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ABSTRACT 

Countercur ren t  chromatography (CCC) employing t h e  I t o  
m u l t i l a y e r  coiled column was an  e f f e c t i v e  procedure  for  t h e  
p u r i f i c a t i o n  of an ant i - t rypanosomal  f a c t o r  (ATF-11) from 
Pseudomonas f l u o r e s c e n s .  Two t y p e s  of ant i - t rypanosomal  a c t i v i t y  
were o b s e r v e d ,  i .e.,  l y s i s ,  and p a r a l y s i s  and k i l l i n g  of  t h e  
p a r a s i t e s  without. l y s i s .  High performance l i q u i d  chromatography 
(HPLC) was very  u s e f u l  f o r  the  d i f f e r e n t i a t i o n  and further 
p u r i f i c a t i o n  of t h e s e  f r a c t i o n s ,  and b ioassays  performed w i t h  
Trypanosoma equiperdum, i n d i c a t e d  t h e  c h a r a c t e r i s t i c  p a t h o l o g i c  
changes produced by these components. The l i p o p o l y s a c c h a r i d e  
c o n t e n t  of the p u r i f i e d  f r a c t i o n s  was markedly reduced and 
i n d i c a t e d  an a d d i t i o n a l  advantage  o f  CCC i n  f u t u r e  s t u d i e s  w i t h  
exper imenta l  i n f e c t i o n s  w i t h  T. c r u z i .  
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INTRODUCTION 

MERCADO ET AL. 

The use of c o u n t e r c u r r e n t  Chromatography (CCC 1 f o r  t h e  

p u r i f i c a t i o n  of  n a t u r a l  products  has  been r e p o r t e d  by many 

i n v e s t i g a t o r s  C1-51. High-speed CCC,  a type of CCC system 

developed i n  r e c e n t  y e a r s  C6-81, is a f a s t  and e f f i c i e n t  

technique  f o r  t h e  s e p a r a t i o n  of b i o l o g i c a l l y  a c t i v e  components 

wi th  p o t e n t i a l  pharmacological p r o p e r t i e s .  I n  s t u d i e s  of an 

ant i - t rypanosomal  subs tance  (ATF-I I )  produced by t h e  bacterial  

s p e c i e s ,  Pseudomonas f l u o r e s c e n s  C91, we were l i m i t e d  i n  i ts 

p u r i f i c a t i o n  procedure by t h e  small volumes t h a t  could be e l u t e d  

o v e r  s i l i c a  c o l m n s ,  t h e  o n l y  t y p e  of column t h a t  provided 

opt imal  s e p a r a t i o n  of the  a c t i v e  f r a c t i o n s  clO1. High-speed CCC 

was ccns idered  an e x c e l l e n t  procedure f o r  t h e  p u r i f i c a t i o n  of  

t h i s  s u b s t a n c e  s i n c e  i t  i s  e s p e c i a l l y  a p p l i c a b l e  for  t h e  

f r a c t i o n a t i o n  of po lar  compounds. Furthermore , cons iderably  

l a r g e r  amounts of s o l u t e s  may be processed wi th  t h e  m u l t i l a y e r  

c o i l e d  c o l m n ,  t h e  s e p a r a t i o n  times are s h o r t e r ,  and t h e  degree 

of p a r t i t i o n  e f f i c i e n c y  is high.  Other f a c t o r s ,  such  as freedom 

from a d s o r p t i v e  sample l o s s  , d e a c t i v a t i o n ,  and contaminat ion,  

were a l so  b e n e f i c i a l  and high r e p r o d u c i b i l i t y  and p r e d i c t a b i l i t y  

were ensured.  I n  t h i s  r e p o r t  we d e s c r i b e  t h e  p u r i f i c a t i o n  of t h e  

P. f l u o r e s c e n s  f a c t o r  ob ta ined  w i t h  t h i s  t echnique  and f u r t h e r  

f r a c t i o n a t i o n  of t h e  CCC-derived f r a c t i o n s  w i t h  high performance 

l i q u i d  chromatography (HPLC). 
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PSEUDOMONAS FLUORESCENS ANTI-TRYPANOSOMAL FACTOR 205 

MATERIALS AND METHODS 

The ant i - t rypanosom 1 f a c t o r  was o b t a i n e d  accord ing  t o  

Mercado and Col&-Whitt C91. 

with  a b s o l u t e  e thanol .  A t  least  1 gram was e x t r a c t e d  i n  200 m l  

of t h e  a l c o h o l  w i t h  c o n s t a n t  s t i r r i n g  a t  2 6 O C  f o r  48 h r s .  The 

sample was c e n t r i f u g e d  a t  164 g f o r  5 min and t h e  s u p e r n a t a n t  was 

c o n c e n t r a t e d  i n  a r o t a r y  evapora tor  (Brinkmann Rotavapor-R) set  

a t  5. T h e  water  ba th  was maintained a t  45OC and when evapora t ion  

was completed d r y i n g  was cont inued mder  vacuum f o r  30 t o  60 min. 

CCC was performed a t  26OC w i t h  a t a b l e - t o p  model of t he  

rnul t i layer  c o i l  p lane t  c e n t r i f u g e  ( P . C . ,  Inc . ,  Potomac, MD 20854) 

The r e v o l u t i o n a l  radius was 4 i n c h e s  and t h e  m u l t i l a y e r  c o i l  8 

v a l u e s  ranged from 0.5 a t  t h e  i n t e r n a l  te rmina l  t o  0.8 a t  t h e  

I t  was l y o p h i l i z e d  and e x t r a c t e d  

e x t e r n a l  t e r m i n a l .  The column was prepared from a s i n g l e  p iece  

of 1.6 rnm i . d .  PTFE t u b i n g  (130 m l o n g )  and had a t o t a l  c a p a c i t y  

of 280 ml. The flow ra te  was maintained w i t h  a Beckman Accu-Flo 

pump a t  a s e t t i n g  of  12 ( i n  slow s t r o k e )  and t h e  absorbance was 

monitored w i t h  an LKB Uvicord S a t  280 nm. The r e c o r d e r  was an 

LKB model ( 6  channel )  and a chart speed of 1 cm/20 min was used. 

Three-ml f r a c t i o n s  were collected with an LKB f r a c t i o n  c o l l e c t o r .  

The s o l v e n t s  were evapora ted  under vacuum w i t h  a Savant  speed 

evapora tor  and the  r e s i d u e s  weighed. Four t o  5 evapora t ion  

c y c l e s  were needed t o  remove t h e  N H 4 H C 0 3  t o t a l l y .  

s o l v e n t  s y s t e m  was s e l e c t e d  from a n m b e r  of d i f f e r e n t  s o l v e n t  

mixtures on t h e  b a s i s  of t h e  p a r t i t i o n  c o e f f i c i e n t  of t h e  s o l u t e s  

determined by UV absorbance a t  280 mm wi th  a Zeiss 

The v o l a t i l e  
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206 MERCADO ET AL. 

s p e c t r o p h o t o m e t e r .  Each s o l v e n t  system was tho rough ly  

e q u i l i b r a t e d  i n  a s e p a r a t o r y  f u n n e l  a t  roan t empera tu re  and 

s e p a r a t e d  before use. A d e t e r m i n a t i o n  of t h e  p a r t i t i o n  

c o e f f i c i e n t  was made by d i s s o l v i n g  a small amount o f  ATF-II i n  

t h e  s o l v e n t  sys t em,  s h a k i n g  and a f te r  s e p a r a t i o n  of t h e  phases ,  

measu r ing  t h e  c o n c e n t r a t i o n  of t h e  sample i n  both phases  t h u s  

g i v i n g  the r a t i o  of upper t o  lower (u/l) phase.  For a n a l y s i s ,  a 

s o l u t i o n  of t h e  ATF-II was d i s s o l v e d  i n  a n  amount of a 1 : l  

m i x t u r e  of t h e  lower and upper phases  and i n s e r t e d  w i t h  a s y r i n g e  

i n t o  t h e  s o l v e n t  punping l i n e  a t  t h e  column head. E thy l  

a c e t a t e l n - b u t a n o l l w a t e r  ( 1  :1 :2) and n-butanol/methanol/saturated 

NHqHC03 (7:3:10) were used. 

lower phases  were used a l t e r n a t i v e l y  as t h e  mobile  o r  s t a t i o n a r y  

phase.  F r a c t i o n s  which e x h i b i t e d  s i g n i f i c a n t  an t i - t rypanosomal  

a c t i v i t y  were ana lyzed  f u r t h e r  w i t h  HPLC employing a 

Millipore-Waters Chromatography System c o n s i s t i n g  of model 51 0 

s o l v e n t  d e l i v e r y  sys t em,  model 440 UV d e t e c t o r  a t  280 nm, and  a 

model U6K sample injector. A Waters ca rbohydra t e  a n a l y s i s  column 

(3.9 mm X 30 cm) w i t h  a n  aminopropyl f u n c t i o n a l  group was used.  

The samples  were e l u t e d  w i t h  70% a c e t o n i t r i 1 e : w a t e r  a t  a flow 

rate of 0.2 ml/min. 

I n  some f r a c t i o n a t i o n s  the  upper and 

I n  o r d e r  t o  assess t h e  l y t i c  a c t i v i t y  of t h e  p u r i f i e d  

f r a c t i o n s ,  b i o a s s a y s  were performed w i t h  t r y p o m a s t i g o t e s  of 

Trypanosoma equiperdum. Th i s  p a r a s i t i c  s p e c i e s  e x h i b i t s  t he  same 

s e n s i t i v i t y  t o  ATF-I1 as p r e v i o u s l y  obse rved  w i t h  1. 
I t  was ma in ta ined  by i n t r a p e r i t o n e a l  blood p a s s a g i n g  i n  

6-week-old male Sprague-Dawley ra t s  e v e r y  4 t o  5 days.  Blood 

[ l o ] .  
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PSEUDOMONAS FL UORESCENS ANTI-TRYPANOSOMAL FACTOR 207 

samples  were obta ined  by c a r d i a c  puncture  under e t h e r  a n e s t h e s i a .  

The p a r a s i t e s  were isolated from blood accord ing  t o  Lanham and 

Godfrey c 1 1 1  u s i n g  a 6:4 b u f f e r  d i l u t i o n .  

performed w i t h  0.2 ml of t h e  l y o p h i l i z e d  f r a c t i o n s  d i s s o l v e d  i n  

phcsphate-sal ine-glucose buf fer  (PSC, 95 mM Na2HP04, 5 mM 

NaH2P04, 73 mM N a C 1 ,  1 %  g l u c o s e ,  pH 8 . 0 )  and a t  least  2.5 X 107 

t rypomast igotes  suspended i n  0.2 m l  of t h e  same b u f f e r .  

Microscopic  examinat ion of t h e  parasite-ATF suspens ions  were 

performed after 10 mln and 3 ,  5, and 20 h r s .  They were 

maintained at  4°C f o r  t h e  l o n g e r  i n c u b a t i o n  per iods.  The 

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

t h e  Limulus amoebocyte l y s a t e  test  for endotoxin [12,131. 

P r o t e i n  de te rmina t ions  were made accord ing  t o  Lowry C141. For 

e l e c t r o n  microscopic  examinat ion , t h e  t r  ypanosomal suspens ions  

were p e l l e t e d  i n  an Eppendorf microfuge f o r  10 min, f i x e d  i n  2.5% 

g l u t a r a l d e h y d e  i n  0.1 M phosphate b u f f e r ,  pH 7.2, washed w i t h  

b u f f e r ,  dehydrated w i t h  a graded ser ies  o f  e t h a n o l s  and propylene 

o x i d e ,  and embedded i n  Epon. U l t r a t h i n  s e c t i o n s  were s t a i n e d  

w i t h  uranyl  acetate and l e a d  c i t r a t e ,  and examined w i t h  a 

t r a n s m i s s i o n  e l e c t r o n  microscope a t  an a c c e l e r a t i n g  vol tage  of 80 

KV. 

Bioassays were 

The e t h y l  a c e t a t e / n -  butanol /water  system e l i c i t e d  t h e  bes t  

s e p a r a t i o n  of t h e  l y t i c  f r a c t i o n s  when t h e  upper non-aqueous 

phase was used as t h e  mobile phase. A s  shown i n  Fig.  1 ,  many 
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10012.0 

- 
Flushing of Column 

SF 

I I I I I I 1 I I _1 
) 10 20 30 40 50 60 70 80 110 120 

SF = Solvent Front Fractions 

Solvent System: Ethyl acetate:n-butan0l:water (1:1:2) 
Mobile Phase: Upper non-aqueous phase 

Sample: 2.196 g 
Flow Rare: 100rnl/hr 

Revolution: 800 rpm 

Retention of 
Stationary Phase: 80% 
Pressure. Below 20 psi 

Fig. 1 :  Countercurrent chromatography of ethanol-extracted 
ATF-11. A t o t a l  of 80 f r ac t ions  was collected.  Twenty 
two f r ac t ions  produced p a r a s i t i c  l y s i s  of 60 t o  80 
percent (arrows). Many produced t h e  l y t i c  e f f ec t  i n  
minimal concentrations equivalent t o  40 t o  80 pg of the 
lyophilized compound. 
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f r a c t i o n s  were e l u t e d  which produced c o n s i d e r a b l e  l y s i s ,  e .g . ,  22 

and 27, 48 t o  52, 61 t o  67, 72 t o  75, and 77 t o  80, i n  amounts of 

t h e  l y o p h i l i z e d  compound r a n g i n g  from 40 t o  464 pg. However, i t  

is c u r i o u s  t h a t  t h i s  a c t i v i t y  was n o t  r e p r e s e n t e d  by d i s t i n c t  

peaks on t h e  chromatogram but by a series of un reso lved  peaks 

t h a t  gave t he  appea rance  of waves of abso rbance  compr i s ing  t h e  

area of ant i - t rypanosornal  a c t i v i t y .  S i x t y  two p e r c e n t  of t h e  

sample injected w a s  r e t a i n e d  by the  column. T h i r t y  three 

f r a c t i o n s  of a to ta l  of 59 o b t a i n e d  upon f l u s h i n g  o f  t h e  column 

e x h i b i t e d  l y t i c  a c t i v i t y  of  60 t o  100 p e r c e n t .  

CCC of  t h e  ATF-11 e t h a n o l  e x t r a c t  w i t h  the  

n-butanol/methanol/NH4HCO3 system y i e l d e d  a more d i s t i n c t  

s e p a r a t i o n  of t h e  a c t i v e  f r a c t i o n s  and f r a c t i o n a t i o n  of l y t i c  

a c t i v i t y  was more r a p i d  and c i r c u m s c r i b e d .  As shown i n  F i g .  2,  

e l u t i o n  of a c t i v e  components began and ended w i t h i n  a p e r i o d  of 

18 min f o l l o w i n g  t h e  s o l v e n t  f r o n t ,  i . e . ,  f r a c t i o n s  61 t o  66. 

F r a c t i o n s  61 and 62, which comprised t he  f i rs t  peak on the  

chromatogram, produced p a r a s i t i c  l y s i s  of 70 t o  100 p e r c e n t  a t  a 

c o n c e n t r a t i o n  of 4.3 and 5.6 rng/0.2 m l ,  r e s p e c t i v e l y ,  of t h e  

l y o p h i l i z e d  compound. E l u a t e s  63 t o  66 produced p a r a l y s i s  and 

dea th  of t h e  parasites bu t  n o t  l y s i s  a t  a c o n c e n t r a t i o n  of 4.4 t o  

8.6 mg. The t h i r d  we l l -de f ined  peak on  t h e  chromatogram 

( f r a c t i o n  71) d i d  n o t  e x h i b i t  ant i - t rypanosornal  a c t i v i t y .  

Rechromatography of t h e  p a r a l y z i n g  f r a c t i o n  ( F i g .  3 )  y i e l d e d  both 

p a r a l y z i n g  and l y t i c  components. 

c o l l e c t e d  3 produced p a r a l y s i s  and 8 induced  l y s i s .  

O f  a t o t a l  of 20 f r a c t i o n s  
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!.O 

SF 

1 I I I I I 1 I I 
2 0 3 0  4 0 5 0 6 0 7 0  80 90 loo 

SF = Solvent Front Fractions 

Solvent System: N-butano1:methanol:saturated NH ,HCO aqueous solution (7:3:10J 

Mobile Phase: Lower aqueous phase 
Sample: 175.2 mg 
Revolution: 900 rpm 

Flow Rate: 60 ml/hr 

Retention of 
Stationary Phase: 40% 
Pressure: 25 psi 

Fig .  2: Countercur ren t  chromatography of e t h a n o l - e x t r a c t e d  
ATF-11. I n  c o n t r a s t  t o  t h e  e t h y l  
ace t at  e/n- but anol /wat er s ys  tern, absorbance peaks were 
d i s t i n c t  and the a c t i v e  f r a c t i o n s  were e l u t e d  w i t h i n  a 
s h o r t e r  per iod  of time. 
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!.O 

Paralysis 

SF 

10 20 30 40 50 60 

SF = Solvent Front 
Fractions 

Solvent System: N-butano1:methanol:saturated NH ,HCO aqueous solution (7:3: 10) 

Mobile Phase: Lower aqueous phase 
Sample: 58.6 mg (combined fractions 63-66) 
Revolution: 900 rpm 
Flow Rate: 60 ml/hr 
Retention: 53.5% 
Pressure: 50 psi 

Fig .  3 :  Rechromatography of combined p a r a l y z i n g  f r a c t i o n s  63 t o  
66 shown i n  F igure  2. 
components were e l u t e d .  

Both p a r a l y z i n g  and l y t i c  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
4
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



212 MERCADO ET AL. 

High performance l i q u i d  chromatography was very e f f e c t i v e  

f o r  d i f f e r e n t i a t i n g  t h e  para lyz ing  from the  l y t i c  components. As 

shown i n  Fig. 4 ,  d u r i n g  t h e  f r a c t i o n a t i o n  of sample 61 many 

components were e l u t e d  which  e x h i b i t e d  s i g n i f i c a n t  l y t i c  

a c t i v i t y .  T h i r t e e n  of 22 f r a c t i o n s  c o l l e c t e d  produced parasi t ic  

l y s i s  of 50 t o  80 p e r c e n t  (a r rows) .  The l a r g e s t  amounts of t h e  

l y t i c  compounds recovered corresponded t o  t he  high peaks on t h e  

chromatogram, i .e . ,  2.6 and 3.9 mg f o r  t h e  f i r s t  and second 

peaks,  r e s p e c t i v e l y .  P a r a l y s i s  without  l y s i s  was not  observed 

and many peaks which r e p r e s e n t e d  l y s i s  occur red  a t  c l o s e  e l u t i o n  

i n t e r v a l s .  HPLC of t h e  p a r a l y z i n g  f r a c t i o n  (F ig .  5) y i e l d e d  many 

wel l -def ined  p e a k s  a l though t h e  amounts of t h e  l y o p h i l i z e d  

compound o b t a i n e d  were c o n s i d e r a b l y  smaller t h a n  t h o s e  e l u t e d  

from f r a c t i o n  61 d e s c r i b e d  above. The h i g h e s t  amount, 1.5 mg, 

w a s  o b t a i n e d  26 minutes  a f t e r  i n j e c t i o n  (arrow). As was observed 

i n  t h e  rechromatography of e l u a t e s  63 t o  66 mentioned above, HPLC 

also y ie lded  both p a r a l y z i n g  and l y t i c  f r a c t i o n s .  Lysis  of 50 t o  

80 p e r c e n t  was produced by f r a c t i o n s  e l u t e d  a f t e r  13, 17, 23, 24, 

and 32 min. Clear ly  t h e  l y t i c  a c t i v i t y  corresponded t o  t h e  l a r g e  

peaks on t h e  chromatogram. 

f r a c t i o n s ,  showed mainly r e d u c t i o n  of movement of 50 percent  Of 

the  p a r a s i t e s ,  e .g . ,  f r a c t i o n  26, t o  marked i n a c t i v a t i o n  without  

k i l l i n g  ( f r a c t i o n s  28 t o  31) .  

Twenty n i n e  of t h e  remaining 34 

Elec t ron  micrographs of c o n t r o l  , u n t r e a t e d  t r  ypomas ti g o t e s  

of r. equiperdum d i s c l o s e d  c l e a r l y  d i s c e r n i b l e  o r g a n e l l e s  ( F i g .  

6 ) .  However, t r e a t m e n t  w i t h  t h e  l y t i c  f r a c t i o n  produced marked 
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4 8 12 16 20 24 
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213 

Fig.  4: High performance l i q u i d  chromatography of  l y t i c  f r a c t i o n  
61 shown i n  f igure  2. Two main peaks comprised by 
f r a c t i o n s  1 1  and 12 and 13, 1 4 ,  and 15, produced l y s i s  
but many small peaks (arrows were chromatographed also. 
The sample i n j e c t e d  i n t o  the  column was e q u i v a l e n t  t o  
16.3 p g  p r o t e i n  i n  860 pg of the  l y o p h i l i z e d  compound. 
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1.05 

Fig. 5: High performance l i q u i d  chromatography of para lyz ing  
f r a c t i o n  shown i n  F igure  2. 
the  column was e q u i v a l e n t  t o  13.3 ug p r o t e i n  i n  1.48 mg 
of the l y o p h i l i z e d  compound. 

The sample i n j e c t e d  i n t o  

c y t o l o g i c a l  changes. The p a r a s i t e s  became ext remely  swollen and 

t h e  cytoplasm became vacuola ted ,  g i v i n g  the  p a r a s i t e s  t h e  

appearance of ghos ts  (F ig .  7).  By c o n t r a s t ,  t h e  most common 

change produced by t h e  p a r a l y z i n g  f r a c t i o n  (F ig .  8 )  was a 

detachment of cytoplasmic areas s u b j a c e n t  t o  t he  plasma membrane 
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( a )  and a s e p a r a t i o n  of the  e x t e r n a l  n u c l e a r  membrane which 

produced an expansion of t h e  p e r i n u c l e a r  space ( b ) .  

As was observed i n  f r a c t i o n s  e l u t e d  w i t h  HPLC [ l o ] ,  t h e  

l i p o p o l y s a c c h a r i d e  (LPS) c o n t e n t  of t he  CCC-derived f r a c t i o n s  was 

markedly reduced.  Amounts of 0.125 and 0.25 endotoxin u n i t s  

(EU)/ml were o b t a i n e d .  Unpur i f ied  ATF-I1 conta ined  1.25 X lo3 

ng/ml LPS. 

r a b b i t  test C151. 

Ten t o  40 EU e l i c i t  a pyrogenic  r e a c t i o n  i n  t h e  

DISCUSSION 

Countercur ren t  chromatography w i t h  t he  high-speed rnul t i layer  

coi l  was a re l iab le  technique  for t h e  p u r i f i c a t i o n  of t h e  

e t h a n o l - e x t r a c t e d  ATF-11. It  was p a r t i c u l a r l y  e f f e c t i v e  for  t h e  

f r a c t i o n a t i o n  of l a r g e  amounts of t h i s  subs tance  (e .g . ,  2.1 g) 

which could be r e s o l v e d  i n  1 t o  5 h r s .  Of t h e  s o l v e n t  systems 

w e d  i n  t h i s  s t u d y ,  t h e  n-butanol/methanol/NH4HC03 system 

produced t h e  fas tes t  and most d i s t i n c t  s e p a r a t i o n  of t h e  

f r a c t i o n s ,  a l though t h e  r e t e n t i o n  c a p a b i l i t y  of  t h e  s t a t i o n a r y  

phase was lower t h a n  t h a t  observed w i t h  t h e  e t h y l  

ace ta te /n-butanol /water  system, i .e., 47 vs 80 p e r c e n t .  With t h e  

l a t t e r  the e l u t i o n  p r o f i l e  w a s  c h a r a c t e r i z e d  by waves of l y t i c  

a c t i v i t y  rather than by d i s t i n c t  peaks. However, results 

o b t a i n e d  w i t h  HPLC of t h e  CCC-derived f r a c t i o n  61 (Fig. 2) 

s u g g e s t e d  t h a t  t h e  waves of l y t i c  a c t i v i t y  d i d  not  r e p r e s e n t  

s i n g l e  components e l u t e d  over  a wide  area b u t ,  rather, many 

unresolved components which d i f f e r e d  o n l y  s l i g h t l y  i n  chemical 

s t r u c t u r e ,  as d e s c r i b e d  i n  our  r e c e n t  r e p o r t  [ lo ] .  The 
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occur rence  of  m u l t i p l e  components was a l s o  i n d i c a t e d  by t h e  fact  

t h a t  some of t h e  f r a c t i o n s  w i t h i n  t h e  a c t i v e  areas produced l y s i s  

at  minimal c o n c e n t r a t i o n s  of t h e  s o l u t e ,  e - g . ,  80 pg, whereas 

o t h e r s  produced a comparable effect a t  s i g n i f i c a n t l y  h i g h e r  

c o n c e n t r a t i o n s  (e .g . ,  4.3 mg). 

One of the  a s p e c t s  of CCC which was p a r t i c u l a r l y  u s e f u l  i n  

t h i s  work was t h e  advan tage  of e l u t i n g  wi th  either t h e  aqueous o r  

non-aqueous phase of t h e  s o l v e n t  system and of r e c o v e r i n g  t h e  

sample r ema in ing  i n  t h e  s t a t i o n a r y  phase by f l u s h i n g  the  column 

at  t h e  end of t h e  e l u t i o n .  For example,  i t  a i d e d  us i n  

d i s c l o s i n g  t h e  h y d r o p h i l i c  and hydrophobic  p r o p e r t i e s  of t h e  ATF. 

When u s i n g  t h e  e t h y l  a c e t a t e / n - b u t a n o l / w a t e r  system and e l u t i n g  

w i t h  t h e  non-aqueous phase,  t h e  l a r g e s t  p o r t i o n  of t h e  i n j e c t e d  

sample  was r e t a i n e d  i n  the  column. When u s i n g  t h e  non-aqueous 

phase as t h e  s t a t i o n a r y  phase,  t he  l a r g e s t  p a r t  of the  sample was 

e l u t e d  immedia t e ly  after t h e  s o l v e n t  f r o n t .  The b e s t  s e p a r a t i o n  

o f  l y t i c  components was o b t a i n e d  when t h e  aqueous phase was u s e d  

as the s t a t i o n a r y  phase.  Chemical a n a l y s e s  C161 employing ether 

e x t r a c t i o n  d i s c l o s e d  t h e  o c c u r r e n c e  of s e v e r a l  f a t t y  a c i d s  i n  t h e  

u n p u r i f i e d  ATF-11, i n d i c a t i n g  t h e  h y d r o p h o b i c i t y  of t h i s  

compound, and i n  c u r r e n t  s t u d i e s  of CCC- and HPLC-derived 

f r a c t i o n s  [17] we have o b t a i n e d  rnannose, a r g l n i n e ,  and l y s i n e  

i n d i  cat i ng t he i r  hydro phi li c n a t u r e .  

I t  was of i n t e r e s t  t h a t  f r a c t i o n a t i o n  w i t h  CCC y i e l d e d  such  

a d i s t i n c t  s e p a r a t i o n  of l y t i c  and p a r a l y z i n g  components. We had 

obse rved  o c c a s i o n a l l y  [ 18 ]  w i t h  HPLC of t h e  ATF-II e t h a n o l  
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e x t r a c t s  t h a t  some f r a c t i o n s  produced e s s e n t i a l l y  a para lyz ing  

effect of t h e  p a r a s i t e s  but  t h e  f i n d i n g s  i n  t h i s  s t u d y  were more 

c o n s i s t e n t ,  e.g. ,  f r a c t i o n s  61 and 62 produced a d i s t i n c t  l y t i c  

effect ,  b u t  fractions 63  t o  66 produced p a r a l y s i s  and k i l l i n g  

w i t h o u t  l y s i s .  Although rechromatography of t h e  para lyz ing  

f r a c t i o n  d i d  n o t  y i e l d  p a r a l y z i n g  components e x c l u s i v e l y ,  i t  w a s  

clear from the  HPLC a n a l y s i s  t h a t  t h i s  f r a c t i o n  d i f f e red  from 

t h a t  of t h e  l y t i c  compound. Furthermore,  u l t r a s t r u c t u r a l  s t u d i e s  

of t he  parasites treated w i t h  amounts of t h i s  f r a c t i o n  comparable 

t o  those tha t  produced the  l y t i c  effect r e v e a l e d  changes i n  the 

membrane but t h e  p a r a s i t i c  s t r u c t u r e  remained e s s e n t i a l l y  i n t a c t .  

I n t e r e s t i n g l y ,  these effects were i d e n t i c a l  w i t h  t h o s e  observed 

15 minutes  af ter  the  i n i t i a t i o n  of t rea tment  with u n p u r i f i e d  

ATF-II (Sephadex e l u a t e ,  no t  e x t r a c t e d  w i t h  e t h a n o l )  described i n  

a previous  report C191. We ques t ioned  whether t h i s  compound 

s e r v e d  t o  prepare  t h e  membrane f o r  t h e  p e n e t r a t i o n  of t h e  l y t i c  

f a c t o r ,  bu t  fu r the r  s t u d y  is r e q u i r e d  before more d e f i n i t e  

conclus ions  can be given.  

A s  observed i n  a previous s t u d y  employing HPLC [ l o ] ,  t h e  LPS 

c o n t e n t  of t h e  ATF-11 e t h a n o l  extracts w a s  reduced s i g n i f i c a n t l y  

i n  t h e  CCC-pur i f ied  f r a c t i o n s .  Th i s  is an advantage,  s i n c e  

bacterial  products  used chemotherapeut ica l ly  i n  t h e  USA m u s t  

c o n t a i n  l i t t l e  or no pyrogenic  matter. 

223 

Although e x t e n s i v e  r e s e a r c h  has  been carried o u t  i n  t h e  

chemotherapy of t h e  protozoan parasite,  T. c r u z i ,  the c a u s a t i v e  

a g e n t  of Chagas' disease 120-221, we s t i l l  do not  have an 
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e f f e c t i v e ,  non-toxic  chemotherapeut ic  agent  t o  c u r e  t h i s  l e t h a l  

p a r a s i t i c  disease. I n  view of t h e  a n t i b i o t i c  a c t i v i t y  e x h i b i t e d  

by t h e  f l u o r e s c e n t  pseudomonads C23,241 t h e  results i n  t h i s  s t u d y  

i n d i c a t e  t h e i r  p o t e n t i a l  u s e f u l n e s s  as a n t i - t r y p a n o s m a l  a g e n t s .  

High-speed CCC u s e d  t o g e t h e r  wi th  HPLC provided an e x c e l l e n t  

system f o r  t h e  p u r i f i c a t i o n  of t h i s  Pseudomonas secondary 

metabolite and w i l l  be u s e f u l  i n  f u t u r e  s t u d i e s  w i t h  exper imenta l  

i n f e c t i o n s  of T. c r u z i .  
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