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Summary 

The hemagglutination (HA) and receptor destroying enzyme (RDE) activities 
of a newly isolated mouse enteric coronavirus {designated as DVIM) are described. 
DVIM agglutinates mouse or rat  red blood cells (RBC) at 4 ° C. At 37°C the 
agglutination was rapidly reversed. The optimal pH for HA and for RDE activities 
using mouse red cells were shown to be 6.5 and 7.3 respectively. Hemagglutina- 
tion by ])VIM was not inhibited by pretreatment of RBCs with Vibrio cholerae 
filtrate or by pretreatment with Influenza-A neuraminidase. Therefore, the 
DVIM receptors on RBCs differ from the receptors of Influenza-A, and the 
RDE activity of DVIM acts specifically on this receptor. 

In addition, an analysis of the DVIM polypeptides showed that  the virions 
contain five major, VP1 (M.W. 139,000), VP2 (68,000), VP3 (53,000), VP4 
(38,000), VP5 (22,000) and two minor, V P l a  (110,000), VP l  b (100,000) poly- 
peptides. VP1 and VP1 b were digested by  bromelain, suggesting that  they 
constitute the surface glycoproteins. 

Introduction 

Coronaviridae are a family of lipid-containing RNA viruses which exhibit a 
unique morphology. The virions have widely-spaced surface projections which 
form a radiating "corona" around the particles as shown by electron microscopy 
(18, 26). The diarrhea virus of infant mice (DVIM), a newly-isolated mouse 
enteric coronavirus, is antigenically related to other coronaviruses by complement 
fixation assay but  clearly distinguishable by neutralization assay (21). 

The existence of a receptor destroying enzyme (RDE)-like activity has not 
been reported for any of the coronaviruses. We report here a RDE activity 
associated with DVIM virions which differs from that  of ortho- or paramyxo- 
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viruses .  T h e  s t r u c t u r a l  p o l y p e p t i d e s  of D V I M  were  a n a l y s e d  by  p o l y a e r y l a m i d e  

gel  e lee t rophores i s .  

Materials and Methods 

Virus and Puri]ication 

The mouse enteric coronavirus  (DVIM) was k indly  provided  by Dr. Kozaburo  
Sate  (Central  Labora to ry  of Shionogi Pharm.  Co., Osaka, Japan) .  D V I M  was passaged 
in BALB/c -3  T 3 cell cultures in Eagle ' s  min imal  essential  med ium containing 10 per- 
cent  fe ta l  calf serum. Virus inoculat ion was carr ied out  wi th  107 TCID~0 per  l~oux 
bott le .  A t  24 hours post- infect ion virus was harves ted  by  three f reeze . thaw cycles and 
s tored at  - -70  ° C. Inf luenza  virus s train A /RI /5 ,  A/Victoria/3/75,  A / N J / 8 / 7 6  and 
Hemagg lu t ina t i ng  virus of J a p a n  ( H V J  or Sendal  virus) s t rain Z were grown in the  
al lantoic  cav i ty  of 10-day-old embryona ted  ehieken eggs as previously  described (24). 
The same purif icat ion processes were employed  for each virus at  4 ° C. Al ter  clarifica- 
t ion of cul ture  fluid by  centr i fugat ion a t  8,600 × g for 30 minutes ,  vir ions were con- 
cen t ra ted  by eentr i fugat ion at  70,000 × g for 90 minutes ,  resuspended in 0.1 M N T E  
buffer (0.05 ~ Tris-C1, 0.I ~c NaC1, 0.001 M EDTA) ,  p i t  7.3, layered onto a discontinuous 
gradient  of sucrose (15:30:50 percent  w/w), and  centr i fuged a t  64,000 × g for 2 hours.  
Virions were collected f rom the  in terphase  be tween  30 and 50 percent  sucrose solutions 
and were dialysed against  N T E  buffer. For  polypept ide  analysis, vir ions were re- 
purif ied by  l inear  sucrose gradient  (20 to 50 pereent  w/w) eentr i fugat ion a t  77,000 × g 
for 90 minutes .  

Hemagglutination (HA) Assay 
Rout ine  H A  tests  were carr ied out  as previous ly  described (23), using 0.5 percent  

mouse RBCs  in Dulbeeeo 's  PBS,  conta ining 0.3 percent  bovine serum albumin.  
Al te rna t ive ly ,  0.25 percent  av ian  RBCs,  or 0.5 percent  other  m a m m a l i a n  RBCs 
were used. The  t i ter  was recorded as t he  reciprocal  of the  highest  virus di lut ion causing 
a detec table  HA.  

HemadsorpSion 
Hemadsorp t ion  tests were done on DVIM-infec ted  B A L B / c - 3 T 3  cell monolayers  

grown on glass cover  slips. A 0.5 percent  suspension of mouse RBCs were adsorbed 
for 3 hours  a t  4 ° C. Cover slips were washed and  prepared  for analysis by l ight  micro- 
scopy. The  exper iment  for e lut ion kinetics was per formed on ident ical  eel l -monolayers  
a t  var ious incubat ion  periods. To test  for R D E - l i k e  ac t iv i ty ,  cells were incuba ted  at  
indica ted  tempera tures ,  p repared  for microscopy and  photographed.  The  elut ion ra t io  
was expressed as the  percentage of remaining  RBCs  enumera t ed  per photographic  field. 

Polyacrylamide Gel Etectrophoresis (PAGE) 
Sodium dodecyl  sulfate  (SDS)-PAGE was per formed on 7.5 percent  po lyacry lamide  

gels by  the me thod  of MAIZE~ et al. (17), using 6 m m  diameter  tubu la r  gels 60 m m  long. 
Pur i f ied  vi rus  was solubil ized in 1 percent  SDS, 1 percent  2-mereaptoethanol ,  20 per- 
cent  glycerol,  and 0.006 percent  b romphenol  blue, for t .5 minutes  a t  t00 ° C. Af ter  pre- 
eleetrophoresis for one hour  at  5 mA/gel ,  samples were appl ied and eleetrophoresis  
was carried ou t  a t  5 mA/ge l  in 0 . i  ~ sodium phospha te  buffer,  p H  7.2, for 6 hours,  a t  
room tempera tu re .  

Gels were fixed overnight  wi th  20 percent  sulfosalieylie acid and s ta ined wi th  
0.25 percent  Coomassie br i l l iant  blue in 50 percent  methanol .  The  gels were desta ined 
wi th  several  changes of 15 percent  methanol  in 7 percent  acetic acid. Gels were s ta ined 
for ca rbohydra te  and  l ipid wi th  Schiff 's reagent  and  oiLred-O, respect ively,  following 
the  methods  of HIEtgHOLZEP~ et al. (8). S ta ined gels were  scanned wi th  a dens i tometer  
(Joko gel scanner) a t  600 n m  for peptides,  550 nm for carbohydra tes ,  and  450 n m  for 
lipids, respeet ively.  

The  app rox ima te  molecular  weights  of the  polypept ides  were de te rmined  by the  
m e t h o d  of St~APIaO et al. (22). Percentage  composi t ion of each s t rueturM polypept ide  
was de te rmined  f rom the  photomet r ic  scans using a Joko  scanning planimeter .  
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Results 

Characterization o/ Hemagglutination Act iv i ty  o / D  V I M  

R e d  blood cells of seven different  species were tes ted  for agglut inabi l i ty  wi th  

DVIM, and the  results are summar ized  in Table  1. Only mouse and ra t  I~BCs 

were agg lu t ina ted  a t  4 ° C, indicat ing a restr ic ted receptor  range for the H A  

ac t iv i ty .  
Mouse I~BCs agglut ina ted  by D V I M  at  4 ° C, could be l iberated from agglutina- 

t ion  by incubat ion  a t  20 ° C (Table 2). The  D V I M  sample had a t i te r  of 4,096 H A U  

at  4 ° C, which decreased to 8 H A U  after  60 minutes  of incubat ion  a t  20 ° C. 

This indicates  t h a t  in addi t ion  to its H A  ac t iv i ty ,  ;[)VIM virions appear  to possess 

a l~DE-l ike ac t iv i ty  which differs f rom the  I~DE ac t iv i ty  shown for pa ramyxo-  

and myxoviruses ,  which is no t  ac t ive  a t  20 ° C. 

Table 1. D V I M  hemagglutination with red blood cells o/ various species, at di]]erent 
temperatures 

HA titers at 

Species of red cell 4 ° C 20 ° C 37 ° C 

Chicken < 2 < 2 < 2 
Goose < 2 < 2 < 2 
Rabbi t  < 2 < 2 < 2 
Guinea pig < 2 < 2 < 2 
Human "0" < 2 < 2 < 2 
l~at 128 < 2  < 2  
Mouse 128 < 2 < 2 

Avian red cells were prepared as 0.25 percent suspensioss in PBS (pH 7.3), mammalian 
red cells were prepared as 0.5 percent in the same PBS 

Table 2. Reduction o/HA-t i ters  at 20 ° C 

HA titers at 

Virus 4 ° C 20 ° Ca 

DVIM 4096 8 
I/[VJ (Z st.) 512 512 
Inf. A/RI /5  1024 1024 
Inf. A/Victoria/3/75 32 32 

Hemagglutination test were carried out at 4 ° C as usual, then the microplate was 
incubated at 20 ° C, for 60 minutes 

The  H A  t i ter  was stable a t  4 ° C. However ,  H A  appeared  to be reversable  only 
under  some p H  conditions,  when incuba ted  a t  37 ° C, as shown in Table  3. The  

opt imal  p H  for H A  ac t iv i ty  is re la t ive ly  wide, whereas RDE- l ike  ac t iv i ty  appeared 

opt imal  a t  a pH  of about  7.4 and exhib i ted  no ac t iv i ty  a t  p H  6.5, a t  37 ° C. Tile 

H A  ac t iv i ty  was stable at  37 ° C, up to 24 hours, bu t  was inac t iva ted  a t  56 ° C, 
wi th in  20 minutes  (data no t  shown). 
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The s tabi l i ty  of H A  ac t iv i ty  and infec t iv i ty  of D V I M  to various reagents  is 
summar ized  in Table  4. Bromelain,  a proteolyt ic  enzyme which removes  the  

club-shaped project ions f rom the  surface of o ther  coronaviruses (4% 8, 25), affected 

both  H A  ac t iv i ty  and infec t iv i ty  of DVIM. Tryps in  did not  affect H A  ac t iv i ty  or 

infect iv i ty ,  while pepsin affected only H A  ac t iv i ty .  The  H A  t i te r  was reduced 

sl ightly by NP-40 t r ea tment ,  and infec t iv i ty  was destroyed.  E t h y l  e ther  des t royed 

both virus H A  ac t iv i ty  and infect ivi ty .  

Table 3. E]Ject o /pH on the HA-titers at 4 ° C and red~tion o] titers post incubation at 37°C 

HA -titer Reduction 
pH Post incubation b rate 
(at 25 ° C) 4 ° C a at 37 ° C (a/b) 

5.40 64 8 8 
5.55 64 8 8 
5.90 64 16 4 
6.20 128 128 1 
6.50 256 256 1 
6,82 256 128 2 
7.27 t28 16 8 
7.43 i28 8 16 
7.57 8 8 1 
7.87 4 4 1 

HA-titrations were carried out with 0.5 percent mouse red blood cells in indicated pH, 
at 4 ° C, thereafter the microplate was incubated at 37 ° C for 60 minutes 

Table 4. The e]]ect o[ chemical and proteolytic modi]ication on HA and in]ect~'vity o]D V I M  

Treatment  t IA-t i ter  Viral infectivity 

None 128 
Trypsin 128 + 
Pepsin 32 -~- 
Bromelain < 2 -- 
NP-40 96 -- 
Ethyl-ether  < 2 -- 

E thyl  ether t reatment  of virus was carried out by mixing with an equal volume of ethyl 
ether at  4 ° C for I hour, and following removal of ethyl ether HA activity and infectivity 
were assayed. Enzyme treatment  of purified virions was carried out by incubating 
purified virions at 37 ° C in PBS containing 50 mM dithiothreitol with trypsin, pepsin, 
or bromelain at 1 mg/ml, respectively. After enzyme treatment,  virions were pelleted 
through 30 percent (w/w) sucrose cushion and assayed for HA activi ty and infectivity. 
Nonidet 1)-40 (NP-40) t reatment  was carried out in the same manner as enzyme treat- 
ments, in PBS containing 1 percent NP-40 and 50 mM dithiothreitol. Infectivities were 

expressed as positive: + ,  and negative: -- 

Further Characterization o/Receptor Destroying Activity 

The da ta  in Tables 2 and 3 indicate  t ha t  D V I M  virions agglut inate  mouse I~BCs 
a t  4 ° C, and the  process was reversed at  37 ° C. The present  exper iments  were 
designed to characterize fur ther  the  virus associated RDE- l ike  ac t iv i ty  which 
might  have  an effect on the receptor  sites of RCBs. D V I M  infect ion of BALB/e -  

3 T 3  cells exhibits  a cytopathic  effect evidenced by the format ion  of sy~lcytia. 
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The infected cells exhibit  virus-specific enzyme aeti~dties associated with these 
syncytia.  Fig. 1 shows the elution kinetics of red blood cells f rom the syncyt ia ,  
induced by  DVIM 10 hours after infection, at  20 ° and 37°C respectively. Ap- 
proximately  70 to 80 per cent of RBCs were liberated within 30 minutes at  37 ° C 
while the liberation at 20°C progressed slowly. Therefore, the cell surfaces of 
DVIM-induced syncyt ia  exhibit  the same H A  and RDE-l ike  activities associated 
with virions. 
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Fig. 1. The liberation of mouse red blood cells from the hemadsorbed syncytium, 
formed at 10 hours after inoculation with ])VIM. ttemadsorbed syncytia were incubat- 
ed at 37 ° C (* .) or 20 ° C, (o -- -- -- o). The liberation rate of red cells was express- 
ed as the percentage of remaining cells on the syncytia, counted in the same photo- 

graphic field at various incubation periods 

If  liberated I~BCs are reexposed to DVIM-infeeted monolayers, no hem- 
adsorpt ion is observed. The same syneyt ia  could again hemadsorb freshly prepared 
RBCs (Fig. 2). This implies t ha t  hemadsorpt ion of DVIM does not  correspond to  
"pseudo-hemadsorpt ion"  described by  BUCKNALL et al. (3). Furthermore,  the 
elution of red blood cells f rom syneyt ia  appears to be a result of enzymat ic  
digestion of RBC receptors by  a gDE- l ike  ac t iv i ty  si tuated on the syneyt ia  
surface. This ac t iv i ty  was dependent  upon  incubat ion temperature,  similar to  
RDE-l ike  act ivi ty  of DVIM virions. 

To confirm the receptor destroying ac t iv i ty  of DVIM, the  effect of the purified 
virus on red blood cells was examined. Mouse RBCs t reated with DVIM were 
reagglut inated by  Inf luenza-A viruses or HVJ ,  bu t  could no t  be reagglut inated 
by  ] )VIM virions (Table 5). I n  contrast ,  R D E  treated mouse RBCs could still be 
fully agglut inated by  DVIM (Table 6). Inf luenza-A hemagglut inat ion of I~BCs 
was reduced in proport ion to  the concentrat ion of RDE.  
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Tab le  5. HA-t i ters  determined with virus-treated mouse red blood cells 

H A - t i t e r s  

l~ed b lood  cell p r e t r e a t m e n t  

Virus Inf. A/RI/5 DVIM Control 

D V I M  2048 128 2048 
I n f . A / l ~ I / 5  32 4096 1024 
I n f . A / N J / 8 / 7 6  8 256 64 
H V J  512 1024 256 

E a c h  v i rus  ( >  5000 HA)  was m i x e d  wi th  mouse  RBCs  (2.5 p e r cen t  f inal  cone.). E a c h  
m i x t u r e  was  i n c u b a t e d  at, 4 ° C for 3 hours ,  fol lowed b y  i n c u b a t i o n  a t  37 o C for 4 hours .  
These  p r e i n c u b a t e d  RBCs  were  t h o r o u g h l y  w a s h e d  w i t h  P B S  a n d  r e suspended  a t  
0.5 pe rcen t  a n d  t h e n  used for H A  t i t r a t ion .  Contro l  tZBCs were n o t  p r e t r e a t e d  wi th  

v i r ions  

Tab le  6. HA. t i t ers  determined with RDE-treated mouse red blood cells 

R D E  c o n c e n t r a t i o n  (mg/ml)  

Vi rus  0.12 0.06 0.03 Cont ro l  

D V I M  256 256 256 256 
Inf .  A / R I / 5  4 8 32 64 
Inf ,  A/Vie . /3 /75 < 4 < 4 < 4 32 
H V J  64 32 32 32 

~fouse r ed  b lood  cells were t r e a t e d  w i t h  R D E  a t  i nd ica t ed  concen t r a t i on ,  d issolved 
in 0.01 M Ca-Bora te  buffer  (pH 7.2), a t  37 ° C for 60 minu tes ,  a f te r  wh ich  t h e  cells were 
w a s h e d  a n d  r e suspended  as a 0.5 pe r cen t  suspens ions  i~ P B S  a n d  used  for H A  t i t r a -  
t ion.  I I D E  was o b t a i n e d  f rom Vibrio eholerae v a r i a n t  of 558 s t r a i n  f i l t r a t e  (Takeda  

P h a r m .  Co. Osaka,  J a p a n ) .  Cont ro l  t~BCs were n o t  t r e a t e d  w i th  t h e  R D E  

Fig. 2. R e a d s o r p t i o n  of f resh ly  p r e p a r e d  I~BC to  pre~dously exposed  syncy t ia .  H e m -  
adso rbed  s y n e y t i u m  which  were i n c u b a t e d  a t  37 ° C to release I~BCs for 60 minu tes ,  

were  exposed  to f reshly  p r e p a r e d  RBCs  a n d  p h o t o g r a p h e d  
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Above results strongly suggest that  DVIM possesses an enzymatic activity 
which reacts with surface components of RBCs. However, this enzymatic action 
appears to differ from the bacterial neuraminidase and that  of Influenza-A virions. 
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Fig. 3. Polypeptides of DVIM separated by 7.5 percent polyaery!amide gel electro- 
phoresis. Gels were stained with Coomassie brilliant blue and seanned at 600 nm. 

a purified DVIM, b purified HVJ 

Virus Potypeptide Analysis 

Since DVIM is a newly isolated coronavirus, its structural polypeptides have 
not been characterized. Therefore we analysed the virion polypeptides by SDS- 
PAGE. Electrophorescd polypeptides, when stained with Coomassie brilliant 
blue, revealed a mimmum of seven bands. A densitometer scan of stained poly- 
peptides of DVIM and HVJ are shown in Figs. 3 A and 3 B, respectively. The five 
major polypeptides of DVIM were designated as VP 1 to VP5 in decreasing order 
of electrophoretic mobility, as shown in Fig. 3A. Two additional minor bands 
V P l a  and V P l b  were observed between VP1 and VP2. The approximate 
molecular weight and molar ratios of the structural polypeptidcs, are presented 
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in Table 7. Preliminary analyses indicated that three polypeptides, VP 1, VP 1 b 
and VP2 are glycoproteins, while VP2 reacted with oil-red-0, suggesting it may 
be a lipid-containing protein. 

Table  7. Structural polypeptides o/mouse enteric coronavirus (D VL~VI ) 

A p p r o x i m a t e  
M~V ( X lOap 

Po lypep t ide  Mean Ra,nge 

Relative Relative 
amount molar b 

(%) a m o u n t  

V P  1 139 126.--147 7 2.1 
V P  l a  110 100.--116 4 1.5 
V P  l b  lO0 88--105 4 1.7 
V P 2  68 6 5 - -  72 18 10.9 
V P 3  53 5 1 - -  59 26 20.3 
V P 4  38 34 ..... 41 17 I8.5 
V P 5  22 2 1 - -  24 24 45.1 

a Mean of m i n i m u m  for 20 gels f rom 7 e leet rophoresis  runs  
b Rela t ive  a m o u n t  d iv ided by  cor responding  molecular  weigh t  a n d  normal ized  to  a 
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Fig. 4. Dens i tome te r  t rac ing of b romela in  t r e a t ed  a n d  u n t r e a t e d  DVIM.  Pur i f ied  
vir ions were t r e a t ed  wi th  0.1 percen t  bromela in  a t  37 ° C for 15 minu tes  and  repur i f ied 

as descr ibed in Mater ia ls  and  Methods .  a repur i f ied DVIM,  b control  p repa ra t ion  
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E]/ect o~ Bromelain on the Structural Polypeptides 

A densitometer scan of a stained polyacrylamide gel of the polypeptides of 
virus particles treated with bromelain (1.0 mg/ml at  37°C for 15 minutes) is 
shown in Fig. 4. As can be seen from this figure, VP 1 and VP i b were digested 
by the bromelain treatment,  suggesting that  these polypeptides are found on the 
surface of the virion. Polypeptides V P l a  and VP2 were also reduced, and only 
trace amounts of them were still observed, suggesting these polypeptides may 
also be surface polypeptides. VP3 was unaffected by bromelain treatment,  
suggesting that  it represents an "inner core" protein. 

Discussion 

Direct HA (i. e. without pretreatment of the virus) and hemadsorption have 
been described for several eoronaviruses, 0C-43 (11, 12), HEV (6, 20), IBV (1), 
and bovine coronavirus (2). The hemagglutinating ability of 0C-43 required 
several passages in suckling mouse brain (12), and Massachusetts strain of IBV (1) 
required both sucrose gradient purification and digestion with phospholipase C 
for activation. The HA of DVIM, reported here, was detectable directly in the 
culture fluid. The ratio of infectivity to HA varied between 1.2 and 3.1 × 104 TCID50/ 
0.1 ml/HA unit. DVIM hemagglutinated the RBCs of only two species tested, 
while other coronaviruses, 0C-43, HEV and IBV, were less specific. Accordingly, 
HA of DVIM was expressed only using two types of red blood cell species, mouse 
and rat, and was also detectable at low temperatures in a stable pattern. 

The formation of "prozone" described by BING~AM et al. (1) was not observed 
for DVIM. The instability of HA and hemadsorption at 20 ° C suggests that  a viral 
enzyme may be responsible for uncoupling the virus from the red blood cell 
receptor. The possible enzymatic activity of DVIM was demonstrated on homo- 
logous virus receptors of mouse RBCs without any effect on receptors for hetero- 
logous viruses, Influenza-A and HVJ. Furthermore, it was also shown that bacterial 
neuraminidase (RDE) had no effect at all on the receptor for DVIM; nevertheless, 
the receptors for influenza-A viruses were destroyed by the same treatment. 
Additionally, even after purification through a sucrose density gradient, DVIM 
retains its receptor-destroying activity, thereby showing that this activity is 
viral-specific and associated with virions. Our preliminary results strongly suggest 
the existence of some type of receptor-destroying enzyme such as that of Influenza 
C virus (10, 13). 

The optimal pH of DVIM HA activity was distinct from that  of the receptor- 
destroying activity. I t  has not been determined whether these activities may 
reside on a single polypeptide or on two different polypeptides. Because the 
surface projections of DVIM are somewhat different morphologically compared to 
other coronaviruses, it will be of interest to study the exact nature of the hem- 
agglutinating and receptor-destroying activity of DVIM. The receptor-destroying 
activity of DVIM appears to be unique, when compared to that  of ortho- and 
para-myxoviruses. 

Purified DVIM contains seven species of polypeptides, five major and possibly 
two minor polypeptides. These results compare favorably to those obtained for 
human coronavirus OC 43 (8), IBV (14), bovine coronavirus LY-138 (7) and other 
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mur ine  eoronaviruses  ?¢II-IV-3 (16) and  J H M  (27). The classif icat ion of the  poly-  
pep t ides  of DVIM as glyco- or g lycol ipoprote in  mus t  be considered as t en t a t i ve  
a t  this  po in t  since the  chemical  na tu re  of these complexes cannot  be precisely 
def ined by  different ia l  s ta ining techniques.  The number  and size of g tyeoprote ins  
of eoronaviruses which have been repor ted  prev ious ly  b y  m a n y  inves t igators ,  
were shown to vary .  I t  appears  t h a t  our V P I  (MW 139,000) corresponds to a large 
po lypep t ide  (MW 150,000--200,000) repor ted  for o ther  coronaviruses  (4, 8, 9, 
15, 16, 19, 24, 25, 27), because i t  is g lyeosy la ted  and  appears  to  be s i t ua t ed  on 
the  surface of t he  virion.  Other  DVIM vir ion po lypep t ides  also appea r  to  be 
surface glyeoproteins .  Fu r the rmore ,  some of the  inves t iga tors  agree t h a t  corona- 
viruses conta in  a po lypep t ide  having  an  a p p r o x i m a t e  molecular  weight  of 50,000, 
corresponding to our VP3,  which is not  g lyeosy la t ed  and  tends  to  comprise a 
large p ropor t ion  of the  virus  pro te in  (4, 15, 19, 25). Po lypep t ide  VP3  represents  
26 percent  of virus  p ro te in  and is not  affected b y  bromela in  d iges t ion  a t  all. This  
suggests t h a t  V P 3  is also loca ted  in the  " inner  core" (5, 19, 25) of the  vir ion.  
Al though  a considerable  a m o u n t  of V P 4  was no t  observed in  Fig.  4, the  possibility- 
t h a t  the  V P 4  could be an  a r t i fac t  p roduced  b y  different  condi t ions  of reduc t ion  
(24), s t i l l  remains  unexpla ined .  
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