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Intracel lular  Inc lus ions  Assoc ia ted  with  Maize  
Mosa ic  Virus  Infect ion 

Mosaic disease of maize was f irs t  recorded in Ind ia  by  
CHONA and  SETtt 1, They  s tud ied  the  proper t ies  and  vec- 
tors  and  d e t e r m i n e d  some a l t e rna t ive  hos ts  of the  causal  
virus.  The  maize  mosa ic  virus  (MMV) was  considered dis- 
t i n c t  I rom a n y  o t h e r  recorded  so far  on maize,  as also f rom 
sugar -cane  mosaic  virus  as i t  did n o t  infect  sugar-cane.  In  
t u r t h e r  s tud ies  w i t h  th is  virus,  PALI~VAL and  RAYCHAUD- 
HURI 2 d e t e r m i n e d  the  shape  and  size of MMV part icles .  
In  th i s  communica t i on ,  t he  in t racel lu lar  inclusions ob- 

Fig. 1. Elongate shaped intraeellular inclusion (arrow) in the epi- 
dermal cell of mosaic affected leaf of maize plant. (Magnification: 

approx. × 2560.) 

served in ep idermal  cells of mosa ic-af fec ted  maize p lan t s  
are descr ibed.  

P repa ra t ions  were made  of the  ep ide rma l  str ips,  which 
were peeled f rom leaves of the  d iseased (15 to 20-day-old 
infection) and  h ea l t h y  maize p lan ts  of the  same age and 
cut  in to  su i t ab ly  small  pieces. These pieces were  fixed and  
s ta ined  w i t h  the  Giemsa  s ta in  m e t h o d  of BALD a, as modi-  
fied by  RAWLINS 4, wi th  the  fu r the r  s l ight  modi f ica t ion  
t h a t  the  ep ide rma l  s t r ips  were s t a ined  for 45 rain in 
Giemsa  so lu t ion  ins tead of 15 min as emp l o y ed  by  RAW- 
L1NS 4. S t r ips  f rom diseased and h ea l t h y  leaves were run  
t h ro u g h  the  s ta in ing  schedule  s imul taneous ly ,  g iving 
exac t ly  s imilar  t r e a t m e n t s  to bo th  lots. The nuclei  and  
' inclusion bodies '  were s ta ined  p inkish  purple ,  whi le  t h e  
cell walls, etc. ,  were s ta ined  green. 

The  ' in t race l lu tar  inclusions '  or ' inclusion bodies '  were  
found qui te  f r equen t ly  in the  ep idermal  cells of the leaves 
of mosa ic-af fec ted  maize p lants .  These inclusion bodies 
were e i ther  e longa ted  (Figure 1) or spherical  to oval  
(Figure 2) in shape  and  were found mos t ly  associated wi th  
or a t t a c h e d  to  the  cell nucleus.  In  some cases these  s t ruc-  
tures  appeared  to  be ac tua l ly  connec ted  wi th  the  nucleus 
t h r o u g h  a tube- l ike  s t ruc ture .  The e longa te - shaped  inclu- 
sion bodies  appea red  g ranu la r  in cons is tency,  while the  
spher ica l - shaped  inclusion bodies  re ta ined  the  s ta in  more  
uniformly.  The e longate  type  measured  14-26 t* in l eng th  
and 3.0-4.6/~ in width ,  while the  spherical  and oval types  
measured  2.0 7.7 # in d iameter .  

Spherical  to amoebo id  inclusion bodies  a t t a c h e d  to or 
lying near  the  cell nucleus were also observed  by  KUNKEL s 
and  BREMER" in the  cells of maize p lan ts  infec ted  wi th  
sugar -cane  mosaic  virus. No in fo rmat ion  is, however ,  
avai lable  regard ing  the  size of these  inclusion boa iesL  

Zusammenfassung. Die Epidermisze l len  yon mi t  Mais- 
Mosaik-Virus  inf iz ier ten Maisbl / i t tern e n t h a l t e n  runde  
oder  l~ngliche Einschlussk6rper ,  welche racist  d e m  Kern  
an h a f t en  oder  nahe  bei d iesem liegen. Sie e rsche inen  nach  
Giemsa -F~rbung  rosa  bis p u r p u r n  gef~irbt. Die Abmessun-  
g e n d e r  1/inglichen Einschl i isse  b e t r a g e n  3,0-4,6 • 14-26 / , ,  
de r  Durchmesse r  der  rund l i chen  2 ,0-7 ,7 / , .  

Y. C. PALIWAL and  S. P. I{AYCtIAUDHURI 

Division o/~Iycology and Plant Pathology, Indian 
Agricultural Research Institute, New Delhi (India), 
May 10, 1965. 

Fig. 2. Spherical shaped intraeellular inclusion (arrow) in the epi- 
derrnal cell of mosaic affected leaf of maize plant. (Magnification: 

approx. × 2560.) 
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Synthet ic  Pept ides  Related to Eledo i s in  ~ 

In  previous  pape r s  2,a t he  chemical  d a t a  and  the  bio- 
logical ac t ions  of a large group  of syn the t i c  pep t ides  
re la ted  to eledoisin were presen ted .  We  wish now to r epo r t  
br ief ly  on a new group  of pep t ides  which  th rows  fu r the r  
l ight  on the  p rob lem of s t r uc tu r e - ac t i v i t y  re la t ionship .  

F r o m  the  Table  the  following conclusions can be 
d r a w n  : 

(1) The m e t h i o n i n a m i d e  residue can be replaced wi th  a 
va r i e ty  of a l k y l h o mo cy s t e i n ami d e  residues:  in all com- 
p o u n d s  t e s t ed  the  biological ac t iv i ty  was found to be en- 
hanced  when  the  alkyl g roup  was  htrger t h a n  the  methyl .  
M a x i m u m  ac t iv i ty  was observed  in c o m p o u n d s  No. 2, 3 
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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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