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m a d e  byWoODRUFF and  GOODPASTURE t o n  t h e  i n f e c t i n g  
c a p a c i t y  o f  " y o u n g "  v e r s u s  " o l d "  i n c l u s i o n  b o d i e s ,  a s  
we l l  a s  w i t h  t h e  r e s u l t  o f  t i t r a t i o n  e x p e r i m e n t s %  a n d  o f  
c u r r e n t  o p i n i o n s  o n  v i r u s  s y n t h e s i s ,  a 

T h e  e v i d e n c e  t o  d a t e  is t h a t  i n c l u s i o n s  w h i c h  a r e  n o t  
c a u s e d  b y  v i r u s e s  n e v e r  c o n t a i n  D N P .  T h e  i n c l u s i o n s  
f o u n d  in g l i o m a t a  4 a r e  e o s i n o p h i l i c  a n d  h y a l i n e  a n d  
t h e r e f o r e  p r e s u m a b l y  F e u l g c n  n e g a t i v e .  T h e  s a m e  a p -  
p l i es  t o  i n c l u s i o n s  o b s e r v e d  a f t e r  e x t e n s i v e  b u r n s  o r  
a f t e r  X - r a y  t r e a t m e n t  ~, I n c l u s i o n s  d u e  t o  c h e m i c a l  
a g e n t s  s u c h  a s  b i s m u t h  a n d  l e a d  s a l t s ,  a l u m i n u m  h y d r o -  
x ide ,  f e r r i c  h y d r o x i d e  w e r e  a l l  r e p o r t e d  t o  be  F e u l g e n  
n e g a t i v e  6. 

I n  o r d e r  t o  e l i m i n a t e  t h e  p o s s i b i l i t y '  t h a t  s u c h  in -  
c l u s i o n s  m i g h t  a l so  c o n t a i n  D N P  a t  s o m e  s t a g e  of  t h e i r  
d e v e l o p m e n t ,  \VOLMAN 7 h a s  r e c e n t l y  s t u d i e d  t h e  s t a i n -  
i n g  c h a r a c t e r i s t i c s  o f  t h e s e  i n c l u s i o n s  a t  e a r l y  s t a g e s  o f  
t E e i r  f o r m a t i o n .  I t  h a s  b e e n  f o u n d  t h a t  t h e s e  i n c l u s i o n s  
n e v e r  c o n t a i n  DNI: ' .  

O n  t h e  b a s i s  o f  t h e  e v i d e n c e  p r e s e n t e d  a b o v e  i t  is 
c o n t e n d e d  t h a t  v i r a l  i n c l u s i o n  b o d i e s  c o n t a i n  a t  s o m e  
p e r i o d  of  t h e i r  d e v e l o p m e n t  D N P  a n d  t h a t  t h e  D N P  
p r e s e n t  in  t h e m  r e p r e s e n t s  t h e  v i r u s .  P e n d i n g  c o r r o b o r a -  
t i o n  f r o m  f u r t h e r  s t u d i e s  on  a n i m a l  v i r u s e s ,  i t  is s u g -  
g e s t e d  t h a t  t h e  p r e s e n c e  o f  F e u l g e n  p o s i t i v e  i n c l u s i o n  
b o d i e s  be  c o n s i d e r e d  a s  s t r o n g  p r i m a  f ac i e  e v i d e n c e  for  
t h e  v i r a l  n a t u r e  o f  t h e  p r o c e s s .  T h e  f i n d i n g  oI F e u l g e n  
n e g a t i v e  i n c l u s i o n  b o d i e s  s h o u l d  n o t  be  c o n s i d e r e d  as  
e x c l u d i n g  a v i r a l  e t i o l o g y  u n t i l  t h e  p r e s e n c e  o f  a F e u l g e n  
p o s i t i v e  s t a g e  in  s o m e  p h a s e  o f  t h e  d e v e l o p m e n t  h a s  b e e n  
e x c l u d e d .  

I t  is s u g g e s t e d  t h a t  t h e  t e r m  " i n c l u s i o n  b o d y "  s h o u l d  
be  r e s e r v e d  fo r  t h o s e  s t r u c t u r e s  w h i c h  a r e  e i t h e r  F e u l g e n  
p o s i t i v e ,  o r  w h i c h  e x i s t  w i t h  o t h e r  e l e m e n t s  w h i c h  a r e  
F e u l g e n  p o s i t i v e ,  o r  f o r  s u c h  i n c l u s i o n  b o d i e s  w h i c h  a r e  
k n o w n  t o  h a v e  b e e n  F e u l g e n  p o s i t i v e  a t  s o m e  s t a g e  o f  
t h e i r  d e v e l o p m e n t .  

T h e  t e r m  " i n c l u s i o n "  a s  d i s t i n c t  f r o m  " i n c l u s i o n  
b o d y "  s h o u l d  c o n t i n u e  t o  c o v e r  a l l  t h e  f o r m e d  a g g r e g a t e s  
o f  p a s s i v e  t e m p o r a r y  c o n s t i t u e n t s  o f  t h e  cel l .  T h e  f o r m e r  
t e r m  is a p p r o p r i a t e  for  t h e  i n t r a n u c l e a r  g l y c o g e n  d e p o s i t  
o f  t h e  d i a b e t i c  l i ve r  cel l ,  t h e  s i d e r o t i c  g r a n u l e  o f  t h e  
e r y t h r o c y t e  a n d  t h e  i n c l u s i o n s  f o u n d  in  t h e  k i d n e y  t u b u l e  
cel l  in  l e a d  p o i s o n i n g .  T h e  t e r m  " i n c l u s i o n "  is c o n s i d e r e d  
t o  be  m o r e  t i m e  h o n o r e d  a n d  less  m i s l e a d i n g  t h a n  t h e  
t e r m  " P s e u d o - i n c l u s i o n "  s u g g e s t e d  b y  LIPSCHUETZ in  
1932 s. M. \VOLMAN 
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Z u s a m m e n f a s s u n g  

A u f  G r u n d  d e r  v o r h a n d e n e n  I n f o r m a t i o n  w i r d  ge-  
s c h l o s s e n ,  d a s s  v i r a l e  E i n s c h l u s s k 6 r p e r  zu  e i n e r  g e w i s s e n  
Z e i t  i h r e r  E n t w i c k l u n g  D N P ,  a l so  e l e m e n t / i r e  V i r u s -  
t e i l e h e n  e n t h a l t e n .  I n  n i c h t v i r a l e n  E i n s c h l i i s s e n  w u r d e  
D N P  n i e m a l s  g e f u n d e n .  E s  w i r d  e in  SVeg fi ir  d i e  m o r -  
p h o l o g i s c h e  U n t e r s c h e i d u n g  z w i s c h e n  E i n s c h l u s s k 6 r -  
p e r n  (Vi rus )  u n d  E i n s c h l i i s s e n  a n d e r e r  N a t u r  v o r g e -  
s c h l a g e n .  

I s o l a t i o n  o f  A c t i n o p h a g e s  

T h e  e x i s t e n c e  o f  b a c t e r i o p h a g e s  a c t i n g  u p o n  a c t i n o -  
m y c e t e s  w a s  f i r s t  r e p o r t e d ,  i n  1936,  b y  \'VIEBOLS a n d  
WIERINGA 1. S i n c e  t h e n ,  n o  n e w  i n v e s t i g a t i o n s  o n  t h e  
s u b j e c t  we re  p u b l i s h e d  t o  o u r  k n o w l e d g e ,  b u t  fo r  t h e  
s i m u l t a n e o u s  i s o l a t i o n  o f  a v e r y  s p e c i f i c  a c t i n o p h a g e ,  
a c t i n g  o n l y  u p o n  c e r t a i n  s t r e p t o m y c i n - p r o d u c i n g  s t r a i n s  
of  Streptomyces  griseus,  b y  SAUDEK a n d  COLINGSWORTH 2 
a n d  b y  W'OODRUFF, ~NUNHEIMER, a n d  LEE a. T h i s  p a r t i  
e u l a r  p h a g e  w a s  f r e q u e n t l y  o b s e r v e d  l a t e r  o n  in  m a n y  
s t r e p t o m y c i n  p l a n t s ,  a n d  w a s  s t u d i e d  b y  REILLY, 
H A R R I S ,  a n d  V~rAKSMAN 4, b y  \ ¥ A L T O N  5 a n d ,  m o r e  
r e c e n t l y ,  b y  o n e  u f  u s  6. 

Fig. 1.-isolation of actinophages. Sixteen different strains of Str@to- 
myces were streaked on "manure-agar" .  About one half of them show 

typical plaques of baeteriophagy. 

A s y s t e m a t i c  s e a r c h  for  a c t i m ) p h a g e s  w a s  u n d e r -  
t a k e n  in o u r  l a b o r a t o r y ,  u s i n g  t h e  f o l l o w i n g  m e t h o d ,  

1 G, L. ~rIEBOLS alld K. T. WIERINGA, Bacteriophagie een alge- 
meen voorkomend verschi]*lsel (H. Veenman and Zonen, Wageningen, 
19"~6). 
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Samples  of soil are  e x t r a c t e d  wi th  t h r e e  to  five vo lumes  
of steri le d is t i l led  wate r ,  du r ing  severa l  hours  a t  room 
t empera tu re .  Dur ing  t h e  e x t r a c t i o n  period,  t he  f lasks are 
f requen t ly  shaken .  The  s u p e r n a t a n t  l iquid is t h e n  de- 
canted ,  f i l te red  t h rough  p a p e r  a n d  f inal ly Sei tz-s ter i l ized.  

Fig. 2 .-Spectrum o/ activity o] actinoptutges. Twelve  phage-isolates ,  
each from a single plaque,  were  spot- tes ted ,  in  the same order  ( three 
rows of four), on cul tures  of d i f ferent  Streplomyces. Four  of them are 

shown to i l lus t ra te  ae t inophage  specif ici ty.  

Spore - suspens ion  f rom a n u m b e r  of Streptomyces 
s t ra ins  are t hen  heav i ly  s t r eaked ,  each ~m one q u a r t e r  
of ad i sh .  Af te r  i n c u b a t i o n  a t  a t e m p e r a t u r e  of 25 ' to  30"C 
dur ing  2 to  3 days,  some of t he  s t r a in s  m a y  show cha-  
rac te r i s t ic  p laques  of lysis (Fig. 1). F r o m  these ,  the  
a c t i n o p h a g e s  can be easi ly  i so la ted  by  s t a n d a r d  m e t h o d s ,  
p r o p a g a t e d  on sens i t ive  Streptomyces cu l tu res  in l iquid 
med i u m,  and  q u a n t i t a t i v e l y  s t u d i e d  by t h e  now classical  
doub le - l aye r  m e t h o d  of (;RA'rlA l, an a d a p t a t i o n  of 
which was r ecen t ly  desc r ibed  in de ta i l  by one of us e . 

The  occnrence  of one  or more  a c t i n o p h a g e s  ill  several  
samples  of soil was t h u s  d e m o n s t r a t e d  and  a n u m b e r  of 
s t r a ins  were i so la ted .  A s imi la r  m e t h o d ,  using as a 
s t a r t i n g  ma te r i a l  a s ample  of s t ab le  manure ,  in s t ead  of 
soil, y ie lded severa l  phages ,  d i f fe r ing  one f rom the  o the r  
by  the i r  s p e c t r u m  of a c t i v i t y  (Fig. 2) and  bv tbe  size 
and  m o r p h o l o g y  of t he i r  p l aques  (Fig. 3). 

In c o n t r a d i s t i n c t i o n  wi th  t h e  S. griseus phage ,  m o s t  
of t he  a c t i n o p h a g e s  i so la ted  by  us d i sp lay  a re la t ive ly  
low degree  or  speci f ic i ty .  In pa r t i cu la r ,  a s t ra in  was 
o b t a i n e d  wich ac ts  no t  only  upon  all the  a c t i n o m y c i n -  
p roduc ing  Slreptomyces i so la ted  in 1945 by  mac of us a, 
bu t  also on some  s t r a in s  p r o d u c i n g  no, p i g m e n t .  This  
phage  has no ac t ion ,  however ,  upon  t h e  original  ac t ino-  
m y c i n - p r o d u c e r  : N. a~tibioticus 4. 

In  fact ,  none  of the  a c t i n o p h a g e s  i so la ted  so far has  
a n y  ac t ion  on the  l a t t e r  organisn l  nor  on the  s t r e p t o -  
m y c i n - p r o d u c i n g  s t r a in s  t es ted .  

The  m e t h o d s  here  br ie f ly  desc r ibed  may  be of value to  
a sce r t a in  t h e  p resence  of a c t i n o p h a g e s  in var ious  n a t u r a l  
s u b s t r a t e s  a n d  to  m a k e  a s u r v e y  of t he i r  d i s t r i b u t i o n  in 
na tu re .  T h e y  offer  a m e a n  of co l lec t ing  a n u m b e r  of 
ac t inophages ,  some of which m i g h t  b eco me  a useful tool  
for t he  classif icat i ,  m and  iden t i f i ca t ion  of species  in t he  
genus  Slreptomyces. Las t ly ,  t h e y  have  s h o w n  t h a t  t he  
occurence  of b a c t e r i o p h a g y  is a w i d e s p r e a d  p h e n o m e n o n  
a m o n g  a c t i n o m y c e t e s ,  a fact  which  is in pe r fec t  agree-  
m e n t  wi th  t he  concep t ,  more  and  more  widely  he ld  to-  
day ,  t h a t  t hose  m i c r o o r g a n i s m s  are Bac te r i a  and  no t  
moulds .  
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Rdsumd 

l )e  n o m b r e u s e s  souches  d ' a c t i n o p h a g e s  p e u v e n t  6tre 
mises  en 6vidence  et  isol6es, en ensemenc ;an t  une s6rie 
de Streplomyces spp .  sur  des mi l ieux  g61os6s ~ base  
d ' e x t r a i t s  a q u e u x  de sol ou de pur in  p r d a l a b l e m e n t  
st6rilis6s pa r  f i l t ra t ion .  

Fig. :1. Morphology o[ the plaques [ormed by di/ierent pure actino- 
phages on the corresponding sen s itive strain. 

The steri le soil e x t r a c t  is t h e n  b rough t  to a t e m p e r a -  
ture  of 50°C in a w a t e r - b a t h  a n d  asep t ica l ly  c o m b i n e d  
wi th  an equal  vo lume  of w a r m e d  me l t ed  agar  (4°0 agar  
agar  w/v  in dis t i l led  water ) .  The  resu l t ing  m i x t u r e  is 
i m m e d i a t e l y  poured  in to  s ter i le  P e t r i  d i shes  a n d  a l lowed 
to harden .  
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