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Ext rac t ion  of phospholipids,  with 10% aqueous acetone,  f r o m  l ive r  l y s o s o m e s  of r a t s  leads  to a 
sha rp  dec rease  (to 13.6% of the control) in ac t iv i ty  of the m e m b r a n e - b o u n d  ly sosoma l  enzyme 
f l -g lucosidase  bu thas  v i r tua l ly  no effect  on the act ivi ty  of the soluble enzyme f l -ga lac tos idase  
or of acid phosphatase  which is p a r t i a l l y  bound with the l y sosoma l  m e m b r a n e s .  Incubation of 
l y sosomes  with phospholipase C also  induces a m a r k e d  dec rea se  in f l -glucosidase  act ivi ty  (to 
48% of the control  a f te r  incubation for 5 min  and to 30% af te r  incubation for 120 min) and 
some dec rease  in acid  phosphatase  act ivi ty  (to 70% of the control  a f t e r  120 min), whereas  
f i -ga lac tos idase  act ivi ty  under these  c i r c u m s t a n c e s  was v i r tua l ly  unchanged. Incubation of 
l ip id - f ree  ( t rea ted  with aqueous acetone) l y s o s o m e s  with nonpolar (Tr i ton X-100, Tween-60) 
and polar  (sodium cholate and sodium dodecylsulfate) de tergents  r e s t o r e s  some of the fi- 
glucosidase act ivi ty.  The r e s u l t s  indicate that  phospholipids a r e  e s sen t i a l  for  the man i f e s t a -  
tat ion of the cata lyt ic  act iv i ty  of f l -g lucosidase .  

Phosphol ipids  (PL) play an impor tan t  role  in the function of membrane-bound  enzymes  of mi tochondr ia  
[8, 9, 15] and the endoplasmic  re t i cu tum [7, 12, 14, 18]. However ,  the role  of P L  as  r e g a r d s  ly sosomal  en-  
zymes  r e m a i n s  a l m o s t  comple te ly  unstudied. Meanwhile,  there  is expe r imen ta l  evidence that some lyso-  
somal  enzymes  a re  f i rm l y  bound with the m e m b r a n e  of these organel les  [4, 7]. These  m e m b r a n e - b o u n d  
enzymes  include, in pa r t i cu la r ,  f i -g tucosidase  [7]. F r o m  recen t  invest igat ions in the a u t h o r s ' l a b o r a t o r y ,  i t  
s e e m s  that  an e s sen t i a l  condition for  the mani fes ta t ion  of the cata lyt ic  act iv i ty  of this enzyme is the f o r m a -  
tion of complexes  between the enzyme prote in  of f i -g lucosidase  and the components  of the ly sosomal  m e m -  
brane ,  p r i m a r i l y  P L  [5]. 

The object  of this invest igat ion was to study the poss ib le  ro le  of P L  in the mani fes ta t ion  of the ca ta ly -  
tic ac t iv i ty  of var ious  l y sosoma l  enzymes .  Enzymes  differ ing in the s t rength  of the i r  bond with the lyso-  
somal  m e m b r a n e  were  chosen for  invest igation.  These  were  f i -glucosidase  (3.2.1.21), an enzyme f i rm ly  
bound with the l y sosoma l  m e m b r a n e  [7], f l -ga lac tos idase  (3.2.1.23), an enzyme s i m i l a r  to f l -g lucosidase  
functionally but, unlike the la t te r ,  an enzyme of the m a t r i x  [7], and acid phosphatase  (3.1.3.2), an enzyme 
par t ly  bound with the l y sosoma l  m e m b r a n e  [17]. The chief  techniques used were :  a) a study of the ac t iv i ty  
of these  enzymes  in l y s o s o m e s  f rom which the P L  had been r emoved  by ex t rac t ion  with acetone;  b) a study 
of the act ivi ty  of the s ame  enzymes  a f te r  incubation of the l y sosomes  with phosphol ipase C. 

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

Male Wis ta r  r a t s  weighing 200-300 g were  used. 
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Fig. 1. Total  enzyme  act ivi ty  in 
l ip id - f ree  lysosomes .  C) control  
(intact lysosomes) ;  E) expe r imen t  
( lysosomes  t r ea t ed  with 10% 
aqueous acetone).  I) f l -Glucosidase;  
II) f l -ga lac tos idase ;  IID acid  phos-  
phatase.  

The lysosome f rac t ion  was isola ted f rom the l iver  by the 
method of de Duve et  al. [11] in 0.25 M suc rose  with 0.001 M 
EDTA (pH 7.4). An enzyme control  conf i rmed  that  the isola ted 
f rac t ion  of l y sosomes  was sufficiently pure.  

P L  were  r e m o v e d  f rom the l y s o s o m e s  by mi ld  ex t rac t ion  in 
the cold (0-2~ with acetone containing 10% wa te r  by F l e i s h e r ' s  
method [13] with ce r t a in  modif icat ions.  To 27 ml  of a mix tu re  of 
acetone with water  (155 : 11) was added 1 ml  of a suspens ion of lyso-  
somes  (containing20-30 mgpro te in )  in cold 0.25 M sucrose .  The 
mix tu re  was s t i r r e d  thoroughly and centr i fuged for  10 min at 4000 g, 
the supernatant  was carefu l ly  decanted, and the res idue  of lyso-  
s o m e s  was resuspended  in the or iginal  volume (1 ml) of 0.25 M 
s u c r o s e .  All ex t rac t ion  p rocedures  did not take longer  than 20 
rain. 

To study the ef fec t  of phospholipase C on the behavior  of the 
enzymes  the suspension of l y s o s o m e s  (30-40 mg  pro te in /ml )  was 
incubated a t  37~ with a p repa ra t ion  of phospholipase C in the 
p re sence  of 2.5 mM Ca ++ and 0.08 M Tr is -HC1 buffer ,  pH 8.0. 
The phospholipase C (f rom Clos t r id ium per f r ingens ;  Koch-Light ,  
England) was added to the incubation medium to give a ra t io  of 
l y sosomal  prote in  : phospholipase pro te in  of 20 : 1. At va r ious  
t imes  a f t e r  the beginning of incubation (from 2 to 120 rain), s amples  
were  taken f rom the incubation medium to t e s t  the act ivi ty  of the 
ly sosomal  enzymes .  The slowly cooled samples  were  t r ea t ed  
with EDTA to a final concentra t ion  of 0.01 M to stop the act ion of 
phospholipase C. 

Activi ty of f l -g lucosidase ,  f l -ga lac tos idase ,  and acid phosphatase  and a lso  the total  prote in  content 
were  de te rmined  by spec tophotomet r ic  m ic rome thods  based  on the use of b iochemica l  u l t r a m i c r o a n a l y s i s  
developed by Pokrovsk i i  e t  al.  [1-3]. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Data for the activity of the enzymes studied after extraction of PL from the lysosomes with acetone 
a re  given in Fig.  1. The f l -ga lac tos idase  and acid phosphatase  act ivi ty  in l y s o s o m e s  t r ea t ed  with aqueous 
acetone was v i r tua l ly  identical  with the i r  act ivi ty  in the intact  o rgane l les .  However ,  this  t r e a t m e n t  sharp ly  
reduced  f l -glucosidase  act ivi ty ,  to 13.5% of the control .  

The se lec t ive  inhibition of f l -glucosidase  act ivi ty  a f t e r  t r e a t m e n t  of the l y s o s o m e s  with aqueous 
acetone was evidently due to r e m o v a l  of the P L  f rom them. To conf i rm this hypo thes i s , ano the r  s e r i e s  of 
expe r imen t s  was c a r r i e d  out to study the behav ior  of these enzymes  a f t e r  incubation of the l y s o s o m e s  with 
phospholipase C, an enzyme r emov ing  the phosphoryla ted  base  f rom P L  and thus sharp ly  modifying their  
phys icochemica l  p rope r t i e s .  This  approach is a m o r e  specif ic  method of act ing on the m e m b r a n e  P L  than 
by their  ex t rac t ion  [13], 

Incubation of the l y s o s o m e s  with phosphorylase  C (Fig. 2) led to a m a r k e d  dec rea se  in f l -glucosidase  
activity:  by the fifth minute i ts  act ivi ty  was reduced  to 48% of the control .  La te r  during incubation fl-glu- 
cos idase  act ivi ty  continued to fall  (down to 30% of the control  a f te r  incubation for  120 min), but the ra te  of 
dec rease  of i ts  act ivi ty  was much lower.  

Incubation of the l y s o s o m e s  with phosphorylase  C also  led to some dec rease  in the act ivi ty  of acid 
phosphatase  - an enzyme pa r t l y  bound with the lysosomal  m e m b r a n e s .  However ,  toward the end of incuba- 
tion acid phosphatase  ac t iv i ty  was reduced  by only 30% compared  with the control ;  m o r e o v e r ,  the dec rease  
in the act ivi ty  of this enzyme,  unlike that  of f l -g iucosidase ,  took place m o r e  gradual ly  and throughout the 
per iod of incubation. It is in te res t ing  to note that even a f t e r  incubation of  the l y s o s o m e s  with phospholipase 
C for 120 min  the act ivi ty  of the soluble l y sosomal  enzyme f l -ga lac tos idase  was not reduced.  

These  e x p e r i m e n t s  thus showed that  both the r e m o v a l  of P L  f rom l y s o s o m e s  by means  of acetone and 
the i r  des t ruc t ion  by phosphorylase  C lea~d to a sha rp  dec rease  in the act ivi ty  of f i -g lucosidase  - an enzyme 
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Fig. 2. Ef fec t  of phospholipase C on l y sosoma l  enzyme act ivi ty.  En- 
zyme act ivi ty  e x p r e s s e d  in % of the i r  act ivi ty  in l y s o s o m e s  not t r ea t ed  
with phospholipase C. 

Fig. 3. Act ivat ion of f l -glucosidase  of l ip id- f ree  l y s o s o m e s  by de te r -  
gents,  f i -Glucosidase  act ivi ty  e x p r e s s e d  as  a percen tage  of its act iv i ty  
in l ip id- f ree  l y s o s o m e s  incubated under the same  conditions wi thequ iv-  
alent  vo lumes  of solvent  (H20): 1) Tr i ton  X-100; 2) Tween-60;  3) 
sodium cholate;  4) sodium dodecylsulfate.  

f i r m ly  bound with the l y sosoma l  m e m b r a n e s .  It can accordingly  be concluded that  P L  of the ly sosomal  
m e m b r a n e s  a r e  e s sen t i a l  for the mani fes ta t ion  of the cata lyt ic  act ivi ty  of that  enzyme.  

The P L  a re  cons idered  to be respons ib le  for  mainta ining the ca ta ly t ica l ly  act ive conformat ion  of the 
enzymes  of the mi tochondr ia  and endoplasmic  re t icu lum produced by hydrophobic in teract ions  between the 
enzyme pro te ins  and P L  [9, 16, 18]. Evident ly  a s i m i l a r  m e c h a n i s m  appl ies  in the case  of the lysosomal  
enzyme f l -g lucosidase .  

Expe r imen t s  were  the re fo re  c a r r i e d  out to study whether  f i -g tucosidase  in l ip id - f ree  l y sosomes  can 
be r eac t iva t ed  by means  of de tergents ,  compounds capable  of act ive hydrophobic in te rac t ion  with prote in  
molecu les  (including enzyme proteins) ,  coupled with changes in the i r  conformat ion  [10]. 

The act ion of two groups of de te rgents  was studied: nonpolar  (Tri ton X-100 and Tween-60) and 
anionic (sodium cholate and sodium dodecylsulfate) .  The l ip id- f ree  l y sosomes  were  incubated (5 min, 0~ 
with aqueous solutions of one of the de tergents .  

Incubation of l ip id- f ree  l y s o s o m e s  both with nonpolar and with anionic de te rgents  led to a m a r k e d  in- 
c r e a s e  in f i -g lucosidase  act ivi ty .  The s t ronges t  r eac t iva t ing  act ion was exhibited by Tr i ton  X-100: in a 
concentra t ion  of 0.1% of this de tergent  the f l -g lucosidase  act ivi ty  in the l ip id - f ree  l y sosomes  ro se  by 2.9 
t imes  c o m p a r e d  with the control  and r eached  56% of its act iv i ty  in the intact  l y sosomes .  The reac t iva t ing  
ef fec t  of the other  nonpolar  detergent  (Tween-60) was less  m a r k e d  (activation by 1.8 t imes  in a concen t ra -  
tion of 0.1%). The anionic de tergents  sodium cholate and sodium dodecylsulfate  ac t iva ted  f i -g lucosidase  by 
2.3 and 1.8 t imes  r e spec t ive ly .  

It can be concluded f rom the r e s u l t s  of these expe r imen t s  that P L  play an impor tan t  ro te  in the man i -  
fes ta t ion of the cata lyt ic  p rope r t i e s  of the m e m b r a n e - b o u n d  ly sosoma l  enzyme f l -glucosidase;  the i r  act ion 
is evidently a imed  at  mainta ining the ca ta ly t ica l ly  act ive conformat ion  of this enzyme,  and it is explained 
by hydrophobic in te rac t ion  with the enzyme prote in .  At the same t ime,  the fact  that  acid phosphatase  ac-  
t ivi ty is d e c r e a s e d  by t r e a t m e n t  of l y sosomes  with phosphol ipase C indicates  that  P L  also play a role  of 
some impor tance  in the act ion of that  enzyme.  The r e s u l t s  indicate that  in te rac t ion  of enzyme prote ins  with 
P L  is evidently a c h a r a c t e r i s t i c  fea ture  of the m e m b r a n e - b o u n d  enzymes  of va r ious  cytological  s t ruc tu re s .  
P r e s u m a b l y  in te rac t ion  between the enzymes  and PL  const i tu tes  one way by which the act ivi ty  of the en-  
zymes  of subce l lu la r  s t r u c t u r e s  can be regulated.  
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