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in fact,  a special  s u b s t r a t e  and  can  only  react  unde r  condi t ions  when  t he  e n z y m e  is active.  In  
suppor t  of th i s  conclusion,  t ryps inogen  was  found no t  to be labelled by  DF3zP. 

The  r ap id i ty  of separa t ion  of labelled t ryps in  and  free D F P  (and DIP)  on the  Dowex-5o 
co lumn  (5-7 minutes )  enabled  a search  to be m a d e  for an  E x D I P  complex  as pos tu la ted  above,  
b u t  none  could be de tec ted  e i ther  dur ing  t he  react ion wi th  t ryps in  in t he  presence of 8 M  urea  
nor  when  "co ld"  D I P - t r y p s i n  (3 t imes  crystallized) was t rea ted  wi th  DFs~P. In  the  first case, 
bo th  sites E 1 and  E i  would  be available,  since no subs t i t u t i on  had  occurred;  while in t he  case 
of DIP- t ryps in ,  s ince a n y  shi f t  m u s t  have  been comple ted  dur ing  the  l eng thy  prepara t ion  and  
crysta l l izat ion of t he  protein,  the  E z site would  be unoccupied  and  therefore  avai lable  for fu r the r  
phosphory la t ion .  Unde r  condit ions,  therefore,  where the  imidazole side chains  of t ryps in  are  
avai lable  b u t  where  t he  usua l  course of inhibi t ion finally resul t ing in D I P  s tab ly  bound  to serine 
is prevented ,  no labelling of t he  pro te in  is observed  even  t h o u g h  t he  analy t ica l  t echn ique  would 
ensure  t he  de tec t ion  of ve ry  labile in te rmedia tes .  Moreover,  even if the  in te rmedia te  exis ted  only  
on t he  surface  of the  e n z y m e  and  were rap id ly  decomposed  by  wate r  to form free D I P  and  enzyme,  
a DFP-ase  effect of  t ryps in  would be man i fes t  by  an increased fo rmat ion  of DIP .  Compar i son  
wi th  a control  in which  t he  s a m e  a m o u n t  of D F P  was incuba ted  in 8M urea  unde r  t he  s ame  
condi t ions  of t e m p e r a t u r e  and  p H  showed,  however,  no difference in t he  a m o u n t  of D I P  produced.  

In  s u m m a r y ,  therefore,  it  m a y  be said t h a t  no evidence has  been found to suppor t  the  
hypo thes i s  t h a t  t he  phosphory la t ion  of imidazole cons t i tu te s  the  init ial  s t age  of the  combina t ion  
of D F P  wi th  t ryps in .  

Our  t h a n k s  are due  to Miss DOROTHY KAUFFMAN for technica l  assis tance:  This  work  ha s  
been carried ou t  in par t ,  unde r  Cont rac t  No. Nonr-477-o 4 be tween  t he  Un ive r s i ty  of W a s h i n g t o n  
and  the  Office of Nava l  Research,  D e p a r t m e n t  of the  Navy .  
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Condensation of y-glutamyl peptides with thiocyanate* 
A m m o n i u m  th iocyana t e  in t he  presence of acetic anhydr ide  ha s  been used  as a reagen t  for t he  
de t e rmina t ion  of C- te rmina l  a m i n o  acids  in pro te ins  or pept ides  1-5. Us ing  th i s  react ion we found 
t h a t  pro te ins  combine  wi th  lO-2O S14CN-residues per  xo 5 g of prote in  s ~ .  The  radioact ive  S14CN - 
res idues were no t  exchanged  wi th  nonrad ioac t ive  t h iocyana t e ;  this  sugges ted  b inding  by  covalence, 
and  seemed to indicate  t he  combina t ion  of SCN-residues  wi th  t he  free a -carboxyl  groups of 
y -g lu t amyl  or ~-aspar ty l  res idues  in t he  pept ide  chain ;  th is  reac t ion  would resul t  in t he  format ion  
of t h iohydau to in  r ings  in t he  cha in :  

COOH S C - N H - C O  

f + SCN- J J 
- N H .  CH" CH~- CH 2 • C O -  - - - *  - N  CH" CHz- CH I" C O -  

Our  resul ts  did no t  exclude,  however ,  the  possibi l i ty t h a t  a - g l u t a m y l  res idues are conver ted  into 
~,-glutamyl res idues unde r  t he  drast ic  condi t ions  of t he  t r e a t m e n t  wi th  th iocyana te .  Rear range-  
m e n t s  of  th is  t ype  have  been described 9-n.  W e  examined , ,  therefore,  the  reac t ion  of a- and  ~,- 
po lyg lu tamic  acid wi th  th iocyana te .  

Rad ioac t ive  a m m o n i u m  t h i ocyana t e  was  prepared  f rom NaX4CN and  sul fur  and  recrystal l ized 
f rom e thano l  wi th  added  nonrad ioac t ive  a m m o n i u m  t h i o c y a n a t e  as carrier.  Po lyg lu t amic  acid 
p repara t ions  were mixed  wi th  t he  rad ioac t ive  th iocyana te ,  acetic anhyd r ide  and  acetic acid as 
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descr ibed b y  JOHNSON AND GUEST 12 and  kep t  for 3 ° m i n u t e s  in a boiling water  ba th .  The  cooled 
m i x t u r e s  were poured  into wate r  and  af ter  decompos i t ion  of t he  anhydr ide  repea ted ly  washed  
wi th  nonrad ioac t ive  th iocyana te ,  t h e n  ex t r ac t ed  wi th  ho t  m e t h a n o l  and  benzene,  and  finally 
dried. A p p r o x i m a t e l y  6o m g  of t he  d ry  p repara t ions  were p la ted  on p lanche t s  and  the  act iv i t ies  
de t e rmined  in a flow-gas counter .  

T A B L E  I 

Prepara$ion Weight Counts]rain Mol. tot. SCN-residtws (rag) per mole 

Poly-7-g lu tamic  acidb,  c 62.8 94o8 i2,ooo 5.24 
Po ly -a -g lu tamic  acidb,  d 63.5 513 6,5oo o.15 
5-isoButyl-2-thiohydantoin e 60. 3 2475 x 72 (I .o) 

a af ter  correct ion for self-absorpt ion.  
b sen t  to us  by  Dr. E. KATCHALSKI (The W e i z m a n n  I n s t i t u t e  of Science, Rehovo th ,  Israel) to 

w h o m  we are  grea t ly  indebted  for these  prepara t ions .  
e f rom Bac. subtilis is. 
d f rom poly-7-benzyl-L-glutamic  acid by  H B r  in glacial acetic acid a4. 
e prepared  by  condens ing  leucine wi th  a m i x t u r e  of i pa r t  of radioact ive  t h iocyana t e  and  51.1 

pa r t s  of nonrad ioac t ive  th iocyana te .  

Our  resu l t s  a s sembled  in Table  I d e m o n s t r a t e  t h a t  only  F-polyglu tamic  acid condensed  wi th  
th iocyana te .  The  low va lue  observed  may ,  par t ly ,  be due  to the  r e a r r a n g e m e n t  of 7- into a-  
g l u t a m y l  residues.  However ,  even  if only  F -g lu t amyl  res idues  were present ,  q u a n t i t a t i v e  reac t ion  
c a n n o t  be  expec ted  because  of  steric h indrance .  

F r o m  the  nonreac t iv i ty  of a -po lyg lu tamic  acid we c o n c l u d e  t h a t  no r e a r r a n g e m e n t  of a-  
in to  7 -g lu t amy l  bonds  t ake s  place u n d e r  t he  condi t ions  of the  condensa t ion .  I t  is reasonable  to  
assume,  therefore,  t h a t  th is  is also val id  for pro te ins  and  to conclude t h a t  the  condensa t ion  of 
p ro te ins  wi th  a considerable  n u m b e r  of t h i ocyana t e  res idues  is due  to the  presence of 7 -g lu t amy l  
res idues  in thei r  pept ide  chains.  The  presence of such  residues is also indica ted  by  t he  fo rma t ion  
of succ inyl -pept ides  when  par t ia l  hyd ro l y sa t e s  of pro te ins  are oxidized wi th  sod ium h y p o b r o m i t e  16 
and  by  the  fo rma t ion  of 7-amino-e%hydroxyvaler ic  acid when  pro te ins  are hydro lyzed  af ter  
reduct ion  by  LiA1H~ is. W h e r e a s  7 - g l u t a m y l  bonds  occur  in several  na tu ra l  p roduc t s  such  as 
g lu t a th ione  or relic acid, t he  occurrence of f l -aspar tyl  res idues ha s  no t  ye t  been observed.  The  
occurrence  of f l -aspar tyl  res idues  in p ro te ins  is, therefore,  less probable.  
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