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o f  z to  4 M u r e a  i n c r e a s e d  (up  to  50 % for  s o m e  N - t e r m i n a l s )  w h e r e a s  c o n c e n t r a t i o n s  
o f  6 to  8 M u r e a  d e p r e s s e d  ( to n e a r l y  zero for s o m e  N - t e r m i n a l s )  the  e x t e n t  of  the  
a u t o l y s i s  of t r y p s i n .  T h e  e-DNP-lysine was  p r e s e n t  in all the  F r a c t i o u s  A, B, a n d  C. 
I n  F r a c t i o n  A i ts  a m o u n t  i n c r e a s e d  l i nea r ly  w i t h  the  c o n c e n t r a t i o n  of u r e a  a b o v e  
2 M .  I n  F r a c t i o n s  B a n d  C, h o w e v e r ,  t he  e - D N P - l y s i n e  h a d  a m a x i m u m  in 2 2zi ucea  
a n d  the  lowes t  v a l u e  in 8 s$l u r e a  j u s t  l ike t he  ~ - N - t e r m i n a l s ;  a n d  in  t3 t h e  a m o u n t  
o f  e - D N P - l y s i n e  was  s e v e r a l  t i m e s  as  l a rge  as in C. T h e s e  ove ra l l  r e su l t s  i nd i ca t e  t h a t  
a u t o l y s i s  w a s  m a x i m u m  ~n 2 .'~I u r e a  a n d  leas t  in 8 Yl u rea .  I n  2 ~1 u r e a  a la rge  
n u m b e r  of  p e p t i d e s  were  sp l i t  off t he  p r o t e i n  moiecu le  a n d  e n d e d  up  in F r a c t i o n s  
I3 a n d  C. I n  8 M u r e a  the  u n f o l d i n g  of the  t r y p s i n  molecu le  a n d  the  u n m o 3 k i n g  of 
the e- lys ine  w e r e  m o s t  e x t e n s i v e .  

Of  g r e a t  i n t e r e s t  was  t h e  o b s e r v a t i o n  t h a t  t h e  e x t e n t  of a u t o l y s i s  pa r a l l e l ed  tke  
a m o u n t  of  f loccu la t ion  of the  p r o t e i n  in the  i n c u b a t i o d  m i x t u r e  a t  p H  7, i.~. f loccu-  
l a t i on  w a s  m a x i m u m  in )- M u r e a  a n d  a b s e n t  in 8 M urea .  W h e t h e r  f loccu ia t ion  was  
c a u s e d  b y  au to lys i s ,  or  w h e t h e r  f l occu la t ed  m a t e r i a l  was  m o r e  eas i ly  a u t o l y s e d ,  i t  
is no t  y e t  k n o w n .  T h e  role of u r e a  in these  p h e n o m e n a  is be ing  i n v e s t i g a t e d ,  i t  was  
a l so  o b s e r v e d  t h a t  if  the  p r o t e i n  was  d i r e c t l y  s u s p e n d e d  in 8 M u r e a  sma l l  specks  
of  m a t e r i a l  r e m a i n e d  u n d i s s o l v e d  d u r i n g  the  en t i r e  i n c u b a t i o n  per iod .  F r a c t i o n s  B 
a n d  C were  t h e n  seve ra l  t i m e s  as  l a rge  ( ind ica t ing  m o r e  hydro lys i s )  as  in the  case  
i n . w h i c h  the  p r o t e i n  w a s  d i s so lved  in o .o r  N HCI  a n d  d iaJysed  p r io r  to  i n c u b a t i o n  
in t h e  8 .$1 urea .  I t  is h o p e d  t h a t  e x p e r i m e n t s  n o w  in p rogres s  will p r o v i d e  an  e x p l a -  
n a t i o n  of these  f indings ,  
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A mammal ian  and protozoan electron-transport inhibitor in 
~'etrahymena pyriformis 

An e l e c t r o n - t r a n s p o r t  i nh ib i t o r  has  heen found  in cc'.'.-free prepara t ion .~  of the  p ro to -  
z o a n  "lYtral~ymena pyrifl~rmis which  a f fec t s  e n z y m e  s y s t e m s  of 7"etrahyme~,a ai ld r a t  
l ive r  m i t o e h o n d r i a .  T h e  i n h i b i t o r  is " a c t i v a t e d "  o n  mi ld  h e a t i n g  or aging,  i t  is r e s i s t an t  
to  boi l ing  a f t e r  a c t i v a t i o n  b u t  is no t  p r o d u c e d  in boi led  f resh  p r e p a r a t i o n s ,  a n d  i t  is 
n o n - d i ~ y z a b l e .  

Cu l tu r e s  were  g r o w n  in 2 .o °0  p ro teose-pep ton : , - -o .2  % y e a s t  e x t r a c t  m e d i u m .  
T h e  cells were  h a r v e s t e d  a f t e r  3 - 6  d a y s  as de sc r ibed  1 a n d  p a s s e d  twice  t h r o u g h  a 

Abbreviation: DPN, DPNH, oxidized and reduced diphosphopyriaine nueleotide. 
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Logeman homogenizer. Conditions of assay for the various Tetrahymena enzymes 
have also been described s, a. Addit ion of freshly-made homogenates  of strain GL cells, 
which have ext remely  low suecinic oxidase act ivi ty,  marked ly  inhibits the succinic 
oxidase ac t iv i ty  of homogenates  of the S or W strains assayed at  3o°° Tha t  a lag 
period of about  2o min,  preceding the onset of inhibition, is abolished by  heat ing 
fresh GL preparations 2o rain a t  5o ° or aging them 2o h at  o °, indicates t ha t  the 
inhibitor is produced or " a c t i v a t e d "  by  mild heat ing or aging. The same, or a similar, 
inhibitor is found in homogenates  of the S, W, E, HS, WH6,  and  W H I 4  strains. In  
fresh W l~omogenates, the inhibitor is also readily ac t ivated by  heat ing or aging; 
in fresh S homogenates,  it is far~nore resistant  to activation.  The inhibi tor  has also 
been demons t ra ted  in sonates of GL cells. 

The sensit ivi ty of Tetrahymena succinic dehydrogenase to the GL inhibi tor  varies 
with the electron acceptor employed. Wi th  methylene  blue, the dehydrogenase is 
inhibited to almost the same extent  as tha  :~uccinic oxidase system by  a given amou~it 
of inhibitor, and almost complete inhibit ion is observed. However,  with phenazine 
methosulfate,  only 4o-6o % inhibitio, ~. is a t ta ined  with  an amoun t  of inhibi tor  t h a t  
completely inact ivates sdccinic oxidase, and  fur ther  large increments  in the inhibi tor  
cause only small increases in the % inhibit ion. 

The D P N H  ox,_'~ase sys tem of S homogenates  is inhibi ted to about  the same ex- 
tent  as the suecinic oxidase system by  the GL inhibitor,  as measured manometr icaUy 
or spectrophotometrical ly.  However, under  conditions (incubation of S homogenate  
with GL inhibitor 2 h at  o °) where 83 % of the D P N H  oxidase oct iv i ty  is inac t iva ted ,  
only 9 % of the diaphorase ac t iv i ty  (dichlorophenolindophenol reduction) is inhibited.  
Inhibi t ion of/3-hydroxybut3wic and  glutamic oxidases has also been demons t ra ted ,  
but  f l -hydroxybutyr ic  and glutamie dehydrogenase ac t iv i t i e s - -measured  mano- 
metr ical ly wi th  DPN,  phenazine methosulphate ,  and  c y a n i d e - - a r e  unaffected by  
inhibi tor  ]evels which almost completely inact ivate  the oxidases. Increased amoun t s  
of inhibitor produce collsiderable inhibition of bo th  dehydrogenases.  The newly-  
describe~i lactic oxidase of 7"etrahymena ~, which does not involve the  D P N H  or suc- 
cinate e lectron-t ransport  chains, is not inac t iva ted  by  the inhibitor.  

Fu r the r  .~tudies of the GL inhibi tor  were directed at  localizing more exac t ly  
its pr imary  site of action in the electron-transport  chain. In the  protozoan,  this is 
complicated by the total  absence of cytochrome 0 oxidase at~ivi ty a (or the presence 
in certain preparat ions of very  slight ac t iv i ty  - in press). In the hope t h a t  mam-  
mzalian enzymes might  be sensitive to the inhibitor and  possibly furnish a bet ter  test  
system for determining its locus of action, ra t  liver was investigated.  I t  was found 
tha t  with an amount  of inhibitor which inact iva tes  96 % of the  sueeinie oxidase 
system of mitochondria,  cy tochrome c oxidase is v i r tual ly  unaffected;  a 5-fold 
increase in the inhibitor level results in 37 % inhibit ion of cy tochrome a oxidas¢. 
The response of su.~einie dehydrogenase,  assayed wi th  piaenazine methosulphate ,  is 
variable, ranging f'_6m inhibitions of x5-4o % b y  tow levels of some GL bomogenates  
to no effect in the presence of others. Higher  levels of the inhibi tor  preparat ions  
great ly  s t imulate  liver succinic dehydrogenase,  the s t imulat ion increasing with t ime, 
and this may  account for the var iabi l i ty  observed. The explanat ion of the enhanced 
ac t iv i ty  is not yet  known. Similar results for the 3 assays were obtained with liver 
homogenate.  The inhibitior, of succinic oxidase is not  changed when the  eytochrome 
c concentrat ion is tripled. Choline oxidase ac t iv i ty  of rat-liver homogenate  is inhibi ted 
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to about  the same extent  as succlnlc oxidase by  the GL preparation.  Liver D P N H  
oxidase act ivi ty ,  measured manometr ica l ly  under  the same conditions employed 
for the succinic oxidase assay, is not inhibited for at  least IO rain. The greater re- 
sistance of liver D P N H  oxidase to the inhibitor was also demons t ra ted  by  spectro- 
photometr ic  assay (25°). r 5 ,  30, and  60 rain after  i~cubat ing GL "inhibitor with liver 
homogenate  at  3 o°, D P N H  oxidase is inhibi ted o, 23 and 45 %, respectively. Similar 
results were obta ined for DPNH-cy tochrome 6 reduetase, while the inhibition of 
succinate-cytochrome c reductase is almost complete after 15 rain, which agrees very 
well wi th  the  overall succinic oxidase measurements .  

If  fresh homogenates  (all strains studied) are boiled for 2 rain, subsequent at- 
t empts  to ac t iva te  the inhibitor by  heat ing or aging areaunsuccessful. However, if 
fresh homogenates  are heated at  5o ° for zo rain, and then boiled,~or aged at  o ° over- 
night  and boiled, the inhibitor is only part ial ly destroyed. This suggests tha t  (a) once 
the inhibi tor  is " a c t i v a t e d "  it is remarkably  heat-resistant,  and  (b) the ac t ivat ion 
reaction is heat-labile. Inhibi t ion of Tetrahyn~ena or liver succinic o:ddase ac t iv i ty  
by  a given amoun t  of inhibi tor  is reduced 2o-4o % by boiling the la t ter  2o rain : 2 or 3 h 
of boiling or autoclavir~g xoo rain (I5 lb/in 2) destroys only sl ightly more inhibitor. 
The inhibi tor  is non-dialyzable in homogenates  which have been aged, aged and 
boiled, or agod and autoclaved and  is stab!o for at  least 6 months  at ~ I 3  °. About  
95 % of the inhibitor is localized in the part iculate  fraction obta ined by high-speed 
centr i fugat ion of hea ted  (5o °) or aged GL homogenates.  

One explanat ion of the "ac t iva t ion"  effect is tha t  an enzyme, acting rapidly 
a t  5o ° and  more slowly at  o °, causes the fornmtion of the inhibitor perhaps by 
cleavage or  rearrangement  of an inhibitor precursor, while boiling destroys the 
enzyme and  thus prevents  the act ivat ion process. This hypothesis  is supported by 
the  fact  t h a t  the  heat -ac t iva t ion  curve of the inhibitor obtained b y  heat ing fresh 
homogenates  from 2o-80 ° resembles the effect of tempera ture  on e.~ enzyme-catalyzed 
reaction. 

In  progress are the purification and  characterization M the inhibitor and a s tudy  
of its relationship to the extraordinar i ly  labile part iculate e lectron-t ransport  enzymes 
in the  Telrahymena homogenates  s. Some evidence has been procured linking the 
la t ter  phenomenon to the presence of the inhibitor. 

More detai led informat ion on these studies will be described elsewhere. 
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