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equivocal  t h a n  ovipos i t ion  da t a  6, suggest ing a much  
h igher  level of specif ic i ty  for larval  behaviour .  This  is 
cons is ten t  w i th  the  explo i ta t ion  of a va r i e ty  of foods by  a 
cosmopol i tan  species since, following ha tching ,  larvae can 
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move  to the  mos t  beneficial  resources avai lable to them.  
However ,  in m a n y  rare  endemic  species, qui te  specific 
oviposi t ion s t imul i  p r e sumab ly  occur because of h ighly  
specific larval  resource exploi ta t ion ,  of ten  involving p a r t s  
of par t i cu la r  p l an t  species 7. 
The known ecological differences be tween  these  2 species 
are pr incipal ly  q u a n t i t a t i v e  r a t h e r  t h a n  qual i ta t ive ,  bo th  
species a p p a r e n t l y  using r a t h e r  s imilar  resources 8 w i th  
the  single excep t ion  of e thanol .  However ,  since s tudies  
concen t ra t ing  on larvae are rare, fu ture  research  could 
al ter  th is  s i tuat ion.  The compara t i ve  s t u d y  of resource 
ut i l izat ion by  larvae  of d i f fe rent  Drosophi la  species re- 
mains  an open field, and detai led inves t iga t ions  in par t ic -  
ular  of sibling species m a y  yield in te res t ing  in fo rmat ion  
concerning evo lu t ionary  divergence.  
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Summary .  Tryps in  c o m m o n l y  used for cell dispersion increases adeny la t e  cyclase ac t iv i ty  of IKB cells. I t  ac ts  on ca ta-  
lytic receptors ,  since the  a p p a r e n t  Km for A T P  is lowered, and it al ters  the  dependence  of adeny la t e  cyclase on Mg++ 
ions. 

Ev idence  has accumula t ed  suggest ing t h a t  cyclic A M P  
can influence cell divis ions in a n u m b e r  of cell t y p e s  i n  
cu t ture l ,  L Cer ta ins  agents ,  such as pronase,  which  are 
known to ac t  on the  cell surface, can ini t ia te  cell divisions.  
Bombick  and Burger  S have  shown t h a t  the  act ion of such 
agents  can be b locked b y  the  addi t ion  of d ibu ty ry l  cyclic 
AMP.  I t  seems t h a t  ext racel lu lar  condi t ions  m a y  contro l  
cell divisions by  affect ing the  m e m b r a n a l  componen t s  of 
t he  cyclic A M P  sys tem,  i.e. the  adeny la t e  cyclase. This 
paper  descr ibes  the  effects  on adeny la t e  cyclase of pro-  
cedures  c o m m o n l y  used to de t ach  cells from flasks dur ing  
cell cultures.  
Materials and methods. K B  cells were grown in 75 cm 
cul ture  surface Falcon flasks conta in ing  20 ml  of Eagle ' s  
min imal  essent ia l  supp l emen ted  wi th  10% calf serum, 
0.25% sodium b ica rbona te  and  0.005% aureomyc in  
(pH = 7.1). A p p r o x i m a t e l y  8 • l0  s cells were seeded f rom 
conf luent  cells d ispersed by  one of the  3 common ly  used 
m e t h o d s : s c r a p i n g  wi th  glass taws,  t r e a t m e n t  wi th  0.25 % 
t ryps in  f o r  2 min,  or t r e a t m e n t  w i th  2.5% e thylene  
d iamine  t e t raace t i c  sod ium salt  (EDTA) for 10 min.  

Changes of media  for the  feeding of cul ture  were made  
42 h later.  In  these  condi t ions ,  conf luency is ob ta ined  
48 h later.  For  cell numera t ions ,  cell v iab i l i ty  was 
rou t ine ly  tes ted  by  cosine dye  exclusion. Fo r  adenyla te  
cyclase assay cells were ha rves t ed  by  scraping in 25 mM 
Tris-HC1 p H  = 7.6 supp l emen ted  wi th  1 mM MgCI~. and  
250 mM saccharose,  b roken  at  4~ and  cen t r i fuga ted  at  
6 0 0 •  for 10 min,  the  pel le t  was  rou t ine ly  used for 
assays.  3 cul ture  flasks were pooled for each  enzyme 
ac t iv i ty  de te rmina t ion .  Assay reac t ion  cons t i tuen t s  4 in- 
c luded 2 mM (ea~p)_ATP 1 ~Ci, 1 mg/ml  crea t ine  phospho-  
kinase, 20 mM creat ine  phsopha te ,  1 mg/ml  bovine  serum 
a lbumine ,  10 mM MgCt 2 and  en zy me  (approx imate ly  
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400 [xg prote in)  in a f inal  vo lume of 100 ~xl. Reac t ions  
were in i t ia ted  by  addi t ion  of enzyme a t  4~ were incu- 
ba ted  a t  37~ for 10 min  in a shaking w a t e r - b a t h  and 
were immersed  in boil ing wa te r  for 3 min.  We added  
100 ~1 s top  solut ion con ta in ing  20 mM A T P  and  6 mM 
(83H)-cyclic A M P  (5000 cpm) as ch romatograph ic  t racer .  
The cAMP formed was isolated according to  the  m e t h o d  
of W h i t e  5. The recovery  of the  carrier  (88H)-cyclic A M P  
var ied f rom 50% to 60%. Immers ion  was carried out  and 
s top solut ion was  added  prior  to  the  addi t ion  of enzyme 
in b lank  react ions  and b lank  values  were sub t r ac t ed  f rom 
each e x p e r i m e n t  va/ae.  All enzyme  assays  were carr ied 
ou t  in dupl icate .  Adeny la t e  cyclase act ivi t ies  expressed 
as pmoles  of cyclic A M P  formed dur ing  the  reac t ion  were 
linear w i th  respect  to  t ime  of incuba t ion  up to 20 min  and 
to p ro te in  concen t ra t ion  up to 1 mg prote in .  Act ivi t ies  
were rou t ine ly  expressed  as pmoles  of cyclic AMP formed 
per  minu te  per  mg pro te in  (pmoles /min /mg prot.) .  
Results.  Figure 1 shows increased adeny la t e  cyclase 
ac t iv i ty  following t rans fe r  of K B  cells r emoved  f rom 
cul ture  flasks w i th  t ryps in .  This  effect  lasts  several  hours.  
Scraping or EDTA,  used ins tead  of t ryps in  to r emove  
cells, does no t  cause such act ivi t ion.  The numera t ion  of 
K B  ceils does no t  show s t imula t ion  of cell divis ions a f te r  
t ryps in  t r e a t m e n t ,  in the  used cul ture  condi t ions .  In  
order  to  character ize  fu r the r  the  effect  of t ryps in  on the  
s t imula t ion  of adeny la t e  cyclase, the  act ivi t ies  were 
de t e rmined  in the  presence  of increasing A T P  concent ra -  
t ions  w i th  cons t an t  MgC12 concen t ra t ion  (figure 2, A) and  
in the  presence of increasing MgC12 concen t ra t ions  witt l  
cons t an t  A T P  concen t ra t ion  (figure 2, B). Adeny la t e  
cyclase of cells de tached  by  t ryps in  shows an a p p a r e n t  
Km for A T P  lower t h a n  t h a t  of cells de tached  by  scraping 
or E D T A  (Km = 0.5 mM ins tead  of K ~  = 0.7 mM). The 
dependence  of adeny la t e  cyclase on Mg++ ions is also dif- 
ferent .  W i t h  the  assay m e t h o d  we used, there  is no 
s ignif icant  ac t iv i ty  in cells de tached  b y  scraping or 
E D T A  when  MgClz concen t r a t ion  is lower t h a n  2 mM, b u t  
we ob ta ined  15% of max ima l  a c t i v i t y  in cells de t ached  
by  t ryps in .  This  effect  is no tab le  because Mg++ concen-  
t r a t ion  in cul ture  med ium is 2.5 mM. 
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Fig. 1. This data shows the effect of the method used to disperse cells 
before seeding, on adenylate cyclase activity over a period of culture. 
Number of living cells (O �9 A), adenylate cyclase activity (�9 [] A), 
cell dispersion by scraping ([B �9  EDTA (& A), trypsin (�9 0). 
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Fig. 2. Confluent cells from 10 culture flasks were pooled and ade- 
nylate cyclase activity was assayed ill triplicate. A shows the relative 
activities as a function of ATP concentrations with 10 mM MgCI=, 
the smallest panel shows the corresponding Lineweaver et Burk 
plots. B shows relative activities as a function of MgCI= concen- 
trations with 2 mM ATP. Cell dispersion by scraping ([]), trypsin 
(O), EDTA (�9 

Discussion.  Tryps in  is k n o w n  to  decrease the  ac t iv i ty  of 
cyclic nucleos phosphod ies te rase  located  ill p l a sma  
m e m b r a n e  0, b u t  also to cause a decrease in the  cyclic 
AMP level 7 and s t imula t ion  of cell divisions a, s. There  is a 
d i sc repancy  be tween  these  f indings and  our reslalts con- 
cerning the  inf luence of t ryps in  on adeny la t e  cyclase 
ac t iv i ty .  R y a n  et  al. 9 suggest  t h a t  cyclic AMP m a y  be 
syn the t i zed  at  a rap id  ra te  b u t  i t  m a y  also be lost  by  the  
cell ve ry  quickly because t ryps in  produces  increased 
pe rmeab i l i t y  of cells 1~ 11; therefore  a decrease in cellular 
cyclic AMP m a y  occur. In  fact,  the  levels of cyclic AMP 
in cul ture  med i u m should have  been de t e rmined  before 
and  a f te r  t ryps in  t r e a t m e n t  to conf i rm this  hypothes i s .  
Figure  i shows t h a t  there  is no s t imula t ion  of cell divi-  
sions af ter  t ryps in  t r e a t m e n t ,  a l though  such s t imula t ion  
is general ly  a t t r i b u t e d  to  the  act ion of pro teases  on cells. 
This react ion migh t  be d i f fe rent  in special  t r ans fo rmed  
cells Such as K B  cells, or migh t  va ry  wi th  t ime  and 
according to the  condi t ions  of the  t ryps in  t r e a t m e n t .  
Adeny la t e  cyclase ac t iv i ty  is enhanced  by  t ryps in  when  
used for only 2 rain, therefore  a new enzyme synthes i s  
does no t  seem to be probable .  Tryps in  ac ts  on the  
ca ta ly t ic  receptor  since the  a p p a r e n t  Km for A T P  is 
lowered (figure 2, A), f rom 0.7 to  0.5 mM, b u t  the  real 
subs t r a t e  of th is  enzyme  is known to be Mg-ATP,  t hen  
the  dependence  on Mg++ ions m a y  be affected n o t  only  
by  a modi f ica t ion  of the  regula tory  receptors  on which 
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Mg++ ions act ,  b u t  also b y  a mod i f i ca t i on  of t h e  ca t a ly t i c  
receptor .  Consequen t ly ,  a l t h o u g h  t r y p s i n  ac ts  on t he  
d e p e n d e n c e  on  Mg ++ ions, we m a y  no t  conclude  exclu- 
s ively  t h a t  i t  changes  t he  r e g u l a t o r y  receptors .  I t  m a y  be  
t h a t  t r y p s i n  r eac t s  d i rec t ly  wi th  t he  ca t a ly t i c  r ecep tors  
of a d e n y l a t e  cyclase, b u t  we would  r a t h e r  sugges t  t h a t  
l imi ted  pro teo lys i s  exposes  recep tors  wh ich  were pre-  
v i o u s l y  h idden .  This  a c t i v a t i o n  las ts  as long as cells 
res to re  t he i r  in i t ia l  m e m b r a n a l  o rgan iza t ion .  The  mem-  
b r a n e  s t r u c t u r e  a n d  func t ions  of t r a n s f o r m e d  cells are 
d i f fe ren t  f rom those  of n o r m a l  cells. U l t r a s t r u c t u r a l  
freeze f r ac tu re  m o r p h o l o g y  12 and  ac t iv i ty ,  or ce r t a in  

m e m b r a n e  enzymes  are changed  13. A d e n y l a t e  cyclase 
a c t i v i t y  of t r a n s f o r m e d  cells is lower t h a n  t h a t  of n o r m a l  
cells14. I t  has  been  sugges ted  t h a t  t he  cha rac te r i s t i c s  of 
the  e n z y m e  a l t e red  w i t h  d i f fe ren t  t r a n s f o r m a t i o n  
agentslS,  l~; c o n s e q u e n t l y  we c a n n o t  s ta te ,  f rom our  
f ind ings  r e l a t i ng  to t he  K B  cells, t h a t  t he  m e c h a n i s m  of 
t he  ac t ion  of t r y p s i n  on  a d e n y l a t e  cyclase is t h e  genera l  
rule. However ,  t r y p s i n a t i o n  of cell cu l tu res  can  af fec t  cell 
m e t a b o l i s m  b y  mod i fy ing  t he  e n z y m a t i c  s y s t e m  of 
a d e n y l a t e  cyclase;  t he  use of a n o t h e r  m e t h o d  of r e m o v i n g  
cells would  a p p e a r  p re fe rab le  in order  to  e l imina te  some 
b iochemica l  changes  d u r i n g  s tud ies  of cell cu l ture .  

The generation and identification of the hemolys in  of Trypanosoma congolense t 
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Summary. The  hemoly t i c  a c t i v i t y  of T r y p a n o s o m a  congolense appea r s  to  be  due  to t he  presence  of free f a t t y  acids 
g e n e r a t e d  b y  t he  ac t ion  of phospho l ipase  A on endogenous  p h o s p h a t i d y l  choline.  Some lysolec i th in  also c o n t r i b u t e s  
to  t h e  | y t i c  ac t iv i ty .  T r y p a n o s o m a  lewisi, be ing  devoid  of phospho l ipase  A, does no t  genera te  free f a t t y  acids and  is 
the re fo re  non-hemoly t i c .  

A l t h o u g h  the  diseases caused  b y  t he  Af r i can  t r y p a n o -  
somes  are of m a j o r  economic  and  social s ignif icance,  t he i r  
pa thogenese s  r e m a i n  v e r y  poor ly  u n d e r s t o o d  ~. Var ious  
h y p o t h e s e s  h a v e  been  p u t  foreword  to  a ccoun t  for t he  
d e a t h  of t r y p a n o s o m e  infec ted  a n i m a l s  inc lud ing  t he  
sugges t ion  t h a t  these  o rgan i sms  p roduce  tox ins  8-5. U n t i l  
r ecen t ly ,  t h i s  was cons idered  to be  un l ike ly  since t he  
u n e q u i v o c a l  occur rence  of such  t o x i n s  had  n o t  been  
d e m o n s t r a t e d .  I t  has  now  been  s h o w n  however ,  t h a t  
b o t h  T r y p a n o s o m a  congolense  ~ and  T. brucei7 genera te ,  
on  autolys is ,  m a t e r i a l  wh ich  is p o t e n t l y  cy to tox ic  and  
hemoly t i c .  
Material and methods. H e m o l y t i c  a c t i v i t y  is a b s e n t  f rom 
f resh ly  i so la ted  T. congolense  s t r a i n  T R E U  112, b u t  is 
g e n e r a t e d  on  i n c u b a t i o n  of a 7% v / v  suspens ion  of these  
o r g a n i s m s  for 8-10 h a t  20~ in p h o s p h a t e  buf fe red  
glucose (PBG) (0104 M, p H  8). A t  t he  end  of th i s  t ime,  
such  a suspens ion  is capab le  of caus ing  100% lysis of an  
equa l  Volume of 2 .5% sheep e r y t h r o c y t e s  in P B G  w i t h i n  
2 m i n  a t  37 ~ All h e m o l y t i c  a c t i v i t y  is c o n t a i n e d  w i t h i n  
t he  p a r t i c u l a t e  f rac t ion  of t he  suspension,  be ing  sedi-  
mented" b y  c e n t r i f u g a t i o n  a t  5 , 0 0 0 •  for 5 rain.  This  
a u t o l y s a t e  is also capab le  of lys ing r a b b i t  bu f fy  coa t  cells 
and  mouse  pe r i t onea l  cells as well  as be ing  able to  cause 
a local  acu te  i n f l a m m a t o r y  response  on  i n t r a d e r m a l  in- 
ocu la t ion  in to  r a b b i t s  6. 
I n  o rde r  to  d e t e r m i n e  t he  n a t u r e  of t he  h e m o l y t i c  m a t e -  
rial,  1 ml  of an  a u t o l y s e d  t r y p a n o s o m e  suspens ion  pre-  
pa red  as descr ibed  above  a n d  possess ing hemoly t i c  ac- 
t i v i t y  was e x t r a c t e d  b y  s hak i ng  w i t h  c h l o r o f o r m - m e t h a n o l  
(2: 1) for 20 min  a t  room t e m p e r a t u r e .  A t  t he  end  of 
th i s  t i m e  t he  ch lo ro fo rm layer  was  separa ted ,  e v a p o r a t e d  
to d rynes s  u n d e r  v a c u u m  a t  room t e m p e r a t u r e  and  re- 
su spended  to 1 ml  in  PBG.  T he  m e t h a n o l  was r e m o v e d  
f rom t h e  aqueous  layer  b y  e v a p o r a t i o n  to i ts  or ig inal  
vo lume.  H e m o l y t i c  ac t iv i ty ,  as shown  b y  100~ lysis of 
a n  equa l  vo lume  of 2.5% sheep e r y t h r o c y t e s  w i t h i n  30 
min,  was  found  to  be conf ined  to t he  m a t e r i a l  e x t r a c t e d  
b y  ch loroform.  No lysis was  obse rved  in the  aqueous  
f r ac t ion  even  a f t e r  i n c u b a t i o n  w i t h  e r y t h r o c y t e s  for 18 h 
a t  37 ~ 

A ch lo roform e x t r a c t  of au to lysed  t r y p a n o s o m e s  was 
f u r t h e r  ana lysed  b y  t h i n  layer  c h r o m a t o g r a p h y .  The  
m a t e r i a l  was s t r eaked  o n t o  p la tes  coa t ed  w i th  silica gel 
H (Merck) of 0.5 m m  th i cknes s  w i t h  a n u m b e r  of phos-  
pho l ip id  and  f a t t y  acid s t anda rds .  The  c h r o m a t o g r a m  
was deve loped  in c h l o r o f o r m - m e t h a n o l - w a t e r  (65 : 25:4) 
and  v isual ized  in iodine vapour .  The  spots  were ident i f ied  
aga in s t  the  s t a n d a r d s ,  sc raped  off, a n d  the  scrapings  
e x t r a c t e d  w i t h  two wash ings  of c h l o r o f o r m - m e t h a n o l - N  
HC1 (20: 10: 1). The  e x t r a c t s  were e v a p o r a t e d  to d ryness  
u n d e r  v a c u u m  and  0.2 ml  2.5% sheep e r y t h r o c y t e s  in 
P B G  added  to each  dr ied tube .  Comple te  lysis of these  
e r y t h r o c y t e s  occur red  a f t e r  2 h a t  37~ in the  presence  
of m a t e r i a l  ident i f ied  as free f a t t y  acid. Sl ight  hemolys i s  
(12%) was also obse rved  in t he  presence  of m a t e r i a l  
ident i f ied  as l y sophospha t idy lcho l ine .  
Results and discussion. P r e l i m i n a r y  resu l t s  f rom gas 
c h r o m a t o g r a p h i c  analys is  of th i s  free f a t t y  acid f rac t ion  
ind ica t ed  t h a t  i t  cons is ted  largely  of stearic,  pa lmi t ic ,  
oleic a n d  linoleic acids. 
Severa l  o the r  fea tu res  of t he  h e m o l y t i c  process  t e n d  to 
con f i rm  t h a t  lysis is p r i m a r i l y  due to  t he  ac t iv i t i es  of 
f a t t y  acids and,  to  a lesser ex t en t ,  lysoleci thins .  Thus  
t r y p a n o s o m e  induced  hemolys i s  is i n h i b i t e d  in t h e  pre-  
sence of f a t t y  acid free bov ine  s e rum a l b u m i n  ~. I t  is well 
recognized t h a t  a l b u m i n  has  a s t rong  a f f in i ty  for free 
f a t t y  acids s a n d  lysoleci th in  9, so t h a t  these  c o m p o u n d s  
are no  longer  ava i l ab le  to  i n t e r a c t  w i t h  cell m e m b r a n e s .  
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