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Squirrel testieular MAO activity from animals trapped on April 19, 1972 (Group I) and animals trapped on May 25, 1972 (Group II) 

Treatment No. of animals Body weight Testicular weight Per mg tissue 

(g) P value (mg) P value CPM • 10 a P value 

Group I 5 258.24-13.4 968•  26.144-1.51 

GrouplI 5 303.94- 5.7 <0.01 368~_25 <0.001 7.854-0.36 <0.001 

Values expressed are mean 4- standard error of mean. 

and test icular  MAO ac t iv i ty  (expressed on per  mg of 
t issue basis), t han  those captured  in April.  

Discussion. Of significance is the  observat ion  tha t  in 
house sparrows MAO ac t iv i ty  on e i ther  a per mg  of tissue 
or to ta l  ac t iv i ty  basis was highest  a t  the  peak  of re- 
p roduc t ive  ac t iv i ty  and test icular  deve lopment  (weights), 
but  declined sharply  as the  breeding season ended and 
test icular  weight  declined. I t  is s ignificant  t h a t  an 
increase in MAO ac t iv i ty  per  mg tissue f rom December  to 
J a n u a r y  preceeded an increase in tes t icular  weight  f rom 
J a n u a r y  to March. This  ear ly  increase in MAO ac t iv i ty  
m a y  have  been a necessary factor  for the  subsequent  
increase in test icular  weight  and tes t icular  deve lopment  
and is p robab ly  a ref lect ion of gonadro t rophin  release 
since F S H  s t imulates  tes t icular  MAO ac t iv i ty  and testic- 
ular deve lopment  in the  ra t  6. 

The U i n t a  ground squirrels also showed seasonal 
var ia t ions  wi th  a large decrease in tes t icular  MAO 
ac t iv i ty  I rom Apri l  to June.  The rapid  decline in enzyme 
ac t iv i ty  in the  squirrels can best  be explained by a 
diminished release of F S H  from the  pi tu i tary .  This  obser- 
va t ion  is corroborated by  the  f inding tha t  pineal  ac t iv i ty  
increases in this  species dur ing this t ime  interval~, 8 The  
low MAO ac t iv i ty  observed as ti le squirrels pass into a 
non-reproduct ive  period m a y  serve to increase endogenous 
biogenic amine levels in the  testis. This  could serve to 
help insure a rapid  decrease ill tes t icular  funct ion as the  
animals  enter  into a per iod of reproduc t ive  quiescence. 
Other  invest igators  9 have  shown d ramat i c  a l tera t ions  in 
p r ima te  tes t icular  weights  ill as l i t t le  as 9 days af ter  
orbi ta l  space flight. These workers suggested tha t  5-HT 
migh t  be involved  in this rapid  decline in tes t icular  
weight.  5-HT m a y  be one of the  endogenous factors 
responsible for the  cessation of seasonal breeding ill house 
sparrows. This hypothesis  is suppor ted  by  a recent  
s tudy  showing t h a t  pargyline,  an MAO inhibitor ,  has a 
de t r imen ta l  effect on tes t icular  deve lopment  and sperma- 
togenesis  1~ Our da ta  show tha t  tes t icular  MAO ac t iv i ty  
undergoes seasonal var ia t ions ,  and tha t  in conjunct ion  
wi th  o ther  factors 5 -HT m a y  induce the  rapid  tes t icular  
regression t h a t  is exhib i ted  by seasonal breeders as t h e y  
go out  of breeding.  

Of impor tance  is the  observa t ion  tha t  tes t icular  weight  
and MAO ac t iv i ty  reached a peak  by  Apri l  1, decreased 

somewhat  by June,  then  rose s l ight ly  in Ju ly  before 
reaching a low by  Sep tember  (Figure). Il l  a previous  
s tudy  n, tes t icular  deve lopment  was ini t ia ted ill mid  
J a n u a r y  and was comple te ly  regressed by late Augus t  
s imilar  to this s tudy,  bu t  m a x i m u m  gonadal  size was 
delayed unt i l  May and June,  wi th  a sl ight delay in 
deve lopment  occurr ing dur ing Apri l  and May. These da ta  
indicate  t h a t  the  sparrow can ad jus t  tes t icular  develop-  
men t  wi th in  a ra ther  broad period to m a t c h  the  par t icu lar  
c l imat ic  condit ions desired for reproduct ion.  In  this 
respect,  t i le first  s tudy  coincided wi th  a late spring, 
while an early spring was manifes t  dur ing the  present  
s tudy.  

Rdsumd. Des moinaux  familiers  (Passer domesticus) et 
des 6cureuils (Spermophilus armatus) des montagnes  U i n t a  
ont  6t6 captur6s ~ diff6rentes 6poques de l 'ann6e et 
l ' ac t iv i t6  de la MAO a 6t6 mesur6e dans leurs testicules.  
Chez les deux esp6ces l ' ac t iv i t6  de la MAO 6tai t  la plus 
grande lorsque te poids des test icules 6tai t  le plus 61ev6 
et  la plus basse a v a n t  et  apr6s la saison du rut.  Chez le 
moineau,  l ' augmen ta t i on  de l ' ac t iv i t6  de MAO a pr6c6d6 
le d6veloppement  des testicules. 

R. L. URRY, J.  L. FREHN, K. L. DIXON, D. F. BALPH 
and L. C. ELLIS 

Departments o[ Biology and Wildli/e Resources and the 
Ecology Center, U2VIC 53, Utah State University, Logan 
(Utah 84322, USA), 7 October 7974. 

6 R. L. URRY, J. L. FREKN and L. C. ELLIS, Aeta endoer. Copenh. 
76, 392 (1974). 
L. C. ELLIS and D. F. BALPH, Proc. Third Annual Meeting Soe. 
Study Reprod. (1970), p. 6. 

s L. C. ELLIS and D. F. BALPH, Gen. comp. Endocr., submitted for 
publication. 

9 A. T. K. COCKETT, R. ZEMJANIS, A. ELBADAWI and W. R. ADEY, 
Fertil. Steril. 22, 565 (1971). 

lO R. L. URRY, K. A. DOUGHERTY, A. T. C. COCKETT and L. C. ELLIS, 
Proe. Soe. exp. Med., in press (1974). 

n D. W. BARFUSS and L. C. ELLIS, Gen. eomp. Endocr. 17, 183 (1971) 

? 

Further Studies  on the M e t a b o l i s m  of Tryptophan  in Trypanosoma brucei gambiense: 
Cofactors ,  Inhibi tors ,  and E n d - P r o d u c t s  

Trypanosoma brucei gambiense has been previous ly  
demons t ra ted  to conver t  l*C-tryptophan in v i t ro  to two 
metabol i tes ,  indole lact ic acid and t ryp topho l  (indole 
ethanol)  i. I t  was suggested t h a t  t ryp topho l  produced by  
parasi tes  located in the  central  nervous sys tem could be 

responsible for the  behaviora l  syndrome character is t ic  of 
Afr ican sleeping sickness. I t  is the  purpose of this  repor t  
to demons t ra te  t ha t  the  metabo l i sm of t r y p t o p h a n  to 

1 H. H. STIBBS and J. R. SEED, Experientia 29, 1563 (1973). 
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Fig. 1. A) Radioactivity scan (1,000 cpm range) of chromatogram of 
supernate from incubation of dialyzed enzyme with tryptophan-3-14C 
for 45 min in the presence of NADH, pyridoxat phosphate, and 
~-ketoglutarate. Developed in benzene: acetic acid : water (125 : 72 : 3). 
B) Scan (1,000 cpm range) of chromatogram of supernate from 
incubation as in (A) but with omission of NADH. Same solvent 
system as in (A). C) Scan (1,000 cpm range) of chromatogram of 
supernate from incubation as in (A). Developed in 95% ethanol: 
ammonia: water (16:1:3). D) Scan (1,000 cpm range) of chromato- 
gram of supernate as described in (B). Same solvent system as in (C). 
Abbreviations: IAA, indole acetic acid; ILAC, indole lactic acid: 
IPRO, indole propionic acid; IPYR, indole pyruvic acid; TAN, 
tryptophan; TOL, tryptophol. 
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Fig. 2. A) Radioactivit:g scan (1,000 cpm range) of chromatogram of 
supernate from incubation of dialyzed enzyme with tryptophan-1- 
z4C for 3 h in the presence of NADH, pyridoxal phosphate, and 
~-ketoglutarate. Developed in butanol: acetic acid: water (4:1 : 1). 
B) Scan (1,000 epm range) of ehromatogram of supernate from 
incubation as in (A) but with omission of NADH. Same solvent 
system as in (A). Abbreviations as in Figure 1. 

S. IV[. LANHAM and D. G. GODFREY, Expl Parasit. 28, 521 (1970). 
a H. H. SZlBBS and J. R. SEEn, Int. J. Biochem. 5, in press (1975). 

t r y p t o p h o l  ill t h i s  p r o t o z o a n  invo lves  t r a n s a m i n a t i o n ,  
deca rboxy la t ion ,  and  poss ib ly  r e d u c t i o n ;  and,  f u r t he r -  
more,  to  i den t i fy  cofac tor  r e q u i r e m e n t s , e n z y m e  inh ib i to r s ,  
and  poss ible  new end-p roduc t s .  A cofac tor  r e q u i r e m e n t  
a n d  a n  i n h i b i t o r  of t h e  p a t h w a y  f rom t r y p t o p h a n  to  
indole  lac t ic  acid h a v e  also been  ident i f ied .  

Materials and methods. Blood  forms of t he  ~Tel lcome-TS 
s t r a i n  of T. b. gambiense were h a r v e s t e d  f rom infec ted  r a t s  
a n d  pur i f ied  b y  D E A E  (d i e thy l aminoe thy l )  cellulose 
c h r o m a t o g r a p h y  2. T r y p a n o s o m e s  were su spended  in 
0.2 M p o t a s s i u m  p h o s p h a t e  buffer ,  p H  7.3, w i t h o u t  
glucose, a t  a c o n c e n t r a t i o n  of a p p r o x i m a t e l y  80 mi l l ion  
o rgan i sms /ml .  Th i s  suspens ion  was son ica ted  for  30 sec 
us ing  a B r a n s o n  S-75 sonif ier  a t  s e t t i ng  5. The  sonica te  
was cen t r i fuged  a t  20,000 g for  1 h a n d  t he  s u p e r n a t a n t  
was  d ia lyzed  for 100 h aga in s t  5 one- l i te r  changes  of 
buf fe r  a t  4 ~ The  pe l le t  was  washed  once w i t h  15 vo lmnes  
of buffer ,  aga in  cent r i fuged ,  a n d  saved  for m e t a b o l i c  
s tud ies  i nvo lv ing  t he  p a r t i c u l a t e  f rac t ion.  

Metabol ic  s tud ies  w i t h  t he  d ia lyzed  soluble  f r ac t ion  
were carr ied ou t  in  loosely capped  i n c u b a t i o n  f lasks 
p laced  in a s h a k i n g  w a t e r  b a t h  a t  37~ The  fol lowing 
s t a n d a r d  i n c u b a t i o n  m i x t u r e  was  used:  d ia lyzed  e n z y m e  
p r e p a r a t i o n ,  3.0 ml ;  e - k e t o g l u t a r a t e  (0.3 M), 0.1 ml ;  
p y r i d o x a l  p h o s p h a t e  (1.2 raM),  0.1 ml ;  L - t r y p t o p h a n -  
3-14C (50.8 mCi/m2VI); or L - t ryp tophan - l - l~C  (14.86 mCi /  
m2V/) (New E n g l a n d  Nuclear) ,  3.0 ~zCi. W h e n  N A D H ,  
N A D P H ,  N A D  +, or N A D P +  were included,  0.5 m g  was 
a d d e d  to t h e  i n c u b a t i o n  mix tu re .  E n z y m e  inh ib i to r s ,  
w h e n  included,  were added  in 0.1 ml  sal ine to give a f ina l  
concen t r a t i on ,  unless  o the rwise  specified,  of 0.001 M.  
Metabo l ic  s tud ies  w i t h  the  p a r t i c u l a t e  f r ac t ion  were 
car r ied  ou t  in  a n  iden t ica l  m a n n e r ,  b u t  t he  e n z y m e  
p r e p a r a t i o n  cons is ted  of t he  pel le t  suspended  in 10 vo lumes  
of buffer .  The  per iod  of i n c u b a t i o n  r a n g e d  f rom 45 m i n  
to 3 h (see F igures  for detai ls) .  

Two vo lumes  of abso lu t e  m e t h a n o l  were added  to 
t e r m i n a t e  t h e  incuba t ions .  Af te r  cen t r i fuga t ion ,  100 al of 
s u p e r n a t a n t  were spo t t ed  as a 2- inch s t r e a k  on  57 cm- 
long s t r ips  of W h a t m a n  3MM c h r o m a t o g r a p h y  p a p e r  a n d  
one- d imens iona l  c h r o m a t o g r a p h y  was car r ied  ou t  us ing  
n - b u t a n o l :  acet ic  ac id :  w a t e r  (4: 1: 1), b e n z e n e : a c e t i c  
acid : w a t e r  (125 : 72 : 3), or 95% e t h a n o l :  a m m o n i a  :wa te r  
(16: 1:3).  Pur i f ied  s t a n d a r d s  o f  p o t e n t i a l  me t abo l i t e s  
were also c h r o m a t o g r a p h e d  s i m u l t a n e o u s l y  on  t he  same  
c h r o m a t o g r a m .  C h r o m a t o g r a m s  were s canned  for radio-  
a c t i v i t y  us ing  a P a c k a r d  r a d i o c h r o m a t o g r a m  scanner .  

Res~dls. The  m a j o r  m e t a b o l i t e  of 14C- t ryptophan  in  
d ia lyzed  e n z y m e  p r e p a r a t i o n s  w h e n  N A D H  was  inc luded  
m i g r a t e d  iden t i ca l ly  w i t h  indole  lac t ic  acid (Figure 1). 
Omiss ion  of N A D t t  resu l ted  in a t o t a l  loss of indole  
lac t ic  acid syn thes i s ;  however ,  t he  p r o d u c t i o n  of o t h e r  
m e t a b o l i t e s  wh ich  lack t he  C-1 c a r b o n  of t he  t r y p t o p h a n  
s ide-cha in  was s t i m u l a t e d  (Figures  1 a n d  2). These  o t h e r  
m e t a b o l i t e s  m i g r a t e d  iden t ica l ly  w i t h  t r y p t o p h o l  a n d  
indole  acet ic  acid (Figure  3). The  effect  of N A D H  on t he  
me tabo l i c  p a t h w a y  of t r y p t o p h a n  in  d ia lyzed  e n z y m e  
p r e p a r a t i o n s  is i l l u s t r a t ed  in F igure  4. N A D P H  could no t  
s u b s t i t u t e  for N A D H  as a r e q u i r e m e n t  for t he  syn thes i s  
of indole  lac t ic  ac id ;  also, t h e  a d d i t i o n  of N A n  + or 
N A D P +  did  no t  af fec t  t h i s  p a t h w a y .  Indo le  lac t ic  acid 
syn thes i s  was  i n h i b i t e d  b y  65% in t he  presence  of 0.001 M 
p - c h l o r o m e r c u r i b e n z o a t e  (Figure  5C), b u t  t h i s  c o m p o u n d  
seemed to  h a v e  no effect  on  t he  p r o d u c t i o n  of t r y p t o p h o l  
a n d  indole  acet ic  acid. 

The  t r a n s a m i n a t i o n  of t r y p t o p h a n  b y  t r y p a n o s o m e s  
requ i red  c~-ketoglutarate,  t h e  absence  of w h i c h  resu l ted  
in a n  80% r e d u c t i o n  in t he  r a t e  of t r y p t o p h a n  m e t a b o l i s m  
(Figure 5B).  I t  d id  no t  requi re  p y r i d o x a l  p h o s p h a t e ,  a 
cofac tor  for  t y ros ine  a m i n o t r a n s f e r a s e  in  t i l ls  o rgan i sm ~. 
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Fig. 3. A) Radioactivity scan (1,000 cpm range) of chromatogram 
of supernate from incubation of dialyzed enzyme for 2 h with 
tryptophan-3-14C in the presence of NADH, pyridoxaI phosphate, 
and ~-ketoglutarate. Developed in butanol: acetic acid: water 
(4:1:1). B) Scan (1,000 cpm range) or ehromatogram of supernate 
from incubation as in (A) but with omission of NADH. Same solvent 
system as in (A). C) Scan (1,000 cpm range) of chromatogram of 
supernate described in (B). Developed in benzene: acetic acid: water 
(125 : 72 : 3). D) Scan (1,000 epm range) of ehromatogram of supernate 
described in (B). Developed in 95% ethanol: ammonia: water 
(16 : 1 : 3). Abbreviations as in Figure 1. 
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Fig. 4. The effects of NADH on the pathways of tryptophan metab- 
olism in T. b. gambiense. 

T r a n s a m i n a t i o n  was i n h i b i t e d  100 % b y  0.005 M h y d r o x y l -  
a m i n e  b u t  no t  a t  all  b y  0.001 M h y d r o x y l a m i n e .  

z4C-labeled t r y p t o p h o l  and  indole  acet ic  acid were no t  
de t ec t ab le  in  t h e  i n c u b a t i o n s  of d ia lyzed  e n z y m e  w i t h  
z4C- t ryp tophan  labeled in t he  C-1 pos i t ion  of t he  side 
cha in  (Figure 2 B). This  absence  suggests  t h e  ex is tence  of a 
d e c a r b o x y l a t i o n  in t he  p a t h w a y  f rom t r y p t o p h a n  to  
t r yp topho l .  P r e s u m a b l y ,  i t  is indole  p y r u v i c  acid t h a t  is 
deca rboxy la t ed .  W e  h a v e  also t r i ed  t r a p p i n g  ~4CO2 
released f rom i n c u b a t i o n s  of t r y p a n o s o m e  sonica tes  w i t h  
t r y p t o p h a n - l - l ~ C  a n d  h a v e  found  t h a t  a cons iderab le  
a m o u n t  14CO2 is released.  Cocarboxylase  ( t h i a m i n e  
d iphospha t e )  d id  no t  affect  t r y p t o p h o l  synthes is ,  a n  
o b s e r v a t i o n  t h a t  is s o m e w h a t  su rp r i z ing  in l igh t  of t he  
r epo r t ed  a c t i v a t i o n  of yeas t  indole  p y r u v a t e  deca rboxy lase  
b y  th i s  cofac tor  4. 

N A D P H ,  NADP+,  a n d  N A D  + all  h a d  no effect  on  t h e  
syn thes i s  of t r y p t o p h o l  a n d  indole  acet ic  acid b y  t h e  
d ia lyzed  e n z y m e  p r e p a r a t i o n .  Whi l e  N A D H  m a y  be  a 
r e q u i r e m e n t  for t r y p t o p h o l  synthes is ,  i ts  p resence  is so 
s t i m u l a t i n g  to  indole  lact ic  acid syn thes i s  t h a t  t he  p u t a t i v e  
t r y p t o p h o l - s y n t h e s i z i n g  e n z y m e  m a y  n e v e r  e n c o u n t e r  
t h e  a p p r o p r i a t e  s u b s t r a t e  ( indole a c e t a l d e h y d e  ?) u n d e r  
these  condi t ions .  Pyrazole ,  sod ium sulfide, ch lo rp romaz ine ,  
and  a m o b a r b i t a I  ( inh ib i to rs  of a lcohol  dehydrogenase) ,  
d i su l f i r am (Antabuse)  and  i ts  r educed  form, d ie thy l -  
d i t h i o c a r b a m a t e  ( inh ib i tors  of a ldehyde  dehydrogenase) ,  
y o h i m b i n e  (a t r y p t o p h a n  oxygenase  inh ib i to r ) ,  and  
ip ron iaz id  (a m o n a m i n e  oxidase  inh ib i to r )  all  h a d  no  
effect  on p r o d u c t i o n  of t r y p t o p h o l  and  indole  acet ic  acid. 

The  p a r t i c u l a t e  f r ac t ion  of t h e  t r y p a n o s o m e  was 
found  to  me tabo l i ze  t r y p t o p h a n  to  indole  lac t ic  acid and  
t r y p t o p h o l  (Figure  6). 

D i s c u s s i o n .  The  a p p a r e n t  absence  of a r e q u i r e m e n t  for 
p y r i d o x a l  p h o s p h a t e  in  t he  t r a n s a m i n a t i o n  of t r y p t o p h a n  
is in  a g r e e m e n t  w i t h  t he  resul t s  of TRUELSEN 5 w i t h  b e a n  
seedlings b u t  c o n t r a s t s  w i t h  a r e q u i r e m e n t  for t h i s  
cofac tor  in r a t  l iver  6. However ,  i n h i b i t i o n  of t r y p t o p h a n  
t r a n s a m i n a t i o n  in t he  t r y p a n o s o m e  b y  h y d r o x y l a m i n e  
m a y  a rgue  in f avor  of a p y r i d o x a l  p h o s p h a t e  r equ i r emen t ,  
s ince th i s  c o m p o u n d  is k n o w n  to release p y r i d o x a l  
p h o s p h a t e  f rom m o n o m e r i c  fo rms  of g lycogen phospho-  
ry lase  ~. A n o t h e r  e x p l a n a t i o n  for th i s  i n h i b i t i o n  could be 
t h a t  t he  ac t ive  si te  of t h e  t r y p t o p h a n - t r a n s a m i n a t i n g  
e n z y m e  m a y  bea r  a r e semblance  to  t h a t  of a lcohol  
dehydrogenase ,  wh ich  is also i n h i b i t e d  b y  h y d r o x y l -  
a m i n e  s. The  poss ib i l i ty  t h a t  t he  t r y p t o p h a n - t r a n s a m i n a t -  
ing e n z y m e  is also t he  one wh ich  t r a n s a m i n a t e s  5 -hydroxy-  
t r y p t o p h a n  in t h i s  o rgan i sm 1 is sugges ted  b y  t he  work  of 
SANDLER et al. ~ and SPENCER and ZAMCHECK I0 with 
rat liver. 

5-Hydroxyindole lactate has previously been found to 
be produced from 5-hydroxyindole pyruvate in the 
presence of conventional hepatic lactate dehydrogenase 10. 
However, while the blood forms of the African trypano- 
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233, 668 (1958). 
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somes were once bel ieved to con ta in  lac ta te  dehydrogenase ,  
recen t  s tudies  have  ind ica ted  t h a t  th is  enzyme m a y  be 
p re sen t  only in t r y p a n o s o m e  suspensions  c o n t a m i n a t e d  
wi th  p la te le t s  and leukocytes  11,12. The enzyme responsible  
for p roduc t ion  of indole lactic acid in th is  organism,  
therefore ,  m a y  be one t h a t  is specific only for a romat ic  
p y r u v a t e s  and  lactates .  

W h e t h e r  deca rboxy la t ion  of indole p y r u v a t e  occurs 
enzymat i ca l ly  or spon taneous ly  in th is  t r y p a n o s o m e  is 
no t  certain.  Deca rboxy la t ion  is known  to  t ake  place 
spon taneous ly  in w a r m  alkaline solut ions in higher  
p lan t s  in t he  syn thes i s  of auxins  18 bu t  i t  is an enzymat i c  
process in yeas t s  4,. Indole  p y r u v a t e  is uns tab le  and  
diff icul t  to  ob ta in  in pure  form~4. 

A TAN / 2  / 

T ~ ~  TUL 
fLAG | 

C ~TUL ~IAA 

Fig. 5. A) Radioactivity scan (1,000 cpm range) of ehromatogram of 
supernate from incubation of dialyzed enzyme for 2 h with tryptophan 
3-I4C in the presence of NADH, pyridoxal phosphate, and ~-keto- 
glutarate. Developed its butanol: acetic acid: water (4:1:1). B) Scan 
(1,000 cpm range) of chromatogram of supernate from incubation as 
in (A) but with omission of ~-ketoglutarate. Same solvent system as in 
(A). C) Scan (1,000 epm range) of chromatogram of supernate from 
incubation as in (A) but with addition of p-chloromereuribenzoate 
(0.001 M). Same solvent system as in (A) and (B). Abbreviations 
as in Figure 1. 
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The a p p a r e n t  lack of a r equ i r emen t  for reduced or 
oxidized pyr id ine  nucleot ides  in the  syn thes i s  of t r y p to -  
phol  and  indole acetic  acid, and  the  absence of inhib i t ion  
by  a va r i e ty  of alcohol and  a ldehyde  dehydrogenase  
inhibi tors ,  indica te  t h a t  th is  p ro tozoan  enzyme  sys tem 
differs grea t ly  f rom analogous m a m m a l i a n  sys tems  15-~. 
The fact  t h a t  indole p y r u v a t e  and  indole ace ta ldehyde  
were not  ident i f ied  ch romatograph ica l ly  as in t e rmed ia tes  
in the  synthes is  of t r y p t o p h o l  and indole acetic acid is no t  
surpris ing,  since the  i n t e rmed iacy  of these compounds  in 
an a lmos t  ident ical  p a t h w a y  exis t ing in yeas t  could only 
be d e m o n s t r a t e d  ind i rec t ly  by  feeding these  in t e rmed ia te s  
to the  yeas t  and  t h e n  ident i fy ing  the  t r y p t o p h o l  and 
indole acetic acid t h a t  were p roduced  ~. Synthes is  of 
indole lactic acid and  t r y p t o p h o l  by  the  par t i cu la te  
f rac t ion  of the  t r y p a n o s o m e  suggests  t h a t  the  enzymes  
responsible  for these  convers ions  m a y  be m e m b r a n e -  
bound  as well as free in the  cy top l a sm of the  cell. 

T r y p t o p h a n  t r a n s a m i n a t i o n  in T. b. gambiense has been 
suggested to be one m e t h o d  for t rans fe r r ing  amino  
groups  to p y r u v a t e  via  alanine amino t rans fe rase  in order  
to  de tox i fy  int racel lular  concen t ra t ions  of th is  keto acid 1. 
We would also suggest  t h a t  alanine,  the  p roduc t  of 
p y r u v a t e  t r ansamina t ion ,  is more  va luable  to the  t r y p ano -  
some in p ro te in  synthes is  t h a n  are the  a romat ic  amino  
acids, since i t  represents  one of the  mos t  c o m m o n  amino  
acids in t he  p ro te in  of ano the r  s t ra in  of th is  subspecies  e3. 
Synthes i s  of indole lactic acid in th is  organism m a y  serve 
to ~ replenish  int racel lular  NAD+reduced  in glycolysis 
and poss ib ly  elsewhere,  t h e r eb y  help ing to preserve  the  
ox ida t ion - reduc t ion  balance  of the  cell. 

Metabol i sm of t r y p t o p h a n  by  th is  paras i te  in v ivo m a y  
d iver t  hos t  d i e t a ry  t r y p t o p h a n  away  f rom more essent ial  
p a t h w a y s  such as those  leading to  niacin and  serotonin.  
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Fig. 6. A) Radioactivity scan (1,000 cpm range) of chromatogram of 
supernate from incubation of particulate fraction with tryptophan-3- 
1~C for 90 min in the presence of NADH, pyridoxal phosphate, and 
~-ketoglutarate. Developed in butanol: acetic acid: water (4 : 1 : 1). 
B) Scan (1,000 epm range) of ehromatogram of supernate described 
in (A). Developed in benzene: acetic acid : water (125 : 72 : 3). Shaded 
peak was eluted from chromatogram with absolute ethanol and 
re-chromatographed in (C). C) Scan (300 cpm range) of chromatogram 
of eluate from shaded peak in (B). Developed in 95% ethanol: 
ammonia: water (16 : 1 : 3). Abbreviations as in Figure 1. 
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Such an a l te ra t ion  could lead to a pellagra-l ike syndrome  ~4, 
behaviora l  depress ion 25, and  changes  in sleep p a t t e r n s  26 
in t he  infected host .  Moreover,  some of the  paras i te  
metabol i tes ,  such as t ryp topho l ,  m a y  have  toxic  or 
soporific effects of the i r  own2~-29. 

Rdsumd. La t r ans fo rma t ion  du t r y p t o p h a n e  en t r y p t o -  
phol  chez le t r y p a n o s o m e  consiste  en une t r a n s a m i n a t i o n  
suivie par  une d6carboxyla t ion  ; une r6duct ion  subs6quente  
est  p robab le  mais  n ' a  pas  6t6 prouv6e. La t r a n s a m i n a t i o n  

requier t  l 'c~-ketoglutarate; la convers ion du t r y p t o p h a n e  
en indole- lac ta te  requier t  le N A D H .  L ' indole-ac6ta te  est  
un au t re  p rodui t  du m6tabol i sme du t r y p t o p h a n e .  
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Creatine Phosphokinase Activity in Human Polymorphonuclear Leukocytes 

I t  is general ly accepted  t h a t  there  are m a n y  similar i t ies  
be tween  the  mechan i sm of muscular  con t rac t ion  and  cell 
mot i l i ty .  I-IUXLEY 1 has recent ly  po in ted  out  t h a t  the  
molecular  s t ruc tures  and mechan i sms  for cell m o v e m e n t  
resemble  those  of muscle fibre cont rac t ion .  This v iew is 
fu r ther  subs t an t i a t ed  by  our  p re sen t  f inding t h a t  h u m a n  
po lymorphonuc lea r  leukocytes  possess a cy top lasmic  
creat ine phosphokinase ,  an enzyme t h a t  is essent ia l  for 
the  no rma l  con t rac t ion  of t he  muscular  fibre. 

Leukocytes ,  hav ing  cont rac t i le  s t ruc tures  ~, could also 
be a conven ien t  means  to  inves t iga te  he red i t a ry  muscular  
diseases, as for ins tance  Duchenne  muscular  dys t rophy .  
This  disease, one of the  mos t  severe h u m a n  myopa th ies ,  
shows sex inher i tance  character is t ics  3 and is general ly 
regarded as a p r i m a r y  m y o p a t h i c  process  4, a l though  
some au thors  have  pos tu la t ed  a p r i m a r y  neurona l  
abnormali tyS,% We have  now s tudied  the  proper t ies  of 
leukocyte  creat ine  phosphok inase  isolated f rom b o t h  
nornla l  and dys t roph ic  subjec ts :  no s ignif icant  differences 
have  been found,  however ,  be tween  the  enzymes  f rom 
the  two sources 

Table 1. Specific activity of polymorphonuclear leukocyte-creatine 
phosphokinase from different subjects 

Spec. activity 
(Units/mg protein) 

Healthy volunteers 1 0.55 
2 0.62 
3 0.57 
4 0.50 

Dystrophic L.C. 0.57 
T.C. 0.61 
R.R. 0.50 
P.G. 0.60 

Mothers (carriers) L. and T.C. 0.64 
R.R. 0.54 
P.G. 0.66 

The specific activity of creatine phosphokinase from crude extracts 
of leukocyfes from healthy volunteers, 4 patients (two brothers) 
affected by Duehenne muscular distrophy, and their mothers, was  
determined as described under material and methods. 

Materials and methods. Venous  blood samples  of 4 
normal ,  4 dys t roph ic  subjects  and  3 h ea l t h y  carriers  of the  
Duchenne  d y s t r o p h y  (represented by  the  mo t h e r s  of the  
4 pat ients )  were used. The clinical diagnosis  of Duchenne  
m y o p a t h y  for the  4 pa t i en t s  (R.R.,  T.C., L.C., and  P.G.,  
which  were respec t ive ly  7, 9, 10 and 14 years  old) was 
conf i rmed also by  the  resul t  of the  e l ec t romyograph ic  
analysis.  

Po l y mo rp h o n u c l ea r  leukocytes  were ob ta ined  f rom 
freshly drawn,  hepar in ized  blood. Separa t ion  of granulo-  
cytes  f rom red ceils and l y m p h o c y t e s  was  carr ied ou t  by  
sed imen ta t ion  ill gelat in  followed by  di f ferent ia l  centr i fu-  
ga t ion  according to the  m e t h o d  of YAM et al.~: 20 ml  of 
blood yie lded ap p ro x i ma t e l y  11-12 • 10 ~ of 90-95% pure  
po lymorphonuc lea r  leukocytes ,  t h a t  were s tored at  
- -20~  unt i l  handl ing.  The lysis of leukocytes  was 
ob ta ined  by  freezing at  - -40~  and  t h aw i n g  at  37~ 
3 t imes  in tile presence of 1 ml  of saline solut ion 7. Tile 
suspens ion  was cent r i fuged a t  20,000 •  for 20 rain and  
to the  clear supe rna t an t ,  con ta in ing  crea t ine  phospho-  
kinase ac t iv i ty ,  4 mg /ml  of a lbumin  to  increase the  p ro te in  
concen t ra t ion  were added.  P ro t e in  was t h e n  p rec ip i t a t ed  
by  add i t ion  of 326 mg of a m m o n i u m  sulfate per  ml  of 
solution.  The precipi ta te ,  collected by  cent r i fugat ion ,  was 
dissolved in 0.5 ml  of 0.05 M tris ace ta te  con ta in ing  1 m M  
EDTA,  p H  7.2. Tile a m m o n i u m  sulfate f rac t ion  was  
a lmos t  free of myokinase ,  which  in ter fered  in the  deter-  
mina t ion  of creat ine phosphok inase  ac t iv i ty .  Creat ine 
phosphok inase  was assayed spec t ropho tome t r i ca l ly  ac- 
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