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Summary. - Isolated enve lope  proteins o f  Newcast le  disease  v i rus  
(NDV) w e r e  inserted into t h e  lipid bilayer o f  artificial vesicles  t o  
create a viral envelope-like structure.  T h e  structure-containing viral 
antigens at h i g h  density elicited a s trong i m m u n e  response,  in 
contrast t o  puri f ied viral proteins.  T h e  artificial enve lopes  or immu-
n o s o m e s  p o s s e s s e d  several  advantageous  properties w h e n  u s e d  as  
vaccines. T h e y  elicited a fas ter  response  and  t h e  immunity  lasted 
longer  in animals  treated wi th  t h e s e  vesicles  than in controls vacci­
n a t e d  w i th  e n v e l o p e  p ro t e in s  in  combina t i on  w i t h  t radi t ional  a d j u ­
vants .  A f u r t h e r  u s e f u l  f e a t u r e  o f  t h e  artificial enve lopes  is t h a t  n o  
i n f l ammato ry  les ions  deve lop  a t  t h e  s i te  o f  t h e i r  in jec t ion .  

Key words: subunit vaccines; immunosomes; liposomes; surface anti­
gens; immunogenicity; virosomes 

Introduction 

M o s t  o f  vaccines  u s e d  i n  med ica l  a n d  ve ter inar ian  practice a r e  b a s e d  o n  
killed o r  live a t t e n u a t e d  microorgan isms .  Several  c o m p o n e n t s  o f  t h e s e  orga­
n i s m s  m a y  b e  i r re levant  t o  t h e  gene ra t i on  o f  t h e  i m m u n e  r e s p o n s e  whi l e  o t h e r s  
cause  u n d e s i r e d  immuno log ica l  reac t ions .  T h e  goal  t o  deve lop  vaccines  conta i ­
n i n g  essent ia l  an t igens  on ly  is n o t  n e w .  Recen t ly  m o r e  a n d  m o r e  da t a  s u p p o r t  
t h e  conce rn  o f  "genet ical  po l lu t ion"  b y  t h e  g e n o m e s  o f  domes t i ca t ed  an ima l s  
a n d  h u m a n  be ings  w i th  R N A  a n d  D N A  f r o m  a t t e n u a t e d  o r  killed o rgan i sms  
u s e d  as  vaccines.  Unfo r tuna t e ly ,  vaccines  b a s e d  solely o n  isola ted a n d  pur i f i ed  
an t igens  a n d / o r  o n  syn the t i c  i m m u n o g e n i c  pep t ides  s u f f e r  f r o m  p o o r  i m m u ­
nogenic i ty  a n d  t h e  obl igatory u s e  o f  damag ing  quan t i t i e s  o f  ad juvan t s .  I t  w a s  
previously s h o w n  t h a t  m o n o m e r i c  f o r m s  o f  e n z y m e s  a r e  significantly less  
i m m u n o g e n i c  t h a n  t h e i r  m u l t i m e r  f o r m s  ( W a h r e n  et al., 1987; Se l igman,  1978; 
Mar t i n  et al., 1986) a n d  several  viral p ro t e in s  w e r e  r epo r t ed  t o  elicit very  p o o r  
i m m u n e  r e s p o n s e  if in jec ted  in  t h e  m o n o m e r i c  f o r m  ( G r o s s  et al., 1977; 
Q u i n n a n  et al., 1982; M o r e i n  et al., 1984; M c A l e e r  et al., 1984). 
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Reconstitution o f  viral surface-like structures,  in general,  vesicles  with very  
high density o f  immunogenic  peptides  and proteins might  so lve  t h e  problem. 
I m m u n o s o m e s  or  reconstituted viral enve lopes  w e r e  reported t o  allow restora­
t ion  o f  t h e  immunolog ica l  proper t ies  o f  Semliki  F o r e s t  V i r u s  e n v e l o p e  p ro te ins  
(More in ,  1978), o f  i n f luenza  haemagglu t in in  ( T h i b o d e a u  et a!., 1981) a n d  o f  
rabies  glycoprotein  (Perr in  et a/., 1985). H e r e  w e  s h o w  t h a t  N D V  enve lope  
p ro te ins  rear ranged  o n  t h e  sur face  of  artificial l i posomes  a r e  p o t e n t  chal lengers  
o f  t h e  i m m u n e  sys t em t h a t  can  b e  u s e d  wi th  o r  w i t h o u t  ad juvan t s .  

N D V  is a relatively s imple  virus.  I t s  m e m b r a n e ,  a s  t h e  m e m b r a n e  o f  o t h e r  
paramyxoviruses ,  is c o m p o s e d  o f  a lipid bilayer a n d  t w o  glycoprote ins  t h a t  
pro jec t  f r o m  t h e  viral su r face  (Scheid  a n d  C h o p p i n ,  1974). O n e  o f  t h e  p ro te ins ,  
haemagglu t in in ,  H N ,  is respons ib le  f o r  t h e  a t t a c h m e n t  o f  t h e  v i rus  t o  n e u r a ­
m i n i c  acid ( and  sialic acid)  con ta in ing  recep tor  mo lecu l e s  o n  t h e  cells o u t e r  
sur face .  T h e  p ro te in  a l so  exhib i t s  n e u r a m i n i d a s e  activity. T h e  o t h e r ,  F ( fus ion )  
p ro te in  is respons ib le  f o r  several  biological activities o f  t h e  vi rus ,  all o f  wh ich  
resu l t  f r o m  t h e  f u s i o n  o f  t h e  viral m e m b r a n e  wi th  t h e  cellular  p la sma  
m e m b r a n e  ( T o m  a n d  Six, 1980). Post t rans la t ional  proteolyt ic  cleavage o f  t h e  F 
pro te in  is r equ i red  f o r  its f u sogen i c  activity. 

Materials and Methods 

Viruses, virus purification. Newcastle Disease Virus (NDV)  was grown o n  embryonated  chick 
eggs. Allantoic fluid was collected five days a f te r  inoculation, as  described by M o o r e  etal. (1974). 
Cellular debr is  was removed by low speed centr ifugation (2500 g, 20 min) .  Virions were  concen­
trated by pelleting (Hitachi PR 19, 48 000 g, 2 hr,  at  4 °C). T h e  virus pellet was suspended  in N T E  
bufTer (100 mmol/1  NaCl,  19 mmol /1  Tris-HCl,  p H  7.2, 1 mmol /1  E D T A )  and  pelleted through a 
30% sucrose  cushion (Hitachi SRP  28 SA, 131 000 g, 16 hr ,  at  4 °C)  and suspended in NTE buffer.  

Isolation of viral antigens. Viral envelope proteins were purified according to Helenius and 
Simons (1975). Af ter  solubilization o f  the viral membrane by 1% Triton X-100 (for 1 hr at room 
temperature) the aggregates were  removed by low speed centrifugation and the supernatant was  
layered on top of 20% sucrose solution in TE buf fe r  (10 mmol/1 Tris-HCl, pH 7.2, 1 mmol/1 
EDTA). Nucleocapsids were  pelleted by 160 000 g for  1 hr. Envelope proteins, recovered from the 
top o f  the sucrose cushion, were  concentrated and freed from most of the detergent by ammo­
n i u m  sulphate  precipitation and  dialysis against T E  buffer .  Purity o f  t h e  preparation was tested o n  
S D S  slab gel electrophoresis.  

Immunization. S P F  Whi t e  Leghorn male  birds 2-weeks-old were used ( 9 - 1 1  per group).  T h e  1 
ml  a l iquots  of different  vaccines (usually containing equal  a m o u n t s  of proteins) were  injected 
subcutancously.  A second 1 ml booster  was given af te r  2 weeks. Suspension of inactivated virions 
was used as  control ,  with and without  complete  and  incomplete  Freund  adjuvant  (Freund ,  1965). 
Purified viral protein micelles were used as a fu r the r  control .  

Antibody litres were measured by ELIS A (Marquardt  et ai., 1985; Snyder  et at., 1985) and haemag-
glutination inhibition at different  t imes  a f te r  immunizat ion.  

PuriPcation of lipids and preparation of liposomes and immunosomes. Phosphatidyl lipids were 
extracted f rom ox brain by the  fractional precipitation me thod  o f  Folch (Folch,  1942), purified 
fu r ther  by chromatography (Salem  et at., 1976); t he  composi t ion of lipids was determined by two  
dimensional  thin layer chromatography o n  silica gel (Salem  et ai., 1976). 
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Fig. 1 
Antibody titres (measured by ELISA) 

induced by different NDV vaccine 
preparations 

1 ml o f  each vaccine as used per dose as 
described in Materials and Methods, 

x inactivated virions, with adjuvant, 
containing 260 [ig protein/ml 

• multilamellar liposomes, 33 n% 
protein/ml 

A small, unilamellar vesicles, 33 N% 
protein/ml 

o protein micelles, 33 protein/ml 
• phys. salt sol. (non-immunized 

animals) 
The inactivated virions contained all viral 
proteins, the liposome preparations and 
protein micelles only the envelope 
proteins. 
Abscissa:  t ime (in weeks); ordinate: 
(ELISA titre) dilution reciprocals. 8 10 

Multilamellar vesicles (MLVs) and small unilamellarvesicles (SUVs) were produced according to 
standard procedures. Briefly, solutions of phospholipids and cholesterol (molar ratio was  1:1) in 
chloroform of chloroform-methanol (3:1) were  dried onto the wall of a large glass beaker (Buchi 
rotational evaporator) in vacuum. T h e  lipid fi lm was  wetted with the aqueous solution of viral 
envelope proteins and rotated for 15 minutes. Low energy sonication of the suspension was  
carried out in an ultrasonic cleaner bath for  2 - 5 min., or  until microscopic (less than 2 //m) MLVs 
were formed (followed in a light microscope). SUVs were  prepared from these vesicles by high 
energy sonication of the suspension (Bronson cell discruptor) until turbidity decreased signifi­
cantly. Glutara ldehyde activated vesicles were  prepared f r o m  phospholipid vesicles by 1% gluta-
raldehyde t rea tment ,  fol lowed by a Sephadex G-25 chromatography t o  remove  unreacted alde­
hyde  molecules.  

A fu r the r  type of vesicles (DRVs,  produced by detergent  removal)  was prepared f r o m  phospho-
lipid-cholesterol mixtures  solubilized in Tr i ton  X-100 (or octyl-glycoside). T h e s e  mixtures  were  
added t o  preparat ions of detergent  solubilized envelope proteins and  t h e  detergents  were  
removed by resins (Amberl i te  XAD-2 o r  BioRad SM-2) and subsequen t  dialysis against physiolo-

£ 
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gical saline solutions. 
Electron microscopy. T h e  protein micelles and immunosome preparations were  studied by 

electron microscopy using negative statining with 1% phosphotungstic acid, according to standard 
procedures (Schimmel and Volgel, 1970). 

Results 

First w e  vaccinated with purif ied protein micelles (protein composition w a s  
fo l lowed by ge l  electrophoresis  in t h e  presence o f  SDS), with multilamellar and 
small  unilamellar i m m u n o s o m e s  and  with inactivated v i rus  m i x e d  with 
Freund ' s  ad juvant  (used  a s  control). Fig. 1 summarizes  t h e  results  o f  several  
experiments,  demonstrat ing t h e  efTectivity o f  i m m u n o s o m e s  in t h e  vaccine. 

Fig. 2 
Dose dependence o f i m m u n o s o m e  

induced antibody titres (measured by 
ELISA) in immunized animals 

+ inactivated virions, with adjuvant, 
containing 260 f i g  protein/ml 

x multilamellar liposomes, 330 n g  
protein/ml 

• multilamellar liposomes, 33 fig 
protein/ml 

A multilamellar liposomes, 8.2 /ig 
protein/ml 

o multilamellar liposomes, 4.7 fig 
protein/ml 

• phys. salt sol. (non-immunized 
animals) 
For further legend s e e  Fig. 1 
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\ 
Fig. 3 

Effect o f  adjuvants on antibody titres after vaccination with immunosome preparations 
A :  + inactivated virions,.with adjuvant, containing 260 fi g protein/ml 

• multi lamellar l iposomes,  33 /^g p ro te in /ml  
A multi lamellar l iposomes,  with minera l  oil adjuvant ,  33  fig p ro te in /ml  
x multi lamellar l iposomes,  with mineral  oil and  B. pertussis adjuvant ,  33 fig p ro te in /ml  
• phys.  salt sol. (non- immunized  animals)  

B: + inactivated virions, with adjuvant ,  containing 260 fig p ro te in /ml  
• R E V  i m m u n o s o m e s  (produced by detergent  removal) ,  33 fig p ro te in /ml  
A REV immunosomes ,  with minera l  oil adjuvant ,  33 f ig p ro te in /ml  
x R E V  immunosomes ,  with mineral  oil and  B. pertussis adjuvant ,  33 fig p ro te in /ml  
• phys. salt sol. (non- immunized  animals)  

A n t i b o d y  t i t r e s  d e t e r m i n e d  b y  E Ĺ I S A  t e c h n i q u e  w e r e  comparable  in t h e  cases  
o f  a d j u v a t e d  preparat ions  o f  inactivated v i r ions  a n d  non-adjuvated  i m m u n o ­
s o m e s ,  e v e n  if t h e  u s e d  a n t i g e n  c o n c e n t r a t i o n s  w e r e  m u c h  l o w e r  i n  t h e  l ipo­
s o m e  p repa ra t ions .  I m m u n o s o m e  p r o v o k e d  i m m u n i t y  d i d  n o t  d e c r e a s e  s ignif i ­
cant ly  a f t e r  6 - 1 0  w e e k s  u n l i k e  t h a t  e l ic i ted b y  p r o t e i n  mice l les .  

W e  f o l l o w e d  t h e  d e p e n d e n c e  o f  a n t i b o d y  t i t r e s  o n  t h e  a m o u n t s  o f  viral  an t i ­
g e n s  prese 'n tesd  a s  i m m u n o s o m e s s  i n  t h e  n e x t  s e r i e s  o f  e x p e r i m e n t s .  P r o t e i n  
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Fig. 4 - 5  
Electron microscopic image o ľ N D V  immunosomes and protein micelles 

Figs. 4a and 4b: Immunosomes in which the protein: lipid ratio is similar to that one found in the 
viral envelope. Diameters o f  the vesicles are 300 and 190 nm, respectively. 

Figs. 5a and 5b: Immunosomes with 6-times lower protein: lipid ratio. Size o f  the  shown vesicles 
are between 90 - 150 and 100 - 220 nm, respectively. 

- lipid ratio w a s  a d j u s t e d  t o  achieve  s imilar  ant igen dens i ty  o n  t h e  sur face  ó f  t h e  
(outher  layer  o f  t h e  mult i lamellar)  ves ic les  a s  it w a s  originally present  o n  t h e  
s u r f a c e  o f  vir ions.  ELISA a n d  haemagglut inat ion inhibition w a s  u s e d  t o  
m e a s u r e  ant ibody t i tres  a f t e r  immunizat ion wi th  mult i lamellar  i m m u n o s o m e s  
a n d  ves ic les  produced b y  de tergent  removal .  Inactivated v i r u s  particles m i x e d  
wi th  a d j u v a n t s  w e r e  u s e d  a s  control.  A s  s h o w n  on Fig.  2, 40- a n d  70-fold di lu­
t i o n  o f  t h e  or iginal  i m m u n o s o m e  p repa ra t ion  r e s u l t e d  in  s o m e w h a t  r e d u c e d  
r e s p o n s e s ,  b u t  e v e n  a f t e r  10 w e e k s  t h e  a n t i b o d y  t i t r e  w a s  r easonab ly  h igh .  
Vacc ina t ion  wi th  10-fold d i l u t ed  i m m u n o s o m e s  gave  t i t r e s  c o m p a r a b l e  t o  
con t ro l  v a l u e s  o f  inac t iva ted  v i ru s  p repa ra t ions .  

C o m p a r i s o n  o f  a n t i b o d y  t i t r es  m e a s u r e d  b y  E L I S A  a f t e r  vacc ina t ion  wi th  
p ro te in  mice l l e s  a n d  i m m u n o s o m e s  h a s  p r o v e d  t h e  super io r i ty  o f  t h e  p r o t e i n s  
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incorporated into artificial lipid m e m b r a n e s  a s  antigens,  a s  they  invoked higher  
and longer  lasting antibody titres than t h e  protein micelles.  Figs. 4-6 s h o w  t h e  
electron microscopic appearance o f  i m m u n o s o m e s .  

W e  did not  u s e  ad juvants  t o  increase immunogenicity  o f  t h e  l iposome prepa­
ra t ions  in  a n y  o f  t h e  a b o v e - m e n t i o n e d  expe r imen t s .  A s  can  b e  s e e n  i n  Fig.  3 ,  
immunogen ic i t y  o f  mul t i l amel la r  i m m u n o s o m e s  a n d  vesicles p repa red  by 
de t e rgen t  r emova l  ( D R V s )  can  b e  f u r t h e r  increased  b y  t h e  u s e  o f  m i n e r a l  oil 
based  ad juvan t s .  W h i l e  i ncomple t e  F r e u n d  a d j u v a n t  increased  t h e  po t ency  o f  
i m m u n o s o m e s  significantly,  t h e  p r e s e n c e  of  B.  pe r tuss i s  d id  n o t  improve  t h e  
resul ts  ach ieved  wi th  i m m u n o s o m e s  a n d  i n c o m p l e t e  ad juvan t .  

I t  is in te res t ing  t o  a d d  t h a t  local i n f l a m m a t i o n  a n d  les ions  w e r e  a lmos t  
always e n c o u n t e r e d  w h e n  m ine ra l  oil w a s  u s e d  t o  improve  i m m u n o g e n i t y  o f  
p ro te in  micel les  (o r  inact ivated v i r ions  o r  l iposomes) .  N o  s u c h  p r o b l e m  w a s  
apparen t  w h e n  i m m u n o s o m e s  w e r e  u s e d  a lone .  

Discussion 

T h e r e  is n o w  a t r e n d  towards  deve loping  vaccines  t h a t  con ta in  on ly  pur i f i ed  

Fig. 6 
Micelles o f  purified N D V  envelope proteins (1 /xm - 47 ̂ m )  
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protein ant igens  o f  d i f f e r e n t  v i r u s e s ,  bacteria, a n d  parasites  or  synthet ic  
pept ides  corresponding  t o  epi topes  o f  ant igenic  proteins.  Large  scale produc­
t i o n  o f  t h e  p r o t e i n s  a n d  p e p t i d e s  involved  can  b e  ach i eved  b y  e i t h e r  r e c o m b i ­
n a n t  D N / \  t e c h n o l o g y  o r  c h e m i c a l  syn thes i s .  H o w e v e r ,  in  m o s t  ca ses  t h e  pur i ­
fied p r o t e i n s  a n d  p e p t i d e s  a r e  n o t  immuno log ica l ly  c o m p e t e n t  o r  s h o w  cons i ­
de rab ly  r e d u c e d  i m m u n o g e n i c i t y .  

W e  h a v e  c o n s t r u c t e d  d i f f e r e n t  t y p e s  o f  i m m u n o s o m e s  b a s e d  o n  mul t i l a ­
m e l l a r  a n d  smal l  un i l ame l l a r  phospho l ip id  vesicles ,  u s i n g  partially pu r i f i ed  
N D V  pro te ins .  W e  f o u n d  t h a t  severa l  t y p e s  o f  i m m u n o s o m e s  el ic i ted j u s t  
g o o d  ( o r  b e t t e r )  r e s p o n s e s  a s  d id  t h e  killed viral part icles .  S imi lar  r e su l t s  w e  
f o u n d  w i t h  s u r f a c e  g lycopro te ins  o f  p s e u d o r a b i e s  v i rus  (T ó t h  a n d  Duda,  u n p u ­
b l i shed  obse rva t ions ) .  F r e u n d ' s  a d j u v a n t  c a n  b e  u s e d  t o  inc rease  t h e  e f fec t ive­
n e s s  o f  i m m u n o g e n i c  lipid vesicles.  A charac ter i s t ic  f e a t u r e  o f  t h e  vacc ina t ion  
via i m m u n o s o m e s  is a c o m p l e t e  lack o f  local  l e s ions  a n d  n e c r o s e s  f r e q u e n t l y  
e n c o u n t e r e d  u s i n g  c o n v e n t i o n a l  a d j u v a n t s .  I n  e a c h  case  i m m u n o s o m e s  
e l ic i ted  f a s t e r  a n d  l o n g e r  las t ing  i m m u n e  r e s p o n s e s  t h a n  p ro te ins ,  j u s t  l ike 
inac t iva ted  vi r ions .  

W e  t h i n k  t h a t  i m m u n o s o m e s  a r e  p r o m i s i n g  m e a n s  t o  d e v e l o p  e f fec t ive  
vacc ines  f o r  medica l  a n d  ve te r ina r i an  u s e  wi th  pu r i f i ed  an t igen ic  m o l e c u l e s  
a n d  s y n t h e t i c  e p i t o p e  pep t ides .  E v e n  t h o s e  p r o t e i n s  t h a t  a r e  n o t  h y d r o p h o b i c  
e n o u g h  t o  b e  i nco rpo ra t ed  i n t o  t h e  lipid b i layer  o f  l i p o s o m e s  c a n  b e  ctíValently 
b o u n d  t o  t h e  s u r f a c e  o f  ves ic les  b y  convent ional  t e c h n i q u e s  t o  create high 
ant igen densi ty  areas.  T h e  role  o f  l i p o s o m e s  a s  immunological  a d j u v a n t s  is  we l l  
d o c u m e n t e d  ( T o m  a n d  Six, 1980) a n d  s o m e  authors  wr i te  a b o u t  ant igens  
" p a c k a g e d "  in l iposomes  (Berez jn  et al., 1988). E x p e r i m e n t s  (not s h o w n )  p r o v e  
that  entrapped proteins  are  not  i m m u n o g e n i c  a n d  l i p o s o m e s  increase i m m u ­
nogen ic i ty  b y  non- spec i f i c  a d s o r p t i o n  o f  p r o t e i n s  o n  t h e i r  su r f ace .  

T h e  ves i c l e -bound  p r o t e i n / p e p t i d e  vacc ines  p o s e  n o n e  o f  t h e  r isks  invo lved  
in  t h e  u s e  o f  c o n v e n t i o n a l  vacc ines ,  s i n c e  n o  nuc l e i c  ac ids  o r  o t h e r  po ten t ia l ly  
h a r m f u l  c o m p o n e n t s  a r e  p r e s e n t .  
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