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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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Tetrahalogenated compound 
Potency, 

Goitre Amphibian 
prevention metamorphosis 

Trihalogenated compound Goilre Amphii~l,ol 
prevention me~(tm.rplu,5~ 

T h y r o x i n e  * i oo 
T e t r a b r o m o t h y r o n i n e  5 
T e t r a c h l o r o t h y r o n i n e  > o. 15 
3 : 5 -Diiodo- 

3'  : 5 ' - d i b r o m o t h y  ronine  12 
3 : 5 -Diiodo- 

3'  : 5 ' -d ich lo ro thyron ine  43 
Su lphur  ana logue  of t h y r o x i n e  i 

ioo Tr i iodo thyron ine  500 51io 
- -  T r i b r o m o t h y r o n i n e  44 
- -  T r i ch lo ro thy ron ine  i 

95 
17 

Te t ra iodo thyroprop ion ic  acid 75 TM 9,500 
Te t r a iodo thy roace t i c  acid - -  i , i o o  
Te t r a iodo thy roca rboxy l i c  acid - -  13 

3 : 5 -Di i °do -3 ' -b romothy ron ine  13o 

8 3 : 5-Diiodo-3 '- ch lo ro thyron iue  36 
S u l phu r  ana logue  

of t r i iodo thyron ine  146 190 
Tr i iodothyropropionic  acid lOO l° 27,000 
Tr i iodothyroace t ic  acid - - * *  1,9oo 
Tr i iodo thyrocarboxyl ic  acid - -  155 

* All t h y r o n i n e  der iva t ives  h a v e  t he  DE-COnfiguration. 
** The  potenc ies  of the  iodothyroace t ic  acids  h a v e  no t  been inc luded since t h e y  v a r y  grea t ly  

w i th  t he  mode  of admin i s t r a t i on .  

W h e n  t h y r o x i n e  ana logues  are  compared  wi th  thyrox ine ,  it  is of ten  found t h a t  a m p h i b i a n  
t e s t s  a t t r i b u t e  m u c h  h ighe r  potenc ies  to t he  ana logues  t h a n  do m a m m a l i a n  tests .  Th i s  obse rva t ion  
is also t rue  in some  of t he  p re sen t  a s says  and  ex t r eme  example s  are g iven  by  t he  propionic  and  
acetic acid ana logues  of t h y r o x i n e  and  t r i iodo thyron ine .  The  s u l p h u r  ana logues  and  te t ra iodo-  
t hy roca rboxy l i c  acid are o the r  examp l e s  of th i s  difference in t he  response  of different  species;  
t he  l a t t e r  c o m p o u n d  ha s  v i r tua l ly  no effect in the  goitre p r even t ion  a s say  TM. 

I t  is rare t h a t  t he  potenc ies  of thyrox ine - l ike  c o m p o u n d s  are higher,  re la t ive to t hy rox ine ,  
in m a m m a l s  t h a n  in amphib ia ,  t h o u g h  FRIEDEN AND WINZLER do repor t  one such  ins tance :  
N-ace ty l -DL- thyrox ine  ha s  3 ° % of t he  ac t iv i ty  of DE-thyroxine in p r even t i ng  goitre, b u t  on ly  2 % 
of i ts  ac t iv i ty  in the  a m p h i b i a n  Bu[o sp. Th i s  f n d i n g  ha s  no t  been conf i rmed wi th  N-ace ty l -  
L- thyroxine ,  which  ha s  a ve ry  s imilar  effect in h u m a n  m y x o e d e m a  TM and  in t he  tadpoles  of Rana 
esculenta. 

I n  spi te  of these  q u a n t i t a t i v e  differences, bo t h  m e t h o d s  of a s s ay  used  here  will u sua l ly  agree 
in ind ica t ing  w h e t h e r  a c o m p o u n d  is more  or less ac t ive  t h a n  t he  s t a n d a r d  c o m p o u n d  thyrox ine .  
Th i s  is also t rue  for a s s ays  on o ther  l abo ra to ry  an i ma l s  and  m a n  18,14. 
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