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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. 

8 H. I~. ]526RNER, Z. Paras i tenk .  40, 203 (1972). 
a K. SANDER, W.Roux '  Arch. En twMech .  0rg.  151, 660 (1960). 

i0 I~. SANDER, Devel .  Biol. 17, 16 (1968). 
I1 H. t{. I46RNER, E x p e r i e n t i a  25, 767 (1969). 
12 H. I5~. t~6RNER, Z. Paras i tenk .  4d, 149 (1974). 
i a p .  BUCHNER, Endosymbiosis o/ Animals with Plant Microorganisms 

(Wiley, New York 1965), p. 909. 

In  v i t r o  A t t a c h m e n t o f  T r y p a n o s o m e s  to  P l a s t i c  

M. HOMMEL and E. IO~OBERTSON 1 

Department o~ Parasitology, Liverpool School o/ Tropical Medicine, Pembroke Place, Liverpool L3 5QA (England), 
8 September 7975. 

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. 
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Fig. 1. Culture of Trypanosoma blanchardi in the presence of BHK- 
cells. (Living materiaI observed on Zeiss inverted microscope) x 160. 

As t r y p a n o s o m e s  are well  k n o w n  to be  affected b y  a 
change  of p H  1~ we l imi ted  these  changes  b y  use of a 
zwi t te r ion ic  buf fe r  (25 m M  H E P E S ) .  The  cu l tu re  was 
k e p t  a t  26 ~ in t he  same  flask, in wh ich  ha l f  t h e  m e d i u m  
was c hanged  a t  i n t e rva l s  of 2 or  3 days  (according to  t h e  
re la t ive  ac id i f ica t ion  ind ica t ed  b y  t he  change  in colour  
of t h e  p h e n o l  red  in t he  medium.)  

A m o u s e - a d a p t e d  s t r a in  of T~ypanosoma blanchardi11 
was used  in t h i s  expe r imen t .  The  m o n o l a y e r  was  processed 
in s i tu  for e l ec t ron-mic roscopy  b y  t he  rou t i ne  g lu ta ra l -  
d e h y d e - o s m i u m  f ixa t ion  5 and  e m b e d d e d  in Ara ld i te .  
Af te r  ha rden ing ,  3 m m  squa re  pieces were cu t  ou t  a n d  
r e - e m b e d d e d  ve r t i ca l ly  inc lud ing  t he  p las t i c  12. Sect ions  
were cu t  on  a n  L K B  u l t r a t o m e  M K  III, s t a i ned  w i t h  
u r a n y l  a ce t a t e  a n d  lead c i t r a t e  a n d  e x a m i n e d  on  a n  
A R K  E M 6 B  e lec t ron  microscope.  (The holes in t he  poly-  
s ty rene  are a r t e fac t s  of embedding . )  

Results and discussion. Afte r  2 weeks in cu l tu re  t h e  
t r y p a n o s o m e s  a t t a c h  to t he  b o t t o m  of t he  cu l tu re  flasks,  
a n d  s t a r t  d iv id ing,  fo rming  'p laques '  of n u m e r o u s  a t -  
t a c h e d  h a p t o m o n a d s  in spaces  b e t w e e n  cells (Figure  1). 

These  p laques  progress ive ly  colonise t h e  flask, a n d  a f te r  
2-3 m o n t h s  fo rm a m o n o l a y e r  of a t t a c h e d  t rypanosomes .  
On Giemsa - s t a ined  p r e p a r a t i o n s  t h e  pa ras i t e s  look like 
' ex t race t lu la r  amas t igo te s ' .  T h e  s t u d y  of t h e  u l t r a s t r u c -  
tu re  of h a p t o m o n a d s  in s i tu  (Figures 2 an d  3), shows t h a t  
t h e y  are a t t a c h e d  b y  the i r  I lagel lar  t ips  to  t h e  p las t ic  
surface b y  m e a n s  of hemidesmosomes .  T h e  e x p a n d e d  
f lagel lar  m e m b r a n e  comes  in close c o n t a c t  w i t h  the  b o t t o m  
of t h e  flask, w i t h  a d i s t ance  of 20-30 _~ b e t w e e n  t h e  p las t ic  
an d  t h e  ou te r  leaf let  of t h e  p l a s m a  m e m b r a n e .  Ly ing  
b e n e a t h  t h e  inne r  leaf let  is an  e lec t ron  dense  a rea  300-  
400 ]~ th ick ,  f rom w h i c h  a large n u m b e r  of f i l amen t s  
a p p e a r  to  arise, converg ing  in to  a b u n d l e  t o w a r d s  an  
area  s i t u a t e d  nea r  t h e  end  of t h e  a x o n e m e  p a r a - a x i a l  rod  
complex .  F r o m  t h e  j u n c t i o n a l  a rea  emerge a n u m b e r  of 
p inocy t ic  vesicles of va r ious  sizes. The  BHK-ce l l s  d id  
n o t  show a n y  a t t a c h m e n t  b y  hemidesmosomes .  

I n  v i t ro  a t t a c h m e n t  of f lagel la tes  to  each  o t h e r  or to  
cel lular  debr i s  h a d  been  obse rved  b y  ear ly  workers .  
BROOI~BR la, for  example ,  b y  u l t r a s t r u c t u r a l  s tudies  
p r o v e d  t h a t  t h e  a t t a c h m e n t  of Crithidia fasciculata to  
i n e r t  s u b s t r a t e s  (Millipore filters) was p roduced  t h r o u g h  
a h e m i d e s m o s o m a l  j u n c t i o n  a n d  discussed t h e  non -  
specif ic i ty  of t h e  m e c h a n i s m .  However ,  in  our  s y s t e m  a 
c o n s i s t a n t  ' a t t a c h m e n t '  could  on ly  be  o b t a i n e d  w i t h  a 
few species of Herpe tosomag ,  1% while  T. brucei, L. 
mexicana mexicana, Herpetosomas sp. an d  even  T. lewisi 
n e v e r  showed,  in our  hands ,  a n y  sign of a t t a c h m e n t ,  
a l t h o u g h  all  h a v e  been  found  to  be  able  to  p roduce  a 
h e m i d e s m o s o m a l  a t t a c h m e n t  w i t h  t h e  cut ic le  of t h e i r  
respec t ive  i n v e r t e b r a t e  host .  
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Fig. 2 and 3. Ultrastructure of haptomonads attached to polystyrene flasks. (Fig. 2 • 15,000; Fig. 3 • 20,000). Abbrevations: N, nucleus; K, 
kinetopiast; a, axoneme; pr, para-axial rod; Ps, plastic surface; hd, hemidesmosomes; if, enlarged intraflagellar space; v, vesicles; fl, fila- 
ments ill relation with the structure of the hemidesmosomal junction. 
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I n  our  model ,  we bel ieve t h a t  anchorage  is an  i m p o r t a n t  
s tep  for in v i t ro  g r o w t h  of t r y p a n o s o m e s  of t h e  subgenus  
Herpetosoma for the  fol lowing reasons :  a) Divis ion on ly  
s t a r t s  a f te r  ' ded i f f e ren t i a t ion '  of adu l t  b l o o d s t r e a m  t rypo-  
mas t igo te s  in to  a t t a c h e d  ep imas t igo tes ;  b) b y  t he i r  solid 
a t t a c h m e n t  the  h a p t o m o n a d s  m a i n t a i n  the  in fec t ion  in 
the  f lasks t h r o u g h o u t  t he  s u b s e q u e n t  changes  of m e d i u m  ; 
c) d iv id ing  h a p t o m o n a d s ,  whi le  i n v a d i n g  progress ive ly  
t he  b o t t o m  of t he  cu l tu re  flask, release in t he  m e d i u m  
i n t e r m e d i a t e  forms which  r ap i d l y  t r a n s f o r m  in to  t r y p o -  

mas t igo te s  or smal l  ' m e t a t r y p o m a s t i g o t e s ' ;  d) h a p t o -  
m o n a d s  seem to be able  to  res is t  b e t t e r  t h a n  ' free '  t r y p a -  
nosomes  to v a r i a t i o n s  of p H  ( the zwi t te r ion ic  buf fe r  in-  
d i spensab le  for t he  d e v e l o p m e n t  of a t t a c h m e n t ,  can  be  
lef t  ou t  a f te rwards) .  

These  obse rva t i ons  sugges t  t h a t  f u r t h e r  s tud ies  w i t h  
th i s  mode l  on  t he  m e c h a n i s m  of a t t a c h m e n t  m i g h t  
enab le  us  to  u n d e r s t a n d  t he  s ignif icance of th i s  p a r t i c u l a r  
t y p e  of d i f f e r e n t i a t i o n  in t he  life cycle of T r y p a n o s o m a -  
t idae.  

Nematicidal Activity of Secondary and Tertiary Alkyl Amides and Amines 
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Summary. Several  C n to C~5 amides  a n d  amines  t h a t  d i s rup t  g r o w t h  in ce r t a in  insects  showed h igh  n e m a t i c i d a l  a c t i v i t y  
in  d i rec t  c o n t a c t  tests .  Two amides  and  9 amines  kil led Panagrellus a t  5-10 ppm.  Of these,  1 amide  and  3 amines  ki l led 
Meloidogyne l a rvae  a t  20 ppm.  

Cer ta in  insec t  h o r m o n a l  chemica ls  af fec t  g rowth ,  
deve lopmen t ,  a n d  m o l t i ng  in n e m a t o d e s  ~, and  e x t r a c t s  
f rom the  n e m a t o d e  Haemonchus contortus exh i b i t  j uven i l e  
a n d  m o l t i n g  h o r m o n e  a c t i v i t y  in  insec ts  4. These  resul ts ,  
p lus  t he  r ecen t l y  r epo r t ed  i sola t ion  f rom a pa ras i t i c  
n e m a t o d e  of 20 -hydroxyecdysone  ~, a m a j o r  insect  s te ro id  
mo l t i ng  ho rmone ,  sugges t  t h a t  t he  h o r m o n a l  con t ro l  of 
d e v e l o p m e n t  a n d  m o l t i n g  in insec ts  and  n e m a t o d e s  m a y  
be  qu i te  similar .  Fo r  th i s  reason,  a n u m b e r  of s econda ry  
and  t e r t i a r y  s t r a i g h t  a n d  b r a n c h e d  cha in  amides  a n d  
amines  t h a t  d i s rup t  t he  h o r m o n e  regu la ted  processes  of 
deve lopmen t ,  mol t ing ,  and  me tamorphos i s ,  a n d  b lock  
s te ro l  m e t a b o l i s m  in ce r t a in  insec ts  6 were t e s t ed  aga ins t  
nema todes .  W e  now r e p o r t  h igh  n e m a t i c i d a l  a c t i v i t y  for 
a g roup  of C n to C~5 a lkyl  amides  a n d  a m i n e s  in  t es t s  
aga ins t  2 species of nematodes .  

Panagrellus redivivus, a s a p r o p h y t i c  n e m a t o d e  and  a 
sens i t ive  ind ica to r  of n e m a t i c i d a l  ac t iv i ty ,  was  exposed 
for 48 h in w a t e r - q u a r t z  s a n d - c a n d i d a t e  t o x i c a n t  m i x t u r e s  
in  t he  s t a n d a r d  d i rec t  c o n t a c t  t e s t  7 in a r ange  of concen t r a -  
t ions  for each  compound .  The  c o m p o u n d s  were solubi l ized 
in a s o l v e n t - s u r f a c t a n t - w a t e r  m e d i u m  t h a t  is non- tox ic  
to  nema todes .  A p p r o x i m a t e l y  400 nema todes ,  in all 
d e v e l o p m e n t a l  stages,  were exposed in each  test .  Ef fec ts  
were d e t e r m i n e d  d u r i n g  t he  d a y  i m m e d i a t e l y  a f t e r  
exposure  b y  microscopic  e x a m i n a t i o n s  8. N o r m a l  un-  

Table I. Range of concentrations of N-substituted amides required 
to kill 100% oi exposed Panagrellus redivivus populations in direct 
contact tests 

Compound Concentration (ppm) 

I CHa(CH~)gCON(CHa)2 ~ 20-40 
II CHs(CH2)10CON(CHa)2" 5-10 
III  CH~(CH~)llCON(CHa)2" 5-10 
IV CHs(CH2)13CON(CH3)2 20-40 
V CH3(CH2)gCON(CH3)C~H5 20-40 
VI CH3(CH2)10CON(CHa)C2Hs 20-40 
VII CH3(CH~)nCON(CH3)C2H~ 20-40 

~The corresponding mono-N-ethyl amide derivative was not homo- 
geneously dispersed in our test system. 

s t ressed Panagrellus are  in  c o n t i n u o u s  r a p i d  mot ion ,  a n d  
t h e  esophagea l  areas  are hya l ine .  E x p o s u r e  to n e m a t i c i d e s  
resu l t s  in  reduced  mot i l i ty ,  immot i l i t y ,  a n d  dea th ,  a n d  
esophagea l  s t r u c t u r e s  in m o r i b u n d  a n d  dead  n e m a t o d e s  
show d i s in t eg ra t ion  a n d  da rken ing .  U n d e r  these  t e s t  
condi t ions ,  t he  LD~5 for D D  (1 : 1 m i x t u r e  of 1, 2-dichtoro-  
p ropene  and  1, 3 -d ich loropropane  and  re l a t ed  C~ chlor i-  
n a t e d  hyd roca rbons ) ,  a s t a n d a r d  commerc i a l  nemat i c ide ,  
is 36 ppm,  and  40 p p m  is le thal .  

The  resu l t s  of Panagrellus exposures  to  t h e  amides  a n d  
amines  are  p re sen ted  in Tab le s  I a n d  I I  a n d  are averages  
of 4 repl ica t ions .  The  m o s t  ac t ive  c o m p o u n d s  were t he  
s t r a i g h t  cha in  amides  and  amines ,  t h o u g h  fewer  of the  
amides  were  as ac t ive  as t he  amines .  Of t he  amides  l i s ted  
in  Tab le  I, t h e  d i m e t h y l  amides  I I  a n d  I I I  t h a t  h a v e  a 
c o n t i n u o u s  cha in  l e n g t h  of 11 and  12 carbons ,  respect ive ly ,  
were t he  mos t  ac t ive  a n d  were l e tha l  a t  c o n c e n t r a t i o n s  of 
5 to  10 ppm.  The  o the r  amides  were ac t ive  a t  20 to  40 ppm,  
c o n c e n t r a t i o n s  wh ich  a p p r o x i m a t e  t he  a c t i v i t y  of t h e  
n e m a t i c i d e  s t a n d a r d  used in th i s  s tudy .  

Most  of t he  amines  l i s ted  in Tab le  I I  were ac t ive  aga in s t  
Panagrellus a t  5 to  10 ppm.  Of t he  s a t u r a t e d  amines ,  
on ly  c o m p o u n d s  X I I  a n d  X V I  requ i red  h ighe r  concen t r a -  
t ions  to  kill  100 % of t he  t e s t  nema todes .  The  2 u n s a t u r a t e d  
amines ,  N, N - d i m e t h y l -  and  m o n o e t h y l - 1 0 - u n d e c e n a m i n e ,  
X X  a n d  X X I ,  respect ive ly ,  were ac t ive  a t  10 to 20 ppm.  
Cer ta in  b r a n c h e d  cha in  amides  a n d  amines ,  such  as t he  
N,N-dimethyl-3,7,11-trimethyldodecanamine, were also 
ac t ive  aga in s t  Panagrellus. 
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