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E g g  F l u i d s  C o n t a i n  a S t i m u l a t i n g  S u b s t a n c e  for  

A n  e n h a n c i n g  fac tor  for  r ep l i ca t ion  of v i ruses  was found  
to be p re sen t  in e m b r y o n a t e d  eggs infec ted  w i t h  v i ruses  
be long ing  to t he  m y x o  a n d  p a r a m y x o v i r u s  groups  1-a. 
I t  was  sugges ted  t h a t  t he  enhanc ing  ab i l i ty  of th i s  agen t  
was  due  to  i ts  i n h i b i t o r y  effect  on  in te r fe ron .  T he  follow- 
ing r epo r t  d e m o n s t r a t e s  t he  presence  of a s t i m u l a t i n g  
agen t  for g rowth  of v i ruses  in f luids of non- in fec ted  fert i l-  
ized eggs. 

Materials and methods. Tile e n h a n c i n g  factor .  Al lan to ic  
or yo lk  sac fluids were h a r v e s t e d  f rom fereilized Legho rn  
or W h i t e - R o c  ch icken  eggs. 

Ceil cul tures .  Mouse L929 cells were grown in Eag le ' s  
m i n i m u m  essent ia l  m e d i u m  s u p p l e m e n t e d  w i th  10% calf 
serum.  P r i m a r y  Afr ican  green  m o n k e y  (Vervet)  k i d n e y  
cells were grown in M199 m e d i u m  con ta in ing  3 % calf serum. 
P r i m a r y  ch ick  e m b r y o  f ib rob las t s  (CF) were p r e p a r e d  
f rom 10-day-old ch ick  e m b r y o s  and  grown in M~99 
m e d i u m  enr iched  w i t h  10% calf  serum.  An  es t ab l i shed  
cell-line of h a m s t e r  e m b r y o  cells-Clone B 4, was grown in 
Eag le ' s  modif ied  m e d i u m  con ta in ing  10% calf serum. 
Cells r each ing  a conf luen t  m o n o l a y e r  were f u r t h e r  g rown 
in m a i n t e n a n c e  m e d i u m  s u p p l e m e n t e d  w i t h  1% calf 
serum: 

Viruses.  Semlik i  forest  v i rus  (SFV),  s t r a i n  B 26146, 
or ig inal ly  o b t a i n e d  f rom t he  A m e r i c a n  Virus  Regis t ry ,  
was  k ind ly  suppl ied  b y  Prof.  R. GOLDWASSER, Is rae l  
I n s t i t u t e  for Biological  Research ,  Ness-Ziona.  S tock  of 
v i rus  was p r epa red  in L929 cells. Vesicular  s t o m a t i t i s  v i rus  
(VSV) was grown in clone B cells. Vi rus  yields were 
d e t e r m i n e d  b y  t he  p l aque  assay  on  clone B cell mono-  
layers  in p a t t i  d ishes  over la id  b y  m a i n t e n a n c e  m e d i u m  
c o n t a i n i n g  1.5% carboxymethy lce l lu lose .  

E n h a n c e m e n t  assay. Cells were t r e a t e d  w i t h  a l lan to ic  
or yo lk  sac f luids d i lu ted  1:10 in  m a i n t e n a n c e  med ium.  
Af te r  24 h i n c u b a t i o n  a t  37~ t he  s u p e r n a t a n t s  were 
d i sca rded  and  ceils infec ted  w i t h  v i ruses  t e s t ed  for 
s t imu la t ion .  Fol lowing 1 h of a b s o r p t i o n  a t  37~ t he  
v i rus  i nocu lum was removed ,  t he  u n a b s o r b e d  v i rus  
par t ic les  washed  away,  and  m a i n t e n a n c e  m e d i u m  added.  
Af te r  24 h of i n c u b a t i o n  a t  37~ t i ssue  cu l tu re  f luids 
were h a r v e s t e d  a n d  v i rus  yields  were t i t r a t e d  b y  t he  
p l aque  assay  on clone B cells. The  e n h a n c e m e n t  r a t e  was 
d e t e r m i n e d  b y  c o m p u t i n g  the  l oga r i t hmic  difference 
be tween  v i r u s  l i t e r  in  cu l tu res  t r e a t e d  wi th  t he  e n h a n c i n g  
fac tor  a n d  con t ro l  t i l e r  in  l_on-t reated cul tures .  

I n t e r f e r o n  assay.  T i l e r  of mouse  in t e r f e ron  was 
d e t e r m i n e d  in L~29 cells b y  p l aque  i n h i b i t i o n  assay 5 
us ing V S V  as i nd i ca to r  virus.  One P laque-depress ing-dose  
(PDDs0) is def ined as t h a t  dose of in t e r fe ron  wh ich  reduces  
p l a q u e  n u m b e r  to  50% of t he  con t ro l  count .  

Results and discussion. The  f i rs t  s tep  was to  d e t e r m i n e  
t he  virus-cel l  s y s t e m  m o s t  suscept ib le  to  e n h a n c e m e n t .  
The  fol lowing v i ruses  were t e s t ed  for sens i t iv i ty  to  the  

G r o w t h  of  V i r u s e s  

h e n a n c i n g  effect :  C h i k u n g u n y a  virus,  W e s t e r n  equ ine  
encepha l i t i s  virus,  Seml ik i  forest  virus,  ves icu la r  s toma-  
t i t i s  virus,  S indbis  virus,  T u r k e y  men ingoencepha l i t i s  
virus,  e n c e p h a l o m y o c a r d i t i s  virus,  Newcas t le  disease 
virus,  Senda l  virus ,  in f luenza  virus,  Herpes simplex virus ,  
and  Vaccinia virus.  

The  e n h a n c e m e n t  assays  were c o n d u c t e d  in 3 t ypes  of 
t i ssue  cu l tu res :  L929 cells, V e r v e t - k i d n e y  cells and  ch ick  
f ibroblas ts .  Of all t h e  v i ruses  tes ted ,  t he  Semliki  forest  
v i rus  was found  to be t he  m o s t  suscept ib le  to  e n h a n c e m e n t .  
The  mu l t i p l i c a t i on  of th i s  v i rus  was s t i m u l a t e d  in ch ick  
f ib rob las t s  and  m o n k e y - k i d n e y  cell cul tures ,  b u t  was m o s t  
p r o m i n e n t  in  L929 mouse  cell-line. There tore ,  t he  L929-SFV 
s y s t e m  was chosen  as a mode l  for f u r t h e r  i n v e s t i g a t i o n  of 
th i s  p h e n o m e n o n .  

Two s t r a ins  of S F V  were i so la ted  b y  3 successive s teps  
of pur i f i ca t ion  f rom single plaques.  The  m o s t  sens i t ive  
was  t h e  s t r a i n  p roduc ing  large p laques  (8-9 m m  in 
d iamete r )  under  agarose  overlay,  or large e longa ted  
p laques  (4 • 15 mm)  u n d e r  ca rboxymethy lce l lu lose  
overlay.  I t  was found  t h a t  as mul t ip l i c i ty  of infec t ion 
decreased  (from 1 P F U  to 10-5 P F U  per  cell), a h igher  
r a t e  of e n h a n c e m e n t  was achieved.  

A n  e x p e r i m e n t  was  des igned to es tab l i sh  w h e t h e r  cell 
s ens i t i v i ty  to  t he  e n h a n c i n g  t ac to r  is in f luenced  by  the  
age of cells in  cul ture .  I t  was  found  (Table) t h a t  whi le  
2-day-old ceils d id  n o t  r e spond  to t he  e n h a n c i n g  factor ,  a 
s t i m u l a t i o n  of 5 l oga r i t hms  was o b t a i n e d  b y  us ing  5- 
day-o ld  cul tures .  These  d a t a  also ind ica t e  a m a r k e d  
depress ion  of v i rus  g r o w t h  in aged cells; however ,  
t r e a t m e n t  w i t h  egg f luids r eve r t ed  t h e  capac i ty  of aged 
cells to  p roduce  a h igh  yield of virus,  s imi lar  to  t he  yield 
obtained in young  cells. 

H a v i n g  d e t e r m i n e d  the  op t ima l  age of t he  cell mono-  
layer  and  t he  n u m b e r  of v i rus  par t ic les  for infect ion,  
e x p e r i m e n t s  were pe r fo rmed  to  es tab l i sh  t he  r a t e s  of 
e n h a n c e m e n t  d u r i n g  g r o w t h  cycles of SFV in 5-day-old  
L929 cells, infec ted  a t  a v e r y  low mul t i p l i c i t y  (10 .5 P F U /  
cell). F igure  1 i l lus t ra tes  a 10 t imes  s t i m u l a t i o n  in vi rus  
mu l t i p l i c a t i on  a l r eady  w i t h i n  t he  f i rs t  v i r a l  g rowth  cycle 
(5-10 h). The  r a t e  of s t i m u l a t i o n  increases  up  to 10 s 
t imes  in s u b s e q u e n t  cycles. 
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Enhancement of SFV replication in 2- and 5-day-old celi cultures 

Treatment of cells 2-day-oId cultures 5-day-old cultures 

Yield of virus Rate of enhancement Yield of virus Rate of enhancement 
PFU/ml log PFU/ml iog 

Control-medium 
Yolk sac fluid 
Allantoie fluid 

1.5 x 109 
3. • 109 
2 • 10" 

0.15 
0.05 
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lffg. 1. Growth cycle of SFV in treated and untreated L92 ~ ceils. 
Control untreated ceils (O); cells treated with yuIk sac fluid (O); 
cells treated with allantoic fluid (A). 
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Fig. 2. Interferon production in treated and untreated Lg~ 9 ceils 
during SFV growth. Control untreated cells (@); cells treated with 
yolk sac fluid (�9 ; cells treated with allantoie fluid (A). 

Repor t s  in the  l i te ra ture  6, 7 reveal  t h a t  egg fluids have  
an inh ib i to ry  effect  on interferon.  I t  was thus  des i rable  to  
clarify w h e t h e r  a blocking effect  on the  endogenic  inter-  
feron, formed dur ing viral repl icat ion,  was responsible  for 
the  s t imula t ion  of SFV. 

The effect  of egg fluids on in te r fe ron  synthes is  was the  
f i rs t  p a r a m e t e r  to be explored.  The da t a  ob ta ined  (Figure 
2) indicate  t h a t  egg fluids, far f rom having  a suppress ive  
effect  on in ter feron product ion ,  ac tual ly  increased its 
yield, possibly as a consequence of enhanced  virus t i ter .  

An inh ib i to ry  effect  on the  an t iv i ra l  ac t ion of in ter feron 
migh t  be the  a l t e rna t ive  mechan i sm for t he  s t imu la to ry  
p h e n o m e n o n  observed.  Therefore,  interferon,  ob ta ined  
f rom Wes t  Nile v i rus- infected mice brain,  was t i t r a t ed  in 
Lg~ 9 cells t r ea ted  by  t h e  enhanc ing  fac tor  and  in u n t r e a t e d  
control  cells, using V S V  as a challenge virus.  Only a sl ight  
inhibi t ion (about  2-fold) of in ter feron ac t iv i ty  was ob- 
served af ter  egg fluids t r ea tmen t ,  a resuIt  which  canno t  
expla in  the  105-Iold e n h a n c e m e n t  in virus  product ion .  

These exper imen t s  indicate  t h a t  the  mechan i sm of the  
e n h a n c e m e n t  p h e n o m e n o n  is no t  based main ly  on an 
inh ib i to ry  effect  of the  endogenic  interferon.  I t  is possible 
t h a t  the  enhanc ing  factor  acts  as a s t imula to r  in one of the  
stages of viral  mult ip] icat ion.  

The precise chemical  na tu re  of the  enhanc ing  factor,  
p resen t  in egg fluids, has  no t  ye t  been  de te rmined .  
However ,  inves t iga t ion  of some of its physical  and 
chemical  proper t ies  have  e l imina ted  the  poss ib i l i ty  of its 
being a protein,  l ipid or nucleic acid. This conclusion is 
based on the  fact  t h a t  the  enhanc ing  fac tor  p reserved  its 
ac t iv i ty  af ter  hea t ing  at  100 ~ for 60 rain, and even af ter  
exposure  to 120~ at  a pressure  of 1.5 a tmospheres  for 
20 rain. This  factor  is ne i ther  d ia lyzable  nor  can it be 
sed imented  a t  123,000 •  for 4 h, and  re ta ins  i ts  ac t iv i ty  
af ter  t r e a t m e n t  a t  d i f fe rent  p H  values  over  a range f rom 
p H  1 to p H  10 for 72 h. E x p o s u re  to  pro teo]y t ic  enzymes,  
such as t ryps in  or pronase,  and to  lipase, RNase  or 
DNase,  did no t  lead to any  decrease in t he  enhanc ing  
act iv i ty .  

Rdsumd. Un agent  se imulant  la r ep roduc t ion  des virus a 
6t6 t rouv6 darts los l iquides des ceufs f6cond@s, non-in-  
Iect@s. Cet agen t  a s t imul6 la mul t ip l i ca t ion  des virus  
Semliki  Fores t  jusqu '~  105 lois dana lea cellules Lg.~,. 
Nous avons  constat~ que le m@chanisme de ce ph6nom~ne 
s t imu lan t  n ' e s t  pas  bas6 p r inc ipa lemen t  sur l 'effet  sup- 
pressif  de l ' in te r%ron  endog6nique.  
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L a t e r a l  H y p o t h a l a m i c  S e l f - S t i m u l a t i o n  a n d  P o s t - S t i m u l a t i o n  E a t i n g  

We have  shown t h a t  ea t ing  can be elicited by  electrical  
s t imula t ion  of the  neocor tex  and  h ippocampus ,  as well as 
by  KCl- induced single waves  of sp read ing  depress ion in 
these  s t ruc tures  1-a. In  ra t s  the  ea t ing  in all cases occurs 

re l iably wi th  a la tency  of 2-6 rain and is usually preceded  
by  shor t  bouts  of shaking  {especially upon h ippocampa l  
s t imula t ion) .  We have  suggested t h a t  p ropaga t ed  s t eady  
po ten t i a l  change is the  c o m m o n  under ly ing  even t  t h a t  


