. cers secies pr '
thexeof by neutamlmdase hydr » : ’ ST
me f'hese expenments; 1 cluded~that a!l;hematosxde molecules are. orgamzed m the

outet half of the bllayer of 'the envelope R R , i :

| "’l.‘lnt"r,odixctibn =

v Numerous studxes have been concemed thh the" y"hysxcw" sta i
;-:»membranesnndpot es; using fluoreser i

Cof these cell From simxlar' Aﬂxpemnent Lapprée
crystallme hpid clusters and. ﬂux‘ . ]




: ,asmamembrane is mtegrated only in the outer surface of the envelope

S ,Pahmtlc ac1d spec radloact 0.73 pMol has been synthesized by
oa 14C02 Gngnard reaction with pentadecyl-bromide. Neuraminidase from Vibrio
cholerae was purchased from Behringwerke, Marburg/Lahn (spec. activity 500 neu-
ﬁ »'tamlmdase umts/ml), bromelam from Serva, Heidelberg.
- BHK 21 cells were grown in Dulbeccos medium, supplemented with 5% fetal
_bovine serum and 35 ng - 14¢] palmitate/ml medium in 70 Roux flasks (250
, m2) The mednlm was decanted from the confluent host cell monolayer and
Sindbis virus adsorbed at a multiplicity of 1 pfu/cell for one hour at 37°C. 70 ml
v Dulbeccos medium was added to each flask and the virus isolated from the medium
- afte 0:hx mcubatxon at 37 'C. At that tlme a cytopathlc effect of about 70% was

'irus pnnf' catnon was camed out essentlally as described before mcludmg the
. following steps: sedimentation of cell debris at 600 X g for 15 min and 4°Cin a
" GSA rotor (Sorvall oentnfuge), half saturation of supernatant with an equal volume

- of saturated (NH4)2804-solut10n, pelleting of the precipitate aiter 2 hr at
i f'f;}:"IOOOOX 2(GSA rotor, Sorvall centrlfuge), suspendmg the sediment in 100 ml

0 j‘lbeccos,medxum and sedxmentatlon at 100000 X g for 60 min at 4°C in a Ti 60
* " rotor (Beckman ultracentnfuge) [19,20}. The combined pellets were homto,genously
o ‘suspended in 10:ml Dulbeccos medium by gentle magnetic stirring at 4°C and
: -layered on top of three hnear potassium tartrate gradients between 15 and 40%

" The vmls was banded m a SW 27 rotor at 23 000 rpm for 2 5 hr at 4 | and




' condmons gwen under the reépectxve' sectmns The vmons wete egaln concentrated "
for lipid. analysls as descnbed before_ o o |

C. Extractton and separanan of vzms hprds

The lyophlhzed v1ms fractlons Were extracted thh chlorofonn/methanol
2 landl 2fo .




the vi a'lflrpld and glycoprotem envelope radio-
carbon 13 labelled precursors  the envelope offers the opportu-
tudy prd——hprd and hpld—protem interactions. 13C—NMR studies in this

' laboratory. [23 ‘have demonstrated that the lipids i in the envelope form a rather

- rigid bil: ur approach in the studies reported here was as follows. The BHK

- 21 host cells were labelled with radioactive palmitic acid as precursors of the host
cell membrane lipids. The confluent monolayers of 50 Roux flasks depleted the

L medrum up to 94% of the radioactive ‘palmitic acid. The purified Sindbis virus

- suspension (10 5 mg protein) contains 0.62% of the radioactivity added to the me-
= drum. Fig. 1 resembles an electronmrcrograph of the purified Sindbis virus prepa-
ratlon :

. . The total vrrus suspensron was drvrded mto four ahquots for enzymatic treatments,
| for the control experiment bromelarn, neurammrdase and combined neuraminidase—

bromelam treatment. '

- Sindbis virions were treated wrth neuramzmdase in order to find out the localiza-

: tron or orrentatron of hematoside in the bilayer of the envelope. One aliquot of the
purified virus preparatmn was therefore treated with neuraminidase, a second pre-
treated with bromelain in order to digest the spikes of the virions followed by a

- neurarmmdase treatment and the data of the complete lipid analysis of the extracts

. of these preparatrons compared with the lipid extract of the control virus (untrzated)

L and a virus aliquot treated with bromelain’ alone. The results are summarized in ta-
Jble 1. It becomes quite clear from the data in this table that the bromelain treat-
: i;ment leaves the lrprd bﬁayer compositron intact. The distribution of the radioac-
- tivity in the neutral glycolipid, ‘hematoside and phospholrpnd fractions is very
closely comparable with those of the control virus..
If we however compare the radioactivity recovered in the hematoside fraction

. (wluch‘ls the sum of the radioactivity of the Folch upper phase and the residuat

: A, orm/methanol soluble hematoside recovered from the methanol fracticn)

.-and the ceramide lactoside of the control and bromelain experiment with the

o ,’.hematosrde present in the neuramlmdase, bromelain, combined neuraminidase-bro-

- ,meahn treated vmons, thehematosrde has been almost completely transformed into

" ‘Ons underlmmg the results of table 1.
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Solvent sysltem. n-propanol/conc ..mmoma 70 30 ‘A test ehromatogram
neuraminic acid (A), N—glycolyl neurammic acxd (B), subptxtuted ceranudelacto-
below the radloscan B e .

yl_, euramimc acnd Otherw1se the latter would have been separated
lyl neuraminic acid containing hematoside in the solvent system used
which. represents an example ofa radzoscan of the FOI( h upper phase ob-

per phase of the llpld extract of neuramm:dase and bromelam-—x aeuramuudase treat-
ed Smdbls_vuions contamed only extremely small amounts of he matomde as dem-

i Bromelam—-neuramxmdase treatment.

% of total tadloaetlvlty in lipids ot‘ vn:us envelope

CDHIhemntos:de ,
- 0.37 _' ‘ :

o 88
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plasma membrane of the host cell. The two virus specifiz glycopro-
0 and 47 000 daltons) of Sindbis virus [25] interact with the lipid bi-
yer structure has been deduced from X-ray diffraction studiesby
26} These authors concluded that the glycoproteins do not bridge
hdbis virus. A similar statement has been made by
122 These authors slaimed that the spikes
nis ation of the lipid bilayer. Garof? and Simons
nd conclu om labelling and crosslinking experiments that
eins of Semliki Forest virus (SFV) extend through the viral
e ¢.in close contact with the nucleocapsid. Due to the discrepancy
rmation chemical and physical techiniques suitable to give information
possible lipid—protein interactions must be used. We have introduced B¢

: ab,__o‘_u

""" NMR spectroscopy into this problem by labelling the viral envelope of VSV with

* - 13C-enriched choline and specifically 13C-labelled fatty acids [23]. Our studies

~with VS-virions indicated that the N-methyl group of the choline polar head group

- possesses a high rotational mobility which remains unchanged after tryptic removal

-of the surface projections. The fatty acid chains of the phospholipids F-ad relaxa-

tion times which indicated that the lipid bilayer is in a rather rigid arrangement. One rea-

~ high content of saturated long chain fatty acids.

-~ ' Enzyinatic studies have clearly demonstrated that the ganglioside h¢matoside in
. vesicular virions is integrated only into the outer surface of the envelope bilayer
o [16] .'The results of ,t_he studies presented here give evidence that hemztoside in

' Sindbis virus grown in the same host cell line (BHK 21) are oriented also exclusively
toward ‘the outer surface of the virus particle. Furthermore, the experiments with
a combined treatment with bromelain, which completely removes the surface pro-
jections and neuraminidase point out that all neuraminic acid residues of the
 hematoside are exposed to the enzyme regardless of the presence or absence of

- the spikes. The occuirence of gangliosides is predominantly limited to the plasma
. membrane and [29,30] membranes derived thereof such as lysosomal imembranes.

_ Here hematoside is the main extraneuronal ganglioside. |

- son certainly is the high cholesterol content of the viral envelope, another the rather

Itisnot known whether the glycosylated sphingolipids and particularly the N-
" acetyl neuraminic acid containing gangliosides are randomly distributed in the

PR

*lipid phase of the plasma membrane, the envelope of the vesicular stomatitis virus
. studied earlier [23] or of Sindbis virus reported here, It is intriguing tc suggest a

*clustering of the ﬂY@bSphingdﬁpidséﬁd gangliosides around the glycoproteins, in

' our subject around the spikes. Multiple hydrogen bonding between their hydrophil-

‘icz,mbieﬁes and the carbohydrate side chains of the spikes could easily associate

~ with these molecules by lateral phase separation. An arrangement of gingliosides

de) in thehaloof thespxkesxsmade also likely by the observation that

of virions such as influenza and SV 5 virions which contain neuramini-
¢ activity in their spike proteins [31--34] are free of hematoside when grown
~‘in host cells the plasma membranes of which are rich i this ganglioside. Neuramini-
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