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Purification and N-terminal determination of crystalline pepsin 
The  s i t ua t i on  wi th  regard  to t he  chemical  and  enzymic  h o m o g e n e i t y  of peps in  is no t  clear, as 
wi tnessed  b y  several  reports1,2, 3, and  we h a v e  therefore  found  it  wor th -whi le  to re inves t iga te  th i s  
ques t ion .  A sens i t ive  cr i ter ion of chemical  h o m o g e n e i t y  is offered b y  N- t e rmina l  de te rmina t ion ,  
b u t  in t he  case of peps in  a special diff iculty is encoun te red  owing to t he  fac t  t h a t  smal l  pept ides ,  
p r e s u m a b l y  fo rmed  b y  au to lys i s  of t he  enzyme ,  c o n t a m i n a t e  t he  p r epa ra t i on  and  t h u s  obscure  
t he  resul t  of t he  N- t e rmi na l  de t e rmina t ion .  However ,  i t  was  found  t h a t  b y  pass ing  a peps in  
solut ion t h r o u g h  a co lumn  of Dowex-5o in the  acid form, t he  larger pa r t  of t he  c o n t a m i n a t i n g  
pept ides  were re ta ined  by  t he  resin whereas  the  e n z y m e  passed  th rough .  The  p repa ra t i on  t h u s  
ob ta ined  ha s  been  used for N- t e rmi na l  de t e rmina t ions .  

lOO g Dowex-5o (15-3o mesh)  were conver ted  into t he  acid form 4, b r o u g h t  on a c o l u m n  
(diam. 2.o cm) and  r insed  w i t h  di lute  HC1 (pH 2.8) unt i l  t he  effluent was  free of ma te r i a l  absorb ing  
in t he  ul t ra-violet ,  and  t he  p H  was  2.8. 5o0 m g  crysta l l ine  pig  peps in  5 (specific ac t iv i ty ,  o.136) 
were dissolved in ioo  ml  dist i l led wa te r  a n d  a smal l  a m o u n t  of insoluble  ma te r i a l  cen t r i fuged  off. 
The  clear s u p e r n a t a n t  was  acidified to  p H  2.8 (glass electrode). A s l ight  t u r b i d i t y  d i sappeared  
on t h e  addi t ion  of 5 ° ml  di lute  HC1. The  peps in  solut ion was  passed  t h r o u g h  t he  c o l u m n  at  a ra te  
of approx .  7 mlJmin  and  t he  co l umn  s u b s e q u e n t l y  r insed wi th  7 ° m l  di lute  HC1 (pH 2.8). I n  order 
to min imize  autolys is ,  t he  eff luents were r u n  direct ly  into 2o ml  acetic ac id - sod ium ace ta te  buffer  
( total  mo la r i t y  o. i6) ,  p H  5.3. T he  effluents were quickly  frozen and  lyophilized.  The  recovery of 
n i t rogen  was  9 4 % ,  a n d  of peps in  ac t iv i ty ,  lO 5 %. T he  specific ac t iv i ty  was  o.17. A pa r t  of the  
freeze-dried p roduc t ,  cor responding  to 4 ° m g  pepsin,  was  dissolved in io  m l  di lu te  HC1 (pH 2.8) 
and  passed  a second t ime  t h r o u g h  a Dowex-5o co l umn  (17 g Dowex-5o,  acid fo rm;  diam. ,  0.9 cm) 
a t  a ra te  of approx .  2 ml /min .  The  co l umn  was  r insed wi th  io  m l  di lute  acid. The  effluent  was  
i m m e d i a t e l y  neu t ra l ized  and  lyophilized. All opera t ions  were carr ied ou t  in the  cold room and  
as quickly  as possible.  

The  N- t e rmina l  de t e rmi na t i on  was  carr ied ou t  by  the  pheny l  t h i o c a r b a m y l  (PTC) m e t h o d  
as p rev ious ly  described ~. A sample  of t he  lyophil ized peps in  p repared  as above  cor respond ing  
to 12.4 m g  p ro te in  was  dissolved in p y r i d i n e - w a t e r  (i : i) ,  t he  solut ion m a d e  alkal ine wi th  N a H C O  s 
a n d  2o/~1 p h e n y l  {soth iocyanate  added.  T he  solut ion was  left a t  r oom t e m p e r a t u r e  for 2 h and  
t h e n  e x t r a c t e d  3 t imes  wi th  equal  v o l u m e s  of e thy l  aceta te .  The  PTC-pro te in  was  p rec ip i t a ted  
f rom the  aqueous  solut ion wi th  9 vol. ace tone  and  dried. To the  d ry  p roduc t  was  added  I ml  
N HC1. The  suspens ion  was  kep t  a t  IOO ° C for i h and  a f t e rwards  ex t r ac t ed  3 t imes  wi th  i ml  
e thy l  aceta te .  The  ex t r ac t s  were combined ,  the  so lven t  evapora ted ,  and  t he  d ry  res idue  dissolved 
in o.I m l  e thy lene  chloride.  

Al iquots  of t he  e thy lene  chloride solut ion were t a k e n  for pape r  c h r o m a t o g r a p h i c  ident i -  
f icat ion of t he  pheny l  t h i o h y d a n t o i n s  (PTH)  a long wi th  samples  of a u t h e n t i c  P T H ' s .  The  so lven t  
s y s t e m  used  was  f o r m a m i d e / x y l e n e  s and  the  spo t s  were visual ized bo th  wi th  t he  iodine azide- 
s t a rch  reac t ion  9 a n d  on  t he  f luorescent  screen 8. B y  far  the  s t ronges t  spo t  h a d  an  RF va lue  corre- 
spond ing  to  PTH- leuc ine  or PTH-isoleucine .  I n  addi t ion  the re  were weaker  spo t s  which  h a v e  
no t  been  identif ied wi th  cer ta in ty .  Paral lel  r uns  wi th  unknown ,  PTH- leuc ine  and  PTH- i so leuc ine  
and  mixed  spo t s  showed clearly t he  iden t i ty  of the  N- t e rmina l  of pig peps in  wi th  PTH-iso leuc ine .  

For  q u a n t i t a t i v e  de t e rmi na t i on  s of t he  N- t e rmina l  the  spo t  was  e lu ted  f rom the  pape r  and  
the  U.V. -absorp t ion  of the  e luate  m e a s u r e d  a t  268 m #  where  the  P T H ' s  h a v e  m a x i m u m  ab-  
sorpt ion.  Correct ing for losses du r ing  r ing closure to P T H  and  ex t r ac t i on  (approx.  20%)  and  
dur ing  pape r  c h r o m a t o g r a p h y  (approx.  20 %), I mole of PTH-iso leuc ine  was  found  to cor respond 
to 4o,ooo g of pepsin .  

A sample  of t he  Dowex- t r ea t ed  ma te r i a l  cor responding  to 39 m g  peps in  was  dissolved in 
I ml  formic acid, o,o2 ml  H 2 0  ~ (30 % w/w) added  and  t he  m i x t u r e  left  for I h a t  room t empe ra -  
tu re  z°. The  performic  acid was  t h e n  des t royed  b y  the  add i t ion  of I m l  water ,  a n d  t he  oxidized 
peps in  p rec ip i ta ted  wi th  9 vol. acetone.  T he  prec ip i ta te  was  washed  wi th  ace tone  and  dried, 
a n d  the  d ry  p roduc t  solubilized in a q u e o u s  6 M urea  and  t r ea t ed  for N- t e rmina l s  as descr ibed 
above.  Since t he  expec ted  P T H - c y s t e i c  acid 11 is too s t rong ly  polar  to  allow ident i f icat ion in the  
regu la r  procedure ,  pape r  e lectrophoresis  was  resor ted  to for t he  identif icat ion.  The  acid so lu t ion  
used  in t he  sp l i t t ing  off of the  N- t e rmina l s  was  b r o u g h t  to p H  4 wi th  K~CO 3 and  a sample  of 
t he  solut ion sub jec ted  to pape r  e lec t rophores is  in an  acetic ac id -po ta s s ium ace ta te  buffer  (total  
mo la r i t y  o.o4) , p H  4, a long wi th  a u t h e n t i c  s amples  of P T H - c y s t e i c  acid. No  P T H - c y s t e i c  acid 
was  de tec tab le  in t he  t e s t  sample .  

I n  conclusion,  our  resu l t s  show t h a t  isoleucine is t he  sole N- t e rmina l  amino  acid of swine 
pepsin .  The  va lue  I mole/4o,ooo g peps in  prepara t ion ,  fi ts in r easonab ly  well w i th  t he  accepted 
molecular  we igh t  for peps in  of 35,5oo. Our  f indings suppo r t  those  of VAN VUNAKIS AND HERRIOTT 12, 
who  identif ied isoleucine as t he  N- te rmina l ,  and  disagree wi th  those  of WILLIAMSON AND PASS- 
MAN 13, who found  leucine. A l t h o u g h  t he  difference in R F va lue  be tween  PTH- leuc ine  and  P T H -  
isoleucine is small ,  t he  mi xed  spot  t e chn ique  ha s  al lowed us  to ident i fy  t he  N- t e rmina l  u n a m b i g u -  
ous ly  as isoleucine. 
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Reversible reduction of thioctamide catalyzed by the a-ketoglutaric 
dehydrogenase complex 

T h e  p y r u v i c  and  a -ke tog lu ta r ic  (KG) dehydrogenases  of m a m m a l i a n  t i ssues  are complex  un i t s  
of  h igh  molecu la r  we igh t  (4" I°6 and  2. lO 6 g /mole  respect ively)  1, ~. U n d e r  t h e  e lectron microscope*,  
t h e  l a t t e r  appea r s  as an  essent ia l ly  spher ical  par t ic le  of  12o A d i ame te r  which  is cons i s t en t  wi th  
t he  molecu la r  we igh t  ca lcula ted  f rom s e d i m e n t a t i o n  a n d  diffusion cons tan t s .  Bo th  of t hese  e n z y m e  
complexes  con ta in  t i gh t ly -bound ,  non-d ia lyzable  6,8-thioct ic  acid (a-lipoic acid) or  a der iva t ive  
of it  ac t ive  in t he  microbiological  assayS, 3. Direct  evidence t h a t  th ioct ic  acid func t ions  in t he  
ox ida t ion  of a -ke toac ids  ha s  been ob ta ined  f rom s tud ies  on bacter ia l  preparat ions4,  5. One  of t h e  
i n t e rmed ia t e  s teps  pos tu l a t ed  in the  sequence  of reac t ions  is t he  ox ida t ion  of d i th io loc tanoa te  
by  D P N  (React ion  i) 

T(SH) 2 + D P N +  ~-  TS~ + D P N H  + H + (I) 

The  presence  of th is  enzymic  ac t iv i ty  in purif ied f ract ions  f rom E. colt has  been  d e m o n s t r a t e d  
by  coupl ing  i t  to  t he  reduc t ion  of p y r u v a t e  wi th  lact ic dehydrogenase  and  m e a s u r i n g  t he  decrease 
in  - S H  e . 

W e  h a v e  now found  t h a t  t he  KG dehydrogenase  purified f rom hog  hear t s  2 ca ta lyzes  t he  
reversible  ox ida t ion  of  reduced  D P N  (DP NH)  by  6 ,8- th ioc ta te  and  by  6 ,8- th ioctamide**.  The  
reac t ion  can  be d e m o n s t r a t e d  readi ly  in b o t h  di rect ions  by  m e a s u r i n g  t he  absorp t ion  of D P N H  
a t  34 ° m]~ (Fig. I). ( + )  Th ioc t a t e  is ac t ive  while ( - - )  t h ioc ta t e  is inac t ive  in t he  reaction.  The  
presence  of t he  inac t ive  i somer  h a d  no  effect on t he  ve loc i ty  of  t he  reac t ion  wi th  the  ( + )  isomer.  

There  are  s igni f icant  differences in t he  ac t iv i ty  wi th  th ioc ta t e  and  th ioc tamide .  The  p H  
o p t i m u m  for t he  reac t ion  wi th  t h i oc t ami de  is 7.I, which  is a b o u t  t he  s ame  as for K G  oxida t ion  
b y  D P N  ~. W i t h  t h ioc t a t e  as subs t ra te ,  the  ac t iv i ty  increases  sha rp ly  on decreas ing  t he  p H  f rom 
7.o to 6.o. The  concen t ra t ion  for h a l f - m a x i m a l  ve loc i ty  wi th  DL-thioctamide is 6" 1o-4M, while 
m a x i m a l  ra tes  are no t  ob ta ined  wi th  DL-thioctate even  a t  6. Io -SM.  The  ra tes  of K G  oxida t ion  
and  of D P N H  ox ida t ion  by  th ioc t a t e  or t h ioc t amide  are shown  in Table  I. I t  is seen t h a t  t he  
par t i a l  reac t ions  proceed a t  a fas ter  ra te  t h a n  t he  over-al l  K G  oxida t ion .  The  fact  t ha t ,  compared  
wi th  t he  r educ t ion  of th ioct ic  acid, the  reac t ion  wi th  th ioc tamide  h a s  a lower K m and  a p H  
o p t i m u m  closer to  t h a t  of KG dehyd rogenase  t en t a t i ve l y  sugges t s  t h a t  t he  na tu r a l  b o u n d  cofactor 

* W e  are  indeb ted  to Dr.  ROBLE¥ C. WILLIAMS for the  electron microscope  p ic tures .  
** DL-6,8- thioctamide,  and  ( + )  and  (--)  thioct ic  acids  were gif ts  f rom Dr. ARTHUR F. WAGNER 

of t he  Merck Sharp  and  D o h m e  Research  Labora tor ies .  


