
VOL. 8 (1952) BIOCHIMICA ET BIOPHYSICA ACTA 397 

D E M O N S T R A T I O N  

I N  B L O O D  

O F  T H E  P O L Y H E D R A L  V I R U S  

C E L L S  O F  S I L K W O R M S *  

by 

G. H. BERGOLD 

Laboratory o/ Insect Pathology, Sault Sle. Marie, Ontario (Canada) 

The polyhedral  virus of the si lkworm ( B o m b y x  mor i  L.) has been isolated from the 

so-called polyhedral  bodies. These polyhedral  bodies, containing the virus part icles 

inside (about 5 % by weight), develop in great  numbers  wi thin  the cell nuclei. The virus 

part icles can be l iberated from the polyhedral  bodies by alkaline t r ea tmen t  and purified 

by centrifugationl,~,  3. A life-cycle for this insect virus has been described 4. I t  was 

suggested tha t  the ~irus develops wi thin  a membrane  from a small  sphere to a rod- 

shaped part icle (Fig. i). These rods might  consist of and dis integrate  into small  spherical 
sub-units .  

So far, the only polyhedral  viruses tha t  have been i l lustrated have or iginated from 

polyhedral  bodies. The purpose of this contr ibut ion  is to demonst ra te  free virus part icles 

in the cell nuclei before they  are enclosed in the polyhedral  bodies. They  cannot  be 

recognized in the l ight microscope, yet  the different stages of their  effect on the cells 

can easily be followed in the dark field. Blood cells of si lkworms are par t icular ly  suitable 

for such observat ions.  I t  was found that ,  about  four days after  inject ion of a le thal  dose 

of virus particles,  the nuclei of most  blood cells show the blue " r i ngzone"  character is t ic  
of the early stage of the virus disease. 

Two methods of preparing the samples for observation in the electron microscope have been 
used: I. diseased blood cells were selected in the dark field of a light microscope at a magnification 
of about 8oo with a pipette attached to a micro-manipulator and transferred on to the screens; 
2. The diseased blood cells were separated by centrifugation and the concentrated cell suspension 
was pipetted on to the screens. 

The second methoJ is much simpler and was more frequently used in these experiments. In 
both methods it is advisable to remove the cytoplasm first and transfer naked nuclei to the screens. 
This can be done easil? by suspending the sedimented blood cells in o.o 5 M NaC1. (1. 3 ml serum 
from six sixth-instar silkworms were used in this experiment). After about io min the cell plasm 
disintegrates, and the nuclei can be separated and concentrated by several short centrifugations at 
different speeds. The final sediment was taken up in o.I ml o.o 5 M NaC1 and pipetted on to the 
screens, 25 min after bleeding the silkworms. The small droplets on the screens were fixed by exposure 
to vapours of a 2% OsO 4 solution for three minutes. Many of the naked nuclei burst on the screen 
and their contents flow out. 

About  8o nuclei  or par ts  of t hem were found on 3 ° screens. In about  2o of these 
virus  part icles were observed and photographed.  

The  nucleus shown in Figs. 2 and 3, was prepared  by the cent r i fugat ion  method,  
the one shown in Fig. 4 was selected with the micromanipu la to r .  Compar ing  Fig. 2, 3, 

(Text continued p. 400~ 
* Contribution No 13. Division of Forest Biology, Science Service, Dept. of Agric., Ottawa, 

Canada. 

Re/erences p. 400. 

26* 



,~,0 ~, G.H. BER(;()IA) V()L. 8 ( I 052 )  

Fig. I. Puritied xirus preparat ion isolated from polyhedral  bodies (;f silkworms. Spherical developing 
stages, rods within anti wi thout  membranes,  empty  round and tubular  membranes .  Magnification 

25ooo ;,: . 17ranium shadowing 6 m~, L2 eu l  t: 4. Negative print. 

l"ig. 2. P a r t  of  v i r u s  i n f e c t e d  b lood  cel l  n u c l e u s .  R o d s  a n d  s p h e r i c a l  d e v e l o p i n g  s t a g e s  a n d  a n  e m p t y  
t u b e  s h a p e d  m e m b r a n e  (top left)  c a n  be  seen .  M a g n i f i c a t i o n  a b o u t  ~5 ,ooo  ~ . N e g a t i v e  pr in t s .  
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Fig. 3. Pa r t  of virus  inf,ected blood cell nucleus. Rods aud spherical  de~eloping s tages  can be seen. 
Magnif icat ion about  25,0o0 > . Negat ive  t)rints. 

Fig. 4. P a r t  of virus  infected blood cell nucleus.  Spherical  deve loping  s tages  and  rods can be seen. 
Magnif icat ion abou t  25,ooo × .  Nega t ive  pr int .  
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a n d  4 w i t h  Fig .  I ,  w h i c h  s h o w s  a p u r i f i e d  s u s p e n s i o n  of v i r u s  p a r t i c l e s  a t  d i f f e r e n t  s t a g e s  

of d e v e l o p m e n t  i s o l a t e d  f r o m  p o l y h e d r a l  bod ie s ,  one  c a n  o b s e r v e  p a r t i c l e s  of s i m i l a r  

s h a p e  a n d  size*.  T h e  s p h e r i c a l  d e v e l o p i n g  s t ages ,  r o d s  w i t h i n  m e m b r a n e s  a n d  one  e m p t y  

t u b u l a r  m e m b r a n e  (Fig.  2 t o p  left)  c a n  b e  seen.  T h e  n u c l e u s  s h o w n  in  Fig .  4, r e p r e s e n t s  

a n  e a r l y  s t a g e  of t h e  d i sease  a n d  c o n t a i n s  m o s t l y  s p h e r i c a l  p a r t i c l e s .  

F.  T. BIRD of t h i s  l a b o r a t o r y  a r r i v e d  a t  s i m i l a r  c o n c l u s i o n s  f r o m  a s t u d y  of t h i n  

s e c t i o n s  of v i r u s  i n f e c t e d  sawfl ies  ( H y m e n o p t e r a )  a. 

SUMMA RY 

A comparison of purified virus preparations isolated from p~lyhedral bodies of silkworms with 
preparations from diseased blood cells indicates tha t  similar rods, spherical developing stages, and 
tube-shaped virus membranes are present in both. 

RI~SUMI:: 

La comparaison d u n e  pr6paration purifi6e isoI6e de polyh6dres de vers "g soie avec des pr6pa- 
rations provenant  de cellules de sang infect6es indique que des baguettes, des stages sph6riques et  
des membranes tubulaires de virus sont pr6sents dans tous les  deux. 

ZUSAMMENFASSUNG 

Ein Vergleich yon gereinigten Virus Pr/iparaten, isoliert aus Polyedern yon Seidenraupen, mit 
Pr~iparaten von erkrankten Blutzellen, 1/isst erkennen, dass 5,hnliche St/ibchen, kugelige Entwick- 
lungsstadien und schlauchf6rmigen Membranen in beiden 1Miparaten vorhanden sind. 
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* The slender projections tha t  can be seen at the end of some of the virus rods in Fig. i, and 
the isolation and chemical nature of the membranes,  will be discussed in forthcoming papers. 


