsorbed  on e l e c t r o l y t e - a i r  phase  boundar ies ,  into the subphases  a s t eady - s t a t e  of ad-  
sorpt ion was es tab l i shed  in the course  of 4-6 h. The su r face  tension d e c r e a s e d  under  these  c i r cums t ances  by 
5-6 d y n e s / c m ,  and the boundary potential  drop changed by about 180 mV re la t ive  to i ts  initial  level  (positive in 
a i r ) .  A s i m i l a r  r e su l t  was achieved when the p repa ra t ion  was applied d i rec t ly  to the su r face  of the subphase .  
In this case the PM quickly flowed over  the par t i t ion  su r face .  The potential  jump as a r e su l t  changed by 180- 
200 mV and the sur face  tension fel l  by 3-25 d y n e s / c m  depending on the number  of PM falling o n t h e  in te rphase .  
In all cases  adsorpt ion ended with filling of the su r face  of the subphase  with m a t e r i a l  of the m e m b r a n e s  and the 
fo rmat ion  of densely packed mono laye r s  with c losely  s i m i l a r  values  of charge  densi ty in them and with iden- 
t ica l  or ienta t ion of the molecules  on the phase boundary.  

Significant d i f ferences  were  obse rved  in the kinet ics  of fo rmat ion  of the s teady s ta te  during adsorpt ion of 
ves ic les  injected into the subphase and applied to its su r face .  In mono laye r s  f o r m e d  by the f i r s t  method, con-  
s is tent ly  reproducib le  changes of two-dimens ional  p r e s s u r e  were  r e c o r d e d  during the i r  cyclic c o m p r e s s i o n  and 
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TABLE 1. Numerical  Values of Changes in 
Surface Tension Aa and Boundary Potential 
A ~ of Lecithin Monolayers af ter  Injection 
of PM into Subphase 

Type of monolayer 

Ovolecithin 

Dioleyllecithin 

Dipalmito y11ecithin 

Initial 

Idyne'/c  
3,5 

13,7 
32,4 
2,7 

II,0 
3,9 

I0,0 

Aa of re- 
action, 
dynes / 
CITI 

16,8 
10,8 
4,1 
6,5 
4,2 
9,4 
6,1 

A,~ of 
r e a c t i o n ,  
mV 

59 
153 
12 
24 
21 
14 
22 

b a 

Fig. 4. Scheme of adsorption of PM on phase 
boundary. 

expansion (Fig. 1). In monolayers  obtained by the second method the course  of the i so therms  changed f rom its 
initial type (curve 1) to the s teady-s ta te  type (curve 3) in the course  of the cycles:  and at the 3rd-5th cycle the 
course  of these i sotherms began to coincide with those of compress ion  of the monolayers  fo rmed by the f i r s t  
method. The t ransi t ion f rom the f i rs t  compress ion  cycle to the next, with equal rat ios  between areas  (S/S 0 ) 
was accompanied not by a decrease  in two-dimensional  p r e s su re  or by its constancy, as is recorded  in "c l a s s i -  
cal" monolayers ,  but by an increase .  In other words,  membranes  of the vesicles ,  when falling on the surface ,  
are  des t royed during compress ion  by the b a r r i e r  and the lipoprotein complexes are  organized into a true mono-  
layer ,  which requi res  a g r ea t e r  a rea  than that of the original  ves ic les .  

On injection of PM direct ly  into the subphase adsorption of vesicles  was accompanied by their  des t ruc -  
tion, and no t ransformat ion  in the course of the compress ion  isotherms of the monolayers  was thus observed.  
The lipoprotein monolayer  differed not only f rom the ves icu la r  layer  (Fig. 1), but also f rom the monolayer  of 
phospholipids extracted f rom PM (Fig. 2). Under equal conditions of compress ion  the phospholipid monolayer  
was more  elast ic and more  soluble in the subphase than the lipoprotein monolayer .  The modulus of elast ici ty 
(Act/AS) and the two-dimensional  p r e s su re  in it (An) in different s tages of contractions of the area  were al-  
ways less than for  the l ipoprotein monolayer .  Collapse in a phospholipid monolayer  was recorded  only if the 
velocity of compress ion  exceeded 13 c m / m i n .  The p r e s s u r e s  at the beginning of collapse coincided in both 
cases ,  but no intermediate plateau AB (Fig. 1) charac te r i s t i c  of the l ipoprotein monolayer  was observed on the 
compress ion  i so therm of the phospholipid monolayer ,  indicating s t ruc tura l  changes in the la t ter .  Probably 
under these c i rcumstances  the protein underwent denaturation. 

If the surface  of the e lectrolyte  was filled with the lipid monolayer ,  adsorption of vesicles  took place much 
fas te r  than on a f ree  surface,  and was accompanied by a change in the two-dimensional  p re s su re  and the surface 
potential.  Steady-state  adsorption was establ ished in the course  of 60-120 rain. The lower t ime level c o r r e -  
sponds to a high packing density of the monolayers  (about 30 dynes / cm) ,  the upper to a loosely packed state 
(3-5 dynes / cm) .  It will be c lear  f rom Table 1 that, i r respec t ive  of the nature of the phospholipids in the mono-  
layer,  injection of the PM prepara t ions  into the subphase caused an increase  in the two-dimensional  p r e s s u r e  
and a decrease  in the boundary potential.  The maximal change in these pa rame te r s  was recorded  on mono-  
layers  of ovolecithin, whereas  the minimal effect  was observed on monolayers  f rom synthetic lipids. With an 
increase  in the initial packing density of the molecules ,  the r i se  of p r e s s u r e  and the fall of boundary potential 
were exhibited to a l e s se r  degree.  Hence it follows that adsorption of PM vesic les  on phospholipid monolayers  
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leads to penetra t ion of the i r  subs tance  and its accumulat ion in the plane of the po la r  groups border ing  the sub-  
phase .  Clear ly ,  with h igher  values of two-dimens iona l  p r e s s u r e ,  less  of the subs tance  of PM will pene t ra te  
into the monolayer .  

Compres s ion  i so the rms  of a lecithin monolayer  with initial two-dimens iona l  p r e s s u r e  of 10 d y n e s / c m  
and of this s a m e  mono laye r  a f t e r  injection of the m e m b r a n e  p r epa ra t i on  into the subphase  a r e  given in Fig.  3. 
It will be c l ea r  f r o m  Fig.  3 that ,  despite  d i sp lacement  of the ~zero"  level of two-d imens iona l  p r e s s u r e  in the 
l ipoprote in  monolayer  f r o m  this s a m e  level  into the phospholipid monolayer ,  the course  of the c o m p r e s s i o n  
i so the rm of the f i r s t  mono layer  r ema ins  s i m i l a r  to the c o m p r e s s i o n  i so the rm  of the la t t e r .  On the whole, the 
curve is only displaced upward re la t ive  to the prev ious  one by a constant value.  This indicates the appearance  
of an adsorpt ion l aye r ,  consis t ing of ves i c l e s ,  in the region of the po la r  groups  of thephosphol ipids .  The v e s i c -  
u la r  l ayer  i n c r e a s e s  the kinetic b a r r i e r  fo r  solution of lipid and pro te in  molecules  f r o m  the outer  monolayer ,  
in turn  the phospholipids in the outer  monolayer  p reven t  denaturat ion of the prote in  penetra t ing into it. The 
following scheme of adsorpt ion of PM on a pure  su r face  of an e lec t ro ly te  and adsorpt ion in the p r e sence  of 
lipid monolayers  can be put fo rward  on the bas is  of these  resu l t s  (Fig. 4). 

The g r e a t e r  pa r t  of the lipids in the m e m b r a n e s  is evidently bound with p ro te ins .  During adsorpt ion of 
ves ic les  on the clean su r face  a monolayer  is f o rmed  and this is accompanied  by a gain of energy  and by dena-  
tu ra t ionof the  prote in  molecu les  (Fig. 4a). If a phospholipid monolayer  a l ready  ex is t s  on the phase  boundary, 
molecu les  of l ipids and pro te ins  will flow f rom the ves ic les  into the monolayer .  On complet ion of the adsorpt ion 
p r o c e s s  the excess  of ves i c l e s  is concent ra ted  in the zone of po la r  groups of the l ipoprote in  monolayer  in the 
native s tate  (Fig. 4b). Under these  c i r c u m s t a n c e s  the p r e sence  of l ipid on the su r face  impedes  prote in  de-  
naturat ion.  
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