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a n d  12, where  t h e  a lkyl  g roup  is e i t he r  e t h y l  or propyl .  
H o w e v e r ,  w h e n  t h e  m e t h i o n i n e  res idue  is s u b s t i t u t e d  w i t h  
a n  a l k y l c y s t e i n a m i d e  res idue  t h e  biological  a c t i v i t y  
is d ra s t i ca l ly  reduced .  I t  is a p p a r e n t ,  in  accord  also 
w i t h  p rev ious  o b s e r v a t i o n s  ~,~, t h a t  whereas  m e t h i o n i n -  
a m i d e  c a n n o t  be  rep laced  b y  o t h e r  n a t u r a l l y  occur r ing  
a m i n o  acids,  i t  m a y  be  s u b s t i t u t e d ,  e v e n  w i t h  a d v a n -  
tage ,  b y  s y n t h e t i c  n o n - n a t u r a l  s u l p h u r - c o n t a i n i n g  a m i n o  
acids.  

(2) The  t e r m i n a l  amide  g roup  is no t  essent ia l  for bio-  
logical  a c t i v i t y :  m e t h i o n i n e  n i t r i le  ( compounds  No. 14 a n d  
15) c an  replace  t h e  m e t h i o n i n a m i d e  res idue  w i t h  l imi t ed  
loss of ac t iv i ty .  

(3) The  al l  D - e n a n t i o m e r  of a h igh ly  ac t ive  h e x a p e p t i d e  ~ 
is devo id  of a c t i v i t y  a n d  does n o t  a n t a g o n i z e  e i t h e r  t he  L- 
e n a n t i o m e r  or  e ledois in  ~. On t h e  c o n t r a r y ,  t h e  p resence  of 
a s ingle  D a m i n o  acid can  h a v e  in f luence  on  t h e  biological  
a c t i v i t y  ~ (el. No. 16) p r o v i d e d  t h e  C - t e r m i n a l  p e n t a -  
pep t i de  f r a g m e n t  is the  same  as in  eledoisin.  

(4) N-e -acy la t ion  of t he  h i g h l y  ac t ive  h e x a p e p t i d e  No. 
18 does n o t  app rec i ab ly  a l t e r  t h e  overa l l  a c t i v i t y :  in  one  
case  (No. 19) a 3-fold increase  was obse rved .  

Riassunto. V e n g o n o  desc r i t t e  le propr ie tA di u n a  serie 
di pep t id i  s in te t ic i  aff ini  pe r  s t r u t t u r a  ed a t t i v i t ~  aIl 'ele- 
doisina.  
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I n h i b i t i o n  o f  the Infective Activity of Bacterio- 
phage fa b y  S p e r m i n e  

I t  was  s h o w n  r e c e n t l y  t h a t  spe rmine  an t agon i ze s  t he  
i n h i b i t i o n  of r e p r o d u c t i o n  of phage  f2 caused  b y  s t r ep to -  
m y c i n  (ScHINDLER~), in  sp i te  of t h a t  i t  exer t s  a h igh  in-  
h i b i t o r y  a c t i v i t y  itself. RmTER obse rved  t h a t  spe rmine  
a t  a c o n c e n t r a t i o n  of 1 m g / m l  ( a p p r o x i m a t e l y  3 r aM)  
i n h i b i t s  a d s o r p t i o n  a n d  p e n e t r a t i o n  of p h a g e s  T 1, T 3, 
T 7, a n d  P L T  22. T e v e n  phages  were n o t  i n h i b i t e d  
(REITER2), FERROLUzzI-AMEs a n d  AMES a r e p o r t  t h a t  t h e  
r e p r o d u c t i o n  of T 4r+ phage  is a b o u t  95% i n h i b i t e d  b y  
s p e r m i n e  a t  20 m M  c o n c e n t r a t i o n .  P h a g e  P 22, e v e n  
t h o u g h  i t  adso rbs  n o r m a l l y  to  Salmonella typhimurium,  
does n o t  deve lop  in the  p resence  of s p e r m i n e  (AMEs a n d  
DumN~) .  S p e r m i n e  (1 mg/ml )  s t i m u l a t e s  i n j e c t i o n  of 
s t r e p t o c o c c u s - P 9  p h a g e  D N A  in to  t h e  h o s t  cell  (BROCK 
a n d  WrOOLEY'5). 

Spermine ,  as well  as o t h e r  po lyamines ,  i n t e r a c t  w i th  
nucle ic  acids.  Spe rmine  i n t e r ac t s  w i t h  DNA,  c h a n g i n g  i ts  
t h e r m a l  d e n a t u r a t i o n  profi le (MAHLER a n d  MEHROTRA", 
MANDEL ~, TABOI~S). I t  p ro t ec t s  D N A  aga i n s t  h y d r o -  
d y n a m i c  shear ,  s t r e n g t h e n i n g  i ts  molecule  l ong i t ud i na l l y  
(KAISER, TABOR, a n d  TABORS). I n t e r a c t i o n s  w i t h  R N A  
of l aw mo lecu l a r  w e i g h t  were descr ibed .  S p e r m i n e  be-  
comes  b o u n d  to  po lyur idy l i c  acid (HuANG a n d  FELSEN- 
FELD ~") a n d  s - R N A  (CANTONI~X). I t  is capab le  of b lock ing  
t he  messenge r  a c t i v i t y  of po lyur idy l i c  acid in  cell-free 
p ro t e in  syn thes i z ing  s y s t e m s  (OcHoA a n d  W ~ S T E I ~  a~). 
MITRA a n d  KAESnERG ~s h a v e  s h o w n  t h a t  spe rmine  b r i n g s  
a b o u t  a c o m p a c t  t e r t i a r y  s t r u c t u r e  in t u r n i p  yel low mo-  
saic  v i ru s  R N A .  

I n  v iew of these  facts ,  a b r ie f  s t u d y  was u n d e r t a k e n  in to  
t h e  effect  of s p e r m i n e  o n  p h a g e  f~ r ep roduc t i on .  T h r o u g h -  
o u t  these  e x p e r i m e n t s ,  e x p e r i m e n t a l  p rocedures  were used 
as  desc r ibed  in  de ta i l  e lsewhere  (ScmNDLERX). S p e r m i n e  
h y d r o c h l o r i d e  d isso lved  in  dis t i l led  w a t e r  was  used.  

F i rs t ,  t h e  i n h i b i t o r y  effect  of s p e r m i n e  on  p h a g e  f~ 
r e p r o d u c t i o n  in  E.  coli I(  13 H f r  was  d e m o n s t r a t e d :  
B a c t e r i a  g rowing  in e x p o n e n t i a l  phase  in b r o t h  ( 4 . 1 0 7  
cells/ml)  were  in fec ted  w i t h  f2 (0.3 phage  par t ic les  pe r  
b a c t e r i u m )  w i th  s i m u l t a n e o u s  a d d i t i o n  of spe rmine .  Af te r  
5 rain,  in fec t ive  cen t res  were t i t r a t e d  in a con t ro l  f lask 
w i t h o u t  spe rmine .  Af te r  90 rain,  ch lo ro fo rm was added  to 
all  f lasks  a n d  phage  was  t i t r a t e d .  I n  a n o t h e r  e x p e r i m e n t  
in fec ted  cells  were cen t r i fuged  5 m i n  a f t e r  in fec t ion  a n d  
s e d i m e n t e d  ceils were r e suspended  in w a r m  b r o t h  w i t h o u t  
spe rmine .  Average  yield of p h a g e  par t ic les  was ca l cu l a t ed  
b y  d i v i d i n g  phage  t i t r e  b y  in fec t ive  cen t r e  t i t re .  T a b l e  1 
shows t h a t  spe rmine  i n h i b i t s  phage  d e v e l o p m e n t  in con-  
c e n t r a t i o n s  r ang ing  f rom 50-200 /~g/ml ( a p p r o x i m a t e l y  
1.5 • 1 0 - 4 M  to 6 • 10-~M).  A l t h o u g h  spe rmine  i n a c t i v a t e s  
a b o u t  30% of p h a g e  T 2 (MoRA a n d  YotJNO14), t he  i nh ib i -  
t i on  of f2 is n o t  due  to  the  i n t e r a c t i o n  of s p e r m i n e  w i t h  
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free p h a g e  f2 par t ic les .  Af te r  i n c u b a t i o n  of 1 • 108 p l aque -  
fo rming  un i t s  pe r  ml  in 0.5 % p e p t o n e  w a t e r  w i t h  spe rmine  
a t  c o n c e n t r a t i o n  0.5, 10, 100, a n d  200/~g/ml  respect ive ly ,  
a t  37°C for 60 min ,  no  d r o p  in t i t r e  was  obse rved .  

Spermine  does  n o t  i n h i b i t  t h e  a d s o r p t i o n  of phage  f~ 
par t ic les  s ign i f i can t ly  (Table  II) .  

Table I. Inhibitory effect of spermine on the reproduction of bac- 
teriophage t~ 

Spermine Exposure Phage yield Relative 
/~g/ml min pfulml n yield 

0 - 426 1.00 
50 5 2:18 0.51 
50 90 332 0.78 

100 5 257 0.61 
100 90 271 0.64 
200 5 174 0.41 

Plaque-forming units per ml. 

TaMe II. Adsorption of fz to E. coli K 13 in the presence of spermine 

Spermine % of adsorbed Relative 
/,g]ml pfu s value 

0 96 1.00 
0.5 81 0.84 

10 84 0.88 
100 78 0.81 
200 82 0.85 

Plaque-fornfing units. 

Table III. Development of phage f2 in spheroplasts of E. coli K 13 
infected by infectious RNA and subsequently exposed to spermine 

The  effect  of s p e r m i n e  on  the  p h a g e  d e v e l o p m e n t  in  
s p h e r o p l a s t s  in fec ted  w i t h  in fec t ious  f~ R N A  was inves t i -  
g a t e d  nex t .  I n f ec t i ous  R N A  was isola ted b y  p h e n o l  ex-  
t r a c t i o n  o m i t t i n g  e t h a n o l  p r e c i p i t a t i o n  (GIEI~ER a n d  
SCHnA~M~S). I t  c o n t a i n e d  104 in fec t ious  un i t s /ml .  0.2 m l  
of spherop las t s ,  p r e p a r e d  accord ing  to  GUTHRIE a n d  
SINSHEIMER 16, WaS m i x e d  w i t h  0.2 m l  of R N A .  A f t e r  5 
m i n  a t  37°C, w h e n  a b o u t  900/0 of sphe rop l a s t s  (as a g a i n s t  
15 ra in  i n c u b a t i o n )  were  infec ted ,  s p e r m i n e  was  added .  I n  
con t ro l  tubes ,  in fec ted  cen t r e s  were  assayed.  Af te r  90 ra in  
in fec ted  sphe rop l a s t s  were  osmot i ca l ly  shocked  a n d  freeze- 
t h a w e d  th ree  t imes  in a c e t o n e - d r y  ice m i x t u r e .  L i b e r a t e d  
p h a g e  was  s u b s e q u e n t l y  t i t r a t e d .  Microscopic  con t ro l  
shows d i s r u p t i o n  of spherop las t s ,  T h e  o b s e r v e d  u n i f o r m  
d r o p  in  p h a g e  d e v e l o p m e n t  i n d e p e n d e n t  of s p e r m i n e  con-  
c e n t r a t i o n  (Table  I I I )  sugges ts  t h a t  t h e  i n h i b i t o r y  effect  
p e r h a p s  occurs  a t  a s i te  which  is b locked  a l r e a d y  a t  a low 
c o n c e n t r a t i o n  of spe rmine .  

I n  o rde r  to  s t u d y  t he  effect  of spe rmine  on  t h e  biological  
p rope r t i e s  of phage  RNA,  0.1 ml  of R N A  was  m i x e d  w i t h  
0.1 ml  of spe rmine  so lu t ion  a n d  i n c u b a t e d  for  60 mil l  a t  
37°C. T h e n  0.2 ml  of sphe rop l a s t s  was  a d d e d  a n d  t he  in-  
f ec t iv i ty  of R N A  assayed  b y  scor ing in fec t ive  cen t r e s  
a f t e r  15 m i n  i ncuba t i on .  Resu l t s  are  s h o w n  in  Tab le  IV.  
The  in fec t ive  a c t i v i t y  of R N A  is i nh ib i t ed .  T h e  degree  of 
i n a c t i v a t i o n  depends  on  t h e  c o n c e n t r a t i o n  of spe rmine .  

F r o m  these  e x p e r i m e n t s  i t  c an  be  conc luded  t h a t  sper-  
mine ,  a t  c o n c e n t r a t i o n s  f rom 0 .5 / zg /ml  to  200 /zg /ml ,  in-  
h i b i t s  t h e  d e v e l o p m e n t  of b a c t e r i o p h a g e  f~. I t  was  s h o w n  
t h a t  t h i s  i n h i b i t i o n  is n o t  caused  b y  i n t e r a c t i o n  w i t h  
p h a g e  par t i c les  p r io r  to  t h e i r  c o n t a c t  w i t h  t h e  cell, a n d  
t h a t  s p e r m i n e  does n o t  s ign i f i can t ly  i n h i b i t  a d s o r p t i o n  to  
t he  h o s t  cell. Due  to  t h e  suscep t ib i l i t y  of p h a g e  R N A  to  
spe rmine ,  i t  is p r o b a b l e  t h a t  t h e  i n t e r a c t i o n  w i t h  p h a g e  
R N A  p lays  a m o s t  i m p o r t a n t  role in  t he  i n h i b i t o r y  ac- 
t i v i t y  of spe rmine .  Spe rmine  i n t e r a c t s  d i r ec t l y  w i t h  cy to-  
p la smic  m e m b r a n e  (TABOR 17, GROSSOWlTZ a n d  ARIEL 18) 
a n d  affects  i ts  p e r m e a b i l i t y  (NzSmovX,  VERE~, a n d  
BURGER is). The  i n t e r a c t i o n  w i t h  f~ R N A  could  t a k e  place  
a t  th i s  s i te  a t  t h e  m o m e n t  of R N A  release  f rom t h e  capsid .  
Spe rmine  also a p p a r e n t l y  i n t e r a c t s  w i th  the  i n t r ace l lu l a r  
d e v e l o p m e n t  of f2 in  in fec ted  spherop las t s .  No de f in i t ive  
e x p l a n a t i o n  of t he  m e c h a n i s m  can  be  suggested,  because  
s p e r m i n e  could p e r h a p s  in te r fe re  w i t h  R N A  p e n e t r a t i o n  
i n to  t h e  sphe rop l a s t  a n d / o r  w i t h  p r o p e r  p h a g e  syn thes i s  ~0. 

Spermine Titre Relative 
#g/ml pfu/ml ~ titre 

0 1.6- 10 a 1.00 
5 0.6 • l0 s 0.37 

10 0.6 • l0 s 0.37 
100 0.5 • l0 s 0.30 

Plaque-forming units per nil. 

Rdsumd. L a  spe rmine  a u n  effet  i n h i b i t e u r  sur  la repro-  
d u c t i o n  du  phage  fv Cet te  i n h i b i t i o n  d6pend  de la  con-  
c e n t r a t i o n  de la spe rmine .  Ne d i m i n u a n t  pas  le t a u x  du  
phage  l ibre  e t  n ' a y a n t  pa s  d ' e f fe t  sur  1 ' adsorp t ion ,  ta  
spe rmine  r 6 d u i t  l ' a c t iv i t6  de I ' A R N  in fec t i euse  e t  la  
p r o d u c t i o n  du  p h a g e  darts les sphdrop la s t e s  infectds.  
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Table IV, Inactivation of infectious fs RNA by spermine 

Spermine Infective Relative 
/~g/ml centres per ml value 

0 1.1 • 10 z 1.00 
5 0.9" 102 0.82 

10 0.4' 102 0.36 
100 0.2" 10 z 0.18 
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