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SU M A R Y  

The  syn thes is  and in ter-act ions of  c y t o p l a s m i c  membr-anes invo lved  in the intmacettutar- 
t r a n s p o r t  off secr'etor-y p ro te ins  have been inves t iga ted  in a sys tem of  gu inea pig pan-  
er-eas s l i ces  pulse labe led in v i t r o  w i th  1 4 0 _ L _ l e u c i n  e .  I t  is  suggested that  the m e m -  
b ranes  off the rough endop lasm ic  r e t i c u l u m  and Golg i  c o m p l e x  w e r e  syn the t ized  i nde -  
pendent ly  of  each o the r  w h i l e  the membr-anes of zymogen gr-anutes d e r i v e  f r o m  p r e -  
ex i s t i ng  s t r u c t u r e s ,  p robab l y  m e m b r a n e s  of Gotgi  o r i g i n .  

B~ochemicat  and m o r p h o l o g i c a l  ev idence  c l e a r l y  i nd ica tes  that  in panc rea t i c  a c i n a r  

ce l t s  (1 -4 ) ,  as we l t  as in o the r  p ro te in  sec re t i ng  ce l l s  (5 -7 ) ,  s e c r e t o r y  p ro te ins  a re  

a lways  segrega ted  by m e m b r a n e s .  Thus ,  £ottowing t h e i r  syn thes is  in the at tached r i -  

bosomes ,  such p ro te ins  a re  t r a n s p o r t e d  th rough a s e r i e s  of f u n c t i o n a l l y  i n t e r c o n n e c t -  

ed m e m b r a n e - b o u n d  compamtmentswh ich  i n v o l v e ,  in sequence,  the rough endop lasm ic  

metieutum (RER) ,  the Go lg i  c o m p l e x  and ff inat ly the s e c r e t o r y  gr 'anutes,  the content  of  

the tatter- being u l t i m a t e l y  d i scha rged  in the ex t race t tu ta r -  space by exocy tos i s .  

Wh i l e  i t  is c l e a r  that  the d i f f e r e n t  m e m b r a n e s  speci f f icat ty  i nvo l ved  p lay  a cen t ra l  

ro te  in these pr 'ocesses,  unequ ivoca l  i n f o r m a t i o n  concer-ning t h e i r  syn thes is  and i n t e r -  

ac t ions  is s t i l l  tack ing .  Based on i n d i r e c t  ev idence  i t  is  gener-atty assumed that  these 

m e m b r a n e s  ape syn the t i zed  in the RER.  Some of them wou ld  then separa te  fr-om RER 

and t ransf form into Go lg i  m e m b r a n e s ,  w i th  a balance ma in ta ined  by a s imu l t aneous  

t r a n s f o r m a t i o n  of o ther  Gotg i  m e m b r a n e s  in to  s e c r e t o r y  g ranu le  membr-anes (8-11 ) .  

In pr-evious s tud ies  on the pancreas  off the gu inea pig we have demons t ra ted  that  

m e m b r a n e  sub f rac t i ons  can be obta ined f r o m  rough micmosomes (de r i ved  ffrom the RER 

smooth  micmosomes (pr- imar- i ty con t r i bu ted  by e lemen ts  of the Golg i  comp lex )  and 

f r o m  s e c r e t o r y ( z y m o g e n )  g ranu les  (ZG) by r e m o v i n g  the n o n - m e m b r a n e  components  
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presen t  in these f r a c t i o n s  wh i te  leav ing  the s t r u c t u r e  and compos i t i on  of m e m b r a n e s  

appa ren t l y  unaf fected (12,  13). The syn thes is  and i n tB rac t i ons  of  these membr,anes 

have now been inves t iga ted  in 9 sys tem of panc rea t i c  s l i ces  whe re  p ro te ins  w e r e  pulse 

labe led  in v i t r o  w i th  1 4 0 - L - | e u c i n e .  

M E T H O D S  

Ma le  a l b i n o  gu inea pigs w e i g h i n g  450-500 g w e r e  fasted 18-20 h r .  P r e p a r a t i o n  a n d  

in v i t r o  incubat ion  o f  pancrreatic s l i ces  w e r e  c a r r  ied out as desc r ibed  in r e f e r e n c e s  3 

and 13. The  s l i c e s  w e r e  pulse labe led  w i th  1 4 0 - L - l e u c i n e  ( u n i f o r m l y  labe led;  2 0 y M ;  

SA 260 p C / r e m o t e ;  NEN,  Langen ,  Ge rmany )  For 5 m t n ,  then washed w i t h  w a r m  chase 

incubat ion  m e d i u m  (conta in ing  2 m M  12C_L_ leuc ine )  and re tncubated tn the l a t t e r  For 

v a r i o u s  t i m e s  (0 to 150 p i n ) .  

Ce l t  F rac t ionat ion  . H i g h l y  p u r i f i e d  m e m b r a n e  sub f rac t i ons  w e r e  i so la ted  f i rom rough 

and smooth  m i c r o s o m e s  by the p rocedu re  desc r ibed  in de ta i l  in 13. T h i s  i n v o l v e s ,  in 

sequence,  incubat ion  of rough and smooth  m ic r ' osomes  ( i so la ted  as in 12 w i th  m i n o r  

changes) in 1 M K C I ,  5 m M  MgC[2 ,  0 .5  m M  p u r o m y c i n  (14) For- 4 hr  at 4 ° ,  r e c o v e r y  

of p a r t i a l l y  p u r i f i e d  m e m b r a n e s  by suc rose  g r a d i e n t  cen t r i f uga t i on  and wash ing  w i th  

0 .2  M NaHCO 3 b u f f e r ,  pH 7 . 8 .  Such t r e a t m e n t s  re l ease  the bulk of n o n - m e m b r a n e  

components  known to be p resen t  in m i c r o s o m e s .  Thus  by a n a l y t i c a l  and enzymotog tca t  

c r i t e r i a  i t  was es tab l i shed  that  m e m b r a n e  sub f rac t i ons  re ta in  < 5% of the r i b o s o m e s ,  

~'2% of  the s e c r e t o r y  p r o t e i n s  and ~ 2% of  the absorbed  so lub le  p ro te ins  o r i g i n a l l y  

p resen t  (13).  ZG membr,anes w e r e  i so la ted  as desc r ibed  in 12. Such Fract ion ap -  

pears  composed e x c l u s i v e l y  by m e m b r a n e  ghos ts ,  due to the to ta l  r.elease dur ing  the 

p u r i f i c a t i o n  p rocedu re  of d i ges t i ve  enzymes  o r i g i n a l l y  con ta ined w i t h i n  ZG.  C h e m i c a l  

and r a d i o c h e m i c e t  assays w e r e  c a r r i e d  out as in 18. 

RESUL' I -S  

Resu l ts  a r e  s u m m a r i z e d  in F i g . 1 .  I t  is  ev iden t  that  at  the end of the 5 p i n  pulse 

i n c o r p o r a t i o n  a high p ro te in  spec i f i c  r a d i o a c t i v i t y  was Found assoc ia ted  w i th  both the 

rough and smooth  m i c r o s o m e  m e m b r a n e s ,  the r a t i o  of rough to smooth  betng ,~ 1 .8 .  i 

In rough m e m b r a n e s  a cons is ten t  decrease  o f  p r o t e i n  spec i f i c  r a d i o a c t i v i t y  was Found 

a f t e r  20 p i n  of chase incubat ion ;  between 20 and 80 m in  there  was an add i t i ona l  s m a l l  

d e c r e a s e ,  w i t h  no Further` change at the las t  t i m e - p o i n t  (150 p i n ) .  In smooth  m i c r o s o -  

mat  m e m b r a n e s  t h e  e a r l y  dec rease  of  p ro te in  l abe l i ng  was tess m a r k e d .  No change 

cou ld  be detected at 80 m i n ,  w h e r e a s  between 80 and 150 p i n  t he re  was a fur , :her m o -  

de ra te  decr`ease. ! 
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F i g .  1 . -  S p e c i f i c  r , a d i o a c t i v i t y  o f  p r o t e i n s  in  m e m b r a n e  f r , a c t i o n s  i s o l a t e d  f r o m  p a n -  
c r e a t i c  s l i c e s  p u l s e  l a b e l e d  f o r  5 m i n  and i n c u b a t e d  up t o  150 ra in  in  c h a s e .  V a l u e s  
g i v e n  a r e  ave r ,ages  o f  e i t he r ,  5 (0 ra in  tn c h a s e ) ,  3 (20 and 80 ra in  in  c h a s e ) ,  o r  2 (15C 
ra in  in  c h a s e )  e x p e r i m e n t s .  V a t , r a t i o n s  F r o m  one e x p e r i m e n t  to  a n o t h e r  w e r e  t e s s  th~ 

15%. 
R M M  = r o u g h  m i c r , o s o m e  m e m b r , a n e s ;  S M M  = s m o o t h  m t c r o s o m e  m e m b r a n e s ;  Z G ~  
z y m o g e n  g r ,anu te  m e m b r , a n e s .  

A c o m p l e t e l y  d i f f e r e n t  cur ,ve  w a s  found w i t h  Z G  m e m b r a n e  p r o t e i n s .  T h e s e  w e r e  

p r a c t i c a l l y  u n l a b e l e d  a t  the  end o f  the  p u l s e ;  dur , tng c h a s e  i n c u b a t i o n  a v i r t u a l l y  Line. 

i nc r , ease  o f  Labe l i ng  w a s  o b s e r , v e d ,  so  t h a t  a f ter"  150 m i n  the  p r ,o te in  s p e c i f i c  r , a d i o a c  

v t t y  o f  Z G  m e m b r , a n e s  app r ,oached  t h a t  o f  s m o o t h  m i c r o s o m e  m e m b r a n e s .  

D I S C U S S I O N  

A s  c l e a r l y  d e m o n s t r a t e d  by  J a m i e s o n  and P a r a d e ,  in  a s y s t e m  o f  p a n c r , e a t i c  s l i c e s  

i n c u b a t e d  in  v i t r , o  p r ,o te ins  can be p u l s e  l a b e l e d  us i ng  r , a d i o a c t i v e  t e u c i n e  as  a t r a c e r  

( 3 ) .  T h e r e f o r , e ,  c h a n g e s  in p r o t e i n  s p e c i f i c  r , a d i o a c t i v t t y  o f  c e l t  f r a c t i o n s  d u p i n g  po., 

p u l s e  i n c u b a t i o n  ape  due to i n t r a c e t t u t a r  tPanspor , t  r a t h e r  than  to  c o n t i n u e d  s y n t h e s i s  

B y  u s i n g  such  a s y s t e m  w e  have  obse r , ved  t h a t  a t  t he  end of  a shor , t  p u l s e  incor ,pom 

t i o n  bo th  r o u g h  and s m o o t h  m i c r , o s o m e  m e m b r a n e  p r , o t e i n s  ape h i g h l y  Labe led .  I t  i s  

k n o w n  t h a t  in the  g u i n e a  p ig  panc r ,eas  r ,ough m i c r o s o m e s  ar,e a pur,e f r a c t i o n  and con- 

t a i n  f r a g m e n t a t e d  and r ,esea ted  c i s t e r , n a e  o f  R E R ,  w h i l e  s m o o t h  m i c r o s o m e s  ape con 

t r , i b u t e d  p r i m a r , i t y  by  G o t g i  v e s i c l e s  and c i s t e r , n a e  bu t  a l s o  c o n t a i n  a s i z a b l e  a m o u n t  

o f  c o n t a m i n a n t s  w h i c h  m o s t  p r , obab [y  ape  u n l a b e l e d  a t  the  end  o f  t h e  p u l s e  ( such  as  
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pieces of  p l a s m a  m e m b r a n e  and p inocy to t i c  ves i c l es  (3,  12, 15). The presence of t h e s e  

could account ,  at  teas[  in p a r t ,  For" the tower  spec i f i c  r a d i o a c t i v i t y  of  the smooth  m e m -  

brane p ro te ins  compared  to rough .  Dur ing  chase incubat ion  the r a d i o a c t i v i t y  of  the 

p ro te ins  of both m e m b r a n e  sub f rac t i ons  r e m a i n e d  h igh.  A mode ra te  dec rease  was ob -  ; 
I 

se rved  in the F i rs t  20 min  p a r t i c u l a r l y  in rough m e m b r a n e s ;  th is  could be due,  at  

[east  in p a r t ,  to the presence of  t r ace  amounts  of  h igh ly  r ,adioact ive s e c r e t o r y  p ro te ins  

wh ich  in our  sys tem a re  known to be t r a n s p o r t e d  e a r l y  From m i c r o s o m e s  to ZG dur ing  

chase incubat ion  (3,  4) .  In c o n t r a s t ,  the smart  dec rease  of  l abe l ing  off smooth  m e m -  

brane p ro te ins  between 80 and 150 m in  cannot be a t t r i bu ted  to s e c r e t o r y  p ro te i ns  s ince 

mos t  of  these a re  known to leave the m i c r o s o m e s  be fo re  80 mtn of  chase.  A l s o  the 

p r o g r e s s i v e  i nc rease  of r a d i o a c t i v i t y  in ZG membr,ane p ro te ins  mus t  be at t r , ibuted to 

the m e m b r a n e s  t hemse l ves  s ince our  pr ,eparat ions appear  Free of n o n - m e m b r a n e  con-  

t am inan ts  both by enzymotog ica [  (12) and ana l y t i ca l  (unpubl ished)  c r i t e r i a .  

Taken  as a who le  these data seem to suggest that  the Gotg i  m e m b r a n e s  ape syn the -  

t i zed  independent ly  From the bulk of RER m e m b r a n e s .  S ince  the Gotg i  c o m p l e x  i t -  

se l f  is  not endowed w i th  p ro te in  syn the t i z ing  capac i t y  the membr,ane p ro te ins  could be 

syn the t i zed  e l s e w h e r e  and i m m e d i a t e l y  assemb led  in the Gotgi  toge ther  w i th  phospho-  

t ip ids  to y i e l d  comp le te  m e m b r a n e s .  Poss ib le  s i tes  of  membr,ane p ro te in  syn thes is  

cou ld  be e i t h e r  the f ree  r i b o s o m e s  (as a l r e a d y  suggested in a d i f f e r e n t  sys tem (16) o r  

s p e c i a l i z e d  a reas  of  the R E R ,  fr,om which  the m e m b r a n e s  wou ld  be i m m e d i a t e l y  tr ,ans- 

Fer,red to the Gotgi  c o m p l e x .  

H o w e v e r  our  data do not r,ute out the p o s s i b i l i t y  that  some RER m e m b r a n e s  m igh t  

be t r a n s f o r m e d  in to Gotg i  m e m b r a n e s .  The way  th is  t r a n s f o r m a t i o n  could occur  is not 

c l e a r ,  but i t  seems poss ib le  tha t ,  bes ides o ther  p rocesses ,  i t  could i m p l y  the i n s e r t i o n  

of  "new"  p ro te ins  in to  " o l d "  m e m b r a n e s .  T h e r e f o r e ,  the high p ro te in  spec i f i c  rad ioac -  

t i v i t y  of  Gotg i  m e m b r a n e s  at  the end of  the pulse could be due not to the independent  

syn thes is  of these m e m b r a n e s  but r a t h e r  to the i n s e r t i o n  of a Few h igh ly  [abated " t r a n s -  

Forming"  p ro te ins  on p r e - e x i s t i n g ,  non - l abe led  ER m e m b r a n e s .  E x p e r i m e n t s  to check 
I i  i 

these p o s s i b i l i t i e s  a re  in p r o g r e s s .  ~ 

As  Far as the ZG m e m b r a n e s ,  our  data c l e a r l y  suggest  that  they a r e  not  syn the t i zed  

as such but r a t h e r  d e r i v e  From p r e - e x i s t i n g  s t r ,uc tures.  Str,ong m o r p h o l o g i c a l  ev idence  , 

i nd i ca tes  the Gotg i  c o m p l e x  as the source  of ZG m e m b r a n e s  (2,  17, 18). Our  o b s e r -  

va t ion  that  the i nc rease  of p ro te i n  spec i f i c  r a d i o a c t i v i t y  in ZG m e m b r a n e s  is much l a r -  

ge r  than the s imu l t aneous  decrease  in smooth  m i c r o s o m a t  m e m b r a n e s  p robab l y  depends 
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on the fac t  tha t  in panc rea t i c  a c i n a r  ce l t s  of fasted gu inea pigs the re  a re  many  m o r e  

Gotg i  than ZG m e m b r a n e s .  T h e r e f o r e  the t r a n s f e r  f r o m  the Gotg i  c o m p l e x  to ZG of  

enough m e m b r a n e s  to i n c r e a s e  m a r k e d l y  the s p e c i f i c  r a d i o a c t i v i t y  of the p r o t e i n s  of  

the t a t t e r  cou ld  r e s u l t  in on l y  a s m a l l  change in the m e m b r a n e s  of  the f i r s t  t ype .  
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