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I n  vitro P o l i o  V i r u s  I n h i b i t i o n  b y  T w o  

G u a n i d i n o - P y r i m i d i n e s  

S o m e  t i m e  a g o  w e  d e m o n s t r a t e d  t h a t  g u a n i d i n e  is  e n -  
d o w e d  w i t h  a s t r o n g  i n h i b i t i n g  a c t i v i t y  a g a i n s t  p o l i o - v i r u s  
r e p l i c a t i o n  in, vitro h S i n c e  a l l  t h e  g u a n i d i n e  d e r i v a t i v e s  so  
f a r  e x a m i n e d  l a c k  i n h i b i t o r y  a c t i o n  a g a i n s t  p o l i o - v i r u s  
g r o w t h ,  CROWTHER a n d  MELNICK l c o n c l u d e d  t h a t  t h i s  
a n t i p o l i o  a c t i o n  of  g u a n i d i n e  is e x t r e m e l y  spec i f i c .  O u r  
o w n  p r e v i o u s  r e s u l t s  3-6 a g r e e  w e l l  w i t h  t h i s  c o n c l u s i o n .  
H o w e v e r ,  t h e  p r e s e n t  e x p e r i m e n t s  s h o w  t h a t  s o m e  s u b s t i -  
t u t i o n s  i n  t h e  g u a n i d i n e  m o l e c u l e  a r e  c o m p a t i b l e  w i t h  a 
h i g h  a n t i p o l i o  a c t i v i t y .  I n  f a c t  t w o  p y r i m i d i n e - g u a n i d i n e  
s y n t h e t i z e d  b y  one  of  us  (A.G.)% N - 2 - g u a n i d i n o - p y r i m i -  
d i n e  s u l f a t e  ( c o m p o u n d  E)  a n d  N - 4 - g u a n i d i n o - 2 ,  6 - m e t h y l -  
p y r i m i d i n e  s u l f a t e  ( c o m p o u n d  B) ,  h a v e  b e e n  f o u n d  t o  i n -  
h i b i t  s t r o n g l y ,  in  vitro, p o l i o - v i r u s  m u l t i p l i c a t i o n .  
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N-2-guanidino-pyrimidine sulfate (compound E) 
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N-4-guanidino-2,6-methyl-pyrimidine sulfate (compound B) 

Table I. Inhibitory act ivi ty  of compounds E and B on the CPE a of 
different viruses 

Virus strain Drug tested Concentration CPU b t i ter  5 
(y/ml 7 days after the 

iuoculum ¢ 

Polio 1 Brunhenders - - l0  s 
Polio l Brunhenders E 1333 10 
Polio 1 Brunhenders E 1000 102 
Polio 1 Brunhenders E 500 1.2 x 104 
Polio 1 Brunhcnders E 250 2 x 106 
Polio 1 Brunhcnders F. 166 10 s 
Polio 1 Brunhenders B 500 10 
Polio 1 Brunhenders B 333 10 s 
Polio I Brlmhenders B 166 107 
Polio 1 Brunhenders B 111 I0 8 

Coxsackie B a E - l0 s 
Coxsackie B a t,: 1000 10 z 
Coxsackie B a E 500 10 a 

Adenovirus 5 - - 105 
Adenovirus 5 E 1000 10 s 

Vaceinia virus - - 10 ~ 
Vaccinia virus E 1000 10 ~ 

a Cytopathic effect, b Cytopathie units, c In human amniotic cells 
(Mascoli), 

Table II, Effect of compound E on CPE of guanidine-sensitive, guauidine-resistant and guanidine-dependent polio virus-strains 

Virus strain 

CPU titer 5 days after inoculum a 

Drug-free In the presence of guanidine HCl In the presence of E 
medium (y/roll (?/ml) 

12.5 50 100 200 15.6 62,5 ~50 1 . 0 0 0  

Polio 1 S (Brunhcndcrs 7 lO s l0  s 10 ~ lOa 10 ~ l0  s 10 ~ l0 g 10 a 
Polio t R b 107 10 s IO ~ 10 ~ 10 ~ 107 10 s 107 10 ~ 
Polio 1 D e 10 s lO s I0 ~ lO s 10 ~ lO s lO s lO s 10 ~ 

a See "Fable I. b 1 R = 1S transferred in HeLa cells in the presence of guanidine-HCh once 1116,000 and three times I/4000. ¢ 1 D = 1 R 
transferred 29 times in HeLa cells in the presence of guanidine-HCl 1[4000. 

T h e  e x p e r i m e n t s ,  p e r f o r m e d  a s  p r e v i o u s l y  d e s c r i b e d  ~, 
h a v e  s h o w n  t h a t  t h e r e  a r e  s e v e r a l  s i m i l a r i t i e s  b e t w e e n  t h e  
a n t i v i r a l  a c t i v i t y  of  b o t h  c o m p o u n d s  E a n d  B a n d  g u a n i -  
d i n e ,  i .e .  (1) C o m p o u n d s  E a n d  ]3 i n h i b i t  v e r y  e f f e c t i v e l y  
p o l i o - v i r u s  a n d  C o x s a c k i e  B 3 v i r u s ,  b u t ,  l i k e  g u a n i d i n e ,  
t h e y  a r e  i n e f f e c t i v e  a g a i n s t  v a c c i m a  a n d  a d e n o v i r u s  5 
( T a b l e  I ) .  (2) E i t h e r  d r u g - r e s i s t a n c e  o r  d r u g - d e p e n d e n c e  
h a v e  b e e n  o b t a i n e d  b y  p a s s i n g  p o l i o - v i r u s  in  t h e  p r e s e n c e  
of  i n c r e a s i n g  c o n c e n t r a t i o n s  of  c o m p o u n d  E ( T a b l e  I I ) .  
(3) F i n a l l y ,  a c ros s  r e s i s t a n c e  a n d  a c ros s  d e p e n d e n c e  e x i s t  
b e t w e e n  g u a n i d i n e  a n d  c o m p o u n d s  E a n d  B ( T a b l e  i i i ) .  
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Table I l l .  Effect of guanidine and guanidine-pyrimidines on the 
CPE of E-dependent polio virus 

Virus strain Drug tested y /ml  CPU titer 
5 days after 
inoeulum c 

1 S a - - l0 s 
1 S Guanidine HCI 200 104 
I S E 500 1.2 × l0 ~ 
1 S B 5O0 10 

E 17 b - - 10 4 

E 17 Guanidine HC1 200 108 
E 17 E 500 l0 s 
E 17 B 500 107 

a 1 S = Polio 1 Brunhenders. b E 17 = 1 S trmlsferred irt HeLa cells 
in the presence of compound E: i.e. once I/B0,000; once 1/10,000; 
once 1/5000; twice I[2000; three times 1/1000; nine times 1/750. 
¢ In human anmiotic cells (Mascoli 7. 
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In conclusion, our results do not support either MeN 
nick's or our own previous assumption tha t  any modifi- 
cation in the guanidine molecule is incompatible with its 
antiviral activity. 

Riassunto. La 2-guanidino-pirimidina solfato e la 4- 
guanidino-2, 6-dimetilpirimidina solfato inibiscono in vitro 
la moltiplicazione del poliovirus e del Coxsackie B S ma 
non quella del virus vaccinico e dell 'adenovirus 5. L 'ana-  
logia di comportamento con la guanidina ~ documentata  

oltre che da ci6, dalla esistenza d i u n a  resistenza e d i u n a  
dipendenza crociata. Si dimostra cio~ che non tu t te  le 
sostituzioni nella molecola della guanidina comportano 
una perdita dell 'a t t ivi t~ antivirale, come ri tenuto in pre- 
cedenza. 

]3. LODDO, A. GARZIA, and V¢. FERRARI 

Istituti di Farmaco~ogia, Igiene e Microbiologia 
dell'Universith di Cagliari (Italy), Ju l y  17, 1963. 

T h e  S p e c i f i c i t y  of  H i s t o n e s  i n  Chicken 
Erythrocytes 

Because of their location in cell nuclei and their ability 
to interact strongly with deoxyribonucleic acid (DNA), 
histones may play a key role in the structural organiza- 
tion of DNA and may affect the regulatory functions of 
DNA. If histones act as gene inhibitors, as was suggested 
by STEDMAN and STEDMAN ~,2 then the histones from dif- 
ferent species should show specificity of chemical compo- 
sition and physicochemical behavior. However, species 
and cell specificity of histones is controversial;  many 
histoaes prepared from different tissues of the Vertebrata 
genus are strikingly similar. NEELIN and ]3UTLER a'4 have 
reported specific elution and starch gel electrophoretic 
Patterns for histones from different tissues of chicken, but  
gave no analytical data  to support  this claim of speci- 
ficity. STED~IAN and STEDMAN 1,2 found that ,  when puri- 
fied to constant composition, the main and subsidiary 
histones from the erythrocytes and thymocytes  of the 
fowl differed in their arginine contents. In their more 
recent paper, MAURITZEN and STEDMAN ti reported the 
specificity of amino acid composition of the arginine-rich 
fl-histones from erythrocytes, spleen and liver of domestic 
fowl. The differences, however, are rather small. To obtain 
more data, experiments on the isolation and purification 
of histones from chicken erythrocytes were initiated. 

For the present study, fresh blood was collected from 
ecapitated chickens and washed three times with 0.14 M 
aC1 containing O.01M trisodium citrate. The red cells 

Were sedimented by centrifugation and then hemolyzed by 
freezing and subsequent thawing. Disrupted erythrocytes 
Were homogenized in a Waring blender with 0.14M NaC1 
containing 0.01 M trisodium citrate and centrifuged 6. This 
Washing procedure was repeated several times until the 
SUpernatant fluid was clear. The yellowish sediment was 
then washed with 80% ethanol and extracted with 
ethauol-HCl and with 0.2N HCIS,L yielding fractions 
F2aF3 and FIF2b ,  respectively. 

The two main fractions, arginine-rich (F2aF3) and 
lysine-rieh (FIF2b),  were analyzed by etectrophoresis in 
tarch gel s-~. A pat tern consistent with tha t  described for 
he similar fraction in mammalian tissues, i.e. two main 

bands close to the origin (F3), and two bands with high 
e!ectrophoretic mobili ty (F2a) resulted from the arginine- 
rich F2aF3 fraction electrophoresis. Electrophoresis of 
the lysine-rich group F1F2b revealed the presence of a 
band absent in mammalian tissue electrophoresis, located 
between the two sharpzones of very lysine-rich histone F1 
on one side and the broader band of N-terminal proline 
fraction F2b on the othere, L 

An a t tempt  was made to separate this fraction repre- 
Sented by a band of intermediate electrophoretic mobility 
111 starch gels from the F1 and F2b components. The whole 

F I F 2 b  mixture was chromatographed on a carboxy- 
methyl  cellulose column (Cellex, Calbiochem) using potas- 
sium acetate buffer pH 4.2 as eluent 9. The very lysine-rich 
fraction F1 was eluted with b.33M KC1, and the inter- 
mediate band emerged from the column together with the 
F2b fraction, suggesting their close similarity. 

Fur ther  separation of the intermediate band protein 
from the F2b histone was achieved by chromatography 
on Sephadex G75 (medium grade). Columns 2.6 × 120 am 
were filled with the G75 Sephadex made up in 0.01N 
FIC1. Protein, 200 mg in 2 ml of 0.01N HCI, was applied 
to the column and HC1 of the same normali ty was used as 
eluent, and 1.0 ml fractions were collected every 10 rain. 
The separation of the F2b histone into two peaks is 
shown in the Figure. Fractions No. 42-52 and No. 95-140 
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Elution pattern for histones of chicken erythrocytes F~b after chro- 
matography on Sephadex G 75 in 0.01N HC1. 
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