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Nummary. — Envelope glycoprotein (E) prepared from purified 
.Japanese encephalitis (>JE) virus was  cleaved with cyanogen 
bromide (CNBr) followed b y  sodium dodecyl sulphate polyacryl-
amide gel electrophoresis (SDS-PAGE).  Mice were immunized 
with 36 Id), 27 kD,  and 8 k D  bands from CNBr-cleaved and 54 
k D  band from control specimens. Neutralization test was  positive 
in one out  o f  t w o  anti-54 k l ) .  in none of  t h e  anti-36 k D .  and all 
o f  anti-27 l<l) and anti-8 k l )  sera at I : 10 dilution. Geometrical 
mean E LISA til re was  t lie highest for anti-54 k l )  followed b y  anti-
36 l<l), anti-27 l<l). and anti-8 k l )  sera. React iv i ty  o f  these sera 
to  CNBr-cleaved fragments in Western blotting indicated that 
the 8 k l )  fragment was a part o f  the  27 k l )  but  was  not included 
in (lie 36 k l )  fragment, while the 27 k l )  and 36 kJJ fragments 
shared an overlapping part. These fragments were located on the 
E protein b y  N-terminal amino acid sequencing of  each fragment 
purified b y  reversed-phase high-performance liquid chromato­
graphy and b v  comparison with  the  nucleotide sequence of  the E 
protein gene. The  .">(> k l )  fragment was  located between the third 
and the  ninth methionine and covered most  of  the  N-terminal side 
o f  t IK- E protein. In contrast, the 27 k l )  fragment wa s  located 
between the fourth and the  tenth  methionine and included the 
8 k I) fragment which was  situated between the ninth and the 
tenth methionine near to  the C-terminus of the E protein. De-
naturation-resistant neutralizing epitope(s) appeared to  be present 
on the  8 k l )  fragment, but not  on the  36 k l )  fragment. 

Key icorrfs: (IN Br fragments', immunogenicity, Japanese ence­
phalitis vim* glycoprotein K\ N-terminal amino acid sequence 

I ntroduction 

J a p a n e s e  encepha l i t i s  (.1E) h a s  been  p reva len t  in several  Asian  count r ies ;  
i ts  control  is a m a j o r  ob jec t ive  in t h e  pub l i c  h e a l t h  (Miles, I960; U m e n a i  
cl, al., 1085). In J a p a n ,  formal in- inac t iva ted  a n d  purif ied J E  vaccines  were  
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developed for  human use (Hammons  et al., 1971) and a similar vaccine w a s  
also produced in the Republic of Korea t o  control the J E .  China has devel­
oped i ts  own inac t iva ted  vaccine f r o m  infected hams te r  k idney  cell cul tures  
(Huang,  1982). T h e  control  of J E  in  present ly  epidemic areas  would b e  
grea t ly  facil i tated b y  t h e  development  of inexpensive second generat ion J E  
vaccines which can b e  supplied in  a large a m o u n t .  

J E  v i rus  belongs t o  t h e  fami ly  Flaviviridae w i t h  a single-stranded R N A  
genome of 42 S (Westaway  et al., 1985) a n d  contains  th ree  s t ruc tura l  prote ins :  
M, C, a n d  E (Ki tano  et al., 1974; Shapiro  et al, 1979; Takegami  et al., 1982). 
K i m u r a - K u r o d a  a n d  Yasu i  (1983, 1986) a n d  Kobayash i  et al. (1984) repor ted  
t h e  epi tope analysis of J E  vi rus  envelope glycoprotein (E) using monoclonal  
antibodies,  a n d  Heinz (1986) reviewed t h e  epi tope mapp ing  of t ick-borne 
encephalitis (TBE)  a n d  o the r  flavivirus E proteins.  Al though detailed in­
vestigations h a v e  been carried o u t  on  cyanogen bromide  (CNBr)-cleaved 
f ragments  f r o m  glycoproteins of influenza vi rus  (Ward  a n d  Dopheide,  1979), 
adenovirus (Jornwall  a n d  Bahr-Linds t rom,  1981), rabies  v i rus  (Dietzschold 
et al., 1982), a n d  av ian  myeloblastosis v i rus  (Johnson  et al., 1984), similar 
studies h a v e  n o t  been published o n  flaviviruses except  of T B E  virus  (Heinz 
et al., 1984) a n d  J E  virus  (Srivastava  et al., 1987). 

As a s t ep  in  developing t h e  second generat ion of J E  vaccine, we examined  
immunogenicities of t h ree  ONBr-cleaved f r agmen t s  f r o m  J E  v i rus  E pro te in  
a n d  determined the i r  positions b y  N- terminal  amino  acid sequencing a n d  
comparison wi th  t h e  nucleotide sequence of t h e  E pro te in  gene (Sumiyoshi 
et al., 1986). 

Materials and Methods 

Cells ami virus purification. Aedes albopictus clone C'6/36 cells (Igarashi,  1978) a n d  B H K 2 1  
cells were grown a t  28 °C a n d  a t  37 °C, respetively.  B o t h  cells wore g rown in  Eag le ' s  m e d i u m  
supplemented w i th  1 0 %  foe ta l  calf se rum (FCS) a n d  0.2 mmol/1 each  of nonessential  a m i n o  ac ids  
(Eagle, 1959). T h e  origin of J E  v i rus  JaOArS982  s t r a in  h a s  been  described (Hori  et al., 1986). 
The  v i rus  was  g rown in  C6/36 cells, prec ipi ta ted  b y  polyethylene glycol a n d  purified b y  sucrose 
density grad ien t  cen t r i fuga t ion  a s  described previously (Srivastava  et al., 1987). 

Preparation of the E protein. T h e  procedure  described b y  Heinz  et al. (1984) was  followed. 
Purified v i rus  (800 (jig/ml) w a s  d is rupted  b y  T r i t o n  X-100 a t  a de te rgent  t o  pro te in  r a t io  of 
1 0 : 1  a t  room t e m p e r a t u r e  f o r  10 min ,  a n d  centr i fuged in to  detergent-free  15 — 50 % sucrose 
gradient in a n  S W  50.1 rotor a t  40,000 rev/min for  20 hr  a t  20 °C. E a c h  f r ac t ion  was  examined  
E L I S A ,  S D S - P A G E  a n d  Wes t e rn  b lo t t ing ,  a n d  f rac t ions  containing on ly  E pro te in  a t  h igh con­
cent ra t ion  were pooled.  E pro te in  was  precipi ta ted  b y  5 0 %  trichloroacetic acid,  washed  twice  
b y  ace tone  a n d  dissolved in  7 0 %  formic acid (Merck, F .R .G. ) .  

CNBr-cleavage of E protein. Purif ied E pro te in  (400 — 500 (j.g/ml) w a s  cleaved with  CNBr 
in 7 0 %  formic acid a t  CNBr to  protein ratio of 2 : 1 a t  room temperature f o r  24 h r  in the dark .  
Control specimen w a s  run  similarly without CNBr. Formic acid and residual CNBr were removed 
from the  specimen b y  dilution with  water  a n d  lyophilization. 

SDS-PAGE. Slab gel method (Studier, 1973) wi th  a discontinuous buf fer  sys tem (Laemmli, 
1970) w a s  used with  1 5 %  gel (acrylamide to  bisacrylamide ratio of 30 : 0.8) of 1.5 m m  thickness. 
Before electrophoresis specimens containing 10 —20 (j.g protein were solubilized under nonreducing 
conditions using 1 %  SDS in 0.1 mol/1 iodoacetamide a n d  0.125 mol/l Tris-HCl, p H  6.8, a t  100 °C 
for  1 m i n  (Durbin  a n d  Stoller,  1984). T h e  pro te in  b a n d s  were visualized w i t h  0 . 1 %  Coomassie 
Brilliant B l u e  R 250 in  1 0 %  acet ic  ac id  a n d  3 0 %  methano l  followed b y  destaining w i th  1 0 %  
acetic ac id  a n d  3 0 %  methano l .  M r  of s ta ined  b a n d s  w a s  es t ima ted  b y  a low M r  electrophoresis 
calibration k i t  (Pharmacia ,  Sweden). T h e  b a n d s  corresponding t o  36 k D ,  27 k D ,  a n d  8 k D  f r o m  
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CNBr-troated a s  well a s  54 k D  from control E protein were cut out f rom the gel a n d  used for  
immunization. 

Immunization of mice. Each gel piece was  emulsified w ith Freund's  complete a d j u v a n t  for  the 
f irst  injection or with incomplete a d j u v a n t  for  subsequent injections, and inoculated intra­
peri toneal  ly t o  BALB/c  mice fo r  a to ta l  of 6 t imes  a t  1 week interval  using 0.2 ml/dose.  F o r  each 
in jec t ion,  t h e  immunogen  was newly prepared b y  S D S - P A G E  f rom CNBr-cleaved o r  control  E 
p ro te in  us ing 20 |xg each.  Seven  mice were initially immunized for  each b a n d ,  b u t  t h e  n u m b e r  of 
surv iv ing  mice  a f t e r  t h e  las t  inject ion was t w o  fo r  54 k D ,  four  fo r  36 k D ,  seven fo r  27 k D ,  a n d  
f o u r  fo r  8 k D  b a n d ,  respectively. Three  d a y s  a f t e r  t h e  last  inject ion,  t h e  mice were individually 
bled a n d  se rum was  separa ted  fo r  f u r t h e r  tes t ing.  

Neutralization (N) test. T h e  procedure of Hash imoto  et al. (1971) was  modified using a di luent  
of 5 %  F C S  in Eagle ' s  med ium.  J E  v i rus  (infected C6/36 cell cu l tu re  fluid) a t  a n  appropr ia te  
d i lu t ion  was  mixed  with  a n  equal  volume of i m m u n e  mouse  sera a t  di lut ions of 1 : 4 ,  1 : 10, 
1 : 40, 1 : 100, 1 : 400, a n d  1 : 1000. T h e  mix tu res  wore incubated  a t  37 °C f o r  1 h r  a n d  inoculated 
t o  B H K 2 1  cells grown o n  24 well p la tes  (0.1 ml/well) a f t e r  removing cell g r o w t h  med ium.  Ad­
sorpt ion  was  carried o u t  a t  37 °C fo r  1 h r  and  t h e  cells were covered b y  1 ml/well of 1.5 % methyl -
cellulose a n d  1 %  FCS in Eagle ' s  med ium.  A f t e r  5 d a y s  incubat ion  a t  37 °C in  a humidif ied 5 %  
CO2 a tmosphere ,  t h e  over lay med ium was  removed b y  washing w i th  P B S  (phosphate  buffered 
saline). T h e  cells were fixed wi th  cold me thano l  a t  — 20  °C fo r  30 m i n  a n d  s ta ined wi th  0 . 1 %  
T r y p a n  blue t o  reveal plaques.  T h e  N tes t  was  scored a s  positive when m o r e  t h a n  5 0 %  of plaque-
reduct ion was observed compared  wi th  t h e  negat ive  control  of virus-diluent mix ture .  T h e  reci­
procal of t h e  highest  di lut ion of t es t  sera  which was  N-posit ive was  t a k e n  a s  t h e  N-t i t re .  

E LI S A . Indirect  micro E L I S A  (Voller et al., 1976) was used t o  assay  anti-viral  a n t i b o d y  t i t res .  
T h e  96-well microplate was  coa ted  with purified virions (2 — 3 (i.g/ml, 100 (xl/well) in a coating buf fer  
(0.06 mol/l carbonate-bicarbonate buffer,  p H  9.6) a t  4 °C overnight .  T h e  opt imal  concentrat ions 
of virions t o  coa t  t h e  p la tes  wore predetermined b y  checkerboad t i t r a t ion  using s t a n d a r d  posit ive 
a n d  negative sera.  T h e  wells were empt ied  a n d  washed with  P B S - T  ( P B S  containing 0 . 0 5 %  
Twoen 20 a n d  0 . 0 1 %  NaNs)  3 t imes  3 min ,  each .  T h e  wells were reacted  a t  37 °C fo r  1 h r  wi th  
100 (JLI of sc rum (diluted 1 : 100 a n d  1 : 1000), a long with  serially di luted s t a n d a r d  a n t i - J E  
polyclonal mouse serum.  T h e  wells were empt ied  a n d  washed a s  above ,  a n d  reacted  a t  37 °C fo r  
I h r  wit h 100 jil/wcll of horseradish peroxidase (HHPO)-conjuga ted  ant i -mouse  immunoglobulin 
goat  IgG (Cappel, U.S.A.) a t  1 : 1000 di lut ion in PBS-T.  T h e  wells were empt ied  a n d  washed a s  
above ,  a n d  H R P O  react ion was  performed a t  room t empera tu r e  fo r  1 h r  in t h e  d a r k  wi th  a sub­
s t r a t e  solution of 0 .5  mg/ml  of o-phenylene d iamine  a n d  0 . 0 2 %  of H2O2 in  0.05 mol/ l  c i t ra te-
phospha te  buffer ,  p H  5.0. T h e  reaction was  s topped b y  a d d i n g  75 (xl/well of 4 N H2SO4, a n d  t h e  
optical  dens i ty  (OD) a t  490 n m  was recorded b y  a micro E L I S A  au to reade r  wi th  reference 
wavelength a t  630 n m .  T i t res  of t e s t  specimens were calculated b y  compar ing  the i r  O D  values  
wi th  those  of serially di luted s t anda rd  posi t ive s r u m  (Igarashi  et al., 1981; Morita  et al., 1982). 
S t a n d a r d  ant i -posi t ive mouse sera were prepared  b y  repeated  intraperi toneal  inoculat ion of 
purified virions grown in suckling mouse  brains .  

Western blotting. CNBr-cleaved a s  well a s  control  E prote ins  were r u n  o n  SDS-PAGE a n d  se­
pa ra t ed  pept ides  wore olectrophorotically t ransferred t o  nitrocellulose m e m b r a n e  (Burne t te ,  
1981; Naser  a n d  Miltenburger,  1983). T h e  m e m b r a n e  was  blocked wi th  3 %  casein a n d  0 . 0 1 %  
N a N 3  in P B S  a t  room t empera tu re  fo r  45  min ,  washed with  P B S  a n d  cu t  in to  small s t r ips .  E a c h  
s t r ip  was  reacted a t  37 °C f o r  3 h r  wi th  an t i - f ragment  serum di luted t o  1 : 100 o r  a n t i - J E  poly­
clonal mouse  serum di luted t o  1 : 1000 in P B S .  T h e  m e m b r a n e  s t r ips  wore washed in P B S  a n d  
reacted a t  37 °C fo r  2 h r  with H K PO-conjugated ant i -mouse immunoglobulin goat  I g G  (Cappel, 
U.S.A.) di luted t o  1 : 1000 in P B S .  T h e  m e m b r a n e  s t r ips  wore washed with  P B S ,  a n d  t h e  reacti­
v i t y  of poptidos a n d  ant ibodies  was  visualized b y  H R P O  react ion with 0 . 0 3 %  4-chloro- l -naphtol  
and  0 . 0 3 %  H2O2 in P B S  a t  room tempora tu re  un t i l  dofinito colour was  developed.  

High-performance liquid chromatography (HI'LC). T h e  H PLC sys tem (Wate r s  Model 510, 
U.S.A.) consisted of 2 pressure pumps ,  a u t o m a t e d  gradient  controller,  Modol 481 Lambda-Max  
LC spec t rophotometer ,  Model 741 d a t a  module ,  a n d  Advan tec  f r ac t ion  collector Model SF-139. 
CNBr-eleavod and  lyophilized .110 virus  K prote in  was  dissolved in 6 mol/ l  guanid ine  hydro­
chloride (enzyme grade ,  Bothosda Research Laboratories,  U.S.A.) in wa t e r ,  a n d  t h e n  1 ml  of t h e  
spec imen  was injected l o  a reversed-phase C-18 co lumn (3.9 x 300 m m ) .  T h e  specimen was e lu ted  
wit h a linear gradient  of acotonitri l  in 0 .05% trifluoroacetic ac id  (TFA).  Frac t ions  of 0.5 m l  
v o l u m e  were collected, lyophilized, dissolved in 0 . 1 %  SDS,  a n d  examined  for  t h e  presence of pep-
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J E virus E protein was  prepared from 
purified viron and cleaved with CNBr 
followed b y  SDS-PAGE and Coomassie 
blue staining. 1 control, 2 CNBr-cleaved. 

tide fragments b y  SDS-PAGE. Acetonitril (HPLC grade), trifluoroacetic acid (research grade) 
and SDS (electrophoresis grade) were purchased from Wako Pure Chemicals (Japan). 

Amino acid sequencing. Fractions from HPLC containing 70—100 pmol of the 36 kD.  27 kD, 
or 8 kD fragments were applied to an automatic protein/peptide sequencer (Applied Biosystems 
Model 477A, U.S.A.) and their N-terminal amino acid residues were determined. Amino acid 
residues are shown b y  a single letter code. 

Chemicals. Iodoacetamide, acrylamide, bis-acrylamide, and cyanogen bromide were the 
products of Wako  Pure Chemicals Co. Japan.  

Results 

Imm.unogenicities of CNBr-cleaved fragments of J E virus E protein 

Fig.  1 s h o w s  SDS-PAGE p a t t e r n  o f  control  J E  v i r u s  E prote in  (lane 1) 
a n d  i ts  CNBr-cleaved f r a g m e n t s  (lane 2). A m a j o r  b a n d  o f  u n c l e a v e d  54 k D  a n d  
a minor  b a n d  o f  30 k D  were  o b s e r v e d  i n  t h e  control  specimen.  T h i s  m i n o r  b a n d  
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Tahle I. X II-HI mul ELISA against J E  virus on sera from mice 
Immunized uilli  CMtr fragments from -110 virus E protein 

Serum 
number 

Immunogen N test 
& (<• 

at 1 : 10* 
ndpoint) 

ELISA 
titre & (GMT) 

1 54 k l )  + (100) 17,200 (9,817) 
•j 54 kl> — ( < 1 0 )  5,584 

:< :t(i k l )  _ ( <  10) 5,335 
4 36 k l )  — ( <  10) 6.146 
5 36 k l )  — ( <  10) 4,602 (5,518) 
(i 36 k l )  — ( <  10) 6,144 

7 27 k l )  + (100) n t**  
8 27 k l )  + (40) 3,653 

27 k l )  + (40) 847 
10 27 k l )  (10) 167 (881) 
11 27 k l )  + (10) 618 
12 27 k l )  -f (100) 681 
13 27 k l )  (100) 2,154 

14 8 k l )  (100) 171 
15 8 k l )  1 (10) 43 (103) 
10 8 k l )  + (10) 14 
17 8 k l )  + (10) 1,085 

* Positive (-)•) indicate more tlian 5 0 %  plaque reduction a t  1 : 10 serum dilution, otherwise 
negat ive  ( - ) .  

** Not tested because of limited amount and not included to calculate GMT. 

c o u l d  b e  d u e  t o  a c i d  t r e a t m e n t .  O n  t h e  o t h e r  h a n d ,  m u l t i p l e  b a n d s  w i t h  M r  

o f  u n c l e a v e d  54 k D  t o  c leaved  8 k l )  w e r e  seen i n  CNBr-treated s p e c i m e n .  
Since t h e  b a n d s  o f  36 k D ,  27 kIX  a n d  8 k U  w e r e  clear a n d  d i s t inct  f r o m  
other  b a n d s  a n d  reproducib le ,  t h e y  w e r e  c u t  o u t  a n d  used  f o r  i m m u n i z a t i o n ,  
a l o n g  w i t h  54 k l )  b a n d  f r o m  t h e  control.  

T h e  N t es t  a n d  E L I S A  w e r e  carr ied o u t  i n  i n d i v i d u a l  sera f r o m  m i c e  
i m m u n i z e d  w i t h  each o f  these  b a n d s ,  a n d  t h e  results  u s i n g  J E  v i r u s  are s u m ­
marized in Table  1. One o f  t h e  t w o  anti -54 k D  sera w a s  N-posi t ive  at  a 1 : 100 
dilution, whi le  the  other anti -54 k D  and all four anti-36 k D  sera were N -
negat ive  a t  I : 10 dilution. On t h e  other hand,  all seven anti-27 k l )  sera 
(three a t  I : 100, t w o  a t  1 : 40, and t w o  a t  1 : 1 0  dilutions), and all four 
ant i -8  k D  sera (one a t  1 : 100 and three at 1 : 10 dilutions) were N-posi t ive .  
Although N titres o f  individual sera showed considerable fluctuation e v e n  
wit h t h e  s a m e  immunogen,  t h e  results a s  a whole  indicate that  s o m e  neutral­
izing epitope(s),  which  is resistant t o  acid and S D S  treatments ,  is  present  
on t h e  27 k D  and H k l )  fragments,  b u t  not o n  the  36  k l )  fragment.  E L I S A  
titres o f  anti-27 k l )  and anti-8 k l )  sera showed more individual f luctuations 
than t h e  N titres (I(57 t o  3,653, and 14 t o  1,085, respectively);  t h e y  did n o t  
correlate wi th  N titres, b u t  t h e  E L I S A  t i tre o f  anti-36 k l )  sera were similar 
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Fiji 2 
J E  virus  E protein w a s  cleaved b y  
CNBr and the  resulting f ragments  were  
separated b y  SDS-PAGE a n d  reacted b y  

Western  blott ing  
1 anti-54 k D  (serum number  J),  2 

anti-36 k D  (serum number 4), 3 aiiti-27 
kD (serum number  13), 4 anti-8 k D  
(serum number 14), a n d  ô ant i-JE poly­
clonal serum.  Se rum n u m b e r s  shown in 
Table 1. 

• Urn 

a m o n g  f o u r  m i c e  (4,602 t o  6,146), a n d  t h e  d i f ference  i n  ELLSA t i tres  o f  t w o  
anti-54 k D  sera w a s  a b o u t  3-fold a n d  less t h a n  t h e  d i f f erence  i n  t h e i r  N -
titres. H o w e v e r ,  geometr ica l  m e a n  t i t re  (GMT) o f  ELLSA w a s  h i g h e s t  f o r  
anti-54 k D  (9,817), a n d  g r a d u a l l y  decreased f o r  anti-36 k D  (5,518), anti-27 
k D  (881), a n d  anti-8 k D  (103). 

Interrelationship of CNBr-cleaved fragments from JE virus E protein 

Fig .  2 s h o w s  t h e  r e a c t i v i t y  o f  a n t i - f r a g m e n t  sera a n d  a n t i - J E  sera w i t h  
CNBr f r a g m e n t s  b y  W e s t e r n  b l o t t i n g .  A n t i - 5 4  k D  s e r u m  reacted  w i t h  m u l t i p l e  
b a n d s  i n c l u d i n g  54 k D ,  36 k D ,  27 k D ,  a n d  8 k l )  f r a g m e n t s  (lane 1), a n d  
anti-36 k D  s e r u m  reacted  w i t h  severa l  b a n d s  i n c l u d i n g  54 k D ,  36 k D ,  a n d  
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27 k D  but  not  8 k D  fragments (iane 2). While the anti-27  k D  serum reacted 
with multiple bands including 54  k D ,  36  k U ,  27 k D  and also 8 k D  fragments 
(lane 3), and anti-8  k D  serum reacted only  with the 27 k D  and 8 k D  fragments 
(lane 4). Polyclonal anti-.JE serum reacted with several bands from uncleaved 
5 4  k D  t o  cleaved 8 k D  including the 36 k D  and 27 k D  bands  (lane 5). This 
result indicated that  the  8 k D  fragment is a part of  27 k D  but not included 
in the  36 k D  fragment, despite that  the 36 k D  and  27 k D  fragments share 
a common part. 

Physical map of CNBr-cleaved fragments on .J E virus E protein 

In order t o  determine the  positions of  the CNBr-cleaved 36 k D ,  27 k D ,  
and 8 k D  fragments from J E  virus E protein, these fragments were purified 
b y  HI 'LC (Fig. 3). Fraction numbers 76. 85, and 92 contained the 36 k D ,  
27 k I), and 8 k D  fragments, respectively. These fractions were analysed for 
their N-terminal amino acid residues; t h e  results were compared wi th  the  
sequence deduced from the  nucleotide sequence of  J E  virus E protein gene 
reported b y  Sumiyoshi  et al. (1980). Eleven residues ( INIEASQLAEV)  o f  
t h e  36 k D  fragment were identical t o  the deduced sequence beginning after 
the third methionine (amino acid number 45 o f  E protein). While, five out  of  
nine residues (TVG —LV) o f  the 27 k D  fragment agreed with  the  deduced 
sequence following the  fourth methionine (amino acid number 204), although 
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four  residues d i d  n o t  g i v e  clear-cut resolut ion i n  sequencing.  E l e v e n  residues 
( E P P F G D S Y I V V )  o f  t h e  8 k D  f r a g m e n t  s h o w e d  complete  agreement  w i t h  
the d e d u c e d  sequence f o l l o w i n g  t h e  n i n t h  m e t h i o n i n e  (amino ac id  n u m b e r  
374) o f  t h e  E prote in.  F r o m  these  results  a n d  f r o m  t h e  interrelat ionship  o f  
these f r a g m e n t s  w i t h  t h e  M r ,  the i r  pos i t ions  o f  E prote in  w e r e  located  as  

N-terminal  C ~ t e T ľ , ? «  
1 ŕ 54K ^ 5 0 0  

7 — n  1 1 1 i i i r n  

— ^ 3 7  4 
I N I E A S Q L A E V  

2 0 5 ^  M 5 6  
- L V  

3 7 5 ^  — ^ 4 5 6  
E P P F G D S Y I V V  

Fig. 4 
Physical  m a p  showing posit ions of t h r ee  CNBr-cleaved f r a g m e n t s  o n  J E  v i rus  E p ro te in  

Vertical ba r s  indicate  meth ionine  residues deduced f r o m  t h e  nucleot ide sequence of t h e  E 
protein gene. T h e  f r agmen t s  a r e  shown b y  hor izontal  b a r s  w i th  t h e  a m i n o  ac id  n u m b e r  
on t h e  E prote in  a t  b o t h  ends  a n d  N- te rmina l  a m i n o  ac id  residues b y  single le t te rs  u n d e r  t h e  ba r s .  

shown on  a physical m a p  (Fig. 4). The  36 k D  fragment,  which occupies 
two-third of  E protein, begins a t  amino acid number 46 and  ends a t  374, 
and i ts  M r  calculated from the  deduced sequence wa s  35,326. While t h e  
27 k D  fragment begins a t  amino acid number 205 and ends a t  456, and  i t s  
Mr calculated from t h e  deduced sequence was  26,913. The  8 k D  fragment 
is located a t  t h e  C-terminal end  of  27 k D  fragment and  near C-terminal 
of E protein (amino acid number 375 t o  456), and  i ts  M r  calculated from t h e  
deduced sequence w as  8,648. . 

Discussion 

Studies o n  several viruses such as  influenza virus (Breschkin  et al., 1981), 
reovirus (Burtsin  et al., 1982), Venezuelan equine encephalomyelitis  virus 
(Mathews and Roehrig, 1982), Tick borne encephalitis virus (TBE)  
(Heinz, 1986), and  J E  virus (Kimura-Kuroda and  Yasui ,  1983; 1986; Mason 
et al., 1987) have  shown t ha t  antibodies directed against critical sites o n  viral 
proteins are capable of  inactivating certain biological activities o f  viruses like 
haemagglutination or infectivity.  Heinz  et al. (1984) reported tha t  digestion 
of CEE virus E protein wi th  trypsin or a-chymotrypsin released a 9 k D  frag­
ment, while chemical cleavage b y  CNBr released a 19 k D  fragment. B o t h  
the 9 k D  and 19 k D  fragments retained reactivity wi th  neutralizing mono­
clonal antibodies defining a denaturation-resistant antigenic domain.  Howe­
ver, the  location of  these peptide fragments on  E protein has  n o t  been deter­
mined, although (Heinz, 1986) reviewed peptide mapping of  C E E  and  
other flavivirus E proteins b v  monoclonal antibodies, and  Mandl  et 
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al. (1988) r e p o r t e d  t h e  s e q u e n c e  f o r  T B E  v i r u s  E p r o t e i n  gene.  Therefore,  
i t  is d i f f i c u l t  t o  relate CNBr-c leaved  f r a g m e n t s  o f  J E  v i r u s  E prote in  t o  t h e  
f r a g m e n t s  o f  T B E  v i rus .  S u p p o s e  t h e  8 k D  or  27 k D  f r a g m e n t  o f  .JE v i r u s  
carries s i m i l a r  epitope(s)  as  t h e  9 k D  a n d  19 k D  f r a g m e n t s  o f  T B E  v i rus ,  t h e  
d i f f erence  o f  t h e i r  M r  cou ld  b e  d u e  t o  t h e  d i f f erence  i n  t h e  a m i n o  a c i d  se­
quences o f  E protein between these  t w o  viruses. 

Compared with the  model o f  W e s t  Ni le  virus  E protein b y  N o w a k  and 
Wengler  (1987), the  8 k D  fragment  o f  J E  virus covers about  9 4 %  o f  their R 3  
region a n d  a portion o f  t h e  hydrophobic  anchor region, and contains a hydro-
philic beta  turn  o f  t h e  R 3  region which could be  a strong antigenic epitope.  
The  8 k D  fragment  also contains Arg-Gly-Asp ( R G D )  tripeptide, which  w a s  
reported a s  crucial for t h e  interaction o f  a protein containing this  sequence 
w i t h  its cell surface receptor (Rouslathi  and Pirschbacher, 1986). The  possibil­
i ty  t h a t  the  R G D  sequence p lays  a similar role in  t h e  process o f  J E  virus 
interaction with i ts  host  cell receptor should be  further invest igated.  On t h e  
other hand,  the  27 k D fragment o f  J E  virus covers 8 7 %  o f  t h e  R 2  region 
and a portion o f  t h e  anchor region i n  adit ion t o  t h e  whole  L 2  and R 3  regions. 
Since both anti-8 k D  a n d  anti-27 k D  sera neutralized  J E  virus a n d  t h e  8 k D  
is a part  o f  t h e  27 k D ,  t h e  result suggested tha t  denaturation-resistant N 
epi topes  are present on the  8 k D  fragment  or R 3  region. However ,  the  N 
t itres o f  ant i -8  k D  or anti-27 k D  sera obtained in this  s t u d y  were m u c h  
lower than  those  o f  monoclonal antibodies  (Kimura-Kuroda and Yasui ,  
1983; 1980; M a s o n  el al., 1987). The  difference m a y  be  d u e  t o  the  insufficient 
a m o u n t  or small size o f  t h e  immunogens  i n  th i s  s tudy .  Titre f luctuation o f  
individual  mouse  immunized with  27 k D  or 8 k D  fragment could not s imply  
be expla ined b y  uneven distribution o f  immunogens,  because X titre w a s  
no t  a lways  parallel t o  E L I S A  titre. T h e  result m a y  indicate tha t  N a n d  E L I -
SA epitopes  on these immunogens  were not even ly  recognized b y  t h e  indi­
vidual mouse .  The  36 k D  fragment covers 6 3 %  o f  R 1  region and 1 1 %  o f  
R 3  region besides t h e  whole  L l ,  L2,  and R 2  regions, and denaturation-
resistant N epitopes  were not  demonstrated on this  fragment,  a l though such 
E L I S A  epitopes  were present. Th i s  is compatible  wi th  sequence data  showing 
t h a t  t h e  R l  region is rich in disulphide bonds  a n d  forms a highly confor­
mational structure which  can be  denatured b y  acid and/or S D S  treatment .  
Only o n e  out o f  t w o  mice immunized wi th  5 4  k D  b a n d  produced neutralizing 
antibodies  and similar result w a s  obtained in a separate experiment (data 
no t  shown).  This  result m a y  be  explained assuming t h a t  mice could not well 
recognize denaturation-resistant neutralizing epitopes  on E protein w h e n  
i t s  whole  molecule w a s  inoculated. 

T h e  physical m a p  in Fig. 4 shows  t h a t  on ly  the  8 k l )  fragment w a s  the  
product  o f  complete  cleavage,  while the  27 k D  and 36 k l )  fragments  were 
t h e  products  o f  partial cleavage b y  CNBr  o f  J E  v irus  E protein. Biochemical  
studies  have  shown t h a t  CNBr-cleavage was  n o t  complete ,  w h e n  methionine 
residues had been oxidized (Odani et al., 1971) or  when t h e  residue is followed 
b y  a serine or threonine residue (Titani  el al., 1972). Thelatter  possibil ity w a s  
observed for (lie fourth and the  e ighth methionine o f  J E  virus  E protein. 
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