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wiederhol te  Behand lnng  zus tande  kam. Bet e inmal iger  
Behand lung  war  die Ube r t r agba rke i t  nur  nach  dem 
ers ten Tag schwach  he rabgese tz t  (p < 0,005), spg te r  
en t sp rach  sic der  Kont ro l le  oder  lag noch dariiber.  

Die Gr6ssenver te i lungen der Speicheldr i isenkerne vom 
A-Typ in Figur  2 s ind bet der Kon t ro l lg ruppe  (ausgezogene 
Linie) zweigipfelig, bet den behande l t en  t~latt lgusen 
dagegen s te ts  eingipfelig. Die Hos t acye l i nbehand lungen  
haben  d e m n a c h  die Kernschwel lungen  und  d a m i t  die 
Bi ldung des zwei ten Teilkollektivs verh inder t .  Beide 
ve rwende ten  Hos t acyc l inkonzen t r a t i onen  zeigten dar in  
kaum Unterschiede .  Die Ver te i lungskurven  der  F-Zell- 
kerne en t sp rachen  denen  des A-Typs.  Es  ist  nach  den 
bisher igen Ergebnissen  such  anzunehmen ,  dass beide 
e inem Zell typ zuzuordnen  sind (PONSEN~). In der Tabelle 
s ind die e r rechne ten  Volumina  aller Messungen v o m  
A- und  F - T y p  gemit te l t .  Von be iden  Tei lkol lekt iven der 
Kont ro l le  ist nu t  das erste mi t  den Volumina  der behan-  
de l ten  Bla t t lgnse  vergleichbar,  das  zweite,  das  e twa  50 % 
der  Messungen enth/il t ,  be inha l t e t  Ke rne  mi t  e twa 
doppe l t en  Volumina.  Daneben  wurden  Zellkerne vom 
B- und  C-Typ vermessen,  die nach  Aufen tha l t  der  Bla t t -  
l~use auf der  Virusquelle  keine Kernschwel lungen  zeig- 
ten.  Ihre  Volumina  bl ieben such  durch  die Hos tacyc l in-  
behand lung  unbeeinf lusst .  

I n sgesamt  ergab sich, dass  Schwel lungen b e s t i m m t e r  
Speicheldrt isenkerne,  die d u t c h  Saugen der Blattl~iuse 
an PLRV- in f i z i e r t en  P. /loridana hervorgerufen  wurden,  
durch  Te t r acyc t inbehand tungen  unierdr f ick t  wurden.  
Daneben  wurde  die F~thigkeit der Blat t lguse,  das P L R V  
zu i iber tragen,  eingeschr~tnkt. Es  liege desha lb  nahe,  
zwischen be iden  Ergebnissen  einen Z u s a m m e n h a n g  an- 

zunehmen  und Kernschwel lungen  der A/F-Zel len mi t  der  
Vi rus i iber t ragung und d a m i t  mhglicherweise mi t  der 
Vi russyn these  in Ve rb indung  zu bringen.  Allerdings 
wurde  die ~ber t ragungshgh igke i t  der  Bta t t lgnse  auch bet 
wiederhol ter  Behand lung  n ich t  v611ig beeintr / tcht igt .  Falls  
in den A/F-Zel len Vi russyn these  s t a t t f inde t ,  wird  diese 
deshalb  wohl  nu t  in ger ingerem Masse zur P L R V - P r o -  
duk t ion  im Vek to r  bei t ragen,  wghrend  andere  Organe, die 
mhgl icherweise  weniger  yon  Tet racycl in  beeinf luss t  wet-  
den, gr6ssere Bedeu tung  haben.  Nach neueren  Ergeb-  
nissen (PONSEN 4) k o m m e n  fiir die P L R V - V e r m e h r u n g e n  
auch die Fe t tk6rperze l l en  in Frage.  Es  ist  desha lb  zu 
ve rmuten ,  dass die Vi rusproduk t ion  dieser oder  andere r  
Zellen dazu be ige t ragen  hat ,  die l Jber t ragungsfgh igke i t  
der  behande l t en  BlattKtuse tei lweise zu erhal ten.  

Summary. Tetracycl ine  hydrochlor ide  t r e a t m e n t  de- 
creased the  t r ansmiss ion  ra te  of po ta to  leafroll v i rus  
(PLRV) by  Myzus persicae. I t  also p r even t ed  the  PLIRV- 
induced  swellings of the  A / F  nuclei of the  sal ivary gland. 
A p p a r e n t l y  there  is a connec t ion  be tween  these  two  
phenomena .  The A / F  cells m a y  be a site of virus mult i -  
plication: 
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P o l i o v i r u s  G r o w t h  

We have  repor ted  prev ious ly  t h a t  2-amino-4,6-  
d ich lo ropyr imid ine  (Py 11) p reven t s  pol iovirus  1 g rowth  
by  impai r ing  tile abi l i ty  of capsid precursors  to  organize 
virus particles1. The research here referred to has been  
carried out  to  inves t iga te  the  i r revers ib i l i ty  of th is  
effect  and, t h r o u g h  the  an t agon i sm exer ted  on i t  by  
metabol ic  precursors ,  to shed some l ight  on the  mechan i sm 
of the  an t iv i ra l  act ion.  

3/Iaterials and methods. Are mos t ly  the  same as previ-  
ously descr ibed 1. L- and  D-aminoacids  and  metabol ic  

precursors  of nucleic acids were furn ished  by B D H  and 
Merck. 

Results. Data  in Table  I show t h a t  as l i t t le  as 1 h 
incuba t ion  of H E p 2  cell cul tures  under  a t h in  layer  of 
drug conta in ing  H a n k ' s  BSS  med i u m is enough to 
impai r  i r revers ibly  the  ab i l i ty  of cells to p roduce  infect ious 
virus and, on the  o ther  hand ,  to depr ive  the  m e d i m n  of 

1 A. M. MARCIAIAS, M. L. Scmvo, P. UCCHEm)U, A. GARZIA and 
•. LODDO, Experientia, submitted for publication. 

Table I. Intraeellular incorporation of antiviral amounts of Py 11 

A B C D 

Py 11 PFU produced by cells PFU produced by eelis PFU produced by cells 
incubated in Py 11 media • 1 h and incubated • 12 h in the Py 11 media incubated x 12 h in 

([zg/ml) then in a drug-free medium already used to incubate extracts obtained from 
for 11 h cells B drug-treated cells B 

60 104 8.2 • 1.06 6.1 • 106 
30 8 • 10 ~ 2.1 • 107 9.5 • t06 
15 1.5 • 107 1.6 x I07 2.1 • 107 
-- 1.2 • l0 T 1.8 • 107 1.4 • l0 T 

5 • 107 HEp 2 cell monolayers were infected • 1 h at 4~ with 50 PFU/cell of poliovirus 1 Brunenders, washed 3 times in Hank's BBS and 
incubated at 37 ~ • 1 h under a thin layer (1 mm deep) of the Py 11 media listed in A. The cultures were treated as follows: 106 cell samples 
were washed in Hank's BSS and reincubated at 37 ~ in a drug-free medium (B); the drug-medium was reeo-Jered and used again for incu- 
bating new infected cells {106 cells/sample) (C); the treated cells were frozen and thawed 3 times. The extracts thus obtained were used as 
maintenance media for incubating new infected 106 cells/sample (D}. 
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Table II. Antagonism of metabolic precursors of proteins and RNA on the antiviral action of Py 11 

EXPERIENTIA 29/12 

Metabolites added to the cell cultures soon after infection, together with Py 11 PFU produced after 12 h at 37 ~ 
(Py 11:100 ~g/ml; each metabolite : 50 Fg/mI; inoculum : 50 PFU/cell) 

Drug-free medium 
P y l l  only 
Each one of the proteinogenous aminoacids 
All the proteinogenous aminoacids 
All the proteinogenous aminoacids minus eysteine (and cystine) 
All the proteinogenous aminoacids minus glutamine 
All the proteinogenous aminoacids minus glutamic acid 

L-cysteine + L-glutamic acid 
L-cystine + L-glutamic acid 
L-eysteine + L-glutamine 
L-cystine + L-glutamine 
n-cysteine + D-glutamine 
D-cystine + n-glutamine 

Adenine + guanine + cytosine + uracil 
Adenosine + guanosine + cytidine + uridine 

3.5 • l0 T 
1.2 x 104 
2.2-4.6 x 104 
1.2 x 107 
4.5 x 104 
3.2 x 104 
1.8 x 10 7 
4.1 X 10 4 
3.8 x 104 
1.2 x 10 ~ 
3.1 x 10 T 
1.6 • 104 
3.1 x 104 
3.8 • 104 
4.1 • 104 

a l m o s t  al l  of  i t s  a n t i v i r a l  a c t i v i t y .  T h e s e  d a t a  s t r o n g l y  
s u p p o r t  t h e  i d e a  t h a t  t h e  s u b s t i t u t e d  p y r i m i d i n e  is  
a v i d l y  i n c o r p o r a t e d  a n d  f i r m l y  r e t a i n e d  b y  cells ,  t h u s  
a c c o u n t i n g  for  b o t h  t h e  i r r e v e r s i b i l i t y  o f  t h e  a n t i v i r a l  
a c t i o n  a n d  t h e  e f f e c t i v e n e s s  of  d r u g  t r e a t m e n t s  l i m i t e d  
t o  t h e  p r e - i n f e c t i o n  pe r i od1 .  T h e  f a c t  t h a t  e x t r a c t s  f r o m  
d r u g - t r e a t e d  cells  l a c k  a n y  i n h i b i t o r y  e f f ec t  w h e n  a d d e d  
to  i n f e c t e d  cell  c u l t u r e s  m i g h t  d e p e n d  e i t h e r  on  b i n d i n g s  
of  t h e  d r u g  to  cell  s t r u c t u r e s  a n d  m a c r o m o l e c u l e s  or, 
m o r e  p r o b a b l y ,  on  a m e t a b o l i c  t r a n s f o r m a t i o n  of  t h e  
s u b s t i t u t e d  p y r i m i d i n e  i n t o  c o m p o u n d ( s )  u n a b l e  t o  
p a s s  t h r o u g h  t h e  cell  m e m b r a n e s .  

E x p e r i m e n t s  on  t h e  p o s s i b l e  a n t a g o n i s m  e x e r t e d  b y  
m e t a b o l i t e s  o n  t h e  a n t i v i r a l  a c t i o n  we re  c a r r i e d  o u t  in  
cei ls  m a i n t a i n e d  in  E a g l e  M E M ,  l a c k i n g  t h e  a m i n o  a c i d  
s u p p l e m e n t  8. D r u g  a n d  m e t a b o l i t e s  w e r e  a d d e d  to  t h e  cel l  
c u l t u r e s  s o o n  a f t e r  i n f e c t i o n ,  s i m u l t a n e o u s l y .  D a t a  in  
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Inhibitory effects produced by a selective cysteine and glutamine 
starvation and by P y l l  on the synthesis of poliovirus 1 Brunenders. 
HEP 2 cells (106 cells/sample) were infected at 4~ with 50 plaque 
forming units (PFU) per cell of poliovirus 1 Brunenders. After 
3 washings in Hank 's  BSS, the cells were incubated at 37~ in 
Eagle MEM lacking all the amino acid supplement (�9169 in the 
same medium containing Py11 80 ~xg/mI (O--O),  or  in Eagle MEM 
lacking only cystine and glutamine ([]- - [] ). A) Virus RNA synthesis, 
evaluated by the intraeellular incorporation, under acid insoluble 
form, of H3-uridine (24 Ci/mM, 0,3 ~zCi/ml from time O) in the 
presence of aetinomycin D (2 ~zg/ml). B) Synthesis of infectious RNA, 
measured as PFU by the method of I)ULBECCO and VOGT 8, in 
phenol extracts of infected cells, obtained by the technique of 
GIERER and SCHRAMM 4. C) Production of infectious virus, measured 
as PFU, according to the method of DULBECCO and VOGT 3. 

Table II show that the antiviral action of the substituted 
pyrimidine is strongly antagonized by the addition to the 
medium of an amino acid pool containing all the pro- 
teinogenous amino acids, while the addition of ribonucleic 
acid precursors is completely ineffective. Systematic 
researches have shown that no amino acid is active, 
if added alone to the cell cultures (data not reported in 
the Table), and that a marked antagonism is produced 
only by the combined addition of cysteine (or cystine) 
and glutamine (but not glutamic acid). All the other 
amino acid combinations, which do not include both 
cysteine (or cystine) and glutamine, have no effect. 
L-isomerism is essential. Finally, the antagonism is less 
marked if the active amino acids are added to the cell 
cultures some time after drug addition. 

At this point, the question arises whether and how 
this antagonism is related to the antiviral action of the 
substituted pyrimidine. Cysteine and glutamine are 
essential amino acids in human cell cultures ~. The 
possibility, remote indeed, that the drug inhibits virus 
growth by inducing an intracellular cysteine and glut- 
amine starvation is to be ruled out, as expected, by the 
observation of the wide range effects which the omission 
of the above amino acids from the medium produces on 
virus synthesis in comparison with those, far more 
specific, produced by the drug (Figure). A more tenable 
interpretation of the antagonism exhibited by cysteine 
and glutamine is possible if the aspects of the antiviral 
action are taken into account. The substituted pyrimidine 
inhibits poliovirus growth by impairing the assembly of 
v i r u s  p a r t i c l e s .  F o r  d o i n g  t h i s  t h e  d r u g  m u s t  be  p r e s e n t  
in  t h e  cel ls  f r o m  t h e  b e g i n n i n g  of  v i r u s  p r o t e i n  s y n t h e s i s .  
L a t e r  t r e a t m e n t s  do  n o t  p r e v e n t  c a p s i d  p r o t e i n s ,  s y n -  
t h e s i z e d  p r e v i o u s l y  in  a d r u g  f ree  m e d i u m ,  f r o m  a s s e m -  
b l i n g  v i r u s  R N A ,  p r o d u c e d  in  t h e  p r e s e n c e  o f  t h e  d r u g ,  
i n t o  i n f e c t i o u s  v i r u s  p a r t i c l e s .  O n  t h e  o t h e r  h a n d ,  t h e  
d r u g  h a s  n o  e f f ec t  e i t h e r  o n  t h e  n e t  s y n t h e s i s  of  cel l  a n d  
v i r u s  p r o t e i n s  or  o n  c e r t a i n  v i r u s  p r o t e i n  r e l a t e d  f u n c t i o n s  
s u c h  as  i n f e c t i o u s  R N A  r e p l i c a t i o n  a n d  c y t o p a t h i c  
e f f ec t s  1. F i n a l l y  t h e  a n t i v i r a l  a c t i o n  of  t h e  s u b s t i t u t e d  
p y r i n l i d i n e  is a n t a g o n i z e d  b y  t h e  c o m b i n e d  a d d i t i o n  t o  
t h e  cell  c u l t u r e s  o f  b o t h  g l u t a m i n e  a n d  c y s t e i n e ,  b u t  n o t  
b y  e i t h e r  a m i n o  ac id  a lone .  O t h e r  a m i n o  a c i d s  h a v e  no  
ef fec t ,  n e i t h e r  do  n u c l e i c  a c id  p r e c u r s o r s  s u c h  as  p y r i m i d i n e  

H. EAGLE, Science 730, 432 (1959). 
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a n d  p u r i n e  bases  a n d  nucleosides.  Considered  toge ther ,  
these  d a t a  led us to  a d v a n c e  t he  work ing  h y p o t h e s i s  
t h a t  t he  s u b s t i t u t e d  p y r i m i d i n e  i n t e r ac t s  w i t h  po l ipep t ide  
cha ins  soon a f t e r  t h e i r  syn thes i s  in  t he  po lyr ibosomes ,  
t h u s  i m p a i r i n g  t he  o rgan iza t i on  of these  c h a i n s  in to  
n o r m a l l y  ac t ive  p r o t e i n  molecules .  G l u t a m i n e  a n d  
cys te ine  moiet ies ,  loca ted  in ce r t a in  pos i t ions  in  t he  
amino  acid sequences  of t he  same  cha in  (or of d i f fe ren t  
chains)  would  be t h e  s i tes  where  th i s  i n t e r a c t i o n  occurs.  
The  more  f r e q u e n t  these  a m i n o  acid si tes are in  t he  po ly-  
p e p t i d e  cha ins  (or t h e  more  f avo rab l e  are  t h e i r  pos i t ions  
for i n t e r a c t i n g  w i t h  t he  drug),  t h e  more  in t ense  wil l  be  
t he  i m p a i r i n g  effect  of t he  d rug  on  t he  cha in  s t r u c t u r i n g  
in to  ac t ive  molecules .  Vi ra l  caps ids  p recursors  would  
fulfi l l  t h e  above  r equ i r emen t s ,  t h e r e b y  r e p r e s e n t i n g  a 
specific t a r g e t  for t he  d rug  act ion.  Resea rch  is in progress  
to  ver i fy  t h i s  h y p o t h e s i s  5. 

Riassunto. La  2 -amino-4 ,6 -d i c lo rop i r imid ina  inibisce  
10 sv i luppo  del Po l iov i rus  r e n d e n d o  i p recursor i  caps idic i  
incapac i  di p a r t e c i p a r e  a l la  fo rmaz ione  di par t ice l le  

i n f e t t an t i .  Ques to  ef fe t to  ~ i r revers ib i le  in  q u a n t o  la 
sos t anza  ~ a v i d a m e n t e  i n c o r p o r a t a  e r i t e n u t a  dal le  
cellule infe t te .  L ' a n t a g o n i s m o  eserc i ta to  da l l ' az ione  
c o m b i n a t a  di g l u t a m i n a  e c i s te ina  Ia r i t ene re  c h e l a  
p i r i m i d i n a  sos t i t u i t a  svolga  il suo ef fe t to  i n t e r r eagendo  
con ques t i  due  a m i n o a c i d i  dopo la loro incorporaz ione  nei  
p recursor i  capsidici .  
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I r r e v e r s i b l e  I m p a i r m e n t  P r o d u c e d  b y  G u a n i d i n e  

I t  is s t i l l  m a t t e r  of c o n t r o v e r s y  w h e t h e r  guan id ine  
inh ib i t s  en t e rov i ru s  g r o w t h  b y  ac t ing  on  R N A  rep l i ca t ion  
d i rec t ly  1 or, r a the r ,  b y  i m p a i r i n g  t h e  func t ions  of 
p ro t e in s  2. To look in to  th i s  ques t ion  we h a v e  cons idered  
i t  of i n t e r e s t  to  s t u d y  wh ich  effect  g u a n i d i n e  ha s  on t h e  
func t ions  of caps id  p ro t e in s  of pol iovirus .  I n  detai l ,  to  
e s t ab l i sh  w h e t h e r  caps id  p ro t e in s  syn thes i zed  in t h e  
p resence  of g u a n i d i n e  are able  to  assemble  v i rus  RNA,  
rep l i ca ted  l a t e r  in  a drug-f ree  m e d i u m ,  in to  infec t ious  
virus .  

I n  doing  these  e x p e r i m e n t s  i t  was  of crucia l  i m p o r t a n c e  
to  rule  ou t  t h a t  a n y  caps id  p ro te ins ,  s yn t he s i zed  a f t e r  
g u a n i d i n e  removal ,  could  p a r t i c i p a t e  in  v i rus  assembly .  
To ach ieve  th i s  goal, use ha s  been  m a d e  of pa ra f luoro-  
p h e n y l a l a n i n e  (FPA) a n d  2-amino-4,  6 -d ich lo ropyr imid ine  
(Py11).  A d d e d  in p r o p e r  c o n c e n t r a t i o n s  to  cell cu l tu res  
soon a f t e r  infect ion,  these  subs t ances  p r e v e n t  t he  as- 
s embly  of po l iov i rus  R N A  in to  in fec t ions  par t ic lesa ,  4. 
However ,  if d rug  t r e a t m e n t  is de layed  of some 2-3 h, 

o n  t h e  F u n c t i o n s  o f  P o l i o v i r u s  P r o t e i n s  
5 

caps id  p ro t e in s  m a d e  du r ing  t h a t  i n t e r v a l  are able  to  
assemble  v i rus  R N A  in to  infec t ious  par t ic les  4. As 
essent ia l  c o m p o n e n t s  for v i rus  assembly ,  these  caps id  
p ro te ins  can  be  used as ' t a rge t s '  for  e v a l u a t i n g  t h e  ac t ion  
of guanid ine .  

Material. G u a n i d i n e  HC1 was fu rn i shed  b y  E a s t m a n  
Kodak ,  p a r a f i u o r o p h e n y l a l a n i n e  (FPA) b y  Aldrich,  
a c t i n o m y c i n  D (AMD) b y  Merck.  2-amino-4 ,6-d ichloro-  
p y r i m i d i n e  ( P y l l )  was  syn thes i zed  b y  t he  I s t i t u t o  

1 I. TAM~ and L. A. CALIGURI, Chemiotherapy ol virus diseases (Ed. 
D. J. BAUER; Pergamon Press, Oxford 1972), vol. 1, p. 115. 

2 p. LA COLLA, C. DE GIULI, ANNA 1V[ARIA CIOGLIA, ORSETTA ZUF- 
FARDI and B. LODDO, Life Sei. 9, 1351 (1970). 

a M. D. SCHARFF, D. ~F. SUMMERS and L. LEVlNTOW, Ann. N. Y. 
Acad. Sci. 130, 282 (1965). 

4 M . A .  MARelALIS, 13~. L. SCHIVO, P. UCCHEDDU, A. GARZlA and 
B. LODDO, Experientia 29, 1442 (1973). 
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Fig. 1. Inhibition of poliovirus growth by early treatments with FPA or Pyl l  of infected cells. Intected cells were incubated at 37~ in 
aminoacid-free Eagle MEM supplemented with AMD (2 ~xg/ml). FPA (25 ~g/ml) or Py11 (100 ~xg/ml) were added to the cultures at time 0 
after infection. A) Net syntbesis of virus RNA, determined by the incorporation of [H 3] uridine (0.2 FCi/ml from time 0) ; B) and C) synthesis 
of infectious virus RN'A and production of infectious virus respectively, measured ii1 PFU; D) and E) incorporation in virus particles of 
[H a] leueine and EH 3] uridine, respectively (2 FCi/ml, cumulative pulses from time 0 up to 10h after infection). O--�9 untreaded cells; 
�9 -- � 9  F PA treated, cells; Q - - � 9  Py11 treated cells. Arrows indicate maximum infectivity in the gradients. 


