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On the Host-Symbiont-Cycle of a Leafhopper (Euscelis plebejus) Endosymbiosis 
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Biologisches ImtiXut I (Zoologic) der A lbert-Ludwigs-Universitiit, Katharinemtrasse 20, D-7800 Freiburg im Breisgau 
(German Federal Republic, BRD),  77 November 7975. 

Summary. I n  t he  h o s t - s y m b i o n t - c y c l e  of Euscelis plebe]us an d  i ts  bac t e r i a l  s y m b i o n t s  each  of b o t h  s y m b i o n t s  ( 'a '  a n d  
't') appear s  in an  ' i n fec t ion  form'  du r ing  t he  i n t r a o v a r i a l  t r a n s m i s s i o n  (adul t  female) as well  as d u r i n g  t h e  e n t r a n c e  
in to  t he  m y c e t o c y t e s  (embryo)  a n d  in a ' v e g e t a t i v e  fo rm'  d u r i n g  t h e  r e m a i n i n g  t i m e  of t h e  cycle. 

Ha l f  a c e n t u r y  ago BucmqEl~ ~ pub l i shed  t he  f i rs t  
c o m p r e h e n s i v e  p a p e r  on  leaf h o p p e r  endosymbios i s  
inc lud ing  103 species. U n t i l  now  436 l ea fhopper  species 
h a v e  been  examined .  Of these,  in on ly  10 species, be long-  
ing to  t he  s u b f a m i l y  Typh locyb inae ,  no  in t r ace l lu l a r  
s y m b i o n t s  were found.  The  m a j o r i t y  of t he  r e m a i n i n g  
species were assoc ia ted  w i t h  2 or 3 d i f fe ren t  t ypes  of 
e n d o s y m b i o t i c  mic roorgan i sms ,  whi le  in some ra re  
cases even  4, 5 or 6 such  ob l iga te  e n d o s y m b i o t i c  micro-  
o rgan i sms  were found  2. E x c e p t  for t he  so-called ' H e l e n '  
(yeasts) or ' H - s y m b i o n t s '  3, all l ea fhopper  s y m b i o n t s  are 
p r o b a b l y  a b e r r a n t  fo rms  of bac te r ia .  The  fac t  t h a t  so far  
l ea fhopper  s y m b i o n t s  c a n n o t  be  c u l t i v a t e d  in v i t ro  
m a k e s  t he i r  i den t i f i ca t ion  v e r y  diff icult .  F u r t h e r m o r e ,  
v e r y  l i t t le  is k n o w n  conce rn ing  t he  h o s t - s y m b i o n t  in te r -  
act ions .  

The  c o m m o n  l ea fhopper  Euscelis plebe]us Fall .  has  
2 types  of symbion t s ,  wh ich  accord ing  to  t h e  n o m e n c l a t u r e  
of MOLLER ~, are  cal led ' a - s y m b i o n t '  and  ' t - symbion t ' .  
The  a- a n d  t h e  t - s y m b i o n t  of Euscelis are t r a n s m i t t e d  
f rom one gene ra t i on  to t he  n e x t  b y  t r a n s o v a r i a l  infect ion,  

w h i c h  r ep resen t s  t h e  t yp ica l  w a y  of t r a n s m i s s i o n  of 
l ea fhopper  s y m b i o n t s l :  T r a n s m i s s i o n  forms  leave t he  
s y m b i o n t  organ,  t h e  so-called ' m y c e t o m e '  5, of t h e  a d u l t  
female  a n d  r each  t h e  ovar ies  v ia  t h e  h e m o l y m p h .  The re  
t h e y  e n t e r  in to  t h e  pos te r io r  pole of t h e  oocyte  t h r o u g h  
d i s t i nc t  follicle cells. 

Material and methods. Euscelis plebejus was rea red  as 
p rev ious ly  descr ibed  6, 7. The  d e v e l o p m e n t  of t h e  m y c e t o m e  
was s tud ied  b y  h is to logica l  s t a n d a r d  t echn iques .  Fo r  

* This work was supported in part by a grant from the Deutsche 
Forschungsgemeinschaft to Professor K. SAND~, whom I thank 
for helpful discussions. 
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The diagrammatic host-symbiont-cycle of the leafhopper Euscelis plebe]us Fall. shows the different forms of the a-symbiont (top) and of the 
t-symbiont (bottom) with regard to the corresponding developmental stages of the host and of the mycetome (eeutre). a- (or t-) inf, infection 
form of the a- (or t-) symbiout; a- (or t-) veg, vegetative form of the a- (or t-) symbiont; sm, symbiont mass; tin, transitory mycetome; 
dm, definitive mycetone; I1_5, larval instars; ad 9, adult female. For details see~,S, 12. 
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the  u l t ras t ruc tura l  studies, the  embryo  and the myce-  
tomes of var ious stages were r emoved  from the  eggs and 
prepared for electron microscopy s. 

Results and discussion. During embryogenesis  of the  
host, the  paired symbion t  organs develop in its abdomen.  
Following the  basic invest igat ions  of the  embryonic  
deve lopment  of Euscelis plebe]us by SANDER 6, 9, the  single 
steps be tween the  infection mass of the  symbionts  and the  
ma tu re  myce tome  could be s tudiedL The three main  
results of the  above studies can be defined as follows: 
1. Both  types  of symbionts  are incorporated at  specific 
t imes by dis t inct  cells of the  embryo.  2. Translocat ion 
exper iments  of the  symbion t  mass wi th in  the egg sug- 
gested t h a t  o ther  cell types  are no t  capable of incorporat-  
ing the  symbionts  ~0. 3. When  the  symbionts  were experi-  
men ta l ly  e l iminated from the  egg, embryogenesis  as well 
as deve lopment  of the (symbiont  free) myce tome  proceed- 
ed jus t  as in the control  eggs n. 

E lec t ron  microscopic examina t ions  of the  two sym- 
bionts during var ious  stages of myce tome  deve lopment  
show tha t  each of both  symbionts  occurs in two forms 
which differ in thei r  morphology.  One of these forms, 
whle5 appears  during the  ent rance  of the  symbion t  into 
the  prospect ive  mycetocytes ,  is called the  ' infection 
form'S. The second form, called the  ' vege ta t ive  form',  is 
present  dur ing the remaining t ime  of the  host 's  embryo-  
genesis. 

The infection form of the  a -symbiont  often shows 
b inary  fission stages and appears  ex t remely  electron- 
dense. In  contrast ,  the  vege ta t ive  form of the  a -symbiont  
exhibi ts  lower electron densi ty  and is p robab ly  unable 
to divide. E n z y m a t i c  digestion exper iments  and the  large 
number  of r ibosomes suggest t h a t  the  infection form of the  
a -symbiont  has an increased protein synthesis  s. 

The corresponding forms of the  t-symbiont ,  which 
show only slight var ia t ion  in their  electron density,  can 
easily be dist inguished by  their  character is t ic  morphology:  

the  infection form of the  t -symbiont  appears  more spher- 
ical, whereas the  vege ta t ive  form has lobed contours  ~2. 

BUCHNER t named  the  a- and t-symbionts  which enter  
into the  ovaries,  ' t ransmiss ion form'  or ' infect ion form' .  
Infect ion forms and vege ta t ive  forms of the  adul t  myce-  
tome of the female correspond in their  morphology  to the  
infection forms and the  vege ta t ive  forms in the  embryonic  
myce tome.  Thus, a- and t -symbionts  develop a specific 
infection form, which serves no t  only for the  t ransmission 
to the  following host  generat ions bu t  also for invasion of 
the  prospect ive  myce tocy tes  of the  embryonic  myce tome.  
In  analogy to a parasi te-host-cycle,  a simplified symbiont -  
host-cycle can be pos tu la ted  in which a specific form of 
the  symbion t  is correlated wi th  a cer ta in  deve lopmenta l  
s tage of the  myce tome  and of the  host  (Figure). 

A similar  p leomorphism to t h a t  ment ioned  above,  has 
been described for numerous  intracel tular  symbiot ic  
bacteria.  The  symbionts  of coleopterous families such as 
Nosodendridae,  Chrysomelidae,  Curculionidae, Silvanidae,  
Lyct idae ,  as well as of the  Trype t idae  (Diptera) for ill- 
stance, develop an infection form designed to cont inue 
the  symbiot ic  relat ionship ~3. In  these groups invest igat ions  
concerned wi th  the  behaviour  of the  symbionts  dur ing 
embryogenesis  of the  host  are ve ry  rare up to now. 

A remarkable  feature  of the  a- and t - symbiont  of 
Euscelis plebe]us is t h a t  dur ing the  ovarial  t ransmission,  
as well as during the  deve lopment  of the  myce tome,  the  
symbiot ic  microorganisms pass an extracel lu lar  s tage 
before t h e y  are incorpora ted  de novo by  specialized hos t  
cells. 
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Summary. Descr ipt ion of an in v i t ro  sys tem for the  s tudy  of the  a t t a chmen t  of t rypanosomes  to polys tyrene  flasks by  
means  of hemidesmosomes.  This type  of a t t achment ,  whose significance is so far unknown,  reproduces a na tura l  s tage 
in the  life cycle of medical ly  impor t an t  t rypanosomat id  flagellates in the i r  vector .  

Recent ly ,  several  workers have  studied the  u l t ras t ruc-  
ture of t rypanosomat id  flagellates dur ing their  develop-  
men t  in thei r  insect hosts. The  results so far have  shown 
t h a t  all members  of the  F a m i l y  Trypanosomat idae  (of 
which m a n y  are of medical  or ve te r ina ry  importance)  
present  deve lopmenta l  stages ( 'haptomonads ' )  which are 
a t tached  by  thei r  flagellar t ips ot  the  cut icular  l ining of 
the  gut  wall  by  means  of 'hemidesmosomes ' .  This general  
pa t t e rn  has been found so far in the  Trypanosoma sub- 
genera Herpetosoma 2, Duttonella3, Trypanozoon~, Mega- 
trypanum ~, ill the  insect flagellate genera Crithidia ~ and 
Herpetomonas ~ and in the  genus Leishmania s. 

The molecular  basis of the  a t t achment ,  as well as the  
role played by  such a mechanism ill the  life cycle of these 
parasites is still unknown,  bu t  these results suggest  t h a t  
a t t a chmen t  is an indispensable step for the  establishmen~c 
of infection and subsequent  transmission.  This communi-  

cat ion reports  the  deve lopment  of an in v i t ro  model  of the  
hap tomonad  a t t achment .  

Material and methods. The in v i t r o  cul ture  of t rypa-  
nosomes was carried out  as previously  described 9 in a 
25 cm 2 Falcon flask in the  presence of BHK-cel ls ,  an 
over lay  of R.P.M.I .  1640 and 10% foetal  bovine  serum. 

1 We wish to thank Professor W. PETERS and Dr. D. H. MOLY- 
NEIJX for their advice and encouragement. 

2 D. H. MOLYNEUX, Parasitology 59, 55 (1969). 
K. VICKERMAN, J. Protozool. 20, 394 (1973). 

4 R. F. STEIGER, Acta tropica 30, 64 (1973). 
5 D. H. MOLYNEUX, Acta tropica 32, 65 (1975). 
6 B. ]~. BROOKER, P r o t o p l a s m a  73, 191 (1971). 

R. BRIJZr Acts tropiea 31,219 (1974). 
8 R. I'~ILLICK-KENDRICK, ~). ~I. I~OLYNEUX a n d  R. W. ASHFORD~ 

Proc. R. Soc. Lond., B 187, 409 (1974). 
9 M. HO•MEL, Trans. R. Soe. trop. Med. Hyg. 69, 3 (1975). 


