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I~hibition of EMC Virus Reproduct ion  and 
Preveation of Cell Death  by A m i n o  Acid Ana-  

l ogues  and P u r o m y c i n  

Struc tura l  ana logues  of a m i n o  acids  are o f t en  used as 
regulation fac to rs  of v i r a l  r e p r o d u c t i o n  a n d  of s y n t h e s i s  
of vi 
tch ral  p ro t e in s  a n d  nuc le ic  ac ids  z-~. T he  a n t i v i r a l  

aen lo therapeut ic )  v a l u e  of a d r u g  m a y  be  revea led  as i t s  
Capaeit t • • T~ Y o p r e v e n t  t h e  d e a t h  of a v~rus-mfected  cell , 
; ~e  cause of v i r u s - i n d u c e d  cell  d e a t h  is of specia l  in te res t .  

cCordmg to  T~MM et  al. ~:  cel l  d e a t h  d e p e n d s  on  t he  
synthesis of s t r u c t u r a l  v i r a l  p ro te in .  

The p resen t  s t u d y  concerns  t he  i n t e r r e l a t i o n s h i p s  be-  
tween the  a n t i v i r a l  ac t ion  e l  some i n h i b i t o r s  of p r o t e i n  
synthesis a n d  t h e i r  c a p a c i t y  to  p r e v e n t  cell dea th .  W e  
~ d  ~--ethionine, f l -2-DL-thienyla lanine  a n d  pu r om yc i ne .  
r ue  act ion of t h e  i n h i b i t o r s  was  s t ud i ed  in ~ cells in-  
.COted With e n c e p h a l o m y o c a r d i t i s  (EMC) virus .  T he  cells 
~aaq°nolayer  cu l tu re s  were in fec ted  w i t h  50 TCDso/cell.  

rle's so lu t ion  w i t h  2 #3~/ of I . -g lu tamine  was  used  as 
.raaiutenance med ium.  A t  d i f fe ren t  t i m e  i n t e r v a l s  a f t e r  
~nfection, ceils were s t a i ned  w i t h  t r y p a n e  blue  a t  a I ina l  
COncentration of 0 . 1 ~  a n d  t h e  ~o of d e a d  cells was  de te r -  
rained. A c c u m u l a t i o n  of h e m a g g l u t i n i n  in  t h e  cells a n d  in 
the cul ture  f luid was reg i s te red  as desc r ibed  b y  MAgT]~ 
et al. s. The  m a x i m u m  h e m a g g l u t i n i n  a c c u m u l a t i o n  in the  
Cells. was obse rved  5.0-5.25 h a f t e r  infec t ion .  10 h a f t e r  
~fect ion 100% of t h e  ceils were  dead .  A t  t h a t  t i m e  t h e  
~.~lk of the  v i rus  was in  t h e  cu l tu re  fluid,  where  h e m a g g l u -  
~n~n t i t re  was  a b o u t  1024 HA/0 .5  m l  (2 • 10 -~ HA/cel l ) .  

in  our  e x p e r i m e n t s  h e m a g g l u t i n i n  t o r m a t i o n  could  be  
~p.Pressed w i t h  al l  3 i n h i b i t o r s  used.  I n  e x p e r i m e n t s  w i t h  

~e thmnine ,  t h e  f o r m a t i o n  of h e m a e g l u t i n i n  was com-  
pletely i n h i b i t e d  a t  a c o n c e n t r a t i o ~  of 1 .85 .  10-~M.  
d~ t  even h i g h e r  c o n c e n t r a t i o n s  d id  n o t  p r e v e n t  cell  
l ~ i  t h  ( ' fable  I). T h i e n y t a l a n i n e  p r o d u c e d  a comple t e  i nh i -  

u el  h e m a g g l u t i n i n  f o r m a t i o n  a t  a c o n c e n t r a t i o n  of 
i ' 10-~M, ye t  t he  p r o t e c t i v e  ef fec t  a t  t h a t  c o n c e n t r a -  
ton was negligible.  Doub le  c o n c e n t r a t i o n  (9 .4 .  lO-Sikr) 

~ evented  t h e  d e a t h  of 50% of t h e  in fec ted  cells  (F igure  
~/ 1 "~ / o  
~^" ae use of o u r o m y c i n e  a l lowed t he  supp re s s ion  of t h e  
• t l r l l l  • ~ 

at ton  of h e m a _ ~ l u t i n i n  w i t h  a c o n c e n t r a t i o n  of 
° ' i n  ~ ~ 

,~- ~ r  Th i s  c o n c e n t r a t i o n  suppres sed  b o t h  v i ra l  re- 
Production a n d  cell dea th .  Sma l l e r  c o n c e n t r a t i o n s  a l lowed 
~ e f o r r a a t i o n  of a cons ide rab l e  a m o u n t  of h e m a g g l u t i n i n  
~2~ had  a pa r t i a l  p r o t e c t i v e  effect  (Figure  2). Th i s  phe -  

uraenon was¢ n e v e r  observed, in  our  e x p e r i m e n t s  w i t h  
ethi~nine a n d  t h i e n y l a l a n i n e .  So in t h i s  r e spec t  t h e  ac t ion  
of Sraall c o n c e n t r a t i o n s  of p u r o m y c i n e  di f fers  f rom the  
effect of amino  acid ana logues .  
l~eLarge doses of p u r o m y c i n e  (1 .5 .  10-*M)  suppres sed  
.~ 'uagglu t in in  e v e n  if a d d e d  3 h a f t e r  i n fec t ion  v e t  celt  
ueath ' - was no t  p r e v e n t e d .  A d d i t i o n  of t h e  d r u g  1 h a f t e r  
~afection p roduced  b o t h  i n h i b i t i o n  of h e m a g g l u t i n i n  for- 
mation and  comple te  p r o t e c t i v e  effect  (F igure  3). 

I n h i b i t i o n  of EMC-hemagglutinin production by L-ethionine 
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Fig. 1. Effect of DL-thienylalanine on HA-accumulation and celt 
death in EMC-virus infected ]. cells. Left ordinate = HAIl0 s cells 
18 h after infection. Right ordinate = % of live ceils 18 h aftez 
infection. Abscissae = concentration of the drug: 1, 2, 3, 4, 5 - 
2.35 • 10-8M; 4.70" 10-3M; 7.05 • 10-'3M; 9.40.10-3M; and 

1.75 • 10-2M respectively. 
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Fig. 2. E f fec t  of  puromyc ine on EMC/HA-aceumu la t i on  and cell  
death. 1, 2, 3, 4 - 1.5.10-SM; 2.25.10-5M; 3"10-SM; and 

3.75 • 10" ~11¢ respectively. 
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Fig. 3. Cell death and HA-accumulation in the presence of puro- 
mycine (1.5.10-~M) added at different time intervals. Ordinate = 
I-1A concentration. Abscissa = time interval between infection and 

addition of puromycine. 
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Binomia l  a c t i o n  of p r o t e i n  s y n t h e s i s  i n h i b i t o r s  - sup-  
press ion  of v i r a l  r e p r o d u c t i o n  a n d  of cel l  d e a t h  - is 
cha rac t e r i s t i c  for  p u r o m y c i n e  a n d  t h i e n y l a l a n i n e ,  b u t  
no t  for e th ion ine .  I n  t he  case of t h i e n y l a l a n i n e ,  these  2 
processes  are d i ssoc ia ted  a t  a c o n c e n t r a t i o n  of 4 .7 .10  -a M 
(100% cell d e a t h  w i t h o u t  h e m a g g l u t i n i n  fo rma t ion ) .  W i t h  
p u r o m y c i n e  t h e y  are  p a r t l y  d i ssoc ia ted  a t  1.9 • 1 0 - ~ M  to  
2 . 3 . 1 0 - ~ M  ( a c c u m u l a t i o n  of h e m a g g l u t i n i n  a n d  p a r t i a l  
p r o t e c t i v e  effect).  

T h e  degree  of b i n o m i a l  ac t ion  of t h e  i n h i b i t o r s  is cor-  
r e l a t ed  w i t h  t h e i r  a b i l i t y  to  suppres s  p r o t e i n  syn thes i s .  
E th ion ine ,  a w e a k  inh ib i to r ,  suppresses  v i r a l  r e p r o d u c t i o n  
b u t  does  n o t  p r e v e n t  cell  dea th .  T h i e n y l a l a n i n e ,  a mod-  
e ra te  i nh ib i to r ,  r ead i ly  suppresses  v i r a l  r ep roduc t ion ,  and ,  
in  la rger  c o n c e n t r a t i o n s ,  suppresses  cell dea th .  Pu ro -  
mycine ,  a h i g h l y  ef fec t ive  inh ib i to r ,  p r e v e n t s  cell d e a t h  
even  a t  sma l l  c o n c e n t r a t i o n s  w h i c h  p r o d u c e  on ly  p a r t i a l  
suppres s ion  of v i r a l  r e p r o d u c t i o n .  I t  m a y  be  in fe r red  t h a t  
t he  syn thes i s  of  t h e  v i r a l  f ac to r  r espons ib le  for  cell  d e a t h  
is n o t  s ens i t i ve  t o  t h e  ac t ion  of e th ion ine ,  is m o d e r a t e l y  
sens i t ive  to  t h i e n y l a l a n i n e  a n d  is h i g h l y  sens i t ive  to  pu ro -  
mycine .  T h e  l a t t e r  suppresses  t he  syn thes i s  of t h e  f ac to r  

a t  a c o n c e n t r a t i o n  w h i c h  al lows f o r m a t i o n  of considerable 
a m o u n t s  of s t r u c t u r a l  v i r a l  p ro t e in .  These  fac t s  suggest 
t h a t  t h e  f ac to r  t h o u g h  of a p r o t e i n  n a t u r e ,  is no t  identi" 
cal  w i t h  s t r u c t u r a l  v i r a l  p ro te in .  T h e  resu l t s  obtained 
w i t h  t h i e n y l a l a n i n e  a n d  p u r o m y c i n e  a l low us to  assume s 
se lec t ive  a n t i v i r a l  ac t ion  of t he se  inh ib i to r s .  

BbmoAbI. L-aTHOHHH no~la~n~eT penpo/~yi<nHm ~gPY~ 
snqegpaao,~mo~ap/mTa, HO He npe/loTBpamaeT r~c6enH t~eTog 
no,a ~e~cT~Heta Bnpyca. D, L-fl-2-'rnennnaaaHan KpoMe r~o~a" 
anenn~I BI~pycHOfi penponyKtm~ cnoco6eH qacTnqHo 3agt~ 
maw~ KYleTKH 0T rH6enn (6once, qeM Ha 50%) .  l- lyp0Mntt~ 
no~laB~fl~t penpony~unm BHpyca, ORHOep~.enno 3a~i~4ula 
KaeTKV~ OT rn6eaa .  Penpo~Iymm~ snpyca  6oaee qyacT~mTen~" 
Ha K ~ei~cTogm ~4HrH6HT0p08 CHHTe3a 6e~Ka, qeM npoueCc 
rH6eJIH KYleTOK noA BYlHHHHeM BHpycH01~ HH~beKILHH, 

G. A. GALEGOV a n d  N. V. KAvgglg 

Ivanovski Institute o/ Virology, Academy o/ Medical 
Sciences, Moscow (USSR), August 17, 1966. 

D i e  V e r ~ n d e r u n g e n  d e r  S u c c l n o d e h y d r a s e - A k t i -  
vit{ i t  i n  D e t r o i t - 6  (VA) Z e l l e n ,  i n f o l g e  d e r  I n f e k -  

t i o n  m i t  d e m  Hepatitis-in/ectiosa-Virus 
I n  f r t ihe ren  A r b e i t e n  1-5 h a t  e iner  v o n  uns  die E r g e b -  

nisse de r  I so l i e rung  e in iger  Hepatitis-in/ectiosa-Virus- 
StAmme,  d e r e n  e l e k t r o n e n o p t i s c h e  u n d  i m m u n o l o g i s c h e  
E igenscha f t en ,  Z f i c h t u n g s m e t h o d e n  u n d  z y t o p a t h o g e n e  
W i r k u n g  auf  in  v i t r o  K u l t u r e n  y o n  Det ro i t -6- (D. -6) - (VA) 
Zel l in ien beschr ieben .  E ine  besonde re  E i g e n s c h a f t  dieser  
Zel l inie  b e s t e h t  da r in ,  dass  sic e ine ausgep rgg te  S D H -  
W i r k u n g  bes i t z t ,  welche  a b e r  ausfAllt ,  w e n n  die Lin ie  
m i t  H.-inJectiosa-Virus in f iz ie r t  wird.  Ausse r  d e r  No t -  
wendigke i t ,  dieses P h g n o m e n  zu e rk lgren ,  s t e l l t  s ich  a u c h  
das  P rob l em,  die Ve rAnde rung  de r  S D H - W i r k u n g  z u m  
Zweck  der  Pr f ihd iagnose  de r  V i r u s i n f ek t i on  zu ve rwen-  
den.  

Die Versuche  w u r d e n  m i t  D. -6- (VA)-Zel len  in 20 
K u l t u r s e r i e n  auf  O b j e k t t r g g e r  durchgef i ih r t .  N a c h  e iner  
2 t~gigen E n t w i c l d u n g  w u r d e  die HAli te  de r  K u l t u r e n  
m i t  2 m l  V i ru s -Suspens i on  v o n  10 -s inf iz ier t ,  die a n d e r e  
H/ i l f te  d i en t e  als Kon t ro l l e .  Die  S D H - A k t i v i t / i t  w u r d e  
m i t  NTC (NBCo), n a c h  RUTENBURG et  al. 0 nachgewiesen .  

Die e r s t e n  B e o b a c h t u n g e n ,  die 3 -4  Tage  n a c h  de r  
In f i z i e rung  g e m a c h t  wurden ,  h a b e n  erwiesen,  dass  die 
V i ru s in f ek t i on  au f  die S D H - A k t i v i t A t  eine s t a r k e  h e m -  
m e n d e  W i r k u n g  aus i i b t  (Tabelle).  N a c h  3 T a g e n  b l ieb  
die A k t i v i t g t  des  E n z y m s  p r a k t i s c h  aus.  N u t  in  zwei 
Fg l l en  k o n n t e  m a n  eine S D H - A k t i v i t A t  b e o b a c h t e n  
(Versuch  Nr.  13 u n d  16), was  s ich  w a h r s c h e i n l i c h  d u r c h  
eine a b g e s c h w g c h t e  In fek t ions fAhigke i t  d e r  in  d iesen  
FAllen a n g e w a n d t e n  V i r e n  erklAren lfisst. Die  b e i d e n  
n e g a t i v e n  Fgl le  in  den  K o n t r o l l k u l t u r e n  (Versuch Nr.  14 
u n d  17), w e r d e n  d iesem tox i s chen  Einf luss  zugeschr ieben ,  
we lcher  wah r sche in l i ch  m i t  de r  Qua l i t g t  des Objek t t rAgers  
z u s a m m e n h A n g t ,  d a  diese Zellen a u c h  die Merkma le  e iner  
z y t o t o x i s c h e n  V e r ~ n d e r u n g  aufwiesen.  

D a  da s  A u s b l e i b e n  de r  S D H - A k t i v i t g t  3 - 4  Tage  n a c h  
d e r  In f i z i e rung  de r  Zel len ke ine  E r k l g r u n g  f iber  die 

U r s a c h e n  u n d  den  M e c h a n i s m u s  dieses P h A n o m e n s  liefert, 
w u r d e  eine neue  Re ihe  yon  V e r s u c h e n  durehgef f ih r t ,  w gh" 
r e n d  d e n e n  m a n  das  V e r h a l t e n  des  E n z y m s  y o n  2 zu 2 1~ 
b e o b a c h t e t e .  Auf  diese A r t  w u r d e n  die e r s t e n  Anzeichefl 
e iner  V e r m i n d e r u n g  de r  S D H - A k t i v i t A t  e r s t  n a c h  48 1~ 

J 

Versuch No. Kontroll- Mit Hepatitis" 
kutturen inlectiosa-ViruS, 

infizier te IZ~" 
turen 

1 ++. +- (4) 
2 ++ - (3} 
3 ++ - (3) 
4 ++ - (4) 
5 ++ +- (4) 
6 +++ - (4) 
7 +++ - (3) 
8 +++ - (3) 
9 -~*+ - (3) 

10 +++ - (3) 
I i  + + +  - (3) 
12 +++ (3) 
13 +++ + (3) 
14 - -  - (3) 
15 +++ - (3) 
16 ++ +++ (3) 
17 - -  (4) 
18 +~+ +- (3) 
19 ++ (4) 
20 ++ (4) 

J 

+++ = Sehr ausgeprtigte, in den Kulturen gleichmfissig verteilt0 
Aktivittit; ++ = Ausgepr'tigte, in den Kulturen gJeichm/issig verteilte 
Aktivitttt; + = Verminderte Aktivit~it in Meinen und seltenen pier" 
den; +-  = Einige isolierte aktive ZeUen; - = Keine SDH.Aktivittit" 
Die Zahlen in Klammern geben die Tage an, die seit der Viro5" 
infektion vergangen sind. 


