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t h e  n u m b e r  of m o u l t s  i n to  s u p p l e m e n t a r y  r ep roduc t ives .  
The  l a r v a l  m o u l t s  a n d  mou l t s  in to  s u p p l e m e n t a r y  
r e p r o d u c t i v e s  were rep laced  b y  m o u l t s  in to  in t e rcas t e s  
a n d  soldiers:  a t  t he  h i g h e s t  doses of t h e  subs tance ,  these  
were  a l m o s t  t he  on ly  t y p e s  of  m o u l t s  t h a t  t o o k  place.  
H i g h e r  doses of F A E E  are  necessa ry  for t h e  d i f f e r en t i a t i on  
us ing  u n t r e a t e d  o r p h a n  pseudergates6 .  I n  our  s tud ies  on  
t h e  d i f f e r en t i a t i on  of castes  6,~, we h a v e  a lways  found  
t h a t  on  t he  ave rage  t he  m o u l t s  in to  s u p p l e m e n t a r y  repro-  
duc t ives  t a k e  place  first ,  fol lowed b y  l a rva l  m o u l t s  and,  
s imu l t aneous ly ,  m o u l t s  in to  soldiers. I n  t h e  g roups  
t r e a t e d  w i t h  F A E E ,  m o u l t s  in to  soldiers  and  in to  
i n t e r ca s t e s  are t h e  f i rs t  to  t a k e  place, fol lowed b y  m o u l t s  
i n to  s u p p l e m e n t a r y  r ep roduc t i ve s  a n d  then ,  l as t  of all, 
b y  l a rva l  moul t s .  E v i d e n t l y  t he  s u b s t a n c e  does n o t  ac t  
on ly  on  p seude rga t e s  t h a t  are in  t he  wel l -def ined per iod  
of c o m p e t e n c e  for d i f f e r en t i a t i on  in to  soldiers.  

The  f r equency  of mou l t s  in to  soldiers  a n d  in t e rcas t e s  
increases  as t he  dose of F A E E  a d m i n i s t e r e d  to t h e  
p s e u d e r g a t e s  is increased  ; on  t he  o t h e r  hand ,  l a rva l  m o u l t s  
a n d  m o u l t s  in to  s u p p l e m e n t a r y  r ep roduc t i ve s  d i m i n i s h ;  
on ly  a t  v e r y  h igh  doses are wh i t e  soldiers  ob ta ined .  
The re  was a n  increase  in t h e  ave rage  t i m e  b e t w e e n  t he  
b e g i n n i n g  of t h e  t r e a t m e n t  a n d  t h e  l a rva l  ecdyses a n d  
ecdyses  in to  s u p p l e m e n t a r y  r ep roduc t ives ,  whereas  t he  
t i m e s  of ecdysis  in to  in t e rcas t e s  and  soldiers  b e c a m e  

shor ter ,  c o m p a r e d  w i t h  the  t imes  obse rved  in o the r  
e x p e r i m e n t s  s. 

Riassunto. Pe r  s tud ia re  I ' in f luenza  del f a rnesa to  di et i le  
( F A E E )  sul la  d i f fe renz iaz ione  delle caste,  si sono t r a t t a t e  
p seude rga t i  di  Kalotermes/lavicollis con dosi  d i f fe ren t i  di  
sos tanza .  Si ~ o t t e n u t a  la  d i f fe renz iaz ione  s is  di  soldati ,  
s i s  di  i n t e r ca s t e :  t r a  so ldato  e p seude rga t e  e t r a  so lda to  
e reale  di sos t i tuz ione ;  la f r equenza  di ques t i  t i p i  di  m u t e  
a u m e n t a  con la dose di  F A E E  usa ta ,  m e n t r e  d iminu i sce  
la f r equenza  delle m u t e  l a rva l i  e a reale  di sos t i tuz ione .  I1 
t e m p o  medio  in te rcor so  t r a  l ' in iz io  del t r a t t a m e n t o  e le 
m u t e  l a rva l i  o a reale di  sos t i tuz ione  ~ s t a to  p i~  lungo  
che per  i control l i ,  ~ s t a to  invece  p ih  b reve  pe r  le m u t e  a 
so lda to  e a i n t e r c a s t a  di  soldato.  
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B a s e m e n t  M e m b r a n e  Abnormal i t i e s  in Melanot ic  T u m o r  F o r m a t i o n  of Drosophila 
Two genera l  m e c h a n i s m s  are u t i l ized b y  insec ts  to  

c o m b a t  an  i n v a s i o n  of t h e  hemocoe l  b y  foreign objects .  
I n  t he  case of a sma l l  in fec t ive  par t ic le ,  i n d i v i d u a l  hemo-  
cy tes  des t roy  t h e  i n t r u d e r  b y  a p h a g o c y t i c  r eac t ion  1. 
W h e n  t h e  size of t he  in fec t ive  a g e n t  or t h e  i n t e n s i t y  of 
in fec t ion  is such  t h a t  a large  s e g m e n t  of t he  h e m o c y t e  
p o p u l a t i o n  is mobi l ized,  t h e  i nvade r s  are  s u r r o u n d e d  b y  
layers  of b lood  ceils fo rming  a capsule  w h i c h  t h e n  becomes  
melan ized .  S t r ik ing  examples  of t h e  ef fec t iveness  of t h e  
l a t t e r  m e c h a n i s m  are t h e  agg rega t ion  of h e m o c y t e s  a b o u t  
t h e  cyn ip id  Pseudeucoila in  pa ra s i t i z ed  l a rvae  ~, a n d  
e n c a p ~ l l a t i o n  of Streptococci in in fec ted  l a rvae  of Dro- 
sophila melanogasterK This  cel lular  defense  m e c h a n i s m  
cor responds  precise ly  to  t h a t  occur r ing  in  'me lano t i c  
t u m o r '  s t r a in s  in  t h i s  same species of Drosophila. The  
i n i t i a t i n g  s i te  for t h e  h e m o c y t e  r eac t i on  in me lano t i c  
t u m o r  fo rmat ion ,  however ,  is t h e  l a r va ' s  own  t~ssues and  
in t he  tumorw (tu w) m u t a n t  t he  cauda l  f a t  masses  are  
specif ical ly s ingled ou t  for t h i s  process  of encapsu l a t i on  
a n d  m e l a n i z a t i o n  4. U l t r a s t r u c t u r a l  e x a m i n a t i o n  of t he  
c a u d a l  f a t  masses  an d  t h e  h e m o c y t e s  of lu w l a rvae  d id  no t  
revea l  a n y  foreign in fec t ious  a g e n t  5, no r  could t r a n s m i s s i o n  
dI a n  in fec t ive  a g e n t  be  d e m o n s t r a t e d  b y  p a r a b i o t i c  
l iga t ion  of t,~ w l a rvae  to l a rvae  of n o n t u m o r o u s  s t r a in s  6. 
~n o the r  t u m o r o u s  s t r a ins  of D. mela~zogaster PEROTTI 
a}nd .BAIRATI 7 were n o t  ab le  to  loca te  in fec t ive  bad te r i a  
or  w r u s e s  specific to  t he  m e l a n o t i c  masses.  

The  ana logy  b e t w e e n  h e m o c y t e  response  to  a fore ign 
a g e n t  a n d  e n c a p s u l a t i o n  of t h e  tuw cauda l  f a t  masses  in  
t he  absence  of an  in fec t ive  a g e n t  p r o m p t e d  our  sugges t ion  
t h a t  t h i s  region of t h e  f a t  b o d y  in t h e  m u t a n t  was  defec t ive  
or ' a b n o r m a l '  for  t h i s  s tage  of d e v e l o p m e n t  a n d  conse- 
q u e n t l y  a r eac t ion  to  ' fore ignness '  was  a roused  to  c o n t a i n  
t he  a b e r r a n t  t i s sue  s . Severa l  obs e r va t i ons  s u p p o r t  t h i s  
cons idera t ion .  The  c a u d a l  f a t  b o d y  in tuw loses i t s  f i rm 
t e x t u r e  in  t he  3rd l a rva l  i n s t a r  a n d  t h e  i n d i v i d u a l  f a t  
cells s epa ra t e  f rom one a n o t h e r  eas i ly  w h e n  tuw l a rvae  are  
dissected.  Th i s  p r o b l e m  is no t  e n c o u n t e r e d  in  h a n d l i n g  

n o n t u m o r o u s  l a rvae ;  in  t he  l a t t e r  s t r a in s  d i ssoc ia t ion  of 
i n d i v i d u a l  cells of t he  f a t  b o d y  is a n o r m a l  d e v e l o p m e n t a l  
process  t h a t  occurs  d u r i n g  t i ssue  r eo rgan i za t i on  accom- 
p a n y i n g  p u p a l  me tamorphos i s .  F u r t h e r m o r e ,  t he  m o r p h i c  
t r a n s f o r m a t i o n  of t h e  spher ica l  p l a s m a t o c y t e s  (hemocytes)  
to  t h e  f l a t t e n e d  l amel locy te  v a r i a n t s  wh ich  n o r m a l l y  is 
assoc ia ted  w i t h  p u p a l  d e v e l o p m e n t  in  D. melanogaster s, 
occurs  d u r i n g  t he  2nd m o l t  of tu w l a rvae  10. I f  t h e  s t imu lus  
for  h e m o c y t e  t r a n s f o r m a t i o n  is e m i t t e d  f rom m e t a -  
m o r p h o s i n g  t i ssues  in  t h e  n o r m a l  sequence  of events ,  
p r e m a t u r e  a p p e a r a n c e  of lamel locytes  in  tu w l a rvae  m i g h t  
r e su l t  f r om t h e  cond i t i on  of t he  cauda l  f a t  b o d y  w h i c h  
precoc ious ly  assumes  ' p u p a l '  f a t  b o d y  s ta tus .  B o t h  t h e  
processes  of cell t r a n s f o r m a t i o n  a n d  t h e  b i n d i n g  of t he  
h e m o c y t e s  to  t h e  cauda l  f a t  ceils invo lve  changes  in 
cel lular  surface  properLies, a n d  t h e  topological  aspec ts  
of these  p h e n o m e n a  are n o w  open  to  d i r ec t  o b s e r v a t i o n  
w i t h  t he  s c a n n i n g  e lec t ron  microscope.  The  p r e sen t  
c o m m u n i c a t i o n  descr ibes  a c o m p a r a t i v e  e x a m i n a t i o n  of 
t he  cauda l  f a t  bodies  of t he  lu w s t r a i n  a n d  a n o n t u m o r o u s  
s t r a i n ;  an  a d d i t i o n a l  con t ro l  inc luded  compar i son  of t he  
a n t e r i o r  f a t  bodies  of these  two  Strains.  

L a r v a e  f rom a wild t y p e  s t r a i n  (Ore-R) a n d  a t u m o r  
s t r a i n  (tu~orc) were col lected w i t h i n  i h a f t e r  eclosion 
f rom eggs a n d  m a i n t a i n e d  on  c r eam of Wheat-molasses  
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Fig.  1. A) The  pos te r io r  fa t  b o d y  of a 60 h t u  w l a r v a  i l l u s t r a t ing  the  sur face  wi th  c ra te r - l ike  m a r k s ;  a t r a c h e a l  b r a n c h  is ove r ly ing  the  surface ,  
No te  p a r t i c u l a r l y  the  c o n t i n u i t y  of b a s e m e n t  m e m b r a n e  over  the  sur face  of the  adipose  cells. SEM • 3000. B) The  ch ipped  surface  of an t e r io r  
fa t  b o d y  of a 72 h t u  w l a r v a  shows the  va r ious  spher ica l  e lements  a n d  the i r  d i s t r i bu t i on  w i th in  a eelh SElVl :4 3000. C) The  c a u d a l  f a t  b o d y  of 
a n  86 b t u  ~~ l a r v a  shows  the  f i rs t  visible signs of t u m o r  f o r m a t i o n  inc lud ing  Ioss of b a s e m e n t  m e m b r a n e  a n d  d issoc ia t ion  of the  i nd iv idua l  
ceils. The  sur face  of the  adipose  ceils has  deep folds a n d  gullies, a n d  severa l  hemoey te s  c a n  be  seen in th is  region  (arrows).  SEM • 500. The  
scale is r ep re sen t ed  b y  a whi te  ba r ,  40 ~m.  D) A de ta i l ed  view of the  spec imen in F igure  C) d e m o n s t r a t e s  the  m e m b r a n o u s  e lements  s t r e t c h e d  
be tween  3 cell surfaces .  The  spher ica l  e lements  are  s imi la r  to those  seen w i th in  the  cell in F igu re  B) a n d  these globules  m a y  escape  f rom the  
cells as sur face  m e m b r a n e s  d i s in tegra te .  SEM • 3000. Scale,  10 ~zm. 
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Fig.  2. A) Cauda l  fa t  b o d y  of a n  86 h t u  ~~ l a r v a  wi th  a h e m o c y t e  (arrow) in the  t u m o r  f o r m i n g  site. F a t  cell sur face  in the  lower  left  of the  
f r a m e  has  been  modi f i ed  b y  h e m o c y t e  a c t i v i t y  a n d  c a n  be  c o m p a r e d  wi th  the  sur face  t e x t u r e  of the  2 o t h e r  f a t  cells in  the  f rame.  SEM 
x 3000. Scale,  10 p~m. B) E n I a r g e m e n t  of the  h e m o c y t e  s h o w n  in F igure  A. The  spec imen  has  been  t i l ted  to show t h a t  the  c y t o p l a s m  of 

the  h e m o e y t e  is e x t e n d i n g  over  the  su r face  of the  u n d e r l y i n g  fa t  cell. This  cell is r a p i d l y  t r a n s f o r m i n g  to  a l amel locy te .  SEM • 10,000. Scale,  
2 txm. C) A melano t i e  t u m o r  of the  c a u d a l  f a t  b o d y  of a 93 h t u  *~ l a rva .  The  m a r g i n s  of e n c a p s u l a t i n g  l amel locy tes  of the  u p p e r  l a y e r  of 
the  t m n o r  mass  are  a p p a r e n t .  S E M  • 300. D) A c a u d a l  f a t  b o d y  f r o m  a n  O r e - R  l a r v a  a t  93 h f rom the  s ame  region  i l l u s t r a t ed  in  F igure  C 
shows n o r m a l  f a t  b o d y  t ex tu re ,  t yp i ca l  c ra te r s ,  a n d  n o r m a l  t r a c h e a t i o n .  S E M  x 300. Scale,  100 ~xm. 
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medium at 25~ At the ages of 60, 72, 82, 86, 93, 96, and 
104 h, groups of Ore-R and tuwrc larvae/pupae were fixed 
in buffered formadehyde followed by osmic acidn. The 
specimens were dehydrated in a graded series of ethanol 
and transferred to amyl acetate. Liquid CO~ was used to 
replace the amyI acetate in the critical point drying 
method essentially as described by ANDERSON 12, and the 
specimens were attached to cover glasses mounted on 
metal stubs. The specimens were then coated with gold 
and examined with a J E O L  (Model JSM-U3) scanning 
electron microscope. 

The topology of the caudal and anterior adipose tissues 
of the tumor and normal strains do not differ during the 
early 3rd instar. Adipose tissue is covered with basement 
membrane and its topography is marked by crater-like 
depressions (Figure 1, A). Fat  body cells at this stage of 
development contain large lipid droplets ~3 and loss of 
lipid contents during the fixation and dehydration pro- 
cedures might account for the circular depressions over- 
lying locations of lipid droplets. Mechanical brushing and 
peeling during mounting of the specimens illustrates the 
relationship between cytoplasmic content and the cell 
surface (Figure 1, B). The topography of the fat body 
changes slightly as development proceeds and at 82 h 
the depressions over the surface of t4ae fat body cells begin 
to take on the appearance of folds and gullies. During 
this period (72-82 h) the surface of the t ~  caudal fat 
masses differs distinctly from Ore-R caudal fat masses. 
The basement membrane overlying the tu*~ fat cells is 
lost and individual fat cells or groups of ceils begin to 
separate from one another (Figure 1, C). Small droplets of 
material not seen in younger tuw larvae or normal 
larvae appear between and around the dissociating cells. 
These droplets resemble inclusions found in the fat body 
ceils and t h e y  may represent seepage from cells Which 
have lost their surrounding basement membrane (Figure 
1, D). Blood cells invade the affected area (Figures 1, C; 
2, A and B). As reported ~reviously 4,10 spherical hemo- 
cytes (plasmatocytes and~'podocytes) undergo a morpho- 
logical transformation to form extremely flattened cells 
that  have been designated lamellocytes. A hemocyte in 
the process of cellular transformation is pictured in 
Figurp 2 A and enlarged in Figure 2 B where the foldings 
of the: cell's surface are illustrated as well as the manner 
in whicti the margin is extended in extremely flattened 
sheets (upper left corner of the photograph B). The 
process of cell transformation continues until the entire 
cell becomes a flat sheet spread over the surface of the 
underlying substrate. This layering of lamellocytes 
binds the fat cells into a relatively smooth, compact mass. 
These masses become melanized at approximately 93-96 h 
of age and the melanotic masses are retained throughout 
the life of the individual. Figure 2 C is a tu~ melanotic mass 
which has been positioned for comparison with this same 
region of a normal caudal fat mass from an Ore-R larva 
(Figure 2, D). Basement membrane surrounding Ore-R 
fat body remains intact during Iarval development and 
anterior fat body of tu~ larvae is indistinguishable from 
Ore-R anterior fat body ~at 93 h of age. Only after.pupation 

do changes in the basement membrane of Ore-R fat body 
ceils become noticeable when dissociation of the adipose 
cells from each other sets in. 

The origin of the basement membrane in insects has not 
been established, although a number of observations 
suggest epithelial cells as its source. WlOCLESWORTH 14 
has recently reviewed the reported variety of sources of 
basement membrane material and presented evidence 
that  the hemocytes contribute to basement membrane 
formation in Rhodnius. In Drosophila the nature of the 
glycoproteins in the basement membrane is unknown, and 
it is not clear whether the acellular membrane is a product 
of the ceils underlying a given tissue or a product elabor- 
ated by the hemocytes. This distribution is relevant to an 
analysis of 'melanotic tumor '  formation in Drosophila; 
if the hemocytes contribute to basement membrane 
formation, their neutrality to surfaces covered by products 
of their own metabolic activity might provide the factor 
for recognition of 'self' as opposed to foreign entities, and 
this mechanism would apply to the organism's own 
tissues denuded of their membranous cover as in tu% 
On the other hand, the appearance of specific intercellular 
fat body contents in the hemocoel following loss of the 
overlying basement membrane may also serve as a 
stimulus for hemocyte aggregation about this area to 
contain the affected cells within an enclosed capsule. 
The latter stimulus, however, must be considered a 
consequence of changes at  the cell surface supporting 
our conclusion that  the etiology of 'melanotic tumor '  
formation in Drosophila includes a hereditary factor 
affecting the integrity of basement membrane. 

Zusammen[assung. In Tumorw-Mutanten yon Drosophila 
melanogaster kapseln Hgmocyten den hinteren Tell des 
Fettk6rpers ein und bilden melanotische Tumoren. Mit 
Hilfe des Rasterelektronenmikroskops wurde nachge- 
wiesen, dass mit d e n  Beginn der Tumorbildung ein 
Zerfall der Basalmembran, und eine Aufl6sung des 
hinteren Fettk6rpers ill Einzelzellen gekoppelt sind. 
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D e v e l o p m e n t  of an Establ i shed Cell Line Derived f r o m  Dasypus novemcinctus (Armadi l lo ) ,  a 
Laboratory  A n i m a l  Suscept ib le  to Infection by Mycobacterium leprae 

The search for a classical bacteriological medium that  the human leprosy bacillus is an obligate intra- 
applicable to the rapid and reproducible laboratory cellular parasite. If such is the case, the need for a viable, 
growth of Mycobacterium leprae has not been successful1, susceptible eukaryotic cell system is quite evident. 
The problems encountered tend to support the possibility Tissue culture systems long exploited in the study of 


