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asymmetry 

. + 

vesicular 
~fthe cave- 

++ +?+ SOS!  

. . +  

:hml 

ga-~rU: ~ ~:/~" r "~gi!ffmdbiS ~ s  ~owfi:i~ • BtIK21 cells. Where~s VS-virions pos- 
-',S '~+ i '~ ~ndb• :~/virusis spherical ~ d  two glycoproteins~ o f  different de- 

,latiU0n!i~e~tiograted into the envelope. We •present • evidence that 
i ~ y  ganglioside present in the lipids of the virion, and the host 

ne is integrated only in the outer surface of the envelope. 
• , 

• Hi • +::+? 

/ 

~1, has been synthesized by 
le. Neuraminidase from Vibrio 
rg/Lahn (spec. activity 500 neu- 
lberg. 
supplemented with 5% fetal 

bovine serum and35 ng  [I-14C] palmitate/ml medium in 70 Roux flasks (250 
cm2). The m e ' u r n  was decanted from the confluent host cell monolayer and 
Sindbis virusads0rbed at a multiplicity of 1 pfu/ceU for one hour at 37°C. 70 ml 
Dulbeccos medium was added to each flask and the virus isolated from th~ • . medium 
afteri=;20!~i ~cubation at 37°C. Atthat  time a cytopathic effect of about ]0% was 

:arried out essentially as described before including the 
Ltion,of cell debris at 600 X g for 15 min and 4°C in a 
uge), half saturation ofsupernatant with an equal volume 
01Uti0n,pellet~g of the precipitate after 2 hr at 
rvall Lful . . . .  sediment in centri ge), suspending the 100 mi 
dimentation at 100 000× g for 60 min at 4°C in a Ti 60 
ffuge) [19,20] ,The combined pellets were homogenously 
~cosmedium by gentle magnetic stirring at 4°C and 
ear potassium tartrate gradients between 15 and 40% 
.*dina SW27 rotor at 23 000 rpm for 2.5 hr at 4°C and 

irations was checked by electronmicroscopy after 
m 14C corresponding to 0.62% of the radioactivity 
st cells Was recovered in the purified viru~ prepara- 
ereannlied for the enzvmatic• treatment of the 

+ .  

• + 

• . i  ¸ 



, . .  . - . 

. . . . . .  i lMED T~s.HCI buffer, 0.00 
tube ~ d  inCubated ~ t h  2.6 ' 
were,again pelletedand proc, 
dasetreatment.: i i~ ~ i! ii!/~ - 

teolytic 
4°C and 

C. Extraction ant 

r a - ~  . : . . . , - ,  ~ :~ 
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e:virus specific thelipids are derived i!om 
mbranei::i~e to:the: ~mail number of,:om- 
Hpid ;~d  0yc0protein,envelope radio. 
ecUrSorS~; the envelope0ffers the: opportu- 
n~teractions, 13C,NMR studies in tt~is 
!he lipids in the envelope form a rather 

n~upaayer.:!iiuurapproacnmrmestumes reporteO here wasas follows. The BHK 
2i h0st :~e!lsWere!abelled :with radioactive palmitic acid as precursors of the host 
cell ~embrane lipids. Thec0nfluent mon01ayers of 50 Roux flasks' depleted the 

.i~-mediumup to94%ofthe •radioactive p a ~ t i c  acid. The purified Sindbis virus 
"! sUSpe~0n!~(10~5mgprotein)contains 0•,62% of•theradioactivity, added to the me- 
' u r n .  ~- Figi i feseml~le~an electron~crograph of the purified Sindbis virus pre!pa- 

livided into four aliquots for enzymatic treatments, 
elain, neuraminidase and combined neuramh~lidase- 

mraminidase in order to find out the localiza- 
tion or orientation 0f hematoside in the brayer of the envelope. One aliquot of the 
purified virus preparation was therefore treated with neuraminidase, a second ;pre- 
treated with bromelain in order to digest the spikes of ~he virions followed by a 
neuraminidase treatment and the data of the .complete lil~?,l analysis of the exlracts 

~ t h  the lipidextract of the control virus (untreated) 
b r b m e ~  ~onei The: results are summarized in ta- 

bie l ; I t  becomesquite clear from the data in-tl~ table that the bromelain treat- 

If 

¢ neutral ~ycoh'pid,hematosideand phospholipid fractions is very 
O ~ai~l~i~th those6fthe Control ~us, .  :: 
Y ~ever Compare the;radioactivity recovered in the hematoside fraction 
h~su ~.ofthe: " Jradioactivity Of tileFolch upper phase and the residu:~ 

me lanolsolublellematoside . . . . .  recovered Oom the methanol fraction) 
~ i  ,i lact0side-of the Control and bromelain experiment with the 
~r¢ intin the ~ . . . .  n e u ~ ~ d a s e ,  bromelain, combined neuraminidase-bro- 

~ted.~ Oons,;the~hemat~ide ~ s  been almost completely transformed into 
i~tos~ ebyMUta~da-se  ~. ~sisalS0documented in fig. 2a-d. There is 
!YSm li'.i~Uti:ofcetamidelactoside present in the untreated virus en- 
~iad Dactive!ib~d "~ cOrrespon~g to ceramide lactoside becomes the 
inent ~ak  of the neutral glycosphingolipids of the neuraminidase 

3us underlining tt results of table 1. dbJSi~rii ' ' . . .... ~ . . . . .  .. ie.. . . . .  
i " i 
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~:$&k$~J&$i&& of ~o_t&:&lc5~ @per phase lipids e&&acted from Siridbis virions grown on 
-.:$k -2f k&s, me compiet~‘rad’ioact~ity is presetit in hematoside (substituted with N-acetyl 
~‘~&$&i& &&_Solvent sistem: ntpropanol/conc.. ammqGa’ll.0 ‘: 30. !k test chromatogram 
-’ $$$th $@eiyI n&iraminic acid (A), N-glycolyl neuramink acid (B), subetituted cetamidetacto- 

.” 

’ $&r&in &&age of the spikes has no influence on the rekase of N-acetyl * I 
.f n@ramimc a&kf$m hematoside. ‘&e viral envelope contains Sy hematoside ; 
1 I *ii&i &it@4 rie@aminic acid. Otherwise the Iatter would hav< been separated 
’ from PN:gly601yl nktramini~ acid containing hematoside in the Mvent system used 
‘in%i’g~~~:~l&h repr~,s&s an example of a radioscan of th? FoGh upper phase ob- 

‘, ’ t&&from ihe iipW&ct&~~~f the control aliquot of Sindbis vQus. The Fokh up 
be; &$ii of the lipid extractof ileu~aminidase and bromelain-ileuraminidase treat- 
&i&lbis visions co&&red only extremely small amounts of hqmatoside as dem_- 
on&r&# 4n4able I<. The concentration of radioactive hematos:!de is so small, ‘. 
I&& the &@itivity of ra&o. thin-layer chromatography was insuf’%ient to demon- > 

. $tde ~aiiioactive~hematdside,in these neuraminidase treated viri&s. 
3 i . ..> ~~~~~~ti~‘,~f~~~~~c~~~sent b cerad& &to&k and f;;,fmatoside of the 
.:_ . > 
I C~~~~~~~~~~b~~~~~~~~ &,wagnini&e ami bromelain-neuramiraidase treated 

,I- ",,s'~~~~~~~~~~~~~~~e~~~l~~~~~ the neura&&e hydrolysis (t&e 2). 
_' 

$&i~ af k-era&@ @qx&de/hen&oside in untreated Siidbis virions and vkions after neurami- 
1: 5&hyi*d coikhii6# bromelain-n@Uaminidase treatment; ’ 

.’ 5.j - j i ,’ . . 1 
’ I F df t@al radioactivity in lipids of virus envelope 
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Cell,The two virus specifi: glycopro- 
~rus [25] interact with the lipid bi- 
[frOm X:ray diffraction studies by 

that: the glycoproteins do not bridge 
imflarstatement:hasbeen made by 
hese aUthor~ ~ilaimedthat the spikes 

ndu!ded:fr0m l a b e ~ g  and ~ cros~nkingexpc:riments that 
o f S e m ~  F 0 r e s t : ~ S ( S ~ ) e x f e n d  through the viral 
cont~Ctwith the nucleocapsid. DUe to the C~iscrepancy 

aliland phy~Cal techniques suitable t o  give in formation 
i~ interactions must be used. We have introduced 13C- 

ihis problem by labelling the viral envelope of VSV with 
L specifically 13C'labelled fatty acids [23]. Our studies 
[that the N-methyl group of the choline polar head group 

unchanged after tryptic removal 
' the phospholipids ~:.ad relaxa- 
I a rather rigid arran~;ement. One rea- 
viral envelope, another the rather 

lat the ganglioside h0matoside in 
vesicular virions is integrated only into the outer surface of the envelope bilayer 
[1~ ,The results of  the studies presented here give evidence that hem~:~toside in 
~-biSvinis  grown in the same host Cell line (BHK 21) are oriented al:;o exclusively 
towardthe outer surface of the virus particle. Furthermore, the exper~nents with 
a combined treatment with bromelain, which completely removes the :i;urface pro- 
jections and neuraminidase point out that all neuraminic acid residues :~f the 

. . . . .  ence or absence of 
Limited to the plasma 
lysosomal .membranes. 

ld particularly the N- 
distribute4 in the 

~cular stomatitis virus 
ttriguing tc:, suggest a 
the glycoproteins, in 
etween their hydrophil- 

s could easily ,associate 
xtgement of g~:ngliosides 
by the observation that 
s which contain neuramini- 
hematoside when grown 
:his gangliosid~:. Neuramini- 
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