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Abstract

EFFECT OF BERENIL ON NUCLEIC ACID SYNTHESIS IN 

TRYPANOSOMA BRUCEI 

by

Marilyn Lantz Zahalsky

Advisor: Professor James F. Hogg

Previous s tud ies  have indicated t h a t  the trypanocidal drug Berenil 

binds to  a v a r ie ty  of DNA's and RNA's in v i t ro  and in h ib i t s  KP-DNA 

synthesis  in cu l tu re  forms of Trypanosoma mega. The presen t  study was 

undertaken to  examine the e f f e c t  of Berenil on growth and nucle ic  acid 

synthesis  in bloodstream forms of Trypanosoma bruce i . The e f f e c t  of 

Berenil on nucle ic  acid synthesis  was examined on trypanosomes in the 

mouse bloodstream ( in v iv o ) , and on washed trypanosomes in v i t r o .

Using p u r i f ie d  bac te r ia l  and mammalian polymerases, we have examined the 

e f f e c t  of Berenil on in v i t r o  DNA and RNA synthesizing systems.

Our r e s u l t s  ind ica te  th a t  Berenil i n te r f e r e s  with the  growth of 

T. b ruce i . B eren i l - t rea ted  trypanosomes p e r s i s t  in the  bloodstream for  

some time a f t e r  drug trea tment,  slowly decrease in number and eventual ly  

disappear. Berenil treatment of infected mice r e s u l t s  in  an accumulation 

of what appear to be predivis ional  forms of  trypanosomes. These c e l l s  

conta in  approximately twice the  amount of  DNA, RNA and p ro te in  usua l ly  

found in untrea ted  trypanosomes.



iv

Berenil r ev e rs ib ly  i n h ib i t s  the  incorporation of  labeled thymidine 

and urac i l  in to  DNA and RNA re s p e c t iv e ly ,  whether trypanosomes are  

labeled in vivo or in v i t r o . Berenil i n h ib i t s  the a c t i v i t y  of a v a r ie ty  

of DNA polymerases, but does not i n h i b i t  the  a c t i v i t y  of E.  coli  RNA 

polymerase a t  chemotherapeutically useful concentra tions.

We conclude t h a t  Berenil i n h ib i t s  DNA synthesis  and in te r f e r e s  

with RNA metabolism (e i th e r  by i n h ib i t in g  synthesis  or enhancing degra­

dation) in trypanosomes. In a d d i t io n ,  we conclude t h a t  Berenil blocks 

ce l l  d iv is ion  in Trypanosoma b ru c e i .
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B io lo g is ts  work very c lose  to  the  f r o n t i e r  between 

bewilderment and understanding. Biology i s  complex, 

messy and r i c h l y  var ious ,  l ike  real  l i f e ;  i t  t r a v e l s  

f a s t e r  nowadays than physics or  chemistry (which i s  

j u s t  as w e l l ,  s ince i t  has so much f a r t h e r  to  go),  

and i t  t r a v e l s  nearer  t o  the ground.

S i r  Pe te r  B. Medawar
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INTRODUCTION

The trypanosomes o f  human sleeping s ickness,  Trypanosoma qambiense 

and Trypanosoma rhodes iense , are  a t  a l l  times morphologically i n d i s t i n ­

guishable from Trypanosoma brucei which i s  responsible  f o r  s leeping 

sickness (nagana) in wild game and domestic animals in Afr ica .  T. 

brucei does not i n fe c t  man (Hoare, 1970).

These f l a g e l l a t e s ,  previously designated as the T. brucei subgroup, 

and now assigned to  the  subgenus Tr.ypanozoan by Hoare (1964), d i f f e r  

from other  t se tse -bo rne  trypanosomes in two important r e sp ec ts :  (1)

They undergo a complex l i f e - c y c l e ,  involving transformation in the  mid-
»

gut and sa l iv a ry  glands of the t s e t s e  f l y  and (2 ) they may show a wide 

va r ia t ion  in morphologic appearance in the mammalian bloodstream, rang­

ing from long s lender  f l a g e l l a t e s  with a f ree  flagellum a t  the a n t e r io r
/

end, to short  stumpy forms with no f ree  flagellum (Vickerman, 1965).

Life Cycle Diagram
IN MAMMALS

SLENDER TRYPOMASTlGOTE 

» S p arse , sh o rt tu b u k r

c r is ta e  ^

INTERMEDIATE TRYPOMASTIGOTE 

C risteo  Je n j th e n

metacycu;

STUM PY

TRYPOMASTIGCTE

Clcttfyjucjrc'.i 
\^1ubuUr crista*

Numerous 
pUM 'ltke crista*SrtMASnGOfE

MUXSUT & CARDtA 

TRYPOMASTIGOTES 

(iC U L T U R E  FORMS)

(Vickerman, 1971)
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Because o f  t h i s  second f e a t u r e ,  bloodstream trypanosomes are  

refe r red  to  as "pleomorphic" or "polymorphic" trypanosomes. Morphologi­

cal va r ia t io n  i s  continuous in pleomorphic in fec t io n s  and appears to 

follow a regu la r  p a t te rn ;  s lender  forms predominate when the parasi temia 

is r i s in g  and stumpy forms predominate when the parasi temia i s  on the  

decline (Vickerman, 1965). Since polymorphic in fec t ion s  can develop in 

animals infec ted  with a s ing le  trypanosome (Oehler, 1914) polymorphism 

cannot be the  r e s u l t  o f  a mixed population o f  genet ic  v a r ian ts  but 

r a th e r  must r e s u l t  from changes in the morphology of  individual  t r y ­

panosomes i . e .  slender forms appear to  transform in to  stumpy forms 

(Ashcroft,  1957).

Polymorphism is  a va r iab le  charac te r  s ince polymorphic trypanosomes 

maintained by syringe passage in labora tory  animals become monomorphic, 

slender forms only being found in the  bloodstream. This loss  o f  poly­

morphism i s  accompanied by loss  o f  i n f e c t i v i t y  fo r  t s e t s e  f l i e s  (Ash­

c r o f t ,  1960) and i n a b i l i t y  to  grow in c u l tu re  (Reichenow, 1932). I t  i s  

the stumpy forms th a t  undergo transformation and continue to transform 

upon enter ing  the  t s e t s e  f l y  midgut (Reichenow, 1921; Wijers and 

W il l e t t ,  1960; Rudzinska and Vickerman, 1968) and i t  i s  the  stumpy forms 

th a t  undergo development and growth in c u l tu re  media (Reichenow, 1932). 

The forms assumed in cu l tu re  a re  morphologically and physio logica l ly  

iden t ica l  with those found in the  t s e t s e  midgut (Vickerman, 1962).

I t  i s  not known what e l i c i t s  the  transformation of slender forms 

in to  stumpy forms. I t  has been suggested t h a t  host  antibody s t imula tes  

th i s  transformation (Ashcroft ,  1957) however, t h i s  appears not to  be 

the case (Balber, 1972). In chronic in fec t io ns  the  number of trypano-
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somes in the  blood f l u c t u a t e s ,  each peak of  parasitemia exh ib i t ing  a 

d i f f e r e n t  an t igen ic  type (serotype). Antigenic v a r ia t io n  occurs in 

both polymorphic and monomorphic in fec t ions  and the p a t t e rn  of  a n t i ­

genic v a r ia t io n  can be a l t e re d  by sp e c i f ic  host antibody (Gray, 1962). 

Variant s p e c i f i c  antigens appear to be associated with the  g lycoprote in  

surface  coat  o f  bloodstream trypanosomes (Vickerman and Luckins, 1969; 

Allsopp, Njogu and Humphryes, 1971) and also appear to  be trypanosoma! 

in o r ig in  (Vickerman, 1971; S te ige r ,  1971). Vickerman (1962) has 

suggested t h a t  the  slender-stumpy transformation may in p a r t  r e s u l t  from 

functional  and morphological changes t h a t  occur in the  s in g le ,  g ian t  

mitochondrion o f  T. brucei and a l l i ed  species .

The mitochondrion of  Trypanosoma brucei undergoes cycl ica l  a c t iv a ­

t io n  and repress ion  during the l i f e  cycle of  the organism (see l i f e  

cycle diagram). The re s p i ra t io n  of monomorphic and pleomorphic blood­

stream forms o f  T. brucei i s  cyanide in se n s i t iv e .  Monomorphic blood­

stream forms appear to  lack a functional Krebs cycle and a cytochrome- 

mediated e lec t ro n  t r a n s p o r t  system (Fulton and Spooner, 1959; Grant and 

Sargent, 1960, 1961, Grant e t  a l . ,  1961). These c e l l s  metabolize glucose 

to pyruvate which i s  excreted in to  the host bloodstream. They produce 

n e g l ig ib le  carbon dioxide and th e i r  energy demands appear to be s a t i s f i e d  

by ATP generated during aerobic g lycolysis .  NAD reduced during g lyco lys is  

i s  oxidized via a non-phosphorylating glycerophosphate oxidase-dehydrogenase 

system (Grant e t  a l . ,  1961). This coupled system accounts fo r  the  high 

oxygen demand o f  bloodstream forms. Morphologically, the  mitochondrion 

o f  these  forms appears as a narrow tubular  s t ruc tu re  (ca l led  a 

promitochondrion) extending the length of  the organism. I n t e r n a l ly ,  the  

promitochondrion shows few o f  the c r i s t a e  which are  c h a r a c t e r i s t i c  o f
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an ac t ive  mitochondrion (Vickerman, 1962, 1965, 1971).

Recent work has suggested t h a t  some mitochondrial a c t i v i t y  is  

present  in pleomorphic s t r a i n s  (Bowman and Flynn, 1968; Flynn and 

Bowman, 1970). Intermediate  and sh o r t  stumpy forms maintain t h e i r  

m o t i l i ty  in bu ffe r ,  using a - k e t o g lu t a r a t e  as s u b s t r a t e ,  long a f t e r  move­

ment ceases in s lender  forms and monomorphic s t r a in s  (Ryley, 1966; 

Vickerman, 1965, 1971). In a pleomorphic s t r a i n  of  T. rhodesiense Bow- 

man and Flynn (1968) found s i g n i f i c a n t l y  lower pyruvate production and 

s ig n i f ic an t ly  higher carbon d ioxide  and succina te  production compared to 

monomorphic s t r a i n s ,  besides u t i l i z a t i o n  of  a -k e to g lu ta ra te .  They con­

cluded th a t  oxidative  decarboxylation mechanisms are  ac t ive  in  pleomor­

phic s t r a in s  but t h a t  the Krebs cycle opera tes  a t  a r a te  which i s  

quan t i ta t ive ly  i n s ig n i f i c a n t  in  v ivo . As y e t  no cytochromes have been 

detected in pleomorphic s t r a i n s  (Vickerman, 1971). Flynn and Bowman 

(1970) suggest t h a t  the L-a-glycerophosphate oxidase-dehydrogenase system 

of bloodstream forms might be augmented by an autooxidizable  f lavoprotein  

in the terminal r e s p i ra t io n  o f  those  trypanosomes th a t  have developed 

a functional Krebs cycle, i . e .  presumably the intermediate  and short  

stumpy forms.

Fly midgut forms and t h e i r  counterpar ts  - the  cu l tu re  forms - have 

a mitochondrion t h a t  contains a func t iona l  Krebs cycle and a cytochrome- 

mediated electron t ranspor t  system. Respira t ion  in these forms is  

cyanide sensi t ive  and glucose i s  metabolized to carbon dioxide and water 

(Ryley, 1956, 1962; Fulton and Spooner, 1959). Oxidative phosphoryation 

accompanies e lec t ion  t r a n s p o r t  along the  cytochrome chain (Vickerman, 

1971). The mitochondrion in  these  forms i s  an e labora te  network of
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kinetoplast-connected canals furnished with numerous p l a t e - l i k e  c r i s t a e  

(Vickerman, 1962). The energy y ie ld ing  metabolism of trypanosomes has 

been e luc ida ted  and co rre la te s  with the  morphological d i f fe ren c e s  ob­

served in the  mitochondrion a t  various s tages in the trypanosome l i f e  

cycle .

The mechanism of cycl ical  ac t iv a t ion  and repression of th e  trypano­

some mitochondrion i s  unknown (Hill and Anderson, 1970). Act iva t ion  

apparently  commences in the bloodstream (slender to stumpy transforma­

t io n )  and repress ion apparently occurs in the  f ly  sa l iv a ry  gland stages 

(Vickerman, 1971). The suggestion has been made th a t  KP-DNA i s  involved 

in the  process of mitochondrial ac t iva t ion  and repress ion ( S t e i n e r t ,  

1960).

Although the energy y ie ld ing  metabolism of trypanosomes has been 

e luc ida ted ,  l i t t l e  i s  as ye t  known about macromolecular synthesis  

( e spec ia l ly  DNA, RNA and pro te in  synthesis)  or the r eg u la t io n  of macro- 

molecular synthesis  in these organisms. The nuclear d iv is io n  process of 

trypanosomes is  not well understood, and apparently i s  not c lo se ly  akin

to eukaryotic  m itos is  (Vickerman and Preston ,  1970). During ce l l  

d iv is ion  in T. rhodesiense the nuclear  envelope and n uc le o lu s - l ik e  

endosome p e r s i s t  and become elongated. An acen tr ic  sp ind le  o f  micro­

tubules encases the  elongating endosome. As div is ion  proceeds the  

nucleolar  material fragments. In bloodstream trypanosomes condensed 

chromatin (chromosomal m ater ia l)  appears to be per iphera l ly  d i s t r ib u t e d  

a t  the  nuclear  envelope during the phase of nuclear c o n s t r i c t i o n .  In

c u l tu re  forms the chromatin i s  not  so abundant. The d i s c r e t e  

chromosomes envisaged by microscopists a t  the  l ig h t  microscope
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level in s ta ined  p repara t ions  o f  trypanosomes have not been observed in 

trypanosomes under the  e lec tron  microscope. There i s  no evidence fo r  

the ex is tence  o f  sexual or parasexual processes in these organisms 

(Walker, 1964; Vickerman and Preston ,  1970). Although the nuclear DNA 

of these  f l a g e l l a t e s  resembles t h a t  o f  eukaryotes in being histone-bound 

( S t e in e r t ,  1965) the re  i s  no evidence suggesting th a t  t h i s  DNA is  

packaged in to  eukaryote- type chromosomes.

DNA syn thes is  in  bloodstream trypanosomes has not been inves t iga ted  

o ther  than by autoradiography (Ono e t  a l . ,  1971). DNA polymerases from 

bloodstream trypanosomes have not been i so la te d  o r  charac ter ized .  

Analytical  u l t r a c e n t r i f u g a t io n  in CsCl densi ty  gradients  of whole ce l l  

DNA reveals  a main band and one or  two s a t e l l i t e  bands. In a l l  species 

of  trypanosomes a t  l e a s t  one of the s a t e l l i t e  bands represents  ex t ra -  

nuclear  DNA, the k in e to p la s t  DNA (KP-DNA).

The KP-DNA of  trypanosomes i s  housed in a capsular  expansion o f  the 

mitochondrion ca l led  the  k in e to p las t .  KP-DNA i s  s e l f - r e p l i c a t i n g  and 

d iv is ion  o f  the  kinetoplast-mitochondrion complex precedes nuclear  

d iv is ion  (Vickerman, 1971). KP-DNA represen ts  from 10 to  20% of the  

t o ta l  ce l l  DNA of  trypanosomes. Electron microscopic examination of  

p u r i f ie d  KP-DNA o f  several species of  trypanosomes has shown i t  to  be 

composed o f  small c i r c u l a r  and l i n e a r  molecules. Many o f  the small 

c i r c u l a r  forms appear to  be arranged along a cen tra l  axis  (Riou and 

Delain, 1969; Simpson and Da S i lv a ,  1971). The KP-DNA of  trypanosomes 

conta ins the  sm alles t  c i r c u l a r  microbial DNA (0.5y contour length) thus 

f a r  described (Riou and Delain, 1969). KP-DNA d i f f e r s  in base composi­

t ion  from nuclear  DNA in having a higher A-T content (Riou and P a u t r iz e l ,  

1969).
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Giemsa-stained preparat ions of bloodstream populations o f  a l l  s a l i - 

varian trypanosomes contain individual organisms th a t  appear to  lack a 

kinetonucleus (KP-DNA). Such trypanosomes lack KP-DNA (Newton and 

Burnett ,  1971) or contain s t r u c tu r a l l y  a l t e re d  KP-DNA (Gutter idge,  e t  

a l . ,  1971) and a re  re fe r red  to as dyskinetoplas t ic  trypanosomes (Trager 

and Rudzinska, 1964). The condition of dyskinetoplasty i s  not  well 

understood. Although dyskinetoplasty may a r i s e  spontaneously, i t s  

incidence can be g rea t ly  increased by treatment of c e l l s  with several 

compounds i . e .  B eren i l ,  a c r i f l a v in ,  ethidium bromide, and p - ro sa n i l in e  

(Rudzinska and Vickerman, 1968). Dyskinetoplasty i s  i r r e v e r s i b l e  and 

the condit ion i s  in h e r i ted  by a l l  fu ture  progeny. Studies of  trypano­

some dyskinetoplas ty  have produced evidence suggesting th a t  complete 

mitochondrial a c t iv a t io n  requires  i n ta c t  KP-DNA (Vickerman, 1971). 

Supporting evidence fo r  th i s  idea i s :

( i )  Dyskinetoplasty i s  observed in monomorphic and pleomorphic 

bloodstream forms; these  are  v iable  in the host bloodstream and may be 

maintained i n d e f i n i t e ly  by syringe passage in an appropr ia te  host 

(S tu a r t ,  1971).

( i i )  Pleomorphic dysk ine top las t ic  bloodstream forms do not undergo 

transformation when placed in cu l tu re  medium and do not become es tab­

l i shed  in cu l tu re  (S tu a r t ,  1971). Dyskinetoplastic bloodstream forms 

do not i n f e c t  the t s e t s e  f ly  (Rudzinska and Vickerman, 1968).

( i i i )  C r i th id ia  grown in the presence of  compounds t h a t  induce dys­

k ine top las ty  show impaired mitochondrial funct ion ,  i . e .  decreased r e s p i ­

r a t i o n ,  decreased mitochondrial enzyme a c t i v i t i e s  and decreased leve ls  

of  funct ional  cytochromes (see Hill and Anderson, 1970 fo r  review).

RNA synthes is  has been studied in trypanosomes by autoradiography
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and by observation of  the  f luxes in t o t a l  RNA content .  Whereas the DNA 

content  remains constant  fo r  each trypanosome spec ies ,  the RNA content  

va r ies  depending on the growth condit ions ( in vivo vs in v i t r o ) (Riou
O

and P a u t r i z e l ,  1969). H-uridine pu lse - labe l ing  experiments have shown 

th a t  both the  k in e to p las t  and nucleus are  s i t e s  of  RNA synthesis  in 

C r i th id ia  l u c i l i a e  (S te in e r t  e t  a l . ,  1969). The k ine top las ts  of both 

the  c u l tu re  and bloodstream forms of  T. qambiense contain RNA (Ozeki e t  

a l . ,  1971).. The sedimentation values and syn thes is  and processing (pre- 

cursor-product  r e l a t io n sh ip )  of ribosomal RNAs from C r i th id ia  f a s c ic u la ta  

have been described (M. G o t t l i e b ,  Ph.D. th e s i s  1972) but no such s tud ies  

have been reported fo r  bloodstream trypanosomes.

Table I summarizes what i s  known about the  mode(s) o f  act ion of 

chemotherapeutic agents c u r ren t ly  used to  t r e a t  the  African trypanoso­

miases (Williamson, 1970). The f indings  noted in Table I reveal the 

following:

a) Current  chemotherapy of  trypanosomiasis in man and animals 

depends on a r e l a t i v e l y  small group of  syn the t ic  drugs.

b) Inferences on the mode(s) of ac t ion  of  ex is t in g  trypanocidal 

drugs have been derived almost exclusively  from s tud ies  using model ce l l  

systems, in v i t r o  c e l l - f r e e  nucleic  acid and pro tein  synthesizing sys­

tems, or in v i t r o  systems designed to  study physico-chemical parameters 

of  drug : nuc le ic  acid  in te r a c t io n .

c) With the exception of  Mel B and poss ibly  suramin, these 

trypanocides a re  i n h ib i to r s  of  nucle ic  acid  and pro tein  syn thes is .

The compounds in use appear to  show a s p e c i f i c i t y  of  act ion  a t  two 

leve ls :  ( i )  they are  se l e c t iv e  fo r  c e r ta in  protozoan p a ra s i t e s  within
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TABLE I s  Summary c f  Trypanocidal Agents

Compound

HtPt F o n u la  A ctio n s R tftr e n c ts
• * • » • • •  • • • • • • • •  • • • • • • • • • •• • • •  • • • • • • •

NH, H

A ntrycld e l * i l ' ^ r ' NV ^ V <:Hl ,  . 
(q utnapyam lne) HjCJ k * J k >  L ^ I n - ch ,  (C rl*

?H , _  "W.

(1 )  C on centrates In lysosom es

( I t )  I n h ib it s  I n c o r p o n t lo n  o f  p u rines  
In to  n u c le ic  a c id s  In C rith id ia  
o n c o n e ltl

(1 1 1 ) C a jsss  a g g r e g f lo n  o f  cytop lasm ic  
rib osom es In C. o n c o n e ltl

( Iv )  Does n o t d i r e c t ly  I n h ib it  b a c te r ia l  
RNA polym erase

(1 ) A l l is o n ,  1968  
( 1 1 ) ,  ( I v )  Newton, 1966 

( i l l )  E l l i o t t .  1963

jj H

„,ai, ”'’''Xxr»vO's',“' [ssr*!.
(1 )  Binds t o  DNA and RNA In v i tr o

( I I )  S e l e c t iv e ly  I n h ib it s  th e  s y n th e s is  o f  
• k ln e to o la s t  DNA In Trvoanosoma meoa

1
( H i )  Induces d y sk in e to p la sty

( i )  F e s ty  e t . a l . ,  1970 
(1 1 ) Newton 6 LePrge, 

1967; 196B 
(1 1 1 ) K ll lt c k  -  K endrick, 

1964

E th ld lu i  Broatde • _ JL + 1  J  *Br *

C.H,

(1 )  Binds t o  DNA and RNA In v itr o

( I I )  Dreferen t1 a 1 1 y  In h ib it s  m itochondrial 
DNA polym erase from r a t  l iv e r  c e l l s

(111) C on centrates In lysosom es

(I v )  Induces d y sk in e to p la sty

(v )  I n h ib it s  b a c te r ia l  RNA polymerase

( v i )  I n h ib it s  b a c te r ia l  DNA polymerase

( v l l l  I n h ib it s  DNA sv n th e s ls  In  C. o n c o n e lt l:  
a l s o  I n h ib it s  RNA and p ro tein  sy n th e s is

(1 )  Waring, 1970  
( 1 l )  Keyer 8 Sim pson, 

1969
( H i )  A l l is o n ,  1968 

( I v )  R iou , 1967 
(v )  Waring, 1969 

( v i j  E l l i o t t ,  1963 
( v l l ) .  Newton, 1967

•vXrVCV-.
Pentam idine ' n .4 n h

(1 )  Causes fragm en tation  o f  n u cleo lu s  In' 
Trvoanosoms rh o d eslen se

( I I )  I n h ib it s  thym idine phosphorylare

( i l l )  I n h ib it s  ch argin g and tra n sfe r  r e a c t io n s  
o f  p r o te in  s y n th e s is  In a c e l l - f r e e  system  
from C. f a s c ic u la t e

( iv )  P r e fe r e n t ia l ly  fragments k la e to p la s t  
DNA but does n o t d ir e c t ly  ia M b lt  
b a c te r ia l  RNA oolvmerase

(1 )  MacAdam 6 W illiam son , 
1972

(1 1 ) W illiam son . 1970  
( l i t )  Kahan e t . a l . ,  1968 

( I v )  E l l i o t t ,  1963

Suramin
N iO ,s  hn' C Y ^ ' Y N' c ' C ^ n -AX 5  H Jvp  • H*

SO,N*

0
1

t

(1 )  C on centrates in  lysosom es

( I I )  I n h ib it s  ch arg in g  and tra n sfe r  r e a c t io n s  
o f  p r o te in  s y n th e s is  1n a c e l l - f r e e  system  
from C. f a s c ic u la t e

(111) I n h ib it s  some lysosom al e r a s e s

( Iv )  I n h ib it s  b a c te r ia l  RNA polymerase

(1 )  A l l i s o n ,  1963 
(1 1 ) Kahan e t . a l . ,  1968 

(111) Sm eesters 6  Jacques 
1968

( I v )  W aring, 1965

hHj r u  
i  A .  I *i«b jn rr (1 )  G en era lly  in h ib it s  K inases, e s p e c ia l ly  

Phosphoenolpyruvate and g ljc e r o l  k in ases
( I )  Grant; 1966

H
P. o t M d lia  H,C r Y N ^  

H ,C - N ^ N

H , N ' ^  CH«

(1 )  I n h ib it s  b a c te r ia l  RNA polymerase 

(1 1 ) Induces d y sk in e to p la sty

•

(1 )  W aring. 196S 
(1 1 ) Ray 6  H alh otra . 1960
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the hos t ;  and ( i i )  some o f  them (ethidium bromide, Berenil)  s e lec t ive ly  

i n h i b i t  the  synthesis  of ex tranuclear  DNA in the  k ine top las t  of trypano­

somes o r  in the  mitochondria o f  o ther  organisms (Newton and Le Page, 

1968; Meyer and Simpson, 1969; Delain e t  a l . ,  1971; Attardi  and A t ta rd i ,  

1971; Mahler and Dawidowicz, 1973).

Berenil (4, 4 ' -diamidino-diazo-amino-benzene d iace tu ra te )  has 

p r im ar i ly  been used in the  t reatment of  T. congolense and T. vivax in ­

f e c t io n s  o f  c a t t l e .  Limited c l i n i c a l  t r i a l s  ca r r ied  out in East Africa 

suggest t h a t  the  drug may a lso  be o f  value in the  treatment of T. 

gambiense and T. rhodesiense during ea r ly  stages of in fec t io n ,  i . e .  

before  cen t ra l  nervous system involvement occurs .  Berenil does not 

pass the  blood-brain b a r r i e r  (Williamson, 1970). In the  treatment of  

c a t t l e  trypanosomiasis t h i s  drug ex h ib i t s  a number of advantages over 

o th e r  trypanocidal  agents;  i t  i s  rap id ly  excre ted ,  Berenil r e s i s t a n t  

s t r a i n s  r a r e ly  occur,  and i t  i s  a c t iv e  aga in s t  s t r a in s  which have become 

r e s i s t a n t  to  phenanthridines (Newton, 1972). After  intravenous or 

in t r a p e r i to n e a l  i n j e c t i o n ,  the  concentrat ion o f  diami dine drugs ( s t i l -  

bamidine, pentamidine, and Berenil)  f a l l s  quickly.  When 10 mg/kg 

s t i lbam id ine  i s  in jec ted  intravenously  in to  r a b b i t s ,  the blood con­

c en t ra t io n  i s  0.5 yg/ml a t  2 hours and l e s s  than 0.05 yg/ml a t  6 hours. 

Berenil i s  excreted quickly and apparently l i t t l e  t i s su e  re ten t ion  

occurs (Hawking, 1963). Walker & Opiyo (1973) have reported tha t  the 

minimum dose of Berenil needed to  cure mice of T. brucei depends among 

o th e r  f a c to r s  on the  level of the  paras i tem ia .  Berenil causes few or  

no chronic  tox ic  e f f e c t s  in man or domestic animals. I t  i s  active 

ag a in s t  some bac te r ia  (Williamson, 1970).
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Berenil p r e c ip i t a te s  a port ion o f  the  p ro te in  present  in c e l l - f r e e  

e x t ra c t s  of African trypanosomes (Desowitz, 1960). Berenil binds r e -  

ve rs ib ly  to a va r ie ty  of  DNAs and RNAs in v i t r o , the  ex ten t  of binding 

depending d i r e c t l y  on the  A-T content  of  the  nucle ic  acid (Newton, 1967; 

Newton and Le Page, 1968; Festy e t  a l . ,  1970a, 1970b). Evidence which 

suggests th a t  the  binding of Berenil to  DNA i s  n o n - in te rca la t iv e  includes 

the  f a c t  t h a t  there  i s :  ( i )  no de tec tab le  e f f e c t  on the v i s c o s i ty  of 

DNA so lu t io n s ,  and ( i i )  no de tec tab le  uncoil ing of the  DNA he l ix  as a 

r e s u l t  of  Berenil binding (Newton, 1967; Waring, 1970). No evidence of 

complex formation between Berenil and mononucleotides has been found 

(Newton, 1967). In neutral  so lut ion the  Berenil  molecule undergoes a 

rearrangement which r e s u l t s  in the formation o f  an o-aminoazo de r iva t ive  

of the or ig ina l  t r i a z i n e  s t r u c tu r e .  This breakdown product has no 

trypanocidal  a c t i v i t y  and apparently does not  bind to  DNA (Newton, 1967). 

Recent growth in h ib i t io n  s tudies  on T. mega (Newton, 1972) suggest th a t  

the  spacing of the  ami dine groups in Berenil i s  c r i t i c a l  to  i t s  trypano­

cidal  a c t i v i t y .

Berenil has been re fe r red  to as a "k in e to p la s t  s e lec t ive"  agent by 

several in v es t ig a to rs  (Newton, 1967; Newton and Le Page, 1967, 1968; 

MacAdam and Williamson, 1969, 1972; Brack e t  a l . ,  1972a, 1972b). The 

designat ion of Berenil as "k ine top las t  s e le c t iv e "  i s  based on the follow­

ing observat ions:

( i )  T. mega grown in the  presence of Berenil f i r s t  shows f lu o re s ­

cence in the k ine top las t  and only subsequently in the  nucleus. When 

these  organisms were grown in the presence o f  Berenil fo r  a time
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s u f f i c i e n t  to  produce f luorescence in the  k inetop las t  but not  in the 

nucleus,  only the buoyant dens i ty  of  the nuclear  DNA was increased 

following addit ion of  5-bromodeoxyuridine. Neither the concentrat ion 

nor time dependence of t h i s  e f f e c t  o f  Berenil has been reported 

(Newton and Le Page, 1967).

( i i )  When trypanosomes in the  host  bloodstream are  exposed to  a 

cu ra t iv e  dose o f  Berenil fo r  various lengths of  time (up to  s ix  hours)

the KP-DNA i s  observed to  be fragmented whereas the nucleus appears

normal (MacAdam and Williamson, 1969, 1972).

( i i i )  Brack e t  a l . ,  (1972a) have reported th a t  Berenil t reatment  of  

cu l tu re  forms o f  X* cruzi  increases the proportion of  branched c i r c l e s  

(which are  thought by the  authors to represen t  c i r c l e s  in the process 

of  r e p l i c a t io n )  in KP-DNA by a f a c to r  of  10^. The length of  the r e ­

p l ic a te d  branches i s  not d i s t r ib u te d  a t  random, but in to  several 

popula t ions ,  which corresponded to  15% of  the to ta l  contour length 

(0.5 y) .  Since they were unable to determine whether untrea ted KP-DNA 

contained s im i la r  shor t  r e p l i c a t io n  u n i t s ,  they could not determine 

.whether  the  shor t  r e p l i c a t io n  un i t s  seen a f t e r  drug trea tment  were 

induced by Bereni l .  They concluded th a t  each of  the m in ic i rc le s  i s  

able  to  r e p l i c a t e  independently.

The basis  fo r  the observed k ine top las t  s e l e c t i v i t y  o f  Berenil i s  

not understood. I t  has been suggested (Newton and Le Page, 1968) t h a t

the p r e f e r e n t i a l  binding o f  Berenil to  A-T base pa irs  might be a c o n t r i ­

buting f a c t o r ,  s ince KP-DNA has a higher A-T content  than nuclear  DNA. 

However, ethidium bromide e x h ib i t s  no base preferences in binding to 

DNA and i t  i s  a lso  k in e to p las t  s e l e c t i v e .  I t  i s  poss ible  t h a t  the  lack 

of  h is tones  in KP-DNA makes t h i s  DNA more access ib le  to  Berenil than i s
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the nuclear DNA ( S te in e r t ,  1965). This could con tr ibu te  to  the k ine to ­

p l a s t  s e l e c t i v i t y  of  the  drug. Meyer and Simpson (1969) have i so la ted  

both mitochondrial and nuclear  DNA polymerases from r a t  l i v e r  c e l l s  and 

have shown th a t  the mitochondrial enzyme i s  more s e n s i t iv e  to  in h ib i t io n  

by ethidium bromide and a c r i f l a v in  than i s  the  nuclear  enzyme. Perhaps 

the  k ine top las t  s e l e c t i v i t y  of  Berenil i s  in p a r t  due to  i t s  a b i l i t y  to  

p r e f e r e n t i a l l y  i n h ib i t  KP-DNA polymerase over nuclear  DNA polymerase in 

trypanosomes.

Previous inves t iga t ions  have not  explored the mode of  ac t ion  o f  

Berenil on African bloodstream trypanosomes. Though i t s  apparent  

s e l e c t i v i t y  fo r  in h ib i t in g  KP-DNA syn thes is  i s  an in t e r e s t i n g  property  

of t h i s  drug, t h i s  property may not be so le ly  responsib le  fo r  i t s  mode 

of  act ion in vivo, e sp ec ia l ly  in view of  the  f a c t  t h a t  the mitochondrion 

of  bloodstreams forms i s  " in a c t iv e , "  and t h a t  drug-induced dykineto- 

p l a s t i c  bloodstream trypanosomes a re  v iab le  (S tu a r t ,  1971).

One r e s u l t  which might be expected from the  in te rac t io n  of  Berenil 

with nucleic  acids i s  in h ib i t io n  of  nuc le ic  acid  syn thes is  and/or p ro te in  

syn thes is .  The present  study was undertaken to  determine whether Berenil 

i n h ib i t s  nucleic  acid synthesis  in trypanosomes growing in the  host  

bloodstream. In ad d i t io n ,  we have examined the  ac t ion  of  Berenil on a 

v a r ie ty  o f  in v i t ro  nucle ic  acid syn thesiz ing  systems. We have a lso  

sought to  determine whether the  e f f e c t  o f  Berenil on nucle ic  acid 

synthesis  in bloodstream trypanosomes is  s u f f i c i e n t  to  account fo r  i t s  

a b i l i t y  to  cure African trypanosomiasis .
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MATERIALS

Radiochemicals

Thymidine-6-3H (3H-Tdr) (spec. a c t .  9.82 Ci/mmoles), U ra c i l -6 -3H 

(3H-U) (spec. a c t .  27.5 Ci/mmole) and L-Leucine-^C (uniformly labeled)  

(^C-Leu) spec. a c t .  255 mCi/mmole) were purchased from New England 

Nuclear, Boston, Mass. U r a c i l - 2 ,6 -^ C  (^C-U) (spec. a c t .  115 mCi/mmole) 

was purchased from Mallinkrodt Chemicals, S t .  Louis, Missouri.

[Methyl-3H]dTTP (3H-dTTP) (spec. a c t .  75 Ci/mmole) and 3H-5-UTP (3H-UTP) 

(spec. a c t .  4 Ci/mmole) were purchased from In terna t ional  Chemical and 

Nuclear Corp.,  I rv in e ,  C a l i f .

Biochemicals

E_. c o l i  B DNA polymerase (DNA deoxynucleotidyl t r a n s fe r a s e ,  EC 

2 .7 .7 .7 )  Fract ion VII, spec. a c t .  5000 U/mg and c a l f  thymus DNA 

polymerase EC 2 .7 .7 .7 ,  spec. a c t .  100 U/mg were purchased from General 

Biochemicals, Chagrin F a l l s ,  Ohio. M. lysode ik t icus  DNA polymerase,

EC 2 .7 .7 .7 ,  spec. a c t .  100 U/mg was purchased from Miles L abora tor ies ,  

Kankakee, 111. All o ther  biochemicals, including E,. co l i  K-12 RNA 

polymerase, EC 2 .7 .7 .6 ,  spec. a c t .  600 U/mg, DEAE c e l lu lo s e ,  highly 

polymerized c a l f  thymus DNA, y eas t  sRNA, pyruvate kinase,  

deoxyribonuclease I (EC 3 .1 .4 .5 ,  spec. a c t .  2000 Kunit uni ts /mg),  and 

a l l  biochemicals used in polymerase assays were purchased from Sigma 

Chemical Co., S t .  Louis, Mo. All o ther  chemicals used were reagent  

grade and purchased from commercial sources.

Berenil (4,4 '-diamidino-diazo-amino-benzene d iac e tu ra te )  was a 

generous g i f t  of  Dr. A. H. Loewe, Farbewerke-Hoechst, Frankfurt-am-Main, 

Germany; i t  was used without f u r th e r  p u r i f i c a t io n .
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Trypanosomes and Mice

The s t r a in  of  Trypanosoma brucei used in these  in v es t ig a t io n s  

(monomorphic, rodent-adapted) was a generous g i f t  of  Dr. W. Trager, 

Rockefeller  Univers i ty ,  New York. The in fec t ion  was maintained in 

CF1 mice (males, 25-30 gm, 6-8 weeks old -  Carworth Farms', N.Y., N.Y.) 

and NLW mice (males, 25-30 gm., 6-8 weeks old - National Laboratory 

Animal Co., S t .  Louis, Mo.)

Buffers

Buffer 1: EDTA 5.0 g m / l i t e r ;  Trizma base 5.0 g m / l i t e r ;  D-glucose

2.0  g m / l i t e r ;  NaCl 4.0 g m / l i t e r ;  KC1 0.2 g m / l i t e r ;  ad jus ted  to pH 7.5 

with HC1.

Buffer 2: Trizma base 5.0 g m / l i t e r ;  D-glucose 2.0 g m / l i t e r ;  NaCl

4.0 g m / l i t e r ;  KC1 0.2 g m / l i t e r ;  CaClg 0.2 g m / l i t e r ;  MgClg’OHgO 0.2 gm/ 

l i t e r ,  adjusted to pH 7.5 with HC1.
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METHODS

Growth Conditions, Harvesting and Pur i f ica t ion  of Trypanosomes

Trypanosoma brucei was maintained in CF1 and NLW mice by syringe 

passage of  in fec ted  mouse blood. The in fec t ion  and Berenil cure  proceed 

i d e n t i c a l l y  in both s t r a in s  of mice. Experimental animals were infec ted  

by in t rape r i to n ea l  in je c t io n  of an appropria te  number (1 x 10^-2 X 10^)
O

of trypanosomes to  produce a heavy parasi temia (1-2 x 10 trypanosomes/ml 

blood) in 36 hours. No experimental animals were used longer than 48 

hours p o s t - in fe c t io n .  The generat ion time o f  th is  s t r a in  in mice i s  

5-5.5 hours. One in fec t iv e  trypanosome can k i l l  a mouse in seven days.

The parasi temia produced by th i s  s t r a in  of  T. brucei in mice runs a f u l ­

minating course with the number o f  pa ra s i te s  in the blood increas ing  un­

t i l  death o f  the  mouse occurs.  The degree of  parasitemia was determined 

by hemocytometry or  examination o f  wet mounts of  infected mouse blood.

Trypanosomes were pu r i f ied  from mouse blood c e l l s  by d i f f e r e n t i a l  

c en t r i fug a t io n  and passage through an anion exchanger as follows: In ­

fec ted  blood was obtained by cardiac  puncture and mixed with 5 volumes of 

cold buffer  1. The e n t i r e  i so la t io n  procedure was ca r r ied  out  a t  4°C.

The blood-buffer  mixture was centr ifuged a t  365 x g f o r  10 minutes. At 

t h i s  force  the  red c e l l s  and p l a t e l e t s  pack a t  the bottom of the  tube 

and the trypanosomes s e t t l e  as a loose white layer on top of  the  buffy 

coa t .  Trypanosomes were resuspended in the supernatant  f r a c t io n  by gentle  

s t i r r i n g  and the  resuspended c e l l s  were drawn of f  and recen tr i fuged  a t  

1020 x g fo r  10 minutes. The p e l l e t  contained trypanosomes and some
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contaminating host blood c e l l s .  The 1020 x g p e l l e t  was resuspended in 

buffer  2 and passed through a column o f  DEAE c e l lu lo se  (Lanham, 1968) 

equi l ib ra ted  with buffer  2. The column was e lu ted  with buffer  2 u n t i l  

the cloudiness dissappeared from the  e f f l u e n t .  The e lu a t e ,  f r ee  of  host  

blood c e l l s ,  contained the p u r i f i e d  trypanosomes.

Preparation of  Trypanosomes f o r  Electron Microscopy

The trypanosome 1020 x g p e l l e t s  ( e i t h e r  before or  a f t e r  DEAE- 

ce l lu lo se  f i l t r a t i o n )  were f ixed  in co ld  2.5% glutaraldehyde in 0.1M 

sodium cacodylate buffer ,  pH 7 .4  fo r  one hour. After  two r in se s  in cold 

0.1M sodium cacodylate buffer  (pH 7 .4)  the  p e l l e t s  were pos t - f ixed  with 

1% OsO^ in the same buffer  fo r  one hour. All subsequent s teps were 

carr ied  out a t  room temperature. The p e l l e t s  were broken in to  small 

pieces and overlayered with 1% aqueous uranyl ace ta te  fo r  20 minutes, 

a f t e r  which the  uranyl a ce ta te  was withdrawn and the materia l  overlayered 

with 70% ethyl a lcohol.  The fragmented p e l l e t s  were dehydrated by 

passage through a graded s e r i e s  of  a lcohols  followed by immersion in 

propylene oxide. The material  was embedded in epon (Luft ,  1961) which 

was polymerized in a 60°C oven f o r  48 hours.

After  polymerization, th ic k  sec t ion ing  (0.5y) and s ta in in g  (0.2%

Azure I I  in 1% sodium bora te ) ,  se c t io n s  were examined under a l i g h t  

microscope fo r  gross evaluat ion  o f  c e l l  p reserva t ion  and fo r  the  se lec t ion  

of su i t a b le  areas for  th in  sec t io n in g .  Thin sec t ions  were cut  with glass 

or diamond knives on an MT-2 Porter-Blum ultramicrotome and t r a n s fe r r e d  

to formvar coated grids  p revious ly  s t a b i l i z e d  with a th in  fi lm of  carbon. 

Sections were sta ined with 3% uranyl a c e ta te  in 50% ethyl  alcohol fo r  

10 minutes followed by 0.4% lead  c i t r a t e  in 0.1M NaOH fo r  5 minutes.
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Electron micrographs were taken with a Je lco TM or  a P h i l l i p s  300 

e le c t ro n  microscope.

Bereni1 Treatment and Labeling of Trypanosomes 

D ef in i t ions :

in vivo Berenil t reatment  and labe l ing  r e f e r s  to  t rea tm ent  and 

lab e l in g  of  trypanosomes during t h e i r  residence in the  mouse bloodstream.

In v i t r o  Berenil t reatment  and labeling  r e f e r s  to  t rea tm ent  and 

lab e l ing  of whole l iv in g  trypanosomes pur i f ied  from mouse blood com­

ponents and suspended in buffer  2.

In v iv o :

Berenil was d issolved in buffer  2 and administered in a small

volume (0.2 ml) to  mice by in t r ap e r i to nea l  (IP) in je c t i o n .
3 3Thymidine-6- H and u r a c i l - 6 -  H ( s t e r i l e ,  aqueous) were administered

by IP in je c t io n  (0 .2 -0 .5  mCi/mouse, in 0 .1-0.3  ml).

In v i t r o :

DEAE p u r i f ie d  trypanosomes were suspended in buffer  2 a t  a concen­

t r a t i o n  of  107 c e l l s /m l .  Twenty-five ml. a l iquo ts  of c e l l s  were placed 

in 50 ml f l a s k s ,  warmed to  the  appropria te  temperature and Berenil

(100 yl of an appropr ia te  concentra tion dissolved in bu f fe r  2) was added
3 14 14to th e  f l a s k s .  Two minutes l a t e r ,  H-Tdr, C-U or  C-Leu was added

to th e  f l a s k s .

Pulse and chase experiments were performed by exposing the  trypano-
14somes fo r  an appropr ia te  length o f  time to  C-U and then adding a 1000 

fo ld  excess of  unlabeled u rac i l  to  the  suspending medium as th e  chase.
3

Determination of Levels of  Isotope in Sera of Mice In jec ted  with H-Tdr

or 3H-U.
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Serum iso tope  leve ls  in Berenil t r ea te d  and untrea ted  infected mice 

were determined as follows:  Twenty y l  samples of  t a i l  blood were 

co l lec ted  in heparinized c a p i l l a r y  tubes a t  various times a f t e r  isotope 

in je c t io n .  These c a p i l l a r y  tubes were cen tr i fuged  in a hematocrit 

cen tr i fuge  and 5 y l  samples of  serum were spotted on M il l ipore  f i l t e r s .

After  drying the  f i l t e r s  were counted in a Nuclear Chicago Mark II 

l iqu id  s c i n t i l l a t i o n  counter using a toluene based s c i n t i l l a t i o n  f lu id .  

Determination of  R ad ioac t iv i ty  in Trypanosomes Labeled In Vivo or 

In V i t r o .

(a) Whole c e l l s : 5 x 10® or 10^ DEAE p u r i f ie d  trypanosomes in 

buffer  2 were poured onto a M il l ipore  f i l t e r  (25 mm., 0.45y pore s ize)  

and washed th ree  times with buffer  2.

(b) Determination of  Nucleic a c i d s : 5 x 10® or  10^ DEAE pur if ied

trypanosomes in bu f fe r  2 were d i lu te d  with an equal volume of  cold 10%

TCA and placed on ice  f o r  a minimum of 15 minutes. The TCA p re c ip i t a te s  

were c o l lec ted  on M il l ipore  f i l t e r s  and washed with four  volumes of 

cold 5% TCA (Munro and Fleck, 1966).

The r e l a t i v e  amount of  label  appearing in DNA and RNA was determined 

by comparing counts in TCA p r e c i p i t a t e s  ((b)  above) with counts remaining 

in TCA p r e c i p i t a t e s  a f t e r  base hydrolysis  of RNA as fo l lows:  TCA prec ip­

i t a t e s  as obtained in (b) above were centr ifuged a t  1465 x g fo r  15 minutes. 

The p r e c i p i t a t e s  were washed with 5% TCA and resuspended in 2.5 mis of 

0.5 N NaOH. Afte r  a 2 hour incubation a t  37°C to  hydrolyze RNA, the 

so lu t ions  were c h i l l e d ,  and 250 yg of  BSA (in 1 ml H20) was added. After  

n e u t r a l i z a t io n  with 2.5 mis of  0.5N HC1, 6 mis o f  cold 10% TCA were 

added. The TCA p r e c i p i t a t e s  were c o l lec ted  on M il l ipore  f i l t e r s  and
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washed several  times with 5% TCA (Munro and Fleck, 1966).

(c) Determination of p r o t e in : TCA p r e c ip i t a te s  obtained in (b) 

above were boiled in 5% TCA fo r  20 minutes before M il l ipore  f i l t r a t i o n  

(Munro and Fleck, 1966).

All Mil l ipore  f i l t e r s  were placed in g lass  v i a l s ,  d r ied  and counted 

in a Nuclear Chicago Mark II  l iq u id  s c i n t i l l a t i o n  counter  using a 

toluene based s c i n t i l l a t i o n  f l u id .

Chromatography o f  Nucleic Acid Bases
o

Trypanosomes labeled in vivo or in v i t ro  with thymidine-6-  H,
3 14u r a c i l -6-  H or u r a c i l -2 ,6 -  C were i so la ted  and p u r i f ie d  as described

above. After  being passed through DEAE c e l lu lo s e ,  the  c e l l s  were

centr ifuged a t  1020 x g fo r  10 minutes and the p e l l e t s  were resuspended

in a f in a l  volume of  1.2 ml of  buffer  2. To t h i s  was added 2 ml of 1%

HCIO^. The so lu t ion  was placed on ice  fo r  3 min and th e  p r e c i p i t a t e  was

centr ifuged a t  1465 x g fo r  10 minutes. The HCIO  ̂ p r e c i p i t a t e  was
' -3washed twice with a 2% HCIÔ  so lu t ion  containing 2.0 x 10 M sodium

pyrophosphate. The washed p r e c ip i t a te  was hydrolyzed in 70% HCIO^ fo r  

1 hour a t  100°C. The hydrolysate was c h i l l e d ,  n e u t ra l i z ed  with K0H 

and frozen (Munro and Fleck, 1966). The hydrolysate was taken from the 

f reeze r  and cen tr i fuged  a t  1465 x g fo r  10 minutes to remove p r e c ip i t a te d  

KCIÔ  from so lu t ion .  The c le a r  supernatant  was mixed in  various pro­

port ions with a so lu t ion  containing 0.4 mg/ml each of adenine,  thymine 

cy tos ine ,  u rac i l  and guanine. The mixture of the  HCIO  ̂ hydrolysate  and 

bases was spotted on Eastman ce l lu lo se  th in  layer  p la t e s  (2 dimensional 

chromatograms) or Whatman #1 f i l t e r  paper (one dimensional 

chromatograms) and chromatographed in one or two dimensions using 

the following solvent  systems: Solvent (1) Propan-2-ol (680 ml) ,
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11.6 N HC1 (176 ml) ,  water to  1 l i t e r ;  Solvent (2) bu tan- l -o l  (770 ml) 

water (130 ml) , 98% formic acid (100 ml) ( L i t t l e f i e l d  and Dunn, 1958). 

Analysis o f  TWo Dimensional Chromatograms:

The spots corresponding to  the f iv e  bases were located  using a 

short-wavelength U.V. lamp, and were scraped o f f  the  c e l lu lo s e  th in -  

layer  p l a t e .  The c e l lu lo s e  powder from each spot  was co l lec ted  and 

placed in a g lass  v i a l .  Radioac t iv i ty  was located by adding a toluene 

based s c i n t i l l a t i o n  f l u id  to  the  v i a l s  and counting the samples in a 

Nuclear Chicago Mark II  l iq u id  s c i n t i l l a t i o n  counter.

Analysis o f  One Dimensional Chromatograms:

After  development in Solvent 1, the chromatograms were dr ied  and 

the spots corresponding to  the  f iv e  bases were loca ted .  The paper was 

cut in to  0.5" s t r i p s ,  and each s t r i p  was placed in a g lass  v ia l  and 

counted using a to luene  based s c i n t i l l a t i o n  f l u id .  The loca t ion  of 

the r a d i o a c t i v i t y  was compared with the  loca t ion  o f  the  spots.

DNA, RNA and Prote in Determination:

DNA was determined by the PNPH method of Webb and Levy (1955). RNA 

was determined by the  orcinol method (Schneider,  1957). Protein  was 

determined by the method of  Lowry (1951). DNA and RNA content  were d e te r ­

mined on 5% TCA hydrolysa tes  (30 minutes, 100°C) of pu r i f ied  trypanosomes. 

Protein  content  was determined using homogenates of  p u r i f ie d  trypanosomes. 

DNA Polymerase Assay:

DNA polymerase was assayed by the  f i l t e r  paper d isk  technique of 

Bollom (1966) as described by Brown and Coffey (1972). The standard 

assay system contained the  following c o n s t i tu en t s  in a f in a l  volume of 

0.1 ml; 10 ymoles of  Tris-HCl,  pH 7 .4 ,  a t  37°; 0.7 ymole of MgCl2 ;
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0.1 yniole 3-mercaptoethanol; 18.7 nmoles each o f  dCTP, dGTP, and dATP;

20.0 nmoles of  dTTP containing luCi of [^H]dTTP; 0 .1 -0 .5  u n i t s  of  

appropr ia te  DNA polymerase; 1 to 10 yg of  na t ive  or heat  denatured c a l f  

thymus DNA; and an ATP generat ing system conta in ing  0.25 ymole of ATP, 

0.5 ymole of sodium phosphoenolpyruvate, and 0.4  yg of  pyruvate kinase. 

The mixture was incubated a t  37° fo r  an app rop r ia te  length  o f  time. The 

reac t ion  was stopped by placing the e n t i r e  rea c t io n  mixture on a f i l t e r  

paper d isk  a t  50°C. The paper d isk  was d r ied  and washed success ive ly  a t  

4°C as follows:  2 x for  20 min in 5% TCA + 0.01% sodium pyrophosphate;

2 x fo r  20 min in 5% TCA + 0.01% ATP; 2 x fo r  5 min in e thano l ;  1 x fo r  

2 min in e the r .  The r a d io a c t iv i ty  on the  d isk  was determined by l iqu id  

s c i n t i l l a t i o n  counting using a toluene based s c i n t i l l a t i o n  f l u id .

RNA Polymerase Assay:

RNA polymerase was assayed by the method o f  Chamberlain and Berg 

(1962) modified as follows. The standard assay system contained the 

following c o n s t i tu en ts  in a f ina l  volume o f  0.1 ml: 4 ymoles o f  T r i s -

HC1, pH 7*9 a t  37°; 0.4 ymoles MgCl2 ; 0.1 ymole MnCl2 ; 1.2 ymoles 3- 

mercaptoethanol; 0.04 ymole each of  ATP, CTP and 6TP; 0.04 ymole UTP 

conta ining 0.5 yCi of  ^H-5-UTP; 0 .5 -2 .0  u n i t s  of  RNA polymerase; and 

1-10 yg o f  na t ive  or heat denatured c a l f  thymus DNA. The mixture was 

incubated a t  37° fo r  10 to 30 minutes. The reac t io n  was stopped by 

p lacing the  e n t i r e  reac t ion  mixture on a f i l t e r  paper d isk  a t  50°C 

(Bollum, 1966). The paper disk was dr ied  and washed e x ac t ly  as in the  

DNA polymerase assay except th a t  in the second washes, 0.01% ATP was 

replaced by 0.01% UTP. After  drying,  the  r a d i o a c t i v i t y  on the  d isks  

was determined by l iqu id  s c i n t i l l a t i o n  counting using a to luene  based 

s c i n t i l l a t i o n  f lu id .
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RESULTS

Effect  o f  Berenil on the Growth of Trypahosoma brucei In Vivo.

When a c u ra t iv e  dose of  Berenil (lOyg/g body weight) i s  adminis- 

tered  to  a heavi ly  in fec ted  mouse 10 trypanosomes/ml blood) the 

trypanosomes do not increase in number but p e r s i s t  in the  blood­

stream a t  the  same level fo r  some time (genera l ly  twelve to eighteen 

hours) . At t h i s  time they appear to  have normal m o t i l i ty  but a re  

l a rg e r  than trypanosomes from untrea ted  animals.  Pa ras i te  numbers 

then begin to  decrease ,  the  parasi temia level  in the peripheral  

bloodstream reaching zero within one to  four days a f t e r  t rea tment .

The r a t e  of  disappearance of trypanosomes from th e  peripheral blood­

stream o f  B e ren i l - t r ea ted  mice va r ie s  s l i g h t l y  with the individual 

and appears to  be d i r e c t l y  dependent on the  amount of Berenil adminis­

tered  (from 10 to  100 yg/g body weight) .  The minimum cura t ive  dose 

of  Berenil under the  condit ions used in these  s tud ies  was found to 

be approximately 5 yg/g body weight. The sm a l les t  dose t h a t  resu l ted  

in g re a te r  than 90% cure when administered two generation times before 

death would have occurred,  was found to  be 10 yg/g body weight.

Berenil cure i s  permanent; no recurrence o f  in fec t ion  has been observ­

ed in mice examined up to  six  months a f t e r  a cure  was achieved.  The 

d isease  i s  inv a r iab ly  f a t a l  i f  l e f t  u n t rea ted ,  death of  the  animal 

occurring in from two to  seven days,  depending on the i n i t i a l  number of  

in fe c t iv e  trypanosomes administered. No na tura l  immunity or spontan­

eous cure has been observed in any mice used in the  course of t h i s  

study.
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E ffec t  o f  Berenil Treatment on the  U l t r a s t ru c tu re  o f  T. brucei .

Electron microscopic examination of T. brucei harvested a t  d i f f e r e n t  

times a f t e r  in vivo treatment  with a cu ra t iv e  dose o f  Berenil 

(10 yg/g body weight) reveals  a sequence o f  u l t r a s t r u c t u r a l  a l t e r a ­

t io n s .  A l te ra t io ns  in the  KP-DNA are  observable soon a f t e r  Berenil 

t rea tm en t ,  whereas a l t e r a t io n s  in the  nucleolus a re  observed only 

a f t e r  the  elapse o f  several generation times (generation time = 5-5.5 

h r s . )  When trypanosomes are  examined a f t e r  four  hours of Berenil t r e a t ­

ment _in_ vivo,  the  KP-DNA in nearly a l l  c e l l s  appears a l t e r e d .  I t  seems 

to  have l o s t  i t s  normal filamentous rod - l ik e  s t r u c tu r e  (Figs.  3 and 4) 

and appears fragmented (Figs. 5a and 5b). At t h i s  time the  ce l l  nucleus 

and nucleolus are  ind is t ingu ishable  from those  seen in untrea ted  control 

c e l l s  (Figs. 1, 2 and 6).  When trypanosomes are  examined several  

generat ion times (eighteen hours ^ 3.5 generation times) a f t e r  Berenil 

t rea tm ent  in v ivo , pronounced a l t e r a t i o n s  a re  observed in the  nucleus, 

s p e c i f i c a l l y  the  nucleolus ,  of the  c e l l s .  The nucleolus appears e i t h e r  

as one o r  more highly condensed spheres (in about 80% of  the  c e l l s )  or  

as a number of small fragments (in about 20% of  the  c e l l s ) .  The KP-DNA 

i s  fragmented in 100% of  the  c e l l s .  (Figs. 7a, 7b and 7c).

MacAdam and Williamson (1972) have examined the  e f f e c t  o f  in vivo 

Berenil t rea tment  on bloodstream T. rhodesiense and have found t h a t  

a f t e r  s ix  hours of  treatment with a cu ra t ive  dose o f  Beren i l ,  a l t e r a ­

t io n s  o f  the  KP-DNA (as described above) a re  ev iden t .  No a l t e r a t i o n s  

in the  nucleus or nucleolus were evident  a f t e r  s ix  hours o f  Berenil 

t rea tm ent .

I f  DEAE pu r i f ied  trypanosomes a re  resuspended in buffer  2 conta in-
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Key to  Symbols used in Electron Micrographs

cr i  s tae

k in e to p la s t

k in e to p la s t  DNA

k in e to p la s t  membrane

mitochondrion

su b p e l l i c u la r  microtubles

nucleus

nucleolus

nuc leo la r  fragments 

nuclear  membrane 

p e l l i c l e
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Figure 1: Longitudinal section of the untrea ted bloodstream form of

X. brucei (monomorphic) showing nucleus,  nuc leo lus ,  nuclear  

membrane with nuclear ribosomes, and daughter k ine top las t s  

conta in ing the filamentous, ro d - l ik e  KP-DNA. x 19,000

Figure 2: Longitudinal section of  untreated T. brucei showing nucleus,

nuc leolus ,  and nuclear  membrane with nuc lear  ribosomes. The 

p e l l i c l e  (glycoprotein coa t ) ,  ce l l  membrane and underlying 

microtubules can be seen. x 19,000
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Figure 3: Longitudinal sect ion of  untrea ted  T. brucei showing the

k ine top las t  and KP-DNA. The c o n t in u i ty  o f  the  k in e to p las t  

and mitochondrion can be seen. x 56,000

Figure 4: Longitudinal sect ion of untrea ted  T. brucei showing the

k ine top las t  and KP-DNA. The double membrane o f  the  kine­

to p l a s t  i s  v i s ib l e  and c r i s t a e - l i k e  s t r u c tu r e s  a re  seen 

in the  k ine top las t  matrix . x 54,800
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Figures 5a and 5b: Longitudinal sect ions o f  T. brucei  exposed in vivo

fo r  four hours to  a cu ra t ive  dose o f  Berenil 

(10 yg/g) .  The fi lamentous,  r o d - l i k e  KP-DNA is  

fragmented in to  globular  masses. a )  x 48,000

b) x 26,600

Figure 6: Longitudinal sect ion of T. brucei exposed in  vivo for

four hours to a cura t ive  dose of  Berenil (10 yg/g) 

showing nucleus and nucleolus. x 17,850
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Figure-7a,b ,c :  Longitudinal sec t ions  of T. brucei exposed in vivo

fo r  eighteen hours to  a cu ra t ive  dose of  Berenil 

(10 yg/g) .  KP-DNA appears fragmented, as i t  did in 

Figs. 5a and 5b. Nucleolar condensation or  fragmen­

ta t io n  i s  ev iden t .  a) x 7580

b) x 8660

c) x 6500
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ing Berenil a t  a concentra t ion of  2-10 pg/ml they l iv e  fo r  th ree  to 

four hours when kept a t  25°C. When trypanosomes were examined a f t e r  

two hours of exposure to  10 ug/ml Berenil a t  25°C, nearly  a l l  the  c e l l s  

contained fragmented KP-DNA. The nucleus and nucleolus appeared un­

a l t e r e d .  Treatment of  trypanosomes under the  above in v i t ro  condit ions 

with higher concentra t ions  of  Berenil (30-100 yg/ml) caused rapid  ce l l  

death, followed by l y s i s .

Although i t  has been reported t h a t  nuc leo la r  fragmentation immedi­

a te ly  precedes c e l l  d iv is io n  in T. brucei (Vickerman and Preston,  1970), 

nucleolar  fragmentation was r a r e ly  observed in  our e lec t ron  microscopic 

examination of  untrea ted  control  trypanosomes. The large number of what 

appear to be p red iv is iona l  forms observed a f t e r  eighteen hours o f  Berenil 

t reatment in vivo suggested t h a t  B e ren i l - t r ea ted  c e l l s  were unable to 

divide.  I t  has been shown t h a t  Berenil i n h ib i t s  KP-DNA synthesis  in 

T. mega grown in c u l tu re  (Newton and Le Page, 1967).

A blockage of  c e l l  d iv is ion  may be caused by a breakdown in a number 

of e s sen t ia l  s teps  which occur during the  S and M phases. One o f  the most 

basic i s  in h ib i t io n  o f  DNA syn thes is .  Therefore,  the  next s e r i e s  of 

experiments was performed to  determine i f  Berenil i n h ib i t s  nucle ic  acid

synthesis  in trypanosomes r e s id e n t  in the  mouse bloodstream.
3 3Effect  of Berenil on Incorporation o f  H-Th.ymidine and H-Uracil in to

the DNA and RNA of  Trypanosomes In Vivo.
3 3a) A v a i la b i l i ty  o f  H-Tdr and H-U to  trypanosomes in the  blood of

untrea ted and B e ren i l - t r ea ted  animals.
3 3Figures 8 and 9 show the  l ev e ls  o f  H-Tdr and H-U respec t ive ly  in 

the  sera of untrea ted  and B e ren i l - t r ea ted  mice a t  various times a f t e r  IP
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3
Figure 8: Comparison of  serum leve ls  of H-thymidine in  Bereni l- 

t r ea te d  and untreated mice in fec ted  with b ru ce i . At 

zero time, th ree  mice were in je c te d  with e i t h e r  buffer  2 

CO.2ml.) or  Berenil (10 yg/g) d isso lved  in buffer  2 (0.2ml.)  

30 minutes l a t e r ,  a l l  animals were in je c te d  IP with
O
H-thymidine (0.5 mCi/0.25 m l . ) .  Tail blood samples were

3
taken a t  0 .5 ,  1, 2, 3, and 4 hours a f t e r  H-thymidine 

in je c t io n  and the  sera  obtained by c e n t r i fu g a t io n .

Aliquots o f  sera were spotted  on M il l ipore  f i l t e r s  and 

counted by the l iq u id  s c i n t i l l a t i o n  method.
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o
Figure 9: Comparison o f  serum leve ls  of  H-uracil in  B e ren i l - t r ea ted

and untrea ted mice in fec ted  with X* b ru c e i . Same as Fig. 8 

except t h a t  B e ren i l - t rea ted  and control  animals were in jec ted  

IP with ^H-uracil CO*5 mCi/0.25ml.) one hour a f t e r  in je c t io n  

of  Berenil or  buffer .  Tail blood samples were taken a t  0 .5 ,  

1, 2 .5 ,  and 4 hours a f t e r  H-uracil in je c t io n .
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3 3in je c t io n  o f  e i t h e r  H-Tdr or H-U. I t  can be seen t h a t  Berenil does
3 3not i n t e r f e r e  with the  uptake of  H-Tdr or  H-U from the  peritoneum nor 

does i t s  presence in the bloodstream a l t e r  the  r a t e  a t  which rad io ­

a c t i v i t y  disappears from the bloodstream. Our experiments ind ica te  t h a t
3

t h i s  observation i s  valid  provided t h a t  i n j e c t io n  o f  H-Tdr follows Berenil
3

in je c t io n  by no l e s s  than 30 minutes and in je c t io n  o f  H-U follows Berenil 

in je c t io n  by no l e s s  than 60 minutes. Thus, i t  appears t h a t  trypanosomes 

in untrea ted  and B eren i l - t rea ted  mice a re  exposed to  near iden t ica l  l ev e ls  

o f  rad ioac t ive  DNA and RNA precursors  in the  mouse bloodstream,

b) E ffec t  of  Berenil on ^H-Tdr incorpora t ion

Figure 10 shows the e f f e c t  o f  Berenil (10 yg/g body weight) on in -
3

corpora t ion of H-Tdr into  cold 5% TCA p r e c i p i t a b l e ,  a lk a l i  s tab le  ma-
O

t e r i a l  (DNA), a t  various times a f t e r  in je c t io n  of  H-Tdr. There was no 

lo ss  o f  r a d io a c t iv i ty  in TCA p r e c ip i t a t e s  from trypanosomes labeled in
3

vivo with H-Tdr following a lk a l in e  hydro lys is .  The only rad ioac t ive

m ater ia l  recoverable from 70% PCA hydrolysa tes  o f  d i l u t e  acid insoluble
3 3e x t r a c t s  o f  trypanosomes labeled with H-Tdr was H-thymine (see Appendix, 

Fig. 28). After  a 30 minute exposure to  B eren i l ,  incorporation of  H-Tdr 

in to  trypanosome DNA is  inh ib i ted  70-80%. The labe l ing  of  DNA observed in 

the  absence of  Berenil i s  probably a consequence of  the  continuously de­

c reas ing  level of isotope in the  serum: The g r e a t e s t  incorporation takes
3 3place sho r t ly  a f t e r  in jec t ion  of  H-Tdr. The a cc e le ra t ing  r a t e  of  H-Tdr

3
incorpora t ion  may r e f l e c t  an i n t r a c e l l u l a r  accumulation of  H-Tdr.

During the time course of the experiment described in Figure 10, (0 .5 -3 .0  

hours a f t e r  H-Tdr in jec t ion )  trypanosomes r e s id e n t  in untrea ted mice
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3
Figure 10: Comparison o f  H-thymidine incorporated in to  the  DNA

of T. brucei in B eren i l - t rea ted  and untreated mice. At 

zero time, control  animals were in jec ted  with 0.2 ml. 

buffer  2 and experimental animals received 0.2 ml. Berenil 

(10 yg /g) .  30 minutes l a t e r  a l l  animals were in jec ted  with
O
H-thymidine (0.3 mCi/0.3ml.).  Blood was harvested from 

control and experimental animals 0 .5 ,  1 .5 ,  and 3 .0  hours
3

a f t e r  H-thymidine in je c t io n .  Trypanosomes were pu r i f ied  

from mouse blood components and counted. Aliquots  con­

ta in in g  107 trypanosomes were p rec ip i ta ted  with cold 5%

TCA. After  RNA hydrolysis the  p r e c ip i t a te s  were f i l t e r e d  

and counted by the  l iqu id  s c i n t i l l a t i o n  method. Each 

poin t  on the  curve represents  the  average of values ob­

ta ined  from th ree  mice.
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3
incorporate  8-9 times more H-Tdr than do trypanosomes r e s id e n t  in 

B e ren i l - t r ea ted  mice.

I f  the  same experiment as th a t  described in Figure 10 i s  performed 

except t h a t  one-tenth  the  amount of Berenil (1 yg/g body weight) i s
O

administered the  inh ib i t ion  of  incorporation of  H-Tdr in to  trypanosome 

DNA i s  only 25-30%. Thus i t  appears t h a t  the  in h ib i t io n  of  incorporation 

observed i s  dependent on the amount of  Berenil administered.

Like o th e r  diamidines, the  level of Berenil in the  serum of t r e a te d  

animals reaches a maximum quickly and f a l l s  rap id ly  a f t e r  IP in jec t ion  

o f  the  drug (Hawking, 1963). The experiment described in Figure 11 was
O

performed to  determine whether Berenil in h ib i t ion  of  H-Tdr incorporation
o

was r e v e r s ib le .  I t  can be seen th a t  when H-Tdr i s  administered 4-5 

hours a f t e r  Berenil treatment (10 yg/g body weight) the  in h ib i t io n  of  

incorporation i s  su b s ta n t ia l ly  (80% vs 40%) le s s  than the  i n h ib i t io n  ob­

served 30 minutes a f t e r  Berenil t reatment.  This r e s u l t  suggests  t h a t
3

some resumption o f  H-Tdr incorporation occurs several hours a f t e r  Berenil 

t reatment  (probably as a r e s u l t  of removal of Berenil from the  mouse blood-
q

stream), and suggests th a t  Berenil inh ib i t ion  of  H-Tdr incorporation in 

vivo i s  r e v e r s ib le .
q

c) E ffec t  o f  Berenil on H-U incorporation

Figure 12 shows the  e f f e c t  of Berenil (10 yg/g body weight) on the
3

incorporation of  H-U in to  cold 5% TCA p r e c i p i t a b l e - a l k a l i  unstable
O

materia l  (RNA) a t  various times a f t e r  exposure o f  trypanosomes to H-U 

in vivo . Alkaline hydrolysis removed 95% of  the  r a d i o a c t i v i t y  from TCA
3

p r e c i p i t a t e s  of  trypanosomes labeled in vivo with H-U. The rad ioac t ive  

materia l  recoverable from 70% PCA hydrolysates o f  d i l u t e  acid  insoluble
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Figure 11: Rela t ive  amount o f  H-thymidine incorporated into  trypano-

some DNA a t  various times a f t e r  treatment  with Berenil

in v ivo . At zero time, control animals were in jec ted  with

buf fe r  2 (0.2 ml) and experimental animals were in jected  

with Berenil (10 ug/g, 0.2 ml). At 30 minutes, 4 hours, 

and 5 hours a f t e r  in je c t io n  of  buffer  or  Bereni l ,  animals 

were in je c te d  with ^H-thymidine (0.3mCi/0.3 ml).  After  

two hours o f  exposure to  the i so tope ,  trypanosomes were 

harvested and p u r i f i e d .  T r ip l i c a t e  samples containing 

10^ c e l l s  were p re c ip i t a te d  with cold 5% TCA, f i l t e r e d  

on Mi H i  pore f i l t e r s  and counted. All con tro ls  showed the 

same level of  incorporation (100%) whether H-Tdr was 

given 0 .5 ,  4 or 5 hours a f t e r  in je c t io n  with buffer .
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3
Figure 12: Comparison of  H-uracil incorporated in to  RNA of  T. brucei

in B e ren i l - t rea ted  and untreated mice. Same as Fig. 10 

except t h a t  H-uracil  (0.2 mCi/0.2 ml.) was administered 

to  a l l  mice one hour a f t e r  in jec t ion  with Berenil or  buf fer .  

Blood was harvested from control  and experimental animals
3

1 , 3 ,  5, and 7 hours a f t e r  in jec t ion  with H-uracil .
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3
e x t r a c t s  o f  trypanosomes labeled with H-U was almost exc lus ive ly  u rac i l  

and cy tos ine .  Only a small amount o f  rad ioact ive  thymine (<5%) was 

detected (see Appendix, Fig. 29). The sum of the  syn thes is  and de­

gradation o f  RNA occurring in the  presence of a continously  decreasing
3

concentra t ion of  H-U i s  represented by the curves in Figure 12. Much 

o f  the  RNA labeled during the pulse  i s  believed to  be m-RNA, a conclu­

sion derived from the amount o f  label disappearing from RNA between
3

3 and 7 hours a f t e r  adminis t ra t ion  of  H-U.
O

An inference made from Figure 12, i s  t h a t  l e s s  H-U (about 60% le s s )  

i s  incorporated in to  rap id ly  labeled RNA in trypanosomes presen t  in 

B e ren i l - t r ea ted  vs.  untreated mice.

I f  the  same experiment as t h a t  described in Figure 12 i s  performed 

except t h a t  one-tenth the  amount of  Berenil (1 yg/g body weight) i s  ad-
3

ministered the i n h ib i t io n  of incorporation of H-U in to  rap id ly  labeled 

trypanosome RNA i s  only 20%. Thus i t  appears th a t  the  in h ib i t io n  o f  i n ­

corporat ion observed i s  dependent on the  amount o f  Berenil administered.
3

In order  to  determine i f  Berenil inh ib i t ion  o f  H-U incorpora t ion  is  

r e v e r s i b l e ,  the  isotope was administered 1 hour and 3 hours a f t e r  Berenil
3

t rea tm ent .  When H-U i s  administered 1 hour a f t e r  Berenil t rea tment  

(10 yg/g body weight) the  in h ib i t io n  of  incorporation i s  60% as opposed 

to  a 30% in h ib i t io n  of  incorporation a f t e r  3 hours o f  Berenil t r e a t -
3

ment. This r e s u l t  suggests  t h a t  some resumption of  H-U incorpor­

a t ion  occurs several hours a f t e r  Berenil t reatment (probably as a r e s u l t  

o f  removal o f  Berenil from the mouse bloodstream), and suggests t h a t
3

Berenil i n h ib i t io n  of  H-U incorporation in vivo i s  r e v e r s ib l e .
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Effect  of  Berenil on the  Ratio o f  DNA/RNA/Protein in T. brucei In Vivo.

Table II  shows t h a t  the  DNA, RNA and pro te in  content  of  bloodstream 

trypanosomes i s  doubled a f t e r  12 hours of t rea tment  (>2.1-2.2  generat ion 

times) with a cu ra t iv e  dose of  Berenil (10 yg/g body weight) .  The DNA 

content  was determined by the p-nitrophenylhydrazione method, (Webb and 

Levy, 1955). The RNA content  was determined by the orcinol  method 

(Schneider, 1937). The RNA values were corrected fo r  e r r o r s  caused 

by the presence o f  DNA. The pro te in  content  was determined by the 

Lowry method (Lowry, e t  a l . ,  1951). The r e s u l t s  shown in Table II 

a re  c o n s i s te n t  with those  reported by Riou and Pau tr ize l  (1969) 

who have determined the  DNA and RNA contents  of several species
7

of  trypanosomes. DNA values range from 0.77-1.73 x 10 (yg/trypanosome) 

and RNA values range from 5-30 x 10"^ (yg/trypanosome).

The data  in Table II  suggest t h a t  B e ren i l - t rea ted  trypanosomes are  

ab le  to  double t h e i r  DNA, RNA and pro te in  con ten t ,  but a re  unable to 

divide.
3 14Effec t  o f  Berenil on Incorporation of  H-Th.ymidine, C-Uracil and 

^C-Leucine in to  DNA, RNA and Protein In Vitro.

At p resen t ,  no medium i s  a v a i lab le  which supports in v i t r o  c u l t i ­

vation o f  bloodstream trypanosomes. Monomorphic bloodstream trypanosomes 

when placed in c u l tu re  media, can be maintained fo r  varying periods of 

time (depending on condit ions  of  temperature and pH) but do not  divide and 

eventual ly  d ie  (Vickerman, 1971). Numerous experiments can be performed 

on c e l l s  in c u l tu re  ( i . e .  pulse and chase experiments) t h a t  would be im­

poss ib le  to  perform on trypanosomes in the mammalian bloodstream. In the 

hopes of  extending our knowledge of the  mode of  ac t ion  o f  Beren i l ,  we have
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LEGEND: TABLE I I  

DNA, RNA and p ro te in  content o f  untreated and B e ren i l - t r ea ted  

trypanosomes were determined as follows: Twelve mice with high 

parasi temia leve ls  (100-150 trypanosomes/40xfield) were used 

as a source o f  trypanosomes. The mice were divided in to  two 

groups: Trypanosomes were harvested from s ix  of the  mice 

(un trea ted  trypanosomes) and the  remaining s ix  mice were i n ­

j ec ted  (IP) with Berenil (10 yg/g) .  Twelve hours l a t e r ,  t r y ­

panosomes were harvested from th e  Berenil t r e a te d  animals 

(trypanosomes from Berenil t r ea te d  mice). After  being passed 

through DEAE c e l lu l o s e ,  trypanosomes (from both untrea ted  and 

B e ren i l - t r ea ted  mice) were counted, divided into  2 a l i q u o t s ,  

washed with Buffer 2 and resuspended in a known concentra t ion in 

e i t h e r  5% TCA, or  Buffer 2. Trypanosomes resuspended in 5% TCA 

were hydrolyzed f o r  30 minutes a t  100°C, and those resuspended 

in Buffer 2 were homogenized. DNA and RNA determinations were 

c a r r ied  out using 5% TCA hydrolysates and pro te in  determinations 

were c a r r i e d  out using the  homogenate. The experiment ou t l ined  

above was performed twice and a l l  DNA, RNA and pro te in  d e te r ­

minations were performed in t r i p l i c a t e .  The values presented 

in Table II  are  average values.  The devia t ions from these  values 

are  as follows: DNA±10%, RNA ±15%, pro te in  ±5%.
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TABLE II

Effect  of Berenil on DNA, RNA and Protein  Content of T. brucei

DNA(pg/cell) RNA(pg/cell) P r o t e in ( p g /c e l l )

Untreated _7 _7 _7
Trypanosomes 1.7 x 10“ 8 .6  x 10 60.7 x 10

Trypanosomes from 
B eren i l - t rea ted  mice
(10pg/g; 12 h rs .^2 .2  _7 _7 _7
generation times) 3 .0  x 10 20.4 x 10 120.9 x 10
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attempted to  determine some in v i t ro  c o r r e l a t e s  of  the  e f f e c t s  o f  Berenil 

observed in vivo. To accomplish t h i s ,  we have performed some "washed c e l l "  

experiments in which DEAE-purified trypanosomes were suspended in buffer  2.

We attempted to determine whether trypanosomes are  ab le  to synthesize  nucle ic  

acids and pro te ins  under these condit ions .  Buffer 2 i s  a s t rong ly  buffered 

suspending medium, in which glucose i s  p resen t  as an energy source.  Try­

panosomes suspended in t h i s  medium are  moti le  fo r  3-4 hours a t  37°C (a t  

3.5 hours, 50% of  the  c e l l s  are  non-motile) and 5-6 hours a t  25°C (a t  

6 hours, 50% of  the  c e l l s  are  non-moti le) .  Trypanosomes in buffer  2 are  

th e re fo re  dying c e l l s ,  and the incorporation o f  nuc le ic  acid and pro te in  

precursors observed under these condit ions r e f l e c t s  a minimal (endogenous) 

syn thes is .  We t r i e d  suspending trypanosomes in Dulbecco's medium (+ f e t a l  

c a l f  serum) in the  hopes of  prolonging v i a b i l i t y  in v i t r o , but the  c e l l s  

died a t  the same time in Dulbecco's medium as they did in buffer  2.

That the  trypanosomes are  m etabol ica l ly  a c t iv e  under these  in v i t r o  

condit ions  can be seen in Figure 13, which rev ea ls  t h a t  trypanosomes ex­

c re t e  a la rge  amount of  pyruvate in to  the  suspending medium during in v i t r o  

incubation.  The accumulation of  pyruvate in the  suspending medium is  

l i n e a r  with time from 0 to 3.5 hours. These in v i t r o  s tud ies  were not per-
3

formed under s t e r i l e  condit ions.  The incorpora t ion  o f  H-Tdr in to  DNA and 
14C-Leu in to  pro tein  under in v i t ro  condit ions were unaffected by peni­

c i l l i n  (100 U/ml) and streptomycin (100 yg/ml) , and the  amount of  labeled 

precursor  incorporated was d i r e c t l y  proport ional  to  the  concentra t ion  of 

trypanosomes in the  suspending medium. This observat ion  suggests t h a t  

we were measuring rad ioac t ive  precursor incorpora t ion  by trypanosomes, 

and not  t h a t  by b a c te r ia l  contaminants.
3

Figure 14 ind ica te s  t h a t  only a small amount of  H-Tdr i s  in co r ­

porated in to  trypanosome DNA (defined as in the  in vivo experiments - cold
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Figure 13: Spectra o f  suspending buffer  and sodium pyruvate. DEAE-

p u r i f ie d  trypanosomes were suspended in buffer 2 fo r  3.5 

hours a t  37°C a t  a concentra t ion  of 10^ ce l l s /m l .  After  

removing the c e l l s  by c e n t r i f u g a t io n ,  the  absorption 

spectrum of  the suspending buffer  was determined. The 

absorpt ion spectrum of sodium pyruvate is  shown fo r  

r e fe rence .
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3
Figure 14: Effec t  of  Berenil on incorporation of H-Tdr in to  DNA a t

25°C in v i t r o . DEAE-purified trypanosomes i so la ted  from 

untrea ted mice (con tro ls )  and B e ren i l - t rea ted  mice (Berenil 

in v iv o , 10 yg/g) were suspended in buffer  2 a t  a concen­

t r a t i o n  of ID7 c e l l s /m l .  and warmed to 25°C. Twenty-five ml. 

a l iq u o ts  o f  control  c e l l s  were incubated without Berenil and 

with Berenil ( a t  10 yg/ml and 20 yg/ml) and twenty-five ml. 

a l iq u o ts  of  trypanosomes from B eren i l - t rea ted  mice were incu­

bated without Berenil and with Berenil (10 yg/ml). Berenil
3

was added to  f l a sk s  1 minute before addit ion  of H-thymidine 

(4 yCi/ml). Duplicate 0.5 ml. a l iqu o ts  were removed a t  

various times a f t e r  isotope was added and p re c ip i t a te d  with 

cold 5% TCA. TCA p r e c ip i t a t e s  were f i l t e r e d  and counted by 

the  l iq u id  s c i n t i l l a t i o n  method.
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5% TCA prec ip i  t a b l e ,  a lk a l i  s t a b le  m ate r ia l )  a t  25°C in buffer  2, but 

t h a t  the  incorpora t ion  which does occur i s  inh ib i ted  by Berenil.  Figure
3

15 shows t h a t  appreciable  incorpora tion o f  H-Tdr in to  trypanosome DNA 

occurs a t  37°C in buffer  2, and t h a t  t h i s  incorporation i s  almost completely 

in h ib i t ed  by Berenil p resent  a t  a concentra t ion  of 5 yg/ml. Figure 16
3

suggests t h a t  Berenil i n h ib i t io n  of  H-Tdr incorporation i s  r eve rs ib le
3

in v i t r o , i . e .  30 minutes a f t e r  complete cessa t ion  of H-Tdr incorpora­

t io n ,  c e l l s  t h a t  are  washed and resuspended without Berenil a re  able
3

to resume H-Tdr incorpora t ion .  These in v i t r o  r e s u l t s  are  in agree­

ment with the  in vivo r e s u l t s  reported in the  previous sec t ion :  Berenil
O ^

r e v e rs ib ly  i n h i b i t s  H-Tdr incorpora t ion  in to  trypanosome DNA.

Figure 17 revea ls  t h a t  appreciable  incorporation of ^C-U in to  

trypanosome RNA (defined as 4n in vivo experiments - cold 5% TCA precip-  

i t a b l e ,  a lk a l i  unstable  m ate r ia l )  occurs a t  25°C in v i t r o . In the  presence 

of Berenil (10 and 20 yg/ml), i n h ib i t io n  of  incorporation in control  c e l l s  

(trypanosomes i s o la t e d  from untrea ted  mice) i s  not apparent  fo r  a t  l e a s t  

30 minutes. Trypanosomes exposed to  a c u ra t iv e  dose of  Berenil in vivo 

fo r  30 minutes,  p r io r  to  being harvested,  e x h ib i t  immediate in h ib i t io n  of  

incorpora t ion  whether or  not Berenil i s  added to  the incubation medium. 

However, c e l l s  resuspended in the  absence of  Berenil (plus Ber in vivo 

but minus Ber in v i t r o ) incorpora te  H-U in to  RNA a t  near ly  the  same r a t e
3

as control  c e l l s  a f t e r  a shor t  lag period.  Incorporation of  H-U in to  

RNA proceeds f o r  only a shor t  time a t  37°C (see Figure 18) a f t e r  which 

no increase  in the  amount of  label in  RNA i s  detec ted .  The incorporation 

a t  37°C i s  in h ib i t e d  by Berenil.

Figures 19a-d show the r e s u l t s  o f  a s e r i e s  of pulse and chase ex-
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3
Figure 15: E ffec t  of  Berenil on incorporation o f  H-Tdr in to  DNA a t  

37°C in v i t r o . DEAE-purified trypanosomes from untrea ted 

mice were suspended in buffer  2 a t  a concentra t ion  of 

lO^cells /ml.  and warmed to  37°C. Twenty-five a l iq u o ts  of  

c e l l s  were incubated in the  absence o f  Berenil and in the  

presence of  Berenil (2 yg/ml and 5 yg/ml). Berenil was
3

added to  f l a sk s  1 minute p r io r  to  add i t ion  of  H-thymidine 

(4 yCi/ml). Duplicate 0.5 ml. a l iq u o t s  were removed a t
3

various times a f t e r  addit ion o f  H-thymidine, p re c ip i t a te d  

with cold 5% TCA and counted.
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3
Figure 16: R e v e r s ib i l i ty  of  Berenil in h ib i t io n  of H-Tdr incorpora t ion  

a t  37°C in v i t r o . DEAE-purified trypanosomes from untrea ted  

mice were suspended in buffer  2 a t  a concentra t ion  o f  

10^cells/ml and incubated a t  37°C fo r  30 minutes in the  

presence of  10 yg/ml Berenil.  The trypanosomes were removed 

from the suspending medium by c en t r i fu g a t io n  and resuspended 

in buffer  2 without Berenil containing H-thymidine (4 yCi/ml). 

Cell samples were removed and counted as in Fig. 14.
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14Figure 17: Effect  of Berenil on incorporation of  C-uracil  in to  RNA a t

25°C in v i t r o . Same as Fig. 14, except t h a t  trypanosomes were 

labeled with ^ C - u r a c i l  (1 .2yCi/ml. ) .  Berenil was added a t  

zero time.
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Figure 18: Effec t  of  Berenil on incorpora t ion  o f  14C-uracil  in to  RNA a t

37°C in v i t r o . Same as Fig. 15, except t h a t  trypanosomes were 

labeled with ^ C - u r a c i l  (0.6yCi/ml. ) .
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perimerits with ^ C - u r a c i l .  These r e s u l t s  suggest t h a t :

(1) RNA synthesized in the absence o f  Berenil i s  degraded more 

quickly in the  presence of  Berenil than in the absence o f  Berenil .  That 

i s ,  p r e -e x i s t in g  RNA is  degraded more rap id ly  in the  presence of  Berenil 

than in the absence of  Berenil.

(2) RNA synthesized in the presence of  Berenil i s  not  degraded as 

rap id ly  as p re -ex is t in g  RNA when Berenil i s  p resen t .  That i s ,  RNA 

synthesized during exposure to Berenil i s  more s t a b l e  to  degradation than 

RNA synthesized in the absence of Bereni l .

Some hypotheses to account fo r  these  observat ions a re  presented in 

Table I I I .

Figures 20 and 21 reveal the e f f e c t  o f  Berenil on incorpora t ion  of
14

C-leucine in to  cold 5% TCA precipi  t a b l e ,  hot 5% TCA s t a b le  material

(p ro te in)  a t  25°C and 37°C in v i t r o . At both tem pera tu res ,  Berenil
14st im ula tes  the  incorporation of C-Leu in to  p ro te in .  A number of  hy­

potheses may be advanced to  account fo r  t h i s  observat ion .  The s t im ula ­

t ion  o f  incorporation may be a r e f l e c t io n  o f  what happens to  RNA in the  

presence of Berenil ( i . e .  see Table I I I ,  Observation 2, In te rp re ta t io n  3 ) ,  

or a l t e r n a t i v e l y ,  i t  may be a r e f le c t io n  o f  a physical  change in the 

pro te in  synthesizing machinery of the c e l l ,  i . e .  Berenil binding to  

ribosomes might a l t e r  the conformation o f  the ribosomes r e s u l t in g  in an 

increase  in the  r a t e  a t  which they move along the m-RNA.

The r e s u l t s  obtained from these in v i t r o  s tu d ie s  suggested t h a t  

Berenil was able  to  in t e r f e r e  with DNA and RNA sy n th e s i s  in  trypanosomes. 

In subsequent experiments, the e f f e c t  of  Berenil on in v i t r o  DNA and 

RNA synthesiz ing  systems was examined in the  hope o f  determining the 

mechanism of  ac t ion  of Berenil.
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Figure 19a: ^ C - u r a c i l  pulse and chase,  5 minute pu lse ,  25°C. DEAE-

p u r i f ie d  trypanosomes from untrea ted  mice were suspended in 

bu f fe r  2 a t  a concentra tion o f  10^ ce l ls /m l  and warmed to

25°C. Twenty-five ml. a l iqu o ts  of  c e l l s  were used. The
/14 xpulse  ( C -u ra c i l ,  .66yCi/ml) was given in the presence and

absence o f  Berenil (3 .3yg/ml) ,  and the chase was performed

(by add i t ion  of a 1000 fold  excess o f  unlabeled u ra c i l )  in

the  presence and absence of  Berenil (3.3yg/ml).  The pulse

and chase were performed in the  following manner:

(1) 5 '  Pulse (minus Bereni l) -chase  (minus Berenil)

(2) 5 ‘ Pulse (minus B eren i l ) -chase (plus Berenil)

(3) 5'  Pulse (plus Bereni l) -chase  (plus Berenil) 

Duplicate 0.5 ml. a l iq uo ts  o f  c e l l s  were removed a t  the 

conclusion of  the pulse and a t  various times a f t e r  the chase,  

p r e c ip i t a t e d  with 5% TCA, f i l t e r e d  and counted.
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Figure 19b: ^ C - u r a c i l  pulse and chase ,  45 minutes pu lse ,  25°C.

as Fig. 19a, except t h a t  pulse  time was 45 minutes.

Same
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Figure 19c: ^ C - u r a c i l  pulse and chase ,  5 minute pu lse ,  37°C. Same

as Fig. 19a, except a t  37°C.
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14Figure 19d: C-uracil pulse and chase,  45 minute p u l s e ,  37°C.

as Fig. 19a, except t h a t  pulse time was 45 minutes 

37°C.

Same

a t
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TABLE I I I
14Some Hypotheses to  Account fo r  Data Obtained from C-Uracil Pulse and

Chase Experiments

Some Possible In te rp re ta t io n s
(1) Berenil a c t iv a te s  an RNAase. .
(2) Binding of Berenil to previously  synthesized 

RNA increases  the a f f i n i t y  o f  the RNA fo r  
RNAase.

(3) Binding of  Berenil to  RNA prevents a s t a b i l ­
iza t ion  which normally occurs ,  as
(a) in h ib i t io n  of  attachment of ribosomes 

to  recen t ly  synthesized m-RNA.
(b) in h ib i t io n  of  attachment of  ribosomal 

pro te ins  to recen t ly  synthesized r-RNA.

(2) RNA made in the  pre- (1) RNA made in the  presence of  Berenil i s  q u a l i -
sence o f  Berenil i s  t a t i v e l y  d i f f e r e n t ,  i . e .  p ropor t iona te ly
more s t a b le  to  degra- more s tab le  RNA i s  made in the  presence o f
dation than i s  pre-  Berenil.
e x i s t in g  RNA. (2) RNA made in the  presence of  Berenil i s  chem­

ic a l l y  a l t e r e d  and more r e s i s t a n t  to  RNAase.
(3) Altered m-RNA made in the presence o f  Berenil 

has a higher a f f i n i t y  fo r  ribosomes than 
normal m-RNA.

(4) RNA made in the  presence o f  Berenil remains
attached to the  DNA template (This would
also account fo r  the  30 minute lag period 
before inh ib i t io n  o f  ^C-U incorpora t ion
i s  observed (Fig. 17) - RNA syn thes is  s tops 
when a l l  t r a n s c r ip t io n  s i t e s  are  s a t u r a t e d ) .

Observation
(1) P re -ex is t in g  RNA i s  

degraded more 
quickly in the  pre­
sence o f  Berenil 
than in the  absence 
o f  Berenil .
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Figure 20: Effect  of Berenil on incorpora t ion  of ^C-Leu in to  pro tein

a t  25°C in v i t r o . Same as Fig. 15, except t h a t  trypanosomes 

were labeled with ^ C - le u c in e  (0.4yCi/ml) , and incubated a t  

25°C with and without Berenil (10 yg/ml and 20 yg/ml).
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Figure 21: Effect  of  Berenil on incorpora tion o f  ^C-Leu in to  protein

a t  37°C in v i t r o . Same as Fig. 20, except t h a t  trypanosomes 

were incubated a t  37°C with and without Berenil (2yg/ml and 

5yg/ml).
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Effect  o f  Berenil on DNA Polymerase

The e f f e c t  of  Berenil on the DNA polymerase-catalyzed incorpora-
3

t ion  o f  H-dTTP in to  DNA was examined using th ree  d i f f e r e n t  DNA poly­

merases, two bac te r ia l  and one mammalian. Unless otherwise mentioned

denatured CT-DNA was used as template in a l l  the  assays .  Omission of 

DNA or  any o f  the  polymerases from the standard reac t io n  mixture reduced 

the  amount o f  DNA synthesized by 98%. Omission o f  one nucleoside t r i ­

phosphate from the react ion mixture reduced the amount of  DNA syn­

thes ized  by 70% and omission of  Mg++ from the reac t ion  mixture reduced
++the amount of  DNA synthesized by 80%. The optimum Mg concentration 

i s  8-10 mM, and the r a d io a c t iv i ty  incorporated was s e n s i t iv e  to  DNAase.

The DNA dependence o f  the react ion  fo r  each polymerase i s  shown in

Figure 22. In t h i s  system DNA i s  a t  a s a tu ra t in g  level fo r  the  £. coli

enzyme a t  ^ 100 yg/ml, fo r  the M. l.ysodeikticus enzyme a t  ^66 yg/ml and 

f o r  the  c a l f  thymus enzyme a t  ^88 yg/ml.

Figure 23 ind ica te s  th a t  fo r  a l l  th ree  polymerases the  reac t ion  

proceeds a t  a constant  r a t e  fo r  a t  l e a s t  90 minutes. The reac t ion  was 

stopped a t  the  appropria te  times by p ip e t t ing  the  reac t ion  mixture onto 

f i l t e r  paper d isk s ,  previously warmed to  50°C. The reac t ion  may a lso  be 

stopped by the addit ion  of  Berenil (100 yg/ml) to  the  reac t io n  mixture. 

The time dependence experiment i l l u s t r a t e d  in Figure 23 was repeated 

using Berenil to  stop the reac t ion  a t  the  appropr ia te  times as follows: 

Ten standard assays fo r  each of  the th ree  enzymes were s t a r t e d  s im ulta ­

neously. At 15, 30, 45, 60 and 90 minutes Berenil was added to  two each 

of the  ten tubes. After  addit ion of Beren i l ,  the  37°C incubation was 

continued u n t i l  the  l a s t  reac t ion  was stopped a t  90 minutes. At t h i s  

t ime, the  contents  of a l l  tubes were p ipe t ted  onto f i l t e r  paper d isks .
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Figure 22: DNA dependence of the th ree  DNA polymerase r eac t ions .

All polymerases were present  a t  a concentra tion of  

5 U/ml in the  standard react ion  mixture.
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The r e s u l t s  o f  t h i s  experiment were the same as those  shown in Figure 23. 

This observation suggests th a t  not only does Berenil stop DNA synthesis  

ins tantaneously  but th a t  Berenil does not  cause the  degradation of 

newly synthesized DNA.

Figure 24 reveals  t h a t  Berenil i n h ib i t s  the  a c t i v i t y  of  a l l  th ree  

DNA polymerases. I t  a lso  suggests t h a t  the  b a c te r ia l  enzymes a re  more 

se n s i t iv e  to in h ib i t io n  by Berenil (50% in h ib i t io n  i s  achieved a t  

5 yg/ml Berenil) than i s  the mammalian enzyme (50% in h ib i t io n  i s  

achieved a t  10 yg/ml Bereni l) .  A concentra tion o f  5 yg/ml Berenil 

a lso  in h ib i ted  the £. co l i  enzyme 50% when heat-denatured JE. co l i  DNA 

was used in the reac t ion  mixture instead o f  heat-denatured CT-DNA.

To determine the B eren i l - sen s i t iv e  c o n s t i tu e n t  o f  the  enzyme 

r ea c t io n ,  the experiments described in Figures 25-27 were performed.

The a b i l i t y  o f  e i t h e r  addit ional  enzyme, add it iona l  DNA, or sRNA to 

r e l i ev e  the  Berenil inh ib i t io n  o f  DNA synthes is  was examined. Figures 

25 and 26 reveal t h a t  in the  case of  ba c te r ia l  enzymes, only addit ion  

of  enzyme e f f e c t i v e ly  overcomes the Berenil i n h ib i t io n .  Figure 27 

reveals  th a t  the  Berenil in h ib i t io n  of  the  mammalian enzyme can be 

overcome by addit ion  of  e i t h e r  DNA or enzyme.

These r e s u l t s  suggest th a t :

(1) Berenil i n h ib i t s  the bac te r ia l  polymerases by d i r e c t  ac t ion  

on the enzyme.

(2) Berenil does not destroy the template a c t i v i t y  of  DNA fo r  the 

b a c te r ia l  enzymes, and

(3) the  mechanism of  Berenil in h ib i t io n  of  the  b a c te r ia l  vs.  the 

mammalian enzymes i s  d i f f e r e n t .

Attempts were made to  obtain a trypanosome homogenate with DNA
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Figure 23: Time dependence o f  the th ree  DNA polymerase r eac t ions .

All polymerases were present  a t  a concentra tion of  

5 U/ml in the  standard react ion  mixture. [DNA] =

88 yg/ml.



TIM
E

/

(pIcomDles cTTTP Incorp.)
M

3
3

1



8 6

Figure 24: The e f f e c t  of increas ing  concentra t ions  of  Berenil on the
3

DNA polymerase catalyzed incorpora t ion  o f  H-dTTP in to  DNA. 

All polymerases were a t  a concentra t ion  of 5 un i ts /m l .  in 

the  standard reac t ion  mixture.  [DNA] = 176 yg/ml.
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Figure 25: Conditions for  r e v e r s i b i l i t y  of  Berenil i n h ib i t io n  of

E_. coli  DNA polymerase. The e f f e c t  o f  increas ing  amounts of 

polymerase, DNA and sRNA in a standard reac t io n  mixture which 

i n i t i a l l y  contained 5yg/ml Bereni l ,  5 units /ml E_. co l i  DNA 

polymerase and 176 yg/ml DNA was examined.
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Figure 26: Conditions f o r  r e v e r s i b i l i t y  o f  Berenil in h ib i t io n  o f

M. ly sode ik t icus  DNA polymerase. The e f f e c t  o f  increas ing  

amounts o f  polymerase, DNA and sRNA in a standard reac t ion  

mixture which i n i t i a l l y  contained 5 yg/ml Beren i l ,  5 uni ts /ml M. 

ly sode ik t icus  DNA polymerase and 176 yg/ml DNA was examined.
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Figure 27: Conditions fo r  the r e v e r s i b i l i t y  of  Berenil i n h ib i t io n  of

c a l f  thymus DNA polymerase. The e f f e c t  o f  increasing amounts 

of  polymerase, DNA and sRNA in a standard reac t ion  mixture 

which i n i t i a l l y  contained 10 yg/ml B eren i l ,  5 units/ml c a l f  

thymus DNA polymerase and 176 yg/ml DNA was examined.
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synthesizing a c t i v i t y .  The methods used to  prepare the  homogenate were:

(1) Pur i f ied  trypanosomes were placed in a ground g lass  t i s s u e  

grinder  and ground with g lass  beads ( a t  4°C),

(2) Pur i f ied  trypanosomes were swollen in a hypotonic medium

(at  4°C) and forced several  times through a hypodermic sy r inge ,  f i t t e d  

with a #26 gauge needle (Simpson, 1968).

Both methods re s u l te d  in  >70% breakage o f  the  c e l l s ,  as judged by 

microscopic examination. Neither procedure yie lded  homogenates with DNA 

synthesizing a c t i v i t y .

Effect  o f  Berenil on RNA Polymerase

The c h a r a c t e r i s t i c s  of  the  RNA synthesiz ing  system used have been 

described (Chamberlain and Berg, 1962). When Berenil (50pg/ml) was 

added to the  standard reac t ion  mixture,  only a s l i g h t  (<5%) in h ib i t io n  

of RNA synthes is  was observed. Berenil a t  100 yg/ml in h ib i t ed  RNA 

synthesis  by 20%. These observat ions ind ica te  t h a t  the  b a c te r ia l  RNA 

polymerase (L  c o l i ) used in these  s tu d ies  i s  much l e s s  s e n s i t iv e  to  

Berenil i n h ib i t io n  than any o f  the  DNA polymerases s tud ied .
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DISCUSSION

E ffec t  of  Berenil on the  Growth o f  T. brucei In Vivo

The pers is tence  of  l iv in g  trypanosomes in the bloodstream of Bereni l- 

t r e a te d  mice fo r  many hours a f t e r  drug treatment suggests t h a t  Berenil 

does not i n t e r f e r e  with the  enzymes involved in maintenance metabolism 

in trypanosomes. The observation t h a t  the  number o f  trypanosomes in the 

mouse bloodstream does not increase  a f t e r  Berenil t reatment suggests th a t  

Berenil may i n h ib i t  ce l l  d iv is io n .  This inference i s  supported by the 

u l t r a s t r u c t u r a l  a l t e r a t io n s  seen in trypanosomes exposed in vivo to a 

cu ra t ive  dose of  Berenil fo r  e ighteen hours. At t h i s  time, a large 

number of  what appear to be p red iv is ional  forms is  apparent in the ce l l  

population.  The observation t h a t  trypanosomes exposed in vivo to a 

cu ra t ive  dose of  Berenil conta in  approximately twice the  amount of DNA,

RNA and pro tein  usual ly  found in these  c e l l s  i s  fu r th e r  evidence th a t  

B e ren i l - t rea ted  trypanosomes a re  blocked in d iv is ion .  There have been 

no repo r ts  suggesting t h a t  Berenil a c t s  as a mitot ic  in h ib i to r  on 

trypanosomes or any o ther  c e l l s .
3

E ffec t  of  Berenil on Incorporation o f  H-Th,ymidine in to  Trypanosome DNA
3

The recovery of  only H-thymine from 70% PCA hydrolysates of  cold 

d i l u t e  acid insoluble  material  derived from trypanosomes labeled in
3

v i t r o  or in vivo with H-Tdr, and the  a lk a l i  s t a b i l i t y  of the  radio-
3

a c t i v i t y  in 5% TCA p r e c ip i t a t e s  o f  trypanosomes labeled with H-Tdr
3

suggests t h a t  H-Tdr i s  incorporated in to  the  DNA of  trypanosomes.

I t  appears t h a t  Berenil r e v e r s ib ly  i n h ib i t s  the  incorporation
3

of  H-Tdr in to  trypanosome DNA under both in vivo and in v i t r o  conditions
3

of  drug exposure. The observed in h ib i t io n  of  H-Tdr incorporation in to  

trypanosome DNA could r e f l e c t
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O
(a) decreased permeability of the trypanosome to H-Tdr following  

Berenil treatment,

(b) decreased rate o f  DNA synthesis following Berenil treatment, 

and/or

(c) enhanced rate of DNA degradation following Berenil treatment. 

Although p o ss ib i l i ty  (a) has not been investigated d ir e c t ly ,  the

data obtained in th is  investigation suggest that inh ib ition  o f incor­

poration r e f le c ts  an inhibition of synthesis. The evidence supporting 

th is  conclusion is :

(a) There i s  more DNA/cell a fter  Berenil treatment, and

(b) Berenil inh ib its  the a c t iv i ty  o f a variety o f  DNA polymerases 

in v i tr o .
3

Effect o f Berenil on Incorporation of H-Uracil into Trypanosome RNA
3 3The recovery o f H-cytosine, H-uracil and a small amount of

3
H-thymine from 70% PCA hydrolysates o f  cold d ilu te  acid insoluble  

material derived from trypanosomes labeled in v itro  or in vivo with
3

H-U, and the alkali s e n s i t iv i ty  of the rad ioactiv ity  in 5% TCA pre-
3 3c ip ita te s  of trypanosomes labeled with H-U, suggests that H-U is

incorporated into the RNA o f  trypanosomes.

It  appears that Berenil reversib ly inh ib its  the incorporation of
3
H-U into trypanosome RNA under both in vivo and in v itro  conditions 

of drug exposure. The inhibition of incorporation could r e f l e c t ,
O

(a) decreased permeability of the trypanosome to H-U following  

Berenil treatment,

(b) decreased rate o f  RNA synthesis following Berenil treatment, 

and/or

(c) enhanced rate o f  RNA degradation following Berenil treatment.
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P o s s i b i l i t y  (a) has not been inves t iga ted  d i r e c t l y .  We have 

attempted to  examine p o s s i b i l i t y  (b). I t  appears t h a t  the  a c t i v i t y  of 

JE. coli  RNA polymerase (+ sigma f a c to r )  i s  not in h ib i ted  by chemothera- 

p e u t ica l ly  useful concentra tions  o f  Berenil.  I f  t h i s  enzyme can serve 

as a r e l i a b l e  model fo r  trypanosome RNA polymerases, we may conclude 

th a t  i f  Berenil does i n h i b i t  RNA synthesis  in trypanosomes, i t  i s  

probably not as a r e s u l t  of  d i r e c t  ac t ion  o f  the  drug on RNA polymerase. 

This point  cannot be c l a r i f i e d  un t i l  RNA polymerases a re  i so la ted  from 

trypanosomes.

I f  Berenil does not i n h ib i t  RNA synthesis  by d i r e c t  act ion  on RNA 

polymerases ( i f  i t  does i n h i b i t  RNA synthesis)  then we must conclude th a t  

RNA synthesis  i s  in h ib i ted  in an in d i r e c t  manner ( i . e .  such as unavai l ­

a b i l i t y  o f  the  DNA template to RNA polymerase as a r e s u l t  of  Berenil 

t rea tment) .

We have attempted to  examine p o s s i b i l i t y  (c) by performing some 

pulse and chase experiments using washed trypanosomes in v i t r o . Extreme 

caution should be used in in te rp re t in g  these data s ince the  RNA synthesized 

by trypanosomes in v i t r o  and RNA synthesized in the  presence of  Berenil 

e i t h e r  in v i t r o  o r  in vivo may be q u a l i t a t i v e l y  d i f f e r e n t  from the RNA 

synthesized under normal in vivo condit ions .  Figures 29-31 (see Appendix) 

suggest t h a t  the re  are  q u a n t i t a t iv e  d i f fe rences  in u rac i l  conversions in 

trypanosomes i n  vivo and washed trypanosomes jm v i t r o .

The pulse and chase experiments performed during the  course o f  t h i s  

study have provided the following observat ions:

(1) P re -ex is t ing  RNA i s  degraded more rap id ly  in the  presence of 

Berenil than i t  i s  in  the  absence o f  Berenil

(2) RNA synthesized in the  presence of Berenil i s  more s ta b le  than
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RNA synthesized in the  absence o f  Berenil.

Some hypotheses to account fo r  these observations have been presented 

in Table I I I .  In order to  d is t in g u ish  among these p o s s i b i l i t i e s ,  i t  wil l  

be necessary to examine the e f f e c t  o f  Berenil on in v i t ro  RNA and pro te in  

synthesiz ing systems the con s t i tu en ts  of  which are  derived from t r y ­

panosomes. Such in v i t r o  systems have not ye t  been developed. In 

a d d i t io n ,  the  e f f e c t  of  Berenil on various trypanosome RNAases should be 

examined. Ult imate ly ,  the pulse and chase experiments should be performed 

on bloodstream trypanosomes growing in v i t r o  should an appropria te  

c u l t i v a t io n  medium be developed. We conclude t h a t  Berenil rev e r s ib ly  

decreases the incorporation of  H-U in to  trypanosome RNA e i t h e r  by 

in h ib i t in g  RNA synthesis  and/or enhancing RNA degradation.

E ffec t  o f  Berenil on the A c t iv i ty  of  DNA Polymerases In Vitro

DNA enzymology i s  in a somewhat confused s t a t e  a t  the  present  time.

I t  i s  not  c l e a r  p rec ise ly  which enzyme(s) i s  responsible  fo r  DNA r e p l i c a ­

t ion  in vivo in JE. co l i  o r  any o ther  organism (Goulian, 1972). There i s  

good genet ic  evidence t h a t  E_. co l i  DNA polymerase I functions in DNA 

re p a i r  in v ivo , but i s  probably not responsible  fo r  DNA re p l i c a t io n  

in vivo (Goulian, 1972).

We have examined the e f f e c t  of  Berenil on the a c t i v i t y  o f  several  DNA 

polymerases in v i t r o . These enzymes are  read i ly  avai lab le  

commercially. I t  would be i n t e r e s t i n g  to  examine the e f f e c t  of Berenil 

on DNA polymerase II  and I I I  from JI. c o l i , since these enzymes have been 

implicated in DNA r e p l i c a t io n  (Goulian, 1972). We have determined t h a t  

Berenil i n h ib i t s  the  a c t i v i t y  o f  a l l  DNA polyermase I ' s  examined ( the 

E.  c o l i , M. lysode ik t icus  and c a l f  thymus enzymes). I t  would be useful to 

know i f  Berenil i s  a general DNA polymerase i n h ib i to r  ( I ,  I I  and I I I )  or
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whether i t  i s  spec i f ic  fo r  polymerase I .  DNA polymerase I ca ta lyzes  

several  d i f f e r e n t  reac t ions .  In addi t ion  to  DNA synthes is  (phosphodiester  

bond formation, 5-!—»3' d i rec t io n )  i t  ca ta lyzes  two d i s t i n c t  exonuclease 

r e a c t io n s ,  one degrades DNA in the  3'—»5‘ d i r e c t io n  (3i—>5' exonuclease) 

and the o ther  degrades DNA in the  5 5—̂ 3' d i r e c t io n  (5 —̂>3' exonuclease) 

(Setlow, Brutlag and Kornberg, 1972). Our s tu d ie s  have demonstrated t h a t  

fo r  a l l  th ree  polymerases, addit ion o f  Berenil (100 yg/ml) ins tantaneously
3

stops the DNA polymerase-catalyzed incorpora t ion  o f  H-dTTP in to  DNA.

In a d d i t io n ,  we have observed t h a t  r a d i o a c t i v i t y  incorpora ted in to  DNA 

p r io r  to addit ion  of  Berenil i s  s t a b le  during prolonged (up to 90 minutes) 

incubation of  the  react ion  mixture a t  37°C in the  presence of Berenil .

These observations suggest t h a t  Berenil does not i t s e l f  cause 

degradation of  DNA, and also suggests  t h a t  Berenil does not a c t iv a te  the  

3!—>5' exonuclease a c t i v i t y  of DNA polymerase. The e f f e c t  of  Berenil 

on the  3^ #51 and 5-!—>31 exonuclease a c t i v i t i e s  o f  DNA polymerase accord­

ing to  the  method of  Setlow and Kornberg (1972) have not been examined, 

but should be a t  some fu ture  time.

Our s tud ies  of the e f f e c t  o f  Berenil on the  a c t i v i t y  of  several DNA 

polymerase I ' s  have revealed the following:

(a) The bac te r ia l  enzymes are  more s e n s i t iv e  to  Berenil in h ib i t io n  

than i s  the  mammalian enzyme, and

(b) Berenil in h ib i t ion  o f  the  b a c te r ia l  enzyme may be overcome only 

by the  addit ion  of  DNA polymerase ( i . e .  binding o f  Berenil to  DNA does not 

destroy the  template a c t i v i t y  o f  DNA fo r  these  enzymes). Berenil i n h ib i t io n  

o f  the  mammalian enzyme may be overcome e i t h e r  by add i t ion  of  DNA or  DNA 

polymerase ( i . e .  Berenil binding to  DNA does in p a r t  dest roy  the template 

a c t i v i t y  o f  DNA fo r  c a l f  thymus DNA polymerase). These r e s u l t s  suggest
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th a t :

(a) Berenil i n h ib i t s  DNA polymerases by d i r e c t  act ion on the enzyme,

and

(b) The b a c te r ia l  and mammalian enzymes d i f f e r  in the s tr ingency of 

t h e i r  template  requirements , the  manmalian enzyme being more s e n s i t iv e

to  d i s t o r t i o n  o f  the  template than are  the  bac te r ia l  enzymes.

In order  to  r e l a t e  t h i s  information to the e f f e c t  of  Berenil on DNA 

synthesis  in trypanosomes, the  e f f e c t  o f  Berenil on DNA polymerases from 

trypanosomes should be in ves t ig a ted .  The inferences obtained from the 

p resen t  s tud ies  may be extended to cons truct  a hypothesis to  explain 

the observed "k ine top las t  s e l e c t i v i t y "  of  Bereni l .  I t  has been reported 

t h a t  ethidium bromide and a c r i f l a v in  s e le c t iv e ly  i n h ib i t  mitochondrial 

DNA polymerase over nuclear  DNA polymerase in an in v i t ro  system derived 

from r a t  l i v e r  c e l l s .  The drug s e n s i t iv e  cons t i tuen ts  of  the  reac t ion  

systems were not examined (Meyer and Simpson, 1969). I f  the  e f f e c t  of 

Berenil on r e p l i c a t iv e  DNA polymerases from trypanosome nuclei and 

mitochondria i s  akin to  i t s  e f f e c t  on the DNA polymerase I ' s examined 

then the  observed "k in e to p la s t  s e l e c t i v i t y "  o f  Berenil might be explained 

on the  basis  of  g re a te r  Berenil s e n s i t i v i t y  of  the  mitochondrial enzyme.

I t  may be t h a t  the  progressive d isorganiza t ion  of  the KP-DNA seen a f t e r  

Berenil t rea tment  r e s u l t s  from s t imula t ion  of  exonuclease a c t i v i t y ,  e i t h e r  

t h a t  apar t  from or  t h a t  assoc ia ted  with a mitochondrial DNA polymerase I .  

Berenil Cure of  Experimental Trypanosomiasis

The experiments performed during the  course of  th i s  study have 

y ie lded  the  following observat ions:

(a) a s ing le  in je c t io n  of  Berenil (10-100 yg/ lg  body weight) cures 

mice-of T. brucei (monomorphic) in fec t io n .
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(b) Trypanosomes i so la ted  from B e ren i l - t r ea ted  mice appear to  be 

blocked in d iv is ion .

(c) Berenil causes a temporary and r e v e r s ib le  in h ib i t io n  of  DNA 

(and possibly RNA) synthesis  in trypanosomes.

I t  i s  not poss ib le ,  from these d a ta ,  to  determine whether the  

in h ib i t io n  of  DNA (and poss ibly  RNA) syn thes is  i s  the cause of  the  block­

age in  ce l l  d iv is ion  and in turn whether the  blockage o f  ce l l  d iv is ion  

i s  the  primary cause of the l e th a l  ac t ion  o f  Berenil on T. b ru c e i .

Hence, the following hypotheses may be advanced:

(1) The le tha l  act ion of  Berenil on T. brucei i s  unrela ted  to  i t s  

a b i l i t y  to block ce l l  d iv is io n ,  and r e s u l t s  from some a c t i v i t y  o f  the 

drug not y e t  understood.

(2) The le tha l  action o f  Berenil on T. brucei i s  re la te d  to  i t s  

a b i l i t y  to block c e l l  d iv ison ,  but i t  does so by some means not y e t  

understood. Berenil in h ib i t io n  o f  DNA syn thes is  i s  not r e la te d  to  i t s  

a b i l i t y  to block c e l l  d iv is ion .

(3) The le tha l  act ion of  Berenil on T. brucei i s  r e la te d  to  i t s  

a b i l i t y  to temporari ly i n h ib i t  DNA (and poss ib ly  RNA) syn thes is .  Tem­

porary inh ib i t ion  of  DNA (and poss ib ly  RNA) syn thes is  (perhaps through 

induction of  a s t a t e  of unbalanced growth) permanently destroys the 

synchrony o f  the c e l l  cycle and renders  trypanosomes unable to  d iv ide .  

This r e s u l t s  in:

(a) e l imination of trypanosomes by the  host  (perhaps through 

an immunological process) or

(b) continued growth of  the  trypanosomes u n t i l  the  mass to 

surface  r a t i o  exceeds a c e r ta in  c r i t i c a l  va lue ,  and the  trypanosomes 

lyse .
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Hypotheses (1) and (2) are  p o s s i b i l i t i e s  which should be considered. 

I t  i s  poss ib le  t h a t  Berenil a c ts  by an as ye t  unelucidated mechanism. 

Hypothesis (3a) has been suggested to  explain the mechanism of act ion 

of many of  the  an t icance r  agents which a re  in h ib i to r s  of  DNA synthesis 

(Helmste t te r ,  1971). I t  has been suggested t h a t  neoplas t ic  c e l l s  f ind 

themselves in a h o s t i l e  environment and th a t  the  real e f f e c t  o f  many 

an t icance r  agents may be to slow down the  r a t e  o f  r ep l ica t io n  of  neo­

p l a s t i c  c e l l s  so t h a t  o ther  processes , perhaps immunological in nature ,  

can more e f f e c t i v e l y  remove the c e l l s .  Thus, c e l l s  although not ac tua l ly  

k i l l e d  by unbalanced browth may be rendered more s e n s i t iv e  by i t  to 

o ther  environmental f a c to r s .  This l in e  of  reasoning may be applied to 

the e f f e c t  o f  Berenil on trypanosomes. Some evidence has been presented 

suggesting t h a t  the  host  re t icu lo -en d o th e l ia l  system p a r t i c ip a te s  in the 

chemotherapeutic a c t i v i t y  o f  the  trypanocides Antrycide and Suramin 

(Sen, Dutta and Ray, 1955). The same may be t ru e  fo r  Berenil.

Hypothesis (3b) d i f f e r s  from (3a) in  t h a t  i t  suggests t h a t  un­

balanced growth a c tu a l ly  k i l l s  the  trypanosomes. I t  might be possible  

to d i s t in g u i s h  between these  two hypotheses by observing the course of 

Berenil cure in in fec ted  hosts t h a t  have been t rea te d  with immuno­

suppressants .  I t  might a lso  be useful to  examine the e f f e c t  of  sp le -  

nectoiny on the  course o f  Berenil cure .  Such experiments could determine 

the e x ten t  o f  p a r t i c ip a t io n  of the host immune system in Berenil cure ,  and 

thus d i s t in g u i s h  between hypotheses (3a) and (3b).

This study was undertaken to e lu c id a te  the  mechanism of  action of 

Berenil in curing African trypanosomiasis.  As a r e s u l t  o f  observations 

made during the  course o f  t h i s  s tudy, some t e s t a b le  hypotheses have been 

advanced to  expla in  the  mechanism of  ac t ion  o f  Beren i l ,  and fu ture  work
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will be d irec ted  toward d is t ingu ish ing  among these  hypotheses. In 

ad d i t ion ,  t h i s  study has added to  our understanding of  the biochemical 

c a p a b i l i t i e s  of  bloodstream trypanosomes by exploring the a b i l i t y  of 

these organisms to synthesize DNA, RNA and p ro te in  ou ts ide  the  host 

bloodstream under minimal in v i t r o  condit ions o f  maintenance. The 

r e s u l t s  obtained in t h i s  study underscore the  importance of  using dual 

evaluat ion systems ( in v i t ro  and in vivo systems) fo r  in v es t ig a t ing  

the  mode o f  ac t ion  of trypanocidal drugs.
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SUMMARY

We have employed a rodent-adapted,  labora tory  s t r a in  o f  Trypanosoma 

brucei (monomorphic) to  examine the e f f e c t  o f  Berenil on growth and 

nucle ic  acid synthesis  in bloodstream trypanosomes. Our data suggest 

t h a t  Berenil i n t e r f e r e s  with the  growth of  trypanosomes in the  mouse 

bloodstream. We conclude t h a t  Berenil blocks ce l l  d iv is ion  in 

trypanosomes. The evidence fo r  t h i s  conclusion i s :

(1) No increase  in trypanosome numbers i s  observed in the  mouse 

bloodstream a f t e r  a s ing le  in je c t io n  o f  a cu ra t ive  dose of  Berenil i s  

administered to an infec ted  mouse. Only a slow decrease in ce l l  number 

i s  observed.

(2) Berenil t reatment of  in fec ted  mice r e s u l t s  in an accumulation 

of what appear to  be pred iv is ional  forms o f  trypanosomes in the mouse 

bloodstream.

(3) Trypanosomes i so la te d  from in fec ted  Beren i l - t rea ted  mice twelve 

hours a f t e r  drug treatment  conta in  approximately twice the  amount of DNA,

RNA and pro te in  usua l ly  found in these c e l l s .

We conclude t h a t  Berenil i n h i b i t s  DNA synthesis  in trypanosomes. The 

evidence fo r  t h i s  conclusion i s :

(1) Berenil r ev e r s ib ly  i n h ib i t s  the  incorporation of  H-thymidine 

in to  the  DNA of  trypanosomes whether these  c e l l s  are  growing in the host 

bloodstream, or are  suspended in a buffered sa l t s -g lucose  so lu t ion .

(2) Berenil rev e r s ib ly  i n h ib i t s  the  a c t i v i t y  of a v a r ie ty  of  DNA 

polymerases.

We conclude t h a t  Berenil i n t e r f e r e s  with RNA metabolism in trypanosomes 

e i t h e r  by in h ib i t in g  RNA synthes is  and/or  enhancing the r a t e  of  RNA degra­

da t ion .  The evidence fo r  t h i s  conclusion i s :
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(1) Berenil reve rs ib ly  in h ib i t s  the incorpora t ion  o f  H-uraci l 

in to  the  RNA of  trypanosomes whether these c e l l s  a re  growing in the  

host  bloodstream, or are  suspended in a buffered sa l t s -g lu c o se  so lu t io n .

(2) Berenil t reatment appears to  enhance the  degradation of  p re ­

e x i s t in g  RNA in trypanosomes.

(3) RNA synthesized by trypanosomes during exposure to Berenil 

appears to  be more s tab le  than RNA synthesized in the  absence o f  Berenil .

(4) Berenil does not i n h ib i t  E.  coli  RNA polymerase a t  chemothera- 

p e u t i c a l ly  useful concentrations.

I t  i s  not poss ib le  a t  t h i s  time e i t h e r  on the  bas is  of  these  data

or on the  bas is  o f  any o ther  avai lab le  data to  determine whether in h ib i t io n

of  DNA (and possibly  RNA) synthesis  i s  the  cause o f  the  block in 

ce l l  d iv is ion  in trypanosomes and in turn whether the  blockage o f  ce l l  

d iv is io n  i s  the  primary cause of the le tha l  ac t ion  o f  Berenil on 

T. b ru c e i . I f  the  le tha l  act ion of Berenil on T. brucei i s  r e l a t e d  to

i t s  a b i l i t y  to temporari ly i n h ib i t  DNA (and poss ib ly  RNA) syn thes is  then

perhaps t h i s  in h ib i t io n  serves to destroy the  synchrony o f  the  c e l l  cycle ,  

rendering the  trypanosomes unable to  div ide .  Division-blocked trypanosomes 

may e i t h e r  continue to grow un t i l  they ly s e ,  or a re  perhaps e liminated 

through an immunological process. This hypothesis i s  r e a d i ly  t e s t a b le  

and w i l l  be challenged in fu ture  s tud ies .
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Chromatography o f  Perchloric  Acid Hydrol.ysates from Trypanosomes

One Dimensional Chromatograms

Figure 28 depic ts  the rad ioact ive  bases derived from nucleic  acids
3

of  trypanosomes labeled e i t h e r  in vivo o r  in v i t r o  with H-thymidine.

In both cases ,  the  only rad ioac t ive  base recovered from-70% PCA 

hydrolysates was thymine. When trypanosomes were labeled in vivo with
O
H-uracil (Fig. 29) labeled cytosine and u rac i l  (in approximately equal 

amounts) and a t r ac e  (<5%) of labeled thymine were recovered from the 

70% PCA hydrolysate . When trypanosomes were labeled in v i t r o  a t  25°C 

or 37°C with ^ C - u r a c i l  (Figs. 30 and 31) most o f  the  r a d io a c t iv i t y  

recovered from the PCA hydrolysates was presen t  as u r a c i l ,  a small 

amount was present  as cytosine and about 25% was presen t  as thymine.

Two Dimensional Chromatograms

Two dimensional chromatograms were developed ( f ive  hours in s o l ­

vent 1 and s ix  hours in solvent 2 a t  room temperature)  and analyzed fo r
3 3c e l l s  labeled in vivo with e i t h e r  H-thymidine on H-uraci l .  The

loca t ion  o f  the  r a d io a c t iv i ty  i s  shown in  Table IV. The values of

the  f iv e  nucleic  acid bases in the  two so lven t  systems are  shown in

Table V. The data obtained from the chromatograms suggests t h a t

(1) The metabolic f a t e  of  thymidine in vivo and in v i t r o  i s  the

same.

(2) When trypanosomes are incubated with u rac i l  under in v i t r o  

condit ions much le s s  of the  u rac i l  i s  converted to  cy tos ine  and more 

u rac i l  i s  converted to thymine, than when trypanosomes a re  in v ivo .
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Figure 28: R ad ioac t iv i ty  p r o f i l e  obtained from paper chromatogram of
3

PCA hydrolysates o f  trypanosomes labeled with H-thymidine 

in vivo (2 hours, 0.5 mCi/mouse) and in v i t ro  (1 hour,

37°C, 4viCi/ml, 10^ cel ls /ml b u f fe r  2) .  The chromatogram 

was developed fo r  24 hours a t  room temperature in solvent  1.
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Figure 29: Radioact iv i ty  p r o f i l e  obtained from paper chromatogram of
3

PCA hydrolysate of  trypanosomes labeled in vivo with H- 

u rac i l  (2 hours, 0.5mCi/mouse). The chromatogram was 

developed fo r  24 hours a t  room temperature in so lvent 1.
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Figure 30: R ad ioac t iv i ty  p r o f i l e  obtained from paper chromatogram of

PCA hydrolysate  of  trypanosomes labeled in v i t r o  with 

^ C - u r a c i l  (1 hour, 25°C, 0.66pCi/ml, 10^ c e l l s /m l .  in 

bu ffe r  2) .  The chromatogram was developed f o r  24 hours 

a t  room temperature in solvent  1.
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Figure 31: R ad ioac t iv i ty  p r o f i l e  obtained from paper chromatogram 

of  PCA hydrolysate  of trypanosomes labeled in v i t ro  

with ^ C - u r a c i l .  Same condit ions as Fig. 30, except 

lab e l in g  was performed a t  37°C.
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TABLE IV

Location of  Radioac t iv i ty  in Two Dimensional Chromatograms

Radioac t iv i ty  from Rad ioact iv i ty  from
c e l l s  labeled  with c e l l s  labeled with

Base 3H-U (cpm) 3H-Tdr (cpm)

G 47 43

A 34 38

C 368 46

U 380 35

T 61 315
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TABLE V

Rf values of Nucleic Acid Bases

Base Rf  value in Solvent 1 Rf  value in Solvent 2

G 0.17 0.19

A 0.30 0.43

C 0.46 0.45

U 0.70 0.53

T 0.79 0.63
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The f a c t  th a t  the  appropria te  rad io a c t iv e  bases a re  recoverable 

from hot 70% PCA hydrolysates of  the  cold d i l u t e  acid preci pi tab le  

material from pur i f ied  trypanosomes in d ic a te s  t h a t  the  nucleic  acid 

precursors ,  thymidine and u r a c i l ,  were incorporated in to  the DNA and 

RNA of  trypanosomes under both in vivo condit ions o f  growth and in_ 

v i t ro  condit ions of maintenance.
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