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Similar  f indings  h a v e  been repor ted  p rev ious ly  for t he  r a t  s a n d  t h e  dog* b u t  in r u m i n a n t s  (goat  TM 
a n d  cow 11) on ly  iodide h a s  been obse rved  in t he  mi lk  a f t e r  lSlI admin i s t r a t i on .  No  metabol ica l ly  
ac t ive  c o m p o u n d s  h a v e  been c h r o m a t o g r a p h i c a l l y  de tec ted  in milk.  This  is in a g r e e m e n t  wi th  
p rev ious  resu l t s  based  on  biological t e s t i ng  12. 

The  re la t ive  sca rc i ty  or  absence  of D I T  in t he  presence  of large a m o u n t s  of MIT  in mi lk  
is puzzl ing;  enzymic  de iod ina t ion  of D I T  in t he  b o d y  does no t  appea r  to s top  a t  t he  M I T  s tage  6. 
Fa i lure  to  iod ina te  beyond  t he  M IT  s t age  appear s  to be a more  l ikely exp lana t ion  and  m a y  be 
s imp ly  t he  consequence  of an  excess  of ty ros ine  wi th  respec t  to t he  ava i lab le  iodine. However ,  
it  is of in t e res t  t h a t  an  excess  of M I T  over  D I T  appea r s  to be charac te r i s t i c  of the  iod ina ted  
p ro te ins  fo rmed  by  severa l  " p r i m i t i v e "  or  " a b n o r m a l "  biological iod ina t ing  s y s t e m s  such  as  t he  
l ac t a t ing  b reas t  in vivo, cell-free p r epa ra t i ons  of func t ion ing  m a m m a r y  t i s sue  or t hy ro id  in 
vitrol3,X4, t h e  deve loping  chick t hy ro i d  16, ca r c inomas  of t he  t hy ro id  TM,17 and  cer ta in  a d e n o m a s  of 
t he  t hy ro id  TM. 

T h a n k s  are  due  to  Sir CHARLES HARINGTON, Sc. D., F .R.S. ,  a n d  to Dr.  R.  PITT-RIvERS, F .R.S.  
for t h e  o p p o r t u n i t y  afforded to one of us  (K. B.-G.) to spend  some  t ime  as a gues t  worker  a t  
t he  Na t iona l  I n s t i t u t e  for Medical  Research .  
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Isolation of acetyl peptides from acetylchymotrypsin 
D u r i n g  t he  las t  few yea r s  severa l  pape r s  h a v e  been pub l i shed  on t he  reac t ion  of a - c h y m o t r y p s i n  
wi th  d i i sopropylphosphorof luor ida te  (DFP) .  Th i s  reac t ion  resul ted  in a comple te  inhib i t ion  of t he  
enzymic  ac t iv i ty  and  was  accompan i ed  by  t he  i n t roduc t ion  of t he  d i i sopropy lphosphory l  g roup  in 
t h e  e n z y m e  molecule  ( chymot ryps i n -DP ) .  SCHAFFER et al. 1 h a v e  d e m o n s t r a t e d  t h a t  upon  acid 
hyd ro lys i s  of c h y m o t r y p s i n - D P ,  t he  p h o s p h o r u s  mo i e t y  of D F P  was  p re sen t  in t h e  pep t ide  cha in  
Gly .  Asp .  p h o s p h o  Ser.  Gly. Th i s  sequence  could be e x t e n d e d  to  Gly.  A s p . p h o s p h o S e r .  Gly.  Glu. 
These  resu l t s  were pa r t i a l ly  conf i rmed 2. W e  found  t h a t  upon  pro teo ly t ic  d iges t ion  of c h y m o t r y p s i n -  
D P  a pep t ide  could be isolated wh ich  con ta ined  a d i i sopropy lphosphory l  g roup  s u b s t i t u t e d  to  t he  
h y d r o x y l  g roup  of a ser ine res idue  3-6. The  amino-ac id  sequence  in th i s  pep t ide  was  shown  to  be 
Gly .  Asp-  Ser.  Gly .  Gly.  Pro-  Leu.  These  re su l t s  indica te  t h a t  t he  a t t a c k  of D F P  on t he  e n z y m e  is 
d i rected aga ins t  t h e  h y d r o x y l  of a ser ine res idue  wh ich  is occurr ing  in t he  pep t ide  sequence  
Gly-  Asp-  Ser.  Gly. 

There  is good reason  to  bel ieve t h a t  t h e  si te  on the  e n z y m e  which  combines  wi th  D F P  is 
ident ica l  to  t h a t  pa r t  of t he  e n z y m e  where  s u b s t r a t e  hydro lys i s  is pe r fo rmed  e. Moreover,  it  is 
a t t r a c t i v e  to  consider  re la ted  m e c h a n i s m s  to govern  s u b s t r a t e  hydro lys i s  a n d  inh ib i t ion  by  D F P .  
I n  t he  fo rmer  case a labile a c e t y l - e n z y m e  complex  is a s s u m e d  to be fo rmed  which  b reaks  down 
rap id ly  in wa te r ;  in t he  l a t t e r  case an  ana logous  b u t  s table  e n z y m e - D P  complex  is formed.  These  
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conclusions ,  d r a w n  f rom kinet ic  evidence 7, were s t rong ly  suppo r t ed  by  t he  isolat ion a t  low p H  of 
t he  ace ty l a t ed  e n z y m e  by  BALLS AND WOODS s. However ,  t he  isola t ion of an  a c e t y l - e n z y m e  inter-  
med i a t e  is by  itself no t  sufficient  evidence for an  ana logous  m e c h a n i s m ,  ope ra t ing  a t  one and  t he  
s a m e  si te  of t h e  enzyme ,  for bo t h  s u b s t r a t e  hydro lys i s  a n d  inhib i t ion  by  o r g a n o p h o s p h a t e .  I t  
r ema ins  to  be d e m o n s t r a t e d  t h a t  t he  ace ty l  g roup  in t he  ace ty l a t ed  e n z y m e  is ac tua l ly  l inked to t he  
s a m e  k n o w n  group  as t h e  p h o s p h o r y l  radica l  in  t h e  e n z y m e - D P  complex .  

To es tab l i sh  t he  pos i t ion  of t h e  acetyl  g roup  in a c e t y l c h y m o t r y p s i n  we h a v e  followed a s imilar  
p rocedure  as was  used  for t h e  ana lys i s  of c h y m o t r y p s i n - D P .  A l t h o u g h  t he  labile b ind ing  of t h e  
ace ty l  g roup  in a c e t y l c h y m o t r y p s i n  above  p H  5.0 m i g h t  in terfere  wi th  such  a procedure ,  t he  
poss ibi l i ty  t h a t  u p o n  d e n a t u r a t i o n  of a c e t y l c h y m o t r y p s i n  a s tab i l i sa t ion  m i g h t  occur  did no t  
s eem unl ikely*.  Diges t ion  of ace ty l  c h y m o t r y p s i n  wi th  peps in  a t  p H  2.0 was  indeed found  t o  
s tabi l ise  t he  acetyl  g roup  sufficiently,  Th i s  enab led  us  to  con t inue  t he  digest ion a t  p H  7.8 wi th  pan-  
creat ine ,  a commerc ia l  c rude  panc reas  ex t rac t .  

A c e t y l c h y m o t r y p s i n  (IOO mg) labeled wi th  14C in the  ca rboxyl  group of t he  acetyl ,  was  
p repa red  following t he  p rocedure  of BALLS 7, us ing  p - n i t r o p h e n y l  ace t a t e  wi th  a specific radio-  
ac t iv i ty  of o.31 m c / m m o l e * * .  The  ace ty l a t ed  e n z y m e  was  dissolved in 2 m l  wa t e r  and  d iges ted  wi th  
0.25 % peps in  a t  p H  2.o and  2o °. After  16 h t he  p H  was  a d j u s t e d  to  7.8 a n d  t h e  d iges t ion  con- 
t i n u e d  for 16 h a t  37 ° a f te r  t he  add i t ion  of 4 m g  pancrea t ine .  The  14C-containing der iva t ives  were 
f r ac t iona ted  a n d  purif ied b y  m e a n s  of h igh -vo l t age  e lec t rophores is  a t  p H  6.5 a n d  p H  3.5 followed 
by  pape r  c h r o m a t o g r a p h y  in b u t a n o l - a c e t i c  a c i d - w a t e r  (BAW) (4 : i : 5)- One  of t he  pep t ides  was  
also c h r o m a t o g r a p h e d  in b u t a n o l - w a t e r  (BW). 

The  sepa ra t ion  of t he  pep t ides  is shown  in Tab le  I. T he  purified 14C-containing pep t ides  were 
comple te ly  h y d r o l y s e d  (6N  HC1 a t  lO5 ° for 24 h) and  t he  amino  acids  in t he  h y d r o l y s a t e s  were 
de t e rmined  b y  m e a n s  of two-d imens iona l  pape r  c h r o m a t o g r a p h y  in p h e n o l - a m m o n i a  and  B A W .  

T A B L E  I 

E L E C T R O P H O R E S I S  AND PAPER C H R O M A T O G R A P H Y  OF ACETYLPEPTIDES 

Paper electrophoresis was performed for 2 h at 3ooo V/4o cm. The figures refer to the migration in 
mm of the radioactive zones towards the anodic (+I or cathodic (--) site. 

Peptide 
Electvopkoresis Chromatography (RF) 

pH 6. 5 pH3.6 BAW BW 

A + 54 - - 4 2  0.49 0.06 
B + 71 + 35 0.77 - -  
C + 8I - - 3 2  o.19 - -  
D + 1°3 - -  4 ° .19 - -  
E + 122 @ 86 0,44 - -  

The  compos i t ions  of t h e  five pep t ides  inves t iga t ed  are  s u m m a r i z e d  in Table  II .  The  recorded 
n u m b e r s  of res idues  are  based  on  v i sua l  e s t i m a t i o n  of t h e  s t r e n g t h  of t he  n inhydr in -co loured  s p o t s  
w i th  respec t  to  t h e  14C c o n t e n t  of t h e  pept ides .  T h e  ac tua l  amino -ac id  sequences  of t he se  five 
pep t ides  h a v e  no t  been es tabl i shed .  However ,  it  is m o s t  in t e res t ing  to observe  t h a t  the i r  composi -  
t i on  is en t i re ly  compa t ib l e  wi th  t he  r e q u i r e m e n t s  of t he  sequence  Gly .  Asp.  Ser,  Gly.  Gly,  Pro .  Leu  

T A B L E  II  

A M I N O - A C I D  C O M P O S I T I O N  O F  A C E T Y L P E P T I D E S  

A B C D E 

Gly Gly 
Asp Asp Asp 
Set  Ser Ser Ser Set  
Gly Gly Gly Gly Gly 
Gly Gly Gly GIy 
Pro  Pro  
Leu Leu 

* Th i s  a s s u m p t i o n  was  based  m a i n l y  on  t h e  obse rva t ion  b y  Dr.  H.  S. JANsz (this labora tory)  
t h a t  t h e  poss ib i l i ty  of re leas ing t h e  D P - g r o u p  f rom D F P - i n h i b i t e d  horse- l iver  a l i -es terase  wi th  
nueleophi l ic  r eagen t s  w a s  lost  a f te r  d e n a t u r a t i o n .  

** W e  are  grea t ly  i ndeb ted  to Mr. F. BERENDS a n d  Miss I. VAN DER SLUYS f rom th i s  l abora to ry  
for t he  p r epa ra t i on  of th i s  c o m p o u n d .  
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t h a t  ha s  been  d e m o n s t r a t e d  in t he  pep t ide  isolated f rom c h y m o t r y p s i n - D P S - L  A l t h o u g h  t h e  
pos i t ion  of t he  ace ty l  g roup  h a s  no t  been  inves t iga t ed  it  s eems  m o s t  l ikely t h a t  it  is assoc ia ted  in 
es te r  l inkage  wi th  t h e  ser ine hyd roxy l .  Pa r t i cu la r ly  t h e  compos i t ion  of t h e  smal l  ace ty lpep t ide  E 
(Table II) h a r d l y  leaves  r o o m  for o the r  possibil i t ies.  

The  p r e sen t  resu l t s  p rov ide  s t r ong  evidence  t h a t ,  in t he  course  of t h e  hydro lys i s  b y  c h y m o -  
t r y p s i n  of i ts  subs t r a t e ,  t h e  h y d r o x y l  g roup  of t h e  s ame  serine res idue  is i nvo lved  as h a s  been found  
to  reac t  wi th  D F P .  Th i s  pep t ide  s t r u c t u r e  or a t  leas t  p a r t  of it  m u s t  there fore  pa r t i c ipa t e  in t h e  
enzymica l ly -ac t ive  si te  of c h y m o t r y p s i n .  
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On the enzymic reduction of folic acid by a purified hydrogenase* 
The  ac t iva t ion  of folic acid assoc ia ted  wi th  t he  cofactor  func t ions  of th is  v i t a m i n  involves  hyd ro -  
gena t ion  of PGA**,  p r e s u m a b l y  to  t he  t e t r a - h y d r o  fo rm 1 and  s u b s e q u e n t  formylationZ,8, 4 or  
hydroxymethylationS, e. The  h y d r o x y m e t h y l  c o m p o u n d  can  be oxidized to t h e  cor respond ing  
fo rmyl  derivative% 8. I n  t he  p r e sen t  inves t iga t ion ,  folic acid h y d r o g e n a s e  wh ich  ca ta lyzes  t h e  
r educ t ion  of P G A  was  p repa red  f rom an  ace tone  powder  of chicken liver. The  e n z y m e  was  purif ied 
8-fold b y  r e m o v a l  of p ro te in  a t  pH-5~5-a t~dpH-4 .  5 fol iowed-~bT-fr~t ional  p rec ip i ta t ion  of t he  
e n z v m e  wi th  cold acetone.  The  f rac t ions  be tween  41% and  60% ace tone  con ta ined  m o s t  of t h e  
ac t iv i ty .  B y  th i s  p rocedure  folic acid h y d r o g e n a s e  was  s epa ra t ed  f rom e n z y m e s  wh ich  conve r t  
P G A H  4 to i ts  f o rmy la t ed  der iva t ives .  T he  specific r e q u i r e m e n t  for T P N H  in t he  r educ t ion  of 
PGA could be shown,  s u b s t a n t i a t i n g  earlier observationsX, 9. The  pur i f icat ion of t he  e n z y m e  was  
sufficient  to pe rmi t  s t u d y  of t he  s to ich iomet r ic  re la t ionship  be tween  t he  r educ t ion  of P G A  and  
t he  ox ida t ion  of T P N H .  Direct  ev idence  is p resen ted  t h a t  P G A H  4 r a the r  t h a n  P G A H  2 is t he  
p roduc t  of t he  enzymic  react ion.  

The  m e t h o d  for t he  d e t e r m i n a t i o n  of P G A H  i was  based  on t he  non -enzymic  decompos i t ion  
of P G A H  4 w h e n  exposed  to airZ°, ix y ie lding P A B G A  q u a n t i t a t i v e l y l ;  t h i s  p roduc t  was  de t e rmined  
b y  t he  BRATTON-MARSHALL reac t ion  12. The  m a x i m u m  convers ion  of P G A  to  P G A H  4 was  ob ta ined  
a t  p H  4.7 in ace t a t e  buffer  and  p H  5.2 in p h o s p h a t e  buffer.  As shown  in Table  I, D P N H  was  
on ly  20% as ac t ive  as T P N H  in th i s  react ion.  D p N +  and  T P N  + were inact ive .  The  revers ib i l i ty  
of  t he  reac t ion  could no t  be d e m o n s t r a t e d  ; however ,  t h e  add i t ion  of T P N  + du r ing  t h e  i ncuba t ion  
inh ib i ted  t he  fu r t he r  convers ion  of P G A  to P G A H  4. The  fo rma t ion  of diazot izable  amine  was  
cor re la ted  wi th  t he  ox ida t ion  of T P N H  in t he  e x p e r i m e n t  shown  in Table  II .  The  d a t a  ind ica te  
t h a t  two moles  of T P N H  are  oxidized for each  mole of P A B G A  formed,  in accord wi th  t h e  
e q u a t i o n s  : 

P G A  + 2 T P N H  + 2 H  + ~ P G A H  4 + 2 T P N +  

P G A H  4 non-enzymic ~ P te r id ine  + PA13GA 

A m e t h o p t e r i n  ( 4 - a m i n o - i o - m e t h y l  PGA) comple te ly  inh ib i ted  t he  ac t iv i ty  of folic acid hydro -  
genase  a t  a concen t r a t ion  of 4 . 2 - I o - S M  in t he  presence  of 4.4" Io -SM PGA;  a t  a c o n c e n t r a t i o n  
of 4.2. i o - g M  A m e t h o p t e r i n ,  on ly  io  % inhib i t ion  was  observed.  

The  color imetr ic  m e t h o d  for t he  d e t e r m i n a t i o n  of P G A H  4 is l imi ted  to  those  ana logues  of 

* This  work  was  suppo r t ed  in pa r t  by  a resea rch  g r a n t  (CY-29o6) f rom the  Na t iona l  I n s t i t u t e s  
of Hea l th ,  U.S. Publ ic  Hea l t h  Service. 

** Abbrev ia t ions :  PGA,  p t e roy l g l u t ami c  acid;  PGAH~,  d ihyd rop t e roy lg lu t amic  acid;  PGAHI ,  
t e t r a h y d r o p t e r o y l g l u t a m i c  acid;  T P N  +, t r i phosphopy r i d ine  nucleot ide ;  DPN+,  d iphospho-  
pyr id ine  nucleot ide ;  TP2ffH, reduced  t r i phosphopy r i d i ne  nucleot ide ;  D P N H ,  reduced  d iphospho-  
pyr id ine  nucleot ide ;  PA13GA, p - a m i n o b e n z o y l g l u t a m i c  acid. 


