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All of these  resul ts  led to  t he  conclusion t h a t  if modif i -  
cat ions  are induced by  a guan id ine -dependence  to the  viral  
capsid,  these  modif ica t ions  do no t  no teab ly  affect  t he  den- 
s i ty  and isoelectric po in t  of the  virion~. 

Riassunto. La densit& in grad ien te  di saccarosio ed il 
pun to  isoelet tr ico delle pardce l le  virali  di poliovirus 

6 This work has been supported by a grant of the Consiglio Nazio- 
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guan id ino-d ipenden t i  non  differiscono da qnelle del vi rus  
guanidino-sensibi le  di origine. 
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Thiopyrimidines: Specific Inhibitors of Poliovirus Induced Early Cell Damages 

I t  has  been  observed  t h a t  several  t h iopy r imid ine  deri- 
va t ives  inh ib i t  specifically t he  in v i t ro  d e v e l o p m e n t  of 
pol ioviruses~-< The researches  r epor ted  here  show t h a t  
one of these  compounds  is also able to p r e v e n t  t h e  virus-  
induced b lockade  of cell p ro te in  synthes is .  

Materials. Ethy l -2 -me thy l th io -4 -me thy l -  5-pyr imidine  
ca rboxy la te  (S-7) was k ind ly  p rov ided  by  Dr. MASUZO 
KANAMOr~I of the  Toyam.a Chemical  Co., Tokyo.  Guani-  
dine HC1 ~ (Eas tm an  Kodak) ,  D-penicil lamine 6 (Dista) and  
~-hydroxybenzy lbenz imidazo le  7 (HBB, k ind ly  given by  
Dr. IGOR TAMM, Rockefel ler  Univers i ty ,  New York) were 
also used. E x p e r i m e n t s  were carr ied out  by  employing  
h u m a n  aneuploid  H E p 2  cells (American t y p e  cul ture col- 
lection, Rockville,  USA),  a s t ra in  of pol iovirus  1 Brunen-  
ders  and  a S-7 res i s tan t  va r i an t  of the  same strain,  ob- 
t a ined  th rough  serial t r a n s p l a n t s  in t h e  presence  of the  
th iopyr imid ine ,  up to  a m a x i m u m  of 250 vg/ml.  

Method. Cell cul tures (10 ~ cel ls /petr i  dish, 3 pe t r i  dishes/  
sample)  were  infected w i t h  50 p laque  forming  uni ts  (PFU) 
of e i ther  viruses  a t  + 4  ~ • I h. Cell monolayers  were  t h e n  
washed  th ree  t imes  wi th  H a n k ' s  B S S  (pH 7.2) and  incub-  
a ted  at  37~ in t he  same buffer  con ta in ing  2 ~g/ml of 
ac t inomyc in  D, in order  to inh ib i t  nuclear  t ranscr ip t ions .  
The inhib i tors  were added,  soon af ter  infection,  a t  t he  
m a x i n m m  concen t ra t ion  which  had  been previous ly  found  
to be inact ive  on the  incorpora t ion  of R N A  and pro te in  
precursors  in uninfec ted  cells. Infect ious  p rogeny  was 

t i t r a t e d  as P F U ,  according to the  DULBECCO and VOGT 
m e t h o d  s. Overal l  p ro te in  syn thes i s  and virus R N A  repli-  
ca t ion  were  es tab l i shed  by  measuring,  respect ively,  the  up- 
t ake  under  acidinsoluble form of H a leucine (Amersham,  
15.2 Ci /mM, 0.1 FCi/ml, 1 h pulses} and  of H s ur idine 
(Amersham,  25 Ci/mM, 0.2 FCi/ml, f rom t ime  0). 

Cy topa th ic  effect  (CPE) was eva lua ted  by  measur ing  
the  abi l i ty  of cell to incorpora te  v i ta l  s ta ins  (neutral  red 
100 ~zg/ml of medium,  90 rain pulses). Cells were t h e n  so- 
lubil ized wi th  sodium deoxycho la te  1% in H20 and  neu- 
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Fig. 1. Effect of several inhibitors on polivirus synthesis and CPE. HEp2 cell monolayers were infected with 50 PFU/cell and incubated 
at 37~ in Hank's BSS supplemented with AMD 2~zg/mI (A) orin the same medium + guanidine HCI 300 ~xg/ml (B), + D-penicillamine 
150 bg/ml (C), + I-IBB 150 ~tg/ml (D), + S-7 250 ~zgjml (E). Infectious virus yield (�9169 was titrated as PFU produced, according to the 
DUL•ECCO and VOGT s method; virM RNA synthesis (O--Q) was measured on the basis of H ~ uridine uptake (0.3~Ci/ml from time 0); 
CPE was evaluated on the basis of intracellular incorporation of neutrM red, solubilized with DOC 1% and read at 530 nm(&--  A). 
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Fig. 2. Effect of poll�9 inhibitors on the leucine uptake by infected 
ceils. HEp2 monoIayers were infected with 50 PFU/ce11 and incubated 
at 37 ~ Inhibitors were added at time 0. Incorporation o1 H 3 leucine 
(0.1 ~zCJ/ml, 1 h pulses) in uninfected cells (�9169 or infected ceils 
(O--O), maintained in Hank's BSS supplemented with AMD 2 ~g/ml 
and in infected cells maintained in the same medium containing 
guanidine HC1300 ~zg/ml (A-- &), I)-penieillamine 150 ~xg/ml ([2 -- [2) ; 
HBB 150 ~xg/mi (&--&), S-7 250 ~xg/ml (~--II), and guanidine HC1 
300 Ixg/ml + S-7 250 Fg/ml ( • -- • ), 
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Fig. 3. Effect of S-7 on the blockade of cell protein synthesis induced 
by a S-7 resistant strain of poiiovirus 1. tlEp2 cell mort�9 were 
infected with 50 PFU/cell and incubated a 37~ ill ttank's BSS 
containing AMD (2 ~g/ml), with or without S-7 (250 ~xg/ml). Incorpo- 
ration of H 3 Uridine (0.3 ~Ci/ml from time 0) (U) and of H z Leucine 
(0.1 txCi/ml, 1 h pulses) (L) in uninfected ceils (�9169 in infected 
cells (O--Q) and in infected cells maintained in S- 7 250 ~zg/ml (~k-- A). 

t ra l  red  was measured  at  530 nm.  For  more  deta i ls  see 
previous  papers" .  

Results. The da t a  in Figure  1 show tha t ,  like guanidine,  
D-penicil lamine and HBB,  also S-7 p reven t s  virus IRNA 
replicat ion,  infect ious virus p roduc t ion  and  CPE.  How- 
ever  (Figure 2), only the  •  is able to p r e v e n t  
the  sudden  decrease in leucine up t ake  which  occurs wi th in  
3 h af ter  infect ion and is ascr ibed to the  s p r o g r a m m i n g  a c- 
t i v i t y  of virus  pro te ins  on cell po lyr ibosomes  ~0. Since the  
t h iopyr imid ine  exer t s  th is  ac t ion also in cells in which  
virus pro te ins  are  reduced  by  guanidine,  i t  can be a s sumed  
t h a t  S-7 p reven t s  a v i rus- induced b lockade  of cell p ro te in  
synthes is .  The th iopyr imid ine  does n o t  seem to exer t  th is  
effect  t h rough  a di rect  p ro tec t ion  of cell polyr ibosomes,  as 
o the r  au thors  have  observed for chloroquine in Newcast le  
Disease virus  infec ted  ceils z~ b u t  r a the r  by  act ing on virus 
cycle. In  fac t  no such effect  can be seen in cells infec ted  
wi th  the  S-7 res i s t an t  va r i an t  oi poll�9 (Figure 3). 

The above resul ts  show tha t ,  con t r a ry  to  w h a t  has  been  
observed  up to  now for guanidine  ~", D-penicil lamine ~2, 
and  H B B  18, specific inh ib i tors  of virus  syn thes i s  can  Ms�9 
p r e v e n t  t he  v i rus- induced  damage  in cell me tabo l i sm 
which  causes cell d e a t h  even  when  virus  repl icat ion is in- 
h ib i t ed  z*. 

Riassu~eto. ConLrariamente ad al t r i  in ibi tor i  specifici dei 
poIiovirus che p revengono  RNA-sinLesi virale ed ef fe t to  
ci topatologico,  m a  non  hanno  effe t to  sui dann i  precoci che 
l ' infezione induce neI metabolism�9 cellulare, un der iva to  
t iopir inl idinieo 6 anche capace  di impedi re  il blocco pre-  
coce, virus indot to ,  delle proLeino-sintesi  cellulari. 
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V e r s u c h e  z u r  W i r k u n g s s t e i g e r u n g  der  K o m b i n a t i o n  S u l f a m e t h o x a z o l ] T r i m e t h o p r i m  d u r c h  E D T A  
u n d  L e v a l l o r p h a n  an  Escherichia coil 

In  le tz te r  Zeit wurden  versch iedent l ich  Versuche  unter -  
nommen ,  die Wi rkung  von  An t ib io t ika  durch  E D T A  
(Aethylendiamintet raess igs&ure)  zu steigern.  E i n  solcher 
Effekt ,  b e s t e h e n d  in einer  ve r s t~ rk ten  "Wirkstoffaufnahme 
in die Bakter ienzel le ,  ist  durchaus  zu erwar ten ,  da  d u r c h  
die B indung  zweiwert iger  Metal l ionen t iefgre i fende Ver-  
&nderungen in der  Zel lwand au f t r e t en  1. E ine  synergis t i sche  
W i r k u n g  yon E D T A  m i t  versch iedenen  Ant ib io t ika  konn-  

te  al lerdings n ich t  generelt  fes tges te l l t  werden  ~, 3. Die Er-  
gebnisse var i ie ren  yon  Stature zu S t a m m  und  auch m i t  
dem jeweils gepr i i f ten Ant ib io t ikum.  

RAWAL und  OwgI~ 4 fanden,  dass  E D T A  die Wi rkung  
der  K o m b i n a t i o n  Su l f ame thoxazo l /T r ime thopr im  (SMZ/ 
TlVl) bet  _Pseudomonas vers t~rkt ,  bzw. dass ers t  durch  diese 
K o m b i n a t i o n  p r i m e r  res i s ten te  Ke ime  in vi t ro  anspre-  
chert. Da  andererse i t s  E D T A  such  bet E. colt zu ether  Wir-  


