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Secondly, trypanosome induced hemolysis is inhibited 
by the presence of 0.005 M EDTA. I t  is of interest tha t  
phospholipase induced swelling of mitochondria thought 
to be due to the release of free fat ty acids, is similarly 
inhibited by bovine serum albumin and EDTA and 
stimulated by Ca ++1~ When thin layer chromatograms 
of chloroform extracts of freshly isolated and autolysed 
T. congolense were compared, significant differences were 
observed in their lipid composition. In particular, fresh 
(non-hemolytic) organisms were rich in phosphatidyl- 
choline, while in autolyzed (hemolytic) organisms the 
phosphatidyl-choline had been significantly reduced 
while fa t ty  acids were markedly increased. There were 
also some evidence to suggest that  lysophosphatidyl- 
choline was generated on autolysis while triglycerides 
were slightly hydrolyzed. 
In order to determine whether the hemolytic fa t ty  acids 
were derived from phosphatidyl-choline through the 
adtion of phospholipase A (EC.3.1.1.4), or from tri- 
glycerides through lipase activity, assays for these en- 
zymes were performed on both freshly isolated and au- 
tolyzed trypanosomes. Phospholipase A activity was 
determined by measuring the hydrolysis of 32 P labelled 
rat  lecithin 11. Lipase act ivi ty was estimated by measuring 
the hydrolysis of glycerol tri (1-1~C) palmitate 12. Freshly 
isolated organisms contained relatively small amounts of 
phospholipase ac t iv i ty  (3.1 nmoles lecithin hydrolyzed 
per mg protein/h). On autolysis this rose considerably, 
reaching in 1 case 200-300 nmoles/mg h. No significant 
levels of lipase activity were found in fresh or autolyzed 
trypanosomes. Preliminary results from further analysis 
of this phospholipase activity using 2(9, 10 -d i aH)d i -  
palmitoyl phosphatidyl-choline (Applied Science Labo- 
ratories) as substrate 12 suggeste d that  the phospholipase 
was primarily A1. 
We therefore suggest that  the hemolysin of T. congolense 
consists largely of free fa t ty  acids and some lysotecithin 

derived from the action of a phospholipase A on endoge- 
nous phosphatidyl choline. The activity is latent and 
becomes unmasked during autolysis of the organisms. 
While fa t ty  acids and lysolecithin are regularly toxic 
in vitro, it is not yet possible to estimate their significance 
in trypanosome infections in animals. One reason for this 
is that  both are rapidly esterified 1~ and bound to albumin 
in vivo 9. Nevertheless, we consider that  the continued 
generation of these factors by phospholipase A, particu- 
larly under conditions of trypanosome accumulation and 
destruction, within an animal's microcirculation may lead 
to the development of degenerative changes in vascular 
endothelium resulting in increased permeability and 
platelet aggregation. Such changes are commonly ob- 
served in T. congolense infections 14. In addition, it is 
possible tha t  the interaction of these factors with erythro- 
cyte membranes, while not causing intravascular hemoly- 
sis, may be sufficient to stimulate their clearance from 
the blood stream and contribute to the anemia so 
characteristic of this infection 14,15. In this connection it 
is pertinent to note that  the hemolytic activity was not 
generated by the non-pathogenic trypanosome, T. lewisi. 
This trypanosome did not generate phospholipase A 
activity on autolysis, and thin layer chromatography of 
chloroform extracts of fresh and autolyzed T. lewisi 
failed to demonstrate significant hydrolysis of phospho- 
lipids or accumulation of free fat ty acids. 
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Summary. Aminopterin was applied to the free-living nematode Caenorhabditis briggsae and subsequent growth was 
recorded. Nematode populations, containing all developmental stages and selected juvenile stages, were exposed to the 
drug in both growth-promoting and non-promoting media. I t  is suggested that  aminopterin creates a specific require- 
ment  for thymine in thymine-free medium. In otherwise growth-promoting medium, aminopterin-induced thymine 
deficiency will lead to progressively unbalanced growth and maturation and hence to sterility even after removal of the 
drug. The omission of essential amino acids from the medium during thymine starvation prevents larval growth and 
results in better reproduction and faster proliferation in aminopterin-free medium. The 4 juvenile stages exhibit  a 
different response to thymine starvation created by aminopterin. 

Aminopterin has been used as a potent  inhibitorof repro- 
duction in studies of nematode development and ageing 1-3. 
The drug prevents gonad formation and thus disturbs 
maturat ion when supplied to newborn nematodes 2. We 
now present some evidence suggesting that  this effect is 
suppressed in some non-developing juvenile stages. This 
might be a valuable tool for selecting nematode  strains 
with altered metabolism. 
Materials and methods. Stock cultures of Caenorhabditis 
briggsae were maintained axenically as previously 
reported~. Gistex medium is a chemically non-defined 

medium that  was developed originally for the large scale 
cul t ivat ion of Caenorhabditis elegans 5. I t  supports very 
fast and profuse growth with C. briggsae as well. MEM is 
defined here as the chemically defined medium CbMM 5 
(available from Gibco bio-cult, Paisley, Scotland) lacking 
the non-essential amino acids alanine, aspartic acid,  
cysteine, glutamate, glutamine, glycine, proline serine and 
tyrosine. These are substituted by equimolar amounts of 
acetate, citrate, pyluvate  and glucose 7. MEM further 
contains no thymine ; sterols and acid precipitated haemin 
are included at 50 txg/ml s. This medium contains all 
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n u t r i e n t s  neces sa ry  for n e m a t o d e  g r o w t h  and  rep roduc-  
t ion,  b u t  i t  is a poor  m e d i u m  t h a t  will no t  yield dense  
popu l a t i o n s .  MM is on ly  d i f fe ren t  f r om MEM in t h a t  i t  
l acks  all a m i n o  acids  a n d  t h e  s u b s t i t u t i n g  m i x t u r e  as  
well. I t  is su i t ab le  for m a i n t a i n i n g  the  n e m a t o d e s  al ive 
b u t  n o t  for s u s t a i n i n g  g rowth .  The  ba lanced  sa l t  so lu t ion  
u s ed  for w a s h i n g  n e m a t o d e s  is the  sa l t  c o m p o n e n t  of 
CbMM. 
A m i n o p t e r i n  was  d i sso lved  in 0.05 N s o d i u m  h y d r o x i d e  at  
1 m g / m l  and  s ter i l ized by  m e m b r a n e  f i l t ra t ion.  I t  was 
s to red  in a freezer  unt i l  use.  T h e n  i t  was app l ied  a t  a 
f inal  c o n c e n t r a t i o n  of 50 tzg/ml, t h a t  is a p p r o x i m a t e l y  
t0 -4 M. All t e s t  cu l t u r e s  were a t  room t e m p e r a t u r e .  
N e m a t o d e s  were c o u n t e d  as p r ev ious ly  repor ted  4. 
Asep t i c  p r e c a u t i o n s  were m a i n t a i n e d  t h r o u g h o u t  all 
e x p e r i m e n t s .  Se t t i ng  up  i n d i v i d u a l  e x p e r i m e n t s  is more  
a p p r o p r i a t e l y  p r e s e n t e d  u n d e r  r e su l t s  and  discussion.  
Resu l t s  a n d  d i s cus s ion .  T h e  ab i l i ty  of C. br iggsae  to r e s u m e  
g r o w t h  a f te r  ex p o su re  to  a m i n o p t e r i n  is s h o w n  in f igure  1. 
Unse l ec t ed  n e m a t o d e s  f rom a p o p u l a t i o n  t h a t  h a d  been  
g r o w n  in g i s t ex  m e d i u m  were w a s h e d  t h o r o u g h l y  in 
b a l a n c e d  sa l t  so lu t ion  a n d  s u s p e n d e d  in a m m o p t e r i n  
c o n t a i n i n g  M E M  for 4, 6 a n d  8 days .  Mor ta l i ty  due  to 
a m i n o p t e r i n  was  e s t i m a t e d  as 1 - 2 %  af te r  4 days ,  
i nc reas ing  to 5 - 1 0 %  af te r  8 d a y s  of exposure .  T h e  
n e m a t o d e s  were t h e n  washed  3 t i m e s  w i th  ba lanced  sa l t  
so lu t ion  a n d  s u s p e n d e d  aga in  in g i s tex  med ium.  Controls ,  
t a k e n  f ro m  th e  or ig inal  popu la t ion ,  were washed  and  
t r ans fe r r ed  d i rec t ly  to new g i s t ex  m e d i u m .  The  resu l t s  
of t h i s  e x p e r i m e n t  c lear ly  d e m o n s t r a t e  t h a t  a m i n o p t e r i n -  
t r e a t e d  n e m a t o d e s  r e s u m e  g r o w t h  w i t h  a m a r k e d  lag 
period,  wh ich  increases  wi th  increas ing  d u r a t i o n  of ex- 
posu re  to a m i n o p t e r i n .  
I t  is s h o w n  in f igure  2 t h a t  t h i s  lag per iod  is c r ea t ed  more  
b y  ex p o su re  to a m i n o p t e r i n  t h a n  b y  some i n h i b i t o r y  
effect  of de l ayed  n e m a t o d e  g r o w t h  per  se. N e m a t o d e s ,  
g rown in g i s t ex  m e d i u m ,  were washed  3 t i m e s  and  sus-  
pend ed  in MM w i t h  a n d  w i t h o u t  a m i n o p t e r i n  for per iods  
of 4, 6 a n d  8 days .  Af te r  th i s  per iod of de layed  growth ,  all 

t e s t  cu l tu re s  were w a she d  3 t ime s  a n d  t r ans fe r r ed  into 
g i s t ex  m e d i u m  The  p o p u l a t i o n  g r o w t h  curves  of n e m a -  
todes  s u s p e n d e d  in a m i n o p t e r i n - f r e e  MM for 4, 6 or 8 d a y s  
pr ior  to  i n c u b a t i o n  in g i s t ex  m e d i u m  were ind i s t ingu i sh -  
able  f rom each  other .  T h e  c o u n t s  were pooled to give t he  
cu rve  r e p re se n t e d  in f igure  2 F r o m  th i s  figure, i t  is clear 
t h a t  the  effect  of m a i n t a i n i n g  n e m a t o d e s  in a s t a t e  of sus-  
p e n d e d  life is r a t h e r  sma l l  in these  cond i t ions  B u t  w h e n  
t he  n e m a t o d e s  are also exposed  to  a m i n o p t e r i n ,  the i r  
fer t i l i ty  decreases  progress ive ly ,  evok ing  an inc reas ing  
lag period pr ior  to pro l i fe ra t ion  in  a minop t e r i n - f r ee  
m e d i u m .  
There  is some  ev idence  f rom the  e x p e r i m e n t  r ep resen ted  
in t ab le  1 t h a t  it  is t he  t h y m i n e  def ic iency  c r e a t e d  by  
e xposu re  to a m i n o p t e r i n  t h a t  leads  to  its cha rac te r i s t i c  
effects .  In  t h i s  e x p e r i m e n t ,  the  effect  of a m i n o p t e r i n  on 
n e m a t o d e  popu la t i on  g r o w t h  was  recorded in MEM 
s u p p l e m e n t e d  wi th  glycine,  t h y m i n e  and  t h y m i d i n e .  U n -  
f o r t u n a t e l y ,  a l imi t ing  m e d i u m  suc h  as MEM allows poor  
g rowth ,  so t he  resu l t s  m a y  be no t  fu l ly  conv inc ing .  Ye t  
we feel t h a t  t he  fol lowing m a i n  conc lus ions  can  be  d r a w n  
f rom th i s  e x p e r i m e n t .  Firs t ,  t h y m i n e  and  t h y m i d i n e  are 
equa l ly  su i t ab le  to  ove rc ome  the  t h y m i n e  def ic iency  
crea ted  b y  a m i n o p t e r i n .  Second,  t he r e  is no ev idence  for 
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Fig. 1. Population growth of C. briggsae in gistex medium following 
exposure to aminopterin [50 ~g/ml) in MEM. �9 �9 Controls not ex- 
posed to AP. �9 �9 AP exposure during 4 days. � 9  �9 AP exposure 
during 6 days. /x & AP exposure during 8 days. 
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Fig. 2. Population growth of C. briggsae in gistex medium following 
incubation in MM with and without aminopterin (50 ~g]ml/. Q--Q 
Controls not incubated in MM. � 9  [] Nematodes suspended in MM 
during 4. 6 and 8 days, pooled results �9 �9 AP exposure during 
4 days. A �9 AP exposure during 6 days. A & AP exposure during 
8 days. 
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aminop te r in - induced  glycine def iciency in the  presence  of 
t h y m i n e  or thymidine .  This means  t h a t  in nematodes ,  
m u c h  as in H e L a  cells 9, glycine mus t  be avai lable f rom 
sources no t  involving folic acid enzymes.  In  nematodes ,  
such a p a t h w a y  has been  s tudied  ex tens ive ly  10-13. Third,  
glycine alone, when  suppl ied  in large quant i t i es  is no t  
able to  overcome the  g rowth - inh ib i t i ng  effect  of amino-  
p ter in ,  bu t  has  considerable  effect  in preserving  the  nema-  
todes  f rom dea th ,  i.e. i t  is able to reverse the  di rect  toxic  
effect  of aminop te r in  for a long period.  
Like o the r  DNA synthes i s  inhibi tors ,  aminop te r in  selec- 
t ive ly  affects  pro l i fe ra t ing  ceils. Therefore  it m a y  be 
surprising,  if no t  con t rad ic to ry ,  t h a t  the  add i t ion  of 
aminop te r in  to def ic ient  med ia  (figure 2) evokes i ts  
charac ter i s t ic  symptoms .  More ins ight  in th is  p rob lem 
was gained by  s tudy ing  the  effect  of aminop te r in  on the  
var ious  juveni le  stages.  
A n e m a t o d e  popu la t ion  was  grown in gis tex medium.  Egg 
masses  were harves ted ,  washed  thouroug ly  in sal t  solut ion 
and suspended  ove rn igh t  in MEM. The newly  ha t ch ed  
juveni les  (J~) were t h e n  washed  and suspended  for 5 days  
in the  media  shown in table  2, and allowed to  reproduce  
in gis tex m ed ium to give the  resul ts  under  J1. Other  
juveniles  were grown fu r the r  MEM unt i l  each of the  
4 juvenile  s tages could be harves ted .  They  were  then  
t r ea t ed  as descr ibed for J1- I t  m a y  be concluded f rom 
table  2 t h a t  the  f i rs t  juveni le  s tage is mos t  suscept ible  to 
aminop te r in  t r e a t m e n t  in b o t h  media  suppor t ing  (MEM) 
and  no t  suppor t ing  (MM) growth.  In  e i ther  case, the  
t r e a t ed  J~ did no t  deve lop  any  fu r ther  t h a n  the  second or 
th i rd  juvenile  s tage in gis tex medium.  In  s t rong  cont ras t ,  
the  second and th i rd  juveni le  stages (J2 and Ja) are 
ve ry  suscept ible  to aminop te r in  t r e a t m e n t  in MEM bu t  
s l ight ly res i s t an t  to  the  drug  in MM. I t  was not iced  t h a t  
J2 and  Ja, t r e a t ed  wi th  aminop te r in  in MEM, reached  full 
length  in gis tex m e d i u m  b u t  did not,  or only  occasionally,  
reproduce.  The four th  juvenile  s tage is s l ight ly res i s t an t  
to aminop te r in  t r e a t m e n t  in b o t h  MEM and MM media.  
The charac te r i s t ic  response  of the  4 juvenile  s tages  to 
aminop te r in  t r e a t m e n t  m a y  well be re la ted  to  par t icu lar -  
ities of gonad fo rma t ion  dur ing  nema tode  deve lopment ,  

Table 1. Inhibitory effect of aminopterin on population growth of 
C. briggsae and reversal by thymine and thymidine 

Supplements to MEM Population density after 14 days 
Expt. 1 Expt. 2 

None (control 13750 14000 
AP 2800 2250 
AP, Gly 7950 7600 
AP, Thy 11850 10200 
AP, Thy, Gly 10200 10200 
AP, Td 13450 10000 
AP, Td, Gly 13600 9600 

Table 2. Progeny of C. briggsae juveniles treated with aminopterin 
in growth promoting (MEM) and non-promoting (MM) medium 

Ju.ve- Progeny produced after 7 and 14 days of incubation in gistex 
nile medium following pre-incubation in various media 
stage MEM MEM + AP MM + AP MM 

(controls) 

J1 560 i 65 0 0 2004- 20 
165904. 970 0 0 11520=t= 1050 

J2 1010 i  35 0 304. 10 9604. 120 
nd 0 1280:L170 147804. 2150 

J3+J2 14004- 95 0 55:t: 5 9204- 100 
nd 0 a) 1450:~450 145704- 1180 

J3 20904- 100 0 554- 15 10804- 70 
190604- 340 0 b) 25604-450 179204- 1280 

J4+Jz 2403-4- 22 1704. 45 1704. 20 10204- 75 
197304.1440 2260:[:700 3470:j_210 180504. 390 

J4 37904- 930 3044-100 5004-180 25404- 790 
191004- 590 63504-850 4810:J_820 157204- 420 

Juveniles were determined by measuring the mean length at treat- 
ment 14. J2 + J3 means that treated juveniles were predoininantly 
J3 but might contain some J~. Similarly J4 + J3 means that some J~ 
may be present. Juveniles were exposed to aminopterin (50 ~tg/ml) 
or were incubated in aminopterin-free MM for 5 days and then were 
allowed to produce offspring in gistex medium. Juveniles, hatched 
and grown up in MEM, were used as controls. These were transferred 
immediately to gistex medium as soon as they reached the desired 
stage. Numbers are means • SE of 4-8 replicate tubes. Each tube 
was inoculated with 5 juveniles. Variation between replicate tubes 
was high, especially in limiting media. ~) except I tube of 8, giving 
a progeny of 102 nematodes; b) except 2 tubes of 8 which a progeny 
of 164 and 229 respectively; nd: not determined. 

b u t  more  exper imen ta l  work  Would be needed to clarify 
fu r ther  th is  re la t ionship.  The au thors  believe t h a t  it  is the  
t h y m i n e  deficiency, evoked  when  aminop te r in  is suppl ied 
to g rowth -p romot ing  medium,  which selectively p reven t s  
second and th i rd  s tage juveni les  f rom ma tu r ing  and 
reproducing  in aminopte r in - f ree  medium.  F i r s t  s tage 
juveniles  m a y  be more  af fec ted  by  direct  toxic  effect  of 
aminopte r in .  The appearance  of large amo u n t s  of J1, 
when  unselected  n e m a t o d e  popula t ions  are exposed  to 
aminopte r in ,  is responsable  for t he  unexpec ted  lag period 
in figure 2. 
The f indings r epor ted  here  m a y  be valuable  for fu r ther  
s t u d y  of n e m a t o d e  deve lopment .  The selective loss of 
n e m a t o d e  reproduc t ion  when J2 or J3 juveni les  are 
exposed  to  aminop te r in  in g rowth -p romot ing  medium,  
whi ls t  m a t u r a t i o n  and reproduc t ion  are preserved  under  
the  same condi t ions  in def ic ient  medium,  recalls s imi la r  
fea tures  of thymine less  dea th  in bac te r ia  and cells, and 
m a y  likewise be a valuable  tool  for isolating m u t a n t  
s t ra ins  t h a t  require  an addi t iona l  n u t r i en t  for growth.  

Supplements were added at the following molar concentrations: 
aminopterin 10 .4 M, thymine 10 .2 M, thymidine 10 ~ M, glycine 
10 -2 M. All test media were inoculated with 2,500 nem/ml. The 
counts listed for MEM + AP represent living worms only. Living 
and dead together comprise some 6,000-7,000 due to initial prolifera- 
tion during the first days of exposure to AP and subsequent increase 
of mortality, especially from the 7th day on. In MEM + AP + Gly 
less than 1% of the nematodes were dead, but worms moved very 
slowly, Most of the nematodes were small juveniles, which means 
that the population density is the result of initial proliferation 
during the first days of exposure. In all the other test media healty 
nematodes were found, predominantly adults. 
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