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Summary 

We have demonstrated that  the small plaque (SP) variant  of Sindbis virus is 
more extensively neutralized by complete antibody and serum IgG fractions than 
is the large plaque (LP) variant. The Fe portion failed to demonstrate any neutral- 
izing potential and did not block subsequent neutralization by  IgG or Fab frag- 
me~lts. The LP and SP variants of Sindbis gave identical patterns upon isoeleetric 
focusing. Treatment  of the virus with intact serum IgG or isolated Fab fragments 
was found not to have an irreversible effect on the net charge of the virus popula- 
tion. The selective processes involved in the maturat ion of the nucleocapsid 
implicate the incorporation of charged host determinants which are then reflected 
in the charge of the virion. I t  is suggested that  the virus core has a preferential 
affinity for those components of the plasma membranes which have an isoeleetrio 
point at pH 3.6. 

1. Introduetion 

Sindbis, a group A arbovirus is composed of an inner ribonueleocapsid and 
an outer lipoglycoprotein envelope. I t  contains two major virus-induced structural 
proteins (33), lipids and carbohydrate derived from the host of origin (7, 24)7 and 
the ribonueleic acid. Plaque variants of this virus, first reported by HAN~OU~ et al. 
(15) have been shown to differ in various biological characteristics such as patho- 
genieity for baby mice, the effects of temperature upon virulence, and elution 
from calcium phosphate columns (7, 15, 24, 33). This paper report.s investigations 
of the characteristics of the large plaque (LP) and small plaque (SP) variants of 
Sindibs virus, using immunological and eleetrophoretic techniques. 

2. Materials and Methods 

2.1. Media  and  D i l u e n t s  
Eagle's medium (13) buffered with 0.001 ~ tris-(hydroxymethyl)-aminomethane 

(Tris) and modified by the substitution of ttanks's basal salt solution (i4)for Eagle's 

1 The University of Texas, Department of Microbiology, Austin, TX 78712, U.S.A. 



PEDERSEN et al. : Immunoehemica l  Studies of Sindbis Virus Var iants  29 

salt  solution, was used for the  g rowth  and main tenance  of chick embryo  cells (CE). 
The  med ium was supplemented  wi th  penicil l in (100 units /ml) ,  s t rep tomycin  (50 meg/  
ml), mycos ta t in  (50 units /ml) ,  and  5~o calf se rum (EC-5). Fo r  solid overlay,  Eagle ' s  
m e d i u m  conta in ing 3% calf se rum (EC-3) was jelled wi th  l~o Bae toagar  or Ionagar .  
I-Ianks's basal  salt  solut ion (BSS) plus 1 ~o inac t iva ted  calf serum (BSSC)was  used for 
washing cell cultures and as a di luent  for all virus and tissue suspensions. 

2.2. C e l l  C u l t u r e s  

Chick embryo  monolayers  were prepared  f rom decap i ta ted  10-day-old embryos  (12). 
The  monolayers  were used rout ine ly  after  24 to 32 hours of incubat ion.  

2.3. V i r u s  

Sindbis virus  strain A339 (35) was obta ined  f rom the  Amer ican  Type  Culture 
Collection. The  ATTC stock conta ined two plaque types.  I so la t ion  of large (LP) and  
small  (SP) p laque var ian ts  was per formed by  clone selection and sequent ial  passage 
of the  two types.  

Cloned stocks were grown in CE monolayers  and harves ted  after  12 hours to mini-  
mize the  effect of hea t  inac t iva t ion  upon the  virus  (28). Stock virus t i ters  were generally 
be tween  10 s and 109 P F U / m l  and conta ined f rom 4 to 64 hemagglu t ina t ing  uni ts /ml .  

2.4. V i r u s  P u r i f i c a t i o n  

Clarified virus was centr i fuged at  21,000 r. p .m.  (59,000 • g) in the  Spineo 21 rotor.  
E a c h  tube  conta ined  a 5 ml  15% sucrose cushion. Af ter  centr i fugat ion for 2.5 hours, 
the  pellets were resuspended in a min imal  a m o u n t  of BSSC, pooled and ag i ta ted  on a 
V D R L  shaker  for a t  least  2 hours a t  4 ~ C in order to disperse elumps. This suspension 
was layered  on a 28 ml l inear sucrose gradient  (15--45~ and centr i fuged for 2 hours 
at  25,000 r . p . m .  (63,500 • 9) in the  Spineo 25.1 rotor.  The tubes were pmle tu red  a t  the  
b o t t o m  and  1 ml  fract ions were collected by  g rav i ty  flow. Frac t ions  conta in ing peak 
infec t iv i ty  were concen t ra ted  by  centr i fugat ion for 1.5 hours a t  39 ,000r .p .m .  
(115,000 • g) in the  Spineo 39 rotor.  The pel let  was suspended in a min imal  amoun t  of 
BSSC, as described above,  and  was s tored at - -70  ~ C. 

2.5. M e m b r a n e  P r e p a r a t i o n  

Cells, labeled in their  phosphol ipid  moie ty  wi th  P ~ ,  were harves ted  after  24 hours 
growth,  and were washed twice wi th  Eagle ' s  medium.  P lasma  membranes  were prepared 
by  the  m e t h o d  of ROSE~B~.aG (30). Af te r  centr i fugat ion the  p lasma membranes  were 
collected f rom the  interface be tween  the  41% and 37~ sucrose fractions.  

2.6. H y p e r i m m u n e  S e r a  

Ant isera  of high t i t e r  were prepared  by  the  immuniza t ion  of New Zealand strain 
rabbi ts  wi th  freshly ha rves ted  and par t ia l ly  purif ied virus va r i an t  preparat ions.  Anti-  
viral  sera were adsorbed extens ive ly  wi th  normal  CE fibroblasts  to r emove  cross- 
reac t ing  antibodies.  P laque  neut ra l iza t ion  tests  were per formed using 1 • 107 P F U / m l  
of infectious virus. 

2.7. I s o l a t i o n  of  R a b b i t  I g G  a n d  F r a g m e n t s  

G a m m a  globulin (IgG) was prepared  f rom rabbi t  sera by  the  procedure  out l ined by  
KECKWlCK (16) and STR_atSS et al. (32). Papa in  digest ion of rabbi t  IgG was per formed 
according to POXTER (25) as modif ied  by  MAXDY et al. (18) Fe  crystals formed upon 
dialysis of react ion mix tu re  and F a b  f ragments  were isolated f rom the  soluble dia lyzed 
por t ion  of the  papain-diges ted  IgG, by  earboxymethylce l lu lose  co lumn chromatography .  
F r a g m e n t s  were tes ted  for homogenie ty  by  u l t raeen t r i fuga t ion  in the  Beckman  model  E 
analyt icM centrifuge.  

2.8. G e l  D i f f u s i o n  T e c h n i q u e  

Seventy- f ive  hundred ths  percent  agarose (Nutr i t ional  Biochemical  Corporation),  
buffered wi th  sodium veronal  (8.98 g sodium barbi tol ,  0.5 g sodium azide, 64.5 ml of 
0.1 ~ HC1, wa te r  to one liter) pI-I 8.6, ionic s t rength  0.1, was used in all gel diffusion 
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s tudies ,  fol lowing OUCHTEI~LO~rY (23). The  slides were s t a i ned  for 10 m i n u t e s  in  a solu- 
t ion  of amido  b l a c k  (17.0 g amido  sehwarz  10B,  10.0 ml  glacial  acet ic  acid,  1250 m l  
e thano l ,  3850 ml  wate r )  a n d  r insed  in  a b a t h  of t he  same so lu t ion  w i t h o u t  t he  dye.  

2.9. I m m u n o e l e c t r o p h o r e s i s  

I m m u n o e l e e t r o p h o r e s i s  was  pe r fo rmed  accord ing  to  SCIIEIDEGOEI~ (31) in  1 %  
buf fe red  agarose  (pI-I 8.6) w i t h  a c u r r e n t  of 25 m A  for 2 hours .  

2.10. B l o c k  E l e c t r o p h o r e s i s  

E lec t rophores i s  of t he  pur i f i ed  v i rus  was p e r f o r m e d  ho r i zon ta l l y  in  a leuc i te  
e lee t rophores is  a p p a r a t u s  (1.5 • 2.5 • 45 cm) c o n t a i n i n g  a b lock  of P e v i k o n  (a co- 
po lymer  of po lyv iny l  chlor ide  a n d  po lyv iny l  a ce t a t e  wh ich  gives rise to  negl ig ible  
e lec t roosmot ie  ea thoda l  flow a n d  wh ich  is a non-swel l ing  m e d i u m  showing  l i t t le  t end -  
ency  to  adso rb  p ro te ins )  as descr ibed  b y  Mi~LI~.I~-EBERttAI~D (20). The  buf fe r  was  
0 .1~  b o r a t e  saline,  p H  9.0, a n d  a c u r r e n t  of 400V was app l ied  for 48 hours .  A f t e r  
e lectrophoresis ,  1.0 em sect ions  were cu t  f rom the  b lock  a n d  t h e  v i rus  was  e lu ted  b y  
t he  a d d i t i o n  of 2 ml  of bo ra t e r - sa l ine  buffer .  The  e lua tes  were a n a l y s e d  spee t ropho to -  
me t r i ca l ly  a t  260 a n d  280 n m  a n d  h e m a g g l u t i n a t i o n  a n d  in f ec t i v i t y  t i t e r s  de t e rmined .  

2.11. I s o e l e e t r i c  F o c u s i n g  

Isoelect r ic  focusing was pe r fo rmed  accord ing  to S w E ~ s s o ~  (34). A 110 ml  capac i t y  
c o l u m n  (L.K.B. ,  Uppsa l a ,  Sweden)  was employed.  The  1 %  carr ier  a m p h o l y t e  so lu t ions  
covered  t he  p H  r ange  of 3 to  10 or 3 to  5. A sucrose dens i ty  g r ad i en t  of 0 to  4 0 %  (w/v) 
was used  to p r e v e n t  convec t ion .  The  e lec t rodes  were p r o t e c t e d  w i t h  d i lu te  phosphor i c  
acid a t  the  anode  a n d  w i t h  e t h y l e n e - d i a m i n e  a t  t he  ca thode .  W i t h  t he  wider  pI-I g r a d i e n t  
(pH 3.0 to 10.0) t he  p o t e n t i a l  was  600 vo l t s  a n d  equ i l ib ra t ion  was  r eached  w i t h i n  
24 hours .  E x p e r i m e n t s  in  t h e  p H  r ange  3.0 to  5.0 were car r ied  ou t  for 48 hours  a t  
700 vol ts .  The  t e m p e r a t u r e  was m a i n t a i n e d  a t  5 o C b y  c i rcu la t ing  chi l led water .  F rac -  
t ions  of a p p r o x i m a t e l y  1 ml  were col lected a n d  a s sayed  for pFI (Coming  model  12 
R e s e a r c h  p H  m e t e r  w i t h  a Corn ing  semi-micro  c o m b i n a t i o n  electrode) ,  r a d i o a c t i v i t y  
(Ans i t ron  l iquid  sc in t i l la t ion  eo~mter) a n d  in fec t iv i ty  in  CE monolayers .  

2.12. L a b e l i n g  w i t h  R a d i o i s o t o p e s  

H~-glyeine was used  to  label  S indbis  v i rus  in  CE monolayers .  The  g r o w t h  m e d i u m  
was r e m o v e d  f rom t he  cells a n d  was rep laced  w i t h  Eag le ' s  m e d i u m  c o n t a i n i n g  20 ixCi 
of t he  labe led  amino  acid. Af te r  3 hours  i ncuba t ion ,  t he  labeled  m e d i u m  was r e m o v e d  
a n d  l0  P F U  of v i rus  was a d d e d  pe r  cell. The  v i rus  was adso rbed  for 45 m i n u t e s  a n d  
t he  cells w a s h e d  once w i t h  BSS. The  labe led  amino  acid m e d i u m  was a d d e d  b a c k  to  
t h e  mono laye r s  a f te r  t he  a t t a c h m e n t  per iod.  Virus  was h a r v e s t e d  a f te r  12 hours  a n d  
pur i f ied  as descr ibed  above .  

PSi - labe led  v i rus  was p r e p a r e d  us ing  phospha te - f r ee  Eag le ' s  m e d i u m  (all p h o s p h a t e -  
c o n t a i n i n g  c o m p o u n d s  were o m i t t e d  f rom H a n k s ' s  BSS) w i t h  0.5 .~ Tris  buffer ,  p i t  7.4. 
To o b t a i n  labe led  p l a s m a  m e m b r a n e s  or v i rus  w i t h  t h e  pa2 p r e d o m i n a n t l y  in the  
phosphol ip id ,  t he  cells were i n c u b a t e d  for 8 hours  w i t h  carr ier-free Eag le ' s  m e d i u m  to 
wh ich  25 y.Ci/ml pa~ h a d  been  added .  This  labe l l ing  per iod  was fol lowed b y  2 hours  
i n c u b a t i o n  w i th  comple te  Eag le ' s  m e d i u m  w i t h  u n l a b e l e d  p h o s p h a t e  in order  to  
decrease  t he  a m o u n t  of ps2 in t h e  in t r ace l lu ta r  pool. The  cells t h e n  were w a s h e d  w i t h  
BSS, a n d  10 P F U  of v i rus  was a d d e d  pe r  cell a n d  adso rbed  for 45 minu te s .  The  ceils 
were i n c u b a t e d  in Eag le ' s  m e d i u m  for 12 hours  a n d  t h e  v i rus  was h a r v e s t e d  a n d  pur i f i ed  
as descr ibed  above .  

The  m e t h o d  of McCoY'AllEY a n d  D I x o N  (19) us ing  Ch lo ramine  T, was  used  to label  
I gG  or F a b  f r a g m e n t s  w i t h  I 1~5. 

2.13. I % a d i o a e t i v i t y  A s s a y  

g a d i o a c t i v i t y  was a s sayed  in a n  A n s i t r o u  l iquid  sc in t i l l a t ion  coun t e r  w i t h  t he  
b a c k g r o u n d  r a d i o a e t i v i t y  a u t o m a t i c a l l y  s u b t r a c t e d .  The  a c t i v i t y  of a sample  was 
d e t e r m i n e d  b y  add ing  a n  a l iquot ,  n o t  exceeding  i ml,  t p  15 ml  B r a y ' s  so lu t ion  (1). 
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3. Results 

When cloned plaque types of Sindbis virus were tested against variant  specific 
sera it was found that the SP variant was neutralized to a greater extent than 

the LP variant by either homologous or heterologous antisera. To extend these 

observations we added anti-Sindbis LP or anti-Sindbis. SP sera to a mixed 

population containing equal amounts of the LP and SP variants. The results in 

Figure i show that the number of unneutralized LP variants are three to four 
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F i g .  1. R e s u l t s  of  t h e  n e u t r a l i z a t i o n  of  a m i x e d  p o p u l a t i o n  of  S i n d b i s  L P  a n d  S P  v i r u s  v a r i a n t s  b y  a n t i - S i n d b i s  L P  
a n d  a n t i - S i n d b i s  S P  s e r a  

zx ix S P  v a r i a n t  n e u t r a l i z e d  b y  a n t i - L P  s e r u m ;  A . . . .  • S P  v a r i a n t  n e u t r a l i z e d  b y  a n t i - S P  s e r u m ;  
0 - - - - 0  L P  v a r i a n t  n e u t r a l i z e d  b y  a n t i - L P  s e r u m ;  0 --  - -  0 L P  v a r i a n t  n e u t r a l i z e d  b y  a n t i - S P  s e r m n  

times greater than the number of SP variants plaquing in such mixed neutraliza- 
tion studies. The greater neutralization of the SP var iant  was observed in serum 
t i t rat ions carried out over a 10,000-fold range of dilutions. This was also reflected 
in the neutralization rate eonstants (8) of the anti-Sindbis sera. Both ant i -LP and 
anti-SP sera demonstrated higher K values for the SP var iant  of Sindbis virus. 

The possibility tha t  the antisera affected the size of the plaques was considered. 
Measurements of the plaque sizes of both variants after exposure to ant ibody are 
shown in Table 1. I t  can be seen tha t  the size of plaques formed by  the variants 
was unaffected by  neutralization. In  addition, it  was determined tha t  the increase 
in plaque size which may be achieved by manipulation of the overlay medium does 
not increase the t i ter  of the virus population surviving neutralization. The Sindbis 
LP and SP variants were neutralized as described earlier. Plaque t i t rat ions of the 
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surviving fractions were performed using ionagar, ionagar supplemented with 0.2 ~ 
protamine sulfate, and agarose. The mean plaque sizes of both variants increased. 
The virus titers, however, were unaffected. This shows that the mechanism by 
which the plaque size is increased affects both variants of Sindbis virus equally. 

Table 1. Size o/Sindbis Plaques a/ter Neutralization 

Normal serum control Anti-Sindbis LP Anti-Sindbis SP 
(100 plaques) (100 plaques) (100 plaques) 

mean diameter mean diameter  mean dianleter 

Sindbis LP 3.91 mm 3.93 mm 3.84 mm 

Sindbis SP 1.85 mm 2.10 mm 1.91 ram 

Studies using purified antibody IgG (100 mg/ml)were performed. The reactions 
showed the same preferential neutralization of the SP variant. An additional 
manipulation of the experiment involved the neutralization of the variants with 
isolated Fab fragments of antibody. The rationale for this experiment was the I00 ~ - o ~  
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Fig. 2. Results  of the neutral izat ion of Sindbis LP and SP virus var iants  by :Fab fragments isolate4 from anti- 
Sindbis LP and anti-Sindbis SP sera 

• A SP var ian t  neutralized by anti-LPFa~ ; a - - - - - - A  SP var ian t  neutraIized by anti-SPFab ; O O LP 
var ian t  neutralized by anti-LPFa~ ; O -- -- -- O LP var ian t  neutralized by an t i -SP~b 

possibility that Fab fragments would not demonstrate preferential neutralization 
of the SP variant in the absence of lattice formation. Although not as efficient as 
the divalent IgG or whole serum, Fab fragments neutralized the virus (Fig. 2). 
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Again, the SP variant was neutralized more completely than the LP variant. 
Therefore, although enhanced by lattice formation, differences in neutralization 
are not explained exclusively on the basis of third order antigen-antibody com- 
plexes. I t  was found that the Fe fragments did not neutralize the virus nor did 
the Fc portion block sites which would interfere with subsequent neutralization 
by IgG or Fab fragments. 

Adsorption of antisera, carried out in two stages using 1 • 10 l~ PFU/ml each 
time, showed that the neutralizing capacity of the anti-Sindbis sera could be 
eliminated by a population of homologous or heterologous virions. These results 
are in agreement with the report by BOSE and SAGIK (4) that neutralizing anti- 
bodies are directed against the virion envelope. 

Iodine125-1abeled IgG was used to quantitate the binding of viral antibodies to 
virus particles seeking possible differences between Sindbis LP and SP variants. 
After labeling, the specific activity of the anti-Sindbis LP IgG was 1.212 • 109 
molecules/CPM while that of the anti-Sindbis SP IgG was 1.054 • 109 molecules/ 
CPM. Equal volumes of virus (2.0 • 109 PFU/ml) and antiserum were incubated 
at 37 ~ C for 1 hour, then at 4: ~ C overnight. The neutralized virus was centrifuged 
through a 30% sucrose cushion and the pellets were counted in a Nuclear-Chicago 
Gamma Well Scintillation Counter (model 8725). The results, corrected for back- 
ground and control values, are presented in Table 2. 

Table 2. Molecules o] IgG Bound per Virus Particle 

I~eactants 

L P  + L:PIgG SP + L P I g G  LP  + S P I g G  SP + S P I g G  

Specific Counts Pelleted 84 59 72 70 

Molecules IgG Pelleted 1.019 • 1011 7.151 • l01~ 7.759 • 10 l~ 7.378 • 101~ 

PFU Virus Neutralized 1.26 • 109 1.22 • 109 1.06 • 109 ].02 X 109 

Mol IgG/PFU 80.8 58.6 71.6 72.3 

The results of this experiment, and an additional experiment using adsorbed 
IgG, show that between 60 and 80 molecules of IgG were bound per PFU when 
96% of the virus population was neutralized. No difference was seen between the 
Sindbis LP and SP variants in numbers of antibody molecules bound. 

3.1. Gel D i f f u s i o n  R e a c t i o n s  

Variant-specific hyperimmune sera were utilized in two-dimensionM gel diffu- 
sion tests to establish the degree of antigenic identity of the Sindbis variants. 
Specific anti-Sindbis LP and anti-Sindbis SP sera formed one band of identity in 
gel when tested against either plaque variant of Sindbis virus. This band, located 
near the antigen well, was shown to contain the intact viral antigen by staining 
with acridine orange (9). Neither normal rabbit serum nor anti-chick embryo 
fibroblast serum reacted with the viral antigen. BOSE et al. (6) have shown that the 
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peptides of the LP variant  were identical regardless of the host of origin, whereas 
the peptides of chick embryo and baby hamster kidney cell membranes were 
different from each other. Antisera directed against the LP variant  propagated in 
BHK-21 cells or in mouse brain showed reactions of identity with sera directed 
against the LP variant  propagated in CE fibroblasts. This would indicate that  the 
intact virions have similar, if not identical, envelope determinants regardless of 
the host of origin. Antiserum directed against mouse brain hemagglutinin also 
reacted with the Sindbis LP variant  grown in CE fibroblasts, confirming the 
envelope origin of this antigen. 

3.2. E l e c t r o p h o r e t i c  S t u d i e s  

In  viral purification studies utilizing calcium phosphate columns, BOSE et al. 
(5) found that  Sindbis LP and SP variants could be eluted differentially, suggesting 
possible charge differences between the variants. Immunoelectrophoresis carried 
out at pH 8.6 showed that  both variants migrated toward the anode at  the same 
rate. When the Sindbis virus variants were coelectrophoresed in a horizontal 
Pevikon block at p H  9.0, the LP and SP variants again migrated toward the 
anode at indistinguishable rates (Fig. 3) manifesting a considerable heterogeneity 
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in the charge of the populations. In an experiment utilizing only the LP variant, 
infectious virus was isolated from the extreme anode end of the zone of migration 
and was used as seed for a imw virus stock. Upon eleetrophoresis, the same hetero- 
geneity was observed in the progeny as in the parental populations. 
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3.3. I s o e l e c t r i c  F o c u s i n g  of S i n d b i s  V i r u s  

After preliminary studies with the LP variant, a mixed population of Sindbis 
LP and SP variants was subjected to isoelectric analysis. The LP variant was 
labeled with H3-glyeine and 1 ml, containing 2.4 x l0 s PFU and 14,800 CPM, was 
mixed with 1 ml of the SP labeled with p32, containing 1.8 • l0 s PFU and 
13,900 CPM. The results obtained by isoelectric focusing for 48 hours are shown 
in Figure 4. The peaks of isotope activity and infectivity for both variants were 
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located at pH 3.6. A minor peak of infectivity was located at pH 7.0. The variants 
were not separated by this technique and the net charge of the variants would 
appear to be equivalent. Uninfected fibroblasts were labeled with p32 and the 
results of isoelectric focusing of the plasma membranes showed a major peak, in 
uninfected cells, at pH 2.25 and a lesser peak at pH 3.6. 

3* 
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3.t. The  I s o e l e e t r i c  P o i n t  of A n t i b o d y - N e u t r a l i z e d  V i r u s  

If the virus t i ter  was reduced by 98.5~o with anti-Sindbis IgG the major virus 
peak was found, as before, at  pH 3.6, and a minor band was observed at  pH 5.22 
(Fig. 5). These results suggest tha t  a major i ty  of the virus-IgG complex had been 
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disassociated with no irreversible alteration of the net charge of the virus popula- 
tion. (The virus-IgG complex had been shown to disassociate when the neutralized 
virus was maintained at  pH 3.6 for 24 hours.) The minor peak at  pH 5.22 may  
represent tha t  residual virus which remained complexed with serum IgG. When 
Fab fragments were employed in a similar experiment in order to avoid the more 
complex lattice effects encountered with intact  IgG, only one peak, at pH 3.6, was 
observed. I t  is probable tha t  the formation of lattices with complete an t ibody 
molecules served to maintain a small fraction of the virus-IgG complex even at  low 
pH. This protection was apparent ly  not afforded by  the univalent Fab  fragments 
which are incapable of forming a protective lattice. 



Immunochemical Studies of Sindbis Virus Variants 37 

4. Discussion 
The SP variant of Sindbis virus was neutralized to a greater extent than was 

the LP variant. This differential neutralization was observed with whole serum, 
serum IgG, and isolated Fab fragments of IgG. We have found, in agreement with 
KLI~AN (17) and CREMER et al. (10) that  the Fc fragment of serum IgG neither 
neutralizes the viruses tested nor interferes with the subsequent neutralization by 
serum antibody. 

The differential neutralization of the two variants studied may reflect the 
relative structural stability of the two virus particles rather than different antibody 
binding capacities. Alternatively, the relative difference in the neutralization of 
the SP and LP variants of Sindhis virus may be a function of the greater sensitivity 
of the I~NA of one variant to intracellular degradation. Studies with these plaque 
variants may provide such information by (a) the examination of infectious viral 
I~NA extracted from the Fab-neutralized variants, (b) determination of the RNase 
sensitivity of the Fab-neutralized variants, (c) the subsequent membrane and/or 
lysosomal association of cell-associated Fab-neutralized particles. 

As BOSE et al. (6) have demonstrated near identity of the constituent peptides 
of large and small plaque virions, the basis for differential elution from calcium 
phosphate columns, plaque variation, alteration of neuroinvasiveness may have 
to be sought at another, more subtle level than membrane peptides and antigenic 
determinants. 

Plaque size variants of non-enveloped viruses such as polyoma (9, 36), foot- 
and-mouth disease (26), and encephalomyoearditis (2) have been studied by 
electrophoretie techniques, however in these investigations, the virus populations 
have been found to demonstrate considerable electrophoretic heterogeneity. 
Enveloped viruses characteristically have exhibited isoelectric points at low pH 
values (11, 22). As the membranes of the host cells used in our system demonstrated 
isoelectric peaks at ptI  2.55 to 3.6, we feel that  the nascent nucleocapsid may have 
a preferential affinity for those components of the cell plasma membrane which 
band at pH 3.6. We feel, too, that this peak, represents normal cell membrane 
components which influence the charge of the virus population when incorporated 
into the mature virion, or alternatively represents membrane moieties into which 
virus-induced protein may be substituted. I t  has been shown that  Sindbis virus 
acquires lipids and glycopeptides from preformed cell material in the course of 
maturation (3, 7). The influence of the cell membrane upon the final charge of the 
virion is one obvious consequence of this action. This would explain the acquisition 
of its net charge by a virus population budding through those membranes. I t  
would explain, too, the identity in charge of the large and small plaque variants 
of Sindbis virus. As other studies have also demonstrated an antigenic similarity 
in the lipid-containing envelope of plaque-size variants of vesicular stomatitis virus 
(27), it would appear that  the selective mechanism which incorporates those virus- 
coded charged determinants of the host cell, gives rise to a rather stable, complex 
host-influenced virus-specific envelope. 
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