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Summary 

The ~-glucosidase inhibitor bromoconduritol inhibits the formation of 
the N-linked, complex-type oligosaccharides of the glycoproteins from 
influenza viruses (fowl plague virus, influenza virus PI~-8) and from sindbis 
virus. Viral glycoproteins produced in bromoconduritol-treated chicken- 
embryo and baby-hamster kidney cells are fully glycosylated, but  accumu- 
late N-linked, high-mannose oligosaccharides of the composition GlclManx 
(GlcNAc)2 ( x - -  7, 8, and 9). Other ~-glucosidase inhibitors (nojirimycin, 
deoxynojirimyein, aearbose) were not specific inhibitors of oligosaccharide 
processing under the conditions used in the present investigation. 

In  bromoeonduritol-treated, sindbis virus-infected chicken-embryo and 
baby-hamster kidney cells, the sindbis glycoproteins are metabolically 
stable. Specific proteolytic cleavage of the polyprotein precursors to form 
E2 and E1 occurs in bromoconduritol-treated chicken-embryo cells, but. 
cleavage of PE2 to E2 is prevented in the infected baby-hamster kidney 
cells. Yet,, release of infectious sindbis virus particles is inhibited in both 
cell types indicating that  the formation of complex oligosaecharides is 
required for a late step in virus formation. 

The release of virus particles from influenza virus PI~-8-infected bromo- 
conduritel-treated chicken-embryo cells is not inhibited, and virus with 
only high-mannose oligosaecharides is formed. In  contrast, when chicken- 
embryo cells were infected with the influenza vh'us fowl plague virus, 
release of infectious particles was inhibited. The fowl plague virus hem- 
agglutinin is cleaved in chicken-embryo eells, in contrast to the hem- 
agglutinin of the PR-8 virus. However, the cleavage products HA1 and 
HAs do not reach the eelI surface. In addition, or as a consequence, HA1 
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and HA2 are proteolytieally broken down, whereas uncleaved hcmagglutinin 
of PR-8 appeared metabolically stable. These results may explain the 
decrease in formation of fowl plague virus particles and the lack of effect 
on PR-8 virus in bromoconduritol-treated cells. This work thus shows 
different biological roles for oligosaccharide processing. 

Introduction 

Proteins are glycosylated initially with the oligosaccharide Gle3Man9 
(GlcNAc)e, which is transferred from dolichol-diphosphate to asparagine 
residues of (nascent) proteins (21, 23, 28, 30). After transfer, processing of 
the oligosaccharide occurs, and starts with trimming of glucose residues 
and then mannose residues. Some oligosaccharides are further processed 
by rcaddition of GlcNAc, Fuc, NeuNAc (1, 17). The question on the role 
of trimming became more interesting when it was found that  also an 
oligosaccharide with 5 mannose residues, Glc3Man~(GlcNAc)2, rather than 
9 mannose residues could be used to glycosylate protein initially (8, 18, 35). 
We have tried to tackle this problem by the use of glycosidase inhibitors 
and have recently described (10) the mechanism of inhibition of glucose 
trimming by the ~-glucosidase inhibitor bromoconduritol (19, 20). 

For the present investigations we have used cells infected with influenza 
virus or sindbis virus because these systems have proved to be useful 
models to s tudy glycosylation and the biological significance of glyco- 
sylation. The analysis of phenomena related to roles of glycosylation (such 
as protection against proteolytie degradation, intracellular transport, spe- 
cific proteolytic processing of precursor proteins) and the analysis of the 
oligosaccharide structures and of protein synthesis have been done using 
techniques described previously (28, 29). 

The major glycoprotein synthesized in influenza virus-infected cells is 
the hemagglutinin, HA. I t  is glycosylated initially with high-mannose 
oligosaccharides which are processed during intracellular transport, be it 
to varying degrees (15). In  fowl plague virus-infected, but not PR8-  
infected (another influenza virus) chicken-embryo cells, the HA is cleaved 
in the smooth membrane fraction to the subunits HA1 and HA2. The 
precursor proteins to the sindbis virus glycoproteins E1 and pE2 is called 
p 97 or B. Cleavage of B to pEe and E1 is an early event whereas cleavage 
of pE2 to E2 is a late event occuring just before budding of the virus (15). 
For the present, investigation we have analyzed the mode of inhibition of 
bromoconduritol in different virus-cell systems as an inhibitor of oligo- 
saccharide trimming and have studied the effects of inhibition of oligo- 
saccharide-processing on synthesis, proteolytic precursor-processing, intra- 
cellular transport, and metabolic stability of sindbis and influenza virus 
proteins in chicken-embryo and baby-hamster kidney cells. 
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Materials and Methods 

Chemicals and Enzymes 

Bromocondur i to l  was prepared as described by  LEGLER (20). Because of the  
labi l i ty  of bromocondur i to l  in water ,  bromocondur i to l  was s tored as a powder,  quickly  
dissolved in ice-cold water  and used immedia te ly .  Bromocondm%ol  was added a t  a 
concent ra t ion  of 2.4 rrk~, unless indicated otherwise,  a t  least  1 hour  before the  addi t ion  
of radioisotopes.  Isotopic  precursors were obta ined f rom Amersham,  pronase P was 
f rom Serve,  endo-~-N-aeetylglueosaminidase  H from Miles, and ~-mannosidase ( type 
I I I  h 'om jack beans) was f rom Sigma. Pronase  digestion of glyeoproteins,  and t rea t -  
m e n t  wi th  endo H and  ~-mannosidase were as described (9). The e-glueosidase f rom 
l iver  microsomes was prepared,  and the  enzyme  ac t iv i ty  assayed according to  GRetNA 
and BOBBINS (12). The  assay mix tu re  conta ined 10 mN E D T A  to inhibi t  residual 
a-mannosidase ac t iv i ty  (10). The  oligosaeeharide s tandards  labelled in t he  glucose or  
mannose moie ty  were prepared  as previous ly  (9, 29), character ized by  chromato-  
g raphy  on columns of Bio Get P 4 (7) resistance to ~-mannosidase (9) and suscept ibi l i ty  
towards  ~-glueosidase (10). Tunicmnycin  was h 'om Calbiochem. 

Tissue Culture and Labelling Procedures 

Confluent  monolayer  cultures of chicken-embryo cells or  baby-hams te r  k idney 
cells were used. They  were infected wi th  fowl plague virus  (Strain Rostock,  tITN1) or 
influenza, virus P R  8 (I-IoN1)or Sindbis virus. Af te r  infection cells were main ta ined  in 
Ear]es med ium containing l0 m ~  sodium pyruva te ,  unless indicated otherwise.  Virus 
qnant i ta t ion  was done by the  p laque assay (37). Cells were labelled with  isotopic 
precursors  4 hours post  infection,  or la ter  as indicated under  results,  for different  
t imes as specified in each described exper iment .  An operat ional  defini t ion for protein 
synthesis  in intact ,  infected cells was the  a m o u n t  of radioact ive  amino acids incor- 
pora ted  into t r ichloroacet ie  acid precipi table (10 per cent,  ice-cold) products  af ter  
labell ing cells for t5 minutes .  Af te r  the  labelling procedures the cells were rap id ly  
washed wi th  ice-cold phospha te  buffered saline, collected and e i ther  dispersed in 
chloroform-methanol  (2:1, v /v)  (29), dissolved in solutions conta in ing urea  and SDS 
for slab gel electrophoresis (see below) or dissolved in 0.0625 ~ Tris/Ct, p i t  6.8, 
3 per cent  SDS, 5 per cent  mereaptoe thanol  for all the  other  purposes.  

Separation Techniques 

Ext rac t ions  of l ipid-l inked oligosaccharides and prepara t ions  of viral  glycoproteins  
and glycopept ides  were as described previously (29). Bio Gel columns were cal ibrated 
as desc1~bed previously  (7). Separat ion of virus  part icles on sucrose densi ty  gradients  
has been described in (27). Unlabel led carrier virus  was rout ine ly  added.  Polyaeryl -  
amide slab gel eleetrophoresis  of inf luenza virus  proteins  was rout ine ly  per formed in 
8.75 per cent  gels (29) whereas  for the  separat ion of sindbis virus glycoproteins 20 per 
cent  gels as described by (36) were used. Cells were dissolved in a solut ion conta ining 
4 ~x urea,  1 per  cent  SDS and 2.5 per  cent  mercaptoe thanol  by boiling for 2 to 4i 
minutes .  

Cell Sur/ace Location 

Two procedures  were used, namely  t rypsin  t r ea tmen t  (2) of in tac t  monolayers  or 
an extraeel lular  an t ibody  adsorbt ions technique  (3). Thus, cells infected with  inf luenza 
virus  were labelled wi th  10 txCi of 14C-labelled amino acids f rom 4 to 5 hours post  
infect ion and then  chased in Dulbeecos m e d i u m  (containing no radioact ive  isotopes) 
for 1 hour.  Cells were washed wi th  phosphate  buffered saline 3 t imes and then  t rypsin  
(25 ~g per  petr i  dish) in 0.3 mt of phosphate-buffered saline was added.  Control  cells 
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rece ived  e i t h e r  p h o s p h a t e  buf fe red  sa l ine  a n d  no  t ryps in ,  or (to assess w h e t h e r  
t r y p s i n  en t e r s  cells) lfhe cells were t r e a t e d  f rom 3 to  6 hou r s  pos t  in fec t ion  w i t h  t0  FM 
of m o n e n s i n e  a n d  were i n c u b a t e d  w i t h  t r y p s i n  (see Resul ts ) .  Af te r  i n c u b a t i n g  for 
30 m i n u t e s  at. 37 ° C, 50 Fg of t r y p s i n - i n h i b i t o r  were  a d d e d  p e r  dish,  fol lowed b y  
0.3 ml  of a so lu t ion  c o n t a i n i n g  8 N urea ,  2 per  cen t  SDS a n d  5 pe r  cen t  mereap to -  
e t h a n o l .  

A l t e r n a t i v e l y ,  t h e  a n t i b o d y  p r e c i p i t a t i o n  t e c h n i q u e  desc r ibed  b y  Sc}~LssI~oE~ 
a n d  MAI~lrE:~ (26) aS modi f i ed  b y  Bosc~t  et al. (3) was  used.  Monolayers  were washed  
w i t h  ice-cold p h o s p h a t e - b u f f e r e d  sal ine c o n t a i n i n g  0.1 pe r  c en t  B S A  k e p t  on  ice a n d  
200 ~zl of a n t i b o d y  in  p h o s p h a t e - b u f f e r e d  sal ine (15- -100  Fg pe r  ml  of p ro te in )  was  
added .  One h o u r  l a t e r  t h e  cells were  w a s h e d  3- t imes w i t h  ice-cold buf fe red  sal ine 
a n d  t h e  excess of a n t i b o d y  was  neu t r a l i zed  w i t h  20 t imes  excess (wi th  r e spec t  to  t h e  
a n t i b o d y )  of un labe l l ed  v i rus .  Cont ro l s  were :  1. u n c l e a v e d  h e m a g g l u t i n i n  f rom fowl 
p lague  v i rus - in fec ted  ch ick  e m b r y o  cells, an  in t r aee l lu l a r  p roduc t ,  was  n o t  present,  in  
i m m u n o p r e c i p i t a t e s ;  2. un labe l led ,  fowl p lague  v i rus - in fec ted  cells were  r eac ted  w i t h  
a n t i - f o M  p lague  v i ru s  a n t i b o d y  as a b o v e  a n d  cell lysis  pe r fo rmed  in  t h e  presence  of 
a l abe l led  ce l l -ext rac t .  U n d e r  ~hese cond i t ions  rad io labe l l ed  fowl p lague  p ro t e i n  was 
n o t  p rec ip i t a t ed .  

Results 

Tests o/ Di//erent o~-Glueosida~'e Inhibitors 

We have compared the ~-glucosidase inhibitors nojirimycin (5-amino- 
5-deoxy-D-glucopyranose), 1-deoxynojirimycin, acurbose (see 33 for a re- 
view on these compounds) and bromoconduritol (6-bromo-3, 4, 5-trihydroxy- 
cyclohex-l-ene, 20) as inhibitors of trimming of glucose residues from the 
oligosaccharide Glc3MangGleNAc by a rat liver microsomal glucosidase (12). 
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Fig.  1. I n c o r p o r a t i o n  of 3H-mannose  in to  l ip id- l inked  ol igosacchar ides  a n d  gtyco- 
p ro t e in s  as a f u n c t i o n  of t he  c o n c e n t r a t i o n  of no j i r imyc in .  Cells in fec ted  w i t h  fowl 
p l a g u e  v i ru s  were  t r e a t e d  2 h o u r s  pos t  in fec t ion  w i t h  i n d i c a t e d  co n cen t r a t i o n s  of 
no j i r imye in ,  a n d  a f t e r  2 h o u r s  3I-I-mannose was a d d e d  w i t h o u t  r e m o v i n g  no j i r imye in .  
Ceils were  h a r v e s t e d  1 h o u r  la ter ,  a n d  t he  o l igosacehar ide  l ipid a n d  g lyeopro te ins  

i so la ted  (29) 
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As shown previously, bromoconduritol inhibits the release of glucose 
residues (10). After incubation of (aH-Glc)3MangGlcNAc, the enzyme, and 
up to 5 m~I of aearbose no inhibition of glucose release was noted. On the 
other hand, 1-deoxynojirimycin and nojirimycin inhibit glucose release 
completely at 5 ~ (results not shown). Also others found 1-deoxynojiri- 
myein to be a potent, inhibitor of glucose trimming (13, 25). The possibility 
to use nojirimycin and deoxynojirimyein as specific inhibitors of glyco- 
protein processing in intact, virus-infected chicken-embryo cells is, how- 
ever, limited. As shown in Fig. 1, nojirimyein inhibits the formation of 
both lipid-linked oligosaecharides and protein-linked oligosaccharides in 
virus-infected cells maintained in a glucose-containing medium. Also 
deoxynojirimycin inhibited formation of both lipid- and protein-linked 
oligosaccharides. Hence, deoxynojirimycin and nojirimyein arc not specific 
inhibitors under the conditions used here. In contrast, bromoconduritol is 
a specific inhibitor of formation of complex-type oligosaecharides (10). 

Synthesis and GIycosylation o/ Influenza and Sindbis Virus 
Glycoproteins in Bromodonduritol Treated Cells 

The incorporation of 14C-labelled amino acids into trichloroacetic acid- 
precipitable material in the virus-infected cells, pulse labelled for 10 or 15 
minutes was not affected by treating cells with bromoconduritol (2.4 raM) 
added either 1, 2 or 4 hours before the addition of the isotope. During a 
subsequent chase in the presence of bromoconduritol for 1 hour, no sub- 
stantial loss of radioactivity was noted. However, during longer chase 
periods, or during labelling periods of 4 hours or more, a 40--50 per cent 
loss of trichloroacetic acid-precipitable radioactivity was observed in fowl 
plague virus-infected cells. This suggests degradative proteolysis (see also 
below). The incorporation of 3H-mannose into lipid-linked oligosaccharides 
was increased three to five-fold after addition of bromoconduritol. The 
incorporation of 3H-ma,nnose into viral glycoproteins was either unaffected 
by bromoconduritol (in chicken-embryo cells) or slightly increased (BHK- 
cells). 

To analyze the protein-linked oligosaccharides from bromoconduritol 
treated and non-treated cells sindbis virus-infected :BHK-cells were used. 
Sindbis virus grown in B H K  cells has a. higher proportion of complex 
oligosaccharides than virus grown in chicken-embryo cells (5) and an effect 
of a trimming inhibitor can be more easily made visible in B H K  cells. The 
cells were labelled from 7--8 hours post-infection with '~H-mannose and 
then chased for 4 hours. The inhibitor (2.4 raM) was added 2 hours post- 
infection and was also present in the chase medium. The viral glycoproteins 
in the lipid-free cellular residue were isolated and digested with pronase to 
give glycopeptides. Subsequent treatment with endoglycosidase H cleaved 
high-mannose oligosacch~rides from the peptides. Complex-type glyco- 
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peptides are resistant towards endoglyeosidase H. The mixture of oligo- 
saccharides and glycopeptides was then separated on Bio Gel P4  columns 
(Fig. 2). 
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Fig.  2. Bio-Gel  P 4 c h r o m a t o g r a p h y  of 8H-label led ol igosacchar ides  a n d  g lycopep t ides  
f rom n o n - t r e a t e d  (.4) or b r o m o e o n d u r i t o l  t r e a t e d  (B) cells. B a b y - h a m s t e r  k i d n e y  
cells in fec ted  w i t h  s indbis  v i rus  were label led  w i t h  8H-mannose  f rom 7 to 8 h o u r s  
pos t  in fec t ion  a n d  t h e n  chased  for 4 hours .  The  i n h i b i t o r  was  extded two  hour s  pos t  
in fec t ion  a n d  was also p r e sen t  in  t he  chase  m e d i u m  (B). The  l ipid-free res idue was 
d iges ted  w i t h  p ronase  a n d  t h e n  endo  t I .  Ar rows :  Ar row 1 ind ica t e s  e lu t ion  pos i t ion  
of t he  s t a n d a r d  Gle~MangGlcNAc, V0: vo id  vo lume  (bovine  s e rum a lbumine) .  Fo r  

peaks  I - - -VI  see t e x t  

In  bromoconduritot-treat~d ceils the formation of 3H-mannose labelled, 
complex-glycopeptides (eluted between fraction 98 to 150) was inhibited 
73 per cent, and of high-mannose oligosaccharides (eluted after the marker 
Glc3MangGIcNAc) increased almost two-fold (comparison of Figs. 2A and 
2B). The fractions under peaks I to VI were pooled separatedly, the oligo- 
saccharides were treated with ~-glucosidase, mixed with the 14C-labelled 
standards Glc3MangGlcNAc, MangGlcNAc and MansGlcNAc and then sepa- 
rated on Bio Gel P4  columns. This analysis, described elsewhere (10) 
showed peak I to contain MangGlcNAc, peak II  MansGlcNAe, peak I I I  
ManTGlcNAc, peak IV GlclMangGlcNAc and peak V GlelMansGleNAc. 
Material dut ing under peak VI contained mainly GlclManTGlcNAc. There- 
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fore, b romocondur i to l  not  only  inhibits  the  fo rma t ion  of complex-ol igo-  
saccharides in ch icken-embryo  cells (10) bu t  also in (sindbis virus-infected) 
b a b y - h a m s t e r  k idney  cells. The  h igh-mannose  oligosaccharides a ccumu-  
la t ing under  b romocondur i to l  in bo th  cell types  are identical.  Hence ,  the  
mechan i sm of inhibi t ion p r o b a b l y  is the  same, name ly  a specific block in 
glucose t r imming .  

E fleets o] Bromoconduri tol  on Virus  Format ion  

Two cri teria were used for virus  format ion ,  name ly  the  release into the  
med ium of infectious mate r ia l  (measured b y  the  p laque  assay) and  of 
physical  part icles  labelled with  rad ioac t ive  amino  acids and  ana lyzed  on 
sucrose densi ty-gradients .  The  incorpora t ion  of rad ioac t ive  amino  acids 
into sindbis vi rus  part icles  was inhibi ted 85 per  cent  or more  b y  b romo-  
conduri tol  (2 mM) t r e a t m e n t  of ei ther  ch icken-embryo  or b a b y - h a m s t e r  
k idney  cells (Table 1). The  release of infectious mate r ia l  was inhibi ted  
a b o u t  90 per  cent  (Table t). Also the  release of infectious fowl p lague virus 
part icles is inhibi ted b y  bromocondur i to l  (10). I n  contrast ,  the  release of 
labelled part icles  f rom influenza virus  P g 8 - i n f e c t e d  ch icken-embryo  cells 
was  not  inhibi ted b y  p reven t ing  oligosaccharide processing using b romo-  
eonduri tol .  Comple te  inhibi t ion of g lycosyla t ion b y  tun i camye in  (2 ~g/ml),  
however ,  inhibi ts  the  release of bo th  P R 8  virus part icles (results not  
shown) and  fowl plague virus part icles  (27). 

Table 1. E//eet o/bromoeonduritol (BC)  on the release into the medium o/sindbis virus 
]rom injected chicken-embryo and B H K  cells 

l~adioaetivity (cpm) of particles Infectivity 
Cells Additions labelled with 3aS-methionine (PFU/ml) 

BHK None 543,230 1.3 x l09 
Bt IK 2 m~ BC 73,336 1.2 × l0 s 

CEF None 597,101 3.7 × 109 
CEF 2 m~ BC 97,430 2.6 × l0 s 

Sindbis infected ceils were treated with 2 m~ bromoconduritol (BC) or not, treated. 
The inhibitor was added two hours post infection and the cells labelled with 50 ~Ci 3~S- 
methionine from 4 to 8 hours post infection. The virus was pelleted from the medium 
and then layered oi1 a 15 --40 per cent sucrose gradient eontaining 1 mt of 60 per cent 
sucrose at the bottom, gradients were centrifuged for two hours at 40,000 rpm (SW41 
rotor). Infectivity was determined before pelleting the virus 

To s t u d y  the  oligosaccharides of influenza virus P R 8 ,  released f rom 
bromoeondur i to l - t r ea ted  and  non- t r ea ted  cells, the  infected ch icken-embryo  
cells were labelled wi th  aH-mannose  f rom 4 to 8 hours  post- infect ion.  The  
virus was isolated f rom the m e d i u m  b y  cent r i fugat ion th rough  a cushion 
of 1.5 ml of 25 per  cent  sucrose in the  SW 55 ro tor  (t  hour, 50,000 rpm)  
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Fig.  3. 13io Gel P 4  ch romatography  of SH-mannose labelled oligosaccharides and 
glyeopept ides  f rom PI~ 8 virus obta ined  f rom bromoeondur i to l  t rea ted  (B) and non- 
t r ea ted  (A) cells. Cells infected wi th  PI1,8 were labelled wi th  ~H-mannose f rom 
4 - - 8  hours post  infect ion in absence (A) or  presence (B) of 2 m~r bromocondur i to l .  
Virus was isolated and pronase digested. The digest was then  t rea ted  wi th  endo H.  

Arrows:  V0 = vo id  vo lume ;  1 is e lut ion posi t ion of GIe3MangGlcNAc 

Fig.  4. Po lyac ry lamide  slab gel electrophoresis  of fowl plague virus proteins  (A) and 
P R  8 virus  proteins  (B) f rom cells labelled wi th  radioact ive  amino acids. A chicken- 
embryo  cells infected wi th  fowl plague virus  were labelled wi th  50 FCi of a4S- 
meth ion ine  f rom 4: to 8 hours  post  infection in absence (lane 1) or presence (lane 2) 
of 2.4 m ~  bromocondur i to l .  Ceil lysates  prepared  8 hours post  infect ion were sub- 
jec ted  to electrophoresis.  B Chicken-embryo cells infected wi th  PI%8 virus  were 
labelled for 1 hour  wi th  10 p.Ci of 14C-amino acids and  then  chased for 1 hour.  The  
med ium conta ined no (lanes 1 and 2) or 2 m ~  (lanes 3 and 4) bromocondur i to l .  Af te r  
the  chase period the  monolayers  were t rea ted  wi th  t ryps in  (for lanes 2 and 4) or no t  
t r ea ted  (for lanes 1 and 3). Then  cell lysates  were prepared  for electrophoresis (see 

Materials  and Methods).  Migrat ion f rom top b o t t o m  
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and then digested exhaustively with pronase. The digest was treated with 
endoglucosaminidase H and then analyzed on columns of Bio Gel P4  
(Fig. 3). Comparison of Figs. 3A and 3B showed tha t  virus from bromo- 
conduritol-treated cells have no complex oligosaccharides (eluted between 
fraction 95 to 130) but  a different set of high-mannose oligosaecharides. 
The high-mannose oligosaccharides have the elution behaviour of the 
glucosylated high-mannose oligosaccharides analyzed above. Thus, forma- 
tion of complex-oligosaccharides is not necessary for the release of influenza 
virus PR 8 particles from infected chicken-embryo cells. 

Proteolytic Cleavage o/ Viral Glycoproteins 

Specific proteolytic cleavage of the fowl plague hemagglutinin in chicken- 
embryo cells takes place in the smooth membrane fraction (15) and indeed 
this cleavage of hemagglutinin into HA1 and HA2 is observed in bromo- 
conduritol treated cells. However, the rate of cleavage may be decreased 
because uncleared HA accumulates in bromoconduritol treated cells (Fig. 
4A). Fig. 4A shows, in fact, that  after prolonged treatment  with bromo- 
conduritol (4 hours in this experiment) the amount of radioactivity present 
in the cleavage product HA1 and HA2 is reduced. Degradative proteolysis 
of glycoproteins is not observed in Pt~8-infected chicken-embryo cells. 
This may be related to the fact that  the PR 8 hemagglutinin is not cleaved 
into HA1 and HA2 in chicken-embryo ceils (t6). 

To investigate specific proteolysis of sindbis polyproteins, pulse-chase 
experiments in bromoconduritol-treated cells were performed. Chicken- 
embryo cells pulsed for 15 minutes with 35S-methionine showed radio- 
labelled B, PE2 and El, whereas during a subsequent chase for 1 hour in 
the presence of 2 m~ methionine also E2 appeared. Bromoconduritol treat- 
ment did not prevent these proteolytic cleavages (Fig. 5), although B 
accumulated in bromoconduritol-treated chicken cells. Thus, formation of 
complex oligosaccharides is not necessary for proper proteolytic processing 
of sindbis proteins in chicken-embryo cells. In contrast, in BHK-eells 
cleavage of PE2 to form E2 was prevented in the bromoconduritol-treated 
cells (Fig. 5B). Also in BHK-cells B accumulates. This is remarkable 
because the polyglycoprotein in nontreated cell contains high-mannose 
oligosacoharides only. In the presence of N-methyl-l-deoxynojirimycin 
(another glucose-trimming inhibitor) E~ is also not detected in infected 
BHK cells, suggesting that  lack of E2 is not the result of an artefact caused 
by bromoeonduritol (RoMnno et al., submitted). 

Plasma Membrane Association o/ Viral Glycoproteins 

As intra.cellular transport of influenza viral glycoproteins t~ the smooth 
membrane fraction is not prevented when inhibiting formation of complex 
oligosaccharides it was of interest to determine whether the viral glyco- 

3 Arch. Virol. 81/1--2 
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pro te ins  reach  the  cell surface to be  able to  pa r t i c ipa te  in budding.  T rea t -  
m e n t  of i n t ac t  inf luenza virus  P R 8 - i n f e c t e d  cells wi th  t ryps in  cleaves the  

hemagglu t in in  on the  cell surface (2). Thus,  PI~8- infected  bromocondur i to l -  

Fig. 5. Polyaerylamide slab gel electrophoresis of sindbis virus proteins from chick 
embryo (A) and BHK (B) cells labelled with s~S-methionine in the presence or in 
the absence of bromoconduritol. Chicken-embryo cells infected with sindbis virus 
treated with bromoeonduritol (lanes 3 and 4) or not treated (lanes i and 2) were 
either labelled for 15 minutes -with 50 ~zCi aaS-methionine (lanes 1 and 3) or labelled 
and then chased for one hour (lanes 2 and 4). Sindbis virus-infected BHK cells (B) 
treated (lane 2) or not treated (lane 1) with bromoeonduritol were labelled for 
20 minutes and then chased for 40 minutes. Bromoconduritol was present in label 

and chase medium 

t r ea t ed  and  non- t r ea t ed  cells were labelled wi th  10 p.Ci of 14C-amino acids 
for  60 minu tes  and  t h e n  chased for ano the r  hour  in the  presence or absence 
of b romocondur i to l  as above.  I n t a c t  cells were then  t r ea t ed  wi th  t ryps in  
and  the  pro te ins  p r e p a r e d  for electrophoresis.  I t  is shown in Fig. 4 B  t h a t  
H A  in b o t h  u n t r e a t e d  (lanes 1 and  2) and  b romocondur i to l - t r ea t ed  (lanes 
3 and  4) cells is c leaved b y  t ryps in .  As a control  served t h a t  the  H A  of 
P R 8  of cells t r e a t e d  wi th  i0  ~3I monens in  to  block intraeel lular  t r a n s p o r t  
(32) was res is tan t  to c leavage b y  t ryps in ,  indicat ing t h a t  t ryps in  does no t  
enter  the  cells (result no t  shown). The  u n c l e a r e d  hemagglu t in in  p resen t  
in fowl p lague  virus- infected,  b romocondur i t o l - t r ea t ed  cells (Fig. 4A) was 
res i s tan t  to  cleavage b y  t ryps in  t r e a t m e n t  of i n t ac t  monolayers  (not shown),  
indica t ing  t h a t  i t  has  no t  reached  the  cell surface.  
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To assess the cell surface location of the foM plague glycoproteins HAl  
and I-IA2 and of the sindbis virus glyeoproteins, the extraeellular antibody- 
absorption technique was used. Thus, pulse-labelled lowl plague virus 
glycoproteins are barely detectable at the cell surface (Fig. 6, lane 1) but  

Fig.  6. P o l y a c r y l a m i d e  slab gel e lee t rophores is  of a~S-methionine- label led fowl p lague  
v i rus  p ro te ins  p r e sen t  in  t he  t o t a l  cell  lysa te  ( lanes 2 a n d  4) a n d  on t h e  cell surface  
( lanes 1, 3, a n d  5) in  t h e  presence  (lanes 4, 5) or absence  (lanes l ,  2, 3) of b romo-  
eondur i to l .  Cells were in fec ted  w i t h  fowl p lague  v i rus  a n d  a t  t h r e e  hou r s  pos t  in fec t ion  
b r o m o c o n d u r i t o l  was  a d d e d  to t h e  cells for  l anes  4 a n d  5; 90 m i n u t e s  l a t e r  t h e  ceils 
were  label led  w i t h  250 ~Ci of aSS-me~hionine, a f t e r  20 m i n u t e s  t h e  s ample  for  lane  1 
was h a r v e s t e d  a n d  t he  o t h e r  dishes  were chased  for fo r ty  m i n u t e s  in  t h e  presence  of 
2 m ~  me th ion ine ,  a n d  2.4 m ~  b r o m o c o n d u r i t o l  in  dishes for lanes  4 a n d  5. A t  t h e  
end  of t h e  chase  or labe l  pe r iod  lysis buf fer  was  a d d e d  to samples  for  lanes  2 a n d  4 
a n d  an t i - fowl  p lague  v i r u s - a n t i b o d y  to t he  samples  for l ane  1, 3, a n d  5. The  samples  
were t h e n  p rocessed  as i n d i c a t e d  u n d e r  Mate r i a l  a n d  Methods .  T h e  t h i n  b a n d ,  

m i g r a t i n g  like I=2Ax in, for  examp le  lanes  1 a n d  5, is a c t i n  (2) 

appear there after a 40 minutes chase (Fig. 6, lane 3). Including bromo- 
conduritol into the medium prevents the migration to the cell surface 
(Fig. 6, lane 5) although the glycoproteins are present intracellularly 
(Fig. 6, lane 4). 

Bromoconduritol was routinely included in both the pulse and the 
chase media; omitting bromoconduritol from the chase media did however 
not 1 ead to different results. 

3* 
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Discussion 

By inhibiting the trimming of the innermost glucose residue of the 
N-linked oligosaecharide Gle ~ (1->2) Glc ~ (1 ->3) Glc ~ (1 ->3) MangGlcNAc2, 
an early and obligatory step in the processing of glycoproteins, bromo- 
conduritol impairs the formation of sindbis virions from infected cells. The 
sindbis virus glycoproteins are equipped with GlclManx(GlcNAe)2 (x --= 7, 
8, and 9) oligosaccharides and formation of complex oligosaccharides is 
inhibited. In infected chicken-embryo cells the polyproteins are cleaved to 
E1 and E2, a late event occurring just before budding of the virus (i5). 
We suggest, that  the step of inhibition is virus assembly, probably because 
proper oligosaccharide processing is required. This may not be valid for 
B H K  cells because cleavage of PE2 to E2 is inhibited by  inhibition of 
oligosaccharide processing and this proteolytic cleavage may be an impor- 
tant  factor in virus assembly (4). 

Bromoconduritol does not prevent the release of influenza virus parti- 
cles Pt~8, although glycosylation is affected in the same way and to the 
same extent as in sindbis virus-infected cells. Therefore, there is no role 
for oligosaecharide processing in the budding of this virus. This may be 
related to a role of the :M protein in budding of the influenza, virus (22, 31). 
An equivalent protein is absent in sindbis virions where the virus glyco- 
proteins directly interact with the virus cores. Yet, bromoconduritol pre- 
vents the release of infectious fowl plague virus particles from the infected 
cells (10). The reason for this is that  after cleavage of HA into HA1 and 
HA2 the cleavage products are broken down, and transport to the plasma 
membrane is wevented.  If cleavage of HA is prevented by  using influenza 
virus P R  8, virus budding proceeds as normal. 

Delay in the specific proteolytic cleavages of the glyeoprotein precursors 
B, pE2 and HA is evident from their accumulation. This accumulation is 
not an artifact of bromoconduritol, because it is also observed in cells 
treated with another inhibitor of glucose trimming (24) and may be due 
to retardation of intracellular transport  and/or to a reduced activity of 
certain proteases if these proteases are glycoproteins themselves. This latter 
explanation may apply to the reduced cleavage rate of B because this 
protein is also in untreated cells equipped with high mannose oligo- 
saccharides only (14). 

Thus, the cleaved HA equipped with high-mannose oligosaecharides 
GlelManx (GlcNAc)2 (x = 7, 8, and 9) has a conformation that  is susceptible 
towards degradative proteolysis. If glucose-trimming is inhibited by  N- 
methyl-l-deoxynojirimycin, fowl plague viral glycoproteins contain oligo- 
saeeharides of the composition GlcaMan~(GleNAe)2 (x = 7, 8, 9). This 
t reatment does not prevent virus release and the cleaved HA is metaboli- 
cally stable (24). Uncleaved HA appears metabolicMly stable independent 
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of oligosaccharide composition. Apparently, if two glucose residues and 
two mannose residues are removed, and further processing is inhibited by 
bromoconduritol, cleavage of HA yields unstable products. If processing 
is allowed to proceed to the stage that, the oligosaecharide has the structure 
MansGlcNAe2 and then inhibited by the ~-mannosidase II-inhibitor swain- 
sonine (34), infectious fowl plague virus particles can be formed again with 
apparently intact cleaved HA (11). Possibly, a specific point of the proce- 
ssing pathway is of importance in determining a stable conformation of 
HA. Thus, inhibitors of trimming are useful tools, but  generalizations 
concerning the role of oligosaccharide processing could be erroneous. 
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