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T h e  s t r u c t u r e  of  t h e  i n c l u s i o n  b o d i e s  a s s o c i a t e d  w i t h  n u c l e a r  p o l y h e d r o s i s  in 

i n s e c t s  h a s  b e e n  d e s c r i b e d  b y  a n u m b e r  of  w o r k e r s .  T h e  ea r l i e r  s t u d i e s ,  w h i c h  h a v e  

b e e n  s u m m a r i s e d  b y  BERGOLD 1, d e p e n d e d  on  a lka l i  t r e a t m e n t  to  l i b e r a t e  t h e  v i r u s  

p a r t i c l e s  f r o m  m a t u r e  p o l y h e d r a l  bod ie s .  R e c e n t  workers~,  7,n,la,  h a v e  u s e d  t h e  

e l e c t r o n  m i c r o s c o p e  to  s t u d y  t h i n  s e c t i o n s  of i n f e c t e d  t i s sue ,  a m e t h o d  w h i c h  p r o v i d e s  

m o r e  r e l i ab le  a n d  d i r ec t  e v i d e n c e  on  b o t h  s t r u c t u r e  a n d  d e v e l o p m e n t  of  t h e  p o l y -  

h e d r a .  

I n  t h i s  p a p e r  t h e  s t r u c t u r e  of p o l y h e d r a l  b o d i e s  f o u n d  in l a r v a e  of Ardices  
glatignyi ,  is d e s c r i b e d .  B o t h  t h i n  s e c t i o n s  a n d  p o l y h e d r a  d i s r u p t e d  b y  a lka l i  t r e a t m e n t  

we re  e x a m i n e d .  T h e  r e s u l t s ,  in  g e n e r a l ,  c o n f i r m  t h e  f i n d i n g s  of o t h e r s ,  p a r t i c u l a r l y  

t h o s e  of HtJGHES 7, b u t  do n o t  w h o l l y  s u p p o r t  p u b l i s h e d  v i e w s  ~2 on t h e  m e c h a n i s m  

of v i r u s  r e p r o d u c t i o n .  

MATERIALS AND M'ETHO1)S 

Larvae of ,q. glatignyi are found on the plains around .\delaide, South Australia, from May 
or June  until  mid-October. .qigns of the virus disease appear most  commonly in the last two 
larval instars, (luring August,  September and October. l .arvae with an adwmced infection art? 
easily detected hy changes in their behaviour. They do not immediately release their hold on 
the host p lant  when disturbed but  cling firmly, and if dislodged, are unable to curl up in the 
usual  protective posture. Finally the larvae become sluggish, climl) to the top of a branch or 
leaf on the host plant  and at tach themselves firmlv. Death ensues in 2 3 days. Within another 
4 5 days the body wall ruptures,  releasing a brownish white ttuid laden with polyhedral bodies. 
Optical examinat ion of paraffin sections kindly prepared hv Dr. M. F. I)AY, showed tha t  the 
polyhedra were present in the lmclei of cells of the epidermis, fat body, tracheae and blood. 

A suspension of polyhedra was prepared as follows. 1)iseased larvae were collected in the 
field and maintained at 25 ~ C until  two (lays after death. The contents of the body cavity were 
then drawn off, diluted with distilled water, and centrifuged at about 5oo r.p.m, for five minutes  
to remove tissue debris. The superna tant  liquid was spun at 3,ooo to 5,ooo r.p.m, to throw down 
the polyhedral bodies which were then washed several times with distilled water. 

Specimens of isolated polyhedra were prepared for electron microscopy by drying drops 
(~f at suitably diluted suspensioll on collodion fihn mounted on object carriers in the usual way. 
Some of these were examined without further t rea tment  in order to check the puri ty of the 
suspension. The size of the polyhedra was also measured on these untreated preparations. 

Others, after drying, were exposed to the action of large drops of 4% Na2COa solution, 
(S.XlITH AND \VYCKOFF 12, DAVet al.~), for 5 t() Io minutes  in a saturated atmosphere at room 
tempera ture  (2o e 4 C). Under these conditions evaporation from the drops of NaeCO a solution 
was negligible. The alkaline solution was removed with filler paper and the specimens washed 
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by repeated application of drops of distilled water  and their subsequent  removal  with filter paper.  
When dry, after  the final wash, the specimens were shadowed with palladium to give a shadow- 
ratio of about  3 : i. 

For  the prepara t ion  of thin sections, tracheae were taken from larvae in the earliest stage 
of the disease which could be recognised in the field. However,  at  this stage nuclear infection 
was already extensive. Living tracheal  tissue was fixed, and embedded in methacryla te  according 
to the method of PALADE TM. Sections were cut  with a microtonle similar to t ha t  described by  
HODGE et al. 6, and these specimens examined wi thout  removing the methacrylate.  Micrographs 
of all preparat ions  were taken with a Philips Electron Microscope operated at 60 kV and calibrated 
for magnification wi th  polys tyrene latex particles. 

RESULTS 

The isolated polyhedra were similar in appearance to those from other species 
of insects. They ranged in size from about I.O to 2.5 tz across the largest dimension. 

Treatment with 4% Na~CO3 solution for 5 minutes was sufficient to disrupt the 
polyhedra and release bundles containing virus rods and also individual virus 
particles (Figs. I and 2). The particles were about 3Io m~ long and 50 m~ wide, 
but the latter figure is an over-estimate because the rods undoubtedly flattened as 
they dried on the collodion film. In micrographs of polyhedra which had been treated 
with alkali it was difficult to assess accurately the number of rods in a bundle because 
rods may have been lost, or added from other bundles during treatment. The number 
seemed to vary from 5 to 8 or more. BERGOLD found distinct developmental mem- 
branes surrounding the bundles of rods in other polyhedra but our micrographs did 
not reveal similar structures. If such membranes had existed they may have been 
destroyed by the rather strong alkaline solution used for treatment. On the other 
hand the developmental membranes studied by BERGOLD AND WELLINGTON 3 were 
resistant to concentrations of alkali sufficient to destroy the virus substance. The 
intimate membranes which surround individual rods, as shown in Fig. I, resemble 

Fig. I. Virus particles released from polyhedra  of Ardices glatignyi by t r ea tmen t  with sodium 
carbonate  solution. Bundles of virus rods in various stages of disintegrat ion are to be seen. 

In t ima te  membranes  occur at A and partially destroyed rod at B. Magnification 19,ooo x .  

Re[erences p. 2o8. 



204 S. Ii. I '~)MI.IN, J .  M()NRO V()I.. 18 (~%5) 

Fig .  2. P r e p a r a t i o n  as  in l: ig.  I. B u n d l e s  b r o k e n  d o w n  t o i n d i v i d m d  rods .  s , * m c , , f  w h i c h  a p p e a r  
t o  h a v e  t a i l s  as  i n d i c a t e d  b y  a r r o w s ,  M a g n i f i c a t i o n  I 0 . o o o  

those found by BERt;OLD 1,a. There is some evidence of breakdown of the rods, within 
the int imate membranes,  into more or less spherical sub-units, an effect also observed 
by  BERGOLD. Structures resembling "tai ls"  appeared on some rods (Fig. e), but  this 
and the appearance of spherical sub-units may  be artifacts resulting from the treat-  
ment  with alkali. 

In micrographs of sections the nuclei of infected tracheal cells were seen to 
contain m a n y  polyhedral  bodies apparent ly  in various stages of formation (Figs. 3, 4). 
In Fig. 3 the formation of polyhedra is far from complete whereas in Fig. 4 they 
are more nearly mature.  The general appearance of the nuclei agrees with descriptions 
from optical microscopy in tha t  the developing polyhedra are arranged around the 
central  mass of chromat in  (Fig. 3). Within this peripheral region many  rod-shaped 
virus particles can be seen, at this stage of the infection, aggregated into bundles of 
two or more rods. Some micrographs showed cross-sections of virus bundles, as at A in 
Fig. 3, and from several of these it appeared that  the number  of rods in a part icular  
bundle varied between 4 and 8 at least and that  they occurred in an ordered parallel 
array.  Usually, these bundles were not obviously surrounded by a membrane.  
However,  a s t ructure resembling an envelope was occasionally seen. Figs. 3 and 4 
show that  the virus bundles aggregated with some non-virus material  to form poly- 
bedra, throughout  which they are irregularly distributed. The marked osmiophilia of 
sectioned polyhedra  might  suggest the presence of considerable amounts  of lipoid. 
However,  BERGOLD 2 found little or no fat in similar polyhedra  from other species. 

In addition to identifiable xdrus particles, fine fibrous material  was distr ibuted 
through the nucleus. I t  occurred within and around the chromatin network, but the 
lat ter  did not appear  to have a fibrous structure.  I t  is not  known if this material 
was involved in virus formation but  a t tent ion is drawn to it in view of the work of 
S M I T H  . \ND X E R O S  la w h o  suggested that  a fibrous component  of the chromatin was 
converted into virus particles. 
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Fig. 3. Sect ion of infected nucleus  of t r achea l  cell. The cen t ra l  c h r o m a t i n  net, bundles  of v i rus  
rods and deve lop ing  po lyhed ra  are conspicuous.  At  A is a cross-sect ion of a bundle  of four rods. 
Around  B fine fibrous m a t e r i a l  can be seen. This appears  t h r o u g h o u t  the  cen t ra l  region of the  

nucleus.  C is an unident i f ied  s t ruc tu r e  which m a y  be a nucleolus.  Magnif ica t ion  19,ooo × .  



20{~ S. (;. TOMI.IN, J. MONR() V(IL. 18 (I(}55) 

Fig. 4. Section of infected nucleus of t r achea l  cell. The p() lyhedra are m~re mature ,  and here  
the  i r regular  a r r a n g e m e n t  of bundles  of rods wi th in  the  t )olyhedra is more apparen t .  Magnificati(m 

I Q , O 0 0  - . 

DISCUSSION 

The observations reported here on the morphology of isolated polyhedra from 
A. glatignyi are in substantial agreement with the findings of other authors using 
other material and the work on sections of infected cells confirms the results which 
HUGHES r obtained in a more extended study of Borrelina campeoles Steinhaus. 

The most imt)ortant point for discussion is the process of virus multiplication. 
From the micrographs of sections shown in this paper and from those of Hc(/;HI~S 7 
it seems clear that the virus particles were fully formed before they entered the 
developing polyhedra. In later stages the rods formed trundles which were sometimes 
seen to be surrounded bv membranes. Finally, these bundles of rods, were incorpo- 
rated into polyhedra together with material which in other viruses I3ER(;OLD found 
to be protein. Apparently the multiplication of the virus particles occurred solely 
in the nuclear sap. This conclusion is opposed to the hypothesis of IgER(;OLDL 2 who 
postulated that rods were formed within developmental membranes from spherical 
precursors, and that all stages of such a process were present in mature polyhedra. 
He further postulated that the rods once formed may also break down into spherical 
sub-units which then give rise to new rods. 

The evidence so far provided by micrographs of sections giw~s no indication of 
the mode of origin of single rods. No spherical forms were found either in our sections 
or those of Hu(;m~_sL althougtl such bodies, apparently derived from rods during 
alkali treatment, have been reported by BER(;OLI} and others. This however is not 
sufficient evidence that the spheres are the precursors of tim rods. Indeed I{F.R(;()I.I) 1 
found that suspensions of these spheres were less infectious than suspensions of 
intact rods. Our observations and those of HtT(;HJZS 7 on polyhedral viruses in Lepi- 
doptera suggest that ]-IER(;OI.I)'s hyt)othesis should be treated with reservv. 

Rc/crc,,es /~. coX. 



VOL. 18 (I955) POLYHEDRAL VlRVS fROM LARVA OF A. glatignyi 207 

An alternative mode of virus multiplication has been proposed by SMITH AND 
XEROS la who suggested that  the rod-shaped virus particles may  be derived from 
a fibrous component of the central chromatin net which appears in infected nuclei. 
The two micrographs in their paper do not clearly demonstrate such a component 
but do show individual virus rods projecting from a dense chromatin mass and lying 
near it. HUGHES 7 considered that  his micrographs gave no indication of fibrous 
material in the chromatin. Our observations, though less extensive, do show as in 
Fig. 3, fibrous material  in the nucleus in the region of the chromatin net. But whether 
this is to be regarded as a component of the chromatin, or whether it has any con- 
nection at all with the multiplication of the virus, cannot be decided without further 
investigation. 
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SUMMARY 

The virus causing a polyhedrosis in the larva of the arctiid moth  Ardices glatignyi Le Gull. 
has been studied by electron microscopy of both  isolated polyhedra and sections of infected 
tissue. In  general, the findings agree with those of other  workers notably  BERGOLD 1 and HU~HES 7 
bu t  the observat ions on infected tissues do not  confirm BERGOLD'S hypothesis  of the multipli-  
cation of the virus. The virus rods appear  to develop completely in the nuclear sap and subse- 
quent ly  to aggregate in bundles, which then become embedded in other  material  to form the 
polyhedra.  There is no regular pa t te rn  in the distr ibution of the bundles within the polyhedra.  
How the rods originate remains to be determined. 

R~SUMt~ 

Le virus qui provoque une poly6drose chez la chenille de la phal6ne A rdices Glatignyi Le Gull. 
a 6t6 6tudi6 par  microscopie 61ectronique 5~ la fois des poly~dres isol6s et de sections de tissu 
infect6. En  g6n6ral, les r6sultats concordent  avec ceux d 'au t res  auteurs  n o t a m m e n t  B E R G O L D  1 
et HUGHES 7 mais les observations sur  t issus infect6s ne confirment pas l 'hypoth~se de BERGOLD 
sur la multiplication du virus. Les bgLtonnets de virus semblent  se d6velopper enti6rement dans 
le suc nucl6aire et se r6unissent ult6rieurement en amas, qui sont  ensuite envelopp~s dans une 
substance diff6rente pour  donner les poly6dres. I1 reste ~ d6terminer comment  prennent  naissance 
les bStonnets.  

ZUSAMMENFASSUNG 

Der Virus, der bei der Raupe des Falters Ardices glatignyi Le Gull. die Vielfl~chnerkrankeit 
verursacht ,  wurde in isolierten VielflAchnern und Sektionen yon infiziertem Gewebe mit  Hilfe 
des Elektronenmikroskopes  untersucht .  I m  Allgemeinen s t immen die Ergebnisse mi t  denjenigen 
anderer Forscher, wie BERGOLD 1 und H U G H E S  7, tiberein; die mi t  infizierten Geweben gemachten  
Beobachtungen bringen jedoch keine BekrXftigung yon BERGOLDS Hypothese  tiber die Virus- 
fortpflanzung. Die VirusstAbchen scheinen sich vollst~ndig im Zellkernsaft zu entwickeln, um 
sich nachher  zu Bfindeln zusammenzuballen,  welche dann yon anderem Material umgeben werden 
und so Vielfl$chner bilden. Es besteht  kein regelm~ssiges Muster bei der Verteilung der Biindel 
im Inneren  der VielflAchner. Der Ursprung  der Stiibchen muss  noch aufgekliirt werden. 
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