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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. 
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FARDI and B. LODDO, Life Sei. 9, 1351 (1970). 
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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. 
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Chemioterapico  I tal iano.  [3H] uridine (24 Ci/m3/I) and 
[tH] l e u d n e  (15.2 Ci/mM) were ob ta ined  f rom Amersham.  

Methods. H E p  2 cell monolayers  (American Type  
Culture, Rockville) in P e t s  dishes were infec ted  wi th  
50 p laque- fo rming  uni t s  (PFU) per  cell of pol iovirus  
i Brunenders .  Af ter  1 h a t  4~ cell monolayers  were 
washed  3 t imes  in H a n k ' s  BSS  and incuba ted  at  37 ~ in 
Eagle  MEM (Hank ' s  base, p H  7.3), lacking the  aminoacid  
supp lemen t  and  conta in ing  2 [zg/ml of AMD. The net  
synthes is  of virus R N A  was de t e rmined  in 106 cell 
samples,  by  the  incorporat ion,  under  acid insoluble form, 
of [H 3] ur idine (0.2 FCi/ml, c u m u l a t i v e  pulses f rom 
t ime  0). The infec t iv i ty  of virus RNA,  which  was ex t rac ted  
by  the  phenol  m e t h o d  of GIEl~ER and SCHRAM~ 5, and 
the  p roduc t ion  of infect ious progeny,  were measured  in 
P F U ,  s t a r t ing  f rom 106 cell samples,  according to the  
m e t h o d  of DULBECCO and VooT 6. To de te rmine  the  
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Fig. 2. Ineffectiveness on poliovirus growth of delayed treatments 
with FPA or Py 11 of infected cells. Infected cells were incubated at 
37 ~ in aminoaeid-free Eagle MEIVI suppIemented with AMD (2 ~g/ 
ml}. FPA (25 [xg/ml) or Pyll  (80 [~g/ml). were added 2.5 h after infec- 
tion. A) Infectious virus yield (in PFU); B) incorporation in virus 
particles of [H a] ieucine (2[xCi/ml from 0 h up to 2.5 h after infection, 
then chased with 100 ~g/mi of L-leucine); C) incorporation in virus 
particles of [H a] uridine (2 ~zCi/ml from 2.5 h after infection up to 
t0 h after infection). O-- O, untreated cells; I - -  I ,  FPA treated 
cells; O-- 0, Py 11 treated cells. Arrows indicate maximum infectivity 
in the gradients. 

pa r t i c ipa t ion  in virus  assembly  of virus pro te ins  and 
RNA, 2 • 10 ~ cell samples  were labelled wi th  2 #Ci/ml of 
[H a] leucine and [H a] uridine.  At  10 h af ter  infect ion,  t he  
en t i re  cul tures  were frozen and  thawed  ( --70 and  +20~  
3 t imes,  t r ea t ed  wi th  1 vo lume of gene t ron  at  4~ for 
5 rain, depr ived  of ceil debris  a t  5,000 rpm for 5 rain and  
spinned at  30,000 r p m  for 4 h a t  4~ in Spinco 30. Pel lets  
thus  ob ta ined  were dissolved in 1 ml  of R S B  7 conta in ing  
1% sodium deoxychola te ,  t r ea t ed  wi th  20 ~zg/ml of 
crysta l l ine  DNA-ase  and  RNA-ase ,  supp l emen ted  wi th  
0.2 ml  of unlabel ied pol iovirus  suspension,  layered onto  
10 ml of a 10-40% sucrose in R S B  and  cen t r i fuged  in 
Spinco SW 40 Ti (25,000 r p m  for 2 h a t  20~ 0.4 ml  
f ract ions  were collected s t a r t ing  f rom the  b o t t o m  of the  
tubes.  Of these  fract ions,  0.1 ml  were used to de te rmine  
the  infect ivi ty .  The remain ing  0.3 ml  were mixed  wi th  
1 mI of 1% bovine  albumine,  p rec ip i t a t ed  a t  4~ in 
TCA and dissolved in Soluene 350 (Packard).  Radioact i -  
v i ty  was de te rmined  in a sc int i l la t ion counte r  (Tricarb; 
scint i l la t ion l iquid:  667 to luene;  333 Tr i ton  X 100; 5 g 
P P O ;  0.3 g d i m e n t h y l  POPOP) .  

Results. At first  the  re l iabi l i ty  of expe r imen ta l  pro-  
cedures was verified. As shown in Figure  1, when  F P A  
or P y l l  are added  to the  celt cul tures  soon af ter  infection,  
vi rus  R N A  and  pro te ins  are scarcely assembled  in to  virus  
particles,  and no infect ious p rogeny  is detectable .  
However  (Figure 2), if a 2.30 h in terval  is al lowed to 
elapse be tween  infect ion and drug addi t ion,  virus 
proteins,  which have  been syn thes ized  dur ing t h a t  
in terva l  in a drug-free medium,  assemble  virus  RNA,  
rep l ica ted  later, into comple te  virus particles,  and 
infect ious p rogeny  is produced.  Thus,  under  these  
exper imen ta l  condit ions,  capsid  pro te ins  synthes ized  
before drug add i t ion  are essent ia l  for virus  growLh and  
can consequen t ly  be used as a tool  for s tudy ing  the  ac t ion  
of guanidine.  

Da ta  in Figure 3 show t h a t  if cell cul tures  are incuba ted  
in the  presence of guanidine  for the  f i rs t  2.5 h af ter  
infect ion and are t h e n  ma in t a ined  in a drug free medium,  
a not iceable  a m o u n t  of infect ious virus  is produced,  bu t  
few of the  pro te ins  syn thes ized  in the  presence  of guanidine  

a R. GIERER and G. SCKRA:~IM, Z. Naturforsch. l tb,  138 (1956). 
R. DULBECCO and MARGUERITE VOGT, J. exp. Ned. 99, 167 (1954). 

7 1~. F. JAco~sotq and D. BALTIMORE, J. molec. Biol. 33, 369 (1968). 
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Fig. 3. Non-participation in virus assembly of virus proteins synthesized in the presence of guanidine. Infected cells were incubated at 
37~ in aminoacid-free Eagle MEM supplemented with AI~ID (2 Mg/ml) and containing guanidine HCI (50[xg/ml). After 2.5h, guanidine- 
medium was replaced by aminoacid-free Eagle lVIEI\I supplemented with AMD (2 ~xg/ml) (O-- O), or by the same medium containing 
either FPA (25[zg/ml) (111--II) or Py 11 (80[lg/ml) (0--Q). A) uptake of [H 3] uridine (0.2 [zCi/mI from time 0) in virus RNA; B) and C) 
synthesis of infectious virus RNA and production of infectious virus progeny , respectively; D) incorporation in ~virus particles of [H 3] 
leucine (2 ~Ci/ml from time 0 up to 2.5 h after infection, then chased with 100 [zg/ml of z-leucine); E) incorporation in virus particles of 
[H 3] uridine (2 [xCi/ml from 2.5 h after infection up to 10 h after infection). 
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p a r t i c i p a t e  in  t he  v i rus  assembly .  F u r t h e r m o r e ,  if a f te r  
i n c u b a t i o n  in guanid ine ,  in fec ted  cells are m a i n t a i n e d  in 
m e d i a  c o n t a i n i n g  F P A  or P y l l ,  n e i t he r  v i rus  pa r t i c les  
no r  infec t ious  v i rus  are  produced ,  in  spi~e of t he  r e m a r k -  
able  syn thes i s  of v i rus  RNA.  

These  d a t a  lead to t h e  conc lus ion  t h a t  g u a n i d i n e  
impai r s  t he  ab i l i ty  of caps id  precursors  to  pa r t i c i pa t e  in 
the  a s sembly  of infec t ious  v i rus  par t ic les  s. 

s This work has been supported by a Grant of the Consiglio Nazio- 
nate delle Rieerche, Roma (Italy}. 

Riassu,zto. La g u a n i d i n a  a l t e r s  i r r eve r s ib i imen te  la 
capac i tg  delle p ro t e ine  caps id iche  del pol iovi rus  di 
p a r t e c i p a r e  al la  i o rmaz ione  di par t ice l le  i n f e t t an t i .  
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C h r o m a t o g r a p h i c  E v i d e n c e  f o r  t h e  S y n t h e s i s  o f  P o s s i b l e  S l e e p - M e d i a t o r s  
i n  Trypanosorna brucei gambiense 

Trypanosoma brucei gambieme produces  a chronic  
disease in m a n  cha rac t e r i zed  b y  p ro longed  sleep s tates ,  
m e n t a l  depress ion,  and  phys i ca l  iner t ia .  T he  onse t  of 
a b n o r m a l  sleep per iods  cor responds  to t h e  p e n e t r a t i o n  of 
t r y p a n o s o m e s  in to  t he  cerebrosp~nal  f luid ~. One m e m b e r  
of t h e  p r o t o z o a n  fami ly  T r y p a n o s o m a t i d a e ,  Crithidia 
/asciculata, as well  as the  cil iate,  Tetrahymena pyri/ormis, 
h a v e  been  r epo r t ed  to c o n t a i n  t he  indo lamine ,  s e ro ton in  
( 5 - h y d r o x y t r y p t a m i n e )  2. Th i s  c o m p o u n d  has  been  sug- 
ges ted  to  be  a m e d i a t o r  of s low-wave  sleep in m a m m a l s  a. 
We  h a v e  i n v e s t i g a t e d  t h e  m e t a b o l i s m  of t r y p t o p h a n  and  
5 - h y d r o x y t r y p t o p h a n ,  two i m m e d i a t e  p recursors  of 
sero tonin ,  in  T.  b. gambieme in  an  a t t e m p t  to  d e m o n s t r a t e  
t he  syn thes i s  of se ro ton in  or of o t h e r  s leep-media tors .  
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Fig. 1. (A) Radioactivity scan (10,000 cpm range) of chromatogram 
of supernatant from incubation of trypanosomes for 90 rain with 
tryptophan-3-C 14, developed in butanol: acetic acid: water (4:1:1). 
Shaded areas 1 and 2 were eluted from the chromatogram and re- 
chromatographed in other solvent systems. (B) Scan (3,000 cpm 
range} of chromatogram of eluate from area 1 in A, developed in 
ethanol (95%): ammonia: water (16 :t :3). (C) Scan (300 cpm range} 
of ehromatogram of eiuate from peak in 13, developed in benzene: 
acetic acid : water (i 25 : 72 : 3). Abbreviations: HTAN, 5-hydroxytryp- 
tophan; IAA, i ndole acetic acid; IALD, indole acetaldehyde; ILAC, 
indole lactic acid; IPRO, indole propionic acid; IPYR, indole 
pyruvic acid; KYN, kynurenine; TAN, tryptophan; TOL, trypto- 
phoh TRM, tryptamine. 

Materials and methods. B l o o d s t r e a m  forms of t h i s  pa ra -  
s i te  were h a r v e s t e d  f rom in fec ted  r a t s  and  sepa ra t ed  
f rom blood cells b y  co lumn  c h r o m a t o g r a p h y  t h r o u g h  
d i e thy l  a m i n o  e thy l  (DEAE)  cellulose (S igma Chemicai  
Co.) 4. The  t r y p a n o s o m e s  were suspended  5n 5.0 ml  of 
0.1 M p o t a s s i u m  p h o s p h a t e  buffer ,  p H  7.4, c o n t a i n i n g  
NaC1 (0.1 21/I), KC1 (0.006 M),  MgSO 4 (0.002 M), 1% D- 
glucose, v i t a m i n  mix  (100 • concen t r a t ed ,  1.0 ml/100 ml  
buffer,  des igned for m i n i m u m  essent ia l  Eagle  med ium,  
Microbiological  Associates,  Be thesda ,  Mary land) ,  a n d  
e n z y m e  cofactors  (6, 7-dimethyl-5 ,  6, 7, 8 - t e t r a h y d r o p t e r -  
inn, 1 m M ;  p y r i d o x a l  p h o s p h a t e ,  5 • 10 .5 M ;  a-keto-  
g lu ta ra te ,  8 ruM;  N A D H ,  1.4 m M ;  N A n  +, 0.6 r a M ;  and  
N A D P H ,  6.7 •  -* M) and  i n c u b a t e d  for 90 ra in  a t  
37 ~ w i t h  5.0 ~zCi of e i the r  L - t ryp tophan -3 -C  14 (3.82 mg /  
mCi) or DL-5 -hyd roxy t ryp tophan -3 -C  t4 (2.1 mg/0.05 mCi) 
(New E n g l a n d  Nuclear) .  The  c o n c e n t r a t i o n  of t r y p a n o -  
somes was a p p r o x i m a t e l y  100 mi l l ion /ml .  Son ica ted  
t r y p a n o s o m e  p r e p a r a t i o n s  were also i n c u b a t e d  w i t h  
these  C14-substrates;  son ica t ion  was car r ied  ou t  us ing  a 
B r a n s o n  S-75 sonif ier  a t  s e t t i ng  5 for 45 sec. 

Three  vo lumes  of abso lu t e  m e t h a n o l  were added  to  
t e r m i n a t e  t he  incuba t ions ,  a n d  a f te r  c e n t r i f u g a t i o n  a n d  
r emova l  of p r e c i p i t a t e d  pro te in ,  t he  s u p e r n a t a n t  e x t r a c t  
was  c o n c e n t r a t e d  to 3.0 ml  by  evapora t ion_  100 ~zl 
a l iquo ts  of th i s  were c h r o l n a t o g r a p h e d  in one d i m e n s i o n  
a long w i t h  known,  pur i f ied  s t a n d a r d s  on  57 cm s t r ips  of 
W h a t m a n  3MM c h r o m a t o g r a p h y  p a p e r  us ing  b u t a n o l :  
acet ic  acid :wa te r  (4:1:1). The  deve loped  c h r o m a t o g r a m s  
were s canned  for r a d i o a c t i v i t y  us ing  a P a c k a r d  radio-  
c h r o m a t o g r a m  s c a n n e r , a n d  r ad ioac t i ve  peaks  no t  iden t i ca l  
w i t h  t he  s u b s t r a t e  were e lu ted  f rom the  c h r o m a t o g r a m  
and  r e - c h r o m a t o g r a p h e d  in  as m a n y  as 4 o the r  so lven t  
sys tems .  A l iquo t s  of the i n c u b a t i o n  e x t r a c t  were also 
sub jec t ed  to t w o - d i m e n s i o n a l  p a p e r  c h r o m a t o g r a p h y  
us ing  b u t a n o l : a c e t i c  a c i d : w a t e r  (4:1:1) and  e t h a n o l  
(95~o): a m m o n i a : w a t e r  (16:1i3).  Cont ro l  i n c u b a t i o n s  
were r u n  s i m u l t a n e o u s l y  w i t h  t h e  e x p e r i m e n t a l s :  these  
inc luded  a boi led p r e p a r a t i o n ,  a zero t i m e  incuba t ion ,  
a n  i n c u b a t i o n  of on ly  buf fe r  and  subs t ra t e ,  a n d  incuba-  
t ions  of cent r i fuge-pur i f ied ,  son ica ted  p la te le t s  a n d  
e ry th rocy te s .  
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