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t i t e r ed  i nocu lum (102.~ F F U )  obv ious ly  rep l i ca ted  v e r y  
poor ly  in the  monkeys .  I nocu l a  c o n t a i n i n g  s imi la r  con-  
c e n t r a t i o n s  of a D E N - 2  (TH-36 isolate) t e m p e r a t u r e -  
s e n s i t i v e - m u t a n t  p roduced  d e t e c t a b l e  v i r em i a  in rhesus  
monkeys* .  Indeed ,  such  poor  rep l ica t ion  of D E N - 3  has  
been  obse rved  in m o n k e y s  g iven  m u c h  larger  D E N - 3  in- 
ocula  (monkey  No. 12, u n p u b l i s h e d  obs e r va t i ons  of th i s  
l a b o r a t o r y  a n d  S. B. H a l s t e a d  e t  a l ) ) .  T h a t  l imi ted  re- 
p l i ca t ion  of m u t a g e n i z e d  v i rus  occur red  is in fe r red  f rom 
the  s e c o n d a r y - t y p e  a n t i b o d y  response  showed  fol lowing 
P23 chal lenge,  since i t  is un l ike ly  t h a t  t he  f i rs t  i nocu lum 
(10 2 F F U )  c o n t a i n e d  suff ic ient  an t igen ic  mass  to  sensi t ize 
t he  i m m u n e  s y s t e m  b y  itself. This  a s s u m p t i o n  seems 
reasonab le  in v iew of t he  slow p r i m a r y - t y p e  a n t i b o d y  
response  obse rved  in the  con t ro l  m o n k e y  inocu la ted  w i t h  
107 mouse  LDs0 ( represen t ing  a cons ide rab ly  larger  an t i -  
genic mass).  The  p r i m a r y - t y p e  response  s h o w n  b y  th i s  
DEN-3- in f ec t ed  m o n k e y  is s imi la r  in t e m p o r a l  p a t t e r n  to 
t h a t  s h o w n  b y  17 se ronega t ive  rhesus  m o n k e y s  inocu la t ed  
w i t h  D E N - 2  P2a mouse  b r a i n  ma te r i a l  or t e m p e r a t u r e -  

sens i t ive  m u t a n t s * .  The  s e c o n d a r y - t y p e  response  s h o w n  
b y  t he  2 m o n k e y s  g iven  m u t a g e n i z e d  v i rus  a n d  D E N - 3  
P,~ ma te r i a l s  resembles  t he  t e m p o r a l  p a t t e r n  obse rved  in 
14 m o n k e y s  cha l l enged  w i t h  D E N - 2  P23 v i rus  fol lowing 
in fec t ion  w i t h  D E N - 2  t e m p e r a t u r e - s e n s i t i v e  m u t a n t s * .  
E v i d e n c e  has  been  p re sen t ed  t h a t  D E N - 3  v i rus  in m i n u t e  
q u a n t i t i e s  a n d  w i t h o u t  a c tua l l y  s t i m u l a t i n g  de t ec t ab l e  
a n t i b o d y ,  is capab le  of sens i t iz ing the  i m m u n e  s y s t e m  of 
rhesus  m o n k e y s  to p e r m i t  s e c o n d a r y - t y p e  a n t i b o d y  
responses  to  s u b s e q u e n t  D E N - 3  infect ion.  W h e t h e r  th i s  
f ind ing  is app l icab le  to  o t h e r  dengue  v i rus  types  w i t h  
g rea t e r  r ep roduc t i ve  c a p a c i t y  in h u m a n  or p r i m a t e  hos t s  
a n d  to  h u m a n  immuno log i ca l  p h e n o m e n a  such  as dengue  
h e m o r r h a g i c  fever / shock  s y n d r o m e  is w o r t h y  of f u r t h e r  
s tudy .  The  d a t a  also ind ica te  the  p o t e n t i a l  fa l lacy of in- 
fe r r ing  nega t ive  in fec t ion  h i s t o r y  f rom se ronega t iv i ty .  
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Summary. A h igh  molecu la r  we igh t  g lycopro te in  solubi l ised d u r i n g  p l a t e l e t  m e m b r a n e  i so la t ion  a p p e a r e d  to  be  a 
pe r iphe ra l  c o m p o n e n t  of t he  h u m a n  p la t e l e t  surface a n d  was suscept ib le  to  t he  ac t ion  of n e u r a m i n i d a s e  w h e n  added  
to  washed  p la t e l e t  suspensions .  

A c c u m u l a t i n g  ev idence  suggests  severa l  possible roles for 
surface o r i e n t a t e d  o l igosacchar ides  or t he i r  p a r e n t  glyco- 
p ro te ins  or glycol ipids  in  p l a t e l e t  func t ion  2 .~. I t  is the re -  
fore of in t e res t  to  know more  of t he  o rgan iza t ion  of t he  
b o u n d  c a r b o h y d r a t e  a t  t he  p la t e l e t  surface.  Fol lowing 
the  h o m o g e n i z a t i o n  of w a s h e d  h u m a n  p la t e l e t  suspen-  
sions d u r i n g  t he  p r e p a r a t i o n  of p la t e l e t  m e m b r a n e s  a 
p r o m i n e n t  g lycopro te in  b a n d  of a p p r o x i m a t e  molecu la r  
we igh t  148,000 h a s  b e e n  loca ted  in t he  soluble  cyto-  
p lasmic  f r ac t ion  b y  S D S - P A G E  s analys is  4,7. This  glyco- 
p ro t e in  (to be t e r m e d  g lycopro te in  Is) is a c o n s t i t u e n t  of 
t he  large g lycopro te in  b a n d  obse rved  fol lowing SDS-  
P A G E  of SDS a n d  2 - m e r c a p t o e t h a n o l  solubi l ized washed  
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Fig. 1. Rate of release of sialic acid from washed human platelets by 
neuraminidase. Following washing (3 times) in 0.01 M tris HCI pH 
7.4 containing 0.15 M NaC1, 1 nlM EDTA and 0.35% bovine albumin, 
the platelets were finally resuspended (2 x 109 m1-1) in 0.01 M tris 
HC1 pH 7.0 containing 0.15 M NaC1, 2 mM CaCl~, 0.35% bovine 
albumin and 200 ~zg ml -~ apyrase (Sigma). The incubation was per- 
formed at 37~ with agitation in the presence of 50 units ml -x 
neuraminidase. At increasing time intervals, aliquots were with- 
drawn, mixed with 4 mM EDTA to inhibit the enzyme, and the 
platelets sedimented at 3000 • g for 20 min at 4 ~ Aliquots of the 
supernatants were assayed directly for free sialie acid 21, using a 
N-acetylneuraminie acid standard (Sigma Type IV). The results are 
expressed as the percentage of the total platelet sialic acid. 

h u m a n  p la te le t s  and  which  is o f t en  cal led g lycopro-  
t e i n  14,8. G lycopro te in  Is  ha s  been  pur i f ied  a n d  cha rac -  
te r ized  b y  L o m b a r t  e t  al. 7, is inso luble  in  low ionic 
s t r e n g t h  solut ions  and  con t a in s  a p p r o x i m a t e l y  60% 
c a r b o h y d r a t e  and  13% sialic acid. As such  i t  c lear ly  
differs  f rom the  ' t h r o m b i n  sens i t ive  p ro t e in '  9 wh ich  is an  
a d d i t i o n a l  c o n s t i t u e n t  of g lycopro te in  I of whole p la te -  
le ts  1~. The  re l a t ionsh ip  be tween  g lycopro te in  Is and  a 
more  f i rmly  b o u n d  m e m b r a n e  g lycopro te in  of s imi la r  
molecu la r  weight*,  7 is unclear .  A p r e l i m i n a r y  r e p o r t  has  
sugges ted  t h a t  g lycopro te in  Is is loca ted  a t  the  h u m a n  
p l a t e l e t  surface u.  If  t h i s  is so, t h e n  t he  b u l k  of i ts  b o u n d  
sialic acid would  be  suscept ib le  to  t he  ac t ion  of n e u r a m i n i -  
dase  w h e n  added  to w a s h e d  p l a t e l e t  suspens ions .  
Us ing  a pro tease- f ree  n e u r a m i n i d a s e  p r e p a r a t i o n  of h i g h  
specific a c t i v i t y  (Vibrio cholerae,  3300 T B A  un i t s  m1-1, 
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Behr ingwerke  Marburg,  BRD)12 c o n d i t i o n s  were es tab-  
l ished w h e r e b y  app rox ima te ly  40% of t he  to ta l  p la te le t  
sialic acid was released wi th in  15 min of incuba t ion  a t  

�9 p H  7.0 (figure 1). E lec t rophore t i c  analysis  (TGB- 
PAGE)  13 of the  s u p e r n a t a n t  ob ta ined  following the  sedi- 
m e n t a t i o n  of the  p la te le ts  revealed l i t t le sign of leakage 
of cy top lasmic  pro te ins  or release of lysosomal  enzymes  
dur ing  the  f irs t  15 min  of incuba t ion  wi th  the  neuramini -  
dase. As p la te le t  aggregat ion  is inhib i ted  a t  low p H  14, i t  
was t h o u g h t  i m p o r t a n t  to  avoid the  use of the  acidic 
condi t ions  of ten used dur ing neuramin idase  digest ions 
and  which  m a y  induce changes  in surface archi tec ture .  
I t  is h ighly  p robab le  t h a t  the  rap id ly  released sialic acid 
is freely accessible to the  neuramin idase  on the  washed  
p la te le t  surface, an observa t ion  in ag reemen t  wi th  the  
release of 60% of the  to ta l  sialic acid of formal in-f ixed 
h u m a n  pla te le ts  by  neuramin idase  ~5 and  the  reduced  
e lec t rophore t ic  mobi l i ty  of neuramin idase  t r e a t ed  pla te-  
lets 1% 

Fig. 2. The alcian blue staining capacity of glycoprotein Is. Washed 
human platelets were loaded with glycerol and osmotically lysed as 
described by Barber and Jamieson 18. Following the sedimentation of 
all membrane material at 120,000 • g for 2 h at 4~ aliquots (200 ~g 
protein, 0.1 ml) of the soluble cytoplasmic fraction were subjected to 
TGB-PAGE as previously described 17. Protein (a) was located by 
amido black ~ and glyeoprotein Is (b) by alcian blue at pH 2.519. 
Following its exhaustive digestion with trypsin, glyeoprotein Is gives 
rise to the faster migrating acidic macroglyeopeptide (e), also located 
with alcian blue. 
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Fig. 3. Susceptibility of the acidic macroglycopeptide to neuramini- 
dase digestion in washed ~platelet suspensions. Washed human 
platelets (2 x l0 ~ m1-1) were incubated in the presence (b, d) or 
absence (a, c) of neuraminidase (50 units m1-1) as described in the 
legend to figure 1. The platelets were resuspended (2 x 10 ~ m1-1) in 
0.01 M tris He1 pH 7.4 containing 0.15 M NaCt, 3 mM EDTA and 
0.35% bovine albumin and incubated with trypsin (Sigma, Type I) 
for 1 h at 37~ as previously described 17. Aliquots (0.2 ml) of the 
supernatant were subjected to TGB-PAGE 17, the gels fixed for 1 h in 
12.5% w/v trichloroacetie acid, washed in 2% acetic acid and stained 
by the periodate-Sehiff reaction ~8 (a, b) or by aleian blue pH 2.5 
(e, d). The gels were densitometrieally scanned at 546 nm. 

Glycoprote in  Is has  been  shown to  be a precursor  of a 
t ryps in - r e s i s t an t  acidic macrog lycopep t ide  of molecular  
weight  120,000 7 which  has been  suggested to have  a 
charac ter i s t ic  s ta in ing  capac i ty  w i th  tile cat ionic dye  
alcian blue a t  p H  2.5, the  alcian blue b ind ing  to  neur-  
aminidase  sensi t ive sialic acid groupings  17. Following its 
solubil izat ion dur ing  p la te le t  lysis, g lycoprote in  Is mi- 
gra tes  as a be ta-globul in  on T G B - P A G E  (figure 2). The 
ident i f ica t ion of th is  band  was  conf i rmed by  its comi- 
gra t ion  wi th  g lycopro te in  Is purif ied as descr ibed b y  
L o m b a r t  et  al. 7. W h e n  neuramin idase  t r ea t ed  p la te le ts  
which had  lost  40% of the i r  sialic acid were homogenized  
dur ing  the  glycerol lysis p rocedure  18, the  released glyco- 
p ro te in  Is no longer s ta ined  wi th  alcian blue and showed 
a reduced s ta in ing  wi th  t he  per ioda te -Schi f f  react ion.  
W h e n  the  neuramin idase  t r e a t ed  p la te le ts  were d iges ted  
wi th  t ryps in  unde r  condi t ions  which  normal ly  give the  
max ima l  release of bound  sialic acid and macroglyco-  
pep t ide  17,10, t he  released macrog lycopep t ide  did no t  s ta in  
wi th  alcian blue, migra ted  more  slowly on T G B - P A G E  
and  showed a 60% reduc t ion  in its s ta in ing  capac i ty  wi th  
the  per ioda te -Sch i f f  react ion (figure 3)- Essent ia l ly  simi- 
lar results  to  these  for b o t h  alcian blue and  per iodate-  
Schiff s ta in ing were ob ta ined  when  g lycoprote in  Is pur i -  
fied according to L o m b a r t  e t  al. 7 and  the  acidic macro-  
g lycopept ide  ob ta ined  following the  30 m i n  digest ion of 
washed  p la te le t  suspensions  1~ were incuba ted  wi th  neur-  
aminidase  unde r  the  same condi t ions  as descr ibed for t he  
neuramin idase  diges t ion of the  washed  p la te le t  suspen-  
sions. F u r t h e r m o r e  S D S - P A G E  of so lub i l i s ed  whole  
p la te le ts  indica ted  an a p p a r e n t l y  normal  release of glyco- 
p ro te in  Is dur ing  the  t ryps in  digest ion of neuramin idase  
t r e a t ed  platelets .  The evidence suggests,  therefore,  t h a t  
g lycopro te in  Is is suscept ible  to  neuramin idase  digest ion 
in washed  p la te le t  suspensions  a t  p H  7.0 and is a probable  
c o m p o n e n t  of t he  p la te le t  surface under  physiological  
condit ions.  
Previous  s tudies  have  shown t h a t  an alcian blue s ta in ing 
acidic g lycopept ide  of a p p a r e n t  molecular  weigh t  147,000 
was released dur ing  the  ear ly  s tages of t ryps in  digestion,  
and  t h a t  th is  re leased g lycopept ide  subsequen t ly  gave 
rise to the  macrog lycopep t ide  i7,19. The 147,000 molecular  
weight  acidic g lycopept ide  ob ta ined  following a 10 sec 
t ryps in  digest ion of washed  h u m a n  pla te le ts  19 comigra tes  
wi th  g lycopro te in  Is on T G B - P A G E .  Thus par t ,  a t  least,  
of g lycoprote in  Is m a y  be released hav ing  undergone  
l i t t le  or no proteolysis .  As t ryps in  is unl ikely to induce 
d i s rup t ion  of t he  m e m b r a n e  lipids, i t  would appear  t h a t  
g lycoprote in  Is is n o t  an intr insic  m e m b r a n e  c o m p o n e n t  
as def ined by  Singer  2~ b u t  is a per iphera l  c o m p o n e n t  
loosely a t t a ch ed  to  t he  p la te le t  surface. 
Note  added  ill p roof :  Glycoprote in  Is has  recent ly  been  
t e rmed  'glycocalicin '  by  O k u mu ra  and  Jamieson  24. 
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