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test is .  The  s emen  was col lected in 0.6% saline in t h e  nozzle 
of a f ine glass p i p e t t e  a n d  dispersed in a p p r o x i m a t e l y  
0.1 ml  of F r e u n d ' s  Comple te  A d j u v a n t  (Difco p repa ra t ion ) .  

Ten  a d u l t  Poecilia (5 ~c~, 5 ~ )  were t h e n  g iven  i.p. in- 
ject ions,  u n d e r  anaes the t i c ,  of 0.05 ml  of t he  spe rm sus- 
pens ion  (con ta in ing  a p p r o x i m a t e l y  2 • sperm}, a n d  
m a t c h e d  con t ro l s  were in jec ted  w i t h  t he  same  vo lume  of 
a d j u v a n t  as a control .  Af te r  r ecovery  f rom t h e  anaes the -  
tic, t h e  rec ip ien t s  were r e t u r n e d  to ho ld ing  t anks .  

Teleosts  do no t  t yp i ca l l y  p roduce  h i g h  t i t r e s  of h u m o r a l  
an t i body ,  a n d  as t he  v o l u m e  of se rum ava i l ab le  for assay  
was smal l  (no more  t h a n  0.08 ml  f rom a f ish 25 m m  in 
length) ,  t he  presence  of a n t i b o d y  was de t ec t ed  b y  i ts  im-  
mobi l i z ing  effect  on  mot i l e  sperm.  Suspens ions  of ej acu la t -  
ed spe rm were m a i n t a i n e d  in a h a n g i n g  drop  cu l tu re  in  
R inge r ' s  solut ion.  Poeci l i id  spe rm m a i n t a i n e d  in th i s  way  
r e t a i n  t he i r  mot i l i ty ,  in  aerobic  condi t ions ,  for  several  
hours  s. T h e  effects  of b lood  o b t a i n e d  f rom t he  expe r imen-  
t a l  f ish on  t h e  m o t i l i t y  of t he  cu l tu red  spe rm was assessed. 

F o u r t e e n  days  a f te r  inj ect ion,  t he  e x p e r i m e n t a l  f ish were 
ki l led a n d  a p p r o x i m a t e l y  0.05 ml  of the  b lood of each  
added  to spe rm suspensions .  The  spe rm suspens ions  were 
t h e n  obse rved  a t  15 m i n  in t e rva l s  un t i l  all  m o t i l i t y  h a d  
ceased. 

The  resu l t s  are g iven  in  t h e  Table .  S p e r m  to  w h i c h  b lood  
f rom spe rm- in j ec t ed  f ish h a d  been  added  ceased move-  

Time (h) by which all motility had ceased in sperm cultures to which 
blood had been added from sperm-injected and from control fish. 
Means of 5 experimental and control males and female fish quoted 

S.E. Between treatments Fl0 = 22.2. p < 0.001. 

Sperm in adjuvant Adjuvant 

Males 1.45=~0.22 2.65~20.22 

Females  1 .30~0.37  2.60220.23 

combined 1 .3810 .20  2.63~-0.15 

meri t  in  a s ign i f i can t ly  sho r t e r  t i m e  (p < 0.001) t h a n  those  
to wh ich  t he  added  b lood  came f rom cont ro l  fish. W e  a t t r i -  
b u t e  th i s  to  t he  induc t ion ;  in  t h e  rec ip ien ts  of spe rm in- 
ject ions,  of spe rm- immobi l i z ing  an t i body .  

The  spe rm of Poecilia are, therefore ,  ant igenic .  As t he  
s p e r m  used for t h e  in j ec t ion  Came f rom di f fe rent  males  
f rom those  wh ich  suppl ied  spe rm for t he  assay,  i t  is possible 
t h a t  t he  an t igens  in ques t ion  are  spe rm - r a t h e r  t h a n  
allospecific. Spe rm s to red  in t he  o v a r y  do not ,  therefore ,  
avo id  i m m u n e  re j ec t ion  b y  be ing  an t igen ica l ly  null .  

His to logica l  e x a m i n a t i o n  of t h e  ovar ies  of t h e  female  
rec ip ien ts  of spe rm in jec t ions  showed  no apprec iab le  de- 
crease in t he  n u m b e r s  of spe rm s tored,  c o m p a r e d  w i th  t he  
con t ro l  fish. I t  seems, therefore ,  p r o b a b l e  t h a t  t he  induc-  
t i on  of a n t i b o d y  to  s p e r m  in t he  female  b y  i.p. in jec t ion  
ha s  no  effect  on  s p e r m  s tored  w i t h i n  t he  ovary .  S tored  
spe rm do not ,  therefore ,  evade  a l lograf t  r e jec t ion  b y  t he  
a l y m p h a t i c  n a t u r e  of t he i r  s torage  site. 

Rdsumd. On a r e t e n u  des spe rmatozo ides  p e n d a n t  quel- 
ques  mois  dans  l ' ova i re  des femelles du  poisson t616ost6en 
v iv ipa re  Poecilia. L ' a s p e c t  i m m u n o l o g i q u e  de ce t te  s i tua-  
t ion  a 6t6 6tudi6 pou r  savo i r  si les spe rmatozo ides  son t  an t i -  
g6niques.  Le s6rum des poissons t ra i t6s  p a r  des in jec t ions  
de spermatozc~des  en  suspens ion  immobi l i s e  les spe rma to -  
zoides act ifs  dana  u n  t e m p s  m o y e n  de moins  de 2 h, C e que 
ne  fa i r  pas  le s6rum des poissons t6moins .  On p e u t  con- 
clure que  la f o r m a t i o n  d ' a n t i c o r p s  i m m o b i l i s a n t s  a 6t6 
61imin6e et  que  les spermatozo~des  son t  en effet  ant ig6- 
niques.  
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Immunof luorescence  of Arginine Deprived Cells 

The  i m p o r t a n c e  of a rg in ine  for t he  syn thes i s  of m a n y  
D N A  a n i m a l  v i ruses  is well  recognized 1-~. A d e n o v i r u s  re- 
p l i ca t ion  is especial ly sens i t ive  to  a rg in ine  def ic iency re- 
qu i r ing  th i s  a m i n o  acid for a s sembly  and  m a t u r a t i o n  of 
v i r ions  1, ~. Arg in ine - r i ch  p ro te ins  h a v e  been  i so la ted  f rom 
d i s rup ted  v i ra l  par t ic lese ,  ~. I t  was d e m o n s t r a t e d  recen t ly  
t h a t  L -canavamne .  a com pe t i t i ve  i n h i b i t o r  of a rg in ine  s, 
i nco rpo ra t ed  in to  v i rus  p ro t e in s  could reduce  v i ra l  yields 9. 
S tudies  b y  i m m u n o f l u o r e s c e n c e  h a v e  shown t h a t  arginine 
defic iency p r e v e n t s  t he  syn thes i s  of t he  la te  'p '  a n t i g e n  of 
adenov i rus  t y p e  5 ~, 1% SHIMOJO et  al. n r epo r t ed  a s imi la r  
a n t i g e n  w h i c h  a p p e a r e d  as large  nuc lea r  f luorescen t  dots  
(FD), wh ich  were  syn thes i zed  in h m n a n  cells in fec ted  w i t h  
a d e n o v i r u s  t y p e  12. Th i s  an t i gen  can  be  d e m o n s t r a t e d  b y  
ind i rec t  i m m u n o f l u o r e s c e n c e  w h e n  these  ceils are reac ted  
w i t h  sera f rom ce r t a in  h a m s t e r s  bea r ing  t u m o r s  induced  
b y  a d e n o v i r u s  t y p e  12 (Figure  1). The  purpose  of th i s  re- 
po r t  is to  d e m o n s t r a t e  t h a t  syn thes i s  of th i s  a n t i g e n  was 
sens i t ive  to  a rg in ine  d e p r i v a t i o n  and  t h a t  i t  is p r o b a b l y  
iden t ica l  w i t h  t he  a rg in ine- r i ch  i n t e rna l  v i ra l  p ro te in .  

Material and methods. Met hods  used to show t he  rela-  
t i onsh ip  of a rg in ine  to  th i s  an t i gen  inc lude  t he  g r o w t h  of 
K B  cells in fec ted  w i t h  a d e n o v i r u s  t y p e  12 on  a rg in ine  de- 
f ic ient  m e d i a  as well  as t he  add i t i on  of L-canavan ine ,  a 
compe t i t i ve  i n h i b i t o r  of arginine ,  to  t he  m e d i u m .  The  

Infected With Adenovirus Type 12 

g r o w t h  m e d i u m  cons is ted  of Eag le ' s  MEM wi th  a n d  wi th-  
ou t  a rg ln lne  s u p p l e m e n t e d  wi th  10~ fetal  calf  se rum 
(FCSL The  m a i n t e n a n c e  m e d i u m  was t he  same b u t  con- 
t a i n e d  2% FCS. Cells were grown on coversl ips  in  Le igh ton  
tubes .  Me thods  of h a n d l i n g  L e i g h t o n  t ube  cu l tu res  and  
m e t h o d s  of ind i rec t  immunof luo re scence  h a v e  been  de- 
scr ibed p rev ious ly  1~. 

Results and discussion. Cells m a i n t a i n e d  on e i the r  argi- 
n ine-free  med ia  or 100-200 [xg of L - c a n a v a n i n e / m l  and  
e x a m i n e d  b y  ind i rec t  immunof luo re scence  showed  a s l ight  
r educ t i on  in i n t e n s i t y  of 'T '  an t igen .  The  l a t t e r  was  ident i -  
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3 S. B. SPRING, B. ROIZMAN and P. G. SPEAR, Virology 38, 710 (1969). 
4 A. L. WINTERS and R. A. CONSIGLI, J. gem Virol. 10, 53 (1971). 
5 W. C. RUSSELL and Y. BECKER, Virology 35, 18 (1968). 
6 W. G. LAVER, Virology 41,488 (1970). 
7 W. C. RUSSELL, K. MCINToSH and J.  J .  SKEHEL, J. gen. Virol. JJ, 

35 (1971). 
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t ied as f luorescen t  flecks (FF).  A s l ight  r educ t ion  of v i ra l  
an t i gen  was also n o t e d  in these  cells w h e n  t h e y  were reac t -  
ed w i t h  an t i v i r a l  sera  p r epa red  in r abb i t s .  The  lack of ar-  
ginine,  however ,  h a d  a m a r k e d  effect  on  the  presence  of 
t he  F D  an t igen .  W i t h  increas ing  concen t r a t i ons  of L-cana- 
van ine ,  the  n u m b e r  of cells w i th  d e m o n s t r a b l e  F D  a n t i g e n  
was reduced.  A c o n c e n t r a t i o n  of 100 ~xg/ml in the  g r o w t h  
m e d i u m ,  added  a f te r  v i rus  absorp t ion ,  was  suff ic ient  to  
al low on ly  2 or 3 cells pe r  coversl ip  to  deve lop  the  specific 
i n t r a n u c l e a r  f luorescence.  Concen t r a t i ons  of 125 to  150 /xg/ 
ml  of L -canavan ine  in t he  m e d i u m  comple t e ly  i n h i b i t e d  
th i s  f luorescence.  W h e n  t he  ceils were fed w i t h  a rg in ine-  
def ic ien t  or L - c a n a v a n i n e - c o n t a i n i n g  m e d i a  pr ior  to  v i rus  
absorp t ion ,  lower  concen t r a t iong  of L -canavan ine  were 
effect ive  in i n h i b i t i n g  t he  syn thes i s  of th i s  an t igen .  

Since L-canavan ine  is a compe t i t i ve  i n h i b i t o r  of argi- 
nine,  e x p e r i m e n t s  were devised  to show t h a t  excess argi- 
n ine  could reverse  t he  i n h i b i t o r y  effects of L-canavan ine .  
W h e n  2X arg in ine  (205 ~g/ml) was  used in t he  m a i n t e n a n c e  
med ium,  t he  i n h i b i t o r y  effects of 100 to  200 ~g L-canava-  
nine,  as d e t e r m i n e d  b y  ind i rec t  immunof luorescence ,  were 
reversed  a n d  F D  an t igen  was found  in t he  in fec ted  cells. 
W h e n  infec ted  cells were fed w i t h  a rg in ine-def ic ien t  or L- 
c a n a v a n i n e - c o n t a i n i n g  m e d i a  fol lowing v i rus  absorp t ion ,  
i n c u b a t e d  for 24 h, and  t h e n  r e t u r n e d  to  comple te  m e d i a  
c o n t a i n i n g  2X arginine ,  a v e r y  r ap id  a p p e a r a n c e  of fluo- 
rescence iden t i f i ab le  as F D  was noted.  W i t h i n  3 h t he  ty-  

Fig. 1 Fluorescent dots in KB cells infected by adenovirus type 12 

pical  F D  b e g a n  to a p p e a r  in  t h e  nucleus  of cells m a i n t a i n -  
ed on the  a rg in ine -de f ic ien t  med ia  b u t  s o m e w h a t  longer  
was requ i red  for  the  cells m a i n t a i n e d  on  L-canavanine .  

S tudies  were i n i t i a t ed  to show w h a t  effects  L-canava-  
n ine  would  h a v e  on v i ra l  in fec t iv i ty .  Rep l i ca te  1413 t u b e  
cu l tu res  were in fec ted  at h igh  mul t ip l ic i t i es  (103 TCID~0 ), 
washed  to r e m o v e  u n a b s o r b z d  virus,  an d  fed w i t h  med ia  
con ta in ing  va r ious  c o n c e n t r a t i o n s  of L-canavan ine .  Af te r  
30 h, these  cu l tu res  were washed ,  pooled,  f rozen a n d  t h a w -  
ed 5 t imes,  d i lu ted,  an d  mixed  w i t h  h u m a n  e m b r y o n i c  
k i d n e y  ( H E K )  ceils a n d  d ropped  in to  m i c r o t i t e r  plates.  
Resu l t s  fol lowing 10 days  of i n c u b a t i o n  can  be  seen in Fi- 
gure 2. There  was a p p r o x i m a t e l y  30 t imes  as m u c h  v i rus  
p roduced  in t h e  comple te  m e d i u m  as c o m p a r e d  w i th  t h e  
cells in  t h e  g r o w t h  m e d i u m  c o n t a i n i n g  100 ~g/ml  of L-ca- 
navan ine .  S imi la r  resul t s  were ob t a ined  us ing  arg in ine-  
free media .  

These  resu l t s  sugges t  t h a t  t h e  ' F D '  an t i g en  n ,  1~ was 
sens i t ive  to  a rg in ine  depr iva t ion ,  wh ich  is k n o w n  to pre-  
v e n t  v i rus  m a t u r a t i o n .  Since th i s  p ro t e in  was n o t  obse rved  
ia  ceils g rown in a rg in ine-def ic ien t  or L-canavan ine-con-  
t a i n i n g  media ,  i t  seems r ea sonab le  to  conc lude  t h a t  t h e  

i n t e r n a l  a d e n o v i r u s  p ro t e i n  m a y  be iden t ica l  w i t h  the  in- 
t r a n u c l e a r  p ro t e i n  descr ibed  b y  these  inves t iga to rs .  The  
l imi ts  of the  i m m u n o f l u o r e s c e n t  t e c h n i q u e  do n o t  p rec lude  
t h e  poss ib i l i ty  t h a t  th i s  a n t i g e n  was syn thes ized  in a m o u n t s  
n o t  de tec t ib le  b y  t h e  above  me thod .  I t  is l ikely t h a t  lesser 
a m o u n t s  were syn thes i zed  t h r o u g h  t h e  a rg in ine  pool  pre-  
sen t  in t h e  ceils, as well  as t h a t  c o n t a i n e d  in t h e  media ,  b u t  
n o t  in  suff ic ient  q u a n t i t i e s  to  deve lop  t h e  cha rac te r i s t i c  
f luorescent  p a t t e r n .  

L-canavan ine  tox ic i ty  to  cells was an  i m p o r t a n t  p rob-  
lem in the  e x p e r i m e n t a l  design.  Co n cen t r a t i o n s  of 1 ~g /ml  
were suff ic ient  to  cause  c y t o p a t h o l o g y  if m a i n t a i n e d  on 
t h e  cells for e x t e n d e d  per iods  of t ime.  W h e n  ceils were 
m a i n t a i n e d  on  L-canavan ine  fol lowing v i ra l  infect ion,  more  
t ime  was r equ i red  for these  cells to  syn thes ize  vis ible  
a m o u n t s  of F D  an t igen  t h a n  those  on a rg in ine -minus  me-  
dia  fo l lowing . r ep lacemen t  w i t h  a rg in ine- r ich  media .  This  
m a y  ind ica te  t h e  necess i ty  for a rg in ine  r e p l a c e m e n t  of t h e  
L-canavan ine  wh ich  is i n co rp o ra t ed  in to  v i ra l  p ro t e in s  9. 

Resu l t s  b y  WINTERS a n d  RUSSELL 13 ind ica t ed  t h a t  ex- 
t r a c t s  f rom H e L a  cells growing in comple te  med ia  an d  in- 
fected w i t h  adenov i ruse s  may,  u p o n  add i t i on  to infec ted  
cells m a i n t a i n e d  on  a rg in ine-def ic ien t  media ,  al low t h e  
a s sembly  of vir ions.  This  suggests  t h e  poss ib i l i ty  t h a t  v i ra l  
cores could be  s u b s t i t u t e d  b e t w e e n  adenov i rus  t ypes  14 and  
conf i rms  t h a t  t h e  syn thes i s  of an  a rg in ine - requ i r ing  v i ra l  
p ro t e i n  is necessa ry  for v i r a l  ma t u r a t i o n 1 .  
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Fig. 2. Effect of L-eanavanine on adenovirus 12 titer. Infected cells 
were incubated 30 h, lysed, then incubated with HEK cells in micro- 
titer plates and read after 10 days. 

Zusammen[assung. KB-Zel len ,  die m i t  A d e n o v i r u s  12 in- 
f iz ier t  wa ren  u n d  en twede r  in a rg in in f re iem Med ium oder  
in Medium,  das  125 Fg/ml  L-Canavan in  en th ie l t ,  geha l t en  
wurden ,  en t w i ck e l t en  kein  nuk lea res  Ant igen ,  das  d u r c h  
ind i r ek te  I m m u n o f l u o r e s z e n z  e r m i t t e l t  werden  konn te .  
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