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Fatty acid esters as substrates for trypsin and chymotrypsin 

I t  h a s  been  d e m o n s t r a t e d  t h a t  t h e  p ro teo ly t i c  e n z y m e s  t r yps in  I a n d  c h y m o t r y p s i n  ~ ca ta lyze  t h e  
hydro lys i s  of ce r ta in  s u b s t i t u t e d  a m i n o  acid esters .  E v e n  p -n i t ropheny l  ace ta te  is h y d r o l y z e d  
b y  c h y m o t r y p s i n  a. 

W e  now find t h a t  recrys ta l l ized t r y p s i n  and  c h y m o t r y p s i n  hydro lyze  n - f a t t y  acid es ters  of 
h y d r o x y b e n z o i c  acids, t h e  s a m e  s u b s t r a t e s  t h a t  h a v e  been  used  for t he  spec t ropho tome t r i c  a s s a y  
of typ ica l  es te rases  such  as l iver es terase  4, panc rea t i c  "a l i " -es te rases  5 and  s e rum cholinesterase6, 7. 
O w i n g  to t he  ionized ca rboxy l  g roup  these  es ters  are  soluble a t  p H  8 a n d  su i tab le  for kinet ic  
s tud ies  b y  m e a n s  of d i rect  spec t ropho tome t r i c  m e a s u r e m e n t  of t he  increase in free h y d r o x y b e n z o i c  
acid. Deta i l s  of t he  m e t h o d  h a v e  been  descr ibed previouslyS, 5. 

The  p re sen t  e x p e r i m e n t s  were carr ied ou t  wi th  t he  Na  sal ts  of es ters  of or tho-  and  m e t a -  
h y d r o x y b e n z o i c  acids  wi th  n - f a t t y  ac ids  of different  C-chain l eng ths  (C2, C a . . .) .  The  increase in 
l ight  abso rp t ion  (3oo m/~, i cm) was  m e a s u r e d  a t  f r equen t  t ime  in te rva l s  wi th  t he  aid of a B e c k m a n  
Model D-U  s p e c t r o p h o t o m e t e r  p rov ided  wi th  t h e r m o s p a c e r s  t h r o u g h  which  wa te r  of 3 °o was  
circulated.  The  reference cell con ta ined  buffer  (o.o375 M Veronal ,  p H  8) and  s u b s t r a t e  in t he  s ame  
concen t r a t i on  as in t he  reac t ion  m i x t u r e ;  t h u s  t h e  influence of n o n - e n z y m i c  hydro lys i s  on t he  
increase  in l ight  abso rp t ion  was  a u t o m a t i c a l l y  cancelled.  The  following e n z y m e  p repa ra t i ons  were 
used :  c rys ta l l ine  t r yps in  (Armour ,  lot No. i8I) ,  con t a in ing  i4 . i  % N, 2 . 0% ash  and  7.8 % mois-  
t u re ;  c rys ta l l ine  c h y m o t r y p s i n  (Armour ,  lot No. 283) con ta in ing  i4 .56 % N, < o. i  % a sh  and  
6.24 °/o mois tu re .  The  ac t iv i ty  of t h e  c h y m o t r y p s i n  p repa ra t i on  expressed  as mequ iv ,  hemoglob in -  
t y r o s i n e / m g  p ro te in  N]mi n  a t  35.5 ° was  0.0397, wh ich  is a b o u t  t he  s ame  as t he  original  severa l  
t imes  recrysta l l ized p repa ra t ions  of NORTHROP et al .  s. The  ac t iv i ty  of t he  t r yps in  p repa ra t i on  
was  on ly  5o-60 % t h a t  of t he  bes t  p r epa ra t i on  descr ibed by  these  au thor s* .  

T A B L E  I 

T H E  I N F L U E N C E  OF E N Z Y M E  C O N C E N T R A T I O N  A N D  OF T I M E  ON T H E  E S T E R O L Y T I C  A C T I O N  OF 

C R Y S T A L L I N E  T R Y P S I N  A N D  C H Y M O T R Y P S I N  

The  a m o u n t  of s u b s t r a t e  hyd ro lyzed  in a pa r t i cu la r  t i m e  in te rva l  (pH 8, 3 o°) is expressed  as  
t he  increase  in ex t inc t ion  a t  3oo m/~ over  a i cm  l ight  p a t h ;  i #mo le  m-hydroxybenzo i c  acid 

l ibera ted  cor responds  to a A E of 0.375. 

Trypsin, o.o2 M m-Ca 
(rag enzyme per 3 ml) 

Chymotrypsin, 0.033 M m-C 7 
(rag emyme per 3 rnl) 

LO 0. 5 0.25 0.32 O.Z5 0.08 

5 - i 5  rain o.129 0.067 0.032 o.172 0.083 o.o41 
15-25 min  o.123 o.o66 o.o33 o.179 o.o86 o.o4o 
25-35 m i n  o. i  15 o.o6I o.o31 o.168 0.o84 o.o42 

To t a l  30 m i n  0.367 o.194 0.096 o,519 0.253 o.123 
× Di lu t ion  0.367 o.388 o.384 o,5i 9 o.5o6 o.492 
% Dev ia t ion  

f rom average  - - 3 . 4  + 2.1 -[- i . i  + 2.6 o - - 2 . 8  

D a t a  on t he  effect of e n z y m e  concen t ra t ion  and  of t i me  on the  e x t e n t  of hydro lys i s  are 
p re sen t ed  in Tab le  I. The  ac t iv i ty  is n o t  s t r ic t ly  p ropor t iona l  to t he  e n z y m e  concent ra t ion .  
Dev ia t i on  f rom p ropor t iona l i ty  was  as  h i gh  as 5 -6  % in t he  case of t ryps in  (first and  second 
c o l u m n  Table  I). The  reac t ion  ra te  wi th  h i gh  concen t r a t ions  of t r yps in  (first co lumn  Table  I) 
decreases  more  t h a n  i o %  dur ing  3 ° min .  A b o u t  1 .6% of t he  subs t r a t e  is hydro lyzed  du r ing  
th i s  t i m e  in te rva l  which,  on t he  basis  of s u b s t r a t e  deplet ion,  would  cause  a decrease in ra te  of 
less t h a n  i % as can  be ca lcula ted  w i t h  t he  aid of  t he  Michaelis  c o n s t a n t  e s t i m a t e d  as 8.5" xo -3M 
f rom the  d a t a  in Fig.  IA. T he  obse rved  decrease  is p robab ly  due  to au to lys i s  of t he  e n z y m e  
which  occurs  to  a g rea te r  e x t e n t  a t  t he  h i ghe r  t r yps i n  concen t ra t ion  9 a n d  t h u s  m a y  also influence 
p ropor t iona l i t y  be tween  ra te  and  e n z y m e  concen t ra t ion .  T he  decrease in th i s  ear ly  s t age  of t h e  
reac t ion  was  nea r ly  p ropor t iona l  to t i me ;  accordingly ,  t he  ini t ial  r a tes  (Fig. IA) were ob ta ined  
b y  l inear  ex t r apo la t i on  to  zero t ime.  P ropor t iona l i t y  be tween  e n z y m e  concen t ra t ion  and  reac t ion  

* Ana lyses  by  A r m o u r  and  C o m p a n y  R esea r ch  Division.  
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Fig. i .  A. Inf luence of the  C- 
cha in  l eng th  of t he  n - f a t t y  acid 
mo ie ty  of the  subs t r a t e s  (esters 
of  m-hyd roxybenzo i c  acid in 
concen t ra t ion  S) on t he  ra te  of 
hydro lys i s  by  recrystal l ized 
t ryps in .  B. Inf luence of t he  C- 
cha in  l eng th  of the  n - f a t t y  acid 
mo ie ty  of the  subs t r a t e s  (esters 
of  m-hydroxybenzo i c  acid in 
concen t r a t ion  S) on t he  ra te  of 
hydro lys i s  by  recrystal l ized 
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ra te  and  c o n s t a n c y  of the  ra te  was more  perfect  wi th  c h y m o t r y p s i n  t h a n  wi th  t ryps in ,  a l t hough  
i t  would  appea r  (Table I) t h a t  the  specific ac t iv i ty  of c h y m o t r y p s i n  increases  s l ight ly  wi th  in- 
c reas ing  e n z y m e  concen t ra t ion .  Never the less ,  if these  dev ia t ions  were ignored, t he  overall  maxi -  
m u m  error  for t he  range  of e n z y m e  concen t ra t ions  of Table  I is less t h a n  5 %, even in the  case 
of t ryps in .  The  difference be tween  dupl ica te  de t e rmina t ions  a t  the  s ame  enzyme  concen t ra t ion  
was  usua l ly  no t  more  t h a n  i %, p rov ided  sufficiently large ex t inc t ion  increases  were measured .  

In  view of t he  h igh  e n z y m e  concen t ra t ions  t h a t  were required,  the  possibi l i ty  exis ts  t h a t  
t he  observed  ac t iv i ty  is due  to c o n t a m i n a t i n g  pro te ins  wi th  h igh es terolyt ic  ac t iv i ty .  However ,  
t he  following obse rva t ions  indicate  t h a t  all t he  es terolyt ic  ac t iv i ty  is due to the  proteolyt ic  
enzymes .  

i .  The  es terolyt ic  act iv i t ies  of t he  t ryps in  and  the  c h y m o t r y p s i n  p repara t ions  are inhibi ted 
by  soybean  inhib i tor  (Wor th ing ton) .  In  the  case of t ryps in  the  inhibi t ion  is propor t ional  to the  
inhib i tor  concen t ra t ion  up  to 90 % inhibi t ion.  In  cont ras t ,  t he  inhibi t ion  of c h y m o t r y p s i n  per  un i t  
a m o u n t  of inh ib i tor  decreases  wi th  increas ing  inhib i tor  concent ra t ion .  This  indicates  s to ichiometr ic  
and  irreversible b ind ing  of t r yps i n  and  an  equi l ibr ium react ion in the  case of c h y m o t r y p s i n .  
Ident ica l  obse rva t ions  have  been repor ted  8 wi th  respec t  to the  proteolyt ic  ac t iv i ty  of these  
e n z y m e s .  

2. W h e n  an  aqueous  solut ion of the  t ryps in  p repara t ion  (5 mg/ml)  is acidified to p H  2 wi th  
HCI, b r o u g h t  to boiling, cooled and  left  ove rn igh t  a t  room tempera tu re ,  the  esterolyt ic  ac t iv i ty  
(m-C~) is the  s ame  as t h a t  of the  unboi led  solut ion.  Such s tab i l i ty  (reversible dena tu ra t ion)  is 
a typica l  p rope r ty  of t he  t ryps in  molecule  s. 

3. The  esterolyt ic  ac t iv i ty  of t he  c h y m o t r y p s i n  p repara t ion  is inhibi ted by  f l -phenyl-propionic  
acid and  by  benzoy l -pheny la l an ine  which  are typica l  inhibi tors  of th is  enzyme  TM. The  inhibi t ion 
wi th  o-(" 1 as the  subs t r a t e  is m u c h  larger t h a n  in the  case of m - C  7. In view of the  f inding t h a t  
the  K M of o-C~ is of t he  order  of 30 t imes  larger t h a n  t h a t  of m-C 7 (see below), this  indicates  
t h a t  these  subs t r a t e s  compe te  wi th  the  inhibi tors  for a t t a c h m e n t  to t he  act ive  center  of the  
pro teo ly t ic  enzyme.  

A no tab le  resul t  of the  p re sen t  inves t iga t ion  is the  observa t ion  tha t ,  like the  above -men t ioned  
esterases ,  t r yps in  a n d  c h y m o t r y p s i n  d isp lay  sha rp  op t i ma  of ac t iv i ty  wi th  respect  to the  n u m b e r  
of C-a toms  in t he  n-acy l  mo ie ty  of the  s u b s t r a t e  as is shown  in Fig. i. Here  t he  initial ra tes  are 
g iven a t  different  concen t ra t ions  of t he  subs t r a t e s  below the  crit ical concen t ra t ions  of micelle 
fo rma t ion  11. For  t ryps in  (Fig. 1A), t he  m a x i m u m  is C, a t  h igh  subs t r a t e  concen t ra t ions  b u t  a t  
low s u b s t r a t e  concen t ra t ions  th i s  changes  to m a x i m a  a t  C 5 and  C 7. This  is due to differences 
in t he  kinet ic  c o n s t a n t s  Jl~ M and  Vm. 

C h y m o t r y p s i n  (Fig. IB) shows  an  o p t i m u m  of ac t iv i ty  wi th  C7 as t he  subs t ra te .  Increas ing  
t he  subs t r a t e  concen t ra t ion  f rom o.ooI M to 0.o09 M effects li t t le increase in the  ra tes  of hydro lys i s  
by  th is  enzyme.  In  some  cases (Cs, C9) increas ing  t he  concen t ra t ion  resul ts  even in a decrease 
of t he  rate.  I n  the  case of C 7, t he  lowest  subs t r a t e  concen t ra t ion  (io 85t) used s a tu r a t e s  the  enzyme  
to t he  e x t e n t  of abou t  90 o//o, indica t ing  t h a t  the  Michaelis  c o n s t a n t  is of the  order  of lo -4. This  
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c a n n o t  be  m e a s u r e d  accura t e ly  wi th  t h e  p r e sen t  m e t h o d  of ac t iv i ty  de te rmina t ion ,  a t  leas t  n o t  
on  t he  bas is  of ini t ial  r eac t ion  ra tes .  However ,  i t  was  found  t h a t  w i th  t he  co r respond ing  ortho 
esters  t he  K M va lues  are  m u c h  larger and  measurab le .  For  o-C7, a K M of 3" I o - a M  was  found .  
The  Vm values  of c h y m o t r y p s i n  wi th  t he  ortho esters  as subs t ra t e s ,  a l t h o u g h  genera l ly  lower, 
show t h e  s a m e  p a t t e r n  ( m a x i m u m  a t  C7) as wi th  t he  meta esters  as t he  subs t r a t e s .  A deta i led  
repor t  of t hese  i nves t i ga t i ons  will be  g iven  a t  a la ter  date .  

Based  on a molecu la r  we i gh t  of 27,oo0 and  t h e  a s s u m p t i o n  t h a t  each e n z y m e  molecule  
carries one ac t ive  group TM, t h e  t u r n o v e r  n u m b e r  of m-C:, ca lcula ted  f rom Vm (Fig. IB),  would  
be a b o u t  4/tool. c h y m o t r y p s i n / m i n ;  t h a t  of t r yps i n  wi th  C e as t he  s u b s t r a t e  would  be even  lower. 
Such t u r n o v e r  n u m b e r s  are of a lower order  of m a g n i t u d e  t h a n  those  of esters  of cer ta in  s u b s t i t u t e d  
a m i n o  acids  bu t ,  a l t h o u g h  lower, are of t he  s ame  order  of m a g n i t u d e  as  those  of t he  a m i n o  acid 
amides2,13. I t  m i g h t  be expec ted  t h a t  these  a m i n o  acids, e.g. benzoyl -a rg in ine  a n d  benzoyl -  
ty ros ine  1~, esterified wi th  t he  phenol ic  g roup  of h y d r o x y b e n z o i c  acids, would  be ideal s u b s t r a t e s  
for direct  spec t ropho tome t r i c  assay ,  p rov ided  such  esters  would  be suff ic ient ly  soluble. An  in- 
ves t iga t ion  to th i s  effect  is in progress .  I n  t he  m e a n t i m e  it  would  appea r  t h a t  cer ta in  of t he  
above  f a t t y  acid esters ,  e.g. m-C a for t r yps i n  and  o-C 7 for c h y m o t r y p s i n ,  p rov ide  conven ien t  
subs t r a t e s  for direct  and  con t i nuous  spec t ropho tome t r i c  a s s ay  of t hese  e n z y m e s  and  are  su i tab le  
for kinet ic  s tud ies  in aque ous  solut ions.  Despi te  low t u r n o v e r  n u m b e r s  t he  e n z y m e  concen t r a t ions  
( i o - 5 - i o - e M )  requi red  are still negligible 15 wi th  respec t  to a n y  of the  s u b s t r a t e  concen t r a t ions  
needed  for accu ra t e  de t e rmi na t i on  of t he  kinet ic  c o n s t a n t s  on t h e  basis  of init ial  reac t ion  ra tes .  
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The relative potencies of thyroxine and triiodothyronine 
analogues in vivo 

I t  is well k n o w n  t h a t  t he  ac t iv i ty  of t r i i odo thyron ine  grea t ly  exceeds t h a t  of t h y r o x i n e  in pre -  
v e n t i n g  th iourac i l - induced  goitre in rats1, 2, in ra is ing oxygen  c o n s u m p t i o n  in smal l  l abora to ry  
animals2,3,4, s, in h a s t e n i n g  t he  d e a t h  of mice  f rom anox ia  2, and  in acce lera t ing  a m p h i b i a n  me ta -  
morphosis6,  7. Fu r the r ,  it  h a s  been shown  s t h a t  if iodine is replaced b y  b romine  or chlor ine in 
t he  t h y r o n i n e  molecule,  t h e  t r i ha logena ted  c o m p o u n d s  possess,  in general ,  a h ighe r  p o t e n c y  t h a n  
t he  cor respond ing  t e t r a h a l o g e n a t e d  compounds ,  w h e n  a s sayed  by  t he  goitre p r even t ion  m e t h o d .  
However ,  t h i s  is no t  a lways  t rue ;  MUSSETT AND PITT-RIVERS 9 in a s u r v e y  Of severa l  pairs  of 
t e t r a -  a n d  t r i ha logena t ed  t h y r o n i n e  ana logues  h a v e  found  t h a t  in one ins t ance  th i s  s i tua t ion  is 
reversed  : 3 : 5-diiodo-3'  : 5 ' -d ich lo ro thyron ine  is five t i mes  as ac t ive  as t he  3 : 5-diiodo-3'-chloro- 
der iva t ive .  

It" was  t h o u g h t  of  in te res t  to  de te rmine  w h e t h e r  t he  re la t ive ly  g rea te r  ac t iv i ty  of th i s  t e t r a -  
ha logena t ed  t h y r o n i n e  wou ld  also be found  b y  a n o t h e r  m e t h o d  of assay ,  a n d  b o t h  c o m p o u n d s  
were t e s t ed  in acce lera t ing  t he  m e t a m o r p h o s i s  of  t adpo les  of Rana esculenta b y  t h e  m e t h o d  of 
SHELLABARGER AND GODWIN:. T he  resu l t s  are g iven  in Tab le  I. I t  can  be seen t h a t  the  t adpole  
t e s t  g ives  t h e  s a m e  re la t ive  po tenc ies  for these  two c o m p o u n d s  as is ob ta ined  by  t he  goitre pre-  
v e n t i o n  m e t h o d .  
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