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Summary 

To study the t ransport  of secretory glycoproteins in the endoplasmic 
reticulum of  rat liver, the distribution of  nascent glycoproteins in the 
membrane and luminal fraction of rough and smooth microsomes has been 
examined after short-time incorporat ion of radioactive glucosamine in vivo. 
50--60% of  the radioactivity was associated with the membranes of rough and 
smooth microsomes, whereas about  10% of the serum albumin was found in 
the same fractions. The relative amount  of  radioactivity in the membranes was 
the same whether  the luminal con ten t  of  the microsomal vesicles was released 
by sonication, French press, Triton X-100, Brij 35 or sodium deoxycholate .  
The distribution of labeled glycoproteins between the membrane and luminal 
fraction of  rough and smooth microsomes did not  change during the time 
interval of 15--120 rain after  administration of  the isotope. The similarity of 
the labeling patterns obtained after sodium dodecyl  sulfate (SDS)-polyacryl- 
amide gel electrophoresis indicated that the same set of  glycoproteins were 
located in the lumen and the membrane of  rough and smooth microsomes. A 
specific precipitation of nascent glycoproteins from both the membrane and 
luminal fractions of rough and smooth microsomes was obtained with rabbit  
antiserum against rat serum. The nascent glycoproteins associated with the 
membranes were not  released by high ionic strength or t rea tment  with 
mercaptoethanol .  A slow exchange between [~4C]glucosamine-labeled glyco- 
proteins in the lumen and membrane fraction was, however, found. 

In t roduct ion 

The main part of  the plasma proteins is glycoproteins being synthesized in 
the endoplasmic reticulum of liver. The protein part is synthesized on 
membrane-bound ribosomes and glycosylated by a stepwise addition of 
carbohydrates  as the nascent glycoprotein migrates through the rough and 
smooth endoplasmic reticulum and the Golgi apparatus before being secreted 
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[1,2].  The glycosyltransferases responsible for these reactions are located in the 
membranes of the endoplasmic reticulum [3]. Whereas it has been shown that 
serum albumin, a plasma protein containing no carbohydrates,  is t ransported 
through the lumen of the endoplasmic reticulum [2,4],  not  much is known 
about  the mode of movement  of those proteins which are modified before 
being secreted. Redman and Cherian [4] suggested, from their in vitro experi- 
ments,  that  nascent glycoproteins remained associated with the membranes of 
rough microsomes and possibly also with the membranes of the smooth 
microsomes until galactose is added. Our studies of protein-bound 
carbohydrates  in various submicrosomal fractions from rat liver revealed, how- 
ever, substantial amounts  of glycoproteins in both the luminal and membrane 
fraction [5].  In a more recent  investigation by Kreibich et  al. [6,71, nascent 
plasma glycoproteins were found in both lumen and membranes of rough and 
smooth microsomes from rat liver, after selective release of the lumen con- 
tent  by low concentrat ions of detergent.  

The present work was carried out  to examine the possibility for an involve- 
ment  of  the membranes in the transport  of secretory glycoproteins through the 
endoplasmic reticulum. As adequate methods for (1) release of luminal content  
f rom vesicles and (2) the separation of luminal con ten t  and membranes were a 
prerequisite for this investigation, special a t tent ion was paid to this problem. 
The results obtained indicate that during the transport  through the channels of 
the endoplasmic ret iculum the nascent plasma glycoproteins interact  with the 
membranes.  

Materials and Methods 

Animals. Male albino rats, 200 g, of the Wistar strain (MOllegaard, Havrup, 
Denmark) were used. The animals were fasted for 20 h before being killed 
by decapitation. The [14C]glucosamine and [3Hlglucosamine were injected 
intraperitoneally except  in the pulse-chase experiments where the isotope and 
the chase D-glucosamine were injected in the tail vein under pentobarbital  (5- 
e tbyl-5-(methylbutyl)barbi tur ic  acid)anesthesia. 

Chemicals. Rabbit  antiserum to rat serum albumin was obtained from 
Calbiochem., Calif., U.S.A., rabbit  antiserum to rat serum was from Miles Lab., 
Inc., Ind., U.S.A. and rabbit antiserum to chicken serum was purchased from 
Behringswerke A.G., Germany.  D-[1-14C]Glucosamine • HC1 (4 Ci/mol) and D- 
[l-3H]glucosamine .HC1 (3.2 Ci/mmol) were obtained from Radiochemical 
Centre, Amersham. Sodium deoxycholate ,  Tri ton X-100 and sodium dodecyl  
sulfate (SDS) were from Sigma Chemical Co., St. Louis, Mo., U.S.A. Brij 35 
and rat serum albumin were from Koch-Light Lab., U.K. 

Preparation of  microsomal fractions. The preparation of rough and smooth 
microsomes was carried out  as described by Helgeland et al. [5],  using the 
method  of Bergstrand and Dallner [8]. To prepare total microsomes the post- 
mitochondrial  superuatant  was centrifuged at 102 000 <g for 1 h in a 65 
Spinco rotor.  The microsomal fractions were washed once with 0.25 M sucrose 
and once with 50 mM Tris • HCI buffer  (pH 7.8)/150 mM KC1/10 mM MgCI:. 
An additional wash with Tris/salt medium did not  remove any protein. After 
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cen t r i fuga t ion  at 159 000 × g  for  I h,  the pellets were s tored at --20~C and 
used within 2 months .  

Release of  luminal content of microsomal fractions. T w o  media  were used. 
Medium A: 50 mM Tris • HC1 buf fe r  (pH 7 .8 ) /150  mM KC1/10 mM MgC12 and 
m e d i u m  B: 50 mM Tris • HC1 bu f f e r  (pH 7 .8) /50  mM KC1/10 mM MgC12. 
Washed rough and s m o o t h  mic rosomes  f rom 10 g of  liver, and total  mic rosomes  
f rom 2.5 g o f  liver, were used in each of  the fo l lowing t rea tments :  

Sonica t ion :  Microsomes  were suspended in 2.0 ml of  med ium A, sonicated  as 
descr ibed previously  [9] ,  and the  vo lume adjusted to 9.0 ml. 

French  press: Microsomes  were suspended in 9.0 ml of  m ed iu m  A, and the 
suspension was run th rough  a French  press twice at a pressure of  a b o u t  900 kg/ 
cm 2 and a f low rate o f  3 ml /min .  

Detergents :  Microsomes  were suspended in 9.0 ml o f  med ium B conta in ing  
e i ther  0.05% sod ium d e o x y c h o l a t e ,  0 .035% Tr i ton  X-100 or 0.04% Brij 35. 
Suspensions  were gent ly  s t i rred for  30 min. 

All steps were carr ied ou t  at 2 - - 4 C .  
Separation of  luminal content, membranes and ribosomes. After  release of  

the luminal  c o n t e n t  as descr ibed  above,  the microsomal  suspension was layered  
o n t o  2.0 ml o f  0.25 M sucrose in the med ium used in the release p rocedure .  
Cent r i fuga t ion  was carr ied ou t  fo r  4 h at 149 000 × g in 65 Spinco ro tor .  The  
superna tan t ,  including the sucrose layer ,  con ta ined  the luminal  f ract ion,  
whereas  the pel le t  consis ted of  the membranes  and r ibosomes.  To  solubilize the 
membranes  pr io r  to  po lyac ry l amide  gel e lec t rophores is ,  the pellets were 
suspended in 9.0 ml 2.5% Tr i ton  X-100 in med ium A, and af te r  gentle stirring 
for  30 min layered  o n t o  2.0 ml med ium A conta in ing  0.25 M sucrose and 2.5% 
Tr i ton  X-100.  Cent r i fuga t ion  was carr ied ou t  for  90 min at  149 000 ~ g in a 
65 Spinco ro to r .  The  superna tan t ,  including the sucrose layer,  con ta ined  the 
solubil ized membranes ,  and the pel le t  consis ted of  r ibosomes.  All steps were 
carried ou t  at  2--4°C. 

Radioactivity measurements. Prote ins  were prec ip i ta ted  by the addi t ion  of  
an equal  vo lume o f  12% t r ich loroace t ic  a c id / l%  phospho tungs t i c  acid. Af te r  
30 min at 4°C the prec ip i ta tes  were f i l tered on 2.5-cm Whatman GF/C  glass 
fibre filters and washed three  t imes  with 3.0 ml 6% t r ich loroace t ic  acid/0.5% 
phospho tungs t i c  acid, th ree  t imes with 3.0 ml c h l o r o f o r m / m e t h a n o l  ( 2 : 1 ,  
v/v),  twice with 3.0 ml c h l o r o f o r m / m e t h a n o l / w a t e r  (10 : 1 0 :  1, v/v) and 
finally with 3.0 ml e ther .  The  filters were dr ied in air, and the precipi ta tes  
dissolved in 0.5 ml o f  So luene  350 for  12 h at 50°C. 10 ml 0.5% PPO in to luene  
was added and the radioaet iv i ty  c o u n t e d  in a Tri-Carb scinti l lat ion coun te r ,  
Model  3385 Packard Ins t rumen t .  Unsta ined gels f rom the SDS-polyacry lamide  
gel e lec t rophores is  were cu t  in 2-mm slices and solubil ized in 0.25 ml Soluene  
350 for  15 h at 50°C. Af te r  the addi t ion  o f  5 ml 0.5% PPO in to luene ,  the 
samples were c o u n t e d  as descr ibed above.  Quench  cor rec t ions  were carried ou t  
by the  channel  ra t io  m e t h o d .  

SDS-polyacrylamide gel electrophoresis. Prote ins  were p rec ip i ta ted  and 
washed as descr ibed above,  and the precipi ta tes  dissolved in 0.01 M sodium 
phospha te  buf fe r  (pH 7 .2) /2 .0  M urea /1 .0% SDS/0 .01% ED TA /1 % 2-mercapto-  
e thano l  by  incuba t ion  for  15 min at 100°C. Elec t rophores is  was carr ied ou t  
accord ing  to Weber  and Osborn  [10] .  50 ~1 was layered  on the gels (0.9 cm >~ 
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0.5 cm) which con ta ined  5% acrylamide  and 0.13354, methy leneb i sac ry lamide .  
Elec t rophores is  was run for  4 h at 8 mA per  tube  with b r o m o p h e n o l  blue as 
marker .  The  gels were washed with 12% t r ich loroace t ic  acid for 30 min,  and 
20% sulfosalicylic acid for  2 h, changing the solut ion 4--5 times. Af ter  washing 
with distil led water ,  the gels were stained with 0.25% Coomassie  Brilliant Blue 
in 10% acetic acid/10% me thano l  for  2 h, and desta ined overnight  in a BioRad 
di f fus ion  des ta iner  in 7.5% acetic acid/30% methanol .  

Immunological methods. Rat  serum albumin was es t imated  by radial 
i m m u n o d i f f u s i o n  as descr ibed by Mancini et  al. [11] .  1% agarose gels in 0.05 M 
ve rona l -  HC1 buf fe r  (pH 8.6) conta in ing  1% Tr i ton  X-100 with a final con- 
cen t ra t ion  of  10 ~g/ml of  an t i body  was used. Af ter  di f fusion for  24 h at 3 7 C ,  
the precipi ta tes  were s tained with Amido  black. Proteins  o f  submicrosomal  
f rac t ions  labeled with [3H]glucosamine were prec ip i ta ted  by adding rabbi t  anti- 
serum against rat  serum in excess and rat serum as carrier. Prior to the 
prec ip i ta t ion  the samples were d ia lyzed against 0.05 M verona l -  HC1 buffer  
(pH 8.6),  and t rea ted  with chicken serum and ant i serum against chicken serum 
to remove  unspecif ic  precipi tates .  All precipi ta t ions  were p e r f o r m e d  in the 
veronal  buffer .  Af te r  1 h at 37°C and 20 h at 4~C, the precipi ta tes  were f i l tered 
on Whatman GF/C glass-fibre filters, washed and c o u n t e d  as descr ibed above.  

Other analytical methods. Protein  was de t e rmined  according to Lo w ry  et  al. 
[ 12] with crystal l ine bovine serum albumin as s tandard.  RNA was nqeasured by 
the orcinol  m e t h o d  [13]  with yeast  RNA as s tandard.  Lipids were ex t r ac t ed  
f rom 12% t r ich loroace t ic  ac id / l% phospho tungs t i c  acid precipi ta te  (washed 
three  t imes with 6% t r ich loroace t ic  acid/0.5% phospho tungs t i c  acid) with 
c h l o r o f o r m / m e t h a n o l  {2 : 1, v/v). Phosphol ip id  was measured  by total  
phosphorus  as descr ibed by Chen et  al. [14] .  The N A D H - c y t o c h r o m e  c 
reductase  act ivi ty was assayed as descr ibed by Ragnot t i  et  al. [15] with a 
Spec t ron ic  600 E recording s p e c t r o p h o t o m e t e r .  

Results  

Distribution of  secretory glycoproteins in the luminal and membrane fractions 
of  rough and smooth microsomes 

To minize the degree of  cross con t amin a t i o n  be tween  the luminal  and 
m e m b r a n e  f rac t ion  of  rough and smoo th  microsomes ,  cen t r i fuga t ion  in a dis- 
con t inuous  sucrose gradient ,  as descr ibed in Materials and Methods,  was used. 
The  cen t r i fuga t ion  t ime was de t e rmined  exper imen ta l ly  as shown in Fig. 1. The 
a m o u n t  of  pro te in  and phosphol ip id  as well as the N A D H - c y t o c h r o m e  c 
reductase  act ivi ty in the supe rna tan t  ( including the sucrose layer) decreased to 
a certain level a f te r  cen t r i fuga t ion  for  abou t  4 h. As judged f rom the activity of  
the m e m b r a n e - b o u n d  e n z y m e  N A D H - c y t o c h r o m e  c reductase  [16] ,  negligible 
amoun t s  o f  m e m b r a n e  f ragments  are present  in the s u p e m a t a n t  ( luminal frac- 
t ion) at this level. Accord ing  to calculat ions no particles with a sed imenta t ion  
(:()efficient below 5.5 S and only  abou t  5% of  particles with a sed imenta t ion  
coef f i c ien t  o f  12 S will sed iment  unde r  these condi t ions .  This means that  serum 
"albumin which has a sed imen ta t ion  coef f ic ien t  of  4.5 S and molecular  weight 
of  abou t  70 000  will no t  sediment ,  and only  a small part  of  globular prote ins  of  
a molecular  weight  of  2 0 0 0 0 0 .  As mos t  plasma g lycopro te ins  being 



555 

2C 

1 8  o, ,, 

> 

o 
1~ , , , o  _~5 

- " -  o l  

14 20 
o 

12 - - - o -  15 ~ 
[ ]  

a 10 10 

o ~ 
8 0 ~ ~ S Z  

T gl 0 , , n I I I , 
120 150 1~50 210 2 4 0  270  3 0 0  

Cen t r i f uga t i on  t i m e  ( min ) 

Fig .  1. P r o t e i n ,  p h o s p h o l i p i d  a n d  N A D H - c y t o c h r o m c  c r e d u c t a s e  a c t i v i t y  in  the  s u p c r n a t a n t  a f t e r  v a r y i n g  

p e r i o d s  o f  c e n t r i f u g a t i o n  o f  s o n i c a t e d  r a t  l i ve r  m i c r o s o m e s  in  a d i s c o n t i n u o u s  suc ro se  g r a d i e n t .  T o t a l  

m i c r o s o m e s  f r o m  5 g  l i v e r  were  s o n i c a t e d ,  d i l u t e d  to  9 .0  m l  a n d  l a y e r e d  o n t o  2 . 0 m l  0 . 2 5  M suc rose  in  

m e d i u m  A (see M a t e r i a l s  a n d  M e t h o d s ) .  A f t e r  v a r y i n g  p e r i o d s  o f  c e n t r i f u g a t i o n  a t  149  0 0 0  × g  in  6 5  

S p i n c o  r o t o r ,  p r o t e i n ,  p h o s p h o l i p i d  a n d  N A D H - c y t o c h r o m e  c r e d u e t a s e  a c t i v i t y  were  d e t e r m i n e d  in  t he  

s u p e r n a t a n t  a n d  t he  p e l l e t .  The  c o m b i n e d  v a l u e s  o b t a i n e d  f r o m  s u p e r n a t a n t  a n d  p e l l e t  were  c h o s e n  as 

1 0 0 % . •  • p r o t e i n ;  ~ . . . . . .  u p h o s p h o l i p i d ;  ~ o N A D H - c y t o c h r o m e  c r e d u c t a s e  a c t i v i t y .  

synthesized in liver have a molecular weight below 200 000 [17],  the degree of  
separation obtained by this method  seems acceptable for  studies of plasma 
glycoproteins in liver microsomes. 

The distribution of  labeled glycoproteins between the membrane and 
luminal fractions of  rough and smooth microsomes was determined after short- 
term (45 min) labeling of  the rats with [14C]glucosamine. The luminal con ten t  
of rough and smooth microsomes was released by sonication or French press, 
or by t rea tment  with the non-ionic detergents Triton X-100 and Brij 35 and the 
anionic detergent  sodium deoxycholate .  The concentrat ion of detergents 
necessary for a selective release of  the luminal con ten t  wi thout  disassembling 
the membranes depends on the concentra t ion of microsomes and the ionic 
strength of the medium [6,7],  and had therefore to be determined.  The 
amounts of  serum albumin recovered in the luminal fractions were taken as a 
measure of the release of the vesicle con ten t  [2,4].  Any effect  of  the detergents 
on the membranes was examined by comparing the SDS-acrylamide gel electro- 
phoretic patterns of the fractions and by measurement  of  solubilized phospho- 
lipids. At the concentra t ion of microsomes and ionic strength used (see 
Materials and Methods),  0.05% (1 .3mM)  sodium deoxycholate ,  0.035% 
(0.57 mM) Tri ton X-100 and 0.04% (0.35 mM) Brij 35 were found to release 
the vesicle con ten t  with undetectable effect  on the membranes.  The SDS 
electrophoret ic  patterns of the luminal content  fraction obtained with the 
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F i g .  2 .  T i m e  c o u r s e  f or  t h e  r e l a t i v e  a m o u n t  o f  14C_labe le  d p r o t e i n  in  t h e  m e m b r a n e  f r a c t i o n  f r o m  r o u g h  

a n d  s m o o t h  m i c r o s o m e s  o f  r a t  l i ve r  a f t e r  i n c o r p o r a t i o n  o f  [ [ 4 C ] g l u c o s a m i n e  in  v i v o .  R a t s  w e r e  i n j e c t e d  
w i t h  [ 1 4 C ] g l u c o s a m i n e  (5  ~Ci  p e r  r a t ) .  R o u g h  a n d  s m o o t h  m i c r o s o m e s  f r o m  10  g l i ve r  w e r e  s o n i c a t e d ,  
l u m i n a l  a n d  m e m b r a n e  f r a c t i o n  p r e p a r e d ,  a n d  p r o t e i n - b o u n d  r a d i o a c t i v i t y  d e t e r m i n e d  as  d e s c r i b e d  in  

M a t e r i a l s  a n d  M e t h o d s .  T h e  v a l u e s  f or  1 5 ,  45  a n d  6 0  m i n  a f t e r  i n j e c t i o n  are  b a s e d  o n  2 - - 4  e x p e r i m e n t s ,  
the  v e r t i c a l  b a r s  g i v i n g  t h e  r a n g e ,  w h e r e a s  t h e  o t h e r  t i m e  p o i n t s  r e p r e s e n t  s ing l e  e x p e r i m e n t s .  T h e  a m o u n t  

o f  p r o t e i n - b o u n d  r a d i o a c t i v i t y  in t h e  l u m i n a l  a n d  m e m b r a n e  f r a c t i o n  w a s  c h o s e n  as  1 0 0 % .  " . ,  
r o u g h  m e m b r a n e  f r a c t i o n ;  : J ,  s m o o t h  m e m b r a n e  f r a c t i o n .  

different methods were similar. 
To solubilize the membranes of  rough and smooth microsomes, Triton X- 

100 was chosen as the non-ionic detergents were found to be more efficient 
than sodium deoxycholate .  Moreover, Triton X-100 is preferable since it was 
found not  to interfer in the immunological techniques employed,  which is in 
agreement with earlier observations [18] .  After treatment with detergent, the 
ribosomes were removed by centrifugation, and as a measure of  the efficiency 
of membrane solubilization, the RNA/protein ratio in the pellet was deter- 
mined. For purified ribosomes from eukaryotes this is reported to be 1.1 [19] .  
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F i g .  3.  T i m e  c o u r s e  o f  p r o t e i n - b o u n d  r a d i o a c t i v i t y  in  r o u g h  a n d  s m o o t h  m i e r o s o m e s  o f  r a t  l i v e r  a f t e r  
i n c o r p o r a t i o n  o f  [ 1 4 C ] g l u c o s a m i n e  i n  v i v o .  E x p e r i m e n t a l  d e t a i l s  as  u n d e r  F i g .  2. 
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After one extraction of the microsomes with 2.5% Triton X-100, a RNA/ 
protein ratio of 1.04 was obtained. 

Table I shows the release of labeled glycoproteins obtained with the various 
treatments of microsomes. As seen, 40--50% of the protein-bound radioactivity 
was released from both rough and smooth microsomes, and about 16% of the 
total protein. Concomitantly,  about 90% of the serum albumin was recovered 
in the luminal fraction which indicates a nearly complete release of the luminal 
content.  The different methods gave similar results. A time course study of the 
distribution of labeled glycoproteins (Fig. 2) between the membrane and 
luminal fraction of rough and smooth microsomes revealed no major changes 
during 15 -120  rain after the administration of the isotope. Fig. 3 shows that 
the time course pattern of protein-bound radioactivity after intraperitoneal 
injection of [~4C]glucosamine is similar in rough and smooth microsomes, 
although with a higher specific radioactivity in smooth microsomes. In pulse- 
chase experiments, carried out with 10-rain pulses, the same distribution of 
protein-bound radioactivity as shown in Table I was found after 10 and 45 min 
(experiments not  shown). In these experiments the vesicle content  was released 
by sonication. Taken together, the results indicate that 50--60% of the nascent 
glycoproteins are associated with the membranes of both rough and smooth 
microsomes at any stage of synthesis and transport which has been investigated. 

By repeated extractions of rough and smooth microsomes with 0.05% 
sodium deoxycholate for 30 min (Table II), negligible amounts of protein- 
bound radioactivity was released by the second and third treatment.  About  
13--16% was released, however, if the second treatment  with deoxycholate 
lasted for 16 h. This indicates that  the labeled glycoproteins are confined to 
two compartments,  one which is located in the lumen and one which is 
associated with the membranes and only slowly released upon treatment with 
0.05% sodium deoxycholate.  

Treatment of rough and smooth microsomes with ultrasonics in the presence 
of 2% mercaptoethanol had no effect on the distribution of labeled glyco- 
proteins, excluding binding by disulfide bridges to proteins integrated in the 

T A B L E  II 

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

M I C R O S O M E S  BY R E P E A T E D  T R E A T M E N T S  W I T H  0 . 0 5 %  S O D I U M  D E O X Y C H O L A T E  

R a t s  were  i n j e c t e d  w i t h  [ 1 4 C ] g l u c o s a m i n e  (5 p C i  pe r  r a t )  a n d  k i l l e d  a f t e r  4 5  ra in .  R o u g h  and  s m o o t h  

m i c r o s o m e s  f r o m  10 g l i v e r  were  t r e a t e d  w i t h  0 . 0 5 %  s o d i u m  d e o x y c h o l a t e  fo r  3 0  ra in ,  a n d  t he  l u m i n a l  

c o n t e n t  s e p a r a t e d  f r o m  the  m e m b r a r ~ e  f r a c t i o n  as d e s c r i b e d  i n  M a t e r i a l s  a n d  M e t h o d s .  T h e  m e m b r a n e  
f r a c t i o n  was  r e s u s p e n d e d  in  0 . 0 5 %  s o d i u m  d e o x y c h o l a t e  a n d  s t i r r ed  fo r  3 0  r a in  o r  16 h at  4°C.  T h e  t rea t -  

m e n t  was  r e p e a t e d .  T h e  v a l u e s  are e x p r e s s e d  as r e l eased  m a t e r i a l  in  p e r c e n t  o f  t o t a l  a m o u n t s  in  r o u g h  a n d  

s m o o t h  m i c r o s o m e s .  --, n o t  d e t e c t a b l e .  

T r e a t m e n t  T r e a t e d  P r o t e i n  1 4 C . l a b e l e  d p r o t e i n  

No .  f o r  

R o u g h  S m o o t h  R o u g h  S m o o t h  

1 3 0  m i n  16 .9  2 0 . 2  54 .3  4 4 . 5  
2 3 0  m i n  - -  - -  3.1 4 .2  

16 h 5.2 6 .8  13.1 15 .7  
3 3 0  m i n  - -  - -  2 .5  3 .8  

16 h - -  1.6 2.1 7 .5  
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membranes. Upon sonication of rough and smooth microsomes at high ionic 
strength (1.5 M KC1), increased amounts of  protein and phospholipid were 
found in the luminal fraction, whereas the distribution of labeled glycoproteins 
was not affected (experiments not shown). Microsomal membranes are 
permeable for charged substances of  molecular weight up to 90 [20].  This 
indicates that electrostatic interactions with membrane proteins or hydrophilic 
components of membrane lipids not are involved in the binding of  nascent 
glycoproteins to the membranes. 

Comparison of  secretory glycoproteins in the luminal and membrane fraction 
of rough and smooth microsomes from rat liver 

When labeled glycoproteins from the luminal and membrane fraction of 
rough mid smooth microsomes were compared by SDS-polyacrylamide gel 
eleetrophoresis, the patterns appeared to be very similar (Fig. 4). [3H]Glucos- 
amine was used to obtain a high specific radioactivity. The similarity makes it 
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Fig.  4 .  S D S - p o l y a c r y l a m i d e  gel  e l e c t r o p h o r e t i e  p a t t e r n s  o f  p r o t e i n - b o u n d  r a d i o a c t i v i t y  f r o m  l a b e l e d  s u b -  
f r a c t i o n s  o f  r o u g h  a n d  s m o o t h  m i c r o s o m e s .  R a t s  w e r e  i n j e c t e d  w i t h  [ 3 H ] g l u c o s a m i n e  (100 /LCi  p e r  rat )  
a n d  k i l l ed  a f t e r  4 5  rain .  T h e  l u m i n a l  f r a c t i o n  w a s  p r e p a r e d  b y  s o n i c a t i o n ,  a n d  m e m b r a n e s  w e r e  s e p a r a t e d  
f r o m  r i b o s o m e s  as  d e s c r i b e d  in Mater ia l s  a n d  M e t h o d s .  a ,  l u m i n a l  f r a c t i o n  o f  r o u g h  m i c r o s o m e s ;  b,  
m e m b r a n e  f r a c t i o n  o f  r o u g h  m i c r o s o m e s ;  c ,  l u m i n a l  f r a c t i o n  o f  s m o o t h  m i c r o s o m e s ;  d,  m e m b r a n e  frac-  
t i o n  o f  s m o o t h  m i c r o s o m e s .  

R, 

R, 
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T A B L E  II I  

I M M U N O P R E C I P I T A T I O N  O F  P R O T E I N - B O U N D  R A D I O A C T I V I T Y  IN L U M I N A L  A N D  M E M B R A N E  

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

R a t s  were  i n j e c t e d  w i t h  [ 3 t t ] g l u c o s a m i n e  (5 pC i  pe r  r a t )  a nd  k i l l e d  a f t e r  4 5  m i n .  15 p l  c h i c k e n  s e r u m  and  

an d  excess  o f  a n t i s e r u m  a ga in s t  c h i c k e n  se rum were  a d d e d  to  0 .5  m l  o f  t he  l u m i n a l  ( o b t a i n e d  by  sonica-  

t i o n )  or  m e m b r a n e  f r a c t i o n  (see M a t e r i a l s  and  M c t h o d s ) .  A f t e r  r e m o v a l  o f  t he  p r e c i p i t a t e ,  10 i l l  rat  s e r u m  

and  an excess  o f  a n t i s e r u m  a ga in s t  ra t  s e r u m  were  a d d e d .  I n c u b a t i o n  a n d  d e t e r m i n a t i o n  o f  r a d i o a c t i v i t y  

are d e s c r i b e d  in  M a t e r i a l s  a nd  M e t h o d s .  The  a m o u n t  o f  14C- l abe l ed  p r o t e i n  in  t h e  s a m p l e  p r i o r  to  p r ec ip i -  

t a t i o n  w i t h  a n t i s c r a  was  c h o s e n  as 100%.  

F r a c t i o n  U n s p c c i f i c  Spec i f i c  

p r e c i p i t a t i o n  p r e c i p i t a t i o n  
(%) (%) 

R o u g h  l u m i n a l  f r a c t i o n  9 .9  

S m o o t h  l u m i n a l  f r a c t i o n  9 .3  

R o u g h  m e m b r a n e  f r a c t i o n  10 .5  

S m o o t h  m e m b r a n e  f r a c t i o n  6 .3  

3 5 . 2  

3 5 . 4  

18 .2  

18 .6  

unlikely tha t  the p r o t e i n - b o u n d  radioact iv i ty  associated with the membranes  
represents  a certain f rac t ion  of  secre tory  g lycoprote ins .  

The  labeled g lycopro te ins  of  the luminal  and m e m b r a n e  f rac t ions  o f  rough 
and smoo th  mic rosomes  were charac ter ized  by immunologica l  prec ip i ta t ion  
with rabbi t  an t i serum against ra t  serum. Table  III shows tha t  35% of  the 
p ro t e in -bound  radioact iv i ty  in the luminal  f rac t ions  and 18% in the m e m b r a n e  
f rac t ions  were p rec ip i ta ted  with rabbi t  an t i se rum against rat  serum, which 
establish the presence  o f  nascen t  serum g lycopro te ins  in bo th  the lumen  and 
the  membranes .  The  results ob ta ined  with rough and smooth  mic rosomes  were 
similar. 

As shown in Table  IV, an exchange  of  labeled g lycopro te ins  be tween  the 
luminal  and the m e m b r a n e  f ract ion could  be demons t r a t ed .  To  make  the 
microsomal  vesicles permeable  fo r  prote ins ,  the med ium con ta ined  0.05% 
sod ium d e o x y c h o l a t e  [6] .  The  t ransfer  o f  labeled g lycopro te ins  was ab o u t  the 
same with labeled luminal  f rac t ion  and unlabeled membranes  or  vice versa. The 
d is t r ibu t ion  of  pro te in  be tween  the luminal  and m e m b r a n e  f rac t ion  was similar 
in the d i f fe ren t  samples,  exc lud ing  a ne t  t ransfer  of  p ro te in  f rom one f rac t ion 
to another .  The  exchange  was t ime dependen t ,  and more  p r o n o u n c e d  in 
s moo th  than in rough microsomes.  

Discussion 

The  large recovery  of  serum albumin (90%) in the luminal  f rac t ion  isolated 
by various m e t h o d s  revealed an e f f ic ien t  release o f  the luminal  c o n t e n t  of  the 
microsomal  vesicles. A b o u t  16% of  the to ta l  p ro te in  o f  microsomes  was 
released which is in agreement  with earlier observat ions  [6 ,21] .  Based on 
N A D H - c y t o c h r o m e  c reduc tase  act ivi ty and SDS gel e l ec t rophore t i c  pa t te rn  of  
the d i f f e ren t  f ract ions,  the  t r e a t m e n t  of  mic rosomes  with detergents ,  ultra- 
sonic or French  press apparen t ly  did no t  p roduce  any disassembly of  the 
membranes .  F u r t h e r m o r e ,  with the m e t h o d  used to separate  the luminal  and 
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T A B L E  IV 

E X C H A N G E  O F  P R O T E I N - B O U N D  R A D I O A C T I V I T Y  B E T W E E N  L U M I N A L  C O N T E N T  A N D  MEM- 

B R A N E S  O F  R O U G H  A N D  S M O O T H  M I C R O S O M E S  F R O M  R A T  L I V E R  BY M I X I N G  L A B E L E D  

A N D  U N L A B E L E D  F R A C T I O N S  

R a t s  w e r e  i n j e c t e d  w i t h  [ 1 4 C ] g l u c o s a m i n e  (5  p C i  p e r  r a t )  a n d  k i l l e d  a f t e r  4 5  m i n .  R o u g h  or  s m o o t h  
m i c r o s o m e s  (10  g l i ver )  f r o m  l a b e l e d  a n d  u n l a b e l e d  ra t s  w e r e  t r e a t e d  b y  s o n i c a t i o n  f o l l o w e d  b y  a s epara -  
t i o n  o f  t h e  l u m i n a l  a n d  m e m b r a n e  f r a c t i o n  as d e s c r i b e d  in  M a t e r i a l s  a n d  M e t h o d s .  L u m i n a l  f r a c t i o n s  w e r e  
a d j u s t e d  to  0 . 0 5 %  w i t h  r e s p e c t  t o  d e o x y c h o l a t e .  Exp t .  A:  L a b e l e d  m e m b r a n e s  w e r e  s u s p e n d e d  in  9 . 0 m l  
o f  u n l a b e l e d  l u m i n a l  f r a c t i o n .  Exp t .  B: U n l a b e l e d  m e m b r a n e s  w e r e  s u s p e n d e d  in  9 . 0  m l  o f  l a b e l e d  l u m i n a l  
f r a c t i o n .  A f t e r  i n c u b a t i o n  f o r  3 0  m i n  or  16 h at 4~C w i t h  s t i rr ing ,  l u m i n a l  a n d  m e m b r a n e  f r a c t i o n  w e r e  
s e p a r a t e d ,  a n d  p r o t e i n  a n d  r a d i o a c t i v i t y  d e t e r m i n e d  as  d e s c r i b e d  in  M a t e r i a l s  a n d  M e t h o d s .  T h e  a m o u n t  
o f  p r o t e i n  or  r a d i o a c t i v i t y  in  t h e  l u m i n a l  a n d  t h e  m e m b r a n e  f r a c t i o n  w a s  c h o s e n  as 100%. 

T i m e  o f  P r o t e i n  in R a d i o a c t i v i t y  R a d i o a c t i v i t y  
e x c h a n g e  s u p c r n a t a n t  in s u p e r n a t a n t  in  p e l l e t  

(%) (%) (%) 

Exp t .  A 

Exp t .  B 

1 4 C . l a b e l e  d m e m b r a n e s  + 

u n l a b e l e d  l u m i n a l  f r a c t i o n  
R o u g h  m i c r o s o m e s  

S m o o t h  m i c r o s o m e s  

1 4 C . l a b e l c  d l u m i n a l  frac-  
t i o n  + u n l a b e l e d  

m e m b r a n e s  

R o u g h  m i c r o s o m c s  

S m o o t h  m i c r o s o i n e s  

30 m i n  15.1 8.3 

15 h 17.3 14.1 

30 rain 14.2  18.2 

15 h 16 ,8  25.6 

30 m i n  19.5  7.4 
15 h 15.2 13.3 
30 ra in  17.1 15.6 

15 h 23.0  22.6 

membrane fractions, cross contaminat ion was minimized. It is therefore 
assumed that the methods used to prepare the luminal and membrane fraction 
of rough and smooth microsomes are adequate. 

The finding that only a part of  the protein-bound radioactivity was released 
from the microsomal vesicles by various treatments is in agreement with the 
results of Kreibich and Sabatini [7]  who  showed that newly synthesized 
glycoproteins were found in both the luminal and membrane fraction after 
selective release of  the luminal content  by low concentration of sodium deoxy-  
cholate.  The fact that we found about  50% of the protein-bound radioactivity 
in the luminal fraction, independent  of the method used for release, whereas 
the recovery of  serum albumin was about 90%, suggests that the distribution of 
glycoproteins between the luminal and membrane fraction is different from 
that of non-glycosylated proteins such as serum albumin. Any contamination 
of the membrane fraction by aggregates of  luminal protein sedimenting under 
the centrifugation condit ions used is unlikely as the relative amount  of protein- 
bound radioactivity in the membrane fraction was the same whether the 
centrifugation was carried out  for 90 or 240 min. Furthermore, an adsorption 
of luminal glycoproteins to the microsomal membrane is not  probable since 
sonication in a medium of  high ionic strength and repeated short time treat- 
ment  with 0.05% deoxycholate  did not  alter the distribution of protein-bound 
radioactivity. The problem of vesicle membranes being contaminated by 
protein from the vesicle content  has recently been emphasized by Castle et al. 
[22] .  Taken together, our observations indicate that a large part of the nascent 
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glycoproteins are associated with the membranes in vivo. By prolonged treat- 
ments with 0.05% deoxycholate,  however, the release of 14C-labeled protein 
from rough and smooth microsomes amounted to about 70~ of the total 
content.  It thus seems probable that the glycoproteins in the microsomes are 
found in the two fractions, one which is easily extracted from the microsomes 
with 0.05% deoxycholate and represents the luminal content ,  and one which is 
released slowly to the water-soluble phase, and is associated with the 
membranes in vivo. 

The distribution of ~4C-labeled protein between the luminal and membrane 
fraction did not  change essentially during a time interval of 15--120 rain after 
administration of the isotope. As the same results were obtained with rough 
and smooth microsomes this shows that  the nascent glycoproteins have affinity 
for the membranes in both types of the endoplasmic reticulum. This is not  in 
agreement with the suggestion that the transport of secretory glycoproteins 
might occur in tile membranes of the rough and in the lumen of the smooth 
endoplasmie reticulum [4,2], based on the in vitro experiments of Redman and 
Cherian [4] who recovered 90% of the mannose-labeled protein from the 
membrane fraction of rough microsomes, whereas 89~} of the galactose-labeled 
proteins were found in the luminal fraction of smooth microsomes. Difference 
in experimental conditions might explain this discrepancy. In their experiments, 
the luminal fraction was prepared by treating microsomes with a high con- 
centration of deoxycholate (0.25%), and the method used for the separation of 
the luminal and membrane fractions was not  adequate. These methods have 
also been criticized by Sauer and Burrow [23]. 

By precipitation with antiserum against rat serum, part of the ~4C-labeled 
glycoproteins in the luminal and membrane fraction could be identified as 
serum glycoproteins. The uncomplete precipitation of ~4C-labeled glyeoproteins 
could to some extent  be due to the fact that antiserum against serum proteins 
was used whereas microsomes contain the whole range of plasma proteins 
except the immunoglobulins. The probability also exists that  all antigen deter- 
minants are not formed at this stage and/or that antigen determinants are 
masked. The latter could particularly apply to the membrane-associated ~4C- 
labeled protein [4]. Furthermore,  the presence of intracellular glycoproteins 
with high turnover cannot be excluded. An incomplete immunoprecipitation, 
being specially pronounced with the membrane fraction, has been reported 
previously [ 4,7 ]. 

The similarity of the SDS-polyacrylamide gel electrophoretic pattern of the 
luminal and membrane fraction from rough and smooth microsomes indicates 
that  the same set of secretory glycoproteins are found in the two fractions. 
Similar observations have recently been reported by Kreibich and Sabatini [7]. 
The possibility of two separate transport mechanisms for different types of 
secretory glycoproteins can therefore be excluded. It appears from the electro- 
phoretic patterns that  a large part of the ~4C-labeled protein associated with 
membranes represents secretory glycoproteins. To what extent  structural glyco- 
proteins of the mierosomal membranes are labeled during short time of 
incorporation is unknown. Although it has been suggested that the turnover 
of structural membrane glycoproteins is lower than that of secretory glyco- 
proteins, present knowledge is meager [24--27]. The finding, however, that 
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there was no major change in the relative amount  of 14C-labeled protein in the 
membrane fraction during 15--120 min, support the assumption that  the 14C- 
labeled proteins associated with the membranes do not  represent structural 
glycoproteins to any large extent.  

The slow exchange of nascent glycoproteins between the lumen and 
membrane in the presence of 0.05% deoxycholate at 4°C, without  any net 
transfer of protein from one fraction to another,  might indicate that nascent 
glycoproteins in smooth and rough microsomes equilibrate between a water- 
soluble and a membrane-bound form. It is possible that  the exchange would 
have been more rapid if physiological conditions, i.e. temperature and any 
cofactors involved in the binding, had been fulfilled. Jamieson [28] has sug- 
gested that  specific receptor sites on the luminal side of the retieulum 
membrane of pancreatic exocrine cells might be involved in the transport of 
exportable proteins. Possible candidates could be membrane-bound glycosyl- 
transferases [28]. In the present work, however, it was found that binding of 
nascent glycoproteins to the membranes by disulfide bridges or electrostatic 
interactions is not  very likely. Hydrophobic bonding is a possibility, but so far 
we have not  been able to provide any evidence for this. 

It is well established that  serum albumin is transported through the channels 
of the endoplasmie reticulum [2]. For glyeoproteins, however, which are 
modified by successive at tachments of carbohydrates to the protein as this 
migrates through the rough and smooth endoplasmic retieulum, a frequent 
contact  between the membrane-bound glycosyltransferases and the substrate is 
expected.If there are specific receptor sites for the nascent secretory glyco- 
proteins at the luminal side of the retieulum membrane, the glycoproteins 
might equilibrate between the membrane and the water phase in the lumen, 
and thus the channels of the endoplasmic reticulum might also serve as the 
pathway for the transport of glycoproteins. The results obtained in the present 
investigation, however, does not  exclude the possibility of transport in both the 
lumen and membranes of rough and smooth endoplasmie reticulum. 
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