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SUMMARY

Trypanosomes c o n t a i n  a r e p e r t o i r e  o f  a p o s s i b l e  100-1000 

d i f f e r e n t  genes fo r  v a r i a n t  surface  glycoprote ins  (VSGs). A small 

and s t r a i n  s p ec i f i c  f r a c t io n  of these  genes i s  expressed in the 

s a l i v a r y  g la n d s  o f  th e  t s e t s e  f l y  g i v in g  r i s e  to  m e ta c y c l i c  

v a r i a n t  a n t i g e n  ty p e s  (M-VATs). These M-VATs c o n t in u e  to  be 

e x p re s s ed  up to  day n ine  of  i n f e c t i o n  in  th e  b lo o d s t ream  of  

immunosuppressed mice. The v a r ia b le  antigen r e p e r to i r e  expressed 

by T . b . r h o d e s i e n s e  m e t a c y c l i c s  i s  n o t  i n f l u e n c e d  by t h e  

a n am n e s t i c  e x p r e s s i o n  whereby th e  VAT i n g e s t e d  by th e  f l y  i s  

p r e s e n t  a t  h igh  l e v e l s  in  e a r l y  b lo o d s t r e am  p o p u l a t i o n s  of f l y  

in fec ted  mice. This has been demonstrated by feeding t s e t s e  f l i e s  

a t rypanosom e l i n e  e x p r e s s i n g  a VAT, encoded by a s i n g l e - c o p y  

gene which i s  normally a component of the  metacyclic  r epe r to i re ,  

GUTat 7 .13. This VAT did not c o n s t i t u t e  a s i g n i f i c a n t ly  increased 

proport ion of the r e s u l t a n t  metacyclic  population in the fly ,  nor 

was i t  e x p re s sed  a t  h i g h e r  l e v e l s  in  th e  b lo o d s t ream  of f l y  

i n f e c t e d  mice.  A n a ly s i s  of  trypanosome DNA i s o l a t e d  from f l y  

i n f e c t e d  mice r e v e a l e d  t h a t  f o r  th o s e  t rypanosom es  e x p r e s s in g  

GUTat 7.13 a new e x p r e s s io n  l i n k e d  copy (ELC) o f  t h i s  gene was 

made. The presence of t h i s  new ELC was d i r e c t l y  co r re la ted  with  

th e  p re s en c e  o f  7.13 e x p r e s s o r s .  I t  i s  concluded t h a t  th e  

e x p r e s s io n  o f  VSG genes  in  th e  f l y  and in  th e  mammal i s  

con t ro l led  by d i f f e r e n t  mechanisms.

The d i s t r i b u t i o n  o f  a c u t e  s l e e p i n g  s i c k n e s s  caused by 

T.b.rhodesiense i s  not homogeneous throughout East Africa,  ra the r  

d i s c r e t e  f o c i  of  i n f e c t i o n  e x i s t  where th e  d i s e a s e  i s  endemic.  

Trypanosomes with  s im i l a r  VAT r e p e r to i r e s  which share predominant



VATs ( th o s e  which tend  to  appea r  e a r l y  in  i n f e c t i o n )  can be 

grouped in to  serodemes and i n d i v i d u a l  serodemes  a r e  a s s o c i a t e d  

with  indiv idua l  foci .  Stocks from an endemic focus in the Luangwa 

Valley,  Zambia were cloned and te s t e d  fo r  r e la tedness  in antigen 

r e p e r t o i r e  to  s to c k s  i s o l a t e d  from an endemic focus  in Kenya 

using s e ro log ica l  and DNA analys is .  I t  was concluded th a t  stocks 

from t h e s e  two f o c i  in  Eas t  A f r i c a  were members o f  d i f f e r e n t  

serodemes.
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IFAT in d i r e c t  f luoresence  antibody technique
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kDNA k in e to p la s t  DNA
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sVSG so lub le  form v a r i a n t  surface  glycopro te in
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INTRODUCTION



INTRODUCTION

1.1 General In t roduct ion

The African trypanosomes (genus Trypanosoma) are  f l a g e l l a t ed  

protozoa which present a s i g n i f i c a n t  hea l th  problem to  humans and 

animals over a widespread area of Africa.  Due to  in f e s t a t i o n  with 

trypanosomes la rge  areas  of Africa cannot be used to  r a i s e  l i v e 

stock except poultry (Hornby, 1952). An es timated area of lo'^km^ 

i s  v i r t u a l l y  devoid  o f  c a t t l e  from t h i s  cause  y e t  such an a rea  

could support  11x10^ more head of c a t t l e  than the 1962 es t im ate  

of the t o t a l  c a t t l e  population of Afr ica -1 .14x10® animals (Wilson 

e t  ^ , 1 9 6 3 ) .  As a r e s u l t  t h e  p r o t e i n  i n t a k e  of the  human 

population i s  abnormally low over much of Africa as compared with  

European p o p u l a t i o n s .  The r e l e v a n c e  of  such e s t i m a t e s  i s  

debatable  ignoring as they do socio-economic fac to rs .  However i t  

i s  e s t i m a t e d  t h a t  some 35 m i l l i o n  peop le  and 25 m i l l i o n  c a t t l e  

are  exposed to  the r i s k  of in fec t io n ,  with  an est imated 3 m i l l ion  

c a t t l e  dying of trypanosomiasis  each year (WHO, 1979) and although 

only approximately 10,000 c a s e s  o f  human s l e e p i n g  s i c k n e s s  a r e  

reported  annually t h i s  i s  considered to  be a gross under-es t imate  

due to  d i f f i c u l t i e s  of accu ra te  d i a g n o s i s  (WHO, 1979). T h e re fo re  

i t  i s  t rue  to  say th a t  trypanosomiasis has had, and continues to 

have, a devas ta t ing  e f f e c t  on the development of Africa and i t s  

people.



1.2 The Life  Cycle of  African Trypanosomes

A f r i c a n  t rypanosom es  a r e  d i g e n e t i c  p a r a s i t e s ;  t h e i r  l i f e  

c y c l e  a l t e r n a t e s  be tween two h o s t s ,  an i n s e c t  v e c t o r  and 

ve r teb ra te s .  Trypanosomes are  t ran sm i t ted  by blood-sucking t s e t s e  

f l i e s  (Glossina sp.) from one mammal to  another. The trypanosomes 

are  taken up by the f ly  from the bloodstream of in fec ted  animals 

d u r in g  f e e d in g  and they  th en  undergo a p e r io d  o f  development 

wi th in  the  fly.

On e n t e r i n g  t h e  t s e t s e  t h e  t r y p a n o s o m e s  l o s e  t h e i r  

i n f e c t i v i t y  f o r  t h e  mammalian h o s t .  A f t e r  a p p ro x im a te ly  t h r e e  

weeks i n f e c t i v i t y  i s  regained as the trypanosomes d i f f e r e n t i a t e  

t o  the  i n f e c t iv e  s tage in the mouthparts of the  t s e t s e .

Trypanosomes i n g e s t e d  by t h e  t s e t s e  f l y  in  a blood meal 

en te r  the  midgut (Evans, 1979), w i t h i n  which they  d i f f e r e n t i a t e  

i n t o  e lo n g a t e d  p r o c y c l i c  forms which no lo n g e r  p o s se s s  th e  

surface  coat which confers  on them pro tec t ion  in the bloodstream 

o f  th e  mammal. The p r o c y c l i c  forms d i v i d e  and m i g r a t e  t o  th e  

a n t e r i o r  o f  th e  gut ( p r o v e n t r i c u l u s )  where they  d i f f e r e n t i a t e  

i n t o  more s l e n d e r  p r o v e n t r i c u l a r  forms.  These d i f f e r e n t i a t e d  

forms then migrate  in to  the oesophagus and on in to  the  mouthparts 

and sa l iva ry  ducts  to  e s t a b l i s h  in fe c t io n  in the  sa l iva ry  glands.

In Trypanosoma b r u c e i  t h e  p r o v e n t r i c u l a r  forms e n t e r  th e  

hypopharynx ( c o n n e c t in g  th e  oesophagus and m o u th p a r t s )  and 

m i g r a t e  t o  t h e  s a l i v a r y  g la n d s  (Rober tson ,  1913). W i th in  th e  

sa l iva ry  glands the trypanosomes transform to the m u l t ip l i c a t i v e  

e p i m a s t i g o t e  s t a g e  which i s  a t t a c h e d  t o  the s a l i v a r y  gland  

e p i t h e l i a l  c e l l s  and e s t a b l i s h  a l a r g e  p o p u la t i o n  which then  

g iv e s  r i s e  to  th e  i n f e c t i v e ,  n o n - m u l t i p i i c a t i v e  m e t a c y c l i c s ,  

which have reacquired the sur face  coat (Vickerman, 1969).



Metacyclics en te r  the mammalian host  via sa l iva  discharged 

when t h e  t s e t s e  f e e d s .  At th e  s i t e  o f  e n t r y  i n t o  th e  mammal a 

l o c a l  in f l a m m a to ry  r e a c t i o n ,  th e  chancre ,  d eve lops  (F iennes ,  

1946) .  W i t h i n  t h e  c h a n c r e  t h e  m e t a c y c l i c  t r y p a n o s o m e s  

d i f f e r e n t i a t e  in to  bloodstream forms and div ide rapidly (Gordon 

and W i l l e t ,  1956). This  m u l t i p l i c a t i o n  i s  accompanied by f o c a l  

d i s o r g a n i s a t i o n  and d e g e n e r a t i o n  o f  t h e  dermal c o l l a g e n  

surrounding the  chancre (Gray and Luckins,1980). The trypanosome 

population undergoes a period of d iv is ion  w i th in  the chancre and 

invades the bloodstream pr im ar i ly  via  the  lymphatic system, being 

d e t e c t a b l e  in  th e  lymph by days 3-5 p o s t  i n f e c t i o n  (Barry and 

Emery,1984).

Bloodstream forms of T.brucei are  morphologically va r iab le  

ranging from long s lender d iv id ing  p a r a s i t e s  to  shor t  stumpy non

d i v i d i n g  fo rms  ( A s h c r o f t , 1957). The l a t t e r  a r e  th ough t  to  be 

p r e a d a p t e d  t o  l i f e  i n  t h e  f l y  and i n i t i a t e  t h e  c y c l e  o f  

development in the  f ly  (Robertson, 1912; Wijers  and W i l l e t , I960).

1.3 The Surface Coat

Development of trypanosomes in the mammalian bloodstream and 

th e  a b i l i t y  t o  m a i n t a i n  a c h r o n ic  i n f e c t i o n  in  th e  f a c e  o f  

e f f e c t i v e  h o s t  an t ib o d y  f u n c t i o n  i s  p o s s i b l e  th rough  the  

evolution of  a remarkable surv ival mechanism, an t igen ic  v a r i a t io n  

of  the surface  coat. Both the metacyclics  and bloodstream forms 

p o s s e s s  a s u r f a c e  c o a t  which a l l o w s  t h e i r  s u r v i v a l  in  th e  

b lo o d s t r e am  of  th e  i n f e c t e d  h o s t .  I t  c o m p r i s e s  a 12-15nm 

glycopro te in  coat which o v e r l i e s  the e n t i r e  plasma membrane and 

f l a g e l l u m  and s e r v e s  to  p r o t e c t  t h e  t rypanosom es  from non

sp e c i f i c  immune mechanisms. The uncoated in sec t  forms are  rap id ly



l y s e d  in  normal serum and phagocytosed  n o n - s p e c i f i c a l l y  by 

macrophages (reviewed by Vickerman and Barry, 1982),

Each trypanosome expresses only one glycoprote in ,  termed the  

v a r i a n t  s u r f a c e  g l y c o p r o t e i n  (VSG), i n  i t s  s u r f a c e  c o a t  

(Cross, 1975) and i t  has been es timated t h a t  1.2x10*  ̂ VSG molecules 

a r e  r e q u i r e d  t o  cover  th e  e x t e r n a l  s u r f a c e  o f  th e  trypanosome 

(T urner  e t  a l . 1985).

1.4 The Variant  Surface Glycoprotein

Variant surface  g lycopro te ins  (VSGs) have been i so la ted  from 

a number  o f  c l o n e s  o f  T . b r u c e i  and c o n s i s t  o f  a s i n g l e  

p o ly p e p t i d e  of  a p p r o x im a te ly  50 kd. D i f f e r e n t  VSGs vary by 

i s o e l e c t r i c  focussing,  peptide mapping, amino a c id  co m p o s i t io n  

(Cross, 1975; 1977), N-terminal amino acid sequencing (Bridgen e t  

a l , 1976), t o t a l  carbohydrate composit ion (Johnson and Cross,1977) 

and in the p o s i t io n s  where the carbohydrate i s  at tached (Holder 

and C r o s s ,1981).

Each VSG conta ins  approximately 500 amino acid res idues  and 

i s  com prised  o f  an N t e r m i n a l  s i g n a l  p e p t id e  (approx. 20 amino 

a c i d s ) ,  a r e g io n  h ig h ly  v a r i a b l e  in  sequence  (approx. 360 amino 

acids) and a C terminal homology region (approx. 120 amino acids) 

which by i n f e r e n c e  from n u c l e i c  a c id  sequenc ing  in c l u d e s  a 

hydrophobic  t a i l  (approx.  20 amino a c i d s ) .  In  th e  s u r f a c e  co a t  

t h e  VSG m o le c u le s  a r e  o rg a n i s e d  w i th  th e  C t e r m in u s  o r i e n t e d  

towards the  membrane and the  N-terminal domain exposed (Cross and 

Johnson,1976).

VSGs are  made as precursor molecules containing, l i k e  o ther 

membrane bound pro te ins ,  N-terminal hydrophobic signal peptides 

which show no p a r t i c u l a r  homology in sequence apar t  from t h e i r



h y d r o p h o b ic i t y  (Boothroyd e t  ^ , 1 9 8 1 ) .  Th is  l e a d e r  sequence i s  

c o n s i s te n t  w i th  the  VSG's s t a t u s  as a c e l l  surface  protein.  Such 

sequences  a r e  th o u g h t  to  be s i g n a l s  f o r  t r a n s p o r t  o f  s u r f a c e  

p ro te in s  through membranes (Davis and Tai,1980).

The precursor p ro te in  conta ins  a C te rmina l  hydrophobic t a i l  

which i s  absent from the mature VSG (Boothroyd e t  al ,  1980). The 

C te rmina l  hydrophobic t a i l s  show a high degree of conservation 

and sequence informat ion has allowed VSGs to  be c l a s s i f i e d  in to  

two groups ,  or  i s o t y p e s ,  on t h i s  b a s i s  ( R i c e - F i c h t  e t  a l . 1981). 

Unlike o ther  membrane g lycopro te ins ,  t h i s  hydrophobic t a i l  lacks  

any charged amino acids  which are thought, in o ther prote ins ,  to  

provide anchorage in the c o r r e c t  p o s i t i o n  by i n t e r a c t i o n s  w i th  

po la r  groups in the l i p i d  b ilayer .  I t  i s  now known, however, t h a t  

the C te rmina l  extension i s  replaced by a g lyco l ip id  which serves 

t o  anchor  th e  g l y c o p r o t e i n  in t h e  membrane (Ferguson and 

C ross ,1984).

All  VSGs c o n t a i n  two ty p e s  o f  o l i g o s a c c h a r i d e  s id e  cha in  

(Holder and Cross,1981). The f i r s t ,  which i s  a s p a r a g i n e - l i n k e d ,  

i s  d e r iv e d  from i n t e r n a l  s i t e s  in th e  p o ly p e p t id e  cha in  and 

conta ins  mannose and glucosamine. The second, which i s  at tached 

to  th e  C t e r m i n a l  amino a c id  o f  th e  mature  p r o t e i n  , c o n t a i n s  

mannose, g a l a c t o s e  and g lu co sam in e  and forms p a r t  o f  th e  

g l y c o l i p i d  s t r u c t u r e  which ho lds  t h e  VSG in  p o s i t i o n  in  th e  

plasma membrane. This  c a r b o h y d r a t e  i s  r e f e r r e d  to  as  th e  c r o s s  

reac t ing  determinant  (CRD) as i t  i s  immunogenic and the  antibody 

d i rec ted  aga ins t  i t  cross  r e a c t s  with  a l l  p u r i f i ed  soluble  form 

VSGs (Barbet and McGuire,1978).

Holder (1983), having found th e  CRD was a t t a c h e d  th rough  

ethanolamine via  an amide l inkage  with  the carboxyl group of



the terminal amino acid res idue,  proposed th a t  the VSG precursor 

i s  p r o c e s s e d  t o  r e p l a c e  t h e  h y d r o p h o b i c  t a i l  w i t h  t h e  

ethanolamine l inked ol igosacchar ide.  The ethanolamine i s  in turn 

a t t a c h e d  to  a g l y c o l i p i d  which in  b r u c e i  c o n t a i n s  m y r i s t i c  

a c id  (Ferguson and Cross,1984).

Thus b i o s y n t h e s i s  o f  VSGs i n v o l v e s  s e v e r a l  p o s t  

t r a n s l a t i o n a l  modif ica tions :  the  removal of the N terminal s ignal  

peptide;  the  add i t ion  of the  asparagine l inked ol igosacchar ides ;  

p r o c e s s i n g  o f  th e  C t e r m i n a l  hydrophobic  p e p t i d e  and i t s  

replacement by a g lyco l ip id  containing  the CRD.

Cardoso de Almeida and T urner  (1983) d i s c o v e r e d  t h a t  VSG 

r e l e a s e  may be e f f e c t e d  by an enzyme which m o d i f i e s  th e  

g l y c o p r o t e i n .  P u r i f i c a t i o n  o f  VSG in  a c o n v e n t io n a l  manner i s  

th o u g h t  t o  a c t i v a t e  t h i s  enzyme, r e l e a s i n g  s o l u b l e  form VSG 

(sVSG), whereas bo i l ing  in de te rgen t  re le ase s  the "membrane form" 

VSG (mfVSG) which has an apparent d i f f e rence  in molecular weight. 

I t  was a lso  demonstrated th a t  anti-CRD a n t ib o d y  p r e f e r e n t i a l l y  

bound to  the soluble  form whereas recogni t ion  of the CRD in the 

membrane form was impaired , in d ica t ing  the d i f fe rence  between 

the two forms involves the  C te rminal domain. The pu ta t ive  enzyme 

has th e  c h a r a c t e r i s t i c s  o f  a p h o sp h o l ip a se  C (Jackson  and 

Voorheis, 1985) and on re lease  of the  sVSG leaves  the  g lyco l ip id  

anchor wi th in  the membrane (Ferguson f t  a l ,  1985). I t  i s  possib le  

t h a t  t h i s  enzyme may p lay  a r o l e  in  c o a t  t u r n o v e r  du r ing  

ant igenic  switching or a t  the s tage  in the trypanosome l i f e  cycle 

where the surface  coat i s  shed.

1.5 Antigenic Varia tion

The amino t e r m i n a l  domain o f  VSGs i s  exposed to  th e
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environment and rapid ly  s t im u la te s  an immune response,  leading to  

antibody mediated removal of trypanosomes from the bloodstream. 

However trypanosomes can consecut ively express a la rg e  number of 

d i f f e r e n t  v a r i a b l e  a n t i g e n  t y p e s  (VATs) which do not s h a r e  

exposed a n t i g e n i c  d e t e r m i n a n t s  and by VSG s w i t c h i n g  they can 

survive  fo r  prolonged periods in the bloodstream of the  host.

The a b i l i t y  to  s w i t c h  from one s u r f a c e  a n t i g e n  to  a n o th e r  

r e s u l t s  in a c h a r a c t e r i s t i c  undulating parasitaemia  cons is t ing  of 

a l t e r n a t i n g  p a t e n t  p a r a s i t a e m i a s  and r e m i s s i o n s  as s u c c e s s i v e  

VATs are  expressed.  The remissions  r e s u l t  from antibody mediated 

removal of trypanosomes expressing the major VAT present in the 

bloodstream a t  a p a r t i c u l a r  t ime and the high parasi taemias  from 

the subsequent overgrowth of one or more of the  minor VATs. Such 

a re laps ing  paras i taemia  suggests t h a t  population surv ival i s  a t  

t h e  expense o f  th e  m a j o r i t y  of  i n d i v i d u a l  t rypanosom es ,  w i th  

99.9% o r  h i g h e r  i n d i v i d u a l  t r y p a n o s o m e  d e s t r u c t i o n  

(Vickerman,1978).

Antigenic switch  r a t e s  have been est imated to  occur a t  the 

r a t e  of 10^-10® per generat ion (Doyle 1977). S im i la r  switch r a t e s  

have been found i n  v i t r o  (Doyle e t  a i ,  1980), in  th e  presumed 

absence  o f  h o s t  a n t ib o d y .  Such ev idence  s u g g e s t s  a n t i g e n i c  

v a r i a t i o n  i s  an i n t r i n s i c  property of trypanosomes, requ ir ing  no 

obvious  h o s t  i n d u c t i o n  mechanisms, which a l l o w s  them t o  avoid  

complete d e s t ruc t ion  and mainta in  a chronic in fe c t io n  in the face 

of  e f f e c t i v e  host  antibody function.

C h r o n i c  i n f e c t i o n  r e q u i r e s  an e x t e n s i v e  number o f  

immunologically d i f f e r e n t  VSGs. Capbern e t  ^  (1977) showed tha t  

a s i n g l e  c lone  o f  T .e c u io e rd u m gave r i s e  to  101 d i f f e r e n t  

a n t i g e n i c  ty p e s  in  s e v e r a l  c h r o n i c a l l y  i n f e c t e d  r a b b i t s .  Each
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d i f f e r e n t  VSG i s  encoded by a s e p a r a t e  gene (H oie jm akers  e t  

1980a) and i t  has been es t imated  th a t  the re  are  as many as 10® 

VSG genes per trypanosome nucleus (Van der Ploeg e t  al,1982a).

Throughout a chronic in f e c t io n  the express ion of VSG genes 

i s  no t  c o m p le t e ly  random. Evidence s u g g e s t s  t h e r e  i s  a l o o s e l y  

d e f i n e d  o r d e r  o f  e x p r e s s i o n  o f  VATs, w i t h  some VATs ex p re ssed  

ear ly  in i n f e c t io n  and o thers  l a t e r  (Gray, 1965a; Van Meirvenne e t  

a l , 1 9 7 5 a , 1 9 7 5 b ;  C ap b e rn  e t  a i , 1977; K o s i n s k i , 1980).  The 

sequen t ia l  appearance of VATs in  t h i s  loosely  defined manner does 

not requ i re  c y c l i c a l  t ransm iss ion  through the t s e t s e  f ly .  Syringe 

p a s s a g in g  to  a non-immune h o s t  i s  s u f f i c i e n t  t o  r e s e t  th e  

programme: ear ly  VATs are  again the f i r s t  to  appear (Capbern e t  

a l , 1977). S i m i l a r  VATs e x p re s s e d  by d i f f e r e n t  r e p e r t o i r e s  a r e  

r e fe r re d  to  as isoVATs or iso types .  S im i la r  r e p e r to i r e s  shar ing 

a l l  predominant i so types  can be grouped in to  serodemes, where a 

serodeme i s  defined as a s t a b l e  immunologically d i s t i n c t  s e t  of  

s t r a i n s  which  does no t  e x h i b i t  c r o s s - i m m u n i t y  w i t h  o t h e r  

immunologically d i s t i n c t  s e t s .

The mechanism of programming th a t  determines the order of 

VAT a p p ea ra n ce  i s  n o t  y e t  u n d e r s to o d .  I t  could  r e s u l t  from 

d i f f e r e n t  growth r a t e s  of  trypanosomes expressing d i f f e r e n t  VATs. 

C o m p e t i t io n  e f f e c t s  be tween t rypanosom es  o f  th e  same s to c k  

e x p r e s s i n g  d i f f e r e n t  VATs have been d e m o n s t r a t e d  (Seed, 1978; 

M il le r  and Turner ,1981). However some form of programming a t  the 

gene t ic  l e v e l  seems l ik e ly .  The order of  appearance of VATs does 

no t  depend s o l e l y  on r e l a t i v e  g rowth  r a t e s  (Van Meirvenne  e t  

a l ,1975b ;  M i l l e r  and T u r n e r , 1981). Van Meirvenne e t  a l  ( 1975b) 

demonstrated t h a t  d i f f e r e n t  trypanosome s tocks  could express the  

same s e t  of VSGs in a d i f f e r e n t  order. Also some VSGs tend to  be
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e x p re s s e d  w i t h  h igh  p r o b a b i l i t y  a f t e r  one a n o th e r  in  a g iven  

stock (M il le r  and Turner, 1981 ). These o b s e r v a t i o n s  su g g es t  t h a t  

programming may occur a t  the  genet ic  level .

Fur ther  evidence supporting genetic  programming of the VAT 

r e p e r t o i r e  i s  seen in  t h e  m e t a c y c l i c  p o p u la t i o n  found in th e  

s a l i v a r y  g l a n d s  a t  th e  end o f  c y c l i c a l  development  in th e  f l y .  

The metacyclics  are  a n t ig e n ica l ly  heterogeneous but a p red ic tab le  

and l im i t e d  s e t  of  VSGs i s  produced by t h i s  population which is  

uninfluenced by the VAT o r ig i n a l ly  ingested by the f ly  (Le Ray e t  

al,1978; Barry e t  ^ , 1 9 7 9 ;  Hajduk e t  1981 ;Hajduk and Vickerman 

1981; Crowe e t  al,1983).

1.6 Karvotvpe of  Trvoanosomes and Chromosomal D is t r ib u t io n  of  VSG 

genes

T r y p a n o s o m e  c h r o m o s o m e s ,  l i k e  t h o s e  i n  o t h e r  l o w e r  

eukaryotes,  do not condense a t  any point in the  l i f e  cycle, thus 

p r e c l u d i n g  c o n v e n t i o n a l  c y t o l o g i c a l  s t a i n i n g  t e c h n i q u e s  to  

e s t im ate  chromosome number. However evidence from other  types of 

experiment suggest  th a t  trypanosomes are  d ip lo id  organisms with  

means o f  g e n e t i c  exchange. Data f o r  d i p l o i d y  a re  based on 

measurements of DNA content per c e l l  as compared to  i t s  k in e t ic  

complexity. Bors t  e t  ^  (1980a) est imated by ren a tu ra t io n  and Cot 

a n a l y s i s  t h a t  t h e  h a p lo id  genome s i z e  of  T .b ruce i  n u c l e a r  DNA 

was 3.7 X 10^ kb w i t h  68% of  th e  genome p r e s e n t  as s i n g l e  copy 

DNA. The DNA content  per nucleus in bloodstream forms, determined 

by q u a n t i t a t i v e  a b s o r p t i o n  and f l u o r e s c e n c e  cy to p h o to m e t ry  of  

i n d i v i d u a l  Feuglen  s t a i n e d  c e l l s ,  i s  0.091 pg or  8.2 x 10^ kb 

(Borst e t  ^ ,1 9 8 2 )  i.e. the nuclear DNA content was est imated to  

be twice t h a t  es timated fo r  the haploid genome ind ica t ing  th a t
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t rypanosom es  a r e  d i p l o i d .  T a i t  (1980), i n v e s t i g a t i n g  enzyme 

e l e c t r o p h o r e t i c  v a r i a t i o n , f o u n d  t h a t  f o r  d i m e r i c  enzymes th e  

r e l a t i v e  p r o p o r t i o n  of homodimers and heterodimers  was exactly 

t h a t  p r e d i c t e d  f o r  a d i p l o i d  o rgan ism  w i t h  means o f  g e n e t i c  

exchange. More recen t ly  Gibson e t  al  (1985), studying r e s t r i c t i o n  

enzyme polymorphisms flanking  th e  genes  f o r  s e v e r a l  g l y c o l y t i c  

enzymes have confirmed t h a t  trypanosomes are  d ip lo id  for house

keeping genes .

However, i t  has been known for some time th a t  trypanosomes 

a re  h a p lo id  w i t h  r e s p e c t  to  a t  l e a s t  some VSG genes.  In a 

q u a n t i t a t i v e  h y b r id i sa t ion  ana lys i s  only one copy of the 117 gene 

was found per n u c leu s  (B o r s t  e t  1980a) and only one copy of  

the  118 gene (Hoeijmakers e t  1980a). S im i la r  analys is  reveals  

only one copy of the  221 gene (Bernards e t  a l .  1984a).

R e c e n t l y  t h e  t e c h n i q u e  o f  p u l s e d  f i e l d  g r a d i e n t  

e l e c t r o p h o r e s i s  (PFGE) (Schwartz  and C a n t o r , 1984) has been 

a p p l i e d  t o  t rypanosome n u c l e a r  DNA. Using t h i s  t e ch n iq u e  DNA 

m o le c u le s  in  th e  range o f  a p p ro x im a te ly  25 t o  2000 kb can be 

s e p a r a t e d  a l l o w i n g  th e  trypanosome n u c l e a r  DNA t o  be r e s o lv e d  

in to  four general  s iz e  c la s ses  (Van der Ploeg e t  al.1984a).

An unknown number of chromosome-1 ength DNA molecules do not 

en ter  the  gel  e i t h e r  because of t h e i r  s ize  or perhaps because of 

s t r u c t u r a l  c o n s t r a i n t s .  I t  has  been e s t i m a t e d  t h a t  t h i s  DNA 

r e p r e s e n t s  roughly  60% of  th e  trypanosome genome. There a re  

e s t i m a t e d  to  be a t  l e a s t  t h r e e  chromosomes o f  about  2000 kb, a 

s e t  of about s ix  chromosomes of  200-700 kb and a mini-chromosomal 

f r a c t io n  contain ing about 100 DNA molecules ranging from 50-150 

kb. As these  mini-chromosomes were not found in a re la ted  species  

C r i th id ia  f a s c i c u l a t a  (Van der Ploeg e t  al,1984a),  which does not
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undergo an t igen ic  va r ia t io n ,  i t  was i n i t i a l l y  proposed they may 

be r e l a t e d  in some way to  the  molecular mechanism of an t igen ic  

v a r i a t i o n .  However e x t e n s i o n  o f  PFGE a n a l y s i s  t o  o t h e r  

trypanosomes with  an t igen ic  v a r i a t io n  has indica ted  th a t  T.vivax 

conta ins  no mini-chromosomes and T.ecuiperdum conta ins  very few 

ind ica t ing  the re fo re  t h a t  mini-chromosomes are  not e s s e n t i a l  fo r  

an t igen ic  v a r i a t i o n  (Van der Ploeg ^  a l . 1984b).

Using PFGE f o r  S ou the rn  a n a l y s i s  and p rob ing  w i th  a DNA 

sequence corresponding to  the C te rminal homology region of VSGs, 

under low st ringency  c o n d i t io n s ,  r e v e a l e d  h y b r i d i s a t i o n  to  a l l  

four s ize  c la s ses  of DNA molecules ind ica t ing  t h a t  VSG genes are 

s c a t t e r e d  th ro u g h o u t  th e  genome. Evidence from an a n a l y s i s  of  

cosmid clones contain ing trypanosome DNA i n s e r t s  of approximately 

40 kb, using probes corresponding to  both the  3’ end and upstream 

re g io n s  of  VSG genes ,  i n d i c a t e d  t h a t  th e  c lo n e s  f r e q u e n t l y  

c o n ta i n e d  more than  one r e g io n  which h y b r i d i s e d  under low 

st ringency condit ions ,  ind ica t ing  th a t  VSG genes were c lus te red  

in the genome (Van der Ploeg e t  al.1982a).

1.7 The M olecu la r  B as i s  of  A n t ig e n ic  V a r i a t i o n :  D u p l i c a t i v e  

Activat ion of VSG Genes

Evasion o f  th e  h o s t ’s immune re sp o n se  by t rypanosom es  i s  

accomplished by the process of an t igen ic  v a r ia t io n .  Each s ing le  

trypanosome can make more than 100 VSGs each d i f f e r in g  in amino 

acid sequence such th a t  host  antibody ra ised  aga ins t  one VSG w i l l  

not reac t  e f f e c t iv e ly  agains t  o ther VSGs in the  r ep e r to i re .  Each 

trypanosome in a stock conta ins  the  e n t i r e  VSG gene r e p e r to i r e  of 

t h a t  s t o c k  and eac h  VSG i s  e n co d e d  by a s e p a r a t e  gene  

(H oe i jm akers  e t  1980a). T h e re fo re  d i v e r s i t y  o f  VSGs i s  no t
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g e n e r a t e d ,  as w i t h  an t ibody  genes ,  by p i e c i n g  t o g e t h e r  o f  gene 

segments, and chronic in fe c t io n  i s  maintained by the successive 

expression of a l a rg e  number of d i f f e r e n t  antigen genes.

VSG genes  can be b ro a d ly  c l a s s i f i e d  i n t o  two groups  

a cc o rd in g  to  t h e i r  genomic l o c a t i o n :  t h e  m a j o r i t y  of genes a r e  

chromosomal i n t e r n a l ,  while  o thers  are  found a t  chromosome ends. 

I t  has been r e c o g n i s e d  f o r  some t im e  t h a t  f o r  some VSG genes 

a c t i v a t i o n  i s  accompanied by a d u p l i c a t i o n  and t r a n s p o s i t i o n  

e v e n t .  For  t h e s e  g e n e s  a s i l e n t  b a s i c  copy (BC) gene  i s  

d u p l i c a t e d  and i n s e r t e d  i n t o  an e x p r e s s io n  s i t e  to  y i e l d  an 

e x p r e s s i o n  l i n k e d  copy (ELC) (Hoeijmakers e t  1980a; Borst e t  

a l  ,1 980b ; Pays  e t  aX , 1981a ) .  The BC and ELC can be 

d is t ingu ished  in b lo t s  of nuclear DMA by la rg e  d i f fe rences  in the 

surrounding DMA sequences (Michels e t  ^  ,1983). The ELC has been 

i d e n t i f i e d  as the  gene copy which i s  probably t ranscr ibed  due 

to  p r e f e r e n t i a l  s e n s i t i v i t y  to DNase 1 (Pays e t  ^  ,1981b).

The t r a n s p o s i t i o n  u n i t s  o f  some o f  th e  genes  a c t i v a t e d  by 

t h i s  mechanism have been sequenced (Liu e t  ^ ,1 9 8 3 ) .  For VSG gene 

118 o f  T . b r u c e i  s t o c k  427 t h e  t r a n s p o s e d  s e q u e n c e  i s  

approximately 3.5 kb. The coding region comprises only 1.8 kb and 

i n  t h i s  c a s e  an u p s t r e a m  s e q u e n c e  o f  more t h a n  1 kb i s  

c o t r a n s p o s e d  w i t h  th e  coding re g io n .  The d u p l i c a t e d  segment  i s  

c h a r a c t e r i s e d  on bot|[i s i d e s  by th e  p re sen c e  o f  conserved  

sequences  found f o r  a l l  VSG genes  sequenced t o  d a t e  which a re  

b e l i e v e d  t o  m ed ia te  i n t e g r a t i o n  of  th e  VSG genes  i n t o  th e  

e x p r e s s io n  s i t e  (M iche ls  e t  1983; Liu e t  a l  ,1983).  At th e  5 ’ 

border of the transposed segment the re  are  a s e r i e s  of imperfect  

r e p e a t s  o f  a p p ro x im a te ly  70 bp which a r e  found 5 ’ to  o t h e r  VSG 

genes .  At th e  3 ’ end of  th e  t r a n s p o s e d  sequence  th e  conserved
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sequences a re  mainly in the 3' un t rans la ted  p a r t  of the gene, the  

most obvious being a 13 bp sequence which i s  present adjacent to  

a l l  VSG genes  a n a ly sed  (Majumder e t  a i  ,1981; Boothroyd e t  a l  

,1981 ; Matthyssens e t  a l , 1981 ; Rice-Ficht e t  a i ,  1981).

Incorpora t ion  of the  transposed sequence in to  the  expression 

s i t e  involves  a crossover a t  a v a r ia b le  pos i t ion  in the  3’ end of 

VSG genes  (M iche ls  e t  a i , 1983; Bernards  e t  a l ,  1981). Michels  e t  

a l  ( 1983) found no d i f f e r e n c e s  in  th e  r e s t r i c t i o n  maps o f  

s e v e r a l  118 ELCs excep t  a t  t h e  3 ’ ends and on compar ison  o f  th e  

s e q u e n c e s  o f  t h e s e  ELCs c o n c l u d e d  t h a t  t h e  d u p l i c a t i v e  

t r a n s p o s i t i o n  o f  a VSG g e n e  may l e a d  to  r e c o m b in a t io n a l  

replacement of the  3’ end occurring anywhere w i th in  the f in a l  150 

bp of the gene. The exchange of 3’ ends gives r i s e  to  an ELC with  

r e s t r i c t i o n  s i t e s  in  t h e  3 ’ end t h a t  d i f f e r  f rom  t h e  

corresponding BC. In such cases the  maps of the  cDNA and the ELC 

are i d e n t i c a l  providing f u r th e r  evidence th a t  the  ELC i s  the gene 

copy transcr ibed .

The upstream crossover poin t  occurs a t  a va r iab le  pos i t ion  

w i t h i n  th e  tandem a r r a y  o f  70 bp r e p e a t s  found 5' t o  VSG genes .  

This  r e g io n  has  been r e f e r r e d  to  as t h e  "b a r ren "  r e g io n  due to  

l a c k  o f  r e s t r i c t i o n  enzyme s i t e s .  This  b a r r e n  r e g io n  has  been 

shown to  be of va r iab le  length  fo r  four 118 ELCs (Michels e t  

1983). Such v a r i a b i l i t y  can be e x p la i n e d  by t h e  f i n d i n g  t h a t  

in te g ra t io n  in to  an expression s i t e  may occur by a recombination 

a t  a v a r iab le  pos i t ion  w i th in  t h i s  tandem array (Campbell e t  a l . 

1984a).

1.8 Trvpanosome Telomeres and t h e i r  Role in Antigenic Varia tion

ELCs a r e  l o c a t e d  nex t  t o  chromosome ends.  This  was f i r s t
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recognised by the  observat ion th a t  the region downstream of the 

ELC ended a t  a pos i t ion  where a l l  r e s t r i c t i o n  enzymes apparently 

cu t .  I n c u b a t i o n  of  t rypanosome DNA w i th  Bal31, an ex onuc lease  

which progress ively  degrades DNA from the ends with  increas ing 

i n c u b a t i o n  t im e ,  was found t o  p r o g r e s s i v e l y  s h o r t e n  th e  DMA 

fragments t h a t  extend to  the un iversa l  apparent r e s t r i c t i o n  s i t e  

downstream of the ELC (De Lange and Borst ,  1982).

In a d d i t i o n  t o  ELC genes  o t h e r  VSG genes  have been l o c a t e d  

to  t e l o m e r e s  as r e c o g n i s e d  by th e  above c r i t e r i a  (W i l l i am s  e t  

ai,1979; Will iams e t  a l ,  1982; Raibaud e t  ^ , 1 9 8 3 ;  Parsons e t  al ,  

1983a).

The s i z e  o f  th e  r e g io n  downst ream of  th e  VSG gene i s  

v a r i a b l e .  This  i s  due to  c o n t in u o u s  growth  o f  trypanosome 

t e l o m e r e s .  Van der  Ploeg e t  al  (1984c) c loned  a t e l o m e r i c  DNA 

segment  and d e te r m in e d  th e  sequence  of  t rypanosome t e lo m e r e s .  

This clone contained approximately 50 tandemly repeated copies of 

the hexamer CCCTAA and i t  was proposed t h a t  t h i s  sequence 

was added on to  t e l o m e r e s  d u r in g  t rypanosome m u l t i p l i c a t i o n  

r e s u l t i n g  in  t h e  v a r i a b l e  l e n g t h  o f  t e l o m e r i c  DNA segments .  

Bernards e t  a l  (1983) inves t iga ted  the te lomere carry ing the 118 

ELC over many generations  and found th a t  i t  grew by approximately 

10 bp per  g e n e r a t i o n .  Another t e lo m e r e  h a rb o u r in g  th e  221 VSG 

gene,  which  was not a c t i v e ,  grew more s lo w ly  a t  th e  r a t e  of  

approximately 7 bp per generation.  Pays e t  a l  (1983a) a lso  found 

th a t  te lomeres  wi th  t ransc r ibed  VSG genes grew s l i g h t l y  f a s t e r  

than  th o s e  w i t h  s i l e n t  genes .  Such t e lo m e r e  growth  has to  be 

compensated for by occasional de le t ions  and de le t ions  have a lso  

been found to occur p r e f e r e n t i a l l y  a t  telomeres  in which ac t ive ly  

t ransc r ibed  VSG genes res ide.  I t  i s  possib le  t h a t  the  chromatin



s t r u c tu r e  of a c t ive  VSG genes, which shows increased s e n s i t i v i t y  

to  DNase 1 , could  i n f l u e n c e  th e  r a t e  and e x t e n t  of  s i z e  

inc reases  and decreases  in te lomeric  DNA.

Bernards e t  ^  (1984b) found modif ica t ions  in te lomeric  DNA 

t h a t  c o n ta i n e d  s i l e n t  VSG genes .  Some r e s t r i c t i o n  enzyme s i t e s  

were  found to  be p a r t i a l l y  u n c l e a v a b le  in  s i l e n t  t e l o m e r i c  

ant igen genes, presumably as a r e s u l t  of DNA modifica tions .  These 

m odif ica t ions  were not found in t ranscr ibed  genes but did re turn  

a f t e r  i n a c t i v a t i o n  o f  th e  gene.  They were  a lw ays  a b se n t  from 

chromosome i n t e r n a l  genes  r e g a r d l e s s  of t h e i r  t r a n s c r i p t i o n a l  

s ta tu s .  The level  of modif ica tion  in the gene was highest  towards 

the te lomere and was influenced by the s ize  of the te lomeric  DNA 

segment downstream of the  gene suggesting modif ica t ions  of t h i s  

kind are  s p e c i f i c  fo r  te lomeric  DNA. Whether they are  a cause or 

consequence of te lomere gene in a c t iv a t io n  remains speculative .

S i m i l a r  r e s u l t s  have been r e p o r t e d  by Pays e t  ^  (1984). 

Apparent modif ica t ions  of GC d inuc leo t ides  were found in s i l e n t  

te lomeric  genes but not in ac t ive ly  t ransc r ibed  te lomeric  genes . 

However no m o d i f i c a t i o n s  were  found in  p r o c y c l i c  t rypanosomes  

where VSG syn thes is  i s  shut down completely . There i s  the re fo re  

no abso lu te  c o r r e l a t io n  between the absence of such modif ica tions  

and gene t r a n s c r ip t io n .  However i t  i s  l i k e ly  t h a t  the  mechanisms 

c o n t ro l l in g  VSG gene switch o f f  a t  p a r t i c u l a r  s tages  in the  l i f e  

cycle  d i f f e r  from mechanisms c o n t ro l l in g  VSG gene switching in 

t h e  b lo o d s t r e am  and t h e  absence  of  base  m o d i f i c a t i o n s  in th e  

procyc lics  may r e f l e c t  such a d i f ference .

19



1.9 Telomeric VSG Genes

VSG genes  can be c l a s s i f i e d  b road ly  i n t a  two groups :  

chromosome i n t e r n a l  genes  which use th e  d u p l i c a t i v e  mode of 

a c t i v a t io n  previously described and te lom er ic  genes which can be 

ac t iva ted  by other mechanisms which do not always involve gene 

d u p l i c a t i o n .  The n o n - d u p l i c a t i v e  mode o f  a c t i v a t i o n  was f i r s t  

d e s c r i b e d  by W i l l i a m s  and c o -w o rk e r s  ( W i l l i a m s  e t  a l . 1979: 

W i l l i a m s  e t  ^ , 1 9 8 0 ;  Young e t  a i , 1982; Majiwa e t  a l . 1982: 

Donelson e t  1982; Young e t ^ , 1 9 8 3 a ; 1 9 8 3 b )  and has  a l s o  been 

d e s c r i b e d  by o t h e r s  (B ors t  e t  a i , 1980b; Bernards  e t  a l . 1 984a: 

Laurent e t  a l . 1 984a).

All genes so f a r  found to  u t i l i s e  the  non-duplica tive  mode 

of a c t i v a t io n  are  loca ted  w i th in  te lomeres  and i n i t i a l l y  i t  was 

proposed t h a t  t h e s e  genes  may be a c t i v a t e d  v i a  a r e c i p r o c a l  

t r a n s l o c a t i o n  even t  be tween two t e l o m e r e s ,  namely th e  one in 

which th e  e x p r e s s i o n  s i t e  r e s i d e s  and t h e  o t h e r  c o n t a i n i n g  th e  

VSG gene.  Such a model would a g re e  w i th  t h e r e  being only one 

expression s i t e  from which VSG genes can be t ranscr ibed . However 

Bernards e t  al. (1984a) found the  te lomeric  VSG gene 221 could be 

ac t iv a ted  by both the  d u p l ica t iv e  and non-duplica tive  mechanisms. 

When th e  fo rm er  mechanism was used th e  221 ELC was found in  an 

expression s i t e  id e n t ic a l  to  the  one used by the 117 and 118 VSG 

genes suggesting dup l ic a t ive  ac t iv a t io n  of t h i s  gene i s  s im i l a r  

to  a c t i v a t io n  of chromosome in te rn a l  genes. Van der Ploeg e t  a l  

(1984a) u s ing  PFGE a n a ly se d  th e  221 gene d u r in g  both  modes of  

a c t i v a t i o n .  The BC of  th e  gene r e s i d e s  in  th e  l a r g e  DNA which 

rem a ins  in  th e  s l o t .  When a c t i v a t e d  by d u p l i c a t i o n  the  ELC 

appeared  in  th e  f r a c t i o n  c o n t a i n i n g  chromosomes o f  2000kb in  

length.  However when the gene i s  a c t iva ted  without dup l ica t ion  i t
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remains in the  la rg e  DNA and i s  not t r a n s fe r r e d  to  the dominant 

expression s i t e  chromosome used by other VSG genes i.e. genes 117 

and 118. A l t h o u g h  t r a n s f e r  o f  t h e  gene  t o  a n o t h e r  l a r g e  

chromosome canno t  be exc luded  t h i s  r e s u l t  does i n d i c a t e  th e  

presence of m u l t ip le  express ion s i t e s  and apparent ly r e fu te s  the 

model of rec ip roca l  t r a n s lo c a t io n  which was proposed.

However more recent ly  Pays e t  al  (1985a) have demonstrated 

th a t  rec ip roca l  t r a n s lo ca t io n  can occur. In following the switch 

from AnTat 1.3 t o  AnTat 1.10 they  found th e  AnTat 1.10 gene was 

a c t i v a t e d  w i t h o u t  d u p l i c a t i o n  a l th o u g h  i t s  env i ronm en t  was 

completely a l t e red .  From r e s t r i c t i o n  mapping and determination  of 

the  chromosomal lo ca t io n  of the two te lomeres  involved they found 

t h a t  d u r in g  t h i s  s w i t c h i n g  e v en t  t h e  AnTat 1.10 gene had 

recombined in to  the AnTat 1.3 ac t ive  te lomere and the previously 

e x p re s sed  1.3 gene had recombined i n t o  th e  o ld  1.10 t e lo m e r e  

where i t  was i n a c t i v a t e d .  The c r o s s o v e r  p o i n t  in  t h i s  even t  

occurred w i th in  the 70 bp repeat un i t s  upstream of the gene and 

was read i ly  detec ted  in Southern b lo t s  as i t  occurred w i th in  10 

kb of  th e  gene.  This  p r o v id e s  th e  f i r s t  d i r e c t  ev idence  t h a t  

te lomeric  genes can be a c t i v a t e d  by a r e c i p r o c a l  t r a n s l o c a t i o n  

e v e n t .  A model o f  r e c i p r o c a l  t r a n s l o c a t i o n  in v o lv e s  two 

p red ic t ions  fo r  which evidence now ex is t s .  The f i r s t  i s  t h a t  when 

a VSG gene i s  ac t iva ted  by t h i s  mechanism the previous ELC w i l l  

be r e t a i n e d  in  an i n a c t i v e  c o n fo rm a t io n  and secondly  t h a t  the  

gene a c t i v a t e d  by r e c i p r o c a l  t r a n s l o c a t i o n  may be l o s t  in  th e  

ensuing va r ian t ,  i f  a th i r d  VSG gene en te r s  the  same expression 

s i t e .

L au ren t  e t  a l  (1984a) found t h a t  th e  VSG gene AnTat 1.6 of  

T .bruce i  s t o c k  EATRO 1125 was a t e l o m e r i c  gene which could  be
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expressed without a concomitant dupl ica t ion .  In clones expressing 

AnTat 1.6 t h e  ELC of  th e  p re c ed in g  v a r i a n t  was conserved  in  an 

i n a c t i v e  c o n f i g u r a t i o n .  Also, in  ensu ing  v a r i a n t s  d e r iv e d  from 

th e  AnTat 1.6 c lo n e ,  th e  1.6 gene was l o s t .  In  th o s e  v a r i a n t s  

where the VSG gene was using an ELC the 1.6 gene was replaced by 

the incoming ELC. Pays e t  al (1983b) found a s im i l a r  s i t u a t io n  in 

th e  s w i t c h  from AnTat 1.16 t o  AnTat 1.6. In t h i s  case  the  1.16 

ELC was conse rved  and t h e  1.6 gene l o s t  in  ensu in g  v a r i a n t s .  

S im i la r  rep o r t s  of the r e ten t io n  of in ac t ive  ELCs have been made 

(Young e t  a l , 1983b; Buck e t  a l , 1984). These r e p o r t s  p ro v id e  

i n d i r e c t  ev id en ce  o f  r e c i p r o c a l  r e c o m b in a t io n  between two 

te lomeres  during non-dupl ica t ive  ac t iva t ion .

R e t e n t i o n  o f  th e  ELC can a l s o  occur  when a n o th e r  gene i s  

ac t iva ted  in s i t u . Michels e t  a l  (1984) followed the switch from 

VSG gene 118, a c t i v a t e d  by an ELC, to  VSG gene 1.8, a c t i v a t e d  

without dupl ica t ion ,  and found th a t  the  1.8 expressors  re ta ined  

t h e  118 ELC. Yet one p r e d i c t i o n  of  a r e c i p r o c a l  r e c o m b in a t io n  

model i s  t h a t  the re  should be d i f fe rences  in r e s t r i c t i o n  enzyme 

s i t e s  in  f r o n t  o f  th e  p u t a t i v e  c r o s s o v e r  p o i n t s .  No such 

d i f f e r e n c e s  were  found f o r  a t  l e a s t  28 kb ups t ream  of  th e  

in ac t iv e  and a c t iv e  ELC genes which would suggest  t h a t  a c t iv a t io n  

of the  1.8 gene had not occurred by rec ip roca l  t ra n s lo ca t io n  but 

r a th e r  t h a t  the 1.8 gene had been ac t iva ted  i n  s i t u . Bernards e t  

al  (1984a) when studying the non-duplica tive  a c t iv a t io n  of gene 

221 found no ups t ream  re a r r a n g e m e n t s  f o r  55 kb in  f r o n t  o f  th e  

gene accompanied i t s  expression. The maps fo r  ac t iv e  and in ac t ive  

221 genes  were  i d e n t i c a l  f o r  t h i s  d i s t a n c e  ups t ream .  Such 

evidence would suggest  t h a t  te lom er ic  VSG genes can be ac t iva ted  

in  s i t u .
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In fo u r  of  th e  f i v e  p o p u l a t i o n s  s t u d i e d  by B ernards  e t  ^  

(1984a) where the  221 gene was switched o f f  the  gene was deleted.  

I t  was su g g e s te d  t h a t  t h i s  d e l e t i o n  o c cu r red  by c o n v e r s io n  of 

t h i s  t e lo m e r e  by a n o th e r .  T e lom er ic  gene c o n v e r s io n  has been 

proposed as th e  mechanism whereby t e l o m e r i c  genes can be 

a c t iva ted  wi th  concomitant dup l ica t ion .  Pays e t  al (1983c) have 

shown t h a t  f o r  th e  t e l o m e r i c  VSG gene AnTat 1.3 d u p l i c a t i o n  in 

one trypanosome clone involved the co-dupl ica t ion  of a t  l e a s t  40 

kb o f  u p s t ream  DNA and they  have sug g es ted  t h a t  sequence 

homologies between the  previously expressed gene AnTat 1.1c and 

AnTat 1.3 were  r e s t r i c t e d  t o  a r e g io n  f a r  ups t ream  from th e  

coding sequence so th a t  the  duplica ted  segment would have to  be 

very long  t o  r e ach  th e  r e g io n  o f  homology r e q u i r e d  f o r  a 

c o n v e r s io n  even t  t o  occur .  In t h i s  c a se  t h e  AnTat 1.1c gene was 

l o s t ,  being replaced by an ex t ra  copy of the  AnTat 1.3 containing 

telomere.  Telomere conversion has been found in o ther  cases.  Pays 

e t  ^  (1983d) found in th e  AnTat 1.1 gene e x p r e s s i o n  s i t e  t h a t  

t h e  ELC was a s s o c i a t e d  w i t h  a n o t h e r  sequence,  in  f r o n t  o f  th e  

coding region which they re fe r red  to  as the "companion sequence". 

They found th a t  the  companion sequence was a transposed copy of a 

sequence  a l s o  l o c a t e d  in  a t e l o m e r e  and concluded t h a t  i t  

represented a 5’ re s idua l  fragment of a former ELC.

Pays e t  a l  (1983c) found fu r th e r  evidence of gene conversion 

when in v e s t ig a t in g  two trypanosome clones derived from AnTat 1.1. 

They proposed the mechanism of DNA rearrangement in t h i s  case was 

a gene conversion taking place between d i f f e r e n t  members of the  

same gene f a m i ly .  Again in  t h i s  i n s t a n c e  t h e  t h r e e  sequences  

involved were a l l  te lomeric .

De Lange e t  a l  (1983a) found an aber ran t  118 ELC gene which
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was f l a n k e d  a t  th e  3 ’ s i d e  by a t  l e a s t  1 kb of  DNA c o n t a i n i n g  

r e s t r i c t i o n  enzyme s i t e s .  They showed t h i s  DNA and the  3' end of 

the  118 gene were derived from another te lomeric  VSG gene, 1.1006 

and su g g e s te d  t h a t  t h i s  sequence  may have a r i s e n  by th e  co

t r a n s p o s i t i o n  o f  a whole chromosome end, i n c l u d i n g  p a r t  of th e  

1.1006 t e l o m e r e  l i n k e d  gene,  i n t o  an e x p r e s s i o n  s i t e .  They 

r e f e r r e d  t o  t h i s  as a t e l o m e r e  c o n v e r s io n  which d u p l i c a t e d  th e  

e n t i r e  region between the gene and the end of the  chromosome.

Recent evidence suggests  t h a t  end poin ts  for te lomeric  gene 

conversions are non-randomly d i s t r i b u t e d  (Pays e t  a l ,  1985b). On 

in v e s t ig a t in g  swi tching between two te lomeric  genes AnTat 1.1 and 

AnTat 1.10, which share more than 70% homology, i t  was found th a t  

a l th o u g h  th e  l i m i t s  o f  t h e  gene c o n v e r s io n  e v e n t s  were  not 

id e n t i c a l  they were not d i s t r i b u t e d  a t  random. This c lu s t e r in g  of 

c o n v e r s io n  l i m i t s  could  i n d i c a t e  th e  e x i s t e n c e  o f  s p e c i f i c  

sequences which ac t  as t a r g e t s  fo r  sp e c i f i c  recombinases or t h a t  

c e r t a i n  gene r e a r r a n g e m e n t s  a r e  s e l e c t e d  f o r  in  t h e  p ro c e ss  of  

gene conversion.

In t h e  y e a s t  m at ing  type  i n t e r c o n v e r s i o n  sys tem a s i t e  

sp e c i f i c  endonuclease, ac t ing  on a p a r t i c u l a r  t a r g e t  sequence has 

been found to  t r i g g e r  gene c o n v e r s io n  (K o s t r ik e n  e t  a l . 1983). 

However in  th e  c o n v e r s io n  i n v e s t i g a t e d  by Pays e t  ^  (1985b) no 

t a r g e t  sequence ,  s i m i l a r  t o  t h a t  found in  y e a s t ,  could  be 

l o c a t e d .  The a u t h o r s  p roposed  t h a t  th e  gene c o n v e r s io n  e v en t s  

a n a ly se d  a r e  not s t i m u l a t e d  by a s i t e  s p e c i f i c  recom binase  but 

r a the r  are  performed by the general  recombination machinery which 

i s  o p e r a t i n g  a t  r e c o m b in a t io n a l  " h o t s p o t s ”, in  t h i s  case  

t e l o m e r e s .  I t  had been su g g es te d  p r e v i o u s l y  t h a t  t e l o m e r e s  can 

a c t  as " h o t s p o t s "  f o r  r e c o m b in a t io n  due to  t h e  p resence  of
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homologous repeated sequences and s ing le  stranded nicks (Van der 

Ploeg and Cornelissen,  1984; Pays e t  a l . 1985a).

The evidence presented from t h i s  ana ly s is  of gene conversion 

endpoints would seem to  suggest  t h a t  te lom er ic  gene conversion 

occurs via  the  general  recombinational machinery and th a t  a post 

recombinational se lec t io n  system may opera te  such th a t  conversion 

events lead ing  to  unsu i tab le  changes w i th in  the  VSG prote in  would 

be se lec ted  agains t .

In  summary, t rypanosom es  have two ty p e s  of  VSG gene; th e  

i n t e r n a l  chromosomal genes  a c t i v a t e d  by d u p l i c a t i o n  to  a 

t e l o m e r i c  e x p r e s s i o n  s i t e  and t e l o m e r i c  genes  a c t i v a t e d  by 

s e v e r a l  mechanisms which i n c l u d e  in  s i t u  a c t i v a t i o n ,  gene 

conversion and rec ip roca l  t r ans loca t ion .

1.10 Multip le  Expression S i t e s

Given the re  are an est imated  1q8 vSG genes per trypanosome 

n u c leu s  and th e  a ssu m p t io n  t h a t  only one VSG i s  ex p re s sed  a t  a 

g iven  t im e  t h e r e  must be a p ro c e s s ,  ak in  t o  a l l e l i c  e x c lu s io n ,  

whereby only one gene i s  s e l e c t e d  f o r  t r a n s c r i p t i o n  in  a 

trypanosome a t  a p a r t i c u l a r  time.

I n i t i a l l y  a simple model of contro l  of VSG gene expression 

in v o lv in g  only  one e x p r e s s i o n  s i t e  w i t h i n  t h e  genome was 

proposed.  To be t r a n s c r i b e d  a VSG gene had t o  be t r a n s p o s e d  to  

t h i s  s i t e .  However more r e c e n t  ev idence  c l e a r l y  i n d i c a t e s  t h a t  

m u l t i p l e  e x p r e s s io n  s i t e s  do e x i s t .  In th e  BoTAR serodeme of  T. 

eouiperdum r e s t r i c t i o n  mapping showed th a t  VSG gene BoTat 1 can 

be e x p re s sed  in  a t  l e a s t  t h r e e  d i f f e r e n t  e x p r e s s io n  s i t e s  

(Longacre e t  ^ ,1 9 8 3 ) .  Pays e t  al  (1983b) in v e s t ig a t in g  VSG genes 

o f  th e  AnTAR serodeme have found t h a t  two genes ,  AnTat 1.6 and
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AnTat 1.16 were  ex p re s sed  from th e  same s i t e  but  AnTat 1.1c was 

found w i th in  an express ion s i t e  with  a very d i f f e r e n t  r e s t r i c t i o n  

enzyme map upstream of the 5’ barren region. Also, evidence from 

PFGE ana lys is  of trypanosome chromosomes and examination of the 

pos i t ions  of the 221 gene of the  MITAR serodeme of T.brucei shows 

t h a t  t h i s  gene can be e x p re s sed  from two d i f f e r e n t  t e l o m e r i c  

s i t e s  (Van der Ploeg e t  a l ,  1984a).

The p re s e n c e  o f  m u l t i p l e  VSG gene e x p r e s s i o n  s i t e s  w i t h i n  

each nucleus requ i re s  a more complex model of contro l  such th a t  

only one expression s i t e  can be ac t iva ted  a t  a time. This has led 

t o  th e  id e a  o f  a m ob i le  a c t i v a t o r  e lem en t  which can t r a n s p o s e  

from one t e l o m e r e  t o  a n o th e r .  However no ev idence  f o r  t h i s  

e x i s t s .  Analysis o f  VSG genes f a r  upstream from the coding region 

has  no t  y e t  r e v e a l e d  any such e lem en t .  Bernards  e t  aL (1984a) 

have shown f o r  VSG gene 221 t h a t  no major  r e a r r a n g e m e n t s  occur  

w i t h i n  55 kb ups t ream  of t h e  coding r e g io n  when t h i s  gene i s  

ac t iva ted  wi thout  dup l ica t ion .  Activation of o ther genes without  

d e t e c t a b l e  DNA a l t e r a t i o n s  has  been reported (Pays e t  a l .  1983b: 

La u re n t  e t  a l ,  1984a;1984b). D e t a i l e d  sequence  a n a l y s i s  of  many 

u p s t ream  r e g i o n s  of t r a n s c r i b e d  VSG genes  would be r e q u i r e d  

before  the mobile a c t i v a to r  model can be d e f i n i t e l y  discarded as 

a p o s s i b l e  c o n t r o l  mechanism f o r  VSG gene e x p r e s s io n .  In 

p a r t i c u l a r  r e s t r i c t i o n  enzyme mapping of upstream regions could 

conceivably miss very small  i n se r t io n s .

Bernards  e t  ^  (1984b) and Pays e t  (1984) have sugges ted

a v a r i a t io n  to  the  mobile a c t i v a to r  model such th a t  the  a c t i v a to r  

c o m p r i s e s  a un ique  s i t e  on th e  n u c l e a r  m a t r i x  w i t h  which only 

a c t i v e  t e l o m e r e s  a r e  a s s o c i a t e d .  No ev idence  y e t  e x i s t s  in  

trypanosomes to  support t h i s  theory,  however i t  has been reported
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t h a t  c e r t a i n  e u k a r y o t i c  genes  a r e  a s s o c i a t e d  w i th  th e  n u c l e a r  

matrix  when t ransc r ibed  (Robinson e t  a l , 1982; Ciejek e t  a l . 1983).

A second model p roposes  t h a t  VSG gene e x p r e s s io n  could  be 

c o n t r o l l e d  by th e  DNA m o d i f i c a t i o n s  which a r e  found in s i l e n t  

t e l o m e r i c  genes  (Bernards  e t  ^  , 1 984b; Pays e t  1 984). When 

te lomeric  genes are  a c t i v a t e d  th e  m o d i f i c a t i o n s  d i s a p p e a r .  The 

f a c t  t h a t  t h e s e  m o d i f i c a t i o n s  do no t  e x i s t  in p r o c y c l i c s  where 

VSG gene express ion i s  switched o f f  could suggest  t h a t  they may 

not be the cause of  gene swi tch off . However i t  seems l i k e ly  tha t  

swi tch o f f  a t  t h i s  s tage  in the  l i f e  cycle could be regula ted in 

a d i f f e r e n t  way from r e g u l a t i o n  o f  s w i t c h i n g  e v e n t s  in th e  

b lo o d s t r e am .  Absence o f  m o d i f i c a t i o n s  in  p r o c y c l i c s  does no t  

neces sa r i ly  r e fu te  t h e i r  ro le  in control  of VSG gene switching.

Liu e t  a l  (1985) s u g g e s t  t h a t  t h e r e  i s  a h i e r a r c h y  w i t h i n  

the te lomeres  with  respect to  t h e i r  a c t i v a t io n  or switch off . On 

studying the predominant genes of the  MITAR serodeme of T.brucei 

they found t h a t  t h e  1.8 gene was sw i tch ed  on most f r e q u e n t l y -  

abou t  50 % of  a l l  s w i t c h e s  l e d  t o  e x p r e s s i o n  o f  t h i s  gene. The 

p r e f e r e n c e  f o r  e x p r e s s i o n  of  t h i s  gene d id  no t  depend on i t s  

p r e d e c e s s o r  nor was i t  due t o  d i f f e r e n t i a l  growth  r a t e s  of  

trypanosomes expressing t h i s  gene. They suggested th a t  t h i s  gene 

l i e s  w i th in  a telomere which i s  ea s i ly  ac t iva ted  in comparison 

to  others.  There i s  the re fo re  an order of preference  in te lomeric  

ac t iva t ion .  Differences  which may e x i s t  be tween t e lo m e r e s  such 

th a t  a hierarchy e x i s t s  have not been found.

The contro l  of m u l t ip le  expression s i t e s  in  the  trypanosome 

r em a ins  one of  th e  c e n t r a l  i s s u e s  in  r e s e a r c h  on a n t i g e n i c  

v a r i a t i o n  p a r t i c u l a r l y  in  th e  l i g h t  o f  r e c e n t  r e s e a r c h  which 

s u g g e s t s  t h a t  th e  a ssum pt ion  t h a t  only one VSG gene can be
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e x p r e s s e d  a t  a g i v e n  t i m e  may n o t  be v a l i d .  E s s e r  and 

S ch o en b ech le r  (1985)  s t u d y i n g  i n d i v i d u a l  T . b . r h o d e s i e n s e  

t rypanosom es  d u r ing  s w i t c h i n g  in ear ly  bloodstream populations 

showed th a t  trypanosomes could simultaneously express both pre- 

and p o s t - s w i t c h  VSGs u n i fo r m ly  over t h e i r  c e l l  s u r f a c e  as 

de tec ted  with  monoclonal a n t i b o d i e s .  More r e c e n t l y  B a l t z  e t  al. 

( 1986) have p rov ided  ev idence  t h a t  a c lone  of T.eauiperdumi can 

s t a b l y  e x p r e s s  two VSG genes  i n  v i t r o  and bo th  a n t i g e n s  a r e  

present on the c e l l  surface.  This ana lys is  goes fu r th e r  than th a t  

o f  Esse r  and Sch o en b ech le r  in  t h a t  th e  genes  c o r r e sp o n d in g  to  

these  two s tab ly  expressed antigens  have been analysed and have 

been shown to  re s ide  in d i f f e r e n t  te lomeric  expression s i t e s ,  and 

bo th  genes  a r e  a c t i v e  in  double  e x p r e s s o r s .  Double a n t ig e n  

expression was found to  be r e l a t i v e l y  s tab l e  i n  v i t r o  though the 

p o p u l a t i o n  s lo w ly  d r i f t e d  to w ard s  s i n g l e  e x p r e s s io n .  In v ivo  

however,  when double  e x p r e s s o r s  were  i n o c u l a t e d  i n t o  mice th e  

population rapid ly  changes to  s ing le  expression.

As p o in te d  ou t  by th e  a u t h o r s  t h e  f a c t  t h a t  two VSG genes 

a r e  a c t i v e l y  t r a n s c r i b e d  from d i f f e r e n t  e x p r e s s io n  s i t e s  

simultaneously demonstrates t h a t  a c t i v a t i o n  of  one s i t e  i s  not 

mutually exclus ive of a c t i v a t io n  of o thers  and provides evidence 

aga ins t  a model of VSG gene regu la t ion  involving a s ing le  mobile 

regula tory  element. They a lso  suggest t h a t  trypanosomes express 

only one a n t i g e n  in  v ivo because  o f  s e l e c t i o n  a g a i n s t  double  

a n t ig e n  e x p r e s s i o n  in  th e  an im al r a t h e r  than  because  of  an 

i n t r i n s i c  g e n e t i c  mechanism in  th e  p a r a s i t e .  The e x i s t e n c e  o f  

double expressors  suggests t h a t  expression s i t e s  can be switched 

on and o f f  in d e p e n d e n t ly  o f  each o t h e r  t h e r e f o r e  f u t u r e  models 

f o r  c o n t r o l  of  VSG gene e x p r e s s io n  need no t  accommodate a
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mutually ex c lu s iv e  mechanism fo r  VSG gene t r a n s c r i p t i o n .

1.11 VSG Gene Transcr ip t ion

C on tro l  of VSG gene e x p r e s s i o n  o ccu rs  a t  th e  l e v e l  of  

t r a n s c r i p t i o n .  Lheureux e t  ^  (1979) i s o l a t e d  RNA from cloned 

t r y p a n o s o m e  p o p u l a t i o n s  and found  t h a t  i t  d i r e c t e d  t h e  

t r a n s l a t i o n  in v i t r o  of a VSG recognised only by a n t i s e ra  which 

had been  r a i s e d  a g a i n s t  t h e  c l o n e .  H o e i j m a k e r s  e t  a l  

(1980a; 1980b) found th a t  a given VSG cDNA hybrid ised only to  RNA 

from t rypanosom es  e x p r e s s i n g  t h a t  VSG. Such evidence ind ica tes  

t h a t  c o n t r o l  o f  VSG e x p r e s s i o n  o ccu r s  a t  the  l e v e l  o f  RNA 

syn thes is .

Sequence d e t e r m i n a t i o n  of  cDNAs corresponding to  VSG mRNA 

revealed th a t  a l l  VSG mRNAs contain  an id e n t i c a l  sequence of 35 

n u c l e o t i d e s  a t  t h e i r  5' ends,  r e f e r r e d  to  as th e  35-mer or 

sp l iced  leade r  sequence (Bocthroyd and Cross,1982; Van der Ploeg 

e t  a l . 1982b). This  35-mer was found a t  th e  5' t e r m i n i  of  mRNA 

from VSG genes ac t iva ted  by d i f f e r e n t  mechanisms.

I n i t i a l l y  i t  was proposed t h a t  t h i s  sequence  could be 

in v o lv e d  in  t h e  c o n t r o l  of  VSG gene e x p r e s s io n  in t h a t  th e  BC 

remained s i l e n t  because i t  was incomplete, lacking the 35-mer, 

and t h a t  t h i s  sequence  was p rov ided  by th e  e x p r e s s i o n  s i t e  and 

added onto the mRNA via  sp l ic ing .  However De Lange e t  ^  (1983)

u s in g  a s p e c i f i c  probe  f o r  th e  35-mer sequence  were  unable  to  

find a s ing le  sp liced  leade r  sequenc w i th in  10 kb of a transposed 

VSG gene in  th e  e x p r e s s io n  s i t e .  Also th e  mRNA of  VSG gene 221, 

ac t iva ted  without dupl ica t ion ,  conta ins  the 35-mer sequence but 

no 35-mer was found w i t h i n  8 kb o f  t h i s  gene (Bernards  e t  

a l ,1 9 8 4 a ) .  I t  has  s i n c e  been found t h a t  the  probe c o r re sp o n d in g
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to the  sp l iced  leader  hybr id ises  to  many clones in a trypanosome 

cDNA l i b r a r y  b e s i d e s  th e  VSG cDNAs, as w e l l  as h y b r i d i s i n g  to  

many RNA species  in procyclic  trypanosomes where VSG genes are  no 

lo n g e r  t r a n s c r i b e d  (De Lange e t  a l ,1 9 8 4 ;  Parsons  e t  a l . 1984). 

Furthermore o ther trypanosomatids which do not undergo ant igenic  

v a r i a t i o n  but are  r e l a t ed  to  A f r i ca n  t rypanosom es  a l so  po s se s s  

DNA sequences  c o n t a i n i n g  th e  35-mer (Nelson e t  ^ , 1 9 8 4 ) .  This  

evidence th e re fo re  implies  t h a t  the  presence of t h i s  sequence i s  

not a un ique  f e a t u r e  o f  VSG gene t r a n s c r i p t i o n .  Using th e  

s p e c i f i c  probe  f o r  t h e  35-mer sequence  to  d e t e r m in e  th e  copy 

number and genomic l o c a t i o n  of  t h e  s p l i c e d  l e a d e r  sequences  De 

Lange e t  a l  (1983b) found th e  sequence  was no t  p r e s e n t  in  th e  5 ’ 

barren regions found upstream of the  VSG genes and fu r th e r  th a t  

th e  35-mer was p a r t  o f  a 1.35 kb r e p e t i t i v e  e lem en t  p r e s e n t  a t  

about 200 copies per nucleus. These were found in tandem arrays  

of l inked un i t s .  These tandem ar rays  are located  both in the  very 

l a r g e  chromosomes and in  th e  2000 kb chromosomes but a re  

undetec table  in  the  mini-chromosomes (Van der Ploeg e t  al .  1984a).

Van de r  Ploeg and C o r n e l i s s e n  (1984) found t h a t  th e  ELC of 

th e  VSG gene 1.8 was l o c a t e d  on a 550 kb chromosome which l a c k s  

the spliced leade r  ye t  the 1.8 mRNA contained the  sequence a t  the 

5' end. S i m i l a r  r e s u l t s  were  o b ta in e d  by Rothwel l  e t  ^  (1985). 

In v es t ig a t io n  of the s ing le  copy IsTat 1.1 VSG gene of the IsTAR 

serodeme revealed th a t  i t  i s  located  on a mini-chromosome and i s  

a c t i v a t e d  I n  s i t u  y e t  t h e r e  i s  no 35mer sequence  found on th e  

chromosome. This provided evidence th a t  the  35-mer sequence was 

j o i n e d  to  t h e  mRNA by u n c o n v e n t i a l  means. Recen t ly  i n d i r e c t  

ev idence  s u g g e s t s  t h a t  t h i s  u n c o n v e n t i o n a l  m echan ism  i s  

d iscon t inuous  t r a n sc r ip t io n .
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I t  i s  not only VSG mRNAs which c o n ta i n  th e  s p l i c e d  l e a d e r  

sequence. Therefore to  provide each mRNA with  the 35-mer sequence 

two poss ib le  mechanisms e x is t :  e i t h e r  discont inuous  t r a n s c r ip t io n  

or production of very la rg e  mRNA precursors  which could then be 

p ro c e ssed .  As y e t  no such p r e c u r s o r s  have been found, however 

t h i s  does no t  n e c e s s a r i l y  mean they a r e  no t  made but r a t h e r ,  

could r e f l e c t  e i t h e r  rapid processing or i n s t a b i l i t y  of the RNA 

s p e c i e s .  Campbell e t  ail (1984b) i d e n t i f i e d  th e  t r a n s c r i p t i o n a l  

p r o d u c t s  from th e  1.35 kb r e p e a t s  and found they  d i r e c t e d  the  

syn thes is  of d i s c r e t e  137 nuc leot ide  t r a n s c r i p t s  re fe r red  to as 

mini-exon derived RNA (med RNA) which contain the 35 nucleotide  

sequence  a t  t h e  5 ’ end. Kooter e t  ^  (1984a) found th e  med RNA 

was s y n t h e s i s e d  a t  a very h igh  r a t e ,  700 t im e s  h i g h e r  than the  

t r a n s c r i p t i o n  o f  t h e  r e m a i n d e r  o f  t h e  1.35 kb s e q u e n c e ,  

in d ica t ing  i t  was not made as pa r t  of a l a rg e r  precurser  but as a 

d i s c r e t e  s p e c i e s .  T r a n s c r i p t i o n  of  med RNA i s  s e n s i t i v e  to  

oc-amanit in ,  an i n h i b i t o r  o f  RNA po lym erase  I I ,  (L a i rd  e t  

al ,1985),  whereas VSG gene t r a n s c r i p t i o n  i s  i n s e n s i t i v e  (Kooter 

e t  a l ,  1984b). I t  i s  u n l i k e l y  t h e r e f o r e  t h a t  both RNAs are  

t r a n s c r i b e d  by th e  same po lym erase ,  f u r t h e r  s u p p o r t i n g  th e  

h y p o t h e s i s  t h a t  VSG gene t r a n s c r i p t i o n  i s  a d i s c o n t in u o u s  

process.  This evidence, though in d i r ec t ,  supports  the view th a t  

d i s c o n t i n u o u s  t r a n s c r i p t i o n  i s  a f e a t u r e  o f  t r a n s c r i p t i o n  of 

trypanosome VSG genes.

In conclusion the re  are  many in t e r e s t i n g  fea tu re s  exhibited 

by trypanosomes p a r t i c u l a r ly  with  regard to  the  gene expression 

and r e g u l a t i o n  mechanisms employed during an t igen ic  var ia t ion .  

The c o n s e c u t i v e  but non-random e x p r e s s io n  o f  a l a r g e  number of 

VSG genes and the  predominant expression of metacyclic  VSG genes
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i s  of p a r t i c u l a r  i n t e r e s t .  The evolution of VSG gene re p e r to i re s  

i s  a lso  in t r ig u in g  and provides the  researcher  with a la rge  gene 

family amenable to  analys is .
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CHAPTER 2

Analysis of a metacyclic VSG gene 
during cyclical transmission 

through the tsetse fly



INTRODUCTION

Bloodstream trypanosomes are pleomorphic, ranging from long 

s l e n d e r  d i v i d i n g  t r y p o m a s t i g o t e s  t o  s tum py  n o n - d i v i d i n g  

t r y p o m a s t i g o t e s ,  t h e  l a t t e r  be ing  i n f e c t i v e  f o r  th e  t s e t s e  and 

d e v e lo p in g  in  th e  midgut,  i n i t i a t i n g  th e  c y c l e  in th e  f ly  

(Robertson, 1912: VJijers and Will  et,  I960).

On i n g e s t i o n  by th e  t s e t s e  f ly  th e  stumpy trypanosomes  

d i f f e r e n t i a t e  i n t o  n o n - i n f e c t i v e  p r o c y c l i c s  and r a p id ly  lo s e  

t h e i r  s u r f a c e  c o a t  (V icke rm an ,1969; S t e i g e r ,  1973; Brown e t  

al,1973).  After a period of development the  trypanosomes migrate 

to  the  s a l i v a r y  g lan d s  where they  u l t i m a t e l y  develop  i n t o  

i n f e c t iv e  metacycl ic  forms th a t  have reacquired the surface coat. 

The metacycl ic  developmental s tage i s  the only in sec t  form which 

possesses the  surface  coat (Vickermian, 1969).

Trypanosome c lo n e s  be lo n g in g  to  the  same serodeme ( i . e .  

which have th e  same r e p e r t o i r e  o f  VSG genes) g iv e  r i s e  to  the  

same r e s t r i c t e d  s u b s e t  o f  VSGs in  th e  m e t a c y c l i c  p o p u la t io n  

(Hajduk e t  a_l, 1981 ). Why a s p e c i f i c  s u b s e t  of  VSG genes  i s  

e x p re s sed  a t  t h i s  s t a g e  in  th e  l i f e  c y c l e  i s  s t i l l  unknown. The 

number of metacyclics  extruded a t  one t ime by the t s e t s e  fly i s  

very small,  est imated to be approximately 3,000/proboscis (Harley 

e t  a l , 1966) which prevents d i r e c t  in v e s t ig a t io n  of the metacyclic 

population a t  the DNA level .  However metacyclic  va r iab le  antigen 

types (M-VATs) continue to  be expressed by trypanosomes up to day 

nine in f ly  in fec ted  mice, thus c o l le c t io n  of trypanosomes ear ly 

in  i n f e c t i o n  a l l o w s  i n v e s t i g a t i o n  o f  m e t a c y c l i c  VSG gene 

expression a l b e i t  in d i r ec t ly .

I n i t i a l l y  i t  was proposed t h a t  th e  trypanosome population 

rever ted  to  a s ing le  basic  an t igenic  type a t  the end of cyc l ica l
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development in the  f ly  (Gray,1965b). However heterogeneity  within  

t h e  m e t a c y c l i c  p o p u l a t i o n  w i t h  r e s p e c t  t o  VAT h a s  been  

d e m o n s t r a t e d  u s in g  i n d i r e c t  means (Le Ray e t  a l ,1978)  and 

monospecific a n t i s e r a  ra ised  aga ins t  metacycl ic  va r iab le  antigen 

ty p e s  (M-VATs) (Barry e t  a l ,  1 979; Hajduk e t  1981 ;Hajduk and 

Vickerman,1981).

Le Ray e t  a l  (1978) found s e r a  c o l l e c t e d  from r a b b i t s  one 

month a f t e r  in fe c t io n  with a syringe passaged trypanosome l i n e  

showed l y t i c  a c t i v i t y  agains t  most of the metacyclics extruded a t  

one t ime by the t s e t s e  f ly ,  ind ica t ing  the re fo re  th a t  M-VATs are 

no t  s p e c i f i c  to  th e  f l y  s t a g e s  of  th e  trypanosome l i f e  cyc le .  

This observat ion led  to the  preparat ion  of monospecific an t i s e ra  

a g a i n s t  i n d i v i d u a l  M-VATs (Barry e t  1979). Rabb i ts  were 

i n f e c t e d  w i th  a s y r i n g e  passaged trypanosome l i n e .  Serum and 

trypanosomes were co l lec ted  from infec ted  animals f requent ly  and 

the serum te s ted  for l y t i c  a c t i v i t y  agains t  metacyclics  allowing 

th e  t im e  of  appea rance  of  M-VATs in  th e  b lo o d s t ream  to  be 

e s t i m a t e d .  B lood  c o l l e c t e d  a t  t h a t  t i m e  s h o u l d  c o n t a i n  

t rypanosom es  e x p r e s s i n g  M-VATs and indeed c lo n in g  of  such 

t rypanosom es  gave r i s e  to  a n t i g e n i c a l l y  s t a b l e  trypanosome 

p o p u l a t i o n s  e x p r e s s i n g  M-VATs. These populations were used for 

the production of a n t i s e r a  d i rec ted  agains t  ind iv idua l  M-VATs.

A p p l i c a t i o n  o f  t h e s e  m o n o s p e c i f i c  a n t i s e r a  i n  

immunofluoresence t e s t s  on metacyclic  trypanosomes revealed tha t  

the metacyclic population i s  heterogeneous with  respect to VAT as 

were trypanosomes in the f i r s t  pa ten t paras itaemia  (FPP) in mice, 

fo l l o w i n g  c y c l i c a l  t r a n s m i s s i o n ,  which were found s t i l l t c  be 

expressing M-VATs. The f i r s t  non M-VATs were detected a f t e r  day 

four or f ive  of in fec t io n  (Barry e t  a l ,  1979).
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There i s  a cons tancy  in  M-VAT e x p r e s s io n :  Hajduk e t  al. 

( 19 8 1 ) fo und  t h a t  t h r e e  M-VATs w e re  p r e s e n t  i n  c o n s t a n t  

proportions  in metacycl ic  popula tions  obtained a t  d i f f e r e n t  t imes 

from indiv idual f l i e s .  Also, the  VAT ingested by the  f ly  was not 

present in the metacyclic  population,  and did not inf luence the 

VAT composition of the  metacyclics.

In a f u r th e r  study Hajduk and Vickerman (1981), again using 

m o n o s p e c i f i c  a n t i s e r a ,  a n a ly se d  th e  VATs p r e s e n t  in mice 

following cyc l i ca l  transmission.  The f i r s t  VATs de tec tab le  in the 

b lo o d s t r e am  were  M-VATs which were  p r e s e n t  u n t i l  a t  l e a s t  day 

f i v e  p o s t  i n f e c t i o n .  Barry e t  ^  (1985) found n e u t r a l i s a t i o n  of 

s p e c i f i c  M-VATs d id  not p re v e n t  t h e i r  e x p re s s io n  in  e a r l y  

bloodstream populations,  suggesting t h a t  metacyclic  trypanosomes 

can s w i t c h  t o  th e  e x p r e s s io n  o f  o t h e r  M-VATs. This  ev idence  

i n d i c a t e s  t h a t  M-VAT e x p r e s s i o n  cont inues  in ear ly  bloodstream 

populations  and switching from one M-VAT to another can occur.

Recen t ly  f o r  a West A f r i ca n  s to c k  of  T. coneo len se  a l l  the  

m e t a c y c l i c  VATs have been  c h a r a c t e r i s e d  w i t h  m o n o c lo n a l  

a n t i b o d i e s  (McAbs) r a i s e d  a g a i n s t  exposed e p i t o p e s  on l i v i n g  

metacyclic  forms. Twenty-one McAbs recognised epitopes  on l iv in g  

m e t a c y c l i c s .  Using t h e s e  in  i n d i r e c t  im m unof luoresence  a s sa y s  

(IFA) i t  was found th a t  twelve of the  twenty-one McAbs separa te ly  

la b e l l ed  unique VATs. When pooled these  twelve McAbs la b e l led  the 

e n t i r e  metacyclic  population and could n e u t r a l i s e  i n f e c t i v i t y  of 

the  metacyclics  for mice, in d ica t ing  the M-VAT r e p e r to i r e  of t h i s  

s to c k  i s  l i m i t e d  to  tw e lv e  VATs (Crowe ^  a l ,  1983). For one 

T .b . rh o d es ien se  c loned  l i n e  i t  has  been found t h a t  e i g h t  M-VATs 

c o n s t i t u t e d  60-80% of  the  m e t a c y c l i c  p o p u la t i o n  (Barry e t  

a l ,  1 983). A pool of  s i x t e e n  McAbs can l a b e l  a l l  th e  M-VATs of
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the WRATAR serodeme of T.b.rhodesiense (Esser and Schoenbechler, 

1985). These o b s e r v a t i o n s  i n d i c a t e  t h a t  of  a r e p e r t o i r e  of  a 

poss ib le  100-1000 VSG genes (Capbern e t  al,1977; Van der Ploeg et  

a l  , 1 9 8 2 a ) ,  t h e r e  i s  a s p e c i f i c  s u b s e t  e x p r e s s e d  in  t h e  

metacyclic  stages.  However Barry e t  al  (1983) presented evidence 

t h a t ,  though th e  m e t a c y c l i c  VAT r e p e r t o i r e  i s  l i m i t e d ,  i t  i s  

u n s t a b l e .  The M-VAT r e p e r t o i r e  in a s e r i e s  o f  T .b . rhodes iense  

cloned i s o l a t e s  co l lec ted  from an East African focus of sleeping 

s ickness  over a period of twenty years was found to be unstable.  

Of a t o t a l  o f  e l e v e n  M-VATs i n v e s t i g a t e d  by i n d i r e c t  

immunofluoresence three  were found to be present in a l l  stocks 

t e s t e d ,  two M-VATs were  p r e s e n t  in  s to c k s  i s o l a t e d  e a r l y  but 

absent from those i so la ted  in l a t e r  years.  The remaining six VATs 

were not p r e s e n t  in  a l l  s t o c k s  c o n s i s t e n t l y  but  no c o r r e l a t i o n  

could be made between t h e i r  absence and the t ime of i so la t ion .

Sequential  transmiss ion  of one of the clones through t s e t s e  

f l i e s  a l lo w ed  a more c o n t r o l l e d  i n v e s t i g a t i o n  of  th e  M-VAT 

r e p e r t o i r e .  Most o f  th e  M-VATs a n a ly se d  were c o n s i s t e n t l y  

expressed throughout ten sequentia l  transmissions .  However one M- 

VAT, GUTat 7.15, was l o s t  a f t e r  th e  t h i r d  t r a n s m i s s i o n  and 

expression of t h i s  M-VAT did not recur throughout the remaining 

seven t r a n s m i s s i o n s .  This ev idence  shows t h a t  a l though  the  

m e t a c y c l i c  VAT r e p e r t o i r e  i s  r e s t r i c t e d ,  i t  i s  no t  n e c e s s a r i l y  

s tab l e  over a period of time.

Hajduk and Vickerman (1981) ca r r ied  out a de ta i l ed  study on 

the  i n f l u e n c e  o f  th e  i n g e s t e d  VAT (I-VAT) on bloodstreami 

p o p u l a t i o n s  d e r iv e d  from i n f e c t e d  f l i e s  and found t h a t  the  

ingested VAT, although having no e f f e c t  on M-VAT expression, was 

a lways  p r e s e n t  e a r l y  in i n f e c t i o n ,  d u r in g  th e  f i r s t  p a t e n t
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parasi taemia  (FPP), being detected  from day 4 post in fec t ion .  The 

ingested  VAT did not necessa r i ly  become the major VAT in the FPP, 

pe rhaps  because  of d i f f e r e n c e s  in growth  r a t e  of t rypanosomes  

e x p r e s s i n g  d i f f e r e n t  M-VATs ( S e e d , 1978) o r  b e c a u s e  o f  

d i f f e r e n t i a l  gene a c t i v a t i o n .  This  phenomenon i s  c a l l e d  the  

"anamnestic" e f f e c t  and a m o le c u la r  e x p l a n a t i o n  o f  t h i s  memory 

e f f e c t  has been proposed.

O v e r a t h  e t  al  (1983)  a n a l y s e d  t h e  r e p r e s s i o n  o f  

g l y c o p r o t e i n  s y n t h e s i s  d u r in g  in  v i t r o  t r a n s f o r m a t i o n  from 

bloodstream forms to procyclic  forms, a process thought to mimic 

the  in vivo s i t u a t io n  in the midgut of the fly.  After t r a n s f e r  to 

t h e  t r a n s f o r m a t i o n  medium VSG syn thes is  was repressed rapidly ,  

t h i s  was no t  c o n c o m i ta n t  w i th  r a p i d  e x c i s i o n  o f  th e  ELC of  the  

g en e  w h ic h  was e x p r e s s e d  in  t h e  b l o o d s t r e a m  p r i o r  t o  

t ransformation.  Rather the ELC was re ta ined  in the genome but not 

t ranscr ibed .  Parsons e t  al (1983b) reported a s im i la r  observation 

o f  l i n g e r i n g  y e t  i n a c t i v e  ELCs in  p r o c y c l i c  c u l t u r e  forms. In 

b lo o d s t re am  t rypanosom es  r e t e n t i o n  o f  ELCs in i n a c t i v e  forms,  

a f t e r  a switching event involving a VSG gene ac t iva ted  by the non 

d u p l i c a t i v e  mode o f  a c t i v a t i o n ,  have been r e p o r t e d  (L auren t  e t  

a l ,1 9 8 4 a ;  Pays e t  a l ,1983b ;  Young e t  a l ,1983b ;  Buck e t  a l .1984: 

M i c h e l s  e t  a l , 1984; Pays e t  a l , 1 9 8 5 a ) .  In  b l o o d s t r e a m  

t rypanosomes  th e  r e t a i n e d  ELC i s  r e a c t i v a t e d  p r e f e r e n t i a l l y  

(Michels e t  a l ,  1984; Laurent e t  al.1984b).

These f indings  provide an hypothesis a t  the molecular level  

fo r  the "anamnestic" e f f e c t  and a lso  provide supportive  evidence 

t h a t  th e  c o n t r o l  o f  VSG gene e x p r e s s io n  may d i f f e r  in  th e  

metacyclic  and bloodstream populations. I t  i s  possib le  th a t  the 

ELC of the ingested  VAT, though not expressed in the metacyclic
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p o p u la t i o n  may r e s i d e  in  a "b loods t ream  expression s i t e "  which 

could  be e a s i l y  r e a c t i v a b l e  when th e  t rypanosomes  nex t  meet 

b lo o d s t r e a m  c o n d i t i o n s .  On e n t e r i n g  th e  b loods t ream  M-VATs 

continue to  be expressed for up to  f ive  days in immunocompetent 

h o s t s  d u r in g  which " e a r ly "  or "predom inan t"  VATs in c lu d in g  the  

i n g e s t e d  VAT a re  a c t i v a t e d .  This  would i n d i c a t e  t h a t  th e  

e x p r e s s i o n  o f  M-VATs i s  d o m i n a n t  ove r  the  e x p r e s s io n  of  

bloodstream VATs and would f u r th e r  suggest  t h a t  the expression of 

m e t a c y c l i c  and b lo o d s t r e am  VSG genes  may be under s e p a r a t e  

control  mechanisms.

To t e s t  t h i s  h y p o t h e s i s  a s t a b l e  b loods t ream  p o p u la t io n  

express ing the M-VAT GUTat 7.13 was used in cyc l ica l  transmiss ion 

th rough  th e  t s e t s e  f l y .  Thus, an M-VAT was used as t h e  i n g e s t e d  

VAT, th e re b y  c r e a t i n g  a s i t u a t i o n  where t h i s  VAT could  be 

ex p re s sed  p r e f e r e n t i a l l y  by th e  an am n es t ic  e f f e c t .  I f  VAT 

expression a t  both s tages  of the trypanosome l i f e  cycle (i.e. in 

t h e  f l y  and in  th e  b lo o d s t ream )  i s  c o n t r o l l e d  by th e  same 

mechanism one would expect to  see the  anamnestic e f f e c t  d i r e c t  

expression of the M-VAT, GUTat 7.13, a t  an increased leve l  in the 

m e t a c y c l i c  p o p u la t i o n .  I f ,  on th e  o t h e r  hand VAT e x p r e s s io n  i s  

under separa te  control  a t  d i f f e r e n t  s tages  in the l i f e  cycle then 

no i n c r e a s e  in  th e  e x p r e s s io n  of  GUTat 7.13 would be observed. 

The expression of t h i s  VAT in ear ly  bloodstream populations was 

i n v e s t i g a t e d  u s ing  IFA and th e  DNA ana lysed  v i a  Southern  B lo t  

Analysis.



MATERIALS AMD METHODS

Trypanosomes and Tsetse  F l ie s

Variable a n t ig e n  ty p e  (VAT) GUTat (Glasgow University 
Trvpanozoon antigen  type) 7-13 which i s  derived from stock EATRO 
(E as t  A fr ic a n  Trypanosomiasis R esearch  Organisation) 2340 was 
in v e s t ig a te d  in these  experiments. The pedigree of GUTat 7.13 is 
g iv e n  in  F ig u r e  1 (see a l s o  Cornelissen et ̂ ,1985). GUTat 7.13 

i s  a cloned metacyclic form which has undergone 27 rapid syringe 
passages in mice and has been recloned 10 t im es to ensure that i t  

i s  a n t ig e n ic a l ly  stable and homogeneous.
Trypanosomes were transmitted through Glossina morsitans 

e s s e n t i a l ly  as described previously (Le Ray e t  ^,1978). Recently 
hatched flies were fed on fem a le  CFLP mice harbouring p a te n t  

i n f e c t i o n s  o f  GUTat 7.13. All mice were cyclophosphamide (CY) 

treated (250mg/kg) 24 hours b e fo re  infection as a means of 
suppressing the  immune system. The bloodstream populations used 
w ere  screened by indirect fluorescent antibody technique (IFAT) 

t o  c o n f irm  antigenic homogeneity. GUTat 7.13 was found to 
constitute 92-97% of t h e  populations used for f l y  feeds. 
F o llo w in g  the infective feed  maintenance blood meals were on 
c i t r a t e d  sheep blood (Gibco L td . ,P a i s l e y )  three times weekly. 
Three weeks a f t e r  the initial infective feed  t s e t s e  flies were 
induced to  probe saliva onto heated microscope slides which were 
examined fo r  the  presence of metacyclic trypanosomes. Infected 
f l i e s  were fed on CY treated female CFLP mice e i th e r  directly, or 
by probing into 500ul of fresh Guinea Pig Serum (GPS) heated to 
37®C. The GPS was then divided in to  two a l iq u o ts  and each used to 
infect one mouse by intraperitoneal injection.

3 9



EATRO 2340

1 c l o n i n g  (3d)

3 c y c l i c a l  t r a n s m i s s i o n s  
t h r o u g h  G. m o r s i t a ns

4 mouse p a s s a g e s  
( 6 , 2 , 3 , 2 , d )

1 c l o n i n g  (59d)

2 c y c l i c a l  t r a n s m i s s i o n s  
t h r o u g h  G. m o r s i t a ns

GUP 1506

4 c y c l i c a l  t r a n s m i s s i o n s  
t h r o u g h  G. m o r s i t a n s  

I
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I
»

I

c l o n e d  6 t i m e s  
( 6 , 6 , 6 , 4 , 6 , 6  d)
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(2 d )
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( 2 , 2 , 3 , 2 , 2 , 3 , 2 , 2 , d)

1 c l o n i n g  (3d)
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Figure 1 Pedigree of the syringe passaged GUTat 7.13 population
This population was used to obta in  an a n t ig e n ic a l ly  s t a b l e  clone 
corresponding to the  metacyclic  v a r ia b le  antigen type 7.13 drawn 
a c c o r d in g  t o  t h e  c o n v e n t i o n s  o f  Lumsden, H e rb e r t  & M ^Nei l lage  
(1973).
S t a b i l a t e  numbers are  in boxes.
VAT re fe rence  s t a b i l a t e s  in car touches .
Broken l i n e s  in d ic a te  cloning.
Solid  l i n e s  i n d ic a te  syr inge passaging.
EATRO- East African Trypanosomiasis Research Organisat ion.
GUP- Glasgow Univers ity  Protozoology.



B1oodstream to  Procyclic  Transformation

Female  CFLP mice were  i n o c u l a t e d  i n t r a p e r i t o n e a l l y  w i t h  

a p p r o x i m a t e l y  10^ t rypanosom es  and bled by card iac  puncture on 

day 7 p o s t  i n f e c t i o n .  A p prox im a te ly  1 o'  ̂ t rypanosom es  in  0.1 ml 

blood were added to  10 mis of H i l l ’s medium which i s e s s e n t i a l l y  

SM-medium (C unningham ,1 9 7 7 )  b u t  w i t h  s l i g h t l y  d i f f e r e n t  

b u f f e r i n g ,  su p p lem en ted  w i t h  15% h e a t  i n a c t i v a t e d  f o e t a l  c a l f  

serum (FCS) (Gibco Ltd . ,  P a i s l e y  ) and Gentamycin (15ug/m l)  and 

i n c u b a t e d  a t  2 6 °C. A f t e r  48 h o u r s  t h e  t ry p an o so m es  were  

t r a n s f e r r e d  t o  25cm^ t i s s u e  c u l t u r e  f l a s k s  (Lux, Gibco Ltd . ,  

P a i s l e y )  in  which  they  were m a in t a in e d  a t  a c o n c e n t r a t i o n  of 

approximately 1x10?/ml, and were con t inua l ly  sub-passaged u n t i l  

enough p rocyc l ics  were obtained fo r  DNA i s o la t io n .

Ant isera  and Monoclonal Antibodies

M o n o sp ec i f ic  r a b b i t  a n t i s e r u m  was p re p a re d  a g a i n s t  GUTat 

7.13 u s in g  a s t a n d a r d  p r o t o c o l  (Van Meirvenne e t  a l . 1 975a).  

Monoclonal a n t i b o d i e s  (McAbs) s p e c i f i c  f o r  f o u r  d i f f e r e n t  

metacyc l ic  v a r i a b le  antigen types (M-VATs) were produced by the 

procedure described previously (Crowe e t  a l . 1983).

The McAbs were  GUPM (Glasgow U n i v e r s i t y  P ro to zo o lo g y  

Monoclonal)  17.2 f o r  GUTat 7.1, GUPM 18.7 f o r  GUTat7.2 and GUPM 

17.1 f o r  GUTat 7.13.

Immunofluoresence Reactions

Bloodsmears taken from mice on day 7-9 post  i n fe c t io n  were 

a i r  d r i e d  and f i x e d  in  a c e to n e  a t  room t e m p e r a t u r e  f o r  15 

minutes.  The smears were rehydrated in phosphate buffered s a l i n e  

(PBS) pH 7.2, fo r  15 minutes a f t e r  which the antibody was applied
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to  r eac t io n  zones and the s l i d e s  incubated in a humid chamber a t  

room t e m p e r a t u r e  f o r  30 m in u te s .  A f t e r  two 5 m inu te  washes  in  

PBS, F l u o r e s c e i n  I s o t h i o c y a n a t e  (FITC) conjugated  r a b b i t  a n t i 

mouse IgG (whole molecule) (Sigma, Poole) was appl ied a t  a 1:100 

(v/v) d i l u t i o n  in PBS conta ining 1:10,000 w/v Evans Blue (Merck) 

and th e  s l i d e s  in c u b a t e d  f o r  a f u r t h e r  30 m in u te s  in  a humid 

chamber.  The s l i d e s  were  washed t w i c e  in  PBS and e x ce s s  l i q u i d  

dra ined o f f  before  being mounted in  50% (w/v) glycerol/PBS. The 

re a c t io n  zones were examined using a Leitz  Ortholux I I  microscope 

w i th  in c id en t  l i g h t  f lu o r e se n ce ,  an HB50 h igh  p r e s s u r e  mercury  

vapour lamp, a TK510 d ichro ic  mirror,  2XKP490 (exc i t ing)  and K515 

(suppressing) f i l t e r .

Trvpanolvsis  Reactions

T r y p a n o l y s i s  r e a c t i o n s  were  pe r fo rm ed  on t rypanosom es  

i s o l a t e d  from whole blood on day 7-9 of in fec t ion .  The re a c t io n s  

w ere  pe r fo rm ed  in  5mls  f r e s h  Guinea Pig Serum (GPS) u s in g  a 

m o n o s p e c i f i c  r a b b i t  a n t i s e r u m  d i r e c t e d  a g a i n s t  GUTat 7.13 s t  a 

1:50 d i lu t io n .  The trypanosomes (a t  2x10^/ml) were incubated a t  

room tempera ture  fo r  2-3 hours a f t e r  which samples were taken and 

examined fo r  l y s i s  by phase c o n t r a s t  miroscopy.

I s o l a t i o n  of Trvoanosomes from Blood

C Y - t r e a te d  fe m a le  CFLP mice i n f e c t e d  by t s e t s e  b i t e  were 

e x s a n g u in a t e d  on day 7-9 p o s t  i n f e c t i o n .  Trypanosomes were  

separa ted from blood c e l l s  by ion-exchange chromatography on DE52 

c e l l u l o s e  (Lanham and G o d f r e y , 1970) and c o n c e n t r a t e d  by 

c e n t r i f u g a t io n  a t  lOOOg for  15 minutes a t  room tempera ture  and 

resuspended in the  appropr ia te  buffer.
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Trvpanosome Lvsates .  DNA I s o l a t i o n  and P u r i f i c a t i o n

One volume o f  p u r i f i e d  t r y p a n o s o m e s  c o n t a i n i n g  10^^ 

trypanosomes was gently suspended in 10 volumes of NET buffe r  

(lOOmM NaCl, lOOmM EDTA, lOmM Tris ,  pH8.0 ) a t  room tempera ture  

and l y s e d  by th e  a d d i t i o n  of S a rk o sy l  t o  a c o n c e n t r a t i o n  o f  3%. 

A f t e r  l y s i s  p r o t e i n a s e  K (S ig m a ,  P o o le )  was  added  t o  a 

c o n c e n t r a t i o n  o f  100 ug/ml  and th e  l y s a t e  in c u b a t e d  f o r  30 

m in u te s  a t  37°C a f t e r  which i t  was s t o r e d  a t  room t e m p e r a t u r e  

u n t i l  a t o t a l  of 10^-10**^ trypanosomes had been i so la ted .

DNA i s o l a t i o n  was per form ed  e s s e n t i a l l y  as d e s c r i b e d  by 

B ern a rd s  e t  a l  (1981).  B r i e f l y ,  t h e  i n d i v i d u a l  l y s a t e s  were  

poo led  and an equal  volume o f  Phenol:  Ch lo ro fo rm :  I s o -a m y l  

a l c o h o l ,  (50:50:1)  added. A f t e r  15 m in u te s  g e n t l e  ro c k in g  

e x t r a c t io n  was c a r r i e d  out by c en t r i fu g a t io n  a t  1160g, 15 minutes 

a t  room t e m p e r a t u r e .  A f t e r  c a r e f u l  removal  and s t o r a g e  o f  t h e  

aqueous phase  th e  i n t e r f a c e  was d i l u t e d  by a d d i t i o n  an equa l  

volume of IxTE (lOmM Tr is  HCl,pH8.0, ImM EDTA) and r e -e x t ra c t ed  

wi th  phenol. The two aqueous phases were pooled and Ribonuclease 

A (Sigma, Poole) added to  a f i n a l  c o n c e n t r a t i o n  of  lOOug/ml fo r  

30 minutes a t  37°C. The so lu t ion  was incubated fo r  an add i t iona l  

30 m in u te s  a t  37^0 in  th e  p re s en c e  o f  lOOug/ml P r o t e i n a s e  K. A 

t h i r d  phenol e x t r a c t i o n  fo l l o w e d ,  a f t e r  which t h e  DNA was 

p r e c ip i t a t e d  in  2 volumes of Ethanol a f t e r  add i t ion  of 3M Sodium 

A c e t a t e ,  pH 5 .6 ,  t o  a f i n a l  c o n c e n t r a t i o n  o f  300mM. The 

p r e c i p i t a t i o n  was ca r r ied  out a t  room temperature ,  the  DNA being 

s p o o l e d  o u t  c a r e f u l l y  and w a sh e d  i n  70% E t h a n o l  b e f o r e  

resuspension in an appropr ia te  volume of IxTE.

The DNA was f u r t h e r  p u r i f i e d  by c e n t r i f u g a t i o n  in  a CsCl 

g r a d i e n t .  20.5 gm of  CsCl was added t o  20 mis DNA in  IxTE and
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mixed by gen t le  invers ion  u n t i l  the  CsCl dissolved. 2 ml Ethidium 

Bromide (10 mg/ml) was added and th e  s o l u t i o n  c e n t r i f u g e d  to  

equ i l ib r ium  a t  room temperature,  (16 hr  a t  196,408g in  a Beckman 

VTi50 ro to r ) .  The g rad ien t  was examined under shor t  wave UV l i g h t  

and th e  DNA removed u s in g  a 1 ml s y r i n g e  and I8g n e ed le .  The 

Ethidium Bromide was removed by e x t r a c t io n  w i th  isopropanol and 

the  DNA exhaustive ly  d ia lysed  aga ins t  IxTE to  remove the CsCl.

Production of  Competent Escher ichia  c o l i  Cel ls

E.coli  1440 was cu l tured  in 20 ml L-broth a t  37°C overnight 

in a shaking water bath. 1.25 ml was then added to  250 ml L-broth 

and in c u b a t e d  a t  37°C f o r  3 hours  in  a shak ing  i n c u b a t o r .  The 

c u l t u r e  was th e n  c oo led  on i c e  f o r  10 m in u te s  a f t e r  which  th e  

c e l l s  were p e l l e t ed  by c e n t r i fu g a t io n  a t  959£, 4°C fo r  5 minutes. 

The c e l l s  were resuspended in 15 ml lOOmM CaCl2 and incubated a t  

4°C f o r  30 m in u te s .  A f t e r  c e n t r i f u g a t i o n  a t  1 l60g, 4°C f o r  5 

minutes the  c e l l s  were resuspended in 2.5 ml CaCl2. A sample was 

removed and used fo r  t ransformat ion .  The remainder of the  c e l l s  

were s to red  a t  -20°C in lOOmM CaCl2 contain ing 17.6% glycero l .

Transformation of  E .co l i  with Recombinant Plasmid DNA

Recombinant plasmids conta ining DNA complementary to  VSG 

mRNA corresponding to  GUTat 7.13 have been described previously 

( C o r n e l i s s e n  e t  a l , 1985). The cDNAs w ere  i n s e r t e d  i n t o  t h e  P s t i  

s i t e  of the  vecto r  pBr322 by GC t a i l i n g .  The recombinant plasmid 

TcV 7 . 13.25 was used to  transform E.coli  1440.

F i f t y  ul  of  co m peten t  E .c o l i  1440 c e l l s  were  i n c u b a t e d  on 

ic e  fo r  15 minutes wi th  lOng of TcV 7.13.25 plasmid DNA followed 

by a 5 m in u te  i n c u b a t i o n  a t  37°C. One ml o f  L - b r o th  was added
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and th e  m ix tu r e  i n c u b a t e d  a t  37°C f o r  35 m in u te s .  A s e r i a l  

d i l u t i o n  of the t rans fo rm a t ion  mix was made and 0.1 ml a l iq u o t s  

from each d i l u t i o n  p la ted  out on L-broth  agar p l a t e s  conta ining 

Te tracyc l ine  a t  15 ug/ml and incubated overn ight a t  37°C. Single  

c o l o n i e s  were  p icked  from t h e  p l a t e s  and s i n g l e  co lony l y s a t e s  

p re p a red  as f o l l o w s :  th e  c o l o n i e s  were  suspended  in  80 ul

d i s t i l l e d  Ĥ O, 20 ul 5x s in g le  colony f in a l  sample b u f fe r  (SCFSB) 

(2.5% Fico l l (w /v) ,  1.25% SDS(w/v), 0.015% Bromophenol b lu e (w /v ) ,  

0.015% Orange G(w/v),  made up w i t h  b u f f e r  E (0.04M T r i s ,  0.02H 

Sodium A c e ta t e ,  0.001M EDTA,pH 8 .2)) ,  l u l  RNase (5mg/ml) and 

in c u b a t e d  a t  room t e m p e r a t u r e  f o r  15 m in u te s .  The l y s a t e s  were  

spun fo r  5 minutes a t  12,000g in a Centaur microfuge and 20 ul of 

t h e  s u p e r n a t a n t  run on 1% a g a r o se  g e l s  t o  check f o r  p r e s e n c e  o f  

th e  p la sm id .  C o lo n ie s  in  which t h e  p la sm id  was p r e s e n t  were  

picked from the p l a t e s  and used fo r  plasmid i s o l a t io n .

I s o l a t i o n  of Plasmid DMA

A 1 l i t r e  c u l t u r e  of  t r a n s f o r m e d  c e l l s  was p r e p a r e d  in  L- 

b r o th  c o n t a i n i n g  T e t r a c y c l i n e  t o  a f i n a l  c o n c e n t r a t i o n  o f  15 

ug/ml and i n c u b a t e d  a t  37°C o v e r n i g h t  in  a shak in g  i n c u b a t o r .  

C e l l s  were  p e l l e t e d  by c e n t r i f u g a t i o n  a t  15300g, 4°C f o r  10 

m in u te s  and r e su sp en d ed  in  3.3 mls of  25% S u c ro se  in  50mM T r i s  

HCl, pH 8.0. 6.7 mls o f  lysozyme (20 mg/ml in  250 mM T r i s  HCl,pH

8.0) was added and t h e  m ix tu r e  s w i r l e d  g e n t l y  on i c e  f o r  15 

minutes.  After the add i t ion  o f  13 mis of 250 mM EDTA the mix was 

in c u b a t e d  on i c e  f o r  a f u r t h e r  5 m in u te s  a f t e r  which 53 mis  o f  

l y t i c  mix was added and a f t e r  g e n t l y  i n v e r t i n g  s e v e r a l  t i m e s  

l y s i s  was allowed to  proceed fo r  a t  l e a s t  30 minutes on ice.

A f t e r  l y s i s  was com ple ted  th e  mix was c e n t r i f u g e d  a t  

48,400g, 4°C f o r  25 m in u te s  and th e  c l e a r e d  l y s a t e  was then
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incubated a t  37°C for  15 minutes wi th  500 ul of Ribonuclease A (1 

mg/ml) followed by a f u r th e r  incubat ion w i th  500 ul Pro te inase  K 

(1 mg/ml) for 15 minutes a t  37^0.

The l y s a t e  was th en  phenol e x t r a c t e d  by t h e  a d d i t i o n  o f  an 

equal  volume o f  Phenol:  C h loroform :  Isoamyl a l c o h o l ,  50:50:1 ,  

f o l l o w e d  by c e n t r i f u g a t i o n  a t  1 ,16Og fo r  15 m in u te s  a t  room 

t e m p e r a t u r e .  The p la sm id  DNA in  th e  aqueous phase  was th en  

p r e c i p i t a t e d  by th e  a d d i t i o n  of  3M Sodium A c e ta te ,  pH 5.6 t o  a 

f i n a l  concen t ra t ion  of 0.3 M followed by 1 volume of isopropanol.  

The mix was then incubated on ice  fo r  20 minutes a f t e r  which the 

DNA was p e l l e t e d  by c e n t r i f u g a t i o n  a t  27,200g, 4°C f o r  30

m in u te s .  The p e l l e t  was washed in  65% i s o p r o p a n o l ,  d r i e d  and 

resuspended in  5 mis IxTE. The plasmid DNA was f u r th e r  p u r i f i ed  

by c e n t r i f u g a t i o n  in  a CsCl g r a d i e n t .  5 gm CsCl was added to  5 

mis  DNA in  IxTE and mixed by g e n t l e  i n v e r s i o n  u n t i l  d i s s o l v e d .  

0.33 ml E th id ium  Bromide (3 mg/ml) was added and t h e  s o l u t i o n  

cen t r i fuged  to  equ i l ib r ium a t  193,687g, 15°C fo r  16 hours.

The g r a d i e n t  was examined under  UV i l l u m i n a t i o n  end t h e  

p la sm id  band removed w i t h  a 1 ml s y r i n g e  and 22g n eed le .  The 

Ethidium Bromide was removed by repeated Butanol e x t r a c t io n  and 

t h e  DNA d i l u t e d  in  3 volumes IxTE b e f o r e  p r e c i p i t a t i o n  by th e  

ad d i t ion  of 2 volumes of Ethanol followed by a 1 hour incubat ion 

on i c e .  The DNA was p e l l e t e d  by c e n t r i f u g a t i o n  a t  27,200g, 4°C 

f o r  15 m in u te s .  The p e l l e t  was th en  washed in  70% Ethano l  a f t e r  

which i t  was d r i e d  and re su sp en d ed  in  an a p p r o p r i a t e  volume of  

IxTE and s tored  a t  4°C.
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I s o l a t i o n  of cDNA Fragments

Fragm ents  o f  th e  r e c o m b in a n t  p la sm id  TcV 7.13.25 were  

i s o l a t e d  f o l l o w i n g  co m p le te  d i g e s t i o n  w i t h  th e  r e s t r i c t i o n  

en d o n u c le a se  P s t I  to  e x c i s e  t h e  cDNA f r ag m e n t .  50ug o f  p la sm id  

DNA was d igested  overnight a t  30°C w ith  5 u n i t s  o f  P s t i  in medium 

s a l t  b u f f e r  (50mM NaCl, lOmH T r i s  HCl, pH7.5, lOmM MgCl2 , ImM 

D i t h i o t h r e i t o l ) .  F o l lo w in g  e l e c t r o p h o r e s i s  o f  t h e  d i g e s t i o n  

products  on low melting point  agarose ge l s  (1.5%) conta ining 0.5 

ug/ml Ethidium Bromide in Borate bu f fe r  (0.089M Tr is  HCl, 0.089M 

B or ic  Acid,  0.002M EDTA, pH8.3) t h e  bands  w ere  v i s u a l i s e d  under 

shor t  wave UV l i g h t  and excised from the gel .

The a g a r o se  was i n c u b a t e d  a t  70°C f o r  15 m in u te s  in  10 

volumes o f  NET b u f f e r  (150mM NaCl, 5mM EDTA, 50mM T r i s  HCl, pH

8.0). A shor t  column cons is t ing  of 1-2mm Sephadex G100 over la id  

w i th  1-2mm DE52 c e l l u lo s e  was prepared in a s i l i c o n i s e d  pas teur  

p i p e t t e  p lugged w i t h  s i l i c o n i s e d  g l a s s  wool.  The column was 

e q u i l i b r a t e d  w i t h  s e v e r a l  volumes o f  NET b u f f e r  a t  70°C b e f o r e  

t h e  a g a r o se  s o l u t i o n  was lo ad ed .  The column was k e p t  a t  70*^C to  

prevent the agarose so lu t ion  r e s o l id i fy in g .  The flow through from 

th e  column was c o l l e c t e d  and r e a p p l i e d  a f t e r  which  t h e  DNA was 

e lu ted  from the  column using high s a l t  NET bu f fe r  (1.5M NaCl, 5mM 

EDTA, 50mM T r i s  HCl, pH8.0). Six  500ul f r a c t i o n s  w ere  c o l l e c t e d  

(in  general  the  DNA was found in the f i r s t  two f r a c t io n s ) .  One ml 

of Ethanol was added to  each and the DNA p r e c ip i t a t e d  overnight  

a t  -70°C. The DNA was p e l l e t e d  by c e n t r i f u g a t i o n  a t  4°C f o r  15 

minutes in an Eppendorf cen tr i fuge .  The p e l l e t  was washed in 70% 

Ethanol a f t e r  which i t  was d r i e d  a t  37°C. The DNA was then  

resuspended in  lOOul IxTE and phenol ex t rac ted  by the add i t ion  of 

an equal  volume o f  P h e n o l :  C h l o r o f o r m :  I s o a m y l  A l c o h o l ,
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( 5 0 : 5 0 : 1 ) ,  and c e n t r i f u g a t i o n  f o r  f i v e  m i n u t e s  a t  room 

t e m p e r a t u r e  in  an Eppendorf  c e n t r i f u g e .  The aqueous  phase  was 

removed and th e  DNA p r e c i p i t a t e d  by t h e  a d d i t i o n  o f  3M Sodium 

A c e ta t e ,  pH5.6 t o  a f i n a l  c o n c e n t r a t i o n  o f  300mM, fo l l o w e d  by 2 

vo lumes o f  E thano l  and i n c u b a t i o n  a t  -70°C f o r  a t  l e a s t  30 

minutes. The DNA was p e l le ted  by cen t r i fu g a t io n  fo r  15 minutes a t  

4^0 in  an Eppendorf  c e n t r i f u g e  and t h e  p e l l e t  washed in  70% 

Ethano l  b e f o r e  be ing  d r i e d  a t  37°C a f t e r  which th e  DNA was 

resuspended in 50ul IxTE.

R e s t r i c t i o n  Endonuclease Digestion.  E lec t roohores is  and Transfe r 

o f  Genomic DNA to  F i l t e r s

DNA d i g e s t i o n  by r e s t r i c t i o n  e n d o n u c le a se s  was pe r fo rm ed  

e s s e n t i a l l y  as  recommended by t h e  m a n u f a c t u r e r s  (B e thesda  

Research  L a b o r a t o r i e s ) .  2ug of  genomic DMA was d i g e s t e d  

o v e r n i g h t  a t  37°C w i t h  5 u n i t s  o f  EcoRI in  h ig h  s a l t  b u f f e r  

(lOOmM NaCl,  50mM T r i s  HCl, pH 7 .5 ,  lOmM MgCl^, ImM 

D i t h i o t h r e i t o l ) .  To t e s t  the  completeness of DNA d ig e s t io n s  lOOng 

of bacteriophage X DNA was added to  a sample of the  r e s t r i c t i o n  

mixture,  and incubated overnight,  followed by s ize  f r a c t i o n a t i o n  

in  0.5% a g a r o s e  g e l s  c o n t a i n i n g  0.5ug/ml  Eth id ium Bromide and 

v i s u a l i s a t i o n  of  the d i s c r e t e  X bands under UV i l lu m in a t io n .

E lec t rophores is  of the DNA d iges t ion  products was performed 

in  B o ra te  b u f f e r  on 0.5% a g a r o se  h o r i z o n t a l  g e l s  a t  4V/cm 

overnight.

Southern t r a n s f e r  of the  DNA was performed by a m odif ica t ion  

o f  t h e  p r o c e d u r e  d e s c r i b e d  by S o u t h e r n  (1 9 7 9 ) .  A f t e r  

e lec t ro p h o res i s ,  the  gel was s ta ined  in Borate b u f fe r  containing  

0 .5ug/ml E th id ium  Bromide and photographed .  The ge l  was th en
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placed in  an excess of denaturing so lu t io n  (0.5M NaOH, 1.5M NaCl) 

f o r  30 m in u te s  a t  room t e m p e r a t u r e  w i t h  g e n t l e  a g i t a t i o n .  The 

denatur ing so lu t io n  was replaced w i th  an excess of n e u t r a l i s in g  

s o lu t io n  (1.5M NaCl, 3M Sodium Acetate,  pH5.5) and the gel gently  

a g i t a t e d  f o r  a f u r t h e r  30 m in u te s .  Excess  s o l u t i o n  was d r a i n e d  

from the gel  which was placed on a perspex support  covered wi th  

Whatman 3MM f i l t e r  paper ,  t h e  ends o f  which l a y  in  a r e s e r v o i r  

con ta in ing  the t r a n s f e r  so lu t ion ,  20x SSC (3M NaCl, 0.3M Sodium 

C i t r a t e ,  pH 7.0).

A p i e c e  o f  dry Biodyne A nylon  membrane ( P a l l  U l t r a f i n e  

F i l t r a t i o n  Corporation,  NY) cut to  the  s ize  of the  gel was placed 

c a r e f u l l y  on t h e  ge l  s u r f a c e ,  e n s u r in g  any t r a p p e d  a i r  b u b b le s  

were removed. Two shee ts  of Whatman 3MM f i l t e r  paper were placed 

over the  membrane followed by a th ree  inch s tack  of paper towels,  

a g la ss  p la t e  and a 1 kg weight. Transfer  was allowed to  proceed 

overnight  a f t e r  which the f i l t e r  was baked fo r  one hour a t  80°C.

Nick T rans la t ion  and Hybridisa tion

^^P l a b e l l e d  p robes  were  p re p a re d  by n ic k  t r a n s l a t i o n  

e s s e n t i a l l y  as previously  described (Rigby e t  a l , 1977). General ly 

a sp e c i f i c  a c t i v i t y  of approximately 1 cpm/ug was obtained.

H y b r i d i s a t i o n  o f  t h e  S o u th e rn  B l o t s  was c a r r i e d  ou t  as  

recommended (Pall  U l t r a f in e  F i l t r a t i o n  Corporation). B r ie f ly ,  the  

f i l t e r s  were preincubated fo r  a minimum of one hour a t  65°C in 

5x D e n h a rd t ’s s o l u t i o n  (Img/ml BSA, 1 mg/ml F i c o l l 4 0 0 ,  1 mg/ml 

PVP), 5xSSPE (0.9M NaCl, 50mM Sodium Phosphate, pH8.3, 5mM EDTA),

0.2% (w/v) Sodium Dodecyl Sulphate (SDS), 500ug/ml he r r ing  sperm 

DNA. The h e t e r o l o g o u s  DNA was d e n a tu r e d  by t h e  a d d i t i o n  o f  1/10 

volume IN NaOH, h e a t i n g  a t  65°C f o r  10 m in u te s  f o l l o w e d  by
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n e u t r a l i s a t i o n  wi th  1/10 volume of IN HCl, 4ml of h y b r id i sa t io n  

so lu t io n  was used per lOOcm^ of f i l t e r .  After pre incubation the 

h y b r i d i s a t i o n  s o l u t i o n  was removed and f r e s h  h y b r i d i s a t i o n  

so lu t io n  added, 2ml/100cm^, along with  the l a b e l l e d  probe which 

had  b een  d e n a t u r e d  and n e u t r a l i s e d  a s  d e s c r i b e d  a b o v e .  

Hybrid isa t ion  was allowed to  proceed overnight a t  65°C.

The f i l t e r s  were  i n i t i a l l y  washed f o r  30 m in u te s  a t  room 

t e m p e r a t u r e  in  wash b u f f e r  (5mM Sodium Phospha te ,  pH 6.8, ImM 

EDTA, 0.2% (w/v) SDS) wi th  vigorous a g i t a t i o n  followed by a f in a l  

post  h y b r id i s a t io n a l  wash in O.lx SSC, a t  65°C fo r  30 minutes.
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RESULTS

Immunofluoresence

The mean p e r c e n t a g e  l a b e l l i n g  o f  t ry p an o so m es  e x p r e s s i n g  

GUTat 7.1, GUTat 7.2 and GUTat 7.13 in the  metacyclic  popula tion 

and in  the bloodstream of f ly  in fec ted  mice i s  shown in Tables 1 

and 2. There was no inc rease  in the  presence of GUTat 7.13 which 

was the VAT o r i g i n a l l y  ingested  by the f ly  when compared to  the 

o ther two M-VATs. All th ree  M-VATs p e r s i s te d  a t  high l e v e l s  up to  

day nine post  i n fe c t io n  in immunosuppressed mice.

Removal o f  GUTat 7.13 E x o r e s s o r s  from P u r i f i e d  Trvpanosome 

Popula tions

Trypanosomes were  p u r i f i e d  from t h e  b lood  o f  f l y  i n f e c t e d  

mice on days 6-9 post  in fec t ion .  Trypanosomes express ing GUTat

7.13  w e r e  rem o v ed  f rom  t h e  p o p u l a t i o n  by l y s i s  w i t h  a 

m o n o s p e c i f i c  r a b b i t  a n t i s e r u m .  The l y t i c  r e a c t i o n  removed t h e  

expected numbers of trypanosomes, as observed by comparison of 

Tab le  2 ( l e v e l  o f  7.13 in  b lo o d s t r e a m  p o p u l a t i o n s  a s s e s s e d  by 

immunofluoresence) w i th  Table 3 (percentage leve l  of l y s i s ) .
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TABLE 1j_ Mean p e r c e n t a g e  l a b e l l i n g  of  m e t a c y c l i c  trypanosom e 

popula tions  from f l i e s  in fec ted  with GUTat 7.13 (x ± 1SE).

Variab le  

an t igen  type Antibody

F l i e s  fed on F l i e s  fed on 

GUTat 7.13 c o n t r o l s

N=9 N=4

7.13

7.13

7.1

7 .2  

5.1

Rabbit 

GUPM 17.1 

GUPM 27.1 

GUPM 18.7 

GUPM 10.1

9.4±1.4

10.4+4.1

31.5±4.5

15.2+3.7

14.4+4.1

9.4+4.6

14.9+12.2

16.5±6.8

18.5+14.0

15.5+8.7

Figures  r e f e r  to  the mean percentage l a b e l l i n g  of trypanosomes in 

acetone f ixed  s a l i v a ry  probes from in fec ted  f l i e s .  As a contro l  

GUTat 7.13 i n f e c t e d  mice  were  s u b - c u r a t i v e l y  t r e a t e d  w i t h  a 

s i n g l e  i n j e c t i o n  o f  380mg/ml SHAM p lu s  3.8gm/kg g l y c e r o l  and 

f l i e s  fed  on t h e  s u b se q u e n t  r e l a p s e  p o p u l a t i o n  in  which  GUTat

7.13 cou ld  no t  be d e t e c t e d  by im m u n o f lu o re sen ce  ( s e e  T u rn e r  e t  

a l , 1985).



TABLE 2 .P e r c e n t a g e  l a b e l l i n g  of t h r e e  m e t a c y c l i c  VATs in  e a r l y  

bloodstream popula tions  of immunosuppressed mice b i t t e n  by GUTat 

7.13 i n f e c t e d  t s e t s e  f l i e s  (x ± 1SE).

Days a f t e r M M-VAT

f ly  b i t e

7.1 7.2 7.13

6 8 9.5±3.5 14.6+1.6 19.6+1.7

7 11 11.1+2.3 16.8+3.3 11.2+2.1

8 8 4.7±2.2 9.9±2.6 12.9+1.9

9 3 7.7±1.5 24.7±8.6 20.3+7.1

Figures  r e f e r  to  the  mean percentage l a b e l l i n g  of trypanosomes in 

a c e to n e  f i x e d  b lood  sm ea rs  t a k e n  from s e v e r a l  immunosupressed  

mice on days 6-9 post  in fec t io n .  A t o t a l  of 200 trypanosomes were 

counted fo r  each VAT in  each sample.



TABLE l i . P e r c e n t 2g œ f  GUTat 7.13 t rypanosom es  in  e a r l y  b lo o d s t r e a m  

popula tions  of immunosuppressed mice b i t t e n  by GUTat 7.13 in fec ted  

t s e t s e  f l i e s  a s s e s s e d  by an in v i t r o  immune l y s i s  assay.

Days a f t e r  f l y  b i t e  %lysis

6 18.7

7 16.6

8 19.5

9 19.1

Figures  r e f e r  to  the  mean percentage l y s i s  of  trypanosomes from 

t h r e e  s e p a r a t e  s am p les  where  a t o t a l  o f  200 t rypanosom es  were  

counted in  each sample.
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Figure £ Mapping o f  recombinant plasmid TcV 7.13.25
Elec t rophores is  was ca r r ied  out in a 8% polyacrylamide v e r t i c a l  
gel  and run in Borate buffer.. Enzyme digest ion was performed with 
1 enzyme u n i t  /ug DNA a t  37°C overnight.
Tracki pBr322 Hinfl  
TrackB pBr322 Sau3A 
Track3 TcV 7.13.25  PvuII /Ps t I  
Track4 TcV 7.13.25 PvuII 
Tracks TcV 7 .13.25 Ps t i



Mapping of  Recombinant Plasmid TcV 7.13.25

The r e c o m b i n a n t  p l a s m i d  TcV 7 .1 3 .2 5  c o n t a i n s  DNA 

com plem enta ry  t o  VSG mRNA of  GUTat 7.13. The cDNAwas i n s e r t e d  

i n t o  t h e  P s t  I  s i t e  of  t h e  v e c t o r  pBR322; t h e  s i z e  o f  th e  c loned  

i n s e r t  i s  620 bp ( C o r n e l i s s e n  e t  ^ , 1 9 8 5 ) .  Mapping of  t h i s  

plasmid was c a r r i e d  out using two r e s t r i c t i o n  enzymes Pst I  and 

Pvu I I  ( F ig u r e  2),

Track 5 con ta ins  the  plasmid DMA digested  w i th  Pst I alone. 

In add i t ion  to  the  l a rg e  plasmid band two small fragments  of  480 

and 140 bp can be v i s u a l i s e d  s u g g e s t i n g  t h e  p re s e n c e  o f  a P s t  I 

s i t e  w i th in  the cDNA. Track 4 conta ins  the plasmid DNA d iges ted  

w i t h  Pvu I I  a lo n e  and one f r ag m e n t ,  348 bp in  l e n g t h ,  can be 

v i su a l i s e d ,  besides  the l a rg e  plasmid band. The presence of t h i s  

band s u g g e s t s  t h e r e  a r e  two Pvu I I  s i t e s  w i t h i n  t h e  cDNA. Given 

th e  map o f  pBR322, which  has  only  one Pvu I I  s i t e ,  2817 bp and 

1545 bp from t h e  P s t i  s i t e ,  t h e  348 bp f r ag m e n t  from th e  Pvu I I  

s in g le  d ig e s t  can only be explained i f  the re  are  two Pvu I I  s i t e s  

w i th in  the cDNA. Track 3 con ta ins  the plasmid DNA digested  w i th  

bo th  enzymes. The 348 and 140 bp f r a g m e n t s  a r e  p r e s e n t  in  th e  

doub le  d i g e s t .  The only way in  which t h e s e  r e s u l t s  can be 

explained i s  by assuming th a t  the re  are  two sm al le r  fragments  of 

a p p r o x i m a t e l y  70 bp c o m i g r a t i n g .  Due t o  poor r e s o l u t i o n  of  

f r a g m e n t s  t h i s  s i z e  they  can n o t  be seen  d i s t i n c t l y  on t h i s  g e l .  

However in  Track 3, c o n t a i n i n g  th e  double  d i g e s t ,  one can see  a 

f a i n t  and d i f f u se  band a t  the  c o r r e c t  pos i t ion .

The r e s u l t i n g  map o f  th e  cDNA i n s e r t  in  TcV 7.13.25, 

const ructed  using the r e s u l t s  from the gel  in Figure 2 and o ther  

mapping ge ls  (evidence not presented),  i s  given in Figure 3. The 

t o t a l  l e n g t h  o f  t h e  i n s e r t  i s  620 bp and i t  i s  proposed  t h a t
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t h e re  i s  a Pst  I  s i t e  approximately 70 bp downstream from the 3’ 

Pvu I I  s i t e .  However th e re  i s  no corresponding Pst  I  s i t e  in the  

map of the  basic  copy (EC) or expression l inked  copy (ELC) of the

7.13 gene (See F i g u r e  4 and C o r n e l i s s e n  e t  a i , 1985). The map 

produced by C o r n e l i s s e n  e t  ^  (1985),  was c o n s t r u c t e d  u s in g  a 

d i f f e r e n t  r e c o m b in a n t  p la sm id ,  TcV 7.13.28 as  a probe.  I t  i s  

p o s s i b l e  t h e  d i s c r e p a n c y  be tween  t h e  two maps may have a r i s e n  

from a c loning  a r t i f a c t  which has r e su l ted  in the  production of a 

new P s t  I  s i t e  in  t h e  cDNA.
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Psti  PvuII PvuII Psti Psti
I_______ I__________________________________ _ J  1--------------------- 1

4 8 0  bp

100 bp 
I , J

Figure  1 Physical map of cDNA plasmid TcV 7.13.25.
Only th e  i n s e r t  DNA i s  shown. 5V3 '  o r i e n t a t i o n  d e r i v e d  from 
Corneli ssen ^  (1985). The sub-probe i s o la t e d  from low melting 
poin t agarose ge ls  and used fo r  h y b r id i sa t io n  extends from the 5' 
P s t i  s i t e  to  the P s t i  s i t e  i n t e rn a l  to  the  cDMA.



E H P  P v P v
7-13 BC _________________________________________________ I 1 L-.--- X J --------------------- ï

E ?  H P  FVPv
7-13  E L C   _______________________I________________________________________ L -i-----U _

1 kt)

Figure  4 Physical map of gene copies for VSG 7.13
The r e s t r i c t i o n  s i t e s  were mapped using the cDMA i n s e r t  from the
recombinant plasmid TcV 7 .13 .28 .  (See Cornel issen  s t  a l .1985). 
Arrows in d ic a te  the  chromosome end.
? i n d i c a t e s  s i t e  p o s i t io n  i s  uncer ta in .
Abbrevia tions  of r e s t r i c t i o n  enzymes: E-EcoRI; H-Hindlll ;  P-PstI ;  
Pv-PvuII.
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Figures Analysis of GUTat 7.13 after cyclical transmission 
through the fly.
S ou the rn  b l o t  a n a l y s i s  o f  the  7.13 gene in fou r  d i f f e r e n t  
populations  using a cDNA subprobe i so la ted  from the recombinant 
p la sm id  TcV 7.13.25 ( see  f i g u r e  2).
Tracki Homogeneous bloodstream population expressing GUTat 7.13.
Track2 P r o c y c l i c s  d e r i v e d  from GUTat 7.13 b l o o d s t r e a m  

popula tion.
Tracks Early bloodstream population derived from infec ted  fly  

b i t e s  including the 7.13 expressors.
Track4 Early bloodstream population as above but with the 7.13 

expressors  removed.



Southern Analysis of  Genomic DNA

The cDNA subprobe i s o la te d  from the  recombinant plasmid TcV 

7 . 13.25 and hybr id ised  to  EcoRI d ig e s t s  of genomic DNA's i s  shown 

in  Figure  2. The four popula tions  used fo r  DNA i s o l a t i o n  are: 

Homogeneous bloodstream popula tion 

ex p re ss in g  7.13

^  Procyc lics  

Tsetse  f ly  transmiss ion

E a r ly b l o o d s t r e a m  Early bloodstream

p o p u l a t i o n  e x p r e s s i n g  p o p u l a t i o n  7.13

7.13 expressors  removed

The r e s u l t s  o b t a in e d  from t h e  h y b r i d i s a t i o n  a r e  g iven  in  

Figure 5. In a l l  four popula tions  th e re  are  two fragments which 

hyb r id i se  wi th  the probe confirming previous  r e s u l t s  which show

7.13 to  be a s i n g l e  copy gene a c t i v a t e d  by t h e  d u p l i c a t i o n  

t r a n s p o s i t i o n  mechanism of a c t i v a t i o n  ( C o r n e l i s s e n  e t  a l . 1985). 

The s m a l l e r  o f  th e  two f r a g m e n ts  (10 kb) r e p r e s e n t s  t h e  b a s i c  

copy (BC) o f  t h e  gene,  t h e  l a r g e r  (20 kb) r e p r e s e n t s  t h e  

express ion l inked  copy (ELC).

Track 1 conta ins  DNA i s o la ted  from the population i n i t i a l l y  

ingested by the t s e t s e  f l i e s .  Both the  BC and ELC are  p resen t  in 

t h i s  p o p u l a t i o n .  Track 2 c o n t a i n s  DNA from p r o c y c l i c s  d e r iv e d  

from t h e  GUTat 7.13 b lo o d s t r e am  p o p u l a t i o n ,  and bo th  f r a g m e n t s  

a re  present.  Although VSG gene express ion ceases  a t  t h i s  s tage  in 

the  l i f e  cycle  the ELC i s  not l o s t  but remains as a non-expressed 

" l i n g e r i n g  ELC" (Overath e t  al,1983).

Track 3 rep resen ts  the ear ly  bloodstream population (days 6- 

9) in  which 7.13 e x p r e s s o r s  c o n s t i t u t e d  l e s s  th an  20% of  th e
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p o p u l a t i o n  (See T ab le s  1 and 2). An e x t r a  f r a g m e n t  (8 kb) 

hy b r id i se s  with  the  probe. However t h i s  new fragment i s  a t  a much 

lower i n t e n s i t y  than any of the  o ther  bands. I f  t h i s  new fragment 

r e p r e s e n t s  a new ELC made by th e  t ry p an o so m es  e x p r e s s i n g  7.13 

th e n  th e  l o w e r  i n t e n s i t y  of  t h i s  band i s  e x p l a i n e d  by t h e  f a c t  

t h a t  l e s s  than  20% of  t h e  p o p u l a t i o n  a r e  e x p r e s s i n g  7.13. The 

previous  two t racks  contain  DNA derived from popula tions  where 

almost  100% of  the  population e i t h e r  were (Track 1) or had been 

(Track  2) e x p re s s in g  7.13.

Track 4 rep re sen ts  the  same ear ly  bloodstream popula tion as 

in  Track  3 e x ce p t  th e  7.13 e x p r e s s o r s  have been removed; t h e  

ex t ra  fragment i s  no longer p resen t  and thus seems to  be s p e c i f i c  

t o  t rypanosom es  e x p r e s s i n g  7.13.  This  s u g g e s t s  t h a t  in  e a r l y  

bloodstream popula tions,  der ived from in fec ted  f ly  b i t e s ,  a new 

copy of the  7.13 gene has been made and transposed to  a d i f f e r e n t  

e x p re s s io n  s i t e .
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DISCUSSION

An a n t i g e n i c a l l y  s t a b l e  bloodstream popula tion expressing  

an M-VAT,GUTat 7.13, was c y c l i c a l l y  t r a n s m i t t e d  th ro u g h  t s e t s e  

f l i e s  and th e  i n f e c t e d  f l i e s  used t o  i n f e c t  immunosuppressed 

mice. Tables 1 and 2 show t h a t  inges t ion  of GUTat 7.13 by the f ly  

d id  n o t  cause  i t  t o  c o n s t i t u t e  100% o f  th e  m e t a c y c l i c  or e a r l y  

b lo o d s t r e a m  p o p u l a t i o n .  The VAT c o m p o s i t i o n  o f  th e  m e t a c y c l i c  

population was in v es t ig a ted  d i r e c t l y  by screening sa l iv a ry  probes 

from f l i e s  which had been in fec ted  with  a population homogeneous 

fo r  7.13 express ion as compared to  f l i e s  which had been in fec ted  

wi th  a con tro l  popula tion which did not conta in 7.13 expressors .  

No d i f f e r e n c e  in  t h e  p e r c e n t a g e  l a b e l l i n g  of  th e  m e t a c y c l i c  

p o p u l a t i o n  w i t h  a McAb d i r e c t e d  a g a i n s t  7.13 was observed .  

I n g e s t i o n  of  GUTat 7.13 by th e  f l y  d id  no t  l e a d  to  100% of  th e  

metacyc l ic  population expressing  t h i s  VAT. In v e s t ig a t io n  of ear ly  

bloodstream popula tions  in mice derived from GUTat 7.13 in fec ted  

f l i e s  ind ica ted  t h a t  GUTat 7.13 was s t i l l  p resen t  a t  high l e v e l s  

u n t i l  day nine in immunosuppressed mice.

From S ou the rn  A n a ly s i s  o f  genomic DNAs (See F i g u r e  5) th e  

r e s u l t s  o f  C o r n e l i s s e n  e t  a l  ( 1985) a r e  co n f i rm e d ,  in  t h a t  7.13 

i s  shown to  be a s i n g l e  copy gene which i s  a c t i v a t e d  in  

b lo o d s t r e a m  forms by d u p l i c a t i v e  t r a n s p o s i t i o n  o f  t h e  BC to  an 

e x p r e s s i o n  s i t e  r e s u l t i n g  in  t h e  p re s e n c e  o f  two bands,  one 

r e p r e s e n t i n g  t h e  BC, th e  o t h e r  t h e  ELC. As p r e d i c t e d  t h e  ELC i s  

r e ta ined  in the procyclic  population and in the two bloodstream 

popula tions  derived from f ly  in fec ted  mice. In the  f i r s t  of  these  

popula tions  where the 7.13 expressors  are  re ta ined  an ex tra  band 

i s  v i s i b l e .  In t h e  p o p u l a t i o n  from which 7.13 e x p r e s s o r s  have
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been removed t h i s  t h i r d  band i s  absent.  Therefore the  presence of 

t h i s  t h i r d  band i s  r e l a t e d  t o  th e  e x p r e s s i o n  of  th e  7.13 gene. 

The in t e n s i t y  of the  band i s  s i g n i f i c a n t l y  reduced in comparison 

to  those rep resen t ing  the BC and re ta ined  ELC suggesting th e re  i s  

only  a p r o p o r t i o n  o f  th e  p o p u l a t i o n  in  which  t h i s  new copy i s  

made, and as  i s  shown (Table  1) l e s s  than  20% of  th e  t o t a l  

p o p u l a t i o n  examined a r e  7.13 e x p r e s s o r s .

I f  the  express ion of M-VATs and bloodstream VATs (B-VATs) i s  

c o n t ro l l e d  by the  same mechanism one might have expected to  see 

an i n c r e a s e  in  th e  e x p r e s s i o n  o f  7.13 due t o  t h e  a n a m n e s t i c  

e f f e c t  whereby e x p r e s s i o n  of  th e  i n g e s t e d  VAT (I-VAT) in  th e  

f i r s t  p a t e n t  p a r a s i t a e m i a  (FPP) i s  t h o u g h t  t o  be due  t o  

p r e f e r e n t i a l  r e a c t i v a t io n  of a l in g e r in g  ELC. As the population 

used to  i n f e c t  the  t s e t s e  f l i e s  was homogeneous w i th  respec t  to

7.13 e x p r e s s i o n  (92-97% of  t h e  p o p u l a t i o n  e x p re s s e d  GUTat 7.13) 

the  major i ty  of trypanosomes en ter ing  the f ly  should have had a

7.13 ELC which would have been in a c t iv a ted  on t rans fo rm at ion  to 

p r o c y c l i c s ,  and as  d i s c u s s e d  p r e v i o u s l y ,  p r e f e r e n t i a l l y  

r e a c t iv a te d  fo llowing f ly  transmiss ion .  Both metacyclic  and ear ly  

bloodstream popula tions  der ived from f ly  b i t e s  were heterogeneous 

wi th  respec t  to VAT express ion i.e.  7.13 did not c o n s t i t u t e  100% 

of e i t h e r  population.  I f  the  ex-ELC i s  r e a c t iv a te d  in preference  

t o  o t h e r  VSG genes  one would e x p ec t  a s i g n i f i c a n t l y  h i g h e r  

p e r c e n t a g e  o f  th e  p o p u l a t i o n  t o  e x p r e s s  7.13 as  a l l  members o f  

t h a t  population would conta in an ex-ELC. However t h i s  i s  c l e a r ly  

not the  case ind ica t in g  th a t  a c t i v a t io n  of  M-VAT genes p re v a i l s  

over r e a c t iv a t i o n  of an ex-ELC.

Barry e t  al  (1985) have shown t h a t  p r e f e r e n t i a l  expression  

o f  M-VATs c o n t i n u e s  in  e a r l y  b lo o d s t r e a m  p o p u l a t i o n s .  As
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d i s c u s s e d  in  th e  p r e v io u s  c h a p t e r  VAT e x p r e s s i o n  i s  l o o s e l y  

programmed in  t h a t  c e r t a i n  B-VATs a lw ays  appea r  e a r l y  in  

i n f e c t i o n ,  o t h e r s  l a t e r .  Amongst t h e  e a r l y  or p redom inan t  VATs 

the  I-VAT i s  always expressed. How t h i s  p r e f e r e n t i a l  a c t i v a t io n  

o f  M-VATs and th e  non-random e x p r e s s i o n  o f  B-VATs i s  a ch iev ed  

remains unknown. How ever severa l  observat ions  have ind ica ted  t h a t  

t h e  p o s i t i o n  o f  a VSG gene on a chromosome can a f f e c t  i t s  

a c t i v a t io n  frequency, in t h a t  those VSG genes ac t iv a ted  ear ly  in 

in f e c t io n  are  invar iab ly  te lomeric .

M iche ls  e t  al_ (1984) c a r r i e d  ou t  an e x t e n s i v e  a n a l y s i s  o f  

t h e  phenomenon of  l i n g e r i n g  ELCs, s t u d y i n g  VSG gene 118, a 

chromosomal in t e rn a l  gene ac t iv a ted  by the d u p l ic a t iv e  mode of 

a c t i v a t io n .  A trypanosome population express ing 118 was allowed 

to  switch  to  the  expression of a te lom er ic  gene 1.8. Trypanosomes 

express ing 1.8 r e ta ined  the previous 118 ELC in an in a c t iv e  form. 

Those v a r i a n t s  where the  118 ELC had been re ta ined  were found to 

swi tch  back to  expression of  118 a t  a high frequency. The authors  

s u g g e s t  t h a t  t h e  a b i l i t y  t o  r e t a i n  an ELC in  an i n a c t i v e  form 

r e s u l t s  i n  a new t e l o m e r i c  gene,  which by v i r t u e  of  i t s  new 

chromosomal lo c a t io n  can be ac t iva ted  ear ly  in in fe c t io n  and thus 

become a p redom inan t  gene.  T h e r e f o r e  t h e  t rypanosom e  has  t h e  

a b i l i t y  to  r e s e t  the  programmed order  of gene expression.

Laurent e t  al (1984a) made s i m i l a r  observations  studying the 

f a t e  o f  AnTat 1.13 which a p p ea rs  l a t e  in  i n f e c t i o n  and i s  a 

chromosome in te r n a l  gene ac t iva ted  v ia  the  production of an ELC. 

Again a trypanosome populat ion express ing AnTat 1.13 was allowed 

to  s w i t c h  to  e x p r e s s i o n  o f  a t e l o m e r i c  gene AnTat 1.6. Th is  l e d  

t o  t h e  c o n s e r v a t i o n  o f  th e  1.13 ELC as a new t e l o m e r i c  gene and 

the  authors  found t h i s  ELC was p r e f e r e n t i a l l y  ac t iva ted .  In t h i s
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case the  ex-ELC was re a c t iv a te d  via  d u p l i c a t iv e  t r a n sp o s i t io n .  In 

the  case described by Michels e t  a l  (1984) r e a c t iv a t io n  of the 

ex-ELC involved no dupl ica t ion .  Laurent e t  ^  (1984a) found t h a t  

in  those trypanosomes which re ta ined  the AnTat 1.13 ELC as a new 

t e l o m e r i c  gene AnTat 1.13 had become a p re d o m in a n t  VAT which 

a g a in  s u g g e s t s  t h a t  p redominance  i s  l i n k e d  to  a t e l o m e r i c  

p o s i t io n  in the  genome.

I t  has  been su g g es te d  t h a t  t h e  t e l o m e r i c  p o s i t i o n  of VSG 

genes leads  to  t h e i r  predominance because of increased a b i l i t y  to  

recom bine  w i t h  t e l o m e r i c  e x p r e s s i o n  s i t e s .  However no t  a l l  

te lomeres  can undergo recombination with  equal e f f ic ien cy .  Pays 

e t  al  (1983b) in v e s t ig a t in g  a v a r ia n t  AnTat 1.3B found th e re  were 

two c o p i e s  o f  t h e  1.3 gene, bo th  t e l o m e r i c .  One was t h e  BC, t h e  

o ther  an ex-ELC. Yet on r e a c t iv a t io n  of the  AnTat 1.3 gene i t  was 

th e  ex-ELC which was d u p l i c a t e d  t o  form a new ELC. T h e r e f o r e  

p redom inance  i s  not s im ply  as a r e s u l t  o f  r e s i d i n g  w i t h i n  a 

telomere.

What c o n t r o l s  th e  p r e f e r e n t i a l  r e a c t i v a t i o n  of  an ex-ELC 

re m a in s  unknown. In l o o k in g  a t  p u t a t i v e  m o d i f i c a t i o n s  o f  GC 

d i n u c l e o t i d e s  in  t e l o m e r i c  sequences  (which a r e  t h o u g h t  t o  

prevent expression of i n a c t iv e  te lomeres) Pays e t  a l  (1984) found 

t h a t  the  ex-ELC showed id e n t i c a l  m odif ica t ions  to  those found in 

the BC. Also t e s t i n g  fo r  d i f f e r en ces  in chromatin s t r u c t u r e  v ia  

DNase 1 s e n s i t i v i t y  has shown no s i g n i f i c a n t  d i f f e r en c es  between 

the  BC and ex-ELC Pays e t  a l  (1983b). The f a c t  t h a t  t r a n s f e r  of a 

l a t e  gene to  a t e l o m e r e  in  t h e  form of an ex-ELC can r e s u l t  in  

th e  t r a n s f o r m a t i o n  of  t h a t  gene to  an e a r l y  gene s u g g e s t s  

p r e f e r e n t i a l  a c t i v a t io n  of predominant genes i s  a function  of the 

telomere  in  which the gene re s id es  r a th e r  than a function  of the



gene  i t s e l f .

L a u re n t  e t  a l  (1984b) have s u g g e s te d  t h a t  t h e  d e g re e  of 

sequence homology between the gene and the  express ion s i t e  could 

play a ro le  in t iming. These homologies are  normally provided by 

t h e  70 bp r e p e a t s  found u p s t ream  of  VSG genes  and a common 

sequence  a t  t h e  3 ’ b o rd e r  of t h e  gene.  However bo th  t h e  ex-ELC 

and BC o f  AnTat 1.3B have ample 5 ’ r e p e a t s  u p s t r e am  of th e  gene 

so in  t h i s  c a se  d i f f e r e n c e s  in  t h e  e x t e n t  of  hom olog ies  

surrounding the gene cannot explain  the p r e f e r e n t i a l  r e a c t iv a t io n  

of the  ex-ELC.

Thus th e  t i m i n g  o f  e x p r e s s i o n  o f  b lo o d s t r e a m  VSG genes  

a p p e a r s  to  be i n f l u e n c e d  by t h e i r  genomic  l o c a t i o n ,  t e l o m e r i c  

genes  be ing  e x p re s s e d  e a r l y  in  i n f e c t i o n .  M e ta c y c l i c  VSG genes  

however  show dominance o f  e x p r e s s i o n  over p red o m in an t  e a r l y  

bloodstream genes. The o r ig in  of t h i s  dominance i s  unknown.

I t  i s  p o s s i b l e  t h a t  t h e  m e t a c y c l i c  VSG genes  cou ld  be 

loca ted  w i th in  sp ec ia l i s ed  genomic regions which al lows for  t h e i r  

s e l e c t i v e  a c t i v a t i o n  in  th e  s a l i v a r y  g la n d s  o f  th e  f l y  o r  

a l t e r n a t i v e l y  the mode or s i t e  of a c t i v a t io n  used by these  genes 

could d i f f e r  from th a t  u t i l i s e d  by bloodstream genes.

R ecen t ly  Lenardo ^  ^  (1984) have c h a r a c t e r i s e d  two 

metacyclic  genes of the  WRATAR serodeme of T.b.rhodesiense. The 

mRNAs c o r r e sp o n d i n g  to  t h e s e  m e t a c y c l i c  VSGs have a l l  t h e  

c h a r a c t e r i s t i c s  of mRNAs corresponding to  bloodstream VSGs. Both 

genes are  s ing le  copy te lom er ic  genes as judged by Southern Blot  

A n a ly s i s  and d i g e s t i o n  o f  DNA w i t h  Bal 31. U n l ike  t e l o m e r i c  

l inked bloodstream VSG genes these  two metacyclic  genes are  not 

preceded by upstream barren regions.  In both cases a continuous 

d i s t r i b u t i o n  of r e s t r i c t i o n  enzyme s i t e s  was found upstream from
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t h e  gene.  No ELC cou ld  be found f o r  e i t h e r  gene s u g g e s t i n g  they  

were a c t iv a te d  by a non d u p l ic a t iv e  mode of  a c t iv a t io n .

Cornel issen  e t  ^  (1985) have c a r r i e d  out a s im i l a r  study of 

f o u r  b lo o d s t r e a m  VATs t h a t  c o r r e sp o n d  t o  f o u r  VATs ( i n c l u d i n g  

GUTat 7.13) of the metacyclic  r e p e r to i r e  of the  GUTAP. serodeme of 

T.b.rhodesiense. Three of these  B-VATs conta in  a s ing le  gene fo r  

i t s  VSG im p ly in g  th e  same gene can be e x p re s s e d  both in  th e  

bloodstream and metacyclic  r e p e r to i r e s .  All genes were te lom er ic  

and in  t h e  t h r e e  c a s e s  where  th e  chromosomal l o c a t i o n  o f  th e  

genes  was i d e n t i f i e d  they  were  found in  t h e  l a r g e  DNA f r a c t i o n  

which re m a in s  in  t h e  s l o t  in  PFGE a n a l y s i s .  All  f o u r  genes  were  

a c t i v a t e d  by d u p l i c a t i v e  t r a n s p o s i t i o n  i n  b l o o d s t r e a m  

trypanosomes.

In th e  case  of  GUTat 7.13 d e s c r i b e d  in  t h i s  work th e  

p r e s e n c e  o f  a t h i r d  e x t r a  band s p e c i f i c  t o  t r y p a n o s o m e s  

e x p r e s s i n g  GUTat 7.13 i n d i c a t e s  a new copy o f  th e  7.13 gene has  

been made and transposed to  a new expression s i t e .  This new s i t e  

could in some way be s p e c i f i c  fo r  metacyclic  genes. The new copy 

ob se rv ed  could  be a d u p l i c a t e  o f  e i t h e r  t h e  BC or  t h e  r e t a i n e d  

ELC which has  been r e a c t i v a t e d .  The p re s en c e  o f  one e x p r e s s i o n  

s i t e  s p e c i f i c  f o r  m e t a c y c l i c  genes  i m p l i e s  t h i s  s i t e  must be 

d i f f e r e n t  in  some way from o t h e r  e x p r e s s i o n  s i t e s  t o  a l low  

s p e c i f i c  a c t i v a t i o n  in  t h e  f l y  and a l s o  t o  a l l o w  o n l y  a 

p a r t i c u l a r  s u b s e t  of  genes  t o  be t r a n s p o s e d  i n t o  t h e  s i t e .  I f  

i n s e r t i o n  i n t o  e x p r e s s i o n  s i t e s  i s  b rough t  abou t  by t e l o m e r e  

conversion involving sequence homologies, as has been suggested,  

then  why a p a r t i c u l a r  s u b s e t  o f  genes  can be i n s e r t e d  i n t o  t h i s  

s i t e  i s  not obvious .  The sequence  hom olog ies  in v o lv e d  in  t h i s  

c o n v e r s io n  a r e  th ough t  to  be p ro v id ed ,  in  p a r t ,  by t h e  70 bp
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r e p e a t s  found u p s t re am  of VSG genes .  No such b a r r e n  r e g io n  has  

been found up s t ream  o f  t h e  m e t a c y c l i c  genes  o f  t h e  WRATAR 

serodeme however n e i th e r  of these  genes were ac t iv a ted  via  the 

p r o d u c t i o n  o f  an ELC. I t  i s  p o s s i b l e  t h e  absence  o f  t h e  70 bp 

repea t s  in d ic a te s  t h a t  these  genes are  r e s t r i c t e d  to  a c t i v a t io n  

w i thou t  a concomitant dupl ica t ion .

Cornelissen e t  ^  (1985) r epo r t  t h a t  the  BCs of the four RI

VAT genes they have inves t ig a ted  do not conta in  as l a rge  barren 

regions  as a re  found upstream of ELCs a c t iv e  in the  bloodstream. 

They h a v e  h o w e v e r  r e p o r t e d  f rom  S o u t h e r n  b l o t t i n g  and 

h y b r i d i s a t i o n  a n a l y s i s  t h a t  f o r  th e  7.1 gene t h e r e  a r e  70 bp 

repea t s  5’ to  t h i s  gene, suggesting th e re fo re  t h a t  the  absence of 

such r e p e a t s  i s  no t  common to  a l l  m e t a c y c l i c  genes .  They a l s o  

p o i n t  ou t  t h a t  o f t e n  70 bp r e p e a t s  a r e  i m p e r f e c t  in  t e r m s  o f  

sequence  which can l e a d  to  o c c a s io n a l  r e s t r i c t i o n  enzyme s i t e s  

b e in g  formed.  As Lenardo e t  a l  (1984) d id  n o t  c a r r y  ou t  d i r e c t  

h y b r id i sa t io n  with  probes containing  the 70 bp repeat  un it ,  t h e i r  

evidence fo r  the  absence of barren regions upstream from the two 

genes  a n a ly s e d  i s  i n d i r e c t ,  be ing  based  on r e s t r i c t i o n  enzyme 

a n a ly s i s  and i t  i s  poss ib le  th e re fo re  t h a t  imperfec t  repea ts  are  

p resen t  in f r o n t  of these  genes.

Because  o f  th e  d i f f i c u l t y  in v o lv ed  in  l o o k in g  a t  th e  

metacyc lic  popula tion d i r e c t l y  i t  i s  necessary to  analyse ear ly  

b lo o d s t r e a m  p o p u l a t i o n s  where  M-VAT genes  a r e  s t i l l  be ing  

e x p re s s e d .  I t  r em a in s  a p o s s i b i l i t y  t h e r e f o r e  t h a t  in  th e  

s a l i v a r y  g la n d s  of  th e  f l y  th e  m e t a c y c l i c  VSG genes  a r e  be ing  

a c t i v a t e d  in  s i t u  and on e n t r y  i n t o  t h e  mammalian b lo o d s t r e a m  

these  genes are  transposed in to  bloodstream express ion s i t e s .  I f  

in  s i t u  a c t i v a t i o n  of  m e t a c y c l i c  genes  does occu r  t h i s  i m p l i e s
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t h a t  t h e r e  a r e  a l i m i t e d  num ber  o f  t e l o m e r e s  a c t i v a t e d  

s p e c i f i c a l l y  in the  f ly  and t h a t  some form of exclusion  mechanism 

must e x i s t  such t h a t  only  one t e l o m e r e  i s  a c t i v a t e d  in  each 

t rypanosom e.  Lenardo e t  ^  (1984) i n v e s t i g a t e d  p o p u l a t i o n s  

derived on day f ive  post  in fe c t io n  and found no evidence th a t  the 

two metacyclic  genes were ac t iv a ted  by the  production of an ELC. 

T h i s  w o u ld  s u g g e s t  t h a t  d u p l i c a t i v e  t r a n s p o s i t i o n  t o  a 

" b lo o d s t r e a m "  e x p r e s s i o n  s i t e  on e n t r y  i n t o  t h e  mammal i s  no t  

e s s e n t i a l  for continual expression of the  two M-VATs.

L e n a r d o  e t  a l  (1984)  a l s o  fo u n d  t h a t  t h e  t e l o m e r e s  

conta in ing  metacyclic  genes did not undergo s i z e  v a r i a t i o n  to  the  

same e x t e n t  as o t h e r  t e l o m e r i c  VSG genes .  In  t h e  p r e s e n t  s tu d y  

th e re  was a l so  no apparent v a r i a t i o n  in s i z e  between the  BCs and 

ELCs presen t  in a l l  four popula tions  analysed.

C o r n e l i s s e n  e t  a l  ( 1985) found t h a t  f o r  t h e  7.2 gene t h i s  

was a l s o  th e  case .  However t h e  r e m a in in g  t h r e e  genes  d id  show 

s i m i l a r  s i z e  v a r i a t i o n s  t o  o t h e r  t e l o m e r i c  genes  so i t  i s  

u n l i k e l y  t h a t  t h i s  i s  a g e n e r a l  f e a t u r e  o f  a l l  t e l o m e r e s  which 

car ry  metacyclic  genes.

The present r e s u l t s  suggest  t h a t  fo r  the  metacyclic  gene

7.13 a new copy o f  t h e  gene i s  made e i t h e r  in  t h e  m e t a c y c l i c  

popula tion in the f ly ,  or in ear ly  bloodstream popula tions ,  a f t e r  

c y c l i c a l  t ransmiss ion .  Extensive mapping or sequencing would be 

necessary to  find whether t h i s  new copy i s  a d u p l ica te  of the  BC 

or  t h e  ex-ELC. Also DNase 1 a n a l y s i s  o f  t h i s  new copy shou ld  be 

c a r r i e d  ou t  t o  e l u c i d a t e  w h e th e r  or no t  i t  i s  a p p a r e n t l y  

t ransc r ibed .  Telomeric gene conversions do not always c o r r e l a t e  

w i t h  a c t i v a t i o n  of  t h e  gene c o n v e r te d  (Liu e t  a l ,  1 985). However 

th e  p re s e n c e  o f  t h i s  new copy o f  t h e  7.13 gene was d i r e c t l y
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c o r r e l a t e d  w i t h  th e  p re s e n c e  o f  7.13 e x p r e s s o r s  w i t h i n  th e  

population.  The in t e n s i t y  of the band suggests  only a propor tion 

of the  popula tion make t h i s  new copy, and as only approximately 

20^ o f  t h e  p o p u l a t i o n  examined a r e  7.13 e x p r e s s o r s  t h i s  would 

s u p p o r t  th e  s u g g e s t i o n  t h a t  t h e  p r e s e n c e  o f  t h e  new copy i s  

indeed c o r r e la t ed  with  expression  of the gene.

The experiments described were c a r r i e d  out in an a ttempt to  

e lu c id a te  the  na ture  of control  of metacyclic  VSG gene expression 

as compared to  the express ion of bloodstream VSG genes. Are the  

two s e t s  of genes con t ro l led  by the same mechanism. ? As pointed 

ou t  p r e v i o u s l y  by u s in g  a m e t a c y c l i c  gene as an i n g e s t e d  VAT i t  

i s  poss ib le ,  by looking a t  ear ly  bloodstream popula tions  derived 

from GUTat 7.13 i n f e c t e d  f l i e s  t o  answer  t h i s  q u e s t i o n .  The 

hypothesis  on which the experiments were based i s  as fo llows: i f  

t h e  same c o n t r o l  mechanisms a re  in  o p e r a t i o n  f o r  bo th  s e t s  of  

genes  th en  one would e x p ec t  t o  see  a h i g h e r  p r o p o r t i o n  o f  t h e  

metacyclic  population expressing 7.13, the  ingested VAT, due to  

the  p r e f e r e n t i a l  r e a c t iv a t io n  of the  ex-ELC.

Not only was no increase  of 7.13 expression observed, but in 

th e  e a r l y  b lo o d s t r e a m  p o p u l a t i o n s ,  d e r i v e d  from f l y  i n f e c t e d  

mice,  in  which 7.13 e x p r e s s o r s  rem ained ,  a new ELC was made, 

whi le  the  same population,  in which the 7.13 expressors  had been 

removed, t h i s  new ELC i s  no lo n g e r  p r e s e n t ,  c o r r e l a t i n g  th e  

p re s e n c e  of  t h e  new ELC d i r e c t l y  w i t h  t h e  p r e s e n c e  o f  7.13 

expressors .

I t  could be argued t h a t  the  new ELC observed i s  the  re ta ined  

ELC which  has been r e a c t i v a t e d .  However a l l  t h e  t rypanosom es  

en te r ing  the f ly  should have t h i s  re ta ined  ELC and the f a c t  th a t  

only  a p r o p o r t i o n  of t h e  p o p u l a t i o n  should  r e a c t i v a t e  i t ,  when
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e v id e n c e  e x i s t s  t o  s u g g e s t  t h a t  ex-ELCs show p r e f e r e n t i a l  

r e a c t i v a t i o n  over o ther  genes i s  d i f f i c u l t  to  explain.  I t  would 

seem more l i k e l y  t h a t  t h a t  p r o p o r t i o n  of  t h e  m e t a c y c l i c  

p o p u l a t i o n  which i s  e x p r e s s i n g  GUTat 7.13 does so by th e  

p r o d u c t i o n  of  a new ELC. Perhaps  t h i s  new ELC i s  r e s i d i n g  in  an 

express ion s i t e  which i s  sp e c i f i c  fo r  metacyc lic  genes.

The 7.13 p o p u l a t i o n  d e s c r i b e d  h e r e  i s  a m e t a c y c l i c  c lo n e

i . e .  was c loned  d i r e c t l y  from t h e  m e t a c y c l i c  p o p u l a t i o n  which 

would t h e r e f o r e  imply  t h a t  i t s  ELC should  be occupying  a 

metacyc lic  s p e c i f i c  s i t e ,  i f  one e x i s t s .  Also t r a n s p o s i t i o n  in to  

a s p e c i f i c  s i t e  does not account for the  observations  of Lenardo 

e t  a l , (1984) where  n e i t h e r  o f  th e  genes  i n v e s t i g a t e d  were  

a c t iv a te d  by dup l ica t ion .  Obviously the  proposal of an express ion 

s i t e  s p e c i f i c  f o r  M-VAT genes  i m p l i e s  no t  only  t h a t  t h i s  s i t e  

must in some way d i f f e r  from others  but a l so  t h a t  only a s p e c i f i c  

s e t  o f  genes  can be t r a n s p o s e d  i n t o  i t .  As y e t  no obv ious  

d i f f e r en c e  can be found between M-VAT genes and B-VAT genes such 

th a t  a mechanism may opera te  to  allow fo r  s p e c i f i c  t r a n s p o s i t i o n  

of M-VAT genes in to  a "metacyclic" express ion s i t e .

In conclusion the evidence presented does support  the  view 

t h a t  the  metacyclic  genes are  expressed p r e f e r e n t i a l l y  over o ther  

genes  and i t  i s  t h e r e f o r e  l i k e l y  t h a t  they  a r e  c o n t r o l l e d  by 

d i f f e r e n t  mechanisms.
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CHAPTER 3

Comparison of M-VAT genes in 
T.b.rhodesiense from two 

different foci



INTRODUCTION

Trypanosomes o f  th e  sub-genus  Trvpanozoon a r e  c a u s i t i v e  

agents  of trypanosomiasis  in Africa .In  medical and economic terms 

the trypanosomes t r an sm i t ted  by the t s e t s e  f ly  (Glossins sp.) are  

t h e  m o s t  i m p o r t a n t .  T h e se  i n c l u d e  t h e  a g e n t s  o f  human 

t r y p a n o s o m i a s i s ,  T r y p a n o s o m a  b r u c e l  g a m b l e n s e  an d  

T . b . r h o d e s i e n s e . and T .b .b ruce i  which causes trypanosomiasis  of 

domestic and game animals  but i s  not human-infec tive.  Two o ther  

s p e c i e s ,  which a r e  a l s o  found o u t w i t h  A f r i c a ,  a r e  T .evans i  and 

T .e c u ip e r d u m which a r e  c l o s e l y  r e l a t e d  t o  T .b .b ruce i  and a r e  

t h o u g h t  t o  have descended  from T .b .b ru ce i  b u t  have r e p l a c e d  

t r a n s m i s s i o n  by th e  t s e t s e  v e c t o r  w i t h  m ech an ica l  means o f  

t r a n s m i s s i o n ,  Tabanid  f l i e s  in  th e  case  o f  T .evans i  and in  th e  

c a s e  o f  T .e c u ip e r d u m co m p le te  l o s s  of  t h e  v e c t o r ,  T .e c u ip e r d u m 

being t r a n s m i t t e d  d i r e c t l y  from one mammal to  another  v ia  sexual 

c o n t a c t .  The l o s s  of  dependence on th e  i n s e c t  v e c t o r  f o r  

t r a n s m i s s i o n  of  t h e s e  two s p e c i e s  has  a l lo w ed  t h e i r  sp read  

o u t w i t h  th e  t s e t s e  f l y  b e l t s  o f  A f r i c a .  For t h o s e  s p e c i e s  

t r a n s m i t t e d  by the t s e t s e  t h e i r  d i s t r i b u t i o n  coincides  with,  and 

i s  confined to, t h a t  of the  fly.

For many y e a r s  T .b .gambiense . T.b.rhodesiense and T.b.brucei 

h av e  been  a w a r d e d  s e p a r a t e  s u b - s p e c i e s  s t a t u s .  They a r e  

m o r p h o l o g i c a l l y  i d e n t i c a l  bu t  d i f f e r  in  t h e i r  g e o g r a p h i c a l  

d i s t r i b u t i o n ,  host  s p e c i f i c i t y  and in the  na ture  of  the d isease  

they  cause  (Koare, 1972).

T .b .b ruce i  i s  w id e sp r ea d  th ro u g h o u t  A f r i c a  and i n f e c t s  

d o m e s t i c  and w i ld  a n im a l s  bu t  no t  man. The main v e c t o r s  a r e
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t s e t s e  f l i e s  belonging to  the G.morsitans group but t ransm iss ion  

by f l i e s  of o ther  groups has been demonstrated (Ford, 1971).

T.b.gambiense i s  confined mainly to West and Central  Africa 

bu t  has  been found as f a r  e a s t  as Uganda and Tanzania .  I t  i s  

t r a n s m i t t e d  in West Africa mainly by the  " r ive r ine"  t s e t s e  f l i e s ,  

( the  G.pal p a l i s  group, G .p a lp a l i s  and G . t a c h i n o i d e s ) and in Eas t  

A f r i c a  by G . f u s c i p e s  (Ford,  1971). T.b.gambiense i s  thought to  be 

mainta ined mainly where the re  i s  c lose  human-fly con tac t  and fo r  

t h i s  reason i s  considered to  be a "peridomest ic" d isease  i .e. the 

i n f e c t i o n  i s  u s u a l l y  a c q u i r e d  n e a r  t h e  v i c t i m ' s  home. For many 

years i t  was believed th a t  th e re  was no non-human r e s e r v o i r  and 

th e  p a r a s i t e  was dependen t  w ho l ly  on h u m an-f ly  c o n t a c t  though 

e x p e r i m e n t a l  i n f e c t i o n  o f  w i ld  and d o m e s t i c  a n im a l s  w i t h  

trypanosomes i s o la te d  from humans suggested th e re  was a p o ten t ia l  

fo r  c e r t a i n  animals to  act  as r e s e rv o i r  hos ts  (Van Hoof, 1947) and 

recen t  biochemical a n a ly s i s  s u g g e s t s  t h a t  s t o c k s  i s o l a t e d  from 

d o m e s t i c  a n im a l s  may indeed  be T.b .gambiense ( T a i t  e t  a l . 1984: 

P a in d a v o in e  e t  a l , 1986). T .b .gambiense c au s e s  a c h r o n ic  form o f  

s leeping  s ickness  in humans, the  p a t i e n t  often  surviving a number 

of  years without t rea tm en t  though i t  i s  invar iab ly  f a t a l  i f  l e f t  

u n t r e a t e d .  One of  t h e  f e a t u r e s  of  c h r o n i c  s l e e p i n g  s i c k n e s s  i s  

t h e  low p a r a s i t a e m i a s  fo u n d  i n  t h e  p a t i e n t s  s u g g e s t i n g  

T.b.gambiense i s  wel l  adapted, in p a r a s i t i c  terms, to  u t i l i s i n g  

humans as a host .

T .b . r h o d e s ie n se  i s  l i m i t e d  in  d i s t r i b u t i o n  t o  Eas t  A f r i c a .  

The c h i e f  v e c t o r s  be long  to  th e  G .m o rs i ta n s  group. They i n c l u d e  

G . m o r s i t a n s . G .swvnner ton i  and G . p a l l i d i p e s  which a r e  l e s s  

su sc e p t ib le  to  d e s s ic a t io n  and inh ab i t  mainly the savannah-like  

woodland abundant in East Africa (Ford,1971). Habita t ion on these
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p la in s  tends to  be s ca t t e r e d  and of ten  causes the  dr iv ing away of 

both the  t s e t s e  and game from the v i c i n i t y  of humans. Therefore 

fly-human con tac t  i s  low except in those s i t u a t i o n s  where some 

a c t i v i t y  or o c c u p a t io n  r e q u i r e s  p ro lo n g ed  absence  from th e  

community. Often the incidence of trypanosomiasis  i s  found to  be 

h i g h e r  in  men as they  a r e  t r a d i t i o n a l l y  t h e  ones  who l e a v e  th e  

v i l l a g e s  t o  hunt  e t c .  Unl ike  T .b .gam biense . T .b . r h o d e s ie n se  i s  

found n a tu r a l l y  in a l a rg e  s e l e c t io n  of game animals which ac t  as 

r e s e r v o i r s  fo r  the  d isease .  T.b.rhodesiense causes acu te  s leeping 

s ickness  which r e s u l t s  in high pa ras i taem ias  and i s  f a t a l  w i th in  

months i f  untrea ted .

S i n c e  t h e  o r i g i n a l  d e f i n i t i o n  t h a t  T . b . b r u c e i . 

T.b.rhodesiense and T.b.gambiense were  s e p a r a t e  s u b - s p e c i e s  was 

made (Hoare, 1972) observat ions  have suggested t h i s  may not be the 

case and the d iv i s io n  of t h i s  group of trypanosomes on the b a s i s  

of  geographical  d i s t r i b u t i o n ,  host  s p e c i f i c i t y  and the course of 

th e  d i s e a s e  in  humans i s  i n a c c u r a t e .  The t rypanosom es  of  t h e  

T .b .b ruce i  group a re  i d e n t i c a l  m o r p h o l o g i c a l l y  and in  th e  p a s t  

d i s c r i m i n a t i o n  of  t h e s e  s p e c i e s  was based on t h e i r  a b i l i t y  t o  

i n f e c t  human volunteers ,  which as wel l  as being ques t ionab le  on 

e th i c a l  grounds often gave equivocal r e s u l t s .  However Rickman and 

Robinson (1970) d e s ig n e d  a t e s t ,  based  on o b s e r v a t i o n s  o f  o t h e r  

workers, t h a t  human blood or plasma had a t rypanocidal e f f e c t  on 

T .b .b ruce i  bu t  no t  T .b . r h o d e s i e n s e . t o  d i f f e r e n t i a t e  between the  

two. This  t e s t  i s  o f  l i m i t e d  use  however,  and a g a in  o f t e n  l e a d s  

to  equivocal r e s u l t s  (see Gibson e t  a l . 1980).

More r e c e n t l y  a t t e m p t s  have been made t o  c h a r a c t e r i s e  th e  

trypanosomes of the T.b.brucei group by biochemical means. Gibson 

e t  a l  (1980) l o o k in g  a t  e l e c t r o p h o r e t i c  v a r i a t i o n  in t w e l v e
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enzymes in  a number o f  s t o c k s  o f  t h e  subgenus Trvpanozoon and 

using s t a t i s t i c a l  a n a ly s i s  to  t e s t  the  r e la ted n e s s  of the  stocks  

concluded they were too s im i l a r  to  be awarded separa te  species  

s t a t u s .  However enzyme v a r i a n t s  s p e c i f i c  t o  T.b .gambiense have 

been found (Godfrey and Ki lgour ,1976).

T a i t  e t  al_ (1984) a l s o  found enzyme v a r i a n t s  s p e c i f i c  f o r  

T.b.gambiense s tocks  al lowing them to  be d is t ingu ished  from "non- 

T.b.gambiense" stocks.  On analysing r e s i s t a n c e  to  human serum and 

c o r r e l a t i n g  i t  w i t h  t h e  p re s e n c e  or absence  o f  T.b .gamb i e n s e  

s p e c i f i c  v a r i a n t s  s tocks  which showed r e s i s t a n c e  to  human serum 

c o n t a i n e d  T.b .gambiense  s p e c i f i c  a l l e l e s .  However t h r e e  of t h e  

s tocks  analysed in t h i s  way were i s o l a t e d  from domestic animals 

in  Z a i re  and the  Congo. All showed r e s i s t a n c e  to  human serum and 

a l l  had T.b .gambiense  s p e c i f i c  enzyme v a r i a n t s  s u g g e s t i n g  t h a t  

d o m e s t i c  a n im a l s  can a c t  as r e s e r v o i r s  f o r  T .b .gam biense . The 

conclus ion drawn from such ana lys is  i s  t h a t  T.b.gambiense can be 

d i s t i n g u i s h e d  from T .b . r h o d e s ie n se  and T .b .b ruce i  bu t  does no t  

c o n s t i t u t e  a sepa ra te  species,  but r a th e r  could be considered a 

s i b l i n g  species.

In a s i m i l a r  ana ly s i s  looking a t  enzyme v a r i a t io n  in groups 

o f  s t o c k s  d e s i g n a t e d  as  T .b .b ruce i  ( i s o l a t e d  from c a t t l e  in  

N i g e r i a  and t s e t s e  f l i e s  in  Kiboko, Kenya) and T .b . r h o d e s i e n s e  

( i s o l a t e d  from humans or t s e t s e  f l i e s  in Central  Nyanza, Kenya) 

no enzyme v a r i a n t s  were  found to  be s p e c i f i c  t o  t h e  th e  

T .b . r h o d e s ie n se  s t o c k s  ( T a i t  e t  a l ,  1985). I t  was concluded  t h a t  

T .b . r h o d e s ie n se  and T .b .b ruce i  were not s epara te  sub-species  but 

r a th e r ,  the  T.b.rhodesiense s tocks  c o n s t i tu te d  a s e t  of v a r i a n t s  

of  T .b .b ruce i  which have th e  a b i l i t y  t o  i n f e c t  man. Another 

i n t e r e s t i n g  r e s u l t  was t h a t  the  T .b . r h o d e s ie n se  s t o c k s  a n a ly s e d
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were  found to  be more homogeneous th an  t h e  T .b .b ruce i  s t o c k s .  

Th is  homogenei ty  was a l s o  d e t e c t e d  w i t h i n  two c o l l e c t i o n s  o f  

s t o c k s  from Zambia (Gibson e t  a l , 1980) and Uganda (Gibson and 

Gashumba,1983). I t  would t h e r e f o r e  ap p ea r  t h a t  T .b . r h o d e s i e n s e 

s t o c k s  i s o l a t e d  from p a r t i c u l a r  a r e a s  in  A f r i c a  show marked 

homogeneity with  re spec t  to enzyme va r ian t s .

Sero log ica l  evidence has been presented which suggests t h a t  

w i th in  a given area many T.b.rhodesiense popula tions  belong to  a 

s i n g l e  serodeme (Barry e t  a l  ,1983).  In t h a t  s tudy  s i x t e e n  o f  

t w e n t y - s i x  s t o c k s  i s o l a t e d  from man, t s e t s e  f l i e s  and game 

animals  in the s leeping  s ickness  focus along the  North -east  shore 

o f  Lake V i c t o r i a  be tween 1958 and 1979 were  found to  be long  to  

t h e  same serodeme s u g g e s t i n g  t h a t  s t o c k s  o f  T .b . r h o d e s ie n se  

i s o l a t e d  from a given area a re  homogeneous wi th  respec t  to  VAT. 

The re m a in in g  t e n  s to c k s  need no t  n e c e s s a r i l y  be long t o  a 

d i f f e r e n t  serodeme: the  l im i t e d  ex ten t  of an t igen ic  screening was 

i n s u f f i c i e n t  in t h i s  respect.  Isharaza  (1985) found t h a t  stocks 

i s o l a t e d  in  Busoga, Uganda and Kagera Park, Rwanda did not share 

any VATs and were pos tu la ted  to  belong to  two d i f f e r e n t  serodemes 

w hereas  s t o c k s  from Busoga sh a red  a number o f  VATs and were  

c l a s s e d  i n t o  t h r e e  serodemes,  each s h a r i n g  s e v e r a l  i s o t y p e s  

( s i m i l a r  VATs expressed in d i f f e r e n t  a n t i g e n  r e p e r t o i r e s )  w i t h  

t h e  o t h e r s .  T h e r e f o r e  h o m o g e n e i t y  fo u n d  i n  d i f f e r e n t  

T.b.rhodesiense s tocks  i s o la t e d  from the same geographical  area,  

in terms of enzyme polymorphisms i s  a l so  found to  a degree with  

regard to  ant igen r e p e r to i re .

DNA a n a l y s i s  h a s  a l s o  b een  u s e d  i n  an a t t e m p t  t o  

d i f f e r e n t i a t e  between members of the T.b.brucei group. Bors t  e t  

a l  (1980a) compared DNA from s e v e r a l  T .b .b ruce i  s t o c k s  w i t h  DNA
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from T.evansi and T.eouiperdum using r e s t r i c t i o n  enzyme d ig es t io n  

and e lec t ro p h o res i s .  Digestion of genomic DNAs from the d i f f e r e n t  

s p e c i e s  gave a c h a r a c t e r i s t i c  and r e p r o d u c i b l e  s e r i e s  of  

fragments  fo r  each species ,  and even between d i f f e r e n t  T.b.brucei 

s t r a i n s  but not between th ree  d i f f e r e n t  an t igen ic  v a r i a n t s  from 

the  same T.b .brucei c lone .

This approach was a lso  used in the  ana lys i s  of k in e to p la s t  

DMA (kDNA) found in  t rypanosom es .  This  i s  an unusua l  form of  

mitochondria l  DMA (mtDMA) co n s i s t in g  of networks of 10^ catenated 

c i r c l e s  of two types,  the  m i n i - c i r c l e  (0.9 kb) which c o n s t i t u t e  

90% or more of the  network, and are  heterogeneous in sequence and 

m a x i - c i r c l e s  (20 kb) which are  akin to  mtDMA in o ther  organisms, 

and a r e  h i g h l y  con se rv ed  in  sequence .  B o rs t  e t  a l  ( 1 9 8 0 c ;1981) 

u s e d  r e s t r i c t i o n  enzym e a n a l y s i s  o f  kDNA as  a m eans  o f  

d i f f e r e n t i a t i n g  d i f f e r e n t  T.b.brucei s t r a i n s .  The m in i - c i r c l e  DMA 

gave r i s e  to  a complex s e r i e s  of bands and i t  was suggested th a t  

m i n i - c i r c l e  DMA e v o l v e s  so r a p i d l y  t h a t  m a j o r  s e q u e n c e  

d i f f e r en c es  e x i s t  between s t r a i n s  of  T.b.brucei. In c o n t r a s t  the 

m a x i - c i r c l e  DMA from a l l  s t o c k s  t e s t e d  was so s i m i l a r  in  

sequence  i t  p r e c lu d e d  t h e i r  d i f f e r e n t i a t i o n  by t h i s  means. 

Gibson e t  a l  (1985) ex tended  t h i s  a n a l y s i s  and found t h e r e  were  

two m a x i -c i rc l e  sub-types:  "Kiboko" which i s  widespread in East 

Africa and "Sindo" which o r ig in a te  from one l o c a l i t y .  However as 

a means of d i f f e r e n t i a t i n g  between the  th ree  sub-species  ana ly s i s  

o f  kDNA i s  no t  s u f f i c i e n t  due t o  sequence  s i m i l a r i t i e s  be tween 

the  th ree  sub-species.

Analysis of trypanosome DNA has been extended by the use of 

Southern h y b r id i sa t io n  wi th  DNA probes corresponding to  s p e c i f i c  

t rypanosom e  genes .  Pays e t  a l  ( 1981 c; 1983e) used  two VSG cDNAs
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c l o n e d  f rom  T . b . b r u c e i  (AnTat  1.1 and AnTat 1.8) i n  

h y b r i d i s a t i o n  a n a l y s i s .  The 1.8 genes  were  found in  T .b .b r u c e i . 

T.b .gamb i e n s e . T .b . r h o d e s i e n s e  and T . e v a n s i . In  c o n t r a s t ,  t h e

1.1 gene was m i s s i n g  from a l l  f i f t e e n  T.b .gambiense s t o c k s  

analysed. I t  was how ever found in the two T.b.rhodesiense and the 

one T.evansi stock t e s t e d  although the sequence was modified in 

co m p ar i so n  t o  t h a t  found in  T .b .b r u c e i . H y b r i d i s a t i o n  w i t h  the  

AnTat 1.8 probe revealed a p a t t e rn  of bands in the  T.b.gambiense 

s tocks  t h a t  was c h a r a c t e r i s t i c  fo r  these  stocks and d i f f e r ed  from 

th e  p a t t e r n  o f  bands found in th e  o t h e r  s u b - s p e c i e s .  T h e r e f o r e  

the  use of VAT-specific probes in h y b r id i s a t io n  ana lys is  could be 

a usefu l  means of d i s c r im in a t in g  d i f f e r e n t  sub-species.  The 1.1 

probe could be used as a non-T.b.gambiense probe whereas the 1.8 

probe revealed a r e s t r i c t i o n  enzyme d ig es t io n  pa t te rn  s p e c i f i c  to  

t h e  T.b.gambiense stocks.

P a in d a v o in e  e t  a l  (1986) a l s o  a p p l i e d  t h i s  t e c h n i q u e  in  a 

s t u d y  o f  s t o c k s  o f  t h e  T . b . b r u c e i  g r o u p .  The T . b . b r u c e i . 

T .b . r h o d e s i e n s e  and T .evansi  s t o c k s  were  d e s i g n a t e d  as "non- 

T .b .gam biense". Use o f  t h r e e  p robes  c o r r e s p o n d i n g  t o  d i f f e r e n t  

VATs revealed t h a t  the  pa t te rn  of VSG s p e c i f i c  bands was highly 

con se rv ed  in  a l l  t h e  T.b .gambiense s t o c k s  bu t  was h i g h l y  

v a r i a b l e  in  th e  n o n -T.b .gambiense s t o c k s ,  in  none o f  which was 

t h e  p a t t e r n  s i m i l a r  t o  t h a t  o f  t h e  T . b . g a mbi e n s e  s t o c k s .  

Addit ionally  two undefined probes, obtained from a T.b.gambiense 

genomic DNA bank screened in such a way as to  inc rease  the  chance 

of  s e l e c t i o n  of  T.b .gambiense s p e c i f i c  sequences were used. One 

h y b r i d i s e d  t o  DNA of  a l l  s t o c k s  t e s t e d  though in  th e  non- 

T.b.gambiense stocks again the banding p a t t e rn  was more v a r iab le  

than in  the  T.b.gambiense stocks.  The o ther  hybrid ised only very
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weakly  w i t h  th e  n o n -T.b .gambiense s t o c k s .  Also c e r t a i n  s t o c k s  

i s o l a t e d  from d o m e s t i c  a n im a l s  in  West A f r i c a  were  i d e n t i c a l ,  

wi th  respec t  to  the  a n a ly s i s  ca r r ied  out here,  to  T.b.gambiense. 

p r o v i d i n g  f u r t h e r  s u p p o r t  t h a t  n o n -h u m an  r e s e r v o i r s  o f  

T .b .gambiense  e x i s t .  The r e l a t i o n s h i p s  be tween  t h e  d i f f e r e n t  

s tocks  were expressed as dendograms. The conclusions drawn were 

in  s u p p o r t  of th o s e  o f  T a i t  et, a l  (1984),  t h a t  T.b .gambiense 

s tocks  were more homogeneous than th e  n o n -T.b .gambiense s t o c k s ,  

and f u r t h e r  i t  should be awarded sub-species  or s ib l i n g  species  

s t a t u s  w i t h i n  t h e  T .b .b ruce i  group. In c o n t r a s t  T .b . r h o d e s ie n se  

and T.b.brucei were in d is t in g u i s h a b le  by the  c r i t e r i a  used and no 

e v id e n c e  e x i s t s  t o  s u g g e s t  t h a t  T .b . r h o d e s ie n se  i s  a s e p a r a t e  

sub-species ,  but r a th e r  i s  a v a r i a n t  of T.b.brucei able  to  in f e c t  

humans.

In  t h e  l i g h t  o f  t h i s  more  r e c e n t  e v i d e n c e  b a s e d  on 

b io c h e m ic a l  and DNA h y b r i d i s a t i o n  a n a l y s i s  t h e  v a l i d i t y  o f  

s e p a r a t i n g  th e  T .b .b ruce i  group i n t o  th ree  d i s t i n c t  sub-species  

i s  questioned,  the  evidence suggesting r a th e r  t h a t  T.b.gambiense 

i s  a d i s t i n c t  s u b - s p e c i e s  and T.b.brucei and T.b.rhodesiense are 

v a r i a n t s  o f  t h e  same s p e c i e s ,  t h e  l a t t e r  hav ing  t h e  a b i l i t y  t o  

i n f e c t  man.

The q u e s t i o n  of s p e c i e s  s t a t u s  of  t h e  T .b .b ruce i  group i s  

r e l e v a n t  when c o n s i d e r i n g  th e  e p id em io lo g y  and o r i g i n  o f  

T . b . r h o d e s i e n s e . Human t r y p a n o s o m i a s i s  has  been known in  West 

A f r i c a  f o r  more than  600 y e a r s  (Nash, I960).  However b e f o r e  

c o l o n i s a t i o n  by European powers  few r e p o r t s ,  and t h o s e  a lm o s t  

exclus ive ly  from West Africa,  were made of  the  disease.  This i s  

no t  t o  suppose  t h a t  ep idem ic  o u tb r e a k s  o f  t h e  d i s e a s e  d id  no t  

occu r ,  however i t  i s  l i k e l y  t h a t  w i t h  th e  r e l a t i v e  l a c k  o f
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movement of  p o p u l a t i o n s  and c o m m u n i t ie s  such oubreaks  as d id  

occur were sm al le r  in sca le  to  those recorded in the ea r ly  20^^ 

c e n t u r y .  Todd (1906) g i v e s  an acc o u n t  which d e m o n s t r a t e s  t h a t  

European development of the Congo River and i t s  many t r i b u t a r i e s  

l e d  t o  t h e  a c c e l e r a t e d  sp read  of  t h e  d i s e a s e  i n t o  r e g io n s  in  

which  i t  had p r e v i o u s l y  been unknown. By 1905 c h r o n ic  s l e e p i n g  

s i c k n e s s  had reached  th e  N or the rn  and E a s t e r n  s h o r e s  of  Lake 

Tanganyika ,  and i t  i s  e s t i m a t e d  t h a t  d u r in g  t h i s  advance 

a p p r o x i m a t e l y  h a l f  a m i l l i o n  p e o p l e  d ied  o f  t h e  d i s e a s e  

(Duggan,1970). S im u l t a n e o u s ly  an ep idem ic  broke ou t  in  Uganda 

r e a c h i n g  t h e  S o u th e r n - m o s t  s h o r e s  o f  Lake V i c t o r i a  by 1903 

(A s h c r o f t ,1959).

In c o n t ra s t  to  the  long recorded h i s to ry  of T.b.gambiense in 

Africa  the  f i r s t  record of T.b.rhodesiense came from the Luangwa 

Valley in North Rhodesia (now Zambia) ear ly  t h i s  century (Stephen 

and Fantham, 1910). Ormerod (1961) m e n t io n s  an e a r l y  r e p o r t  

s u g g e s t i n g  t h a t  s l e e p i n g  s i c k n e s s  was no t  new t o  t h i s  a r e a  but  

may have ex is ted  in  the  Luangwa Valley fo r  many years  but had not 

been diagnosed. The trypanosomes i so la t ed  by Stephen and Fantham 

caused  a more a c u t e  form of  th e  d i s e a s e  in  l a b o r a t o r y  a n i m a l s  

than those causing chronic s leeping s ickness  in West Africa.  They 

named t h i s  s t r a i n  of  trypanosome T.b.rhodesiense.

In  Tanganyika  (now Tanzan ia )  no r e p o r t s  of  T .b . r h o d e s i e n se  

occured u n t i l  the  1930's. However inc idences  were recorded a t  the  

b o r d e r  of Tanzania  and Mozambique, bu t  by and l a r g e  r e p o r t s  of  

s l e e p i n g  s i c k n e s s  in  th e  so u th  were  s p o r a d i c  in  n a t u r e .  In  1920 

an ep idem ic  broke  ou t  in  th e  North o f  th e  c o u n t ry  which d id  no t  

spread g rea t ly  and eventually  ceased a f t e r  10 years  . At the  same 

time, towards Central  Tanzania a s i m i l a r  epidemic broke out and
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s p r e a d  t o  t h e  s h o r e s  o f  Lake V i c t o r i a  and Lake Tanganyika 

( F a i r b a i r n , 1948). Ormerod (1961) p o i n t s  ou t  t h a t  th e  i n i t i a l  

c a s e s  o f  T .b . r h o d e s i e n s e  s l e e p i n g  s i c k n e s s  r e c o rd ed  from t h e  

Luangwa V a l ley  and Nyasa land (now Malawi) w ere  f a i r l y  c h r o n ic  

w h e rea s  t h o s e  r e c o rd ed  in  th e  e p id em ic  in  Tanzan ia  were  more 

a c u t e .  As th e  d i s e a s e  s p read  N or thw ards  t h e  v i r u l e n c e  of t h e  

p a r a s i t e  apparently  increased. I t  was expected th a t  the  epidemic 

which broke out in South and Central  Tanzania would spread in to  

Uganda bu t  i t  was n o t  u n t i l  1940 t h a t  T .b . r h o d e s i e n s e  was f i r s t  

recorded in a region near Kampala, c a l l ed  Busoga. The d isease  was 

p a r t i c u l a r l y  acute, v ic t im s  dying w i th in  4-6 weeks of d iagnosis.  

The d isease  spread from Busoga and in to  Kenya and i s  now endemic 

in  b o th  a r e a s  (Apted, 1970).

As mentioned previously,  the  ex is tence  of chronic s leeping 

s ickness  has been recorded fo r  many years  in West Africa  whereas 

t h e  f i r s t  r e c o rd e d  i n c i d e n c e  o f  a c u t e  s l e e p i n g  s i c k n e s s  was a t  

t h e  b e g in n in g  o f  t h i s  c e n tu r y .  This  has  l e d  t o  much s p e c u l a t i o n  

as to  the o r ig in  of T.b.rhodesiense. I t  i s  bel ieved T.b.gambiense 

i s  t h e  o l d e r  o f  th e  two ty p e s  in  e v o l u t i o n a r y  te rm s .  This  s tem s  

n o t  only  from th e  long  h i s t o r i c a l  r e c o r d s  o f  c h r o n ic  s l e e p i n g  

s ickness  but a l so  from a b io log ica l  perspec t ive ;  because of i t s  

lower v i ru lence  in humans i t  i s  thought to  be b e t t e r  adapted to 

human hosts .  High v i ru lence  r e s u l t i n g  in rapid  death of  the  host  

i s  no t  conduc ive  t o  e i t h e r  s p read  or  s u r i v a l  o f  t h e  p a r a s i t e .  

Also, the  presumed lack  of non-human hos ts  in the  t ransm iss ion  of 

T.b.gambiense has suggested b e t t e r  adap ta t ion  to  human hos ts  due 

t o  l o n g e r  a s s o c i a t i o n  w i t h  them. I t  i s  assumed t h a t  bo th  

T . b . g a mb i e n s e  and T . b . r h o d e s i e n s e  a r o s e  i n i t i a l l y  f rom 

T.b.brucei. and thus two p o s s i b i l i t i e s  e x i s t  fo r  the evolutionary
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o r ig in  of T.b.rhodesiense. e i t h e r  i t  arose  from T.b.gambiense or 

both evolved from T.b.brucei independently.

V J i l l e t  ( 19 6 5 ) s u p p o r t s  t h e  f o r m e r  view, s u g g e s t i n g  

T.b.rhodesiense evolved when T.b.gambiense was introduced to  the  

savannah areas  of South East Africa from the G.oalPalis  f ly  b e l t s  

o f  th e  Congo t o  t h e  G .m o rs i ta n s  b e l t s  o f  Zambia and Malawi.  He 

s u g g e s t s  t h a t  v i r u l e n t  s t r a i n s  o f  T .b .gam biense . c ap a b le  of  

in f e c t in g  game animals,  on which G.morsitans feeds, were se lec ted  

for ,  a l lowing the e s tab l ishm ent  of an an im al - f ly -an im al  cycle and 

in  t h o s e  s i t u a t i o n s  where  f l i e s  fed  on humans t h e s e  v i r u l e n t  

s t r a i n s  caused acute  s leeping s ickness.

O rm erod  (1 961)  s u p p o r t s  t h e  i n d e p e n d e n t  o r i g i n  o f  

T .b . r h o d e s i e n s e  and T.b .gambiense and s u g g e s t s  t h e  o r i g i n a l  

s t r a i n s  o f  T .b . r h o d e s i e n se  which e v e n t u a l l y  gave r i s e  to  th e  

e p id e m ic s  in  Malawi,  Tanzan ia  and Uganda p robab ly  a r o s e  in  th e  

Zambezi Bas in ,  be in g  f i r s t  d e t e c t e d  in  t h e  Luangwa V a l l e y .  He 

sugges ts  t h a t  the  remoteness of the  Zambezi Basin from any known 

T.b .gambiense  fo cu s  makes i t  most u n l i k e l y  t h a t  t h e s e  s t r a i n s  

arose  from T.b.gambiense but r a th e r  they arose independently from 

T .b .b r u c e i .

I f  the  two nosodemes arose from T.b.brucei independently a 

poss ib le  scenar io  can be pos tu la ted  whereby a mutant or v a r i a n t  

p o p u l a t i o n  c a p a b le  o f  i n f e c t i n g  humans a r o s e  and, a f t e r  many 

years a s so c ia t io n  wi th  humans, s e l e c t io n  p ressure  would opera te  

towards a reduction in v i ru lence  to  humans in those areas  where 

d i r e c t  m an - f ly  c o n t a c t  was p o s s i b l e .  Reduct ion  in  v i r u l e n c e  

r e s u l t i n g  in prolonged surv ival of the human hos t  would increase  

the chances of t ransm iss ion  of the  p a r a s i t e  from host  to  f ly  and 

in  th o s e  a r e a s  where  non-human r e s e r v o i r s  a r e  s c a r c e  t h i s  low
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v i r u l e n c e  t r e n d  would be o f  obvious  b e n e f i t  t o  t h e  p a r a s i t e .  In 

those areas  where non-human hos ts  were preva lent  i.e. in the  East 

A f r i c a n  savannah s e l e c t i o n  p r e s s u r e  f a v o u r i n g  lo w e r  v i r u l e n c e  

towards humans would not be necessary.  In essence the  o r ig in  of 

T . b . r h o d e s i e n s e  and T .b .g a mbi e n s e  cou ld  be rega rded  as an 

e v o l u t i o n a r y  r e s p o n se  o f  th e  one s p e c i e s  T .b .bruce i  to  two 

d i f f e r e n t  environments. Ormerod (1961) po in ts  out the  northward 

spread of  T.b.rhodesiense i s  c o r r e la t e d  w i th  increased vi ru lence.  

Generally the  most chronic forms of s leeping s ickness  caused by 

T . . r h o d e s i e n s e  a r e  fo u n d  i n  t h e  s o u t h  o f  E a s t  A f r i c a  

i . e .B o tsw ana ,  th e  most v i r u l e n t  in  E t h i o p i a  (B a k e r ,1970). Those 

s t r a i n s  which a r e  g e o g r a p h i c a l l y  i n t e r m e d i a t e  a l s o  e x h i b i t  

i n t e r m e d i a t e  v i r u l e n c e  th u s  s u p p o r t i n g  t h e  view t h a t  l o n g e r  

a s s o c ia t i o n  w i th  humans has induced a reduction in v iru lence.  In 

the l i g h t  of more recen t  evidence based on biochemical ana ly s is  

of the  T.b.brucei group the proposal of a s epara te  o r ig in  of  the 

two species  of trypanosome which cause human s leeping s ickness  

seems the  more l i k e ly .

Throughout the  f ly  b e l t  of Africa s leeping  s ickness  i s  not 

d i s t r i b u t e d  homogeneously but r a th e r  d i s c r e t e  foc i  of  in f e c t io n  

e x i s t  where  t h e  d i s e a s e  i s  endemic.  I t  i s  from t h e s e  f o c i  of  

i n f e c t i o n  t h a t  e p id e m ic s  a r i s e .  Many of  t h e  T..gambiense  f o c i  

have been in  e x i s t e n c e  f o r  so long  t h a t  knowledge o f  them has 

passed  i n t o  t r i b a l  f o l k l o r e  (see  Duggan,1970). In  c o n t r a s t  t h e  

endemic  f o c i  o f  a c u t e  s l e e p i n g  s i c k n e s s  in  E as t  A f r i c a  have 

a r i s en  more recen t ly  and one of the  c e n t r a l  i s su e s  regarding the  

o r i g i n  o f  T .b . r h o d e s ie n se  i s  w h e th e r  a l l  t h e  endemic f o c i  have 

o r ig in a ted  from southern T.b.rhodesiense s t r a i n s  or whether they 

have a r i sen  ^  novo from T.b.brucei.
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Ormerod (1961) g ives  evidence to  suggest  T.b.rhodesiense can 

a r i s e  a t  i n d i v i d u a l  f o c i  which a r e  p a r t i c u l a r l y  a p p a r e n t  when 

they  l i e  o u t s i d e  th e  T .b . r h o d e s ie n se  d i s t r i b u t i o n  a r e a .  From 

b io c h e m ic a l  e v id en c e  i t  i s  c l e a r  t h a t  T .b . r h o d e s ie n se  i s o l a t e d  

from the same areas  in East Africa ex h ib i t  g rea t  homogeneity both 

s e r o lo g ic a l ly  and enzymatically  yet  d i f f e r e n c e s  have been found 

between the nor thern  and southern stocks  both in kDNA and enzyme 

v a r i a t i o n  (B o r s t  e t  ^ , 1 9 8 1 ;  Gibson e t  a l ,1 9 8 0 ) .  Th is  ev idence  

would t h e r e f o r e  s u p p o r t  t h e  view t h a t  n o r t h e r n  T .b . r h o d e s ie n se  

s t r a i n s  have a r i s en  ^  novo from T.b.brucei r a th e r  than spreading 

from southern s t r a i n s .

In  t h i s  s tudy  a c o l l e c t i o n  o f  n in e  s to c k s  i s o l a t e d  from a 

s leep ing  s ickness  focus in the Luangwa Valley,  Zambia have been 

cloned and used in comparative serodeme ana lys is .  Sero logica l  and 

DNA h y b r i d i s a t i o n  a n a l y s i s  u s i n g  end i n f e c t i o n  a n t i s e r a  

( r e p e r t o i r e  a n t i s e r a )  and cDNA probes from trypanosomes i s o la te d  

in the Kenyan focus were c a r r ie d  out to  in v e s t ig a t e  the degree of 

r e l a t ed n e s s  and whether stocks from these  two East  African foci  

belong to  the same serodeme.
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MATERIALS AND METHODS

Trypanosomes

Nine stocks of T.b.rhodesiense which were i s o la t e d  from an 

endemic focus of s leeping  s ickness  in the  Luangwa Valley, Zambia 

in  1982-83 and c r y o p r e s e r v e d  a t  t h e  T r o p i c a l  D isea se  Research 

C en t re  (TDRC) a t  Mdola were  used in  t h i s  s tu d y  and a r e  l i s t e d  

below :

CODE LOCATION HOST DATE

DA/ZM/83/TRPZ/267 Zambia, Kasyasya, PCatyetye Goat 1983

DA/ZM/83/TRPZ/273 Zambia,Kasyasya,Katyetye Goat 1983

MAN/ZM/82/TRPZ/182 Zambia,Kasyasya,Katyetye Human 1982

MAN/ZM/82/TRPZ/199 Zambia,Kasyasya,Katyetye Human 1982

MAN/ZM/82/TRPZ/203 Zambia,Kasyasya,Katyetye Human 1982

MAN/ZM/82/TRPZ/220 Zambia, Kasy asy a , Katy ety e Human 1982

MAN/ZM/82/TRPZ/221 Zambia,Kasyasya,Katyetye Human 1982

MAN/ZM/82/TRPZ/231 Zambia,Kasyasya,Katyetye Human 1982

MAN/ZM/82/TRPZ/244 Zambia,Kasyasya, Katyetye Human 1982

DA-isolated frcsn domestic animal.

ZM-Zambia.

S to ck s  were  o b t a i n e d  c o u r t e s y  o f  Dr.P.Dukes ( see  a l s o  Dukes e t  

s i ,  1983).

Growth of Trypanosomes

Each stock was inocula ted  from s t a b i l a t e  i n t r a p e r i t o n e a l l y  

i n t o  f e m a le  CFLP mice  t r e a t e d  w i t h  Cyclophosphamide (CY) 

(250mg/kg body w e ig h t )  24 hours  b e f o r e  i n f e c t i o n .  When h igh  

l e v e l s  of pa ras i taem ia  were observed blood samples were taken and 

used fo r  cryopreserva t ion  and cloning.
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Cryopreserva tion of Trypanosomes

Dimethylsulfoxide (DMSO) was mixed w i th  hepar in ized blood to  

a f i n a l  c o n c e n t r a t i o n  o f  7.5%. Blood was th e n  i n j e c t e d  i n t o  

0.63mm diameter  p l a s t i c  tubing (Portex) and the  tubing cut in to  

2cm l e n g t h s  and p la ce d  in  1.8ml c r y o t u b e s  (Nunc). The c r y o t u b e s  

were wrapped in co tton wool and placed in a small  polys tyrene  box 

which  was t r a n s f e r r e d  to  t h e  vapour  phase  o f  a l i q u i d  N i t ro g en  

c o n t a i n e r  and l e f t  o v e r n i g h t ,  th e n  t r a n s f e r r e d  d i r e c t l y  i n t o  

l i q u i d  Ni trogen.

Cloning of Trypanosomes

Trypanosomes were  c loned  u s in g  d i r e c t  o b s e r v a t i o n  o f  

i s o l a t e d  s i n g l e  c e l l s  in  T e r a s a k i  p l a t e s  (Flow L a b s . , I r v i n e )  

mainta ined humid w i th  wet t i s s u e  paper in s e r t s .  Single  drops of 

in fec ted  blood app ro p r ia te ly  d i lu te d  with  guinea pig serum (GPS) 

were dispensed wi th  a pin in to  each wel l  and the  p l a t e  examined 

a t  x200 m agnif ica t ion  on an inver ted  microscope. Wells conta ining 

one trypanosom e were  i d e n t i f i e d ,  witnessed by another observer  

and im m e d ia te ly  f i l l e d  w i t h  1 Oui o f  GPS. The sam ples  were  then  

taken up wi th  a m ic rop ipe t te  ensuring a l l  l i q u id  was removed from 

each well  and inocu la ted  i n t r a p e r i t o n e a l l y  in to  CY-treated CFLP 

mice.

Antisera

Reperto i re  a n t i s e r a  d i rec ted  aga ins t  l a r g e  numbers of VATs 

from each cloned Zambian stock were produced by in fe c t in g  s in g le  

mice with  each stock and c o l l e c t in g  sera  a t  l e a s t  one month a f t e r  

in fec t io n .  Such r e p e r to i r e  a n t i s e ra  d i rec ted  aga ins t  a s e r i e s  of 

cloned Kenyan and Ugandan stocks prepared in r a b b i t s  as described
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by Van Meirvenne e t  ^  (1975) were  a l s o  used. These r e p e r t o i r e

a n t i s e r a are  l i s t e d  below:

CODE LOCATION HOST DATE

A Uganda Vector I960

B Uganda Vector I960

C Uganda Vector I960

D Uganda Vector I960

E Kenya Human 1961

F Kenya Human 1977

G Kenya Human 1977

H Kenya Human 1979

I t  shou ld  be no ted  t h a t  t h e s e  l o c a t i o n s  span th e  b o rd e r  and a r e  

wi th in  one focus of acute  s leeping s ickness .

Immune Lvsis Tests

Immune l y s i s  t e s t s ,  as d e s c r i b e d  by Van Meirvenne e t  al  

(1975) were  pe r fo rm ed  on th e  c loned  Zambian s t o c k s  u s in g  t h e  

Ugandan and Kenyan r e p e r t o i r e  a n t i s e r a .  The Zambian c loned  

p o p u l a t i o n s  were  t e s t e d  d u r in g  t h e  f i r s t  p a t e n t  p a r a s i t a e m i a  

usual ly  about day 5-6 post  in fec t ion ,  and trypanosomes from two 

o r  som et im es  f o u r  e n su in g  peaks t h r o u g h o u t  th e  c o u r s e  o f  

in f e c t io n  were a lso  te s t ed .  The rec ip roca l  t e s t s  were a lso  done, 

t e s t i n g  the Zambian r e p e r to i r e  a n t i s e r a  aga in s t  two a n t ig e n ic a l ly  

s t a b l e  c lo n e s  d e r iv e d  from s to c k  EATRO 2340, i s o l a t e d  in  th e  

Kenyan focus in  1977. These two clones  correspond to  two M-VATs 

from the GUTAR 7 serodeme, GUTat 7.1 and GUTat 7.2.
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Dot B lo t  A nalys is  o f  DNA

Trypanosomes were  grown in  CY t r e a t e d  CFLP mice and 

i s o l a t e d  from blood by ion-exchange ch rom atography  (Lanham and 

G o d f r e y , 1 9 7 0 ). The t r y p a n o s o m e s  w e r e  c o n c e n t r a t e d  by 

c e n t r i f u g a t io n  a t  lOOOg, 15 minutes a t  room temperature  and gently  

r e su sp e n d ed  a t  a c o n c e n t r a t i o n  o f  10^-10^ /m l  in  6:4 p h ospha te  

s a l i n e  glucose  (PSG), pH 8.0 + 15% glycero l .  The suspensions were 

s to red  in 1ml Eppendorf tubes a t  -20°C.

The s p o t  t e s t  method used was a m o d i f i c a t i o n  of t h a t  

d e s c r i b e d  by Massamba and W i l l i a m s  (1984).  T e n - f o ld  s e r i a l  

d i l u t i o n s  o f  th e  t rypanosome s u s p e n s i o n s  (1 0 ^ -1 0 ^ /m l)  were 

prepared in  PSG + 15% glycero l .  Aliquots of lOul of each d i l u t i o n  

w ere  a p p l i e d  to  dry Biodyne A nylon  membrane ( P a l l  U l t r a f i n e  

F i l t r a t i o n  Company, Glen Cove, NY 11542).

The membranes were dried  a t  room tempera ture  fo r  one hour. 

The samples were denatured in an excess of 0.5M NaOH, 1M HCl for 

30 minutes wi th  gen t le  a g i t a t io n ,  n e u t r a l i s ed  fo r  one hour in an 

e x ce s s  o f  1M T r i s  HCl, pH 7.4,  3M NaCl a t  room t e m p e r a t u r e  and 

baked fo r  two hours a t  80^C.

B efo re  h y b r i d i s a t i o n  w i t h  cDNA probes  th e  f i l t e r s  were  

preincubated fo r  a t  l e a s t  one hour a t  65°C in the h y b r id i sa t io n  

so lu t io n  which cons is ted  of 5x Denhardt’s s o lu t io n  (Img/ml BSA, 

Img/ml Fico l l -400 ,  Img/ml PVP), 5x SSPE (0.9M NaCl, 50mM Sodium 

Phospha te ,  pH 8.3, 5mM EDTA), 0.2% w/v sodium dodecyl  s u l p h a t e  

(SDS), 500ug/ml he r r ing  sperm DNA.

Nick t r a n s l a t i o n  o f  th e  cDNA p robes  was as  d e s c r i b e d  in  

Chapter 2.

After pre incubation the h y b r id i sa t io n  so lu t ion  was removed 

and f r e s h  h y b r i d i s a t i o n  s o l u t i o n  c o n t a i n i n g  t h e  ^^P l a b e l l e d
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probe ,  which had been d e n a tu r e d  and n e u t r a l i s e d ,  was added. 

Hybrid isa t ion  was c a r r i e d  out a t  65°C overnight.  The f i l t e r s  were 

washed t w i c e  a t  room t e m p e r a t u r e  in  wash b u f f e r  (5mM Sodium 

P hospha te ,  pH 6.8,  ImM EDTA, 0.2% w/v SDS) w i t h  v ig o r o u s  

a g i t a t i o n  followed by a f in a l  post  h y b r id i s a t io n a l  wash in O.lx 

SSC a t  65°C fo r  30 minutes.

I s o l a t i o n  and P u r i f i c a t i o n  of DNA from Trypanosome Lvsates

CY t r e a t e d  CFLP mice were inocula ted  in t r a p e r i t o n e a l l y  with  

t h e  c lo n ed  s t o c k s  and e x s a n g u ia t e d  by c a r d i a c  p u n c tu r e  a t  h igh  

paras i taem ia .  Trypanosomes were i s o l a t e d  from blood and l y s a t e s  

prepared as described in Chapter 2.

High molecular weight genomic DNA was i s o la te d  and p u r i f i ed  

on CsCl g rad ien ts .  The ly s a t e s  were suspended in IxTE (lOmM Tris  

HCl, pH 8.0,  ImM EDTA) t o  a t o t a l  volume of  20mls .  20 gm.s CsCl 

were  added and d i s s o l v e d  by g e n t l y  i n v e r t i n g  th e  m ix tu r e .  2ml 

E th id ium  Bromide (lOmg/ml) was added and Beckman VTi 50 tu b e s  

f i l l e d  wi th  the s o lu t io n  and cen tr i fuged  to  equi l ibr ium a t  room 

temperature ,  167,150g., fo r  16 hours. The DNA was removed from the 

g r a d i e n t  u s in g  an 18C n e e d le  in  a p p r o x im a te ly  5mls  o f  s o l u t i o n  

and pu t  i n t o  Beckman VTi 65 tu b e s  and c e n t r i f u g e d  a t  room 

t e m p e r a t u r e ,  266 ,635g f o r  4 hours .  The DMA band was removed as 

d e s c r i b e d  above and t h e  E th id ium  Bromide removed by r e p e a t e d  

e x t r a c t i o n  w i t h  i s o p r o p a n o l .  The DNA was th en  e x h a u s t i v e l y  

d ia lysed  aga ins t  IxTE to  remove excess s a l t  and s to red  a t  4°C.
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Figure ^ Physical maps of cDNA probes used in dot blot analysis
P h y s ic a l  maps of cDNA p la sm ids  TcV 7.2-7 ,  c o r r e sp o n d in g  t o  VSG 
gene 7.2 and TcV 7.15-21, co r re sp o n d in g  to  VSG gene 7.15. Only 
the i n s e r t  DNA is  shown.
A b b r e v ia t i o n s  of r e s t r i c t i o n  enzymes: Cl-Clal;  H-Hindlll ; 
Hc-HincII; IJ-Nael; Pv-PvuII.



Southern  A nalys is  o f  DNA

R e s t r i c t i o n  e n d o n u c le a se  d i g e s t i o n ,  e l e c t r o p h o r e s i s  and 

t r a n s f e r  of  genomic DNA to  f i l t e r s  and h y b r id i sa t io n  of probes to  

f i l t e r s  were  c a r r i e d  ou t  as d e s c r i b e d  in  C hapter  2. Pos t  

h y b r id i s a t io n a l  washing was c a r r i e d  out in 2xSSC and the f i l t e r s  

exposed fo r  48 hours i n i t i a l l y ,  then fo r  a f u r th e r  72 hours.

cDNA Probes

The p robes  used in  S ou the rn  b l o t  and d o t  b l o t  a n a l y s i s  a r e  

cDNA probes corresponding to  mRNA s p e c i f i c  fo r  two M-VAT genes of 

t h e  GUTAR 7 serodeme,  namely GUTat 7.2 and GUTat 7.15. Doth 

i n s e r t s  were  c loned  i n t o  pBR322 and have been p r e v i o u s l y  

descr ibed  (Cornelissen e t  a l , 1985). The maps of these  i n s e r t s  are 

given in  Figure 6. Only the  i n s e r t  DNA was used in hyb r id i sa t ion .
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RESULTS

Immune Lvsis Tests

Immune l y s i s  t e s t s  were c a r r ie d  out using the cloned Zambian 

s tocks  and the  Kenyan and Ugandan r e p e r t o i r e  a n t i s e r a .  This t e s t  

was c a r r i e d  out to  obta in  a crude e s t im a te  of the  s i m i l a r i t y  in 

a n t i g e n  r e p e r t o i r e  be tween th e  two c o l l e c t i o n s  of  s to c k s .  All  

n in e  c loned  Zambian s to c k s  were  t e s t e d .  The p o p u l a t i o n s  were  

t e s t e d  d u r in g  th e  f i r s t  peak of  i n f e c t i o n  and d u r in g  ensu ing  

peaks throughout in fec t io n .  Both negative  and p o s i t iv e  con t ro ls  

were included. The former consis ted  of trypanosomes incubated in 

GPS alone,  the  l a t t e r  cons is ted  of two homogeneous monomorphic 

cloned Kenyan popula tions  derived from EATRO 2340, namely GUTat

7.1 and GUTat 7.2.

In a l l  c a s e s  t h e  l y s e d  p e r c e n t a g e  in  t h e  n e g a t i v e  c o n t r o l  

was n e g l i g i b l e . T h e  l y s e d  p e r c e n t a g e  in  t h e  p o s i t i v e  c o n t r o l  

p repa ra t ions  t e s t e d  aga ins t  Kenyan r e p e r t o i r e  a n t i s e r a  was in a l l  

cases  high, 85-100%.

For a l l  n in e  o f  t h e  c loned  Zambian s t o c k s  t e s t e d  a g a i n s t  

Kenyan r e p e r t o i r e  a n t i s e r a  l y s i s  was l e s s  th an  5% and was 

recorded as negative.

The rec ip roca l  reac t ion  t e s t i n g  Zambian r e p e r t o i r e  a n t i s e r a  

from a l l  n ine  c loned  s t o c k s  a g a i n s t  t h e  two Kenyan p o p u l a t i o n s  

GUTat 7.1 and GUTat 7.2 was a l s o  c a r r i e d  out.  Again l y s e d  

percentages  were l e s s  than 5% in a l l  cases  and th e re fo re  recorded 

as negative .

T h e se  r e s u l t s  i n d i c a t e  t h a t  w i t h  r e s p e c t  to  a n t i g e n  

r e p e r t o i r e  t h e r e  i s  l i t t l e  d e t e c t a b l e  s i m i l a r i t y  between th e  

Kenyan and Zambian stocks.
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Dot B lo t  A na lys is

V a r io u s  numbers o f  t rypanosom es  ( lO ^ - io ? )  from s ix  o f  th e  

c lo n ed  Zambian s t o c k s  were  a p p l i e d  t o  nylon  membranes and th e  

m e m b ra n e s  t r e a t e d  as  d e s c r i b e d .  The membranes were  then  

hybr id ised  wi th  e i t h e r  Probe A which corresponds to  the  7.2 gene 

or  t o  Probe B which c o r r e s p o n d s  t o  t h e  7.15 gene (See F ig u r e  6). 

Probe A had a s p e c i f i c  a c t i v i t y  o f  1 cpm/ug and th e  f i l t e r s  

were  exposed f o r  5 days .  Probe B had a s p e c i f i c  a c t i v i t y  o f  1 0^ 

cpm/ug and the f i l t e r s  were exposed overnight.

Both p o s i t i v e  and n e g a t i v e  c o n t r o l s  were i n c lu d e d .  The 

fo r m e r  c o n s i s t e d  o f  th e  two Kenyan p o p u l a t i o n s  GUTat 7.1 and 

GUTat 7.2,  bo th  of  which c o n t a i n  t h e  7.2 and 7.15 genes .  The 

negative  con tro l  cons is ted  of a t h i r d  Kenyan popula tion re fe r r e d  

t o  h e r e  as t r a n s m i s s i o n  12 (T 12) from which both  th e  7.2 and 

7.15 genes have been de le ted  (Barry, unpublished r e s u l t s ) .

Using Probe A ( see  F i g u r e s  7 & 8), s p e c i f i c  f o r  th e  7.2 

gene, a l l  Zambian stocks  t e s t ed  gave st rong p o s i t iv e  s igna ls .  For 

cloned popula tions  182, 231 and 199 a minimum of 10^ trypanosomes 

gave a p o s i t i v e  s i g n a l  in  com par ison  to  bo th  t h e  p o s i t i v e  

c o n t ro l s  and the remaining th ree  cloned Zambian populations  where 

a minimum of  1 trypanosomes were required to  give a p o s i t iv e  

s i g n a l .  No s t r o n g  p o s i t i v e  s i g n a l  was observed  f o r  any o f  th e  

con t ro l  popula tions .  In Figure 7 the  T12 population did not give 

a p o s i t i v e  s i g n a l  as expec ted .  However, nor d id  th e  GUTat 7.1 

p o p u l a t i o n  which was i n c lu d e d  as a p o s i t i v e  c o n t r o l  as  i t  does 

conta in  the 7.2 gene, as does the GUTat 7.2 population which did 

g iv e  a p o s i t i v e  s i g n a l  though not  as i n t e n s e  as th e  s i g n a l s  

o b t a i n e d  from th e  c loned  Zambian s t o c k s .  In  F i g u r e  8 anomolous 

r e s u l t s  were again obtained with  both the p o s i t iv e  and negative
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FiRure I  Dot b lo t  a n a ly s i s  o f  Zambian s tocks  using Probe A.
lOul of 10 fold s e r i a l  d i l u t i o n s  of trypanosomes were applied to  
P a l l  membrane and p ro c e s sed  as d e s c r i b e d  in th e  M a t e r i a l s  & 
Methods s e c t i o n .  The f i l t e r s  were  h y b r i d i s e d  w i t h  Probe A, 
corresponding to the 7.2 gene. The number of trypanosomes in each 
s p o t  i s  i n d i c a t e d  above th e  f i g u r e  and d i f f e r e n t  t rypanosom e 
s t r a i n s  ind ica ted  on the s ide  of the f igu re .
A cloned Zambian stock 244
B cloned Zambian s tock 182
C cloned Zambian stock 203
D GUTat 7.1 
E GUTat 7.2  
F T 12
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Figure  8 Dot blot analysis of Zambian stocks using Probe A,
The f i l t e r s  were  t r e a t e d  as th o s e  in  F ig u r e  7 .
A cloned Zambian stock 220
B cloned Zambian stock 231
C cloned Zambian stock 199
D GUTat 7.1 
E GUTat 7.2 
F T 12



c o n t r o l  p o p u l a t i o n s .  Again GUTat 7.1 gave no s i g n a l .  Both GUTat

7.2 and t h e  T12 p o p u l a t i o n s  gave weak p o s i t i v e  s i g n a l s .  The 

r e a s o n s  f o r  t h e s e  e q u iv o ca l  r e s u l t s  o b t a in e d  from th e  c o n t r o l  

p o p u l a t i o n s  a r e  no t  c l e a r  however,  they  c a s t  doubt upon t h e  

s p e c i f i c i t y  of h yb r id i sa t ion .  I t  should be noted t h a t  with regard 

t o  t h e  anomolous r e s u l t s  o b t a in e d  w i t h  th e  7.1 p o p u la t i o n ,  on 

microscopic  examination of the suspensions before  app l ica t ion  to  

the  f i l t e r  a l a rg e  number of the  trypanosomes in t h i s  p repara t ion  

were lysed,  thus  the DMA from t h i s  p repara t ion  was l i k e l y  to  be 

degraded. The o ther  trypanosome suspensions , inc luding the  Zambian 

s t o c k s ,  a l s o  showed a d eg ree  o f  l y s i s  but  t o  a much l e s s e r  

e x t e n t .  I t  i s  t h o u g h t  th e  l y s i s  was due t o  r e p e a t e d  th a w in g  and 

r e f reez in g  of the  suspensions.

Using Probe B s p e c i f i c  fo r  gene 7.15 f i v e  of the  six Zambian 

s t o c k s  gave s trong, p o s i t i v e  s i g n a l s  ( s e e  F i g u r e s  9 & 10). For 

c l o n e s  182 and 199 as few as 10^ t ry p an o so m es  gave a p o s i t i v e  

s i g n a l .  F o r  t h e  r e m a i n i n g  c l o n e s  203, 220 , and 231 10^ 

trypanosomes were required to  give a s trong p o s i t i v e  s ignal and 

c lo n ed  p o p u l a t i o n  244 d id  not g iv e  a p o s i t i v e  s i g n a l .  Again 

equivocal r e s u l t s  were obtained with  the contro l  populations.  In 

F i g u r e  9 t h e  two p o s i t i v e  c o n t r o l  p o p u l a t i o n s ,  GUTat 7.1 and 

GUTat 7.2 b o th  g iv e  f a i r l y  s t r o n g  p o s i t i v e  s i g n a l s  and t h e  T12 

p o p u l a t i o n ,  th e  n e g a t i v e  c o n t r o l  g i v e s  no s i g n a l .  However, in  

Figure 10 no h y b r id i sa t io n  i s  seen with  the  GUTat 7.1 popula tion 

and a p o s i t i v e  s i g n a l  i s  o b t a in e d  w i t h  th e  GUTat 7.2 p o p u l a t i o n  

though of a much lo w e r  i n t e n s i t y  than  t h a t  seen  in  F i g u r e  9. 

Again no signal was obtained wi th  the  T12 population.

Given th e  f a l s e  n e g a t i v e  r e s u l t s  o b t a in e d  w i t h  t h e  c o n t r o l  

populat ion GUTat 7.1 and the  equivocal r e s u l t s  obtained wi th  the
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FiRure E Dot blot analysis of Zambian stocks using probe B.
The F i l t e r s  were t r e a t e d  as those in previous Figures except t h a t  
they were hybridised with probe B corresponding to the 7.15 gene.
A cloned Zambian stock 244
3 cloned Zambian stock 182
C cloned Zambian s tock 203
D GUTat 7.1 
E GUTat 7.2  
F T 12
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Figure  10 Dot blot analysis of Zambian stocks using probe B.
The f i l t e r s  were t r e a te d  as those in Figure 9.
A cloned Zambian s tock 220
D cloned Zambian s tock 231
C cloned Zambian stock 199
D GUTat 7.1 
E GUTat 7.2 
F T 12



T12 p o p u l a t i o n  no c o n c l u s i o n  could  be drawn from t h e s e  r e s u l t s  

w i th  re spec t  to  an t igen  s i m i l a r i t i e s  which may e x i s t  between the 

two groups of stocks.

Southern Blot Analysis

DNA was i s o l a t e d  f rom a l l  n i n e  s t o c k s ,  b l o t t e d  and 

hybr id ised  as descr ibed. Both probes had a s p e c i f i c  a c t i v i t y  of 

10^ cpm/ug. The f i r s t  a u t o r a d i o g r a p h  f i l m  was exposed f o r  48 

ho u rs ,  th e  second f o r  a f u r t h e r  72 hours .  The r e s u l t s  a r e  shown 

in  F i g u r e s  11 and 12. I t  should  be noted  t h a t  in  th e  f i l t e r  

d e p i c t e d  in  F i g u r e  12 probe  A was no t  m e l te d  o f f  b e f o r e  th e  

f i l t e r  was reprobed w i th  probe B.

For t h i s  a n a l y s i s  AnTat 1.3 DNA was used as  t h e  n e g a t i v e  

c o n t r o l  as  i t  i s  known to  c o n t a i n  n e i t h e r  th e  7.2 nor  th e  7.15 

genes .  P o s i t i v e  c o n t r o l s  were  t h e  GUTat 7.1 and GUTat 7.3 

popula tions  both of  which contain the 7.1 and 7.15 genes. Genomic 

DMA was d i g e s t e d  w i t h  EcoRI, P s t I  and H i n d l l l .  Only th e  EcoRI 

r e s u l t s  a r e  shown b u t  s i m i l a r  r e s u l t s  were  o b t a i n e d  w i t h  th e  

o the r  two enzymes.

Neither probe was seen to  hybr id i se  with  any of the  Zambian 

s tocks  yet  both probes hybridised wi th  the p o s i t iv e  con tro l  DNA. 

The EcoRI band obse rved  u s in g  th e  7.2 probe  i s  18-20 kb in  

l e n g t h ,  t h a t  v i s u a l i s e d  by th e  7.15 probe  i s  8-9  kb in  l e n g t h .  

These s i z e s  a g re e  w i t h  th e  maps o f  th e  b a s i c  c o p ie s  o f  t h e s e  

genes  deduced by C o r n e l i s s e n  e t  a l , 1985. I t  i s  conc luded  t h a t  

n e i t h e r  the  7.2 nor the  7.15 gene i s  p resen t  in any of the  cloned 

Zambian stocks.
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F iRure  11 Southern blot analysis of genomic DNA's from the nine 
cloned Zambian stocks.
Nuclear DMA’s were d igested  with  EcoRI. The b lo t  was hybr id ised  
wi th  Probe A, washed to 2xSSC and exposed fo r  48 hours. D i f f e ren t  
genomic DMA's used are  ind ica ted  below. H ind l l l  d ig e s t  was used 
as a marker.

Tracki A H indl l l  TrackS
Track2 AnTat 1.3 Track9
Track3 GUTat 7.1 TracklO
Track4 GUTat 7.3 T rack i1
Trackg Cloned Zambian stock 182 Track12
Track6 Cloned Zambian stock 199 Tracki3
Track7 Cloned Zambian stock 203 Tracki4

Cloned Zambian 
Cloned Zambian 
Cloned Zambian 
Cloned Zambian 
Cloned Zambian 
Cloned Zambian 
A Hind l l l

stock 220 
stock 221 
s tock  231 
s tock 244 
stock 273 
s tock 267



1 .2  3 4 5 6 7 8 9 10 11 12 13 14

23

9 4 

6 6
4-3

2 3 
2 0

f;
à •

#
é

Figure 12 Southern blot analysis of genomic DNA's from the nine 
cloned Zambian stocks.
Nuclear DNA's were d igested  wi th  EcoRI. The b lo t  was hybr id ised  
w i th  Probe B, washed to  2xSSC and exposed fo r  48 hours. D i f f e re n t  
genomic DNA's used are  ind ica ted  below. H ind l l l  d ig e s t  was used 
as a marker.
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DISCUSSION

Trypanolys is r e ac t io n s  were used as an e s t im a te  of an t igen ic  

s i m i l a r i t y  be tween  t h e  s to c k s  i s o l a t e d  from Kenya and th o s e  

i s o l a t e d  from Zambia. R e p e r to i r e  a n t i s e r a  from t h e  n ine  c loned  

Zambian stocks showed no cross  re ac t ion  wi th  the cloned Kenyan 

stocks.  However only two cloned Kenyan stocks were used. Both are  

a n t ig e n ic a l ly  s t a b l e  clones corresponding to GUTat 7.1 and GUTat 

7.2,  t h e r e f o r e  e f f e c t i v e l y  only two VATs were  t e s t e d  fo r .  

R e p e r t o i r e  a n t i s e r a  from th e  Kenyan s t o c k s  t e s t e d  a g a i n s t  a l l  

n in e  Zambian s t o c k s  a l s o  r e s u l t e d  in  no l y s i s ,  s u g g e s t i n g  no 

s i m i l a r i t y  e x i s t s  in the antigen r e p e r t o i r e s  of these  two groups 

of stocks.  In t h i s  t e s t  a g re a te r  number of VATs were t e s t ed  fo r  

as the  Zambian stocks were t e s t ed  throughout in fec t ion .

Although t rypano lys is  r e a c t i o n s  u s in g  r e p e r t o i r e  a n t i s e r a  

g iv e  only an a p p ro x im a te  e s t i m a t e  o f  t h e  a n t i g e n i c  s i m i l a r i t y  

t h a t  may e x i s t  be tween d i f f e r e n t  trypanosom e s t o c k s  they  have 

been used p r e v i o u s l y  in  c o m p a r a t i v e  a n a l y s i s  o f  se rodem es .  Van 

Meirvenne e t  ^  (1975a; 1975b), in examining cloned popula tions

o f  th e  ETAR 1 and ANTAR 1 serodemes ,  u s in g  r e p e r t o i r e  a n t i s e r a  

concluded  t h a t ,  w i t h  th e  e x c e p t io n  of  two VATs which showed 

s i m i l a r  s e r o l o g i c a l  a c t i v i t y ,  t h e s e  se rodem es  were  q u i t e  

d i s t i n c t .  In  a more e x t e n s i v e  s tudy  Van Meirvenne e t  ^  (1977) 

u s e d  t r y p a n o l y s i s  t e s t s  t o  s t u d y  e i g h t  c l o n e d  s t o c k s  o f  

trypanosomes belonging to  d i f f e r e n t  spec ies  and sub-spec ies  and 

found each c lo n e  produced i t s  own c h a r a c t e r i s t i c  s e r i e s  of 

predominant va r ian ts .  Barry e t  al (1983) used t h i s  t e s t  to  screen 

t w e n t y - s i x  s to c k s  s e l e c t e d  from t h e  Nor th  E as t  sh o re  of  Lake 

V ic to r ia  between 1958-69 and concluded s ix teen  of  the  tw enty-s ix
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s tocks  were a n t ig e n ic a l ly  s im i la r .  Therefore t rypano lys is  t e s t s  

have been used s u c c e s s f u l l y  t o  d i s t i n g u i s h  between different 

s t o c k s  and serodem es  of t rypanosom es .  The r e s u l t s  of th e  

t r y p a n o l y s i s  r e a c t i o n s  d e s c r i b e d  h e r e  indicate t h a t  t h e r e  i s  

l i t t l e  a n t i g e n i c  s i m i l a r i t y  be tween  t h e  two c o l l e c t i o n s  of 

s tocks .

This evidence i s  confirmed by Southern Blot analys is .  Using 

cDNA probes corresponding to  mRUA from two d i s t i n c t  M-VATs of the 

GUTAR 7 serodeme i s o l a t e d  in  1977 from th e  Kenyan focus in  

h y b r id i sa t io n  ana lys i s  of a l l  nine cloned Zambian s tocks  no cross 

h y b r id i sa t io n  was observed in d ica t in g  t h a t  n e i th e r  of these  M-VAT 

genes are  present in any of the cloned Zambian stocks.  The b lo t s  

were i n i t i a l l y  washed to  2xSSC, 65°C, a f a i r l y  low s tr ingency of 

w ash ing ,  and exposed f o r  48 hours i n i t i a l l y ,  th en  a further 72 

hours,  yet  no h y b r id i sa t io n  was observed.

The r e s u l t s  from th e  Sou the rn  Blot a n a l y s i s  c o n t r a s t  w i th  

t h o s e  o b ta in e d  from t h e  Dot B lo t  a n a l y s i s  where  hybridisation 

w i t h  a l l  o f  t h e  Zambian stocks was observed .  These b l o t s  were 

washed a t  various  stringencies but had to  brought down to O.IxSSC 

to  reduce background s u f f i c i e n t l y  in  o r d e r  t o  v i s u a l i s e  th e  

h y b r id i sa t io n  pa t te rn .  Also i t  was f e l t  t h a t  washing a t  O.IxSSC 

would s ig n i f i c a n t ly  reduce any non-spec i f ic  h y b r id i sa t ion .

The r e s u l t s  obtained with  t h i s  technique were obviously not 

consistent with  those obtained from the  Southern Blot analys is .  

In the dot b lo t  ana lys is  the p o s i t iv e  s ig n a l s  observed with  the  

Zambian s tocks  are  presumably not a consequence of non-spec i f ic  

h y b r i d i s a t i o n  as t h e  s t r e n g t h  of  th e  s i g n a l  i s ,  to some degree ,  

c o r r e l a t e d  w i th  th e  number of  t rypanosom es  s p o t t e d  on to  th e  

f i l t e r .  I f  the p o s i t iv e  s igna l s  observed with the Zambian s tocks
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had been due to non-spec i f ic  binding of the  probe then presumably 

t h i s  would have been observed  w i t h  a l l  p o p u l a t i o n s  a t  a l l  

concen tra t ions .  The lack of h y b r id i sa t io n  w i th  the  T12 population 

in  t h r e e  o f  th e  f o u r  f i l t e r s  ( F ig u r e s  7-10)  a l s o  s u g g e s t s  t h e r e  

was l i t t l e  n o n - s p e c i f i c  h y b r i d i s a t i o n .  On one f i l t e r  where  a 

p o s i t iv e  s ignal was obtained wi th  t h i s  population the s ignal  was 

very weak and not p a r t i c u l a r l y  convincing. Also the f i l t e r s  were 

washed to  O.IxSSC, a st r ingency which should have decreased to  a 

minimum non-spec i f ic  binding of the  probe to  the m a te r ia l  on the  

f i l t e r .

Of th e  two t e c h n i q u e s  t h e  do t  b l o t  a n a l y s i s  cou ld  be 

c o n s i d e r e d  a more s e n s i t i v e  t e s t .  I t  i s  p o s s i b l e  t h e r e  a r e  

d i s t a n t l y  r e l a t e d  sequences  in  t h e  Zambian s t o c k s  which  can be 

p icked  up when th e  genomic DNA i s  i n t a c t ,  and on e n d o n u c le a se  

d i g e s t i o n  and e l e c t r o p h o r e t i c  s e p a r a t i o n  o f  genomic DNA th e  

degree of sequence homology may not be high enough to  be observed 

in Southern ana lys is ,  p a r t i c u l a r l y  i f  the  r e l a t e d  sequences are  

p resen t  as s in g le  copies. However given th a t  the  dot b lo t  f i l t e r s  

were washed a t  O.IxSSC, 65°C which i s  a high s tr ingency wash, i t  

seems u n l i k e l y  t h a t  d i s t a n t l y  r e l a t e d  s equences  would be 

de tec ted.  In the Southern b lo t  an a ly s i s  described here the  pos t -  

h y b r id i sa t io n a l  wash was c a r r ie d  out in 2xSSC a t  65°C. This was 

p e r m i s s i v e  enough to  a l low  r e l a t e d  sequences  t o  h y b r i d i s e ,  

however i t  i s  poss ib le  t h a t  i f  the  f i l t e r s  had been exposed fo r  a 

longer period h y b r id i sa t io n  with  the Zambian s tocks  may have been 

observed.

In conclusion the r e s u l t s  obtained from these  two methods, 

combined with  the s e ro log ica l  ana lys is ,  which d e te c t s  expressed 

f u n c t i o n a l  genes ,  i t  can be t e n t a t i v e l y  conc luded ,  b e a r i n g  in
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mind t h e  l i m i t e d  e x t e n t  of  th e  a n a l y s i s ,  t h a t  th e  Zambian and 

Kenyan s t o c k s  do no t  s h a r e  f u n c t i o n a l  s u r f a c e  a n t i g e n  genes ,  

though they may share d i s t a n t l y  r e l a t e d  sequences.

In v e s t ig a t io n s  of the  a n t i g e n i c  c o m p o s i t i o n  o f  m e t a c y c l i c  

p o p u l a t i o n s  has  i n d i c a t e d  t h a t  th e  popula t ion  i s  heterogeneous 

w i th  respec t  to  VAT (Le Ray e t  a l . 1978; Barry e t  ^ , 1 9 7 9 ;  Hajduk 

e t  a l . 1981; Crow e e t  1 983). How e v e r  t h e  same m i x t u r e  o f  VATs 

a r e  e x p r e s s e d  r e g a r d l e s s  o f  th e  VAT o r i g i n a l l y  i n g e s t e d  by th e  

f ly  (Hajduk e t  ^ , 1 9 8 1 ) .  Although a heterogeneous mix ture  of VATs 

i s  expressed in t h i s  population the number of  VATs which can be 

e x p re s s e d  a t  t h i s  s t a g e  in  t h e  l i f e  c y c l e  i s  l i m i t e d  (Crowe e t  

^1 ,1983)  and i s  serodeme s p e c i f i c  (Hajduk e t  ^ , 1 9 8 1 ;  Bar ry  e t  

a i ,  1983). The M-VATs t h e r e f o r e  can be c o n s id e r e d  as serodeme 

s p e c i f i c  markers. However i n s t a b i l i t y  in  the  M-VAT r e p e r t o i r e  has 

been r e p o r t e d  (Barry e t  a i ,  1983). In t h a t  s tudy  seven c loned  

s t o c k s  i s o l a t e d  be tween 1961 and 1979 from th e  Kenyan fo cu s  

i n v es t ig a ted  here were analysed fo r  s i m i l a r i t i e s  in t h e i r  M-VAT 

r e p e r to i r e s .  Of a t o t a l  of eleven M-VATs inves t ig a ted  only th ree  

were present in a l l  stocks,  two being presen t  in s tocks  i s o la te d  

from 1961-64 bu t  a b s e n t  from t h o s e  i s o l a t e d  a f t e r  1964. The 

remainder of the M-VATs were not found c o n s i s t e n t ly  in a l l  stocks 

b u t  no c o r r e l a t i o n  between t h e i r  d a t e  o f  i s o l a t i o n  and the  

presence or absence of the M-VAT could be made.

Given the reported  i n s t a b i l i t y  of the  M-VAT r e p e r t o i r e  more 

M-VAT probes  would need to  be used in  a n a l y s i n g  t h e  Zambian 

s t o c k s  d e s c r i b e d  h e re  b e f o r e  any c o n c l u s i o n  r e g a r d i n g  th e  

serodeme of these stocks could be made. However from the l im i t e d  

ev id en c e  p r e s e n t e d  h e re  th e  p ro p o sa l  t h a t  t h e  s t o c k s  i s o l a t e d  

from the Zambian focus and those i s o la te d  from the Kenyan focus
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belong to  d i f f e r e n t  serodemes can be t e n t a t i v e l y  made.

With  r e f e r e n c e  to  th e  o r i g i n  o f  T .b . r h o d e s ie n se  s t r a i n s  

c i r c u l a t i n g  w i t h i n  t h e  d i f f e r e n t  f o c i  of  i n f e c t i o n  t h r o u g h o u t  

E a s t  A f r i c a  and th e  p r o p o s a l  t h a t  t h o s e  s t r a i n s  in  t h e  North 

arose  from the Southern s t r a in s ,  the  l im i t e d  ana lys is  described 

h e re  would s u g g e s t  t h a t  t h i s  may no t  be t h e  case ,  because  i f  i t  

were  then  i t  would no t  be u n r e a s o n a b le  t o  e x p ec t  t o  f i n d  

s i m i l a r i t i e s  in ant igen r e p e r t o i r e  be tween s t r a i n s  i s o l a t e d  in  

th e  North  o f  E as t  A f r i c a  and th o s e  i s o l a t e d  in  t h e  South.  

However,  i t  has  been r e p o r t e d  t h a t  VSG genes  may be s u b j e c t  to  

p r e f e r e n t i a l  a l t e r a t i o n s  r e s u l t in g  in rapid  evolu tion  of VSG gene 

sequences. Frasch e t  ^  (1982) suggest  some VSG genes are  rap id ly  

evolving whereas o the rs  are  highly conserved and the  former s e t  

a r e  l o c a t e d  w i t h i n  h y p e rm u tag en ic  r e g i o n s  o f  th e  genome i . e .  

t e l o m e r e s .  I t  has been s u g g es te d  t h a t  t e l o m e r e s  may a c t  as 

recom.binational "hotspots" (Van der  Ploeg and C o r n e l i s s e n ,  1984; 

Pays e t  1985a) and a l s o  t e l o m e r i c  genes  a r e  f r e q u e n t l y  

r e p l a c e d  by p a r t i a l  o r  t o t a l  g e n e  c o n v e r s i o n s  (P a y s  e t  

a l ,  1983b; 1983c; 1983d). Gene conversions of s ing le  copy te lom er ic  

VSG genes can lead  tc  t h e i r  lo s s  from the genome being replaced 

by t h e  i n c o m i n g  gene  copy (P a y s  e t  a l , 1 9 8 3 b ;  L a u r e n t  e t  

a l ;  19 84a) . On th e  o t h e r  hand a c t i v a t i o n  of  a new t e l o m e r e  can 

lead to  conservation of the i n a c t i t v a t e d  ELC which then becomes a 

new te lom er ic  member of the gene family  (Young e t  a l ,  1983b; Pays 

e t  1983b; Buck e t  a l ,  1984; Laurent e t  1984a). These changes 

which occur  f r e q u e n t l y  a t  t e l o m e r e s  c o u l d  l e a d  t o  r a p i d  

d i v e r s i f i c a t i o n  of antigen r e p e r to i re s .  Given th a t  VSG genes are 

rap id ly  evolving i t  may be more appropr ia te  then when t e s t i n g  the 

r e l a t e d n e s s  of  s t r a i n s  to  s tudy po lym orph ism s  in  more h ig h ly



co n se rv e d  sequences .  On th e  o t h e r  hand, had gene s i m i l a r i t i e s  

been found between th e  s t r a i n s  t e s t e d  in  t h i s  s tudy  t h i s  would 

have been i n d i c a t i v e  of  some r e l a t i o n s h i p  be tween  s to c k s  from 

Kenya and those  from Zambia.

Gibson e t  al_ ( 1980), from isoenzyme a n a l y s i s  found t h a t  

th e re  was a s t r i k in g ,  though not pe r fec t ,  d iv i s ion  between East 

and West A f r i c a n  s t o c k s  and f u r t h e r  t h a t  f o r  T .b . r h o d e s ie n se  

s tocks  the re  was a d iv i s io n  between those i s o l a t e d  from .North

e a s t  A f r i c a  and th o s e  i s o l a t e d  from th e  S o u t h - e a s t  r e g i o n s  of  

A f r i c a  . This  i s  in  ag reem en t  w i t h  Ormerod’s d i v i s i o n  of 

T . b . r h o d e s i e n s e  s t o c k s  i n t o  N o r th e rn  and S o u th e rn  s t r a i n s  

(Ormerod,1961 ;1963; 1967). From the e l e c t ro p h o r e t i c  evidence the re  

i s  a d i s s i m i l a r i t y  be tween  th e  N or th e rn  and S o u th e rn  s t o c k s  

making i t  un l ike ly  t h a t  T.b.rhodesiense found in Uganda r e su l ted  

from a n o r t h e r n l y  sp re ad  of  an i n c r e a s i n g l y  v i r u l e n t  s t r a i n  as 

has been suggested (Ormerod, 1961).

Over t h e  p a s t  20-30 y e a r s  s l e e p i n g  s i c k n e s s  has  become a 

major hea l th  problem in Zambia. The Kafue River area has su ffe red  

small  epidemics in the  past  (Ormerod, 1961) and a t  Kasempa between 

1960-68 severa l  cases  were reported.  At the  head of the  Luangwa 

Valley a major outbreak was reported 1971-74 a t  Isoka and f u r th e r  

down t h e  v a l l e y  a t  Luwembe a s m a l l e r  o u tb r e a k  o c c u r r e d  a t  th e  

same t im e  (see  F ig u r e  9 and Gibson e t  a l , 1 9 8 0 ) .  Gibson e t  ^

( I 98O) in v es t ig a ted  seven teen  Trvoanozoon s t o c k s  i s o l a t e d  from 

humans in  Zambia in  1972-79 and e lev e n  s t o c k s  i s o l a t e d  from 

d o m e s t i c  a n im a l s  in  t h e  Luangwa V a l l ey  in  1971-74. Among th e  

human stocks v a r i a t io n  was found in only two enzymes. The o ther  

ten enzymes were id e n t i c a l  in a l l  s tocks  and some of these  enzyme 

p a t t e rn s  were typ ica l  of those found in East African Trvoanozoon
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s t o c k s  as opposed to  West A f r i c a n  s t o c k s .  The s to c k s  cou ld  be 

divided in to  f ive  d i f f e r e n t  zymodemes thus providing evidence fo r  

t h e  e x i s t e n c e  o f  a t  l e a s t  a l i m i t e d  number o f  zymodem.es 

c i r c u l a t i n g  in the  same focus.

More v a r i a t io n  was found in the stocks i s o la t e d  from animals  

th an  th o s e  i s o l a t e d  from humans. F ive  o f  t h e s e  were  e i t h e r  

i d e n t i c a l  to ,  o r  d i f f e r e d  by only  one enzyme, from s t o c k s  

i s o l a t e d  from humans in Zambia, whereas the  remaining six s tocks  

were  very d i f f e r e n t  from th o s e  s t o c k s  i s o l a t e d  in  Zambia, or 

indeed elsewhere.  The authors  provided evidence to  suggest  t h a t  

two d i f f e r e n t  zymodemes of T.b.rhodesiense were responsib le  for 

t h e  two d i f f e r e n t  e p id e m ic s  in  t h e  Luangwa V a l l e y ,  t h e  one in  

Luwembe, t h e  o t h e r  in  I soka .  In t h a t  a n a l y s i s  e v id e n c e  i s  a l s o  

p r e s e n t e d  which i n d i c a t e s  t h a t  human i n f e c t i v e  t ry p an o so m es  

i s o l a t e d  in 1958-76 from the  endemic a reas  of Busoga (Uganda) and 

W est-cen tra l  Kenya belonged to  a s in g le  zymodeme d i s t i n c t  from 

o the r  zymodemes found in  East Africa.

Gibson and Gashumba (1983) s tudied  stocks  of T.b.rhodesiense 

i s o l a t e d  from Uganda during the recen t  epidemic (1976-82), which 

i s  thought to  have a r i s en  from the old endemic foc i  on the  shores 

of Lake V ic to r ia  and spread north in to  new areas .  Six zymodemes 

were  r e c o g n i s e d .  The a u t h o r s  s u g g e s te d  t h i s  f i n d i n g  i s  in  

agreement with  the proposal by Ford (1979) t h a t  epidemics are  a 

consequence  of  changing  e c o l o g i c a l  c o n d i t i o n s  r a t h e r  than  th e  

ap p ea ran ce  o f  a p a r t i c u l a r l y  v i r u l e n t  s t r a i n .  One of  th e  

zymodemes d e f in e d  in  t h i s  s tudy  was a l s o  found in  Busoga and 

W est-centra l  Kenya in 1959-76 and the  authors  proposed t h i s  as a 

l i k e l y  candida te  fo r  the o r ig in a l  zymodeme which ar r ived  or. the 

shores of Lake V ic to r ia  in the 1940's. A second zymodeme was a lso
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found in the South, in Zambia and Botswana and a lso  to  the North 

i n  E t h i o p i a  and i t  i s  s u g g e s te d  i t s  a p p ea ran ce  rn Uganda i s  a 

r e s u l t  of r e f u g e e  and m i l i t a r y  movements. The o r i g i n  o f  th e  

r e m a in in g  f o u r  zymodemes rem a in s  u n c e r t a i n .  The p re s e n c e  o f  

d i f f e r e n t  t rypanosom e zymodemes found c i r c u l a t i n g  in  t h e  one 

ep idem ic  a r e a  or th e  one endemic fo c u s  s u p p o r t s  t h e  view t h a t  

T .b . r h o d e s i e n se  found in  d i f f e r e n t  f o c i  may have a r i s e n  de novo 

from T . b .b r u c e i .

As m en t ioned  p r e v i o u s l y  T .b . rhodes iense  i s  thought to  have 

s p re ad  North from i t s  proposed  o r i g i n  in th e  Zambezi b a s in  

t h r o u g h  Z am b ia ,  T a n z a n i a  and on i n t o  Uganda and Kenya 

(Ormerod, 1961). However th e  e l e c t r o p h o r e t i c  ev id en ce  p r e s e n t e d  

(Gibson e t  ^ , 1 9 8 0 )  does  no t  s u p p o r t  t h i s  view. The m a jo r  

zymodemes found in South-east  Africa (Zambia, Tanzania,Rwanda and 

Botswanna) are  d i s t i n c t  from those found in  Uganda and Kenya. I t  

would seem l i k e l y  t h a t  human i n f e c t iv e  trypanosomes from North 

and South  Eas t  A f r i c a  have s e p a r a t e  o r i g i n s .  Also r e s u l t s  from 

r e s t r i c t i o n  enzyme a n a ly s i s  o f  m a x i - c i r c l e  kDNA i n d i c a t e d  t h a t  

th e re  was a d i f f e rence  between Northern and Southern stocks.  The 

evidence presented here  would support  t h i s  view as no s i m i l a r i t y  

between Zambian and Kenyan stocks was demonstrated w i th  regard to  

an tigen  r e p e r t o i r e s .

95



Apted,F.I.C.,(1970)
The epidemiology of Rhodesian s leeping  s ickness .
African Trypanosomiasis
Edited by Mulligan,H.W.f Potts,W.H.
George Allen & Unwin, Ministry of Overseas Development.

Ashcroft,M.T. (1957)
The polymorphism of Trypanosoma b ru c e i  and T.rhodesiense. 
i t s  r e l a t i o n  to  r e l a p s e s  and r e m i s s i o n s  of  i n f e c t i o n  in  
white r a t s ,  and the e f f e c t  of cor t isone .
Annals Tropical  Medecine 51,301-312.

Ashcroft,M.T.(1959)
A c r i t i c a l  r e v e i w  o f  t h e  e p i d e m i o l o g y  o f  human 
trypanosomiasis  in Africa.
Tropical  Disease B u l le t in  56,1073-1093.

B a k e r , J . R., McConnell, E . , Kent,D.C.f Hady, J .(1970)
Human t r y p a n o s o m i a s i s  in E t h io p ia .  Ecology of  I l l u b a b o r  
Province and epidemiology in the Baro River area.
Trans.  Royal Soc.Trop. Med.& Hygiene 64,523-530.

B a l t z , J . ,G i ro u d ,C . ,B a l tz ,D . , Roth,C., Raibaud,A.& Eisen ,H .(1986)
S tab le  expression  of two va r iab le  surface  g lycopro te ins  by 
cloned Trypanosoma eauioerdum.
Nature 319,602-604.

B a rb e t ,A.F.& McGuire,T.C.(1978)
C r o s s r e a c t i n g  d e t e r m i n a n t s  in  v a r i a n t  s p e c i f i c  s u r f a c e  
antigens  of African trypanosomes.
Proc.Natl.Acad.Sci.USA 75,1989-1993.

B a r r y , J .D . , Hajduk,S.L.& Vickerman,K.(1979)
Detect ion of m u l t ip le  va r iab le  antigen types in metacyclic  
popula tions  of  Trypanosoma b ru ce i .
Trans. Royal Soc. Trop.Med.& Hygiene 73,205-208.

Barry ,J .D. ,Crowe,J .S .A Vickerman,K.(1983)
I n s t a b i l i t y  of the Trypanosoma brucei  rhodesiense metacyclic  
v a r ia b le  antigen type.
Nature 306,699-701.

Barry,J .D.A Emery,D.L.(1984)
P a r a s i t e  d e v e l o p m e n t  and h o s t  r e s p o n s e s  d u r i n g  t h e  
es tab l ishment  of Trypanosoma brucei in fe c t io n  t r a n sm i t te d  by 
the t s e t s e  fly.
Paras i to logy 88,67-84.

B ar ry ,  J.D.,Crow e, J.S.& Vickerman,K.( 1985)
N e u t r a l i s a t i o n  o f  i n d i v i d u a l  v a r i a b l e  a n t i g e n  ty p e s  in  
m e t a c y c l i c  p o p u l a t i o n s  o f  Trypanosoma b r u c e i  does no t  
prevent t h e i r  subsequent expression in mice.
Parasito logy 90,79-88.

96



Bernards ,A. ,Van der  Ploeg,L.H.T.,Frasch,A.C.C.A B o rs t ,P . ( I98I)
A c t i v a t i o n  o f  Trypanosoma s u r f a c e  g l y c o p r o t e i n  g e n e s  
i n v o l v e s  a d u p l i c a t i o n - t r a n s p o s i t i o n  leading to  an a l t e r e d  
3 ’ end.
Cell 2 7 , 497- 505.

B ern a rd s ,  A., M iche ls ,  P.A.M.,Lincke, C.R.& Borst,P.(1983)
Growth of chromosome ends in m ul t ip ly ing  trypanosomes.
Nature 303,592-597.

B ern a rd s ,  A.,De Lang e , T. , I' i chel  s , P.A.M. , L u i , A.Y.C. , Huisman, M.J.A 
Bors t ,P .(1984a)

Two modes of a c t i v a t io n  of a s ing le  surface  antigen gene of 
Trypanosoma b r u c e i .
Cell 36,163-170.

Bernards ,A . , Harten-Loosbroek,N.& B o r s t , P . ( 1984b)
Modification of te lomeric  DNA in Trypanosoma b r u c e i : a 
ro le  in an t igen ic  va r ia t io n ?
Nucleic Acids Research 12,4153-4170.

Booth royd,J . C . , Cross,G.A.M.,Hoei jmakers ,J .H.J . A B o r s t , P . ( I98O)
A v a r i a n t  surface  g lycopro te in  o f  Trypanosoma brucei 
synthes ised  with a C-terminal hydrophobic " t a i l "  absent  
from p u r i f i ed  glycoprote in .
Nature 288,624-626.

Boothroyd,J . C . . Paynter ,C .A. , Cross,G.A.M..Bernards,A.& Bors t ,P .
(1981)

Variant surface  g lycoprote ins  of Trypanosoma brucei are  
synthes ised  with c leavable  hydrophobic sequences a t  the  
carbcxy and amino t e rm in i .
Nucleic Acids Research 18,4735-4743.

Boothroyd,J . C.A Cross,G.A.M.(1982)
Transc r ip t s  coding fo r  VSG's of Trypanosoma brucei have a 
shor t  id e n t i c a l  exon a t  t h e i r  5 '  end.
Gene 20,281-289.

B o r s t ,P . ,F a s e - F o w le r ,F . , Frasch,A.C.C . , Hoeijmakers, J . H. J .& 
W i je rs ,P .J . (1980a)

Charac te r iza t ion  of DNA from Trypanosoma brucei and r e la t e d  
trypanosomes by r e s t r i c t i o n  endonuclease d iges t ion .
Mol.Biochem.Paras ito l .1,221-246.

B o r s t , P . , Bernards ,A .,Van der Ploeg,L .H.T ., H oe i jm akers , J .H .J . , 
Arnberg,A.C.& Cross,G.A.M.( 1980b)

DNA rearrangements involving the genes fo r  v a r i a n t  ant igens  
in  Trypanosoma b r u c e i .
Cold Spring Harbour Symp.Quant.Biol.45,935-943.

Bors t ,  P. ,Fase-Fov-Jler,F., Hoei jmakers, J . H. J . & Frasch, A.C.C. (1980c) 
V a r i a t i o n s  in  m a x i - c i r c l e  and m i n i - c i r c l e  sequences  in 
k in e to p la s t  DMA's from d i f f e r e n t  Trypanosoma brucei s t r a i n s .  
Biochem. Biophys.Acta 610,197-210.

07



Borst ,  p. ,Fase-Fovjler.F. A Gibson,W.C. ( 1981 )
Q u a n t i t a t i o n  o f  g e n e t i c  d i f f e r e n c e s  between Trypanosoma 
b r u c e i  g a m b ie n se . r h o d e s i e n s e  and b r u c e i  by r e s t r i c t i o n  
enzyme a n a ly s i s  of k in e to p la s t  DNA 
Mol.Biochem.Parasit o i .  3,117-132.

B o r s t ,  P., Van der  Ploeg, L.H.T., Van Hoek, J .M.,Tas,  J.& James,  J .(  1982) 
On the  DNA content and ploidy of trypanoscxnes.
Mol.Biochem.Parasit o i .6,13-23.

B r id g e n ,P . J . , Cross,G.A.M.& B r id g en ,J .(1976)
N-terminal amino acid sequences of v a r i a n t  sp e c i f i c  surface  
antigens  from. Trypanosoma b r u c e i .
Mature 263,513-614.

Brown, B.C.,Evans,D.A.& Vickerman,K.(1973)
C hanges  i n  o x i d a t i v e  m e t a b o l i s m  and u l t r a s t r u c t u r e  
accompanying d i f f e r e n t i a t i o n  o f  t h e  m i to c h o n d r io n  in  
Trypanosoma b r u c e i .
I n t .  J.  P a r a s i t o l .  3,691-704.

Buck,G.A.jLongacre ,S. , Raibaud,A., Hibner,U.,Giroud,C . , B a l t z , T . , 
Baltz,D.& Harvey, E . (1984)

S t a b i l i t y  of an expression l inked surface  antigen gene in 
Trypanosoma b r u c e i .
Mature 307,563-566.

Campbell, D. A., Ven Bree , K. P.& Boothroyd, J . C. ( 1 984a)
The 5’ l i m i t  of t r a n s p o s i t io n  and upstream barren region of 
a trypanosome VSG gene: tandem 70 bp repea ts  flanking(TAA)qQ. 
Nucleic Acids Research 12,2759-2774.

Campbell,D.A., Thornton,D.A.A Boothroyd,J .C .( 1984b)
Apparent d iscontinuous t r a n s c r i p t i o n  of  Trypanosoma brucei 
v a r i a n t  surface  antigen genes.
Mature 311,350-355.

Capbern ,A.,Girouc,C.,Bal tz ,T .A M at te rn ,P . (1977)
Trypanosoma eauiperdum: etude des v a r i a t i o n s  an t igen iques  au 
cours de l a  t r y panosome expérimentale du l a p in .
E x p .P a r a s i t o l .42,6-13.

Cardoso de Almeida,H.L.& Turner ,M.J.(1983)
The membrane form o f  v a r i a n t  s u r f a c e  g l y c o p r o t e i n s  o f  
Trvpanosoma b r u c e i .
Mature 302,349-352.

Cie jek,E.M., T s a i , M. J .& 0 ' Malley, B.W.(1983)
Actively t r ansc r ibed  genes are a ssoc ia ted  wi th  the nuclear 
matrix.
Mature 306,607-609.

Cornelissen,A.W.C.A.,Bakkeren,G.A.M., B a r r y , J .D . , Michels,P.A.M.A 
B o r s t , P . ( 1985)

C h a r a c t e r i s t i c s  of trypanosome v a r i a n t  antigen genes ac t iv e  
in the t s e t s e  f ly  (T .b ru ce i ) .
Nucleic Acids Research 13,4661-4676.

98



Cros5,G.A.M.(1975)
I d e n t i f i c a t i o n ,  p u r i f i c a t i o n  and p r o p e r t i e s  o f  c l o n e -  
sp e c i f i c  g lycopro te in  an t igens  c o n s t i t u t i n g  the  sur face  coat 
of Trvpanosoma b r u c e i .
Paras i to logy  71,393-417.

Cross,G.A.M.A Johnson ,J .G .(1976)
S t ru c tu re  and organ isa t ion  of the  v a r i a n t  sp e c i f i c  surface  
an tigens  of  Trvpanosoma b r u c e i .
"Biochemistry of P a ra s i te s  and H os t -P a ra s i te  Relationships"  
(Van den Bossche, ed .)  pp413-420. North Holland Publishing 
Company, Amsterdam.

Cross,G.A.M.(1977)
I s o l a t i o n ,  s t r u c t u r e  and f u n c t i o n  o f  v a r i a n t - s p e c i f i c  
sur face  antgens.
Ann. Soc. Beige. Med. Trop.57,389-399.

Crowe,J .S . , Barry , J . D . , Luckins ,A.G., Ross,C.A.& Vickerman,K.(1983) 
All  m e t a c y c l i c  v a r i a b l e  a n t i g e n  ty p e s  of  Trvpanosoma 
consolense i d e n t i f i e d  using monoclonal an t ibod ies .
Nature 306,389-391.

Cunningham,I.(1977)
New c u l t u r e  medium f o r  m a in te n an c e  o f  t s e t s e  t i s s u e s  and 
growth of trypanosomatids.
J . P ro tozool .24,325-329.

Davis,B.D.& Tai ,P.C.(1980)
The mechanism of pro te in  s ec re t io n  across  membranes.
Nature 283,433-438.

De Lange,T.& B o r s t , P . (1982)
Genomic environment of the  expression l inked ex tra  copies 
o f  genes  f o r  s u r f a c e  a n t i g e n s  o f  T r v p a n o s o ma b r u c e i  
resembles the end of a chromosome.
Nature 299,451-453.

De Lange, T. , Kooter, J . M. , Michels,P.A.M.& B o rs t , P . (1983a )
Telomere conversion in trypanosomes.
Nucleic Acids Research 11,8149-8165.

De Lange,T., L u i ,A.Y.C . ,Van der Ploeg,L .H.T. , B o r s t , P . , Trompe,M.C.A 
Jacques ,H .( 1983b)

Tandem r e p i t i t i o n  of the  5 ’ m in i - ex o n  o f  v a r i a n t  s u r f a c e  
g l y c o p r o t e i n  genes :  a m u l t i p l e  p ro m o te r  f o r  VSG gene
t r a n s c r ip t io n ?
Cell 34, 891- 900.

De Lange, T., M iche ls ,  P. A.M., Veer man, H.J.G., C o r n e l i s s e n ,  A.W.C.A.& 
B o r s t , P . (1984)

Many t ry  panosome messenger RNAs share a common 5’ te rminal 
sequence.
Nucleic Acids Research 12,3777-3789.

99



Donelson, J . E . , Young, J .R. ,Dorfrnan,D., Majiwa, P. A.O.A 
W i l l i a m s ,R .0 . (1982)

The ILTat 1.4 s u r f a c e  a n t i g e n  gene f a m i l y  o f  T rvpanosoma 
b r u c e i .
Nucleic Acids Research 10,6581-5595.

Doyle,J.J.(1977)
Antigenic v a r i a t i o n  in the s a l i v a r i a n  trypanoscxnes.
Immunity to  Blood P a ra s i te s  of Animals and Man pp .31-63.
Ed.L.H.Mil ler,  J.A.Pino and J.McKelvey, J r . ,  New York and 
London: Plenum Press .

D oy le ,J . J . , Kirumi,H.,Hirumi,K., Lupton.E.M.A Cross,G.A.M.(1980)
A n t i g e n i c  v a r i a t i o n  in  c l o n e s  o f  a n i m a l  i n f e c t i v e  
Trvpanosoma brucei derived and maintained in v i t r o . 
Paras ito logy 80,359-369.

Duggan,A.J.(1970)
An H is to r i c a l  Perspect ive .
The African Trypanosomiasis.
Edited by Mulligan,H.W.& Potts,W.H.
George Allen & Unwin, Ministry of Overseas Development.

Dukes, P . , Scot t ,  C.M., Ricicman,L.R.& Wupara,F.( 1983)
Trypanosomes e t  B a c t e r i o s e s .  S le e p in g  s i c k n e s s  in  th e  
Luangwa Valley of Zambia. A pre liminary  repor t  of the  1982 
outbreak a t  Kasykasya v i l lage .
Bull .Soc .Path .Ex.  76,605-613.

E s se r , K. M.& Schoenbechler, M.1.(1985)
E x p r e s s i o n  o f  two v a r i a n t  s u r f a c e  g l y c o p r o t e i n s  on 
ind iv idua l  African trypanosomes during antigen swi tching. 
Science 229,190-193.

Evans,D.A,(1979)
Cyclical  transmission of Trvpanosoma brucei rhodesiense  
and Trvpanosoma c o n so le n s e  by t s e t s e  f l i e s  i n f e c t e d  w i t h  
c u l tu re  form procyc lic  trypanosomes.
J . P ro tozoo l .26,425-427.

F a i r b a i r n ,H . (1948)
Sleeping s ickness  in Tanganyika t e r r i t o r y  
Tropical  Diseases B u l l e t in  45,1-17.

Ferguson,M.A.J.& Cross,G.A.M.(1984)
M yris ty la t ion  of the  membrane form of a Trvpanosoma brucei 
v a r ia n t  surface  g lycoprote in .
J.Biol.Chem.259,3011-3015.

Ferguson,M.A.J. , Haidar,K.A Cross,G.A.M.(1985)
Trvpanosoma b r u c e i  v a r i a n t  s u r f a c e  g l y c o p r o t e i n  has  a sn -  
1,2 - D i m y r i s t y l  G l y c e r o l  m em brane  a n c h o r  a t  i t s  COOH 
terminus.
J . B i o l . Chem.260,4963-4968.

100



Fiennes , R. N. T. 1/. ( 1946 )
Trypanosoma conzolense (Broder) d isease  of c a t t l e :  the 
parenchymatous l e s io n  and i t s  r e l a t i o n  to  c e l l u l a r  defences.  
J . Comp.Pathol.5 6 j 28-37 .

F o r d , J . ( 1971)
The ro le  of the Trypanosomiases in African ecology.
A study of the t s e t s e  f ly  problem.
Oxford Univers ity  Press .

F o rd ,1.(1979)
Ideas which have inf luenced a t tem pts  to  solve the  problem of 
African trypanosomiasis.
Socio logica l  Science and Medecine 306,269-275.

Frasch,A.C.C.jBors t ,P .A Van den Burg,1.(1982)
Rapid e v o l u t i o n  o f  g e n e s  coding f o r  v a r i a n t  surface 
g lycopro te ins  in  trypanosomas.
Gene 17,197-211.

Gibson,! ' .C ., Marshall,T.F.& Godfrey,D.G.(1980)
Numerical ana lys is  of enzyme polymorphism: a new approach to  
th e  e p idem io logy  and taxonomy of t rypanosom es  of the sub 
genus Trvpanozoon.
Advances in Paras ito logy 18,175-246.

Gibson,!,' .C.u Gashumba, 1 .K .( 1983)
Isoenzyme c h a r a c t e r i s a t i o n  of some Trvpanozoon s tocks  from a 
recent trypanosomiasis epidemic in Uganda.
Trans. Royal Soc.Trop.Med. A Hygiene 77,114-118.

Gibson,W.C.,Borst ,P .A Fase-Fowle r ,F .(1985)
Fur ther ana lys is  of i n t r a s p e c i f i c  v a r i a t i o n  in Trypanosoma 
b r u c e i  u s in g  r e s t r i c t i o n  s i t e  polymorphism in  the maxi
c i r c l e  of k in e to p la s t  DMA.
Mol .Biochem.Parasito l . 15,21-37.

Gibson,W.C.,Osinga,K.A., Michels,P.A.M.A B o r s t , P . (1985)
Trypanosomes of  the subgenus Trvpanozoon are  diploid 
fo r  housekeeping genes.
Hoi.Biochem.Paras ito l .16,231-242.

Godfrey,D.G.& Kilgour,V.( 1976)
Enzyme e l e c t r o p h o r e s i s  in  c h a r a c t e r i s i n g  the causitive 
organism of Gambian trypanosomiasis.
Trans.Royal Soc.Trop.Med.A Hygiene 70,219-224.

Gordon,R.M.& Willet,K.C.(1956)
A preliminary account of the  deposi t ion  by the t s e t s e  f ly  of 
t h e  i n f e c t i v e  forms o f  Trypanosoma rhodesiense. t h e i r  
su b se q u e n t  m i g r a t i o n  t o  the g e n e r a l  circulation and t h e i r  
development to  the bloodfomis.
Annals Trop.Med.50,314-318.

Gray,A.R.(1965a)
Antigenic v a r i a t io n  in clones of Trypanosoma brucei.
I.Immunological relationships of the clones .
Annals Trop. Med.59,27-36.

101



Gray,A.R.(1965b)
A n t ig e n ic  v a r i a t i o n  in  a s t r a i n  o f  T rypanosoma b r u c e i  
t ransm it ted  by Glossina m ors i tans .
J.Gen.Microbiol .  41,195-214.

Gray,A.R.& Luckins, A.G.(1980)
The i n i t i a l  s tage  of in fec t io n  with c y c l i c a l l y  t ransm i t ted  
Trypanosoma consolense in r a b b i t s ,  calves  and sheep.
J . Comp. Pa tho l . 90 , 499-512.

Hajduk,S .L. , Cameron,C.R., B ar ry , J . D . A  Vickerman,K.(1981a)
A n t ig e n ic  v a r i a t i o n  in c y c l i c a l l y  t r a n sm i t t e d  Trypanosoma 
b r u c e i . Variable  antigen type composition of metacyclic  
popula tions  from the sa l ivary  glands of Glossina m o rs i tan s . 
Paras ito logy 83,595-607.

Hajduk,S.L.A Vickerman,K.( 1981b)
Antigenic v a r i a t io n  in c y c l i c a l ly  t ransm i t ted  Trypanosoma 
b r u c e i . V a r i a b l e  a n t i g e n  type  c o m p o s i t io n  o f  t h e  f i r s t  
parasi taemia  in mice b i t t e n  by trypanosome-in fe c ta  Glossina 
m ors i tans .
Paras ito logy 83,609-621.

Harley ,J .M .B . , Cunningham,’!.P.A Van Hoeve,K.(1966)
The numbers of in f e c t i v e  Trypanosoma rhodesiense  extruded by 
Glossina mors itans  during feeding.
Ann. Trop.Med.P a r a s i t a i .  60,455-460.

Hoare,C.A.(1972)
The trypaonosornes of mammal s .
Oxford: Blackwell S c i e n t i f i c  Pub l ica t ions .

H oe i jm akers , J .H .J . , Frasch,A.C.C.,Bernards ,A ., Borst ,P.A 
Cross,G.A.M.(1980a)

Novel e x p r e s s i o n  l i n k e d  c o p ie s  o f  th e  genes  f o r  v a r i a n t  
su r face  antigens  in trypanosomas.
Mature 284,78-80.

Hoei j  maker s, B o r s t ,  P., Van derBurg, J . ,  Weissman, C.A
Cross,G.A.M.(1980b)

The i s o l a t i o n  of plasmids contain ing DMA complementary to 
m e s s e n g e r  RNA f o r  v a r i a n t  s u r f a c e  g l y c o p r o t e i n s  o f  
Trypanosoma b r u c e i .
Gene 8,391-417.

Holder,A.A.& Cross,G.A.M.(1981)
G l y c o p e p t i d e s  f rom  v a r i a n t  s u r f a c e  g l y c o p r o t e i n s  o f  
T rypanosoma b r u c e i . C - te r rn in a l  l o c a t i o n  o f  a n t i g e n i c a l l y  
c ross  reac t ing  carbohydrate moie ties .
Mol.Biochem.Paras ito l . 2,135-150.

Holder,A.A.(1983)
C arbohydra te  i s  l i n k e d  th rough  e th a n o la m in e  t o  th e  C- 
terminal amino acid of  Trypanosoma brucei v a r i a n t  surface  
glycoprote in .
Biochemical Journal 209,261-262.

102



Hornby, H.E . (1952)
Animal trypanosomiasis in Eastern Afr ica .
London:H.S.M.O.

Isharaza,VJ.K. ( 1985)
C h a r a c t e r i s a t i o n  o f  T .b . r h o d e s ie n se  se rodemes  th rough  
s e ro log ica l  and DMA analysis.
PhD ThiesiSj V r i je  U n iv e r s i t e i t  van Brussel.

Jackson,D.G.A Voorheis ,H .P .(1985)
Release  of  th e  v a r i a b l e  s u r f a c e  c o a t  g l y c o p r o t e i n  from 
Trypanosoma b r u c e i  r e q u i r e s  the  c l e a v a g e  o f  a phosphate 
e s t e r .
J.Biol.Chem. 260,5179-5163.

Johnson,J.G.& Cross,G.A.M.(1977)
Carbohydrate composition of v a r i a n t - s p e c i f i c  surface  antigen 
g lycopro te ins  from Trypanosoma b r u c e i .
J.Protozool. 24,587-591.

Koote r ,J .M.,De Lange,T.A Borst.P.(1984a)
D i s c o n t i n u o u s  s y n t h e s i s  o f  mP.NA in  t r y  p a n o so m e s  
(T.b.brucei).
E.M.B.O.J. 3,2387-2392.

Kooter,J.M.A Borst,P . ( 1984b)
etAmanitin insensitive t r a n s c r i p t i o n  o f  v a r i a n t  surface 
g l y c o p r o t e i n  g e n e s  provides f u r t h e r  e v i d e n c e  f o r  
discont inuous  t r a n s c r ip t i o n  in trypanosomes.
Nucleic Acids Research 12,9457-9472.

Kosinski , R. J .(1980)
Antigenic variation in trypanosomes: a computer an a ly s i s  of 
v a r i a n t  order.
Paras ito logy 80,343-357.

K os t r iken ,R . , S t r a t h e r n , J . N., K la r ,A .J .S . ,H icks ,J .B .A  
Heffron,F.(1983)

A site-specific e ndonuc lease  e s s e n t i a l  fo r  m at ing  type  
switching in Saccharomvces c e r e v i s i a e .
Cell 35,167-174.

Laird ,P .V '. , Kooter ,J .M. , Loosbroek,N.A B o r s t , P . (1985)
Mature mRNAs of  Trypanosoma brucei possess a 5 ’ cap acquired 
by discontinuous RMA synthesis.
Nucleic Acid Research 13,4253-4266.

Lanham,S.H.A Godfrey, D.G.(1970)
I s o l a t i o n  of  s a l i v a r i a n  trypanosomes from man and other 
animals on DEAL ce l lu lo se .
E xp t l . P a r a s i t o l . 28,521-532.

Laurent,M.,Pays ,E. ,Delin te ,K .,Van Meirvenne,N.A Steinart,M.( 1984a) 
Evolution of a trypanosome surface antigen gene r e p e r to i r e  
l inked to non-duplicstive gene a c t i v a t io n .
Nature 308,370-373.

103



L a u re n t ,  M., Pays, E.,Van der  W er f , A., Aerts,D.,Magnus,E.,Van 
Meirv enne, I !. A S te in  a r  t , M. ( 19 8 4b )

Trans location  a l t e r s  the a c t i v a t io n  r a t e  of a trypanosome 
surface  antigen gene.
Nucleic Acids Research 12,8319-8329.

LenardOjM.J. , R ice-F ich t ,A .C . , K e l ly ,G . , Esser,K.M.&
Donelson ,J . E . (1984)

C h a r a c t e r i s a t i o n  of  the  genes  s p e c i f y i n g  two m e t a c y c l i c  
v a r i a b le  antigen types in Trypanosoma brucei rhodes iense . 
P ro c .N a t l . Acad.Sci.USA. 81,5642-6646.

Le Ray,D.,Barry,J.D.A Vickerman,K.(1978)
Antigenic he te rogeneity  of metacyclic forms of Trypanosoma 
b r u c e i .
Nature 273,300.

Lheureux, M.jLheureux, M., V erv roo t .  T.. VanMeiryenne,N.& S te in a r t ,  M. 
(1979)

Immunological p u r i f i c a t i o n  and p a r t i a l  c h a r a c t e r i s a t i o n  of 
v a r i a n t - s p e c i f i c  surface  antigen mRKA of Trypanosoma brucei 
b r u c e i .
Nucleic Acids Research 7,595-609.

Liu,A.Y.C.,Van der Ploeg,L .H.T. , Rijsenwijk,F.A.M.A B o r s t , P . (1983) 
The t r a n s p o s i t io n  un i t  of v a r ia n t  surface  g lycopro te in  gene 
118 of  Trypanosoma b ruce i . Presence of repeated elements a t  
i t s  border and the absence of promoter-associated sequences. 
J .Mol.Bio l.  167,57-75.

Liu ,A.Y.C., Michels,P.A.M.,Bernards,A.A B o r s t , P . (1985)
Trypanosome v a r i a n t  s u r f a c e  g l y c o p r o t e i n  genes  e x p re s sed  
ear ly  in in fe c t io n .
J .Mol.Bio l.  175,383-396.

Longacre ,S . ,Hibner ,U.,Raibauc,A. , E isen,H . ,Baltz ,T .,Girouc,C .A  
Bal tz,D.(1983)

DNA r e a r r a n g e m e n t s  and a n t i g e n i c  v a r i a t io n  in Trypanosoma 
eouiperdum: m u l t ip le  expression l inked s i t e s  in independent 
i s o l a t e s  of trypanosomes express ing the same antigen.
M ol .Cell .B io l.  3,399-409.

Lumsden,W. H. R. , H erber t ,W. J.& M^Nei11age ,G. J . C.(1973)
Techniques with trypanosomes.
Edinburgh, Churchil l  Livingstone.

Majiwa,P.A.O., Young,J. R., Englund,P.T., Shapiro,B.Z.&
Will iams,R.O.(1982)

Two d i s t i n c t  forms of surface antigen gene rearrangement in 
Trypanosoma b r u c e i .
Nature 297,514-516.

Majumder,H.K., Boothroyd,J.C.A Weber,H.(1981)
Homologous 3’ te rminal regions of mRNAs for  surface  antigens 
of d i f f e r e n t  an t igen ic  v a r ia n t s  of  Trypanosoma b r u c e i . 
Nucleic Acids Research 9,4745-4753.

1 04



Massamba,N.N.A Wil l iams,R.O.(1984)
D i s t i n c t i o n  of A f r i c a n  trypanosome s p e c i e s  u s ing  n u c l e i c  
acid h y b r id i sa t io n .
Paras ito logy 88,55-65.

HatthysenSjG. ,Michie ls ,F . .Hamers ,R., Pays,E.A S te in e r t ,M . (1981)
Ti’jo v a r i a n t  surface  g lycoprote ins  of  Trypanosoma brucei 
have a common C-terminus.
Nature 293,230-233.

M iche ls ,  P. A.M., Lui, A.Y.C., B e r n a r d s , A., SI oof,  P. ,Vander B i j l .  M.M.W 
Schinkel,A.H.,Menke,H.H.& B o r s t , P . (1983)

A c t i v a t i o n  of  th e  genes  f o r  v a r i a n t  s u r f a c e  g l y c o p r o t e i n s  
117 and 118 in Trypanosoma b r u c e i .
J .Mol .Biol.  166,537-556.

Michels,P.A.M.,Van der Ploeg,L.H.T.,Lui,A.Y.C.A B o r s t , P . (1984)
The in a c t iv a t i o n  and r e a c t iv a t io n  of an express ion l inked 
gene copy of a va r ian t  surface  g lycopro te in  in Trypanosoma 
b r u c e i .
E.M.B.O.J. 3,1345-1351.

Miller,E.N.A Turner ,M .J . (1981)
Analysis of an t igen ic  types appearing in the f i r s t  re lapse  
population of clones of Trypanosoma b r u c e i .
Paras ito logy 82,63-80.

Nash,T.A.M.(I960)
A reveiw of the African trypanosomiasis problem.
Tropical  Diseases B u l l e t in  57,973-1003.

Nelson,R.G., Parsons,M., Se lk i rk ,M . , Newport ,G.,Barr,P.J.A 
Agabian,H.(1984)

Sequences homologous to  v a r ia n t  antigen mRNA sp l iced  leader  
i n  T r v p a n o s o m a t i d a e  w h ic h  do n o t  u n d e r g o  a n t i g e n i c  
v a r i a t i o n .
Nature 308,665-667.

Ormerod,W.E.(1961)
The ep idem ic  s p read  of rh o d e s ia n  s l e e p i n g  s i c k n e s s  1908- 
1960.
Trans.Royal Soc.Trop.Med.A Hygiene 55,525-538.

Ormerod,U. E.(196 3)
A comparative study of growth and morphology of s t r a i n s  of 
Trypanosoma rhodes iense .
Exp t l . P a r a s i t o l . 13,374-385.

Ormerod,W. E.(1967)
Taxonomy of the s leeping sickness  trypanosomes.
J . P a r a s i t o l .  53,824-830.

Overa th ,P . ,Czichos ,J . ,S tock ,U .A Nonnengaesser,C.(1983)
Repression of glycopro te in  syn thes is  and re lease  of surface  
coat during transformation of Trypanosoma b r u c e i .
E.M.B.O.J. 2,1721-1728.

1 0 5



P a in d a v o in e ,P . ,P 2ys,E. ,Laurent,M.,Gel tmeyer,Y.,Le Ray.D.,
MehlitZjD.A S te i n e r t ,M . ( I 9S6)

The use of  DNA h y b r i d i s a t i o n  and n u m e r ic a l  taxonomy in 
determining the re la t io n s h ip s  between Trypanosoma brucei 
stocks and subspecies.
Paras ito logy 92,31-51.

Parsons .H . , Nelson,R.G.,Newport ,G.,Milhausen,M.,Stuart,K.A 
Agabian,N.(1983a)

Genomic o rgan isa t ion  of Trypanosoma brucei v a r i a n t  antigen 
gene fam i l ie s  in sequent ia l  paras i taemias .
Mol.Biochem.Parasit e l . 9,255-269.

Parsons,M., Nelson,R.G., Stuart ,K.A Agabian,N.(1983b)
Genomic organisation of v a r i a n t  surface glycoprote in  genes 
in Trypanosoma brucei procyclic  culture forms.
J . C e l l u l a r  Biochem. 23,27-33.

Parsons,M., Nelson,R.G.,W atk ins ,J . P.A Agabian,N.(1984)
Trypanosome mRNAs share a common 5'  spliced leader sequence. 
Cell 38,309-316.

P ays ,E .,Delronche,M., Lheureux,H.,Vervroot ,T., B l o c h , J . ,Gannon,F.A 
S te in e r t ,M . ( 1981a)

Gene d u p l i c a t i o n  and t r a n s p o s i t i o n  l i n k e d  t o  a n t i g e n i c  
v a r i a t i o n  in Trypanosoma b r u c e i .
Proc.Natl.Acad.Sci.USA 78,2673-2677.

Pays ,E . , Lheureux,M.A Steinert,M.(1981b)
The expression l i n k e d  copy of s u r f a c e  a n t i g e n  gene in 
Trypanosoma i s  probably the one transcribed.
Nature 292,365-367.

P ays ,E . , Lheureux,M., Vervroot,T .6 Steinert,M.( 1981c)
Conservation of a variant s p e c i f i c  surface  antigen gene in 
d i f f e r e n t  trypanosome species  and subspecies.
Mol.Biochem.Parasito l .4,249-359.

Pays,E.,D e l in t e ,K .,Van Meirvenne,N.A Steinert,M.(1983a)
D i f f e r e n t i a l  size v a r i a t i o n s  between t r a n s c r i p t i o n a l l y  
a c t iv e  and inactive telomeres of Trypanosoma b r u c e i .
Nucleic Acids Research 11,8137-8147.

Pays, E. ,Delauw, M.F.,VanAssel,S . ,Laurent,  M.,Vervroot,T.,Van 
Meirvenne,N.A S te in e r t ,M . ( 1983b)

Modificat ions of a Trypanosoma k,. brucei antigen gene 
r e p e r to i r e  by d i f f e r e n t  DNA recombinational mechanisms.
Cell  35,721- 731.

Pays, E.jVanAssel,  S., L au ren t ,  M.,Darville, M., Very root, T., Van 
Meirvenne,N.& S t e i n e r t , M.( 1983c)

Gene conversion as a mechanism of antigenic variation in 
trypanosomes.
Cell 34,371-381.

106



Pays, E.,Van Assel,S.,L2urent,M.,Dero,B.,Michiels,E.,Kronberger.P., 
Matthysens,G., Van Meirvenne,N.,Le Ray,D.A Steinert,M.(1983d)

At l e a s t  two transposed sequences a re  a s s o c i a t e d  in  the 
e x p r e s s i o n  s i t e  o f  a surface a n t i g e n  gene i n  d i f f e r -  
trypanosome clones .
Cell 34,359-369.

Pays,E.,Dekerck,P.,Van Assel,S.,Eldirdiri,A.B.,Le Ray,D.,
Van Meirvenne,N.A Steinert, M.(1983e)

C om para t ive  a n a l y s i s  of a Tryoanosoma b r u c e i  gambiense  
antigen gene family and i t s  p o ten t ia l  use in epidemiology of 
s leeping s ickness.
Molec.Biochem.Parasi to l .7,63-74.

PaySjE.,Deiauw,n.F. , Laurent,;!.A S te in e r t ,M . (1984)
Poss ib le  DBA modif ica tion  in GC d inuc leo t ides  o f  Trypanosoma 
brucei te lomeric  sequences: r e l a t io n s h ip  with antigen gene 
t r a n s c r i p t i o n .
Nucleic Acids Research 12,5235-5248.

Pays,E . , Guyaux , M., Aerts,D. ,Van Meirvenne,N.A S t e i n e r t , M. (1985a) 
T e lo m e r ic  reciprocal r e c o m b in a t io n  as a mechanism fo r  
an t igen ic  v a r i a t io n  in trypanosomes.
Nature 316,562-564.

Pays, E., How a rc ,  S., Pays, A., Van Asse l ,S . ,D upon t ,F . ,  A e r t s ,  D., Hue t -  
D u v i l l e r ,G . ,  Gomes ; V. , R i c h e t ,  C., Degand , P., Van Mei r v e n n e ,  N. A 
Steinert,M.(1985b)

Trypanosoma b r u c e i : th e  e x t e n t  of conversion in  a n t i g e n  
genes may be related to DNA coding s p e c i f i c i t y .
Cell 42,821-829.

Raibaud,A.,G a i l l a r d , C .,Hinber,U.,Buck,G.,Bernardi,G.&
Eisen,H.(1983)

Genomic environment of  v a r i a n t  s u r f a c e  a n t i g e n  genes  of  
Trypanosoma eouiperdum.
Proc.Natl.Acad.Sci.USA 80,4306-4310.

Rice-F ich t ,A .C , , Chen,K.K.A Donelson,J.E.(1981)
Sequence homologies near  the  C - t e r m in i  o f  th e  v a r i a b l e  
surface  g lycoprote ins  of Trypanosoma b r u c e i .
Nature 294,53-57.

Rickman,L.R.& Robson,1.(1970)
The t e s t i n g  of proven Trypanosoma brucei  and Trypanosoma 
rhodesiense s t r a i n s  by the blood i n f e c t i v i t y  t e s t .
B u l l e t in  of the WHO 42,911-916.

Rigby, P.W.J. ,Dieckmann,M., Rhodes,C.A Berg ,P . ( 1977)
Labell ing deoxyribonucleic acid to  high specific a c t i v i t y  in 
vitro by nick t r a n s l a t i o n  with DMA polymerase 1.
J .Mol .Biol.  113,237-245.

Robertson,M.(1912)
Notes on the polymorphism of Trypanosoma gambiense in the  
blood and i t s  r e l a t i o n  t o  the  exogenous c y c l e  in  G lo s s in a  
p a l p a l i s .
Proc.Roy.Soc.B 85,527-539*

107



Rober tson ,n . (1913)
Notes on t h e  l i f e  h i s t o r y  of T.gambiense w i th  a brief 
reference to  the cycles of T.nanum and T.Decorum in Glossina 
p a l p a l i s .
Phil os.Trans.Royal Soc .Series  B 203,161-184.

Robinson,S.I.,Nelkin,B.D.& Vogelstein,B.(1982)
The ovalbumin gene i s  associated with the nuclear matrix of 
chicken oviduct c e l l s .
Cell 28,99-106.

Rothwell, V . , Aline J r . ,R . ,P a r s o n s ,M . , Agabian,N.A S t u a r t , K . (1985) 
E x p r e s s io n o f  a m in i - c h r o m o s o m a lv a r i a n t s u r f a c e  
g lycoprote in  gene in Trypanosoma b r u c e i .
Nature 313,595-597.

Schwartz,D.C.A Cantor,C.R.(1984)
S e p a r a t i o n  o f  y e a s t  chromosome sized DMA by p u lsed  f i e l d  
g rad ien t  gel e lec t ro p h o res i s .
Cell 37,67-75.

Seed,J.R.(1978)
C o m p e t i t i o n  among s e r o l o g i c a l l y  d i f f e r e n t  c lo n e s  o f  
Trypanosoma brucei gambiense.
J .P ro tozool 25,526-529.

S t e i g e r , R . F , (1973)
On the u l t r a s t r u c t u r e  of Trypanosoma (Trvpanozoon) brucei in 
the course of i t s  l i f e  cycle and sane related aspects.
Acta Tropica 30,64-68.

Stephens, J.W.W. A Fantham,H. B .(1910)
On the peculiar morphology of a trypanosome from a case of 
s l e e p i n g  sickness and th e  p o s s i b i l i t y  of  i t s  being a new 
species (T.rhodesiense).
Proc.Royal Soc .Ser ies  B 83,28-33.

Tait,A.(1980)
Evidence for dipTcidy and mating in trypanosomes.
Nature 287,536-538.

Tait,A.,Eldirdiri,A.B.& Le Ray,D.(1984)
Enzyme v a r i a t i o n  in Trypanosoma brucei spp. I.Evidence 
fo r  the sub-speciation of Trypanosoma brucei gambiense. 
Paras ito logy 89,311-326.

T a i t , A . ,Barry,J.D.,Wink,R.,Sanderson,A.& Crowe,J.S.(1985)
Enzyme variation i n  T . b r u c e i spp .  I I .  E v i d e n c e  f o r  
T.rhodesiense being a se t  of v a r i a n t s  of T.b r u c e i . 
Paras ito logy 90,89-100.

Todd,J.L.(1906)
A means of checking the spread of sleeping s ickness .
Lancet 2 ,6 -9 .

108



Turner ,c .N .B . , B a r ry , J.D.A Vickerman,K.(1986)
In d ep en d en t  e x p r e s s i o n  of  the  m e t a c y c l i c  and b lo o d s t r e am  
v a r i a b l e  a n t i g e n  r e p e r t o i r e s  o f  T r y p a n o s o ma b r u c e i 
rhodes iense .
Paras ito logy 92,67-73.

T u r n e r ,  M.J. , C a r d o s a  de A lm e id a ,  M . L . , G u r n e t t ,  A.M..Paper, J.A 
W a r d , J . (1985)

B i o s y n t h e s i s ,  a t t a ch rn a n t  and r e l e a s e  o f  v a r i a n t  s u r f a c e  
g lycopro te ins  of the African trypanosome.
Current Topics in Microbiol. end Immunol.117,23-55.

Van Hoof ,L .(1947)
Observations on trypanosomiasis in the Belgian Congo.
Trans.Royal Soo.Trop.Med.A Hygiene 40,728-734.

Van der P Ioeg ,L .H .T . ,V aler io ,D . ,De Lange ,T.,Bernards,A.,Borst ,P.A 
Grosveld ,F .G .( 1982a)

An ana lys is  of cosmid clones of nuclear  DMA from Trypanosoma 
b r u c e i show s t h a t  t h e  g e n e s  f o r  v a r i a n t  s u r f a c e  
g lycopro te ins  are  c lu s t e red  in the genome.
Nucleic Acids Research 10,5905-5923.

Van der  PI oeg, L.H. T., M iche ls ,  P. A.M., De Lange, T., Bors t ,  P.,Majumder,K., 
Weber,H.,Veeneman,G.H.& Van Boom,J.(1982b)

RMA s p l i c i n g  i s  r e q u i r e d  to  make the  mRNA f o r  a v a r i a n t  
su rface  ant igen in trypanosomas.
Nucleic Acids Research 10,3591-3604.

Van der Ploeg,L.H.T. ,Sch.-;arts ,B.C., Cantor, C.R. A Borst ,  P. ( 1984a) 
A n t ig e n ic  v a r i a t i o n  in  Trypanosoma b r u c e i  a n a ly se d  by 
e l ec t ro p h o r e t i c  separa t ion  of chromosome sized DMA molecules. 
Cell  37,77-84.

Van d e r  PI oeg, L.H. T., Cornel i s s e n ,  A. W.C. A., B a r r y , J.D.&
Bors t ,P .(1984b)

Chromosomes of K ine tcp las t ida .
E.M.B.O.J. 3,3109-3115.

Van der Ploeg,L.H.T.,Lui,Y.C.A Bors t ,P .(1984c)
S t ru c tu re  of the growing telomeres of trypanosomes.
Cell 36,459-468.

Van der Ploeg,L.H.T.& Cornelissen,A.W.C.A.(1984)
Tine co n t r ibu t ion  of chromosomal t r a n s lo ca t io n s  to  an tigenic  
v a r i a t i o n  in Trypanosoma b r u c e i .
Phil .Trans.Roy.Soc.London B 307,13-26.

Van Meirvenne,M., Janssens,P.O.A Magnus,E.( 1975a)
A n t ig e n ic  v a r i a t i o n  in  s y r i n g e  passaged  p o p u l a t i o n s  of  
Trypanosoma (Trvpanozoon) b ruce i . I .R a t io n a l i sa t io n  of the 
experimental  approach.
Ann.Soc.beige.Hed.t rop .  55,11-23.

109



y s n l l e i r v e n n e j k ,  J a n s se n s ,  p.G., Magnus, E., Lumsden,!.!.H. R.& Herbert,!.' , J.
(1975b)

Antigenic v a r i a t io n  in syringe  passaged l i n e s  of Trypanosoma 
(Trvpanozoon) b r u c e i . II .Comparative s tud ie s  on two ant igenic  
type c o l l e c t i o n s .
Ann. Soc. b e lg e . Med. t r o p . 55,25-30.

Van Meirvenne,N., Magnus,E.& Vervoort , T . (1977)
C o m p a r i s o n s  o f  v a r i a b l e  a n t i g e n  t y p e s  p ro d u c e d  by 
trypanosome s t r a i n s  of the subgenus Trvpanozoon.
Ann. Soc. b e ig e . Med. t rop .  57,409-423.

Vieke rman, K.(196 9)
On the surface  coat and f l a g e l l a r  adhesion in trypanosomes. 
J .C e l l  Science 5,163-193.

Vieke rman, K.( 197 8)
Antigenic v a r i a t i o n  in trypanosomes.
Nature 273,613-617.

Vickerman,K.& B a r r y , J . D . ( 1982)
Immunology of  P a ra s i te  In f ec t io n s .
ed . Cohen, S.& Warren, K. , B1ackwell, Oxford.

Wijers ,D.J .& W i l l e t ,K .0.(1960)
F a c t o r s  t h a t  may i n f l u e n c e  th e  i n f e c t i o n  r a t e  of G lo s s in a  
p a l p a l i s  w i t h  Trypanosoma r a mb ie n s e  : thenumberand 
morphology of the trypanosomes present in the  blood of the 
host  a t  the time of the in fec ted  feed.
Annals Trop .Med. 54,341.

W i l l e t ,K .0.(1965)
Some o b s e r v a t i o n s  on th e  r e c e n t  epidemicTcgy of s l e e p in g  
s i c k n e s s  in  Nyanza r e g io n ,  Kenya, and i t s  r e l a t i o n  to  th e  
g e n e r a l  ep idem io logy  of  Gambian and Rhodesian s l e e p in g  
s ickness  in Afr ica .
Trans.Royal Soc.Trop.Med.A Hygiene 59,374-394.

W il l iams,R .O., Young,J. R.A Majiwa,P.A.0.(1979)
Genomic rearrangements co r re la ted  with  an t igen ic  va r ia t ion  
in Trypanosoma b r u c e i .
Mature 282,847-849.

Williams,R.O . , Young,J. R . , Majiwa,P.A.O.,Doyle,J.J .A Shapiro,S.Z.
( 1980)

Contextural  genomic rearrangements of v a r ia b le  antigen genes 
in  Trypanosoma b r u c e i .
Cold Spring Harbor Symp.Quant.Biol.45,945-949.

Wil l iams,R.O., Young,J. R.G Majiwa,P.A.O.(1982)
Genomic env i ronm en t  of  T .bruce i  VSG genes :  p re sence  o f  a 
minichromosome.
Nature 299,417-421.

Wilson ,S .G.,Morr is ,K.R.S . ,Lewis ,I .J .&  Krog,E.(1963)
The e f f e c t s  of trypanosomiasis on ru ra l  economy.
B u l l e t in  WHO 28,595-613.

110



World Health Organisation (1979) Technical Ser ies .  

Young,J. R . ; Donelson,J.E. ,Majiwa,P .A.O., Shapiro,S.Z.A
Williams,R.O.(1982)

A n a ly s i s  of genomic r e a r r a n g e m e n t s  a s s o c i a t e d  w i t h  two 
v a r i a b le  antigen genes of T .b r u c e i .
Nucleic Acids Research 10,303-819.

Young, J .R . ,S h ah , J . S. , Ma t  thy sens,G.A Wil l iams,R.O.(1983a)
Rela t ionsh ip  between mul t ip le  copies of a Trypanosoma brucei 
VSG gene whose express ion i s  not controlled by duplication. 
Cell 32,1149-1159.

Young,J. R . , M i l le r ,M .E . ,Williams,R.O.A Turner ,M.J. ( 1983b)
Are the re  two c las ses  of gene in Trypanosoma b r u c e i .
Nature 306,196-198.

111


