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SUMMARY

T h is  w o r k  p r e s e n t s  d a ta  on th e  b i o s y n t h e s i s  o f  

t h y r o g lo b u l i n .  T h is  p r o t e i n  o f  19S s i z e  c o n s t i t u t e s  th e  

m a in  t h y r o id  p r o t e i n  in  m o s t  n o r m a l  v e r t e b r a t e  t h y r o id  g la n d s ;  

s m a l l e r  a m o u n ts  o f  3 -8 S  an d  27S p r o t e in  a r e  u s u a l l y  p r e s e n t .

I n i t i a l l y  i t  i s  s h o w n  th a t  in  v iv o  in  th e  r a t ,  a s  h a s

b e e n  p r e v i o u s l y  s h o w n  in  v i t r o  by o th e r  w o r k e r s ,  l a b e l l e d

a m in o  a c id s  a r e  i n c o r p o r a t e d  in to  p r o t e i n s  o f  3 - 8 S  and  128

s i z e  b e f o r e  th e  l a b e l  i s  i n c o r p o r a t e d  in to  th y  ro  g lo b u l in .

T h e  p a t t e r n  o f  i n c o r p o r a t i o n  i s  c o n s i s t e n t  w i th  th e  128 and

w ith  l e s s  c e r t a i n t y  th e  3 - 8 8  p r o t e i n s  b e in g  p r e c u r s o r

s u b - u n i t s  o f  th e  198 p r o t e i n .  A t  lo n g  t i m e  i n t e r v a l s  a f t e r

3
a d m i n i s t r a t i o n  o f  a p u l s e  o f  H - l e u c i n e ,  th e  p a t t e r n  of  

l a b e l l i n g  o f  th e  3 - 8 8  f r a c t i o n  c o u ld  a l s o  b e  c o n s i s t e n t  w ith  

t h i s  l a b e l l e d  f r a c t i o n  b e in g  a b r e a k d o w n  p r o d u c t  o f  th e  

l a b e l l e d  198 p r o t e i n .

3T h e s e  f in d in g s  w i t h  H - l e u c i n e  a r e  in  c o n t r a s t  to  t h o s e  

s e e n  w h e n  i s  u s e d .  In  t h is  c a s e  i s  n o t  i n c o r p o r a t e d

in to  p r o t e i n s  <188, e x c e p t  fo r  a s m a l l  p e r c e n t a g e  t r a n s i e n t l y  

i n c o r p o r a t e d  in to  a 128 p r o t e i n  at v e r y  e a r l y  t i m e  i n t e r v a l s  

a f t e r  a d m i n i s t r a t i o n  o f  th e  l a b e l .  A t  no  t i m e ,  h o w e v e r ,  

w a s /
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w a s  a p r o t e i n  l i g h t e r  th a n  18S p r e s e n t  a s  th e  p r e d o m in a n t

l a b e l l e d  p e a k .

T h e  p r o d u c t io n  o f  a g o i t r o u s  s t a t e  in  th e  r a t ,  by m e a n s

o f  o n e  o f  th e  a n t i t h y r o id  d r u g s  w h ic h  b lo c k  at v a r i o u s

p o in ts  th e  b i o s y n t h e s i s  o f  t h y r o x in e ,  a l t e r s  th e  d i s t r ib u t io n

o f  th e  t h y r o id  p r o t e i n s .  T h y r o g lo b u l in  d i m i n i s h e s  in

a m o u n t  w h e r e a s  th e  3 -8 S  p r o t e i n s  i n c r e a s e ;  th e  n o r m a l l y

p r e s e n t  27S p e a k  i s  l o s t  an d  a n e w  OD p e a k  i s  s e e n  in  th e

32S r e g i o n .  In  t h e s e  g o i t r o u s  g la n d s  th e  i n c o r p o r a t io n  of  

3
H - l e u c i n e  in to  th e  t h y r o id  p r o t e i n s  i s  e n h a n c e d ,  but a

t r u ly  19S p r o t e i n  i s  n o t  f o r m e d .  A s  w o u ld  b e  a n t i c ip a t e d ,

125
th e  i n c o r p o r a t io n  o f  I i s  b lo c k e d  to  a v a r y i n g  d e g r e e

d e p e n d in g  on  th e  p o t e n c y  o f  th e  g o i t r o g e n  u s e d .

W h e n  a m i l d  io d in e  d e f i c i e n c y  s t a t e  i s  in d u c e d  by

3
f e e d in g  a lo w  io d in e  d ie t ,  th e  i n c o r p o r a t io n  o f  H - l e u c i n e  

125
o r  I in to  t h y r o g lo b u l in  i s  a c c e l e r a t e d ,  p r e s u m a b l y  due  

to  i n c r e a s e d  TSH  p r o d u c t io n  by th e  p i t u i t a r y .  W h e n  a m o r e  

s e v e r e  d e g r e e  o f  io d in e  d e f i c i e n c y  i s  p r e s e n t ,  an  18S, a s  

o p p o s e d  to  a t r u ly  19S p r o t e i n ,  i s  l a b e l l e d .  T h e r e  i s  

c o m p a r a t i v e l y  l i t t l e  l a b e l l i n g  o f  th e  3 - 8 8  p r o t e i n s  o f  io d in e  

d e f i c i e n t  g l a n d s ,  a s  c o m p a r e d  to  d r u g - in d u c e d  g o i t r e s .

T h e /
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T h e  a d m in i s t r a t i o n  o f  T ^  to  a g o i t r o u s ,  o r  n o r m a l ,

3
a n im a l  v i r t u a l l y  in h ib i t s  th e  i n c o r p o r a t io n  o f  H - l e u c i n e  and ,

125
to  a l e s s e r  e x t e n t ,  I in to  th e  t h y r o id  p r o t e i n s ,  A  s t a b le

12S p r o t e i n  p e a k  i s  s e e n  u n d e r  t h e s e  c o n d i t io n s ,  w h ic h  s u g g e s t s

th a t  t h i s  m a y  r e p r e s e n t  a f a i l u r e  o f  i n c o r p o r a t io n  o f  s u b - u n i t s

125
in to  19S t h y r o g lo b u l in .  A n  I l a b e l l e d  128 p r o t e i n  o f  h ig h

s p e c i f i c  a c t i v i t y  i s  fo u n d  d u r in g  w i t h d r a w a l  o f  a n t i t h y r o id

d r u g s  in  th e  r a t .

T h e  p r o t e i n  p a t t e r n s  o f  a s e r i e s  o f  100 h u m a n  t h y r o id

g la n d s  w e r e  s t u d ie d .  T h e  n o r m a l  h u m a n  t h y r o id  g la n d

s h o w e d  a p r o t e i n  p a t t e r n  s i m i l a r  to  th e  r a t  and  s l i c e s  o f

3
th e  t i s s u e  i n c o r p o r a t e d  . H - l e u c i n e  in to  th e  198 p r o t e i n  and

125
i t s  p r e s u m e d  s u b - u n i t s  in  v i t r o .  I on  th e  o t h e r  h a n d  w a s

i n c o r p o r a t e d  o n ly  in to  an 18-198 p r o t e in .

In  t h y r o t o x i c o s i s ,  w h e t h e r  p r e p a r e d  p r e - o p e r a t i v e l y  

b y  c a r b i m a z o l e / i o d i d e  o r  by KCIO^, th e  n o t a b le  f e a t u r e  w a s  

th e  l o s s  o f  p r o t e i n s  > 198 , T h is  o c c u r r e d  d e s p i t e  d i f f e r e n c e s  

in  d i s t r ib u t io n  o f  th e  t h y r o id  p r o t e i n s  in  t h y r o id  g la n d s  t r e a t e d  

p r e - o p e r a t i v e l y  w i th  t h e s e  tw o  d i f f e r e n t  r e g i m e s .  T h e  

g la n d s  f r o m  p a t ie n t s  t r e a t e d  w ith  c a r b i m a z o l e / i o d i d e  c o n t a in e d  

m o r e /
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m o r e  t h y r o g lo b u l in  an d  a s m a l l e r  a m o u n t  o f  3 - 8 8  p r o t e i n  

th a n  g la n d s  t r e a t e d  w ith  KCIO^, T h e  l a c k  o f  a 278  p r o t e in  

c o u ld  n o t  b e  c o r r e l a t e d  w ith  io d in e  d e f i c i e n c y  -  th e  

t h y r o t o x i c  g la n d s  t r e a t e d  by e i t h e r  m e th o d  o f  p r e - o p e r a t i v e  

p r e p a r a t i o n  h a v in g  a s i m i l a r  io d in e  c o n te n t  w h ic h  w a s  f u r t h e r 

m o r e  s i m i l a r  to  th a t  fo u n d  in  n o n - t o x i c  g o i t r e  in  w h ic h  a 

2 78 p r o t e i n  w a s  r e g u l a r l y  fo u n d .

M o s t  n o n - t o x i c  g o i t r e s  and t h y r o id  a d e n o m a s  s h o w e d  a

3
p r o t e i n  p a t t e r n  and  p a t t e r n  o f  i n c o r p o r a t io n  o f  H - l e u c i n e  

125
an d  I s i m i l a r  to  th e  ‘n o r m a l '  h u m a n  m a t e r i a l .  In  o n ly

2 o f  17 a d e n o m a s  s tu d ie d  w a s  a 3 - 8 8  p r o t e i n  fo u n d  a s  th e

p r e d o m in a n t  t h y r o id  p r o t e i n .  In  both  o f  t h e s e  g la n d s  no

t h y r o g lo b u l in  w a s  h i s t o l o g i c a l l y  d e m o n s t r a b l e .

In  H a s h i m o t o ' s  t h y r o i d i t i s  a r e l a t i v e  l o s s  o f  t h y r o g lo b u l in

w i t h  i n c r e a s e d  3 - 8 8  p r o t e i n  w a s  p r e s e n t .  A  328 O D  p e a k

3
w a s  s e e n  in  2 o f  th e  5 g la n d s  s t u d ie d .  H - l e u c i n e  w a s

125
n o t  i n c o r p o r a t e d  in to  p r o t e i n s >  3 - 8 8 ,  but I w a s  i n c o r p o r a t e d ,  

n o t  o n ly  in to  t h y r o g lo b u l in ,  but a l s o  in to  128 a n d  3 - 8 8  p r o t e i n s .

In  m a l ig n a n t  t h y r o id  g la n d s ,  a s  in  th e  o t h e r  h u m a n  

t h y r o id  g la n d s  s t u d ie d ,  t h e r e  w a s  a g o o d  c o r r e l a t i o n  b e t w e e n  

th e  f r a c t i o n  o f  th e  t h y r o id  p r o t e i n s  p r e s e n t  a s  t h y r o g lo b u l in  

a n d /
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an d  th e  p r e s e n c e  o f  h i s t o l o g i c a l l y  d e m o n s t r a b l e  c o l l o i d .

125 3
In  p o o r ly  d i f f e r e n t i a t e d  t u m o u r s ,  n e i t h e r  I o r  H - l e u c i n e  

w e r e  i n c o r p o r a t e d  in to  th e  t h y r o id  p r o t e i n s .

T h e  io d in e  c o n te n t  o f  'n o r m a l '  h u m a n  t h y r o id  p r o t e i n  

w a s  a p p r o x i m a t e l y  3 t i m e s  th a t  o f  any g r o u p  of  p a t h o l o g i c a l  

g la n d s  s t u d ie d .  T u m o u r  t i s s u e ,  a s  a n t ic ip a t e d ,  c o n t a in e d  

th e  l e a s t  i o d i n e .

In  a s e r i e s  o f  v e r t e b r a t e  t h y r o id  g la n d s  s t u d ie d ,  th e  

t h y r o id  p r o t e i n  p a t t e r n  w a s  s i m i l a r  to  th a t  o f  th e  n o r m a l  

r a t  o r  h u m a n ;  th e  e x c e p t i o n  b e in g  th e  h o r s e  in  w h ic h  no  

27S p r o t e i n  w a s  fo u n d .  T h e  io d in e  c o n te n t  o f  th e  m a j o r i t y  

o f  v e r t e b r a t e s  w a s  a p p r o x i m a t e l y  t w i c e  th a t  o f  th e  n o r m a l  

h u m a n ,  th e  o n ly  e x c e p t i o n s  b e in g  th e  g u in e a  p ig ,  w h ic h  

c o n t a in e d  l e s s ,  and  th e  c a t  and  d o g ,  in  w h o m  th e  t h y r o id  

p r o t e i n s  w e r e  m o r e  h ig h ly  io d in a t e d  th a n  in  th e  o t h e r  a n im a l s  

s t u d ie d .

E v i d e n c e  i s  p r e s e n t e d  th a t  th e  32S OD p e a k  p r e s e n t  in  

th e  g o i t r o u s  r a t  c a n  b e  d e m o n s t r a t e d  a f t e r  a v a r i e t y  o f  

t e c h n iq u e s  of p r e p a r a t i o n  o f  th e  s o lu b le  t h y r o id  p r o t e i n s .

S tu d y  o f  t h i s  p e a k  s h o w e d  th a t  i t  w a s  n o t o f  i o d o p r o t e i n  n a t u r e ,  

but w a s  c o n s i s t e n t  w ith  i t  b e in g  c o m p o s e d  o f  R N A ,
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2.

C H A PT E R  X 

INTRODUCTION 

T he th y ro id  g lan d  e x is ts  m  a ll but th e  lo w e s t fo rm s  

of life  and  p ro v id e s  th e  body w ith  a  s ite  of m a n u fa c tu re  and

s to ra g e  of the  a c tiv e  th y ro id  h o rm o n e s  th y ro x in e  (T ) and4;

tr i io d o th y ro n in e  (T^)* T h is  fu n c tio n  of p ro v id in g  a  supply  

of i ts  a c tiv e  h o rm o n e  su ff ic ie n t in  n o rm a l m an  fo r  som e 

w eek s re q u ir e m e n ts  i s  u n ique  am o n g st th e  e n d o c rin e  o rg a n s .  

T he o v e ra l l  s t r u c tu r e  of the  th y ro id  g lan d  i s  show n in  

fig* 1. I t  c o n s is ts  of fo l l ic le s  lin e d  in  th e  r e s t in g  s ta te  by 

f la tte n e d  cubo idal ep ith e liu m ; th e  lu m en  of th e  fo l l ic le s  

being  f i l le d  by an am o rp h o u s  p ro te in  m a te r ia l  -  th e  co llo id . 

T he sy n th e s is  of T^ and  T^ i s  ac h iev ed  by a  co m p lex  

s e r i e s  of m e ta b o lic  steps*  T he adven t of su ch  te ch n iq u e s  

as  ra d io is o to p e s  and  ch ro m a to g ra p h y  and th e i r  ap p lic a tio n  

to  p a t ie n ts  w ith  s p o ra d ic  g o itro u s  c r e t in is m  an d  fa m il ia l  

g o itre  (S tan b u ry , 1966 and M c G irr  and  T h o m so n , 1968) 

co u p led  w ith  th e  a v a ila b ili ty  of a  v a r ie ty  of a n tith y ro id  d ru g s  

w hich  can  be u s e d  e x p e r im e n ta lly  to  in te ru p t  the  p r o c e s s  at 

s p e c if ic  p o in ts , h a s  le d  to  th e  reco g n itio n  of se v en  m a in  

s te p s  in  th e  s y n th e s is  and  r e le a s e  of th e  th y ro id  h o rm o n es*  

A lthough  the  s te p s  a r e  u n d e rs to o d  in  b ro a d  o u tlin e  th e
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H is to lo g ica l sec tio n  of norm al rat thyroid . H and E x 190.
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d e ta ile d  b io c h a m ic a l p r o c e s s e s  by w h ich  th ey  a r e  a c h iev e d  

a r e  by no m e a n s  w e ll d e fin ed .

T he s te p s  a r e :

1. T he tra p p in g  of io d id e  -  th is  s te p  is  b lo ck ed  by 

p o ta s s iu m  p e rc h lo ra te  (KCIO .) and  th io c y a n a te .

2 p T he c o n v e rs io n  of io d id e  to  som e a c tiv e  fo rm  

? io d in e  ?iodoniu .m  io n  -  th is  s te p  is  th o u g h t to  be a ch iev ed  

by a  p e ro x id a s e  en sy m e  s y s te m .

3 , T he io d in a tio n  of ty r o s in e .  T h is  s te p  i s  b lo c k ed  

by a n tith y ro id  d ru g s  of th e  th io c a rb a m id e  g ro u p  su ch  as 

p rophy lth iou rac iX  (P T U ), c a rb im a a o le ,  m e th im a a o le  as 

w e ll a s  a  v a r ie ty  of o th e r  d ru g s  su ch  a s  p a r a - a m in o s a l ic y l ic  

a c id  ( f a s ) ,  p h en y lb u taz o n e , e tc ,

4 , T he coup ling  of io d o ty ro s in e  m o le c u le s  to  fo rm  T^ 

and  -  th is  can  only  tak e  p la c e  c o r r e c t ly  w hen  th e  fo llow ing  

s te p  i s  sa tis f ied *

5, S y n th e s is  of th e  p ep tic  s t r u c tu r e  of th y ro g lo b u lin ,

6 , B reak d o w n  of th y ro g lo b u lin  by a  p ro te o ly t ic  enzym e 

s y s te m .

7, C o n s e rv a tio n  of io d id e  r e le a s e d  in  th e  fo rm  of io d o 

ty ro s in e  s d u rin g  th e  p ro te o ly s is  of th y ro g lo b u lin  -  th is  

deha lo  g ©nase s te p  in v o lv e s  sp littin g  of th e  io d in e  f ro m  the
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ty ro s in e  re s id u e  and  th e  re c y c lin g  of the  io d id e  in  the  

b io sy n th e tic  cy c le  of the  th y ro id  h o rm o n e s .

C u r re n t  though t i s  th a t  s te p s  1 , 2, S, and 7 ta k e  p la c e  

in  th e  c e ll and  th a t th e  o th e r  s te p s  n o rm a lly  talm  p la c e  in  

th e  co llo id .

T he T . and  T a r e  s to r e d  in  th e  co llo id  of th e  th y ro id  

fo llic le s , a s  p a r t  of th e  m o le c u le s  of th y ro g lo b u lin . T h is  is  

a  co m p lex  io d in a te d  g ly co p ep tid e  w hich  acco u n ts  fo r  som e 

70-80%  of th e  p ro te in s  fo rm e d  by th e  th y ro id  fo l l ic u la r  c e lls  

and  w hich  is  c h a ra c te r ia e d  by i t s  se d im e n ta tio n  p ro p e r t ie s  

in  th e  u l t r a c e n tr ifu g é  in  w h ich -it h a s  a  se d im e n ta tio n  

c o n s ta n t of 198,

O ther, p ro te in s  a r e  p r e s e n t  in  th e  n o rm a l th y ro id  g land . 

T h e se  in c lu d e  both  p ro te in s  h e a v ie r  th an  198 such  a s  278 

and  a l b o  light© r  th a n  198, i» e . 3 -88  and o cc  a e io n a lly  11 -128 . 

T h e re  a r e  c e r ta in  s p e c ie s  d if fe re n c e s  in  th e  th y ro id  p ro te in  

of th e  v a r io u s  a n im a ls  ex a m in e d  so  f a r ,  G u in ea  p ig s , la n d  

t u r t l e s ,  dog fish  and  ra b b its  have  a p p re c ia b le  q u a n tit ie s  of a  

128 p ro te in  n o rm a lly  p r e s e n t  (S a lv a to re  e t  a l , 1965a); th e  

p re d o m in a n t p ro te in  i s  h o w ev e r Î9S* R e c e n tly  h o w ev e r A loj 

e t  a l (1967) have  found in  th e  la m p re y  a  sp e c ie s  w hose  n a tiv e  

th y ro id  p ro te in  w as p re d o m in a n tly  a  128 w ith  s m a l le r  am o u n ts
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of 5S and  178 p ro te in , a lso  p re se n t#
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C H A P T E R Z 

CHEM ISTRY O F THYROGLOBULIN

M o st of th e  r e c e n t  w o rk  on th is  a s p e c t of th e  study  

o f th y ro g lo b u lin  h a s  b een  p e r fo rm e d  by E d e lh o ch  and  h ie  

c o - w o rk e r s .  T h is  w o rk  h a s  b een  re c e n tly  re v ie w e d  

(E d e lh o ch  and  R a il ,  1964; E d e lh o ch , 1965). T h is  p r e s e n t  

rev ie w  w ill c o n c e n tra te  on th o se  a s p e c ts  of th e  c h e m is t ry  

of th y ro g lo b u lin  w h ich  a r e  n e c e s s a r y  fo r  th e  u n d e rs ta n d in g  

of th e  v a r io u s  p ro p o s e d  b io sy n th e tic  m e c h a n is m s ,

a . M o le c u la r  w eigh t of th y ro g lo b u lin  T h is  h a s  b een  

s tu d ie d  by u ltra c e n tr ifu g a tio n ^  d iffu s io n  and  l ig h t s c a t te r in g  

te c h n iq u e s  by E d e lh o ch  (1960a), T he r e s u l t s  of th e s e  

v a r io u s  e s tim a tio n s  gave a  m o le c u la r  w eig h t of th e  o r d e r  

of 2 / 3  m il l io n . T h is  e s t im a te  is  in  a g re e m e n t w ith  th a t 

found  by o th e r  w o rk e r s .

b . In fo rm a tio n  d e r iv e d  f ro m  th e  b reak d o w n  of th e  

th y ro g lo b u lin  m o le c u le  u s in g

1. pH E d e lh o ch  (I9 6 0 a) show ed th a t  a l te r in g  th e  pH of 

a  so lu tio n  of c a lf  th y ro g lo b u lin  a l te r e d  th e  m o le c u la r  w e ig h t 

of th e  p ro te in  found . In  the  pH ran g e  5, 9-9 .-5  so m e  128 

p ro te in  w as p r e s e n t  a s  w e ll a s  19S. At pH 9, 5 a  15S and  an 

0S p ro te in  w e re  found a lthough  128 w as th e  p re d o m in a n t
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p ro te in  u n til  pH I I  w as reach ed *  Up to  th is  p o in t th e  

p r o c e s s  w as r e v e r s ib le  on chang ing  th e  pH b ack  to  th e  

n e u t r a l  reg ion*  A t pH IZ^ SB w as the  p ré d o m in e n t u n it 

and  a t pH 1 2 ,7  a l l  th e  p ro te in  w as p r e s e n t  in  th e  fo rm  of 

3 -48  u n i ts .  T h is  w o rk e r  found a  s im i la r  p a t te rn  of r e s u l t s  

by a l te r in g  th e  io n ic  s tr e n g th  of th e  so lv en t buffer*  C e r ta in  

s a l t s ,  e ,g *  KGNS, Hg i, Cu and  N i , in c r e a s e d  th e  r a te  

of b reak d o w n  in  n e u tra l  and  a lk a lin e  so lu tio n  (M e tz g e r  and 

E d e lh o c h , 1961),

2 . H e a t E d e lh o ch  and M e tz g e r  (1961) a lso  

d e m o n s tra te d  a  s im i la r  p a t te rn  of b reak d o w n  of th e  th y r o 

g lo b u lin  m o le c u le  by m ild  h ea tin g  in  th a t th e  198 m o le c u le  

w as b ro k e n  down in to  tw o s lo w er  se d im e n tin g  co m p o n en ts  a t 

a  po in t b e fo re  d é n a tu ra tio n  w as r e a c h e d ,

3, D e te rg e n ts  T he e ffe c t of so d iu m  d o d e c y lsu lp h a te  

(SDS) w as ex a m in e d  in  a  s e r ie s  of p a p e rs  by E d e lh o c h  

and  c o -w o rk e rs  (E d e lh o ch  and  L ip p o ld t, I960 ; E d e lh o c h , 

1960b). T hey  show ed th a t  low  c o n c e n tra tio n s  of th is  

s u b s ta n c e  (<0,001M ) d is s o c ia te d  th y ro g lo b u lin  in to  128 

f ra g m e n ts  w h ich  d id  n o t show  ch an g es in  s y m m e try  o r  

f r ic t io n a l  p ro p e r t ie s  f ro m  th e  198 m a te r ia l ,  A t h ig h e r  

c o n c e n tra t io n s  th e  th y ro g lo b u lin  su b u n its  b ec o m e sw o llen
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and  show ed  ch an g es in  f r ic t io n a l  p r o p e r t ie s .  T h e se  

ch an g es  w e re  r e v e r s ib le  on d ia ly s in g  ou t th e  SDS. In  

a c o n c e n tra t io n  of 0 .0 1 5 M  SDS in  0 . 0 IM  KHO^ th y r o 

g lo b u lin  w as a lm o s t c o m p le te ly  d is s o c ia te d  in to  i t s  

su b u n its .

4 . E ffe c t of b e ta m e rc a p to e th a n o l (BM P)

do C ro m b ru g g h e  e t a l (1965, 1966) in v e s tig a te d  th e  

ch an g es  in  th y ro g lo b u lin  a f te r  th e  re d u c tio n  of th e  di**» 

su lp h id e  bonds by B M E. T hey  w e re  ab le  to  d e m o n s tra te  

u s in g  th is  ag en t th a t  the  128 m o le c u le  cou ld  be s p l i t  in to  

tw o eq u a l s iz e d  p a r t ic le s  of 68 s iz e .  F u r th e r m o r e  they  

a lso  d e m o n s tra te d  th a t  d u rin g  p ro lo n g ed  d ia ly s is  th e  d i-  

su lp h id e  bonds cou ld  be r e o x id is e d  to  r e f o rm  128 and  198 

p ro te in .  T h is  re o x id is e d  th y ro g lo b u lin  w as m o re  

r e s i s t a n t  to  f u r th e r  re d u c tio n  by BM E th an  th e  n a tiv e  

th y ro g lo b u lin  and h ad  s im i la r  bu t no t id e n tic a l  im m u n o 

lo g ic a l p r o p e r t ie s .

5 . P ro te o ly t ic  b reak d o w n  T h is  a s p e c t h a s  b een  

c o m p a ra tiv e ly  l i t t l e  s tu d ie d  in  so f a r  as  th e  p ro d u c tio n  of 

p o s s ib le  p ro te in  su b u n its  a s  o p p o sed  to  io  do am ino  a c id s  

h a s  b een  c o n c e rn e d . T he p ro d u c tio n  of su b u n its  in  one 

study  (O 'D onnell e t a l , 1958) w as found  to  be d ep en d en t on
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th e  a b se n c e  of s a l t .  H o w ev er in  s tu d ie s  of the  t r y p t ic  

d ig e s tio n  of th y ro g lo b u lin  (M e tzg e r e t  al# 1963) although  

th e  d ig e s tio n  p ro c e e d e d  f a s t e r  in  th e  ab se n ce  of salt#  the 

p a t te rn  of r e s u l t s  w as s im i la r ;   ̂no com ponen ts  w ith  s e d i

m e n ta tio n  p ro p e r t ie s  b e tw een  3S an d  198 w e re  found; th e  38 

co m p o n en ts  a lthough  not in  th e m s e lv e s  an tig en ic  w e re  ab le  

to  in h ib it th e  p re c ip i ta t io n  of n a tiv e  th y ro g lo b u lin  w ith  

ra b b it  a n ti- th y ro g lo b u lin  antibody,-

T he h y d ro ly s is  of th y ro g lo b u lin  h a s  a lso  b ee n  s tu d ie d  

u s in g  r a t  th y ro id  p a r t ic le s  se d im en tin g  a t 1 0 6 , 0 0 0 g (P a s ta n  

and  A lm q v is t, 1965)# T he su p e rn a ta n t f r a c t io n  w as-n o t 

e ffec tive#  T he p r o c e s s  cou ld  tak e  p la ce  a t p h y s io lo g ic a l pH 

bu t th e  p re s e n c e  of a  s a l t  and  BM E w as n ee d ed  fo r  m a x im a l 

a c tiv ity  su g g es tin g  th a t  re d u c tio n  of di su lp h id e  bonds w as a  

n e c e s s a r y  p r e l im in a r y  to  th e  reac tio n #  T h is  s y s te m  is  

d if fe re n t f ro m  th e  th y ro id  p ro te a s e  s tu d ied  by o th e r  w o rk e rs  

w hich  is  m o s t  a c tiv e  a t an  a c id  pH ( P i t t - E iv e r s ,  1963) and  is  

s t im u la te d  by TSH and  a n tith y ro id  d ru g s . Som e lig h t on th is  

d is c re p a n c y  h a s  b ee n  sh o d  by th e  d e m o n s tra tio n  of p ro te o ly tic  

a c tiv ity  a t pH 7. B in  the  s u p e rn a ta n t and  an  a c id  p ro te a s e  in  

th e  th y ro id  p a r t ic le s  (L a v e r  and T r ik o ju s ,  195S; W e is s , 1933)# 

U sing  a  r a t  th y ro id  g lan d  s y s te m  A lp e rs  e t  a l (1936) w e re  ab le
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to  d e m o n s tra te  on ly  s m a ll  p a r t ic le s  fo rm e d  d u rin g  th e  

e a r ly  s ta g e s  of h y d ro ly s is  w ithou t th e  fo rm a tio n  of l a r g e r  

m o le c u le s  of th e  128 s iz e .

c . In  v i t r o  fo rm a tio n  of th y ro g lo b u lin  f ro m  p r e 

su m e d  su b u n its  by n o n -b io lo g ic a l xneans A s

m e n tio n e d  above# w hen  th y ro g lo b u lin  is  b ro k en  down the  

f ra g m e n ts  can  re c o m b in e  to  fo rm  128 and  198 p ro te in s  

w ith  so m e  but no t a l l  th e  p r o p e r t ie s  of th e  n a tiv e  198 

p ro te in  p ro v id in g  th a t  th e  p ro c e s s  of d e g ra d a tio n  s to p s  

s h o r t  of th e  po in t of d é n a tu ra tio n . S im ila r  r e s u l t s  h av e  

b ee n  show n by G o ld b erg  and S eed  (1965) who f u r th e r  

d e m o n s tra te d  th a t th e  r e a c t io n  w as a c c e le r a te d  by th e  

p r e s e n c e  of c a r r i e r  th y ro g lo b u lin  and a  s o u rc e  of io d in e .

T o i e t a l (1963) h av e  a ls o  s tu d ie d  th e  s y n th e s is  in  v i t r o  of 

T . f ro m  th y ro g lo b u lin  co n ta in in g  la b e lle d  m o n o - and  d i-  

io d o ty ro s in e  (MIT and  DÎT) w hen  4 -h y d ro x y -3 #  5 d i-  

io d o p h en y ip y ru v ic  a c id  (D ÏH FPA ) and an  oxygena ting  s y s te m  

w e re  p r e s e n t ,

d . T h y ro id  p ro te in s  o th e r  th an  198 N o rm a lly  a  3-88  

and  a  278 p ro te in  a r e  p r e s e n t  in  th e  th y ro id  g lan d . In  

c e r ta in  a n im a ls  a  128 p ro te in  i s  n o rm a lly  found . On 

o c c a s io n  t r a c e s  of a  138 and  a  31-328  p ro te in  h av e  been
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found (N unez e t al# 1965a), A I.6-17S p ro te in  is  a lso  

p r e s e n t  undex’ ab n o rm a l co n d itio n s w h e re  io d in a tio n  is  

in te r f e r e d  w ith  (Seed and  G o ld b e rg , 1966; N unez e t al#

1966), T he 3-88  f ra c t io n  w ill co n ta in  th e  68 p ro te in  

fo rm e d  in  v i t r o  f ro m  d e g ra d a tio n  of 19S p ro te in  if  th e  68 

f ra c t io n  is  in d e ed  p r e s e n t  p h y s io lo g ica lly . T h is  f ra c t io n  

how ever, p r e s e n ts  c o n s id e ra b le  d if f ic u ltie s  in  a n a ly s is  as 

i t  a lso  co n ta in s  the  s e ru m  p r o te in s # h aem o g lo b in  and 

s t r u c tu r a l  px’O teins of the  th y ro id  c e ll ,  A 6S p ro te in  

can n o t th e re fo re  b e  is o la te d  in  p u re  fo rm  f ro m  th e  th y ro id  

g lan d  and s tu d ie s  on th is  p ro te in  have  to  be pex 'fo rm ed  on 

d e g ra d a tio n  p ro d u c ts  of 198 px’O tein, E x a m in a tio n  of a ll 

th e  d if fe re n t p ro te in s  so  f a r  s tu d ie d  h a s  show n th a t  th e i r  

am ino  a c id  con ten t is  s im i la r  (Spiro# 1961).

T he p ro te in  of th is  g ro u p  w hich  h a s  b een  m o s t s tu d ied  

i s  the  278 p ro te in  (S a lv a to re  e t al# 196Sb; V ecch io  e t al# 

1966a), T h e s e  w o rk e rs  h av e  d e m o n s tra te d  com m on 

im m u n o lo g ic a l p r o p e r t ie s  of 278 and  198 p ro te in s .  T he 

m o le c u la r  w eig h t of the  278 p ro te in  is  a p p ro x im a te ly  tw ice  

th a t  of 193 and  th is  w ould  f it w ell w ith  th e  o r ig in a l  th o u g h ts 

th a t th is  r e p r e s e n te d  an a g g re g a te  of two 198 u n i ts .  H o w ev er 

V ecch io  e t a l (1966a) have  show n th a t u n d e r  co n d itio n s  w hich
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do no t b re a k  d isu lpM de b o n d s , n am e ly  low  io n ic  s tre n g h  

of b u ffe r , a lk a lin e  pH and  m ild  h e a t th a t th ey  w e re  ab le  to  

o b ta in  198# 128 and  6S f ro m  a p u re  27S p ro te in  su g g e s tin g  

th a t i t  w as p ro b a b le  th a t th e  68 u n its  w e re  no t in  di su lp h id e  

lin k ag e  bu t r a th e r  in  a  lo o se  a g g re g a tio n  of 193, 123 and 6S 

m o lecu les*

e . D if fe re n c e s  in  io d in e  co n ten t of v a r io u s  th y ro id  

p ro te in s  A lthough  as m en tio n e d  above th e  v a r io u s  

th y ro id  p ro te in s  show  a  s im i la r  p a t te rn  of am in o  a c id s  th e r e  

does e x is t  s u b s ta n tia l  d if fe re n c e s  in  th e  am o u n t of io d in e  in  

ea ch  frac tio n #  T h is  w as n o te d  e a r ly  on by D e r r ie n  e t  a l 

(1948) who found th a t  th e  io d in e  co n ten t of a p p a re n tly  p u re  

th y ro g lo b u lin  v a r ie d .  T h is  w o rk  h a s  b ee n  b o rn e  ou t by m o re  

r e c e n t  s tu d ie s  e s p e c ia lly  th o se  invo lv ing  th e  te c h n iq u e  of 

DEAD c e llu lo s e  co lu m n  c h ro m a to g ra p h y  w h e re  th e  s e p a 

r a t io n  of th e  io d in a te d  p ro te in s  of th e  th y ro id  a p p e a rs  to  be 

d ep en d en t la rg e ly  but not e x c lu s iv e ly  on  th e i r  io d in e  content* 

S tu d ie s  of th is  ty p e  by R obb ins (1963) have  d e m o n s tra te d  th a t  

b ee f  th y ro g lo b u lin  can  be s e p a ra te d  in to  th r e e  f r a c t io n s  by 

th is  techn ique*  T he f r a c t io n s  d if fe r  in  th e i r  io d in e  content# 

th e  e a r l i e s t  e lu tin g  f ra c t io n s  hav ing  a  lo w e r  io d in e  co n ten t 

th an  th e  s ta r t in g  m a te r ia l  and  th e  l a t e r  e lu tin g  f ra c t io n s
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hav ing  a  g r e a te r  io d in e  content*  T h is  c o r r e la te d  w e ll w ith  

th e  a n a ly s is  of th e  iodo-*am ino a c id  co n ten t in  th a t  a lthough  

th e  co n ten t of M IT w as s im i la r  in  a ll  fx^actions th e  DIT and

T . co n ten t in c r e a s e d  in  th e  l a t e r  e lu tin g  fra c tio n s*  T he4:

e ffe c t of lo d in a tio n  of th e  s ta r t in g  m a te r ia l  in  v i t r o  w as to  

c a u se  th e  e a r ly  e lu tin g  f r a c t io n  to  v ir tu a l ly  d is a p p e a r  and 

th e '. la te r  e lu tin g  f ra c tio n : to . in c re a se *  B ro a d ly  s im i la r  

r e s u l t s  h av e  b e e n  o b ta in e d  by B ouchillotnc ©t a l (1964) and 

P o m m ie r  e t a l (1966) who f u r th e r  d e m o n s tra te d  th a t  a  178 

com ponen t m a n u fa c tu re d  in  v i t ro  by sh e ep  th y ro id  s l ic e s  in  

th e  prosexxce of a  drug w hich  b lo ck s ty ro s in e  io d in a tio n  cou ld  

be a r t i f ic ia l ly  io d in a te d  to  a  208 co m p o n en t. G o ld b e rg  and 

S eed  (1965) an d  P o m m ie r  e t  a l (1966) h av e  both d e m o n s tra te d  

th a t  a r t i f ic ia l ly  io d in a te d  m a te r ia l  i s  m o re  r e s i s t a n t  to  th e  

d e g ra d a tiv e  e f fe c ts  of SDS th a n  p o o rly  io d in a te d  m a te r ia l  and 

th e  l a t t e r  g ro u p  h av e  a lso  c o n f irm e d  th a t th e  M IT /DIT r a t io  

i s  h ig h e r  fo r  th e  le e s  io d in a te d  m o re  la b ile  m a te r ia l .  S im on  

e t a l (1966) h av e  a lso  show n th a t  p o o rly  io d in a te d  thyroglobulin*»- 

lik e  p ro te in s  a r e  m o re  r e a d i ly  b ro k e n  down to  a  12S p ro te in  by 

f r e e i n g  and  thaw ing* T he 278 com ponen t h a s  b ee n  found to  

h av e  a  s ig n if ic a n tly  h ig h e r  io d in e  co n ten t th a n  198 (S a lv a to re  e t al# 

1965b) but th is  w as  no t c o n f irm e d  by th e  s tu d ie s  of D issits iky  (1965).
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f* C a rb o h y d ra te  s t r u c tu r e  of tliy ro g lo b u lin  T h is  h a s  

b ee n  m a in ly  s tu d ie d  by S p iro  and S p iro  (1965). T h y ro g lo b u lin  

co n ta in s  a p p ro x im a te ly  10% c a rb o h y d ra te  and th e  above w o rk e rs  

h av e  d e m o n s tra te d  th a t  th is  c o n s is ts  of g a la c to s e , m annose#

N "a c e ty l g lu c o sa m in e , s ia l ic  ac id  and fu c o se . T h y ro g lo b u lin  

f ro m  sh e e p , pig and  c a lf  h ad  a s im i la r  c o n s titu tio n . H o w ev er 

h u m an  th y ro g lo b u lin  co n ta in e d  m o re  c a rb o h y d ra te  due to  

in c r e a s e d  am o u n ts  of m a n n o se  and g lu c o sa m in e . F o llow ing  

p ro n a s e  d ig e s tio n  i t  w as  found  th a t two ty p e s  of c a rb o h y d ra te  

u n its  w e re  p r e s e n t ;  u n it A c o n s is tin g  of 5 r e s id u e s  of m an n o se  

to  one of K-**acetyl g lu c o sa m in e  and  having  a  m o le c u la r  w eigh t of 

1050 and th e  o th e r  u n it B , c o n s is tin g  of 3 r e s id u e s  of m a n n o se ,

5 of N -a c e ty l  g lu c o sa m in e , 4 of g a la c to s e , 2 of s ia l ic  a c id  and 

1 of fu c o se , h ad  m o le c u la r  w eig h t of 3200, Xt w as c a lc u la te d  

th a t  th e r e  w e re  a p p ro x im a te ly  9 A u n its  and  14 B u n its  in  e a ch  

th y ro g lo b u lin  m o le c u le . T he B ch a in  is  th o u g h t to  c o n s is t  of 

s e v e r a l  o l ig o s a c c h a r id e  ch a in s  w ith  a te rm in a l  s ia l ic  ac id  o r  

fu co se  re s id u e  lin k e d  to  g a la c to se  w hich  la  in  tu rn  lin k e d  to  

N * a c e ty lg lu c o sa m in e . A n a ly s is  of the am in o a c id s  p r e s e n t  in  

the  v ic in ity  of c a rb o h y d ra te  fav o u rs  th e  v iew  th a t  the  glyco-^ 

p ep tid e  lin k a g e s  a r e  p ro b ab ly  th ro u g h  a s p a r t ic  a c id  r e s id u e s .  

M ur thy e t a l (1965) found a  g ly co p ep tid e  in  a  p ro n a s e
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Iiyc lro iysa te  of sh e ep  th y ro g lo b u lin . T h is  co n ta in e d  60% of 

th e  to ta l  c a rb o h y d ra teo  T he m olecular* w e ig h t waef Z400 

an d  i t  c o n ta in e d  0 .5  re s id u e  of fucose# 2 of g lu c o sa m in e , 5 

of h e x o se  and  1 of s ia l ic  a c id . T h y ro g lo b u lin  is o la te d  on 

D EAE c e llu lo s e  co lu m n  c h ro m a to g ra p h y  h a s  g iv en  d is c o rd a n t 

r e s u l t s  R obb ins (1963) find ing  th a t  the  l a t e r  e lu te d  f ra c t io n  

f ro m  a  DEAE c e llu lo se  co lu m n  co n ta in ed  m o re  s ia l ic  ac id  

th an  d id  th e  e a r ly  e lu tin g  m a te r ia l  and B oucM lloux  e t a l 

( 1964) find ing  no s ig n if ic a n t d if fe re n c e  in  th e  c a rb o h y d ra te  

co n ten t of th e  v a r io u s  f r a c t io n s .  H um an th y ro g lo b u lin s  f ro m  

n o rm a l th y ro id  t i s s u e  and f ro m  non**toxic g o i t r e s  w e re  

ex a m in e d  by P ie r c e  e t a l  ( 1965) who found no d if fe re n c e  in  

c a rb o h y  d r  a te  co n ten t •

g . Sum m a ry  Of th e  c h e m is try  of th y ro g lo b u lin  T he 

fa c ts  p r e s e n te d  in  th e  p re c e d in g  s e c tio n s  a lth o u g h  no t 

d e c is iv e  a r e  c o n s is te n t w ith  th e  h y p o th e s is  th a t  th y ro g lo b u lin  

(193) is  co m p o sed  of su b u n its  of 128 and  68 sise*  A 278 p ro te in  

w h ich  is  n o rm a lly  p r e s e n t  is  tw ice  th e  m o le c u la r  w e ig h t of 198 

b u t th e  ev id en ce  a v a ila b le  fa v o u rs  th e  v iew  th a t i t  r e p r e s e n ts  

an  a g g re g a te  of 198 4 128 4 6S su b u n it a r a th e r  th a n  tw o 198 

fra c tio n s*  O th e r  p ro te in s  m ay  be n o rm a lly  p r e s e n t  in  s m a ll  

am ounts*  T h y ro g lo b u lin  co n ta in s  a t l e a s t  Z d if fe re n t c a rb o h y d ra te
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su b u n its  lin k e d  by a s p a r t ic  a c id  re a id u e s  to  th e  p e p tid e  chains*

T he io d in e  co n ten t of th e  th y ro id  p ro te in  v a r ie s  be ing  in c r e a s e d  

w ith  in c re a s in g  m o le c u la r  s ise*  T h e re  is  c o n s id e ra b le  ev id en ce  

th a t io d in a tio n  i s  e s s e n t ia l  fo r  th e  s ta b il i ty  of th e  th y ro g lo b u lin  

m o le c u le  a s  w a ll a s  b e in g  n e e d e d  fo r  th e  m a n u fa c tu re  of th y ro x in e .
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C H A P T E R  3 

BIOSYNTHESIS OF THYEOGLOBÜHXN

a . C e ll f r e e  s y n th e s is

1. In c o rp o ra tio n  of io d in e  T h is  h as  been  s tu d ie d  o v e r

a  p e r io d  of so m e y e a r s .  In  1955 T a u ro g  and  c o lle a g u e s

d e m o n s tra te d  th a t w hole th y ro id  h o m o g en a te s  and the

* m ito ch o n d ria l*  f ra c t io n  w e re  ab le  to  fo rm  p jm te in  bound MIT

f ro m  io d in e . T he ’m ito ch o n d ria l*  f r a c t io n  w as m o s t a c tiv e

and  th e  c e ll  sap  w as inactive*  A note of ca u tio n  w ith  r e g a r d

to  nam ing  sub  c e l lu la r  f ra c t io n s  of th y ro id  t i s s u e  can  be

a p p re c ia te d  f ro m  th e  w o rk  of E k h o lm  (1961) who a tte m p te d  to

is o la te  a  p u re  m ito c h o n d r ia l f ra c t io n  f ro m  g u in e a -p ig  th y ro id

and  found th a t  in  h is  b e s t  p re p a ra t io n  th e r e  w as as m u ch  as

50% c o n ta m in a tio n  by m ic ro s o m e s .  De G ro o t and C a rv a lh o

(1960) l ik e w ise  found th a t  sh e ep  'm ito ch o n d ria l*  and *m icrO“

131som al* f ra c t io n s  cou ld  fo rm  la b e lle d  p ro te in  bound I w hen 

131I w as added  to  the  in c u b a tio n  m e d iu m . T h is  r e a c t io n  w as

131h e a t la b ile  and  in h ib ite d  by c a ta la s e .  The P B  I e x is te d  as 

M IT and DIT bound to  an  a lb u m in - lik e  p ro te in  im m u n o lo g ic  a lly  

d is t in c t  f ro m  th y ro g lo b u lin . In  c o n tra s t  to  th e s e  s tu d ie s  

R a p p a p o rt e t a l (1966) found  th a t a ll  c e ll f ra c t io n s  io d in a te d  

19S th y ro g lo b u lin  ad d ed  to  th e  in cu b a tin g  m e d iu m . O th e r
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p ro te in s ,, a 3--8S and  a p a r t ic le  bound 10-128 p ro te in  w e re  

a lso  la b e lle d  but th e  p a t te rn  of la b e llin g  fa v o u re d  th e  v iew  

th a t th ey  w e re  n o t re la te d " to  thyroglofoxilin*. T hey  p ro p o se d  

th a t in  v ivo  th y ro g lo b u lin  m ay  be th e  only  p ro te in  n o rm a lly  

io d in a te d  b e c a u se  io d in a tio n  m ay  o c c u r  in  a  s i te  only  

a c c e s s ib le  to  th e  th y ro g lo b u lin  m olecule*.

Z,. In c o rp o ra t io n  of am ino  a c id s  T h is  h a s  b e e n  th e  

su b je c t of a  s e r i e s  of p a p e rs  in  th e  l a s t  few  y e a rs ,.  S ingh 

e t a l ( 1 9 6 4 , 1965) show ed  th a t 'm ito ch o n d ria l*  f r a c t io n s  

In c o rp o ra te d  am ino  a c id s  in to  p ro te in  in  an  e n e rg y  dependen t 

re a c tio n  w hich  cou ld  be in h ib ite d  by ac tin o m y c h i D and 

purom ycin*. T hey  f u r th e r  show ed th a t th e  ’m ic ro so m a l*  

f ra c t io n  s h a re d  th e  sa m e  p r o p e r t ie s  bu t r e q u ir e d  th e  p re s e n c e  

of c e ll sap  and m ag3 iesium . T he am ino  a c id  in c o rp o ra t io n  

w as no t s e n s it iv e  to  a c tin o ra y c in  D o r  d e o x y rib o n u c le a se  

su g g e s tin g  th a t a  s ta b le  m e s s e n g e r  RNA w as p resen t* , In  

th e s e  e x p e r im e n ts  th e  p ro te in  w as not c h a ra c te r is e d . ,

L ik e w ise  ,Nund2i e t a l (l965q) show ed th a t ty ro s in e  w as 

ab le  to  be in c o rp o ra te d  in to  TCA  p re c ip ita b le  m a te r ia l  in  the  

p re s e n c e  of c e ll  sap  and an A T P  g e n e ra tin g  sy s te m ., A fte r  

p u r if ic a t io n  of th e  p ro te in s  th e y  found th a t  3 -88  and  19S . 

m a te r ia l  w as form ed* T h is  r e a c t io n  w as in h ib ite d  by p u ro m y c in .
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W hen the  p a r t ic u la te  f r a c t io n  w as e x tra c te d  by d ig ito n in  only  

3-8S p ro te in s  w e re  found . M o ra is  and G o ld b erg  (196<7y) 

show ed s im i la r  f in d in g s  w ith  th e  ex cep tio n  th a t in  th is  

in s ta n c e  80% of the  r a d io a c tiv i ty  w as p a r t ic le  bound . T he 

s e d im e n ta tio n  p a t te r n  of th e  so lu b le  p ro te in  show ed  th a t  20-35%  

of th e  m a te r ia l  se d im e n te d  ju s t  s h o r t  of 198 and  th e  r e s t  a t 

3 -8 5 . L a b e llin g  of th e  th y ro g lo b u lin  f r a c t io n  co n tin u ed  a f te r  

th e  r a d io a c tiv i ty  in  th e  p a r t ic u la te  f ra c t io n  re a c h e d  i t s  peak  

su g g e s tin g  th a t th e  l a t t e r  w as a  precux*aor of th e  f o r m e r .  T he 

la b e lle d  p a r t ic u la te  p ro te in  w hen  e x tra c te d  by d ig ito n in  s e d i-  

m e n te d a t 3 -8 3 , Som e d if fe re n c e s  in  th e  in c o rp o ra t io n  of the  

v a r io u s  am in o  a c id s  have  b een  n o ted  by S o ffe r  and  M en d elso h n  

(1966) who show ed  th e  a rg in in e  w as h an d led  in  tw o d if fe re n t 

w ay s; one re q u ir in g  th e  p re s e n c e  of r ib o s o m e s  and  c e ll  sap ; 

th e  o th e r  n eed in g  only  c e ll  sap  w as enex^gy depen d en t and  

r e q u ir e d  a s o u rc e  of S -R N A  but d id  not r e q u ir e  m a g n e s iu m  io n s 

and  w as  no t in h ib ite d  by p u ro m y c in . In  a  r e c e n t  p a p e r  C a rto u so u  

e t a l (196?) found  th a t sh e ep  th y ro id  p o ly so m es  in c o rp o ra te d  

le u c in e  in to  TCA  p ro e ip ita b le  m a te r ia l  w hen  an e n e rg y  so u rc e  

and  c e ll  sap  w e re  su p p lied . T he p ro te in  fo rm e d  w as  h o w ev er 

im m u n o lo g ic  a lly  d is t in c t  f ro m  th y ro g lo b u lin .
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3, In c o rp o ra tio n  of c a rb o h y d ra te  G arto u ^ o u  e t  a l (1967)

have  f u r th e r  d e m o n s tra te d  th e  la c k  of in c o rp o ra t io n  of ^

14glucoB arnina and  C m a n n o se  by sh eep  th y ro id  p o ly so m e s ,

b . C e ll c u ltu re  te ch n iq u e s  .L ittle w o rk  a p p e a r s  to  h av e

b een  done by th is  te c h n iq u e . P u lv e r ta f t  e t  a l (1959) u sin g

h u m an  p a th o lo g ic a l m a te r ia l  show ed  th a t io d in e  w as in c o rp o ra te d

in to  M IT in  a  p ro te in  bound form * In  one p a tie n t  T_ and T
J 4

a p p e a re d  to have  b ee n  fo rm e d . In  an o th e r  s tudy  llag h u p a th y

e t  a l (1963) .showed th a t  sh eep  th y ro id  c e ll  m o n o la y e rs  

131in c o rp o ra te d  I in to  a. p ro te in  w ith  a s im i la r  e le c t ro p h o re t ic  

m o b ility  ae thy rog lobu lin#  th e  r e a c t io n  being  en h an ced  by TSH*

T hey f u r th e r  show ed  th a t  a lthough  th e  'm ito ch o n d ria l*  and  

’m ic ro so m a l*  f ra c t io n s  co n ta in e d  proteixx bound io d in e  th is  d id  

xiot s e e m  to  be isolated e le c tro p h o re t lc a l ly  to  th y ro g lo b u lin ,

c . T h y ro id  s l ic e  te ch n iq u e s

1* In c o rp o ra tio n  of iod ine  U sing a  s l ic e  te ch n iq u e  i t  h a s

b ee n  show n by S e ed  and  G o ld b erg  (1963) and  L issit% ky e t al

X 2f 3(1964) th a t  I  i s  ra p id ly  in c o rp o ra te d  in to  a  th y ro g lo b u lin - lik e

p ro te in  of a p p ro x im a te ly  18S sxjsa* In  th e  s tu d ie s  of S eed  and

G o ld b erg  no p ro te in  l ig h te r  th an  188 s is e  w as io d in a te d . H o w ev er

123L is s i tz k y  e t a l found  in c o rp o ra tio n  of X in to  th e  lig h t w eigh t 

p ro te in s  of 3-85 s iz e  a t e a r ly  t im e s  of la b e ll in g . T hey  f u r th e rm o re  

show ed th a t  a/
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p ro te in  of 128 s iz e  w as a lso  la b e lle d . S eed  and  G o ld b erg  (1963)

show ed  th a t  in  th e  p re s e n c e  of x:>ropylthiouracii (PTU ) in

-3  125c o n c e n tra t io n  of 10 , M , I in c o rp o ra tio n  in to  th y ro g lo b u lin

w as  c o m p le te ly  ab o li sh ed  A lthough som e in c o rp o ra t io n  in to  3 -8 8

125p ro te in  p e rs is te d *  T h is  in c o rp o ra tio n  of I w as  n o t in h ib ited  

by p re in c u b a tio n  w ith  ac tinom ycin*  A t a  s im i la r  c o n c e n tra tio n  

of P T D  N unez e t a l (1965c) found io d in a tio n  of a ITS p ro te in  

w h ich  th ey  c a lle d  p re th y ro g lo b u lin *  B oth th ey  (N unez e t al# 

1965(1) and G oldberg , and  S eed  (1965) have d e m o n s tra te d  th a t 

io d in a tio n  can  r e s u l t  in  th e  fo rm a tio n  of a  198 p ro te in  f ro m  th is  

178 m a te r ia l*  ®

2* In c o rp o ra tio n  of am in o  a c id  T h is  h a s  b een  ex am in ed  

by v a r io u s  g ro u p s  of w o rk e rs  (Seed  and G oldberg# 1963# 1965; 

L is s i tz k y  e t al# 1964; N unez e t al# 1965a)* A ll a r e  a g re e d  

th a t la b e lle d  am ino  a c id s  b eco m e in c o rp o ra te d  in to  lig h t w eigh t 

p ro te in s  of 3-8S and  128 s iz e  b e fo re  the  la b e l  b e c o m es  

in c o rp o ra te d  in to  the 198 p ro te in  w hich  is  the  p r e - e x is t in g  

horm one*  U sing  purom ycin  io d in a tio n  can  be show n to o c c u r  

a f te r  th e  c e s s a t io n  of p ro te in  sy n th esis#  and u s in g  ac tin o m y c in  

i t  w as d e m o n s tra te d  th a t  th e  RNA te m p la te  fo r  th y ro g lo b u lin  

s y n th e s is  m u s t h av e  a  h a lf  l ife  of a t l e a s t  15 h o u rs  (Seed  and 

G o ld b e rg , 1963),
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3 , I n c o rp o ra t io n  of c a rb o h y d ra te  I t  h a s  boon show n 

(S p iro  and S p iro , 1966) th a t  la b e lle d  g lu c o se  co u ld  be 

in c o rp o ra te d  by ca lf  th y ro id  s l ic e s  in to  a  p ro te in  w ith  

s im i la r  © lectx 'ophoretic  and im m u n o lo g ic a l c h a r a c te r i s t i c s  

a s  th y ro g lo b u lin .

d* R ev iew  of s i te s  o f 'in co i* p o ra tio n  of v a r io u s  

c o n s titu e n ts  of th y ro g lo b u lin

A . Io d in e  T h is  h a s  g iven  r i s e  to  th e  g r e a te s t  d e g re e  

of c o n tro v e rs y  a s  to  w h e th e r  io d in a tio n  is  a  fu n c tio n  of the  

c o llo id , th e  c e ll  o r  b o th . T he d a ta  fav o u rin g  io d in a tio n  

talcing x)lace in  th e  c o llo id  is  b a s e d  m a in ly  on  a u to ra d io g ra p h ic  

ev id e n ce  w h ich  in d ic a te s  in  th e  n o rm a l a n im a l a t any r a te  th a t 

r a d io a c tiv e  io d in e  i s  found  in  th e  co llo id  w ith in  m in u te s  a s  

o p p o sed  to  a p p ro x im a te ly  4 houx'S u s in g  la b e lle d  am ino  a c id s  

(N a d le r  e t a l ,  1964)* T h e re  is  a lso  c o n s id e ra b le  ev id en ce  th a t 

io d in a tio n  ta k e s  p la ce  a t th e  17-188 s ta g e  i . e .  w hen  the  p o ly 

p ep tid e  ch a in  is  c o m p le te d . T h is  w as w e ll i l l u s t r a te d  by the  

d a ta  of S eed  and  G o ld b e rg  (1965) who show ed  th a t  p u ro m y c in

did  hot b lo ck  io d in a tio n  of th y ro g lo b u lin . S e llin  and  G o ld b erg

125(1965) found no ev id en ce  of I in c o rp o ra tio n  in to  th y ro id  c e ll  

p a r t ic le s  in  h ig h e r  sp e c if ic  ac tiv ity  th a n  in  the  c e ll  s a p . On 

th e  o th e r  h an d  th e r e  a r e  r e p o r ts  fav o u rin g  the  v iew  th a t ,  a t
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le a s t  in  c e r ta in  a b n o rm a l co n d itio n s io d in a tio n  is  a  fu n c tio n  

of the  th y ro id  e p ith e l ia l  c e l l ,  Such su g g e s tio n s  have  b een  

m ad e  as th e  r e s u l t  of s tu d ie s  on a  r a t  th y ro id  ttim o u r in  

w hich  th e  th y ro id  p a r t ic le s  a c c u m u la te d  a  la rg e  p e rc e n ta g e  

of the  a d m in is te r e d  rad io io d in e  (R obbins e t al# 1959); f ro m  

au to  ra d io  g i*ax5hic s tu d ie s  in  n o rm a l r a t s  g iven  s ta b le  iod ine  

in  ad d itio n  to  rad io io d in e  and  in  r a ts  who h av e  b ee n  hy p o - 

p h y se c to m ise d  (P i t t -R iv e r s  e t al# 1964); and  f ro m  s tu d ie s  of 

a u to ra d io g ra p h s  of h u m an  d y sh o rn io n o g en e tic  g o itre  of the  

io d o p ro te in  and  d eh a lo g en a se  type  (Kennedy# 1965)* Such 

a u to ra d io g ra p h ic  s tu d ie s  h av e  b een  c r i t i c i s e d  b u t in  th e  la rg e  

s e r ie s  of hum an  th y ro id  m a te r ia l  quo ted  above th e  a p p e a ra n c e  

of e p i th e l ia l  io d in a tio n  w as only se e n  in  tw o ty p e s  of v e ry  

h y p e rp la s t ic  g o itre  in  w hich  in tr a fo l l ic u la r  co llo id  is  ty p ic a lly  

sc a n ty  and  w as not se e n  in  a v a r ie ty  of o th e r  th y ro id a l s ta te s ,  

T h e re  i s  a lso  ev id en ce  f ro m  c o m p a ra tiv e  em b ry o lo g y  th a t th e  

fo rm a tio n  of the  th y ro id  h o rm o n e s  p re c e d e s  th e  fo rm a tio n  of 

th y ro id  fo l l ic le s  (R ank in , 1941; K oneff e t al# 1949)#

P u lv e r ta f t  e t a l (19S9) h av e  su g g e s te d  f ro m  th e i r  e x p e r ie n c e  

w ith  I s o la te d  th y ro id  c e l ls  w h ich  b ind  Iod ine th a t  th is  m ay  be 

a  fu n c tio n  w h ich  c e lls  p o s s e s s  but w hich  i s  u su a lly  la te n t  

ex cep t in  th e  ab se n c e  of colloid* N unez e t  a l (1963d) have
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su g g e s te d  on th e  b a s is  o£ th e i r  w o rk  th a t th e r e  m ig h t be 

two d if fe re n t s i te s  of io d in a tio n , one in  th e  c e ll  and one in  

th e  c o llo id . R e c e n tly  B e n a b d e ljli l  e t a l (1967) u s in g  a 

te ch n iq u e  by w h ich  th ey  c la im  to  foe ab le  to  is o la te  th e  

a p ic a l .p o le s  of sh eep  th y ro id  co lls  have p ro v id e d  ev id en ce  

th a t  th e s e  p o r tio n s  h a d  m a rk e d  io d in a tin g  a b ility  and  h av e  

su g g e s te d  th a t  th is  is  th e  p h y s io lo g ic a l s i te  of io d in a tio n  in  

v iv o .

B . A m ino  a c id s  T h e re  i s  g e n e ra l  a g re e m e n t th a t 

am in o  a c id  in c o rp o ra t io n  in to  th y ro g lo b u lin  i s  a  fu n c tio n  of 

th e  e p i th e l ia l  c e lls  and  i s  a s s o c ia te d  w ith  th e  th y ro id  c e ll  

p a r t ic le s  (S e llin  and  G o ld b e rg , 1965). A s m e n tio n e d  

p re v io u s ly  i t  i s  d iff icu lt to* obtciin a p u re  m ic ro s o m a l  f r a c t io n  

w hich  p ro b a b ly  a c c o u n ts  fo r  so m e  of th e  ac c o u n ts  of the  

a c tiv ity  of th e  'm ito ch o n d ria l*  f r a c t io n  in  am ino  a c id  in c o rp o r 

a tio n  as  o p p o sed  to  th e  m ic ro s o m a l  f r a c t io n  w h ich  w ould  

a p p e a r  m o re  p ro b a b le  on  th e  b a s is  of c u r r e n t  th e o r ie s  of 

m o le c u la r  b io lo g y . N unez e t a l (1 9 6 5 à) d if fe r  f ro m  S e llin  

and  G o ld b e rg  (1965) in  th a t  th e  f o rm e r  g ro u p  found  h ig h  sp e c if ic  

a c tiv ity  of t r i t i a t e d  le u c in e  in  th e  3-8S and  128 a s  w e ll a s  19S 

f r a c t io n s  is o la te d  f ro m  the  th y ro id  c e ll  p a r t ic le s  w h e re a s  the  

l a t t e r  g ro u p  found  only  a  h ig h ly  la b e lle d  198 p ro te in .  H o w e v e r,
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th e  te c h n iq u e s  u s e d  w e re  d is im ila r  in  th a t  N unez at a l e x tra c te d  

th e  p a r t ic u la te  p ro te in s  w ith  d ig ito n in  and deo3i:ycholate and  S e llin  

and  G o ld b erg  u se d  an  u l t r a s o n ic  d is ru p tio n  te c h n iq u e .

C . G a rb o h y  d r  a te  S p iro -an d  S p iro  (1966) h av e  p ro v id e d  

d a ta  th a t th e  in c o rp o ra t io n  of c a rb o h y d ra te  in to  th y ro g lo b u lin  

i s  a lso  p a r t ic le  a s s o c ia te d  and  f ro m  s tu d ie s  w ith  p u ro m y c in  

h av e  su g g e s te d  th a t  the  in c o rp o ra t io n  of c a rb o h y d ra te  o c c u r r e d  

a f te r  th e  s y n th e s is  of the  po ly p ep tid e  ch a in  and  o c c u r r e d  in  a  

s te p w ise  fashion* B o u ch illo u x  and, G hefte l (1966) h av e  

c o n f irm e d  th a t th e  s y n th e s is  of, th e  p o ly p ep tid e  ch a in  o c c u r r e d  

b e fo re  the  in c o rp o ra t io n  of c a rb o h y d ra te  and  se e m e d  to  bo 

a s s o c ia te d  w ith  th e  ro u g h  en d o p la sm ic  re ticu lu m *

S u m m a ry  of T h y ro g lo b u lin  B io sy n th e s is  

F r o m  th e  in fo rm a tio n  th u s  a v a ila b le  i t  w ou ld  a p p e a r  th a t 

am in o  a c id s  a r e  in c o rp o ra te d  in to  th y ro g lo b u lin  su b u n its  of 

3 -88  an d  128 s iz e  b e fo re  th y ro g lo b u lin  i t s e l f  i s  fo rm ed*  T h is  

in c o rp o ra t io n  ta k e s  p la c e  in  th e  th y ro id  c e ll  p a r t ic le s  a s  does 

th e  in c o rp o ra t io n  of th e  c a rb o h y d ra te  m o ie ty  w h ich  a p p e a rs  

to  be th e  n e x t s ta g e  of c a rb o h y d ra te  sy n th es is*  Io d in a tio n  of 

th y ro g lo b u lin  now fo llo w s . T he s i te  of th is  i s  c o n t ro v e r s ia l  

bu t th e  w eig h t of ev id en ce  is  th a t th is  o c c u rs  u su a lly  a t the  edge
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of th e  c o llo id  a lthough  th e r e  i s  ev id en ce  th a t u n d e r  c e r ta in  

abnorm aJ. co n d itio n s  io d in a tio n  m ay  o c c u r  in  th e  th y ro id  

e p i th e l ia l  c e l l s ,  su g g e s tin g  th a t the  m e c h a n is m s  of 

c e l lu la r  io d in a tio n  a r e  n o rm a lly  p r e s e n t  bu t p e rh a p s  a re  

a c tiv e  only  in  co n d itio n s  w h e re  th e re  is  c e ll  h y p e r tro p h y  

a n d /o r  lo s s  of co llo id ,
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A im s o£ th e  P r e s e n t  S tudy 

T he d a ta  p r e s e n te d  in  th is  w o rk  w e re  d e s ig n e d  to  ex ten d  

the study  of th e  in  v i t ro  b io sy n th e s is  of th y ro g lo b u lin  to  the  

in  v ivo  s itu a tio n  in  n o rm a l and  g o itro g e n  t r e a te d  r a t s .

S om e l im ite d  s tu d ie s  of b io sy n th e s is  of th y ro g lo b u lin  in  

d if fe re n t v e r te b r a te s  w e re  m a d e . A s e r i e s  of h u m an  p a th o 

lo g ic a l th y ro id  g lan d s  w e re  a lso  ex am in e d  to  se e  the  p ro te in  

p a t te r n s  o b ta in ed  in  d is e a s e d  s ta te s  and to  c o m p a re  the  

r e s u l t  of th is  w ith  th e  h is to lo g ic a l  ex a m in a tio n  of th e  r e 

s e c te d  m a te r ia l .
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CH A P T E R  4 

INTROD U CTION  

I t is  p ro p o se d  in  th is  s e c tio n  to  g ive a  g e n e ra l  acco u n t 

of th e  m e th o d s  u s e d  th ro u g h o u t th e  s tu d y . A t v a r io u s  

t im e s  a l te r a t io n s  to  th e  s ta n d a rd  te c h n iq u e s  w e re  u s e d  o r  

a l te rn a t iv e  te c h n iq u e s  su b s t i tu te d  to  t r y  to  sh ed  f u r th e r  

lig h t on p a r t ic u la r  a s p e c ts  of th e  po in t u n d e r  s tudy  a t th a t  

t im e . T h e se  ch an g es  to th e  s ta n d a rd  m e th o d s  w ill be d e a lt 

w ith  in  the  a p p ro p r ia te  s e c tio n .
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C H A P T E R  5

M A TERIA LS 

M ale  Spi^ague-D aw ley  r a te  of a p p ro x im a te ly  150G 

w eig h t w e re  used* T hey  w e re  o b ta in e d  f ro m  e i th e r  the  

C h a r le s  R iv e r  C o rp o ra tio n , C a m b rid g e , M ass., U .S .A . 

o r  f ro m  A , J* T u ck  and  S on , L td . ,  R a y le ig h , E s s e x ,  

E n g lan d .

P ro p y lth io u ra c i l  (PTU ) w as o b ta in e d  f ro m  th e  A ld r ic h  

C h e m ic a l C o * , o r  frona  L . L ig h t and  C o. L td . ; m e th y l-  

th io u ra c i l  (MTU) f ro m  B r i t i s h  D rug H o u ses  Ltd* ; 

m e th im a z o le  w as o b ta in e d  f ro m  th e  A ld r ic h  C h e m ic a l G o. ; 

p o ta s s iu m  p e r c h lo r a te  (KCIO^) f ro m  e i th e r  E i s h e r  S c ie n tif ic  

C o . , o r  f ro m  B r i t i s h  D ru g  H o u se s  L td . i c a rb im a a o le  w as a  

g if t f ro m  N ic h o la s  L a b o r a to i r e s  L td . ; th y ro x in e  (T ) o r  t r i -  

io d o th y ro n in e  (T^) w e re  o b ta in e d  f ro m  th e  S ig m a  C h e m ic a l

C o . , o r  f ro m  K o c h -L ig h t L a b o r a to r ie s  L td . ; cy c lo h ex im id e

3w as  a  g if t f ro m  th e  U pjohn  G o. ; L - le u c in e - 4 ,  5 -  H

(SA BCil m o le ) w as o b ta in e d  f ro m  the  New E n g lan d  N u c le a r

C o rp o ra t io n  o r  in  B r i ta in  f ro m  th e  R a d io c h e m ic a l C e n tre ,

125A m e r  G h a m  (SA 2 3 0 -1 0 0 0 m C /m o le ) ; c a r r i e r  f r e e  I w as 

o b ta in e d  f ro m  e i th e r  th e  New E n g lan d  N u c le a r  C o rp o ra tio n , 

o r  f ro m  th e  R a d io c h e m ic a l C e n tr e ,  A m e r  sh a m .



3 1 ,

C H A PT E R  6 

DIETARY REGIM ES 

T he b a s ic  d ie t fed  to  th e  r a t s  th ro u g h o u t th e  study  w as 

th e  low  io d in e  t e s t  d ie t (p o w d ered  fo rm ) o b ta in e d  f ro m  th e  

N u tr i t io n a l B io c h e m ic a l C o rp o ra tio n , C lev e lan d , O hio,

U .S .A . T h is  d ie t w as su p p le m e n te d  fo r  e x p e r im e n ta l  

p u rp o s e s  a s  fo llow s:

C o n tro l r a t s  « b a s ic  d ie t su p p le m e n te d  w ith  5m g p o ta s s iu m  

io d id e  (ICI)I k  d ie t .

P T U  t r e a te d  r a t s  -  b a s ic  d ie t su p p le m en ted  w ith  5m g KI +

0 .2 G  P T U /k  diet*

P T U  + t r e a te d  r a t s  -  a s  fo r  the  P T U  t r e a te d  g ro u p , bu t

4 2m g T . / k  d ie t fo r  th e  l a s t  w eek  b e fo re  sa c r if ic e *4L

M e th im a zo le  t r e a te d  g ro u p  -  b a s ic  d ie t su p p le m e n te d  w ith  5m g 

KI + ISOOmg m e th im a z o le /k  d ie t,

C a rb im a z o le  t r e a t e d  g ro u p  -  b a s ic  d ie t su p p le m e n te d  w ith  5mg 

KI and  1500 c a rb im a z o le /k  d ie t.

KCIO . t r e a te d  g ro u p  -  b a s ic  d ie t + 20G KCIO . / k  d ie t ,
4 4

Low  io d in e  d ie t g ro u p  -  u n su p p le m e n te d  b a s ic  d ie t .

T h e se  d ie ts  w e re  g iv en  fo r  a p e r io d  of th r e e  w eek s e x c ep t 

fo r  th e  low  io d in e  d ie t w h ich  w as g iven  fo r  t im e s  v a ry in g  f ro m  

3 - l6  w e e k s .
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T he low  iod ine  d ie t and  th e  K.CIO . g ro u p s  re c e iv e d4”

d is t i l le d  w a te r  to  d r in k , th e  rem a in in g  g ro u p s  re c e iv e d  tap  

w a te r .  Ill so m e  e x p e r im e n ts  a n im a ls  r e c e iv e d  a d d itio n a l 

iod ine  su p p le m e n ta tio n  in  th e i r  d rin k in g  w a te r  fo r  one w eek 

b e fo re  s a c r i f i c e .  T h is  w as g iven  a s  KI 0 ,05%  in  d is t i l le d  

w a te r  u n le s s  othex’w ise  s ta te d .
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C H A PT E R  7

E X PE R IM E N T A L  TECHNIQUES 

3R a ts  w e re  in je c te d  w ith  H -le u c in e  in  a  d o se  of 400 - 

500pc/ a n im a l fo r  c o n tro l r a ts  o r  lOOpc/ a n im a l fo r  a  rat<. 

on a  g o itro g e n ic  r e g im e . T he in je c tio n  w as g iv en  su b 

cu t an e so n ly  in to  th e  lo o se  t i s s u e s  a t th e  b ack  o f th e  neck#

125W hen * I w as u s e d  a  d o se  of 10-25^,c/ a n im a l w as in je c te d  

in t  r  ape r  ito n e  a l ly .

A t the  a p p ro p r ia te  t im e  a f te r  th e  a d m in is t ra t io n  of 

e i th e r  iso to p e  th e  a n im a ls  w e re  k il le d  by ex sa n g u in a tio n  

u n d e r  e th e r  a n a e s th e s ia .  T he th y ro id s  w e re  ra p id ly  re m o v e d  

and  d is s e c te d  f r e e  of a d h e re n t f ib ro - fa t ty  tis su e #  T he 

th y ro id s  w e re  h o m o g e n ise d  in  ic e  co ld  p h o sp h a te  b u ffe re d  

sa lin e  (PBS) ( 0 . 15M so d iu m  c h lo r id e  in  0 . 0 IM  p o ta s s lu m  

p h o sp h a te , pH 6* 8) u s in g  a T R Ï-R  S T IR -R  f i t te d  w ith  a  g la s s  

h o m o g e n is in g  tu b e  w ith  a te f lo n  p estle#  T he h o m o g en is in g  

tube  w as k ep t in  c ru s h e d  ic e  d u rin g  th e  h o m o g e n isa tio n  

p ro c e s s#  A s few  s tro k e s  of th e  p e s tle  w e re  u s e d  as w as 

c o n s is te n t  w ith  good d is ru p tio n  of th e  t i s s u e .  A s a  g e n e ra l  

ru le  a  g o itro u s  g lan d  w as m o re  f r ia b le  th an  th e  th y ro id  g lan d  

f ro m  a  c o n tro l rat#  T he h o m o g en a te  w as spun  in  a  r e f r ig e r a te d  

c e n tr ifu g e  a t 15, OOOr. p* m . (20, OOOG) fo r  te n  m in u te s  to  re m o v e
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c e l lu la r  d e b r i s .  T he s u p e rn a ta n t  so lu tio n  w as ta k e n  to  50% 

s a tu ra t io n  w ith  am m o n iu m  su lphate*  T he m ix tu re  w as k ep t 

on  ic e  fo r  one h o u r  a f te r  w h ich  i t  w as ag a in  c e n tr ifu g e d  at 

15, OOOr. p .m .  f o r  te n  m in u tes*  T he s u p e rn a ta n t w as 

d is c a rd e d , th e  c e n tr ifu g e  tube  in v e r te d  to  d ra in  off as  m u ch  

of th e  am m o n iu m  su lp h a te  so lu tio n  as  p o s s ib le  and  th e  in s id e  

of the  tu b e  b lo tte d .

W hen h u m an  m a te r ia l  w as u n d e r  s tu d y  a  b ro a d ly  s im i la r  

p ro g ra m m e  w as fo llo w ed . T is s u e  w as c o lle c te d  f r e s h  f ro m  

the  o p e ra t in g  th e a t r e .  I t  w as t r a n s p o r te d  f ro m  th e  o p e ra tin g  

th e a t r e  to  th e  la b o ra to ry  in  a  p la s t ic  bag  on ic e  in s id e  a 

v ac u u m  f la s k .  O n a r r iv a l  in  th e  la b o ra to ry  th e  s p e c im e n  w as 

p la c e d  in  a  P e t r i  d ish  co n ta in in g  a  s m a ll  am oun t of ic e  co ld  

P B S . T he P e t r i  d ish  w as k e p t on ic e .  A f te r  d is s e c t in g  off 

any f ib ro - f a t ty  t i s s u e ,  th in  s l ic e s  of th y ro id  t i s s u e  v /e re  m ad e  

by h an d  u s in g  a  r a z o r  b la d e . Som e s l ic e s  w e re  ta k e n  

im m e d ia te ly  fo r  h o m o g e n isa tio n  and  p re c ip i ta t io n  of th e  

th y ro id  p ro te in s  w ith  am m o n iu m  su lp h a te  a s  d e s c r ib e d  above 

fo r  th e  r a t  th y ro id  g la n d . O th e r  s l ic e s  (a p p ro x im a te ly  300m g 

t i s s u e  p e r  f la sk )  w e re  in c u b a te d  in  4m l of a  m o d if ie d  K re b s  

n o . 2 b u ffe r  (B is s e t  and  A le x a n d e r , I9 6 0 ), pH 7 .4  w ith  g lu c o se  

( im g /m l)  in  a  s m a ll  E r le n m e y e r  f la s k  co n ta in in g  e i th e r  20pc
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%
-le u c in e  o r  20|xc T h e se  in c u b a tio n s  w e re  p e r fo rm e d

a t 37^C in  a  G a llen k a m p  m e ta b o lic  s h a k e r  u n d e r  an  a tm o s p h e re  

of oxygen  fo r  a  p e r io d  of fo u r  h o u rs  a s  a  ro u tin e . T h is  t im e  of 

in c u b a tio n  w as  s e le c te d  on  th e  b a s is  of p re v io u s ly  p u b lish e d  

w o rk  (Seed  and  G o ld b e rg , 1965) as  being  a t im e  w hen  la b e lle d  

am ino  a c id s  sh o u ld  be in c o rp o ra te d  in to  th y ro g lo b u lin . In  

c e r ta in  c a s e s  in c u b a tio n  t im e s  le s s  th an  fo u r  h o u rs  w e re  

s e le c te d . A t th e  end  of in c u b a tio n  th e  f la s k  co n ten ts  w e re  h o m o 

g e n ise d  and  d e a lt w ith  a s  above*

S p e c im e n s  f ro m  a n im a ls  o th e r  th a n  r a t s  and  h u m an  

o p e ra t iv e  sp e c im e n s  w e re  o b ta in e d  by s a c r i f i c e  of o th e r  

la b o ra to ry  a n im a ls , su ch  as h a m s te r s ,  r a b b i ts .  In  th e s e  c a s e s

th e  p ro c e d u re s  u s e d  w e re  s im i la r  to  th a t  u s e d  in  th e  rat*  In

th e  c a s e  of l a r g e r  a n im a ls ,  su ch  as sh e e p , cow , p ig , th e  

sp e c im e n s  w e re  c o lle c te d  f r e s h  f ro m  th e  s la u g h te rh o u s e  and 

t r a n s p o r te d  as in  th e  c a s e  of th e  h u m an  o p e ra t iv e  s p e c im e n s . 

S om e sp e c im e n s  of th y ro id  t i s s u e  f ro m  c a t ,  dog, h o r s e ,  w e re  

o b ta in ed  a t p o s t - m o r te m  ex a m in a tio n  a t th e  V e te r in a ry  H o sp ita l, 

G a rs c u b e , a s  soon  a s  p r a c t ic a b le  a f te r  d e a th , w e re  t r a n s p o r te d  

to  th e  la b o ra to ry  on  ic e  and d e a lt w ith  as above*

T he p ro te in s  p r e c ip i ta te d  by am m o n iu m  su lp h a te  w e re  r e -  

d is s o lv e d  in  a s  s m a ll  a  v o lu m e of PBS a s  p o s s ib le .  A s f a r  as
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p o s s ib le  th e  sp e c im e n s  w e re  e x am in ed  im m e d ia te ly  by 

g ra d ie n t  u l t r a c e n tr i f u g a t io n .  In  a  few  c a s e s  th is  w as not 

p r a c t ic a b le  and th e  u n d is s o lv e d  sp e c im e n  w as s to r e d  in  th e  

deep  f r e e z e  u n til  i t  co u ld  be e x a m in e d .

T he p ro te in  so lu tio n  w as  ap p lied  to  a  5-20%  s u c ro s e  in  

PBS. g ra d ie n t  m ad e  u s in g  a  B eck m an  g ra d ie n t f o r m e r .  T he 

s p e c im e n s  w e re  sp u n  in  a m o d e l L , a  m o d e l L 2 -5 0 , o r  a  

m o d e l 31j2 -6 5 B  B e ck m a n  u l t r a c e n t r i f u g e . T he r o to r  u se d , 

th e  sp e e d  and  th e  t im e  of u l t r a c e n tr i fu g a t io n  u s e d  as  a  ro u tin e , 

w e re  as fo llo w s:

a . SW  2 5 .1  r o to r  a t 2 1 ,O O O r,p .m . fo r  40 h o u r s .  T h is  

w as u s e d  fo r  m o s t  of th e  e a r ly  r a t  e x p e r im e n ts  

d e s c r ib e d  in  S e c tio n  3,

b . SW 39 r o to r  a t 2 4 ,O O Or.p.m ., fo r  16 h o u r s ,

c . SW 41 r o to r  a t 2 8 ,O O O r.p .m . fo r  16 h o u r s .

T ec h n iq u es  b . an d  c . w e re  u s e d  fo r  th e  b u lk  of th e  o th e r  

e x p e r im e n ts ,

A t th e  end  of th e  p e r io d  of u l t r a c e n tr i fu g a t io n , th e  p a t te rn  

of th e  th y ro id  p ro te in s  w as  d e te rm in e d  by a s p ir a t io n  f ro m  th e  

b o tto m  of th e  u l t r a c e n tr i f u g e  tube  and  p a s s a g e  th ro u g h  e i th e r  a  

G ilfo rd  2000 o r  a  B e c k m a n  DB a u to m a tic  a b s o rb a n c e  r e c o r d e r  

a t 280|r, F r a c t io n s  w e re  c o lle c te d , th e  n u m b e r  of d ro p s
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depending  on  th e  s iz e  o f  th e  g ra d ie n t,  but s e le c te d  so  th a t  

a p p ro x im a te ly  40 sa m p le s  w e re  c o lle c te d  f ro m  e a c h  g rad ien t#  

T he s a m p le s  w e re  n o rm a lly  c o lle c te d  in to  polyethylene- co u n t

ing v ia ls  and  coun ted  in  a P ackag’d t r i c a r b  liq u id  s c in ti l la t io n  

c o u n te r  a f te r  th e  ad d itio n  of 10m l B ra y ’s so lu tion* In  som e 

s tu d ie s , h o w e v e r, th e  s a m p le s  w e re  c o lle c te d  in  g la s s  t e s t  

tu b e s  in  o r d e r  th a t  the  co n ten ts  o f  v a r io u s  tu b e s  co u ld  be 

po o led  fo r  the  e s tim a tio n  of the  p ro te in  co n ten t by the  m e th o d  

of L o w ry  e t a l (1951), o r  th e  iod ine  con ten t e i th e r  by th e  

m e th o d  of F a r r e l l  and  R ich m o n d  (1961) o r  l a t t e r ly  (by c o u r te s y  

of th e  B io c h e m is try  D e p a r tm e n t, R oyal I n f i rm a ry ,  G lasgow ) 

by u se  of the  T ech n lco n  a u to m a te d  p ro ced u re#

A s a  ro u tin e  a  sp e c im e n  of sh eep  th y ro g lo b u lin  w as spun 

in  each  r o to r  fo r  c o m p a r iso n  w ith  the  p o s itio n  of th e  v a r io u s  

%)rotein peaks*  T he se d im e n ta tio n  co n s tan t of th e  m a in  o p tic a l 

d en s ity  (OD) p e a k  a t 280p v/as ta k e n  a s  195 fo r  r e f e r e n c e  

p u rp o s e s .  In  so m e e x p e r im e n ts  th e  p o s itio n  of th e  p ro te in  

p e a k  in  th e  th y ro g lo b u lin  re g io n  w as checked, by sp inn ing  som e

u n la b e lle d  th y ro id  p ro te in s  f ro m  the t e s t  m a te r ia l  in  th e  sam e

123u l tr a c e n tr i fu g e  tu b e  a s  a  t r a c e  am ount of X -lab e lled  th y ro 

g lobu lin  f ro m  a  c o n tro l a n im a l in je c te d  48 h o u rs  b e fo re  s a c r if ic e  

a t w hich  tim e  i t  w as know n to  be in c o rp o ra te d , in to  th e  19S 

p ro te in  (se e  S e c tio n  3),



3 8 .
T he se d im e n ta tio n  v a lu e s  g iv en  in  th is  w o rk  a r e  th o se  

found  by e i th e r ,  o r  b o th , th e  above m e th o d s . I t  i s  

a p p re c ia te d  th a t  n e i th e r  m e th o d  is  e x a c t and  th a t  d if fe re n c e s  

of f r a c t io n s  of an  S tin it (b e tw een  two in d iv id u a l e x p e r im e n ts )  

a r e  p ro b a b ly  n o t s ig n if ic a n ts  Howevex’, th e  a b n o rm a li t ie s  

r e p o r te d  h av e  b e e n  re p ro d u c e d  on enough o c c a s io n s  to  m ak e  

th e  d if fe re n c e s  r e p o r te d  s ig n if ie  an t.

In  a r e p r e s e n ta t iv e  s e le c t io n  of the  a n im a l and  h u m an  

m a te r ia l  an  a tte m p t w as  m a d e  by p la n im e try , u s in g  an A lb r i t  

p la n im e te r ,  to  q u a n tita te  th e  am oun t of p ro te in  in  e a c h  peak* 

T h is  p ro v e d  f a i r ly  e a sy  in  a  nom*g o itro u s  g lan d , bu t w h e re  

d ea lin g  w ith  a  g o itro u s  g lan d  i t  p ro v e d  d if f ic u lt to  c o m p le te ly  

s e p a r a te  th e  p ro te in  p ea lts  f ro m  e ach  o th e r  and  th e  d a ta  

p r e s e n t  by th is  m e th o d  i s  to  be r e g a rd e d  a s  sem i**quan tita tive 

o n ly , e s p e c ia l ly  w hen  a p p lie d  to  g o itro u s  m a te r i a l .
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C H A P T E R  8 

INTRO D U CTIO N  

T he o b je c t of th is  p a r t  of th e  s tu d y  w as to  try  and 

d e m o n s tra te  th e  in c o rp o ra t io n  of la b e lle d  p ro te in s  p re s u m e d  

to  be p r e c u r s o r s  of th y ro g lo b u lin  in to  th e  198 p ro te in .  

C o n d itio n s  of u l t r a c e n tr i fu g a t io n  w e re  th e r e fo r e  ch o se n  

so  th a t th e  198 p ro te in  w as  found  in  th e  lo w e r  h a lf  of the  

g ra d ie n t a t th e  en d  of th e  ru n . T h e se  c o n d itio n s , h o w e v e r, 

n e c e s s a r i ly  r e s u l t  in  th e  c row d ing  to g e th e r  of p ro te in s  

h e a v ie r  th a n  198, T he OD tr a c in g s  in  th is  s e c t io n  do n o t, 

t h e r e f o r e ,  show  th e  ty p ic a l  th r e e  pealcs of a  n o rm a l r a t  

th y ro id  p r o te in  n a m e ly  198, 3-*8S and  278, T he d is t r ib u t io n  

of th e  s ta b le  p ro te in s  in  th e  r a t  i s  d e a lt w ith  in  a  su b se q u e n t 

s e c tio n  w h e re  d if fe re n t co n d itio n s  of u l t r a c e n tr i f u g a t io n  w e re  

u t i l i s e d .
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C H A PT E R  9

TH YRO GLO BU LIN  BIOSYNTHESIS IN  CO N TRO L RATS 

H " le u c in e  in c o rp o ra t io n . C o n tro l r a t s  w e re  in je c te d  su b -
3

c u ta n e o u s ly  w ith  a  p u lse  of H -le u c in e  and  w e re  s a c r i f ic e d  

a t in te rv a ls  of 30 m in u te s  to  72 h o u rs  l a t e r .  T he r e s u l t s  

a r e  show n in  f ig , 2 ,

A t ea id y  t im e  in te rv a ls  (30 m in u te s )  th e  le u c in e  w as 

p re d o m in a te ly  in c o rp o ra te d  in to  %)roteins l ig h te r  th a n  19S and  

in  fa c t the  p re d o m in a n t p eak  w as a  b ro a d  band  of r a d io a c tiv i ty  

in  th e  3-8S  re g io n . T he n ex t l a r g e s t  p eak  w as th a t  in  th e  12S 

a r e a .  T h e re  w a s , h o w e v e r , a  s m a ll  but w e ll d e fin ed  p eak  in  

th e  17S re g io n  w ith  a  b ro a d  ta i l  of r a d io a c tiv i ty  ex ten d in g  o v e r  

th e  th y ro g lo b u lin  reg ion*  A t one h o u r th e  sp e c if ic  a c tiv ity  (SA) 

of the  128 p eak  h ad  fa l le n , w h e re a s  th a t of th e  p eak  runn ing  

s h o r t  of th e  198 OD p eak  h ad  in c r e a s e d  and h ad  sh if te d  to  

a jq ^ ro x im ate ly  th e  IBS p o s it io n . T he SA of th e  3-8S  re m a in e d  

s ta t ic .  A t fo u r  h o u rs  th e  la b e lle d  p eak  in  th e  th y ro g lo b u lin  

a r e a  w as  nov/ th e  p re d o m in a n t o n e , th e  SA of th e  128 and  3-8S  

p e a k s  h av in g  r e m a in e d  s ta t i c .  A t 24 h o u rs  th e  SA of a ll  th r e e  

p e a k s  h ad  fa lle n  and  by 48 h o u rs  th e  128 p eak  co u ld  no lo n g e r  

be s e e n . I t  sh o u ld  be n o ted  th a t  a t 48 h o u rs  fo r  th e  f i r s t  t im e  

th e  la b e lle d  p eak  in  th e  th y ro g lo b u lin  a r e a  c o r re s p o n d e d  w ith



RAT THYROID-CONTROL DIET
TIME 2 4  hr»

100 .

TIME 30 min
0 2 3 0 .

80. 80

6 0 “ 60

4040

20 20
t9 S

302 0 25 20 30 35120

I
o
<D

TIME TIME 4 8  h rs UJ0  250 . 100

8 0  W

6 0 “ 6 0

O
d 40 4 0

20 20

19 519 5 O

20 3010 5 15 20 255 10 30

TIME 4  h rs TIME 7 2  hr s
200

160. 8 0

6 0

80 4 0

4 0 20
195 J9 5

20 25 3025 30 5 355 20 10 15to

FRACTION NUMBER

F ig ,  2
3P a ttern  of in corporation  of H -ieu c in e  into control rat thyroid .

2 5 .1  rotor at 21* OOOr. p .m . for 40 h o u rs. In th is and a ll 
subsequent OD tra c in g s  the top of the gradient is  on the right 
of the figu re and the bottom  on the le ft .



4 2 ,

th e  OD p e a k  of th e  th y ro id  p ro te in s .  A t 72 h o u rs  th e  fin d in g s w e re  

s im i la r  to  th a t  a t 48 h o u rs  with* if anything* a  s lig h t in c r e a s e  

in  th e  SA of th e  3-*88 p e a k .

In  a n o th e r  esqaerim en t (fig , 3) two of a  b a tc h  of 6 r a t s  w e re

' . . 3k il le d  h a lf  an  h o u r  a f te r  a ll  w e re  in je c te d  w ith  H rleu c in e  to

p ro v id e  a  p ic tu re  of th e  d e g re e  of in c o rp o ra tio n  of le u c in e  in to  

th y ro g lo b u lin  and  i t s  su b u n its  a t th is  tim e* In  th is  p a r t ic u la r  

g ro u p  of r a t s  th e  le u c in e  w as in c o rp o ra te d  a p p ro x im a te ly  eq u a lly  

in to  th e  19S* th e  128 and  th e  3-8S p ro te in s  a t th is  t im e .  Two of 

th e  fo u r  re m a in in g  r a t s  r e c e iv e d  in t r  ap e r  i t  one a lly  20 m g of 

cy c lohex izh ide  d is s o lv e d  in  n o rm a l sa lin e  a t 30 m in u te s  a f te r
.................................. g  ■ ■ -

th e  in je c t io n  of th e  H - le u c in e , T h is  d o se  of cy c lo h ex iin id e  h ad

b een  show n by p re v io u s  e x p e r im e n ts  to  b lo ck  f u r th e r  in c o rp o ra tio n

3' ' . -
of H"*leucine in to  th e  r a t  th y ro id  p ro te in s .  T he two a n im a ls

in je c te d  w ith  cy c lo h ex im id e  w e re  k il le d  along  w ith  th e  two

re m a in in g  c o n tro l a n im a ls  two h o u rs  l a t e r  ( i . e .  2*| hou i’s a f te r

th e  s t a r t  of th e  e x p e r im e n t) .  A s can  be se e n  in  f ig , 3; th e re  w as

a  sh if t of th e  ra d io a c tiv e  p eak s  f ro m  3-8S  and  128 a r e a s  to  the

th y ro g lo b u lin  a r e a  in  bo th  g ro u p s .

S X 2 !3I in c o rp o ra t io n . T he p a t te r n  of in c o rp o ra t io n  of I in  v ivo

3 ' .i s  e n t ire ly  d if fe re n t f ro m  th a t of H " le u c in e . A s show n in  f ig , 4  

a t a il  t im e s  th e  p re d o m in a n t la b e lle d  p eak  is  in  th e  th y ro g lo b u lin
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re g io n  a lthough  a t t im e  in te r v a l s  of up to  48 h o u r s  th is  p eak

h a s  an  S v a lu e  of s l ig h tly  l e s s  th a n  195, A t,  and  a f t e r ,  48

h o u r s  th e  OD p e a k  and  th e  r a d io a c t iv e  p e a k s  c o in c id e .  T he

SA of the  l a b e l l e d  p ea k  in  the  th y ro g lo b u lin  r e g io n  s te a d i ly

i n c r e a s e s  to  r e a c h  a p e a k  a t  4 h o u r s  and  to  s te a d i ly  d ec lin e

t h e r e a f t e r  o v e r  the  t im e  of th e  e x p e r im e n t .  A t v e r y  e a r ly

t im e  in t e r v a l s  a f te r  in je c t io n  of (1**5 m in u te s )  a  s m a l l

l?.5am o u n t of la b e l l e d  128 p r o te in  w as found; no I w as  e v e r  

found a s s o c ia te d  w ith  the  3-*88 p e a k . I t  sh o u ld , h o w e v e r ,  be 

e m p h a s is e d  th a t  th e  l a b e l le d  p ea k  in  th e  th y ro g lo b u l in  re g io n  

w as  a lw ays th e  p re d o m in a n t  pealc and at no t im e  d id  th e

ra d io a c t iv i ty  in  th e  128 p e a k  a p p e a r  in  m o r e  th a n  t r a c e  a m o u n ts ,

3in  c o n t r a s t  to  th e  s i tu a t io n  w ith  H - le u c in e .
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CHAPTER 10 

THYROGEOBÜL.IN BIOSYNTHESIS IN

RATS MADE GOITROUS BY ANTITHYROID  

DRUGS OR LOW IODINE DIET

a . E ffe c t  of p rop y lth iou racil (P T U )» The ad fn in istration  

of PTU  and other g o itro g en ic  drugs resu lted  as an tic ip ated  in  

the form ation  of a g o itre  in  the rats# T able 1 in d ica te s  the 

s iz e  of the resu ltan t glands* Fig* 5 show s the h is to lo g ic a l  

appearance of a rat th yro id  trea ted  by PTU* T h is should  be 

co n tra sted  w ith  fig* I w hich  show s a n orm al rat thyroid* (The 

other g o itro g en ic  r e g im e s  gave a v ery  s im ila r  h is to lo g ic a l  

p ictu re and are om itted  to avoid  repetition# ) The obvious  

fea tu res  w hich  are p resen t are that th ere  i s  in  a go itrou s gland  

a m ark ed  in c r e a se  in  fo llic u la r  c e ll  height and a m ark ed  lo se  of 

co llo id  as com pared  to the con tro l animal* The s iz e  of the 

thyroid  fo l l ic le s  i s  a lso  in creased *

H***loucine in corp oration  (fig# 6)* T h ere i s  a m ark ed  change in  the 

OD p attern  of the th yro id  proteins# T h is w ill  be d isc u sse d  in  d eta il 

in  a la te r  se c t io n , but fo r  the p resen t it  i s  su ffic ien t to note that 

th ere  i s  a str ik in g  in c r e a s e  in  the p rotein  peak in  the 3-8S a rea  **• 

th is  is  now the predom inant peak* A defin ite peak s t i l l  o ccu rs  

in  the thyroglobu lin  reg io n , but now fa llin g  sh ort of 195



Table I:

Rat thyroid  
T hyroid  w eigh ts on variou s d ietary  re g im es

Type of d iet N o, of 
an im als

Thyr
Mean

oid  w t. 
Range

(ï»g)
S .D .

C ontrol 53 9 ,8 7*12 ^ 1 .5

PTU 30 3 1 ,4 25-40 t ? .2

PTU + T^ 26 9 ,4 6*13 t l . 8

M eth im azole 24 2 8 .9 2 4 -3 5 t s . 4

KCIO^ 24 2 5 ,7 20 -33 t s . 8

Low iodine (3 w eeks) 26 12 ,2 8 -1 9 ^E. 3

Low iodine (6 w eeks) 36 3 0 ,3 23-40 ^ 6 .9



?

^ ‘8- :

H isto lo g ic a l sec tio n  of thyroid  of PTU trea ted  ra t. H and £  x 190.
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and  ru n n in g  in  a p p ro x im a te ly  th e  18S p o s i t io n .  S ig n if ica n t 

p r o te in  w as  p r e s e n t  b e tw e en  th e  3^8S p eak  and  th e  188 p ea k  

an d  in  so m e  of the  t r a c in g s  a def in ite  128 p r o te in  p ea k  

cou ld  foe s e e n .

3T he p a t t e r n  of H - le u c in e  in co i’p o ra t io n  w as  b ro a d ly  

s i m i l a r  to  th a t  found  in  th e  c o n t ro l  a n im a ls .  S ig n if ica n t 

d i f f e re n c e s  w e re  h o w e v e r  n o ted . At 30 m in u te s  th e  m a in  

in c o r p o r a t io n  of le u c in e  w as  in to  the  3-8S p e a k  w ith  a  

s m a l l e r  am oun t i n c o r p o r a te d  in to  a  128 p r o te in .  In  conti*ast 

to  the c o n t ro l  a n im a l  th e r e  w as  no in c o rp o r a t io n  of th e  la b e l  

in to  p r o te in s  l a r g e r  th a n  128 at th is  tim e* At one h o u r  the  

p a t t e r n  of in c o i’p o ra t io n  w as  r e m in i s c e n t  of th a t  of th e  c o n tro l  

a n im a ls  a t  30 m in u te s ;  the  p re d o m in a n t  p ea k  w as  s t i l l  the  

3 -88  p e a k  a lthough  th e  SA of th is  p eak  h a d  f a l le n .  T he  128 

p ea k  h ad  i n c r e a s e d  r e la t iv e  to  the  3-88  p ea k  an d  i t s  SA h a d  

a p p ro x im a te ly  doub led . F o r  the  f i r s t  t im e  a  l a b e l l e d  p eak  in  

th e  th y ro g lo b u l in  r e g io n  (a lthough  runn ing  s h o r t  of th e  s ta b le  

peak# w h ich  i t s e l f  w as  s h o r t  of 198) w as s e e n .  A t 4 h o u rs  

th e  3-88  and  128 p e a k s  w e r e  a p p ro x im a te ly  eq u a l in  s p e c if ic  

activ ity#  th e  SA of th e  l a t t e r  p ea k  in  p a r t i c u l a r  hav in g  i n c r e a s e d  

m a r k e d ly .  T he p e a k  in  th e  th y ro g lo b u lin  r e g io n  now c o r r e 

spo n d ed  to the  OD peak# bu t i t  shou ld  be n o ted  n e v e r  t r u ly
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r e a c h e d  th e  19S p o s i t io n .  At 24 h o u r s  th e  SA of a l l  p e a k s  h a d  

f a l le n  m a rk e d ly  -  th e  3-8S p e a k  w as ag a in  th e  p re d o m in a n t  

one; th e  12S p e a k  w as only  ju s t  d i s c e r n ib le  and  th e  p e a k  in  

th e  th y ro g lo b u l in  r e g io n  w as  s m a l l .  A t 48 h o u r s  th e  12S p ea k  

cou ld  no lo n g e r  be seen ; the  SA of the  3-88  p e a k  h a d  fa l le n  

fu r th e r#  a lthough  a t 12 h o u r s  th is  p eak  did in  f a c t  i n c r e a s e  in

3In  su m m a ry #  the  m a in  d if fe re n c e s  b e tw e e n  H - le u c in e  

in c o rp o r a t io n  in to  c o n t ro l  and  P T U  t r e a t e d  a n im a ls  w e re  th a t  

the  l a b e l l e d  p e a k  in  the  th y ro g lo b u l in  re g io n  a .ppeared  l a t e r  in  

the  g o i t ro u s  a n im a ls  and n e v e r  b e c a m e  th e  p re d o m in a n t  

peak ; th is  p ea k  n e v e r  b e c a m e  t r u ly  198# a lthough  i t  c o in c id e d  

w ith  th e  OD p e a k  a t 4 hours#  as  o p p o se d  to  48 h o u r s  in  the  

c o n tro l  a n im a ls ;  th e  128 p ea k  w as m o r e  p r o m in e n t  in  th e  g o i t ro u s  

an im als#  a s  w as  th e  3 -88  peak# e s p e c ia l ly  a t 72 h o u r s  a f te r  the  

p u lse  of leucine#

125 . . 125I i n c o r p o r a t i o n . In  f ig .  7 can  be se e n  th e  p a t t e r n  of I

in c o rp o r a t io n  w hile  on  P T U  one h o u r  a f te r  a d m in is t r a t io n  of a

125 125 p u ls e  of I .  A s cou ld  be an tic ipated#  v e r y  l i t t l e  of th e  I

w a s  s p e c i f ic a l ly  i n c o r p o r a te d  in to  the  th y ro g lo b u lin  re g io n .

125M o st of th e  ' I m e r e ly  a p p e a r s  as  a b ro a d  band  o v e r  th e  top 

of the  g r a d ie n t  a lm o s t  c e r t a in ly  r e p r e s e n t in g  d if fu s io n  of
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io d in e  and not due to  th e  s p e c if ic  in c o rp o r a t io n  of th e  la b e l  

in to  any p a r t i c u l a r  p ro te in ,

b , E f f e ct of m e th iB ia a o lc .  T h is  d ru g  h a s  a  s im i l a r  

e f fec t  to  P T U  on the  th y ro id ,  i . e ,  i t  r e s u l t s  in  the  Hocking of 

io d in a t io n  of t y r o s in e .  T he h is to lo g ic a l  ch an g es  and the 

e ffec t  on the  OD p a t t e r n s  of the  th y ro id  p ro te in s  a r e  s im i l a r

to  th o se  found w ith  PTU#

3H " le u c in e  in c o rp o i-a t io n  (fig , 8) # In  th is  in s ta n c e  a t 30 

m in u te s  th e  3"BS and th e  12S p eak s  a r e  of s i m i l a r  SA; 

t h e r e  i s  a s m a l l  la b e l l e d  p eak  runn ing  s h o r t  of the  OD p eak  

in  the  th y ro g lo b u l in  r e g io n .  By one h o u r  th is  p ea k  h a d  

b e c o m e  the  p re d o m in a n t  p ea k  and  now c o r r e s p o n d e d  to the  

OD peak ; the  SA of th e  12$ and  3*8S p ea k s  h a d ,  h o w e v e r ,  

i n c r e a s e d  in  ad d itio n . By fo u r  h o u r s  th e  p e a k  in  th e  thyro*^ 

g lobu lin  r e g io n  w a s  s t i l l  th e  p re d o m in a n t  o n e , bu t the  SA of 

a l l  t h r e e  p e a k s  h a d  f a l le n .  A t 24 h o u rs  th e  SA of th e  p eak  

in  the  th y ro g lo b u l in  r e g io n  and  the  3-8S p e a k s  h a d  fa l le n  

f u r th e r  and  th e  12S p ea k  cou ld  no lo n g e r  be d e f in i te ly  

d is t in g u ish e d ;  the 3-8S p e a k  w as now ju s t  th e  p re d o m in a n t  

o n e .  A t 48 h o u r s ,  a lthough  a f u r th e r  fa l l  in  SA of bo th  the  

3"8S p e a k  and th e  p e a k  in  the  th y ro g lo b u lin  a r e a  h a d  r e s u l t e d ,  

the  p ea k  in  the  3"8S a r e a  w as now d e f in ite ly  p re d o m in a n t  and
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th is  b e c a m e  in c r e a s in g ly  n o t ic e a b le  at 72 h o u r s .

In  s u m m a r y ,  t h e r e f o r e ,  the  r e s u l t s  f r o m  the  m e th im a a o le  

t r e a t e d  r a t s  w e re  s im i l a r  to  th o se  of the P T U  t r e a t e d  a n im a ls ,  

a l though  in  the  m e th im a z o le  g ro u p  the  la b e l l e d  p ea k  in  the  

th y ro g lo b u l in  re g io n  b e c a m e  th e  p re d o m in a n t  one a t an  e a r ly  

s ta g e ,  w h e r e a s  th a t  of th e  P T U  t r e a t e d  r a t s  n e v e r  b e c a m e  

p r e  d o m in a n t , In  th is  r e s p e c t  th e  m e th im a z o le  t r e a t e d  g lands  

te n d e d  to  r e s e m b le  th e  c o n t ro l  g lands  a lthough , l ik e  th e  P T U  

t r e a t e d  g lan d , th e  la b e l l e d  p ea k  in  the  19S a r e a  n e v e r  qu ite  

r e a c h e d  the  19S p o s i t io n .  In  ad d it io n , l ik e  th e  P T U  t r e a t e d  

a n im a l s ,  th e  3*^8S p ea k  w as  p r e s e n t  in  m a r k e d ly  i n c r e a s e d  

am o u n ts  r e la t iv e  to th e  pealc in  the  th y ro g lo b u lin  r e g io n  at

long t im e  in te r v a l s  a f t e r  a d m in is t r a t io n  of th e  p u lse  of le u c in e .

125 . 125I i n c o r p o r a t i o n * A s show n in  f ig . 7 I g iven  one h o u r

b e fo re  s a c r i f i c e  w as  in c o r p o r a te d  in to  the  th y ro id  p ro te in s  of 

the  m e th im a z o le  t r e a t e d  r a t .  In  c o n t r a s t  to  a P T U  t r e a t e d  

a n im a l ,  th e  bu lk  of th e  is o to p e  p r e s e n t  w as  in c o r p o r a te d  in to  

the  th y ro g lo b u lin  r e g io n .  A s ig n if ic a n t  am oun t of l a b e l l e d  128 

p r o te in  w as  a l s o  p r e s e n t .  T h e r e  w as no in c o rp o r a t io n  of the  

iso to p e  in to  3-*88 p r o te in .  I t  sh o u ld  be n o ted  h o w e v e r  th a t  th e  

m e th im a z o le  t r e a t e d  a n im a ls  h av e  in c o r p o r a te d  only a p p ro x i

m a te ly  1% of th e  to ta l  coun ts  th a t  th e  c o n tro l  a n im a ls
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incox’p o ra te d  in to  th e  th y ro g lo b u lin  x’eg ion ,

c. E ffe c t  of KClO T h is  d rug  w h ich  a c ts  in  a  d if fe re n t

w ay to  P T U  o r  m e th im a z o le ,  w as  a lso  s tu d ie d .  T he  ac t io n  of

KClO i s  to  b lo ck  the  t r a p p in g  of iod ine by th e  th y ro id  as  4

o p p o se d  to  the  in c o rp o r a t io n  of iod ine  in to  ty ro s in e »  a s  is  the

c a s e  w ith  th e  o th e r  d ru g s .  The OD p a t te r n  of the  th y ro id

p r o te in s  and  the  h is to lo g ic a l  p a t te r n  of th e  th y ro id  t i s s u e  is

a l t e r e d  f r o m  th e  c o n t ro l  a n im a ls  in  a s im i l a r  m a n n e r  to  th a t

found  w hen  P T tJ  o r  m e th im a z o le  i s  u s e d .
3

H ^ leu c in e  in c o r p o r a t io n . T he p a t te r n  of in c o rp o r a t io n  ox 

le u c in e  (fig. 9) i s  v e r y  s im i l a r  to  th a t  found in  th e  m e th im a z o le  

t r e a t e d  a n im a ls .  At 30 m in u te s  the  3-88  and the  128 p ea k s  

a r e  a p p ro x im a te ly  equa l in  s iz e ;  t h e r e  is  no in c o rp o r a t io n  

in to  the  th y ro g lo b u lin  re g io n .  A t one h o u r  a p ea k  in  the  th y r o 

g lobu lin  re g io n  h a s  a p p e a re d  and is  a p p ro x im a te ly  eq u a l in  SA 

to the  128 and  3-88  p ea k s  w h ich  bo th , h o w e v e r ,  h av e  in c r e a s e d  

in  SA. At 4 h o u rs  a l l  t h r e e  p ea k s  have  show n a  m a r k e d  fa l l  in  

SA w ith  the- 3 -88  p ea k  now p redom inan t*  At 24 h o u r s  th e  3-88 

pealc h a s  m a in ta in e d  i t s  SA., but the  pealc in  the  th y ro g lo b u lin  

r e g io n  is  m u c h  d im in ish e d ;  th e  128 p eak  can  no lo n g e r  be s e e n .  

T he p a t t e r n  a t 48 and  72 h o u rs  is  b a s ic a l ly  s im i l a r  to  th a t  a t 

24 h o u r s ,  w ith  p e rh a p s  s l ig h t  i n c r e a s e  in  th e  SA of th e  3-SS
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p ea k  a t  72 h o u r s .

In  s u m m a r y ,  the  j ja t te rn  of le u c in e  in c o r p o r a t io n  v/hen

KCIO h a s  b e e n  g iven  m o s t  c lo se ly  r e s e m b le s  m e th im a s o le
4:

w ith  th e  e a r ly  a p p e a ra n c e  of a  p ro m in e n t  peaJx: c o r re s p o n d in g

to  the  OD p ea k  in  th e  th y ro g lo b u lin  re g io n ,  bu t a lw ays

re m a in in g  s h o r t  of 198, The p a t t e r n  of a  %) r e  d o m in an t 3-8S

p e a k ,  e s p e c ia l ly  at long t im e  in te r v a l s  a f te r  a d m in is t r a t io n

of th e  le u c in e  w as  s im i l a r  to  th a t  found w ith  o th e r  g o i t ro g e n ic

r e g im e s ,

125I in c o r p o r a t io n  (fig , 7 ) , In  c o n t r a s t  to  th e  s i tu a t io n  found

in  th e  P T U  t r e a t e d  a n im a ls ,  bu t s im i l a r  to  th a t  found  in  the

125m e th im a z o le  tre a . te d  a n im a l s ,  t h e r e  is  in c o rp o r a t io n  of I ,  

g iven  one h o u r  b e fo re  s a c r i f i c e ,  in to  th e  th y ro g lo b u l in  re g io n  

to  the  e x ten t  of appr03cim ately  2% of th a t  found in  th e  c o n t ro l  

a n im a l s ,  A 128 la b e l le d  p e a k  w as  a lso  p r e s e n t ,  bu t in  

a p p ro x im a te ly  h a lf  th e  am o u n t p r e s e n t  in  th e  m e th im a z o le  t r e a t e d  

a n im a l s .  T h is  in c o rp o r a t io n  of a t  one h o u r  in to  a 128 

p r o te m  is  q u ite  d i f fe re n t  to  the r e s u l t s  o b ta in e d  in  the  c o n tro l  

a n im a ls ,  w h e re  a s m a l l  am o u n t of la b e l  w as  p r e s e n t  in  the  128 

p r o te in  only w ith in  a  few m in u te s  of i t s  a d m in is t r a t io n .
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d, tS tu  d ie  8 o.f th e  th y r o id  p ro te in  p a t t e r n s  and  the  

125p a t t e r n  of ’ I in c o rp o ra t io n  d u r in g  in d u c tio n  of a

g o i t ro u s  s ta te  and d u rin g  w ith d ra w a l  of th e

g o i tro g e n ic  a g e n t .  In  f ig .  10 ca n  be s e e n  th e  a l t e r -

125a t io n  in  the  th y ro id  p r o te in  p a t t e r n  and I in c o r p o r a t io n  

d u r in g  in d u c tio n  of the g o i t ro u s  s ta te .  A t  e a r ly  t im e  

I n te r v a l s  (two days) so n ic  12S la b e l l in g  a p p e a re d ,  a l though  no 

a l t e r a t i o n  in  OD h a d  y e t  b e c o m e  m a n ife s t ;  a t day 6 the  3-8S 

p ro te in  p ea k  in c r e a s e d  in  s iz e  and the  s ta b le  p e a k  in  th e  th y r o 

g lobu lin  r e g io n  sh if te d  to  188. A t day 13 on th e  d ie t the  ty p ic a l  

p a t t e r n  of a  d ru g  in d u c ed  g o i t r e  a p p e a re d .

D u rin g  w ith d ra w a l  of P T U  (fig , 11) d e f in ite  a l t e r a t i o n s  in

125th e  p r o te in  p a t t e r n  and in  the p a t t e r n  of ' I la b e l l in g  o c c u r r e d ,  

125T he p a t t e r n  of I la b e l l in g  w h ile  on the  d ru g  h a s  a l r e a d y  b ee n

d i s c u s s e d .  A s th e  d ru g  is  w ith d raw n  th e r e  i s  a  p r o g r e s s iv e

125re la t iv e  i n c r e a s e  in  in c o rp o r a t io n  of I in to  th y ro g lo b u l in .  A t 

one h o u r  off th e  d ru g  a  s m a l l  am oun t of th e  la b e l  i s  in c o rp o r a te d  

in to  a  12S p r o te in .  T he p ro p o r t io n  of the  la b e l  in c o r p o r a te d  

in to  the  128 p r o te in  r e la t iv e  to  th e  198 p r o te in  s te a d i ly  i n c r e a s e s  

w ith  t im e  u n t i l  a t  24 h o u r s  off the  d ru g , th e  s iz e  of th e  la b e l l e d  

128 p eak  a c tu a l ly  e x c e e d s  th e  la b e l le d  19S p e a k . A t th is  t im e  

a  s ta b le  128 p e a k  ca n  be fa in tly  d i s c e r n e d .  A t 48 h o u r s  off the
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diaxg th e  i s  v i r tu a l ly  a ll  i n c o rp o r a te d  in to  the  thyro** 

g lobu lin  reg io n ;  a  t r a c e  am o u n t only being  s e e n  in  th e  12S 

position*  At th is  t im e  th e r e  w as a  s t r ik in g  in c r e a s e  in  the
125

p e rc e n ta g e  of the  a d m in is t e r e d  dose  of I in c o r p o r a te d

in to  th e  th y ro id  pro te in*

S im i l a r  s tu d ie s  w e re  p e r f o r m e d  d u rin g  th e  w ith d ra w a l

of m e th im a s o le  (fig* 12)* A s a l r e a d y  p o in te d  out* w hen  the

r a t s  w e r e  t r e a t e d  w ith  m eth im asso le  th e r e  w as  s ig n if ic a n t

la b e l l in g  of p r o te in  in  th e  thy ro g lo b u li i i  r e g io n  and of 12S

p r o te in  w h ile  the  d ru g  w as  s t i l l  being  a d m in is te re d *  A t one

h o u r  off the d rug  th e  l a b e l l e d  128 p r o te in  i n c r e a s e d  p ro«

p o r t ia n a l ly  to  th e  l a b e l l e d  p r o te in  in  th e  th y ro g lo b u l in  region*

H ow ever*  a t 4 h o u r s  the  p r o p o r t io n  of la b e l l e d  128 p ro te in  had

s t r ik in g ly  d e c r e a s e d  r e la t iv e  to  the  la b e l l e d  p e a k  in  th e  t h y r o -

g lo b u lin  a rea*  A t th is  t im e  the  p e rc e n ta g e  of th e  a d m in i s t e r e d  

125d o se  of I in c o rp o i 'a te d  in to  p r o te in  h ad  in c re a s e d *  A t 12 

h o u r s  off the  d rug  the  SA of th e  128 pealt h a d  i n c r e a s e d  once 

m ore*  bu t ra p id ly  d e c l in e d  th e re a f te r*  to be no t d e te c ta b le  a t 

48 h o u r s  off th e  drug*

D u ring  w i th d ra w a l  of KCIO . (fig* 13)a  s i m i l a r  s e r i e s  of 

e v e n ts  took  place* A s in  th e  e a s e  of m e th im a so le *  th e r e  w as 

s ig n i f ic a n t  la b e l l in g  of p r o te in  in  th e  th y ro g lo b u lin  r e g io n  and
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in  the  12S r e g io n  d u r in g  a d rn i j r is t ra t io n  of th e  d ru g .  A t one 

h o u r  off th e  d ru g  th e  p r o p o r t io n  of la b e l le d  128 p r o te in  

show ed  a  r e l a t iv e  i n c r e a s e ,  bu t by 4 h o u r s  off the  d rug  

th e  128 la b e l le d  p ea k  h a d  d e c r e a s e d ,  bu t i t  d id  h o w e v e r  

p e r s i s t  u n t i l  24 h o u r s  off the  drug* w hen  i t  cou ld  no lo n g e r  

be d is t in g u is h e d ,

e .  E f fe c t  of a  low  iod ine  d ie t

3H " le u c in e  in c o r p o r a t io n , A s im i l a r  s e r i e s  of s tu d ie s  w e re

co n d u c ted  a f t e r  in d u c tio n  of a  g o i t r e  in  th e  r a t s  by p lac in g

th e m  on  a  low io d in e  d ie t .  The in i t ia l  s tu d ie s  w e r e  done 3

w ee k s  a f te r  s t a r t in g  th e  d ie t .  At th is  t im e  no g o i t r e  h ad  y e t

r e s u l t e d  (Table 1) bu t h i s to lo g ic a l  changes  of in c x 'e a sed  th y ro id

s t im u la t io n  n a m e ly  in c r e a s e d  f o l l ic u la r  c e l l  h e ig h t  and  in c r e a s e d

n u m b e r s  of v e s i c l e s  at th e  p e r ip h e ry  of th e  co llo id  h a d  a p p e a re d .

T he  OD p a t t e r n  of th e  th y ro id  p r o te in s  (fig , 14) w as  s im ila ,r  to

th a t  of th e  c o n t ro l  a n im a l s .  H o w ev er  in  th e  low  io d in e  d ie t g ro u p  

3the  H " le u c in e  w as  i n c o r p o r a te d  in to  th y ro g lo b u lin  a t  v e ry  e a r ly  

t im e  in te r v a l s  a f te r  su b c u tan e o u s  in je c t io n  of th e  iso to p e  so  th a t  by 

15 m in u te s  th e  la b e l l e d  p e a k  in  the  th y ro g lo b u lin  a r e a  w as a l r e a d y  

th e  p re d o m in a n t  one . A t 30 m in u te s  th e  128 la b e l le d  p eak  h ad  

i n c r e a s e d  in  SA as  h a d  th e  3-8S p eak , A.t one h o u r  th e  SA, of 

the  th y ro g lo b u l in  p ea k  h a d  show n a s t r ik in g  i n c r e a s e  w h e re a s
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54.

the  SA o£ th e  128 and  3^88 p e a k s  d id  no t s ig n if ic a n t ly  ch an g e . 

A t 4 h o u r s  t h e r e  w as  a  s l ig h t  d im in u tio n  in  SA of a l l  th r e e  

p e a k s .  A t 24 h o u r s  the  128 p ea k  h ad  v i r tu a l ly  d isa p p ea re d *  

the  SA of th e  th y ro g lo b u lin  p ea k  h ad  i n c r e a s e d  w h e r e a s  th a t  

of th e  3"68 p ea k  h a d  r e m a in e d  s t a t i c .  A.t 72 h o u r s  the  3*8S 

pealc v/a,s no lo n g e r  s ig n if ic a n t ly  la b e l le d  and  the  th y ro g lo b u l in  

p ea k  w a s  th e  only  one co n ta in ing  a  s ig n i f ic a n t  am o u n t of 

r  adio a c t iv i ty  »

S u b seq u e n t s tu d ie s  w e re  c a r r i e d  out a t  6 w e e k s  on the d ie t  

a t  w h ich  t im e  s ig n i f ic a n t  th y ro id  e n la rg e m e n t  h a d  o c c u r r e d .  

T he p a t t e r n  of r e s u l t s  can  be soon  in  fig* 15. T he ch an g es  

in  OD p a t t e r n  w e r e  s i m i l a r  to  th o s e  o b ta in e d  in  o th e r  g o i t r o 

g en ic  re g im e s*  e x c ep t  th a t  a lthough  the e x p e c te d  i n c r e a s e  in

3-8S p r o te in  o c c u r r e d  th e  OD p eak  in  the  th y ro g lo b u l in  re g io n
3

r e m a in e d  a t 198. T he p a t t e r n  of H '-'leucine in c o rp o r a t io n  w as  

b ro a d ly  s i m i l a r  to  th a t  o b ta in e d  w ith  th e  d rug  in d u c e d  g o itre s*  

b u t w ith  c e r t a in  im p o r ta n t  d i f f e r e n c e s .  E v e n  as  e a r l y  as  30 

m in u te s  a f te r  a d m in is t r a t io n  of th e  le u c in e  th e  iso to p e  h ad  

a p p e a r e d  in  the  th y ro g lo b u l in  r e g io n  and in  f a c t  c o r r e s p o n d e d  

e x a c t ly  to th e  OD pealc a t  198. A t th is  t im e  * h o w e v e r ,  the 

la b e l l e d  128 p e a k  h a d  the  h ig h e s t  SA and  the  3-^88 p ea k  w as 

a ls o  la b e l l e d .  A.t t im e s  of one h o u r  and  l a t e r  a f te r
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a,dm im sti"ation  of th e  la b e l  the  19S p eak  w as  th e  p re d o m in a n t  

l a b e l l e d  p eak  p r e s e n t ,  bu t th e  128 la b e l le d  p ea k  co u ld  be s e e n  

u n t i l  24 h o u r s ,  a f te r  w h ich  i t  cou ld  n o d o n g e r  be v i s u a l i s e d .  

T he  SA of the  198 pea.k w as  h ig h e s t  a t 4 h o u r s  a f te r  aclminis«* 

t r a t i o n  of the  le u c in e ,  aftex* w hich  i t  f e l l .  I t  w as  n o t ic e a b le  

th a t  n e i th e r  a t e a r ly  n o r  a t l a te  t im e  in t e r v a l s  a f te r  a d n i in is “ 

t r a t i o n  of th e  la b e l  w as  th e  3 “ 8S p ea k  of th e  h ig h e s t  sp e c if ic  

a-ctivity, th is  be ing  in  s t r ik in g  c o n t r a s t  to  th a t  found in  a ll

the  o th e r  g o iti 'ous  s t a t e s ,

125 . 125
I in c o rp o r a t io n ,  Using I a s im i l a r  e a r l y  in c o rp o r a t io n

of the  la b e l  in to  the  198 p r o te in  w as found (fig. 16). I t  shou ld  

be n o ted  th a t  as  ear3.y as  one m in u te  aitex* the  in t r a p e r i tp n e a l  

in je c t io n  of the  la b e l  i t  a p p e a re d  in  the th y ro g lo b u lin  re g io n  

c o r r e s p o n d in g  e x a c tly  to  th e  OD p e a k ,  A t r a c e  am o u n t of 

l a b e l l e d  128 p r o te in  w as  a lso  found.

B e c a u s e  of su b se q u e n t  o th e r  p u b lic a t io n s  on  th e  incoxq^o- 

r a t io n  of " le u c in e  and in to  the  th y ro id  g lan d  of iod ine  

d e f ic ie n t  r a t s ,  w h ich  su g g e s te d  th a t  in  iod ine  d e f ic ie n t  g lands  

a  p r o te in  m u c h  l e s s  th a n  18" 198 w as  la b e l l e d  w ith  th e s e  

i s o to p e s  ( se e  D is c u s s io n ) ,  th e  d e g re e  of iod ine  d e f ic ie n c y  w as 

i n c r e a s e d  in  l a t e r  s tu d ie s  by xnci*easing the  p e i 'io d  on the  low 

iod ine  d ie t  up  to 16 w e e k s .  T a b le  2 show s th a t  a  s ig n if ic a n t
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Table 2:

R e la t io n s h ip  of io d in e  co n ten t of th y r o id  p r o te in s  
to  d u ra t io n  of lo w ^ io d in e  d ie t  in  the  r a t

D uration of d iet  
(w eeks)

Iodine content of 
thyroid  p rote in s  

(|j.g iod in e/ m g protein)

0 3 ,4 6 0

.6 1 .6 4 6

10 0 .1 8 5

12 0 .1 8 3

14 0 .0 7 7

16 0 .0 5 6



5 6 .

i n c r e a s e  In g o i t r e  and  d e c r e a s e  in  iod ine  co n ten t of

the  th y ro id  p r o te in  w as  a c h ie v e d  by th is  m e a n s .  D e sp i te

the  i n c r e a s e d  d e g re e  of g o i t r e  fo rm ation*  the  OD p ea k

r e m a in e d  in  the  thy  ro  g lobal in  re g io n ,  a l though  sh if tin g

f r o m  19S to  a p p ro x im a te ly  18-18 . 58 (m ean  of 9 e x p e r im e n ts

12518* 5S, ra n g e  18* I - 18. SB). I w as  in c o r j^ o ra te d  in to  the

ISS re g io n  at s h o r t  t im e  in t e r v a l s  (5 m in u te s )  a f t e r  in je c t io n

of a  p u lse  of la b e l  (fig, 17). A s l ig h t  d e g re e  of sh o u ld e r in g  

125
of the  * I Icibelled pealc c o n s is te n t  w ith  the  p r e s e n c e  of a 

s m a l l  am o u n t of la b e l l e d  m a t e r i a l  of S valate l e s s  th a n  18S,

. 3L ik e w is e ,  H - le u c in e  w as  in c o rp o r a te d  in to  th e  IBS p r o te in  

(fig, 18) 2 h o u r s  a f te r  the  su b c u tan e o u s  in je c t io n  of th e  

1 ab e l l  e d am ino  acid*
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CHAPTER 11 

THYROGHOBULIN BIOSYNTHESIS DURING

THE ADMINISTRATION OF T . OR T ,

TO CONTROL AND GOITROUS RATS

A s e r ie s  of ex p er im en ts w as conducted in  w hich  

fo llow in g  the induction  of a g o itre  by a g o itro g en ic  drug, 

such  as P T U , the d iet w as supplem ented  by T T h is

re su lted , a fter  a p eriod  of two days, in  the appearance of 

a sm a ll p rotein  peak in  the 1Z8 reg ion  (fig . 19) w hich  

stea d ily  in c r e a se d  in  quantity as the T su p p resse d  the 

th yro id , as shown by the d ecrea sin g  gland w eight (T able 3). 

During th is  tim e  the peak in the thyroglobu lin  a rea  in c r e a se d  

and that in  the 3*-SS a rea  d ecr e a se d . At 7 days on T in  

addition  to PTU the h is to lo g ic a l appearance of the thyroid  

gland w as as shown in  f ig . 21, C om parison  w ith  f ig , 1 and 6 

w ill show that the h is to lo g ic a l p a ttern of the rat thyro id  now 

r e se m b le s  v er y  c lo s e ly  the pattern  of the con tro l ra t. The 

effec t of T^ in  su p p ressin g  TSH production by the p itu itary  

has re su lted  in  a d im inution of fo llic u la r  c e l l  heigh t and a r e 

accum ulation  of co llo id  in  the lum en  of the thyro id  fo l l ic le s .  

At th is  tim e  the GD pattern  of the thyroid  p rote in s w as as 

shown in the upper part of f ig . 20, T here w as a la r g e  peak



RAT T H Y R O ID -E F FE C T  OF ADDING T4 TO  P T U  DIET.

DAY 30-250 DAY 1

0-125

I
g  0-250

19S 19S

DAY 2 DAY 4

0-125-

18S » 5
5 10 2015 25 30

FRACTION
5

NUMBER
W 15 20 25 30 35

F ig . 19

E ffect of T on the th yro id  p ro te in s of PTU trea te d  r a ts , 
SW 25, 1 rotor at 2 1 » 0 0 0 r ,p .m , for 40 h o u rs.



Table 3î

R ela tion sh ip  of thyroid  w eight to the duration of 
thyroxine su p p ress io n  of PTU  trea ted  rat thyro id  gland

D uration of 
thyroxine trea tm en t

Gland w eight (mg) 
(m ean of Z an im als)

I day 3 8 ,5

Z days 2 4 ,5

3 days 2 2 ,5

4 days 1 9 .5

5 days 1 8 ,3

6 days 16 ,0

7 days 1 0 ,5
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in  the thyroglobu lin  region* a defin ite  peak in  the 128 reg ion , 

with a sm a ll 3-8S  peak. The area  betw een  the thyroglobu lin  

peak and the 128 peak w as sh ou ldered  su ggestin g  the p o ss ib ility  

of a p rotein  of S value betw een  198 and 128 being present*

Both the thyroglobu lin  peak and the 128 peaks could  be la b e lled  

w ith iod ine in  v ivo  roughly in  proportion  to th e ir  con centration , 

but the sp e c if ic  activ ity  of lab ellin g  w as understandably low  in  

view  of the su p p ressio n  of TSPÎ by thyrosdne, A v er y  s im ila r  

OD pattern  of thyro id  p ro te in s w as produced by the adminis'* 

t ration  of T^ in  equivalent d o sa g e , e ith er  parente ra lly  or orally*  

A ttem pts w ere  m ade to la b el PTU  + T trea ted  glands w ith

3
H™leucine* T here w as un iform  lack  of in corp oration  of the

la b e l into the thyroid  p ro te in s of rats trea ted  th is  w ay.

The effec t of ad m in istra tion  of T . or T_ to con tro l r a ts . A      — — -------------------------- ------ -""4   3"',    ...........

s im ila r  expo rim ent to the above of ad m in ister in g  T^ or T^ to  

the d iet of a con trol an im al a ltered  the OD tracin g  of the thyroid  

p rotein s as shown in  the low er  part ox f ig , 20 . A lthough the p re 

dom inant p rotein  rem ained  193, a sm a ll but defin ite  128 peak

w as se en  in  addition to the 3 -88  peak. Both the 193 and the 128

125peaks w ere  la b e lled  w ith I in  proportion  to the stab le  p rotein s  

p r e se n t.
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Fig. 21
H isto lo g ica l se c tio n  of PT U  + trea ted  rat thyroid , 
H and E x 190. ^
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C H A P T E R  IS 

SUMMARY O F SEC TIO N  3 

T hé s tu d ie s  i^ re se n te d  in  th is  S ec tio n  c o n f irm  th a t
3

in  vivo as  in  v i t r o  th a t  H le u c in e  w as In c o rp o ra te d  in  th e  

n o rm a l r a t  in to  p 'ro te in s  l ig h te r  th a n  19S and  th a t  th e  p a t te rn  

of in c o rp o ra t io n  w as consiE itent w ith  th e  12S an d  p o ss ib ly

th e  3-8S  p ro te in s  being  %3re c u r  s o r s  of th e  19S jx ro te in ,

3 125In  c o n t r a s t  to  th e  fin d in g s  w ith  H ^ le u c in e , I w as

in c o rp o ra te d  ra p id ly  in to  th y ro g lo b u lin  and on ly  t r a n s ie n t ly

and  m in im a lly  in to  th e  128 p ro te in  and  n o t a t a ll  in to  the

3-8S  p ro te in .

G o itro g e n ic  d ru g s ,  a lth o u g h  th ey  a l te r  th e  OD p a t te r n  

of th e  th y ro id  p ro te in s  g iv ing  a  l a r g e r  am o u n t of th e  3-8S

p ro te in  r e la t iv e  to  th y ro g lo b u lin , do no t fu n d a m e n ta lly  a l te r

3
th e  p a t te r n  of H*»leucine in c o rp o ra t io n . T h e se  d ru g s ,

h o w e v e r, p re v e n t e i th e r  a  s ta b le  o r  a  la b e lle d  p ro te in  w hich

125is  t r u ly  19S being  fo rm e d . I la b e llin g  of th e  th y ro id  

p ro te in s  w as m a rk e d ly  d im in ish e d  w hile  an  a n ti th y ro id  d ru g  

w as be in g  a d m in is te r e d .  S om e d if fe re n c e s  e x is te d  am o n g s t 

th e  in d iv id u a l d ru g s  in  th is  r e s p e c t ,  th e  P T U  re g im e  being  

m o re  e ffe c tiv e  in  b lo ck in g  io d in a tio n  th a n  e i th e r  m e th im a z o le

o r  K G IO ^.
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125D arin g  w ith d ra w a l o£ a g o itro g e n ic  d ru g , a  I 

la b e l le d  128 p ro te in  ca n  be d e m o n s tra te d  in  in c r e a s e d  am o u n t. 

W hen à  low  io d in e  d ie t  is  g iv en  fo r  su c h  a  t im e  to

p ro d u c e  a m o d e s t  d e g re e  of io d in e  d e f ic ie n c y , th e r e  w as

3 125an  a c c e le r a te d  in c o rp o ra t io n  of bo th  H"*leucine and  I

in to  th e  198 p ro te in .  W hen th e  d e g re e  of io d in e  d e fic ien c y

w as m o re  s e v e r e ,  a  p ro te in  of iS-*18.5S s i s e  w as la b e lle d

in s te a d  of a  t r u ly  198 p ro te in *

T he ad d itio n  of e i th e r  T ^  o r  to  b o th  a  g o itro g e n ic

re g im e  o r  to  c o n tro l a n im a ls ,  r e s u l te d  in  in c r e a s e d

q u a n tit ie s  of a  s ta b le  128 p ro te in  being  fo rm e d . W hen a

g o itro u s  g lan d  w as  so  t r e a te d ,  i t  f u r th e rm o re  show ed  a

d im in ish e d  s ta b le  3«88 p ea k  and an  in c r e a s e d  p e a k  in  the

th y ro g lo b u lin  re g io n .
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SECTION 4

PROTEIN PATTERNS OF HITMAN THYROID GLANDS

C hapter 13 

Chapter 14 
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C hapter 17 

C hapter 18 

C hapter 19

C hapter ZO

’N o rm a l’ human thyro id  glands  
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N on«toxic g o itre s  
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C o rre la tio n  of iod ine content of 

thyroid  p rotein s w ith  type of 

p ath o log ica l p r o c e ss  
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CH APTER 13 

'NORMAL' HUMAN THYROID GLANDS (C ase 1-8)

'Norm al* hum an thyro id  t is s u e  w as obtained  fro m  8 p a tien ts ,

6 of w hom  w ere  undergoing neck  exp loration  fo r  parathyro id

adenom ata and Z o f w hom  w ere  having n eck  op era tion s for non***

en d ocrine co n d itio n s , In a ll 8 the thyroid  appeared  norm al on

naked ey e  exam in ation  and part of the b iopsy  w as su bm itted  to

h is to lo g ic a l exam in ation  and w as shown to be of norm al

appearance* Fig* ZZ show s the thyro id  fro m  one of the p a tien ts .

The t is s u e  i s  com p osed  of la r g e  w e ll f i l le d  v e s ic le s  w ith

abundant co llo id  lin ed  by a fla tten ed  cuboidal ep ithelium * F ig* 23

show s the OD p attern  of the correspond ing th yro id  gland* The

predom inant OD peak is  in  the thyroglobu lin  reg io n  w ith  s m a lle r ,

but d efin ite , peaks in  the 278 and 3-8S  region* In one of the 8

p atien ts stud ied  a sm a ll peak in  the 32S reg io n  w as noted*

In the group of 8 p atien ts (Table 4) the 198 p ro te in  m ade up

betw een  61*0 and 86*5% (m ean  73*3, SD t  9*2) of the to ta l p rote in

present* B etw een  5* 7 and 22* 7% of the p ro te in  w as p resen t in  the

278 com ponent (m ean 13.0% , SD t  6*8) and b etw een  5 . 5 and 23.2%

(m ean  13*7, SD t  6 .6 )  in  the 3 -88  reg io n . F ig* 24 show s the

125 3in corp ora tion  of 1 and ‘ rU 'leucine into s l i c e s  of a 'normal*



î

F ig .  22

H is to lo g ic a l se c tio n  of 'n orm al' human th y ro id . H and E x 190.
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Fig> 23

P a t t e r n  of th y ro id  p ro te in s  of ’n o rm al*  h u m a n  th y ro id , 
BW 39 r o to r  a t 2 4 ,0 0 0 i% p .m . fo r  16 h o u rs*



Table 4:

*Normai* luroiaia thyroid  glancW 
% of thyroid  p rotein s

C ase
no. Z7B 198 3^88

I 1 6 .0 7 4 .0 1 0 .0

Z 2 2 .7 6 8 .1 9 .2

3 6 .0 8 6 .5 7 .5

4 1 4 .8 6 2 .0 2 3 .2

5 1 1 .5 8 3 .0 5 .5

6 2 1 .2 6 1 .0 1 7 .8

? 5 .7 7 3 .5 2 0 .8

8 6 .1 7 8 .2 1 5 .7

M ean 1 3 .0  
S .D . * 6 .8

M ean J 3 . 3 
S.D,  %9.2

M ean 1 3 .7  
S .D .  * 6 .6
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125 3P a t t e r n  of in c o rp o ra t io n  of I and  H - le u c in e  in to  th y ro id  s l ic e s  
of 'n o rm a l*  h u m a n  th y ro id  g lan d  a f te r  4 h o u r s  in c u b a tio n . SW 39 
r o to r  a t 2 4 ,0 0 0 r* p * m #  fo r  16 h o u r s .
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h u m an  th y ro id  g lan d . i s  in c o rp o ra te d  a lm o s t e x c lu s iv e ly

3in to  th e  198 p ro te in  w h e re a s  H -le u c in e  in  ad d itio n  to  being  

in c o i’p o ra te d  in to  th e  th y ro g lo b u lin  re g io n  ju s t  s h o r t  of the 

m a in  OD p e a k , i s  a ls o  in c o rp o ra te d  in to  l ig h te r  p ro te in s  - 

a t th is  t im e  of in c u b a tio n  (4 h o u rs )  m a in ly  in to  th e  3**BS f ra c t io n .
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CHAPTER 14

TH YRO TO X IC HUMAN THYROID GLANDS (C a s e s  9-43)

M a te r ia l  w as  o b ta in e d  a t o p e ra t io n  fx’o m  a  s e r i e s  of 35 

h u m an  th y ro to x ic  g la n d s . T he p a tie n ts  w e re  p r e p a r e d  fo r  

sillagery  in  tw o w ays* (1) By c o n tro l of th e  th y ro to x ic o s is  

by c a rb im a z o le  w h ich  a c te  by b lock ing  th e  io d in a tio n  of 

ty r o s in e ,  fo llo w ed  by 7-*10 days p re « o p e ra t iv e  t r e a tm e n t  w ith  

io d id e , e i th e r  in  th e  fo rm  of KI 30m g t . i . d ,  o r  L u g o l 's  

io d in e  0 .3 m l t . i . d .  (B u g o l's  io d in e  co n ta in s  5%\V/V of io d in e  

and  10% KI in  w a te r)  {C ases 9«38); or^ (2) by  p rc o o p e ra t iv e  

c o n tro l of th e  th y ro to x ic o s is  by K CIO ^, w h ich  a c ts  by b lock ing  

th e  u p ta k e  of io d in e  {C ases 39^43). In  th e s e  p a t ie n ts  io d in e  is  

n o t g iv en  p ro  « o p e ra tiv e ly  in  c a s e  th e  d ru g  in d u c e d  b lo ck  in  io d in e  

u p ta k e  i s  o v e rc o m e  by d iffu s io n  of th e  io d id e  in to  th e  th y ro id .

P  r e  « tr e a tm e n t  w ith  c a rb im ag o X e /io d id e . F ig .  25 show s th e  

ty p ic a l  OD p a t te r n  o b ta in e d  f ro m  su ch  a  th y ro id . T he fu ll 

d e ta i ls  of p ro te in  c o m p o s itio n  a r e  p r e s e n te d  in  T ab le  5* I t  w ill 

be n o te d  th a t  th e  p re d o m in a n t p ro te in  p ea k  is  in  th e  th y ro g lo b u lin  

re g io n  (m ean  6 8 .8 % , 6D ^  11*4), w ith  a  w e ll m a rk e d  3«8S OD 

p ea k  a ls o  p r e s e n t  {meein 39 .2% , SD t  1 1 .3 ) . No p e a k  h e a v ie r  

th a n  198 w as  s e e n  in  th e  m a jo r i ty  of th e  th y ro id s  an d  th is  w as
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Table 5î

Hum an th yrotox ic  g lands con tro lled  b efore  
op eration  with carb im asaole/iodide trea tm en t  

% of thy roid  p rotein s

C ase
no* 278 198 128 3-8S

9 *•< 6 7 .5 3 2 .5
10 *• 6 9 .0 3 1 .0
11 « • ■ 8 6 .0 w 1 4 .0
IZ 6 9 .1 m 3 0 .9
13 # 7 7 .6 «*• 2 2 .4
14 1 .3 5 7 ,7 4 1 .0
15 7 2 .9 # 2 7 .1
16 2 .4 7 8 .1 ** 1 9 .5
17 7 1 .2 *•' 2 8 .8
18 m 6 5 .0 m 35*0
19 5 2 .9 4 7 .1
ZO 6 4 .3 1 5 ,7 2 0 .0
Zl W» 7 7 .0 2 3 .0
zz #4 8 4 .4 1# 1 5 .6
23 7 4 .8 2 5 ,2
24 #  ■ 8 1 .5 «* 18*5
25 7 1 .8 «* 2 8 .2
26 # 6 2 .8 1# 37*2
27 mm 6 3 .4 ** 3 6 .6
28 m 6 2 .5 37*5
29 m 6 5 .3 34*7
30 1 .9 7 4 .5 23*6
31 m 6 2 .6 37*4
32 m 5 3 .8 4 6 .2
33 3 .6 6 9 .6 26*8
34 7 3 ,2 *# 2 6 .8
35 5 7 .0 1 8 .6 24* 4
36 T ra ce 9 5 ,1 4*9
37 7 3 ,4 26* 6

::<38 2 ,3 97*7

M ean 6 8 ,8  
S .D .  t i l , 4

M ean 29*2  
S . D , t l l . 3

>î«Sxcluded fro m  s ta t is t ic a l a n a ly s is ,  
c a s e  d escr ip tio n  in  text
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con firm ed  in  a further study (fig* 26) w here the p rote in s w ere  

spun at a lo w er  sp eed  to g ive  b etter  sep ara tion  of p rotein s >198.

A s w ill be s e e n  f ro m  T ab le  5, in  5 of th e  30 a t le n ts  a t r a c e  

am ount (up to 3 . 6%) of the to ta l p rotein s w as p resen t in  th e  278 

a re a , In 2 p atien ts (C a ses 2Ù and 35) a sig n ifica n t amount of 

128 p ro te in  w as p resen t. Both w ere  in  p atien ts w hose pre** 

o p era tiv e  con tro l w as ach ieved  with co n sid era b le  d ifficu lty . In 

addition , in  both c a s e s  the th yro id  p rotein s p rec ip ita ted  by 50% 

satu ration  w ith am m onium  sulphate had been  sto red  in the 

fro à en  sta te  fo r  7 and 23 days r e sp e c t iv e ly  b efore study. In th ese  

c a s e s  it  i s  th ere fo re  im p o ss ib le  to exclude som e breakdown of

the 198 p ro te in  (s e e  D isc u ss io n ) ,

3A s w ill be seen  in  f ig , 25# H -leu c in e  w as w e ll in corp orated

into the thyroglobu lin  reg io n , although s lig h tly  sh ort of the OD 

125peak; I w as not s ig n ifica n tly  in corp orated  into the p rotein s of

the thyro id  s l i c e s ,  in stea d  it  m e r e ly  appeared  as a broad band

a c r o s s  the upper h a lf of the grad ien t, a lm o st cer ta in ly  rep resen tin g

125d iffu sion  of n o n -o rg a n ica lly  bound I and not sp e c if ic  in corporation  

of the iso to p e  into any p rote in  bound fra c tio n .

F ig . 27 show s the h is to lo g ic a l appearance of a thyrotox ic

g lan d  t r e a t e d  p rô « o j)e ra tîv e ly  w ith  c a rb im a ss o le /io d id e . A lthough
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P a t t e r n  of th y ro id  px’o te in s  f ro m  a  th y ro to x ic  h n m a n  th y ro id  
t r e a te d  w ith  c a r fo im a z o le /io d id e . SW  39 r o to r  a t  2 i , 0 0 0 r . p . m .  
fo r  16 h o u r s .
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F ig . 27

H ifito log ica l sec tio n  of thyrotoxic human thyro id  gland trea ted  
with c a r b iin a z o le /io d id e . H and £  x 190.
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th e  fo l l ic u la r  e p ith e liu m  is  m o re  cufooxdal th a n  in  th e  n o rm a l 

g lan d  (fig . ZZ),  th e r e  is  abundan t co llo id  p r e s e n t  w h ich  

c o r r e la te s  w ith  th e  predominaxVc th y ro g lo b u lin  pealc.

C a se  38 w as ex c lu d ed  f ro m  th e  s ta t i s t i c a l  a n a ly s is  b e c a u se  

th e  p a t te r n  of th e  thyx 'oid p ro te in s  w as o b v io u sly  d if fe re n t f ro m  

th a t of th e  o th e r  c a s e s  s tu d ie d . A lthough  th is  p a t ie n t  p r e s e n te d  

th e  c la s s ic a l, c l in ic a l  p ic tu re  of th y ro to x ic o s is  an d  show ed  

a p p ro p r ia te  c l in ic a l  im p ro v e m e n t on t r e a tm e n t  w ith  a n tith y ro id  

d rugs#  h is to lo g ic a l  e x a m in a tio n  of th e  r e s e c te d  sp e c im e n  (fig . 26) 

show ed  th e  p r e s e n c e  of s e v e re  g e n e ra l is e d  th y ro id it is#  in-» 

d is t in g u is h a b le  f ro m  th a t  of Hashimo1;o*s d is e a s e  (a u to - im m u n e  

th y ro id i t is ) .  A s c a n  foe s e e n , v e ry  l i t t le  c o llo id  v/as p r e s e n t  in  

th is  g la n d .

P’re-.tx -oatm ent w ith  K C IO ^. F ig .  29 show s th e  OD p a t te r n  of th e
■in-.L I . i r - , r „  iTTin ,TT1 r  i.TimiTir' r i i  iriilii Ti ^

th y ro id  p ro te in s  u s u a lly  p r e s e n t  in  a  th y ro to x ic  g la n d  c o n tro lle d  

w ith  th is  d ru g . A s show n in  T ab le  6# in  C a s e s  39“*42 in c lu s iv e#  

th e r e  w as m o re  p ro te in  in  th e  3 -8 8  p e a k  (m ea n  62.6% ) th a n  in  th e  

19S p e a k  (m ean  37 .4% ). No OD p eak  >19S w as  s e e n  in  any of 

th e s e  g la n d s .

B o th  ^̂ *̂ 1 an d  - le u c in e  w e re  in c o rp o ra te d  in to  th e  th y ro -

125g lo b u lin  region# a lth o u g h  th e  SA of I h ibe lU ng  w as v e ry  low .

H -le u c in e  w as a ls o  in c o rp o ra te d  in to  th e  3-8S  reg ion*
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F i g .  2 8

H isto lo g ica l se c t io n  of the thyro id  gland of C ase  38 . H and E x 75.
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p a t t e r n  of th y ro id  p ro te in s  f ro m  a th y ro to x ic  h u m an  th y ro id  
t r e a te d  w ith  KGIO^ * In c o rp o ra t io n  of an d  % I- le u c in e
in to  th y ro id  s l ic e e ^ a f te r  4 h o u rs  incubation*  SW 39 r o to r  a t 
2 1 ,O O O r.p .m , fo r  16 h o u r s .



Table 6:

Human thyrotox ic  g lands -  con tro lled  b efore  
op eration  w ith KCIO^ treatm en t

C a se
no. 278 198 3-8S

39 m 3 7 .9 6 2 .1
40 m 4 5 .2 5 4 .8
41 m 3 8 .5 6 1 .5
42 2 8 .1 7 1 .9

x<43 m 7 5 .5 2 4 .5

M ean 3 7 .4 M ean 6 2 .6

^E xcluded fro m  ca lcu la tion  of m ean  v a lu e s ,  
c a se  d escr ip tio n  in  tex t
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C ase 43 show ed a p ro te in  pattern  at v a r ia n ce  w ith th ose  

o£ the o th er  p atien ts in  th is  group* F u rth er  in v estig a tio n  of 

th is  patientas pre^^operative drug h isto ry  show ed that he had  

inadvertantly  r e c e iv e d  tw o d o se s  of 0*3m l JLugol*s iod ine  

th ree  days b efore o p era tio n .

The ty p ica l h is to lo g ic a l p icture of a th yro tox ic  gland  

trea ted  w ith  KGIO^ i s  shown in  fig* 30 , It w ill  be noted that 

th ere  i s  in ten se  ce llu la r  hyperplasia* The lu m in a  of the thyroid  

f o l l ic le s  are  reduced  to  s l i t s  and only v ery  l i t t le  co llo id  i s  p r e se n t.



V

F ig .  30

H is to lo g ic a l sec tio n  of a thyrotox ic  human thyroid  gland
trea ted  w ith KCIO .• H and E x 190,4
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NON~TOXIC GOITRES (G ases 44-#89)

T h ese  w ere  dealt w ith in  two groups» (1) T h ose  patients  

w ith a d iffu se  or m ultinodular n on -tox ic  g o itre  (C a ses  4 4 -7 2 ),

(2) T h ose w ith a c lin ic a lly  s in g le  thyroid  nodule (C a ses  73-89)*  

In both grou p s, h ow d ver, the OD p attern s w er e  b a s ica lly  

s im ila r  (fig* 31)1 the predom inant peak w as in  the thyroglobu lin  

reg ion  (m ean 74*4%, SD ^ 7* 7) for d iffuse and m ultinodular  

g o itre s  (T able 7) and 66*0% (SD -  1 2 ,2 ) fo r  thyro id  adenom as 

(T able 8), In d iffu se or m ultinodular g o itr e s  8,6%  (SD t  4*4%) 

of the to ta l p ro te in s w ere  in  the 27S area» in  the c a s e  of the 

thyro id  nodules 6*6% (SD -  4,3%)* One d iffu se ly  en larged  

thyroid  gland and two adenom as show ed no d em onstrab le 278 

p ro te in . Two of th e s e , the d iffu sely  en larged  gland and one 

nodule, w ere  stud ied  ea r ly  on in  the s e r ie s  and on rev iew  of the  

OD p a ttern s, it  i s  im p o ss ib le  to exclude slig h t overload ing  of the 

su c r o se  grad ien ts w hich w ould  ob scu re p ro te in  >198. O ther two 

p atients (C a ses 88 and 89) w ill be sep a ra te ly  d iscu ssed *

The 3 -8 8  p rotein  con stitu ted  17*6% (SD t  6 ,1 )  of the p rotein  

in  the d iffuse o r  m ultinodular n on -tox ic  g o itre  group and 27.3%  

(SD -  1 2 ,5 ) in  the c a se  of the so lita ry  n o d u les .

An attem pt w as m ade to  s e e  w hether the th yro id  p rotein
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P a ttern  of th yro id  p ro te in s  from, a .d iffu se  non**to3dc hum an  
goitre* In corporation  of and ^ leucine into thyroid  
s l ic e s  after 4 hours incubation . SW 39 rotor at 2 4 ,OOOrsp.m, 
for 16 h o u rs .



T able 7:

H um an thyro id  glands d iffuse and 
m ultinodular non-*tome g o itr e s  

% of thyroid  p ro te in s

C ase
n o . 278 198 3-8S

44 7 7 .5 2 2 .5
45 6 .1 7 4 .2 1 9 .7
46 1 3 .6 6 5 .1 2 1 .3
47 5 .1 8 5 .2 9 .7
48 6 .3 7 3 .4 2 0 .3
49 1 1 .0 6 5 .9 2 3 .5
50 9 .6 7 0 .4 2 0 .0
51 3 .4 7 1 ,0 2 5 ,6
52 5 .7 7 7 .3 1 7 .0
53 1 1 .2 64* 5 2 4 .3
54 6 .2 8 2 .0 1 1 ,8
55 1 1 .3 6 8 ,5 2 0 .2
56 1 8 ,1 6 9 .0 1 2 ,9
57 5 .7 84*8 9 .5
58 1 4 ,7 64* 8 2 0 .5
59 4 .0 7 6 ,0 2 0 ,0
60 1 1 .0 8 3 .6 5 ,4
61 4 .5 8 6 ,2 9 ,3
62 9 .2 7 5 .0 1 5 .8
63 7 .0 6 2 ,0 3 1 .0
64 13. 1 7 7 .0 9 ,9
65 7 .2 6 9 .8 2 3 .0
66 1 1 .5 7 6 ,5 1 2 ,0
67 2 .4 8 9 ,0 8 .6
68 1 6 3 .2 2 0 .6
69 8 .4 7 0 .6 2 1 ,0
70 1 4 .7 6 5 .6 1 9 ,7
71 7 .2 7 2 .1 2 0 ,7
72 4 .9 7 9 ,1 1 6 ,0

M ean 8 .6  
S .D .  ^ 4 .4

M ean 7 4 .4  
S .D . ’- 7 .7

M ean 1 7 ,6  
S .D .  ^ 6 ,1



Table Bï

H u m an  th y ro id  g la n d s  *- 
c lin ic silly  s o l i ta r y  th y ro id  n o d u le s  

% of th y ro id  p ro te in s

C ase
no. 278 19S 3 -8 8

73 7 6 .5 2 3 .5
74 5 ,6 5 1 .8 4 2 .6
75 1 2 ,6 7 9 .2 8 .3
76 2 ,5 8 1 .0 1 6 .5
77 6*0 6 1 .5 3 2 .5
78 1 0 ,7 62*0 2 7 .3
79 3 ,9 5 4 .4 4 1 .7
80 5 2 ,2 4 7 ,8
81 8 .6 8 4 .0 7 .4
82 1 2 .0 6 6 .3 2 1 .7
83 1 1 .8 4 5 ,4 4 2 .8
84 6 .1 6 5 .1 2 8 .8
85 2 .4 7 6 .3 2 1 .3
86 1 0 .1 5 9 .0 3 0 .9
87 7 .1 7 6 .6 1 6 .3

*88 m # 100
*89 5 ,0 9 5 .0

M ean 6 .6 M ean 6 6 ,0 M ean 2 7 ,3
S .D .  * 4 .3 S . D . t l 2 . 2 S . D . t l 2 . 5

^K xcluded fro m  s ta t is t ic a l analysis?  
c a s e  d escr ip tio n  in  text
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p attern  of so lita r y  nodu les show ed any co rre la tio n  w ith the 

p re -o p e r a tiv e  thyro id  sca n . T h ere w as no sig n ifica n t d ifferen ce  

in  the OD p attern s of a nodule w hich had been  'hot* on pre*  

o p era tiv e  scanning and one w hich had been  *cold*.

In a ll c a s e s  of d iffu se or m ultinodular g o itr e , the m ain  

p rotein  p resen t w as thyroglobu lin . T his co r r e la te d  w e ll w ith the 

h is to lo g ic a l p ictu re of the thyroid  glands fro m  th e se  p atients as 

i l lu s tr a te d  in  f ig . 32 w hich show s la rg e  fo l l ic le s  f i l le d  with  

co llo id  and lin ed  w ith a fla tten ed  ep ith eliu m .

W ith two ex cep tio n s (G ases 88 and 89) a ll the nodules stud ied  

a lso  contained  s im ila r  w e ll f i l le d  fo l l ic le s  w ith abundant co llo id  

p re se n t.

C ase  88 show ed a lm o st en tire ly  a 3-8S peak with only a sm a ll 

peak p resen t in  the thyrdglobulin  reg ion . The nodule in  th is

131patient had appeared  so m e y e a r s  after a th erap eu tic  dose of I 

had been  g iven  to the patient for  treatm en t of th y r o to x ic o s is . 

B eca u se  of the tim e of appearance of the nodule and it s  f irm  

c o n s is te n c y , it  w as d ecid ed  that the p o ss ib ility  of m alignant change 

in  th is  irra d ia ted  rem nant cou ld  not be exclu ded  and the nodule 

w as accord in g ly  exc ised *  H isto lo g ica l exam in ation  show ed it  to  

be com p osed  o f n ecro tic  m a te r ia l. The OD p attern  of the gland
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F ig . 32

H is to lo g ica l sec tio n  of d iffuse non-tox ic hum an g o itre . H and E % 190.
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show ed it  to  be en tire ly  com p osed  of ligh t w eight p rotein  w ithout

125 3any thyroglobu lin  p r e se n t. Ï and H -leu c in e  w ere  not

in corp ora ted  into p rotein  > 3 -8S .

The rem ain ing  patient (C ase 89) in  th is  group w as subm itted

to th yro id ectom y b eca u se  of a rapid ly grow ing f ir m  nodule in

the right lobe of the th yro id  gland. T h is lik e w ise  contained

v ery  l it t le  p rote in  in  the thyroglobu lin  reg ion  (approxim ately  5%),

w ith the g r e a te s t  am ount of p rotein  being p resen t in  the 3-8S  reg ion . 

125 3I and H -leu c in e  w as not in corp orated  in to  p rotein  la r g e r  than  

3 -8 8 . H is to lo g ica l exam ination  of the nodule (fig . 33) show s 

th is  to be a so lid  adenom a com p osed  of eo s in o p h ilic  c e l ls  -  a 

H urtle c e l l  adenom a. V ery  l it t le  co llo id  w as p resen t w hich  

c o r r e la te s  w e ll w ith  the OD pattern .



u

F ig , 33

H is to lo g ica l sec tio n  of thyroid  nodnle (C ase 89) showing H urtle  
c e ll  adenom a, H and E x 190.
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CHAPTER 16 

HASHIMQTO*S THYRQXDITIS (C a ses 90-94)

In a ll 5 patien ts w ith  th is  condition w ere  stu d ied . F our  

of the patienta p resen ted  the c la s s ic a l  h is to lo g ic a l p ictu re of 

th is  cond ition , as shown in  f ig . 34, but the rem ain in g  patient 

(C ase 92) w as h is to lo g ic a lly  a typ ica l, as shown in  f ig . 35, but 

w as even tu a lly  judged by the p ath olog ist as fa llin g  in to  th is  

group of con d ition s.

A v a r ie ty  of OD p atterns w ere  obtained. In a ll ,  h ow ever , 

the obvious fea tu re  w as a re la tiv e  d e cr ea se  in  thyroglobu lin  

and in c r e a s e  in  3 -8 8  p rotein  as com pared  w ith  the n orm al gland  

(fig . 23) and T able 9. Indeed, in  C ase 92, only a lig h t w eight 

pealc w as p r e se n t. In none of the 5 glands stud ied  w as a p rotein  

peak running in  the 2?8 p o sitio n  se e n . In two g lan d s, h ow ever , 

as illu s tr a te d  in  f ig . 36 , a peak in  the 328 reg ion  w as noted.

T here w as no h is to lo g ic a l d ifferen ce  b etw een  th o se  w ith  a 32S

p rotein  p resen t or  ab sen t. The ty p ica l p attern  of in corp oration

125 3 125of I and H -leu c in e  can  be seen  in  f ig , 36 . I w as reg u la r ly

in co rp o ra ted  in  the thyroglobu lin  reg ion  and a lso  into p rotein  in

the 128 and 3 -8 8  s ta g e . T h is pattern  of ^^^I in corp oration  w as

se en  even  in  C ase 92 in  w hom  th ere  w as no thyroglobu lin  dem onstrab le

on the thyro id  p rote in  scan- (F ig . 37).
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F ig .  34

H is to lo g ica l sec tio n  of hum an thyroid  show ing ap pearan ces  
of H a sh im o to 's  th y r o id it is . H and E x 190.
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F ig .  35

H ia to lo g ica i se c tio n  of thyro id  gland of C ase 92. H and E x 190



T able 9:

Hiîman thyroid  glands I rom  p atien ts  
w ith H ashim oto*s th yro id itis  

% oi thyro id  p rotein s

C ase  
no g 328 27S 198 3 -8 8

90 3 8 .0 6 2 ,0
91 1 0 .4 3 2 .0 5 7 ,6
92 ## m 100
93 5 .8 m 9 4 .2
94 4# 5 3 .5 4 6 .5
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Fig* 36

Patteirn of thyroid  p rote in s from  H asliim oto^s th yro id itis  (Casa 91), 
In corporation  of and %î--leucine into thyroid  s l ic e s  a fter  4
hours incubation^ SW 39 rotor at 2 4 ,OOOr.p.m# fo r  16 h o u rs .
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F ig*  37
125 3P a t te r n  of th y ro id  p ro te in s  and  in c o rp o ra t io n  of I and  H '^ leucine

xnl;o th e  th y ro id  p ro te in s  a f te r  4 h o u rs  in c u b a tio n  (C aao 92), SW 39 
r o to r  a t 24*O O O r,p ,m , fo r  l6  h o u r s .
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CHAPTER. 17

M ALIGNANT THYROID GLANDS (G a se s  95-99) (T ab le  10)

D u rin g  th e  c o u r s e  of th is  s tu d y  th e  o p p o rtu n ity  a r o s e  to  

s tu d y  n a a te r ia l  f ro m  5 p a t ie n ts  w ith  th y ro id  n eo p las ia*

In  3 an  a n a p la s t ic  c a rc in o m a  w as th e  h is to lo g ic a l  d iagnosis*  

In  Z o i th e s e  th e  CD p a t te r n  w as a s  show n in  th e  m id d le  p o r tio n  

of fig* 3.8* A s c a n  be s e e n , th e r e  i s  v ir tu a l ly  no d is c e rn ib le  

QD p ea k  in  th e  th y ro g lo b u lin  re g io n ; th e  p r o te in  c o n s is ts  a lm o s t 

e n t i r e ly  of a  b ro a d  3"*88 peak# T h is  c o r r e la te s  w e ll w ith  the  

h is to lo g ic a l  p ic tu re  o f th e s e  tu m o u rs ,  as  show n in  fig* 39*

I t  w ill  be s e e n  th a t  th e  t i s s u e  i s  co m p o sed  entix’Oly of r a th e r  

n e c i’o tic  c e l ls  w ith  no o b v io u s c o llo id  p r e s e n t  in  th e  sec tio n s#

In  th e  re m a in in g  p a tie n t (C ase  97) w ith  an  a n a p la s t ic  tu m o u r , 

a  s ig n if ic a n t am o u n t of p ro te in  w as  p r e s e n t  in  th e  th y ro g lo b u lin  

re g io n  a s  w e ll a s  a  p e a k  in  th e  368 position#  H is to lo g ic a l 

e x a m in a tio n  of th is  tu m o u r  (fig* 40) show ed  th a t  d e s p ite  th e  

d iffu se  r e p la c e m e n t of th e  f o l l ic u la r  t i s s u e  by m a lig n a n t c e l l s ,  

th e r e  w e re  su rv iv in g  i s l e t s  of fo l l ic le s  in  th e  gland#

A s m ig h t be a n tic ip a te d , ^^^I and  *^H**»leucine w e re  in**

C O rpora ted  in to  th e  th y ro g lo b u lin  re g io n  on ly  in  th is  l a s t  p a tie n t 

(C ase  97)# T he p re d o m in a n t p ro te in  io d in a te d , h o w e v e r, w as  th e



T able 10;

M alig n an t h u m a n  th y ro id  g la n d s

C a se
n o .

Typo of 
c a rc in o m a 278 198 3#8S

95 A n a p la s tic 10#C 9 0 .0
96 A n a p la s tic m 100
97 A n a p la s tic 16 .3 50*5 3 3 .2
98 P a p i l l a r y 12 .3 77*8 9 .9
99 F o l l ic u la r 5*0 9 5 .0



S H E E P  TH Y R O G L O B U L IN
0 50

0 25

26*8 s 19 s

A N A P L A S T IC  C A R C IN O M A

0-25 ■

0 5s

A N A P L A S T IC  C A R C IN O M A

0-25

3s 18 7s 8 8s

FRACTION NUMBER

F ig . 33

P a tto rn ? : of th y zo ld  p ro to in e  in  a n a p la s tic  c a rc in o m a  of the  h u m an  
th y ro id , SW 39 r o to r  a t B 4 * 0 0 0 r,p ,m *  fo r  16 h o u r s .
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H ia to lo g ica i se c tio n  o f an ap lastic  thyro id  ca rc in o m a  (C ase 95). 
H and X 190.
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F lg . 40

H is to lo - ic a l se c tio n  of an ap lastic  ca rc in o m a  (C ase  97), H and E x  190.
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b ro a d  3**8S p e a k . In  th e  o th e r s  w as n o t in c o rp o ra te d  and  

3H * leu c in e  w as in c o rp o ra te d  only  in to  th e  light-»-weight p r o te in s .

O ne p a tie n t (C ase  98) w ith  a  r e c u r r e n t  p a p i l la ry  tu m o u r  of 

th e  th y ro id  w as seen^ T he OD p a t te r n  w as v e ry  s im i la r  to  th a t 

of a  n o n - to x ic  g o itr e  (fig . 31)* H is to lo g ic a l e x a m in a tio n  of th e  

r e c u r r e n t  tu m o u r  show ed  th a t  th e  p a p i l la ry  e le m e n ts  in  fa c t  

m ad e  up a  s m a ll  p ro p o r t io n  of th e  g o itre  (fig . 4 1 ).

O ne p a tie n t  w as s e e n  (C ase  99) in  w hom  th e  d ia g n o s is  of a 

low  g ra d e  fo l l ic u la r  c a rc in o m a  of th e  th y ro id  w as m a d e . T h is  

p a t ie n t  p r e s e n te d  w ith  a  l a r g e  n o h -to x ic  g o i t r e  p r e s e n t  fo r  m an y  

y e a r s .  A t th y ro id e c to m y , p e r fo rm e d  b e c a u se  of p r e s s u r e  

sy m p to m s , a  500C th y ro id  w as re m o v e d . H is to lo g ic a l  e x a m in a tio n  

of m o s t of th e  r e s e c te d  t i s s u e  show ed  th e  a p p e a ra n c e  of a  s im p le  

n o n -to x ic  g o i t r e ,  and  th e  OD p a t te r n  of th e  th y ro id  p ro te in s  w as 

s im i la r  to  f ig . 31* In  one a r e a  of the  g lan d , h o w e v e r , a  tu m o u r  

in v ad in g  th e  g lan d  c a p su le  w as  found  and  th is  show ed  a p p e a ra n c e s  

c o n s is te n t w ith  f o l l ic u la r  c a rc in o m a  of th e  th y ro id ,  co n ta in in g  

v e ry  l i t t l e  th y ro g lo b u lin  (fig . 4 2 ). T he OD p a t te r n  of th e  th y ro id  

p ro te in  f ro m  th is  p a r t  of th e  g la n d  w as c o n s is te n t  w ith  th i s .
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F lg .  41

H is to lo g ic a l se c tio n  o£ recu rren t p ap illary  carcin om a of hum an  
thyro id  (C ase 98). H and E x 190.



F lg . 42

H is to lo g ic a l se c tio n  of fo llic u la r  carcin om a of thyroid  (C ase 99). 
H and £  x 190.
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CHAPTER 18

A POSSIBLE DYSHQRMQNQGENETIC GOITRE (C ase 100)

T h is p atien t, a fem a le  aged  28, p resen ted  in it ia lly  to

the T hyroid  C lin ic  at the R oyal In firm ary , G lasgow  in  1962.

A t that tim e  she gave a h is to ry  of a go itre  of 6 m onths

duration . F o r  the p reced in g  two y e a r s  sh e had been  taking

la r g e  am ounts o f iod ide in  the form  of 'e lix ir  Sibec* a

p ro p rie ta ry  cough m ixtu re w hich  contains 5*588% W /V  sodium

io d id e . At that tim e  h er uptake of rad ioiod ine w as ex trem e ly

low  and a d iagn osis  of iod ide induced g o itre  w as m ad e.

F o llow in g  w ithdraw al of the iod id e-con ta in in g  m ed ica tion  h er

g o itre  b ecam e sm a lle r .

In 1969 she w as again re fe rr ed  b ecau se  of in cr ea s in g

thyro id  en la rg em en t. She had taken no iodine--containing

m ed ica tio n  for  at le a s t  two y e a r s .  At th is  tim e  she w as

c lin ic a lly  hypothyroid* T h is w as con firm ed  by a r e s in  sponge

te s t  r e su lt  of 23,3%  (norm al 25-35% ). The th yro id  gland w as of

a f irm  co n s is te n c y , A p rec ip itin  te s t  for  the p r e se n c e  of an ti-

131thyroglobu lin  antibodies w as n eg a tiv e . The I te s t s  ca r r ie d  

out at th is  tim e  show ed an in it ia lly  norm al uptake pattern  (gland  

uptake at 2 h o u r s , 14% d o se  and at 4 h o u rs , 30% of dose) but
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w hich  la te r  f e l l  at 24 h ou rs to 14% of dose; the to ta l p la sm a  

131 131
I (TP ‘ I) at 48 h ours w as 0*38% d o s e / l i t r e  of p la sm a

and the p ro te in  hound (PB^^^I) w as 0*01% d o s e / l i t r e  of

plasm a* A p erch lo ra te  d isch a rg e  t e s t  show s no d isch a rg e  of 

131accu m u lated  I su ggestin g  that th ere  w as no d efec t in  ty ro sin e

iodination* In v iew  of the doubt about the d ia g n o s is , and the

h is to r y  of recen t en la rg em en t, thyro idectom y w as ca r r ie d  out*

H is to lo g ic a l exam in ation  of the r e se c te d  t is s u e  (fig* 43)

show s m ark ed  th yro id  h y p erp la sia  and no ev id en ce  of thyroid itis*

The OD p attern  of the thyro id  p ro te in  and the pattern  of 

125 3in co rp o ra tio n  of 1 and H -leu c in e  i s  shown in  fig* 44* It

w ill  be noted  that th ere  i s  a re la tiv e  lo s s  of th yroglobu lin  and

an in c r e a se d  3*85 p ro te in  peak* T h ere i s  no p ro te in  peak >198,

^^^I and \ l - l e u c i n e  are  both in corp ora ted  in to  the 195 protein ; 

125I i s  in co rp o ra ted  to a s lig h t extent into the 128 protein*

H -leu c in e  i s  in co rp o ra ted  into the lig h t w eigh t (3 -85) peak* Ho

ev id en ce  of an abnorm al iod in ated  3-85  p ro te in  w as obtained*

125In v itro  stu d ies  u sin g  I - la b e lle d  MIT show ed that the gland

deiod inated  norm ally*

It i s  d ifficu lt to  p r e c is e ly  pinpoint the d efect in  th is  g land,
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F ig . 43

H isto lo g ica l sec tio n  o f thyroid  gland of C ase  100, H and £  x  190
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P a ttern  of thyro id  p ro te in s from  C ase 100* Incorporation  of 
125% and 5x-l*-leucin© into thyroid  s l ic e s  a fter  4 hours incubation , 
SW 41 rotor at 2 8 * 0 0 D r ,p ,m . for 16 h o u rs .
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but the h y p erp la stic  gland ob viously  undei* m ark ed  TSH 

stim u la tion  and w ithout ev id en ce  of thyroiditis^  i s  su g g estiv e  

of so m e d efect in  the pathway of thyroxine s y n th e s is .
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C O R R ELA TIO N  O F IOD INE CO N TEN T O F THYHQID 

PR O T EIN S W ITH THYROID PATHOLOGY 

T he d e g re e  of io d in a tio n  of th e  th y ro id  p ro te in s  w as 

e s t im a te d  by d e te rm in in g  io d in e /p ro te in  r a t io  of th e  so lu b le  

thyx’o id a l p ro te in s  p r e c ip i ta te d  by 50% am m o n iu m  su lp h a te .

T h is  w as done in  a l l  th e  ’n o rm al*  g la n d s , a l l  th e  th y ro to x ic

g la n d s  f ro m  p a t ie n ts  t r e a te d  w ith  K C lO ., a l l  H ash im o to * sd’

th y ro id i t is  and  a l l  th y ro id  tu m o u rs .  T he sa m e  p ro c e d u re s  

w e re  a ls o  c a r r i e d  out in  ra n d o m ly  s e le c te d  g ro u p s  of 10 

th y ro to x ic  p a t ie n ts  t r e a te d  w ith  c a rb im a z o le  and  io d in e  

(C ase  38 b e in g  e x c lu d ed ), and  10 p a tie n ts  w ith  e i th e r  d iffu se  

o r  m u lt in o d u la r  non*^toxic g o itr e  o r  th y ro id  ad e n o m a  (C a se s  

88 and  89 b e in g  exc luded ) . T he r e s u l t s  a r e  show n in  T ab le  11, 

In  th e  g ro u p  of 8 n o rm a l  g la n d s , th e  m e a n  io d in e  co n ten t 

of th e  th y ro id  p ro te in s  w as 2 . 81;rG io d in e /m g  p ro te in  ( ra n g e  

1 . 60**'3* 68). In  th y ro to x ic  p a t ie n ts  p re -^ tre a te d  w ith  c a rb im a z o le  

and  io d in e , th e  m e a n  r e s u l t  w as 0 , 87 jjlG  io d in e /m g  p ro te in  

( ra n g e  0 .4 2 - 1 ,7 4 ) ,  T h is  is  s ig n if ic a n tly  d if fe re n t f ro m  th e  

r e s u l t  o b ta in e d  in  th e  'n o rm a l*  g ro u p  (p < 0 .001), bu t i s  not 

s ig n if ic a n tly  d if fe re n t f ro m  th e  g ro u p  of th y ro x ic  p a t ie n ts  

t r e a te d  b e fo re  o p e ra t io n  w ith  K CIO^ (m ean  0 , 73pG io d in e / m g



Table 11:

C o r re la t io n  of io d in e  co n ten t of th y ro id  p ro te in s
w ith  th y ro id  patho logy

H is to lo g ic a l  d ia g n o s is Ho* in Io d in e  co n ten t of 
th y ro id  p ro te in s  

gxonp (|xG io d in e /m g  p ro te in )

♦Normal^

T h y ro to x ic o s is
(carb inaaasole/ io d id e  tr e a tm e n t)

T h y ro to x ic o s is  
(KCIO . t r e a tm e n t)

N on^tox ic  g o itre  
(inc lud ing  th y ro id  adenom a)

H a sh im o to  * s thy  r o id i t i  a

T h y ro id  c a rc in o m a

8 2 .8 1  (ra n g e  1 .6 0 -3 .6 8 )

10 0*87 (ra n g e  0 .4 2 - 1 .  74)

5 0 .7 3  (ra n g e  0 .5 1 -1 .1 2 )

10 0*83 (ra n g e  0 .1 3 -1 .4 0 )

5 0 .8 1  (ra n g e  0 * 1 6 -1 .9 5 )

5 0 .2 5  (ra n g e  0 .0 2 - 0 .  42)
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p ro te in  -  range 0 .5 1 -1 *  12). The num ber in  th is  la s t  group is  

too sm a ll to p erm it fo rm a l s ta t is t ic a l a n a ly s is .

The group of n o n -to x ic  g o itre  (including th yro id  adenom a) 

w as a lso  not s ig n ifica n tly  d ifferen t in  iod in e content (m ean  

0 .83p G  io d in e /m g  p ro te in  -  range 0 .1 3 ^ 1 .4 0 )  fro m  the th y ro 

to x ic  p a tien ts . The m ean  of th is  group i s ,  h o w ev er , 

s ig n ifica n tly  d ifferen t fro m  the 'normal* group (p < 0 ,0 0 1 ).

The m ean  va lu e for the group of p atien ts w ith  K ashim oto*s  

d ise a s e  w as 0 , 81pG iod in e /m g  p rote in  (range 0 .1 6 - 1 .9 5 ) .

T h is fa lls  into the sam e range as the r e su lts  o f the p atien ts  

w ith th y r o to x ic o s is  or n o n -to x ic  g o itr e .

The sm a ll group of p atien ts w ith thyro id  ca rc in o m a  had, as 

an tic ip ated , the lo w e s t  va lu e for  iod ination  of the thyro id  p rotein  

(m ean va lu e 0 .25p G  io d in e /m g  p ro te in  -  range 0 .0 2 -0 * 4 2 ) .

It i s  notew orthy that on ly  one path o log ica l gland had an 

iod in e content w h ose va lu e overlap p ed  the lo w e s t  va lu e fro m  

the group of 'norm al* g la n d s. T h is w as fro m  a th yrotox ic  

%aatient trea ted  w ith  ca rb im a zo le  and iod ine p r e -o p e r a t iv e ly .
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CHAPTER 20

SUMMARY OF SECTION 4

In th is sec tio n  the changes in  the thyroid  p rotein  patterns

in  hum an th yro id s -  both 'normal* and from  a v a r ie ty  of

d ise a se d  sta te s  -  are d escr ib ed  and the r e su lts  of ^  v itro

125incubation  of thyroid  s l ic e s  from  th e se  glands w ith  I and
3

H -leu c in e  documented#

In the 'normal* hum an thyroid  the m ain  p ro te in  w as th y ro -

125 3globulin  and bath I and H -leu c in e  w ere  w e ll in corporated  

into th is protein* A 278 and 3-88  protein  peak w ere  a lso  seen* 

In th y ro to x ico s is  the amount of thyroglobu lin  found v a r ied  

w ith the p ro -o p era tiv e  drug trea tm en t, but the strik in g  feature
3

w as a lack  of thyroid  p ro te in s >198. H -leu c in e  w as w e ll

125in corp orated  into thyroglob in  but I w as poorly  in corporated

due to the p ro -o p era tiv e  drug treatm ent*

In n on -to x ic  go itre  and thyroid  adenom as (with o cca sio n a l

125excep tion s) a n orm al p rote in  pattern  w as found and I and
3
H -leu c in e  w as n orm ally  in corp orated  into thyroglobu lin .

In H ashim oto*s th y ro id itis  a v a r ie ty  of thyro id  p rotein  

patterns w ere  found, but th ere  w as a constant dim inution in  

the i>ercentage of the thyroid  p rotein s p resen t as thyroglobu lin .
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In 2 of 5 glands a 32S peak w as noted* I w as incoirporated

not on ly into thyroglobu lin , but a lso  into lig h ter  p rote in s;

3H -leu c in e  w as not in corp orated  in  v itro  in to  thyroglobu lin .

In m alignant th yro id s th ere w as a d im inution in  the thyro

globulin  content of the thyro ids and an in c r e a se d  lig h t-w eig h t  

125 3protein* I and ‘H -le tic in e  w ere  poorly  in corp ora ted  into  

the thyro id  p ro te in s , the d egree  o f in corp oration  re flec tin g  the 

d eg ree  of d ifferen tia tion  of the thyroid  tum our *

In g en era l th ere  w as a good co rre la tio n  b etw een  the p rotein  

pattern  and the h is to lo g ic a l appearance of the th yro id . W here  

l it t le  co llo id  w as se en  th ere  w as a re la tiv e  la ck  of 198 p rotein  

and a re c ip ro c a l in c r e a se  in  3-8S protein»

The m ean  iod ine content of the thyroid  p ro te in s  (2, BljjiG/ m g  

protein) w as approxim ately  th ree  t im e s  g r e a te r  in  the 'normal* 

th yro id s than in  any of the o ther path o log ica l g ro u p s. The other  

groups ( th y ro to x ico s is , n o n -to x ic  g o itr e , H ashixnoto's th yro id itis)  

a ll had a rem arkab ly  s im ila r  iod ine content p er  m g p rote in . 

T hyroid  ca rc in o m a s contained  on average a%)proximately 10% of 

the 'norm al* iod in e content per m g p rote in .



81

SECTION 5

THYROID PROTEINS IN VERTEBRATES

Chapter 21 T hyroid  p rotein s of n orm al

v er te b r a te s

C hapter 22 T hyroid  p rotein s of an im al g o itr e s

C hapter 23 Sum m ary of S ection  5
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CHAPTER 21 

THYROID PROTEINS OF NORMAL VERTEBRATES  

A lim ite d  study w as m ade o£ the d istrib ution  of the thyroid  

p rotein s in  d ifferen t v e r te b r a te s . The r e su lts  are  su m m a rised  

in  T able 12. The p atterns found in  'normal* hum an thyroid  

m a te r ia l h as a lread y been  d eta iled  in  T able 4 ,

M ost of the v e r te b r a te s  stud ied  had an OD pattern  of thyro id  

p ro te in s s im ila r  to that o f the noi’m al hum an, as show n in  f ig , 23 , 

T hyroglobu lin  con stitu ted  the m ain  p rotein  in  a ll glands stud ied  

fro m  n orm al a n im a ls , ranging from  a m ean  va lu e of 68,4%  of 

the to ta l thyro id  p ro te in  in  the rat to 88* 1% in  the cow .

In a ll a w e ll m ark ed  3 -88  peak w as p r e se n t. T h is ranged  

in  amount from  6# 5% in  the cow to 25* 3% in  the ra t.

In a ll an im als stud ied , excep t the h o r s e , a defin ite  278 pealc 

w a s se e n . T h is ranged  in  amount from  5,4% in  the cow to 16,0%  

in  the gu inea p ig . T h ere  w as no constant a ltera tio n  in  d istrib ution  

of the thyro id  p ro te in s w ith body s ia e .

In the two ex a m p les o f h o rse  thyroid  stud ied  the pattern  w as  

that shown in  f ig , 45* At the m o st only ttie m e r e s t  tra ce  of 278 

p rotein  w as p re sen t.

In sh eep  thyroid  p rep aration s a 326 peak w as com m only se e n .

L



T able 12:

D istrib u tion  of thyroidal p ro te in s in  
d ifferen t v er teb ra tes

A nim al N o, in
group 278 198 3-8S

M ouse 6 5 ,3 8 0 ,7 1 4 .0

Rat 10 6 ,3 6 8 ,4 2 5 ,3

H a m ster 3 10 ,1 7 0 ,3 1 9 ,6

G uinea pig 3 1 5 .0 7 8 ,2 6 .8

Rabbit 2 8 ,1 7 5 ,4 1 6 .5

Cat 2 7 ,5 7 5 ,7 1 6 .8

Dog 2 5 ,8 7 8 ,5 1 5 .7

Sheep 10 1 2 .6 77*3 10 ,1

Cow 2 5 ,4 8 8 ,1 6 ,5

H o rse 2 « 87*4 1 2 ,6
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P a ttern  of thyro id  p ro te in s from  h o rse  thyroid  gland . 
SW 41 rotor at 28*OOOr.p.m. for  16 h o u rs .
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H is to lo g ic a l exam in ation  of the th yro id  g lands of the  

v e r te b r a te s  stud ied  show ed a s im ila r  p attern  to that of the 

n orm al rat and human* shown in fig* 1 and ZZ r e sp e c t iv e ly ,  

and a r e , to avoid  rep e titio n , not illu strated *  The excep tion  

w as the h o rse  in  w hich  the h is to lo g ic a l p ic tu re  w as as shown  

in  fig* 40^ T h ere w as in  both an im als stud ied  ev id en ce of 

in c r e a se d  TSH a ctiv ity , as show n by the appearance of m any  

absorp tion  v e s ic le s  at the p erip h ery  of the colloid*

Iodine content of noi'm al v er teb ra te  glands

The r e su lts  are d eta iled  in  T able 13. It w ill  be seen  

that m o st  of the an im als stud ied  had m ore  io d in e /m g  p rotein  

than did the hiorm al* hum  air stud ied  (m ean E.BljxG io d in e /m g  

protein ; range 1* 60*^3.68). The m ajority  of an im als fe l l  in  

the range of ap proxim ately  4*0^6.0|jiG iod ine /m g  p ro te in , The 

only sa m p les  w hich fe l l  ou tsid e  th is  range w ere  the cat and dog 

perhaps due to the iod ine content as f ish  su p p lem en ts of 

p ro p rie ta ry  pet foods  ̂ and the gu inea pig w hich  w as lo w er  than  

the r e s t  at 1 .99pG  io d in e /m g  p ro te in .
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H is to lo g ica l sec tio n  of thyroid  t is s u e  of h o r se . H and E x 75



T able 13:

Iodine content of thyroid  p rote in s of 
differen t v er teb ra tes

A nim al No# in
group

Iodine content of 
thyroid  p rote in  

(pG io d in e/ m g protein )

M ouse 6 a# 15

Rat 10 5#40

H a m ster 3 4 ,8 0

G uinea pig 3 1 .9 9

Rabbit Z 6 ,1 5

Oat Z 8 ,1 6

Dog Z 8# 11

Sheep 10 5 .1 5

Cow 2 5 .9 7

H orse 2 4 ,0 6
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THYROID PROTEINS OF ANIMAL GOITRES

During the co u rse  of the study the opportunity a ro se  to

study spontaneously  occu rrin g  go itre  in  two a n im a ls .

The f ir s t  w as a th yrotox ic  b oxer dog# w hich w as stud ied

in  B oston . In  th is an im al the thyrotoxic sta te  w as due to a

hyperfunctioning thyroid  adenom a. T issu e  w as obtained at

th yro id ectom y p erfo rm ed  w ithout p re lim in a ry  antithyroid

m edication# the p er ip h era l m an ifesta tion s of th y r o to x ic o s is

being co n tro lled  w ith  p ropranolol during an aesthesia#  At

op eration  a n ecro tic  c y s t ic  nodule w as rem oved* P o rtio n s

w er e  incubated  in  v itro  as d escr ib ed  in  S ectio n  2 ,

T he OD p attern  of the thyroid  p rotein  w as as shown in

f ig . 4 7 . At th is  tim e a ltera tio n s in  thyro id  p ro te in  >198 w ere

not ap p recia ted  and no co n clu sio n s can be drawn about th e s e .

It w ill  be noted  that a sm a ll amount of thyroid  p ro te in  runs in

the thyroglobu lin  reg ion  although sh ort of 198# The m ain  peak

125i s  in  the S'*88 p o s it io n . I i s  p oorly  in corp ora ted  into the 

thyroid  proteins# but does appear to a s lig h t extent in  the 188
3

p ro te in . H•^leucine i s  w e ll in corp orated  into the 188 p rotein

and a lso  into the 128 and 3*SB p ro te in s .
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P a ttern  of thyroid  p ro te in s fro m  th yrotox ic  b oxer dog.
In corporation  of and ’-‘leu c in e  into th yro id  s l ic e s  a fter  4 hours  
in cubation , SW 2 5 ,1  rotor at 2 1 ,0 0 0 r ,p ,m , for  40 h o u rs .
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P a ttern  of thyroid  p ro te in s from  go itrou s m erin o  sh ee p ♦ 
SW 41 rotor at EB*000i% p.m. for 16 h o u r s ,
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T he se c o n d  g o itro u s  a n im a l s tu d ie d  w as a  th y ro id  g lan d  

f ro m  one of th e  g o itro u s  m e r in o  sh e ep  d e s c r ib e d  in  d e ta il  by 

F a lc o n e r  (1966)* In  th e s e  a n im a ls  th e  p r e s e n t  ev id en ce  

p o in ts  to  th e r e  be in g  a  c o n g e n ita l g o itre  a s s o c ia te d  w ith  th e  

p ro d u c tio n  of an  a b n o rm a l io d in a te d  th y ro id  p ro te in *  T h y ro id  

t i s s u e  re m o v e d  f ro m  a  g o itro u s  sh eep  w as t r a n s p o r te d  in  a  

f ro a e n  s ta te  by a i r  f ro m  A d e la id e  to  G lasgow * B e c a u se  of 

th e  t im e  of t r a n s p o r ta t io n  ho  in c u b a tio n  s tu d ie s  w e re  p e rfo rm ed ^  

T he OD p a t te r n  i s  show n in  fig* 48* I t  w ill be s e e n  th a t  v e ry  

l i t t l e  p ro te in  i s  p r e s e n t  in  th e  th y ro g lo b u lin  reg ion*  A la rg e  

3-«8S p e a k  i s  p r e s e n t  a s  i s  a  w e ll d e fin ed  38S peak* Ho 27S 

p ro te in  i s  p re se n t*  T he io d in e  co n ten t of th e  th y ro id  p ro te in s  

f ro m  th is  a n im a l w as v e ry  low  a t  0*4pG io d in e /m g  p ro te in *
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C H A PT E R  E3 

SUMMARY OF SECTIO N  5 

F r o m  th e  l im ite d  s tu d ie s  c a r r i e d  out i t  w ou ld  a p p e a r  

th a t  m o s t  of th e  v e r te b r a te s  s tu d ie d  have  a  v e ry  s im i la r  

p a t te r n  of th y ro id  p ro te in s  * T he h o r s e ,  h o w e v e r, i s  u n u su a l 

in  hav ing  v ir tu a l ly  no 27S p ro te in ,

L ik e w is e , th e  io d in e  co n ten t of th e  th y ro id  p ro te in s  of 

th e  v e r te b r a te s  s tu d ie d  f a l l  in to  a  v e ry  n a r ro w  ra n g e . In  

so m e  ^ th e  c a t an d  th e  dog •* th e re  a r e  p ro b ab ly  ad eq u a te  

d ie ta ry  r e a s o n s  to  e x p la in  th e  h ig h e r  v a lu e s  found . T he 

g u in e a  p ig  h a s  a  lo w e r  io d in e  co n ten t th a n  th e  o th e r  a n im a ls  

s tu d ie d .

In  th e  tw o a n im a ls  s tu d ie d  w ith  sp o n tan eo u s  g o i t r e s ,  th e  

OD p a t te r n  of th e  th y ro id  p ro te in s  w as s im i la r  to  th a t o b ta in ed  

in  e x p e r im e n ta lly  in d u c ed  g o i tr e s  in  th e  r a t .
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C H A P T E R  24 

IN TRO D U CTIO N  

I t  h a s  a l r e a d y  b e e n  n o te d  in  th e  p re c e d in g  S e c tio n  th a t  

in  m o s t  v e r t e b r a te s  a  278 p ro te in  p ea k  is  p r e s e n t  in  ad d itio n  

to  th e  198 an d  3 -8 8  p e a k s .  H o w e v e r, a s  d e ta i le d  in  S e c tio n  4 , 

in  th y ro to x ic  h u m a n  th y ro id  g la n d s  u s u a lly  no p r o te in  >198 w as 

p r e s e n t ,  w h e re a s  in  H a s h im o to 's  th y ro id i t is  a  328 OD p e a k  w as  

s e e n  on  o c c a s io n s ,  A  s m a ll  328 p ea k  w as  a ls o  f re q u e n tly  s e e n  

in  p r e p a r a t io n s  of n o rm a l  sh e e p  th y ro id  p ro te in s  and  on r a r e  

o c c a s io n s  in  p r e p a r a t io n s  of ’no rm al*  h u m a n  th y ro id  p ro te in s*  

In  th is  S e c tio n  i t  i s  in te n d e d  to  e x p lo re  th e  s i tu a t io n s  in  

w h ich  a l te r a t io n s  in  th e  OD p e a k s  >198 o c c u r .
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C H A P T E R  25 

THYROID P R O T E IN  >198 IN  TH E GOITROUS RAT 

T h e  OD trac in g B  of th e  thyi^oid p ro te in s  f ro m  n o rm a l 

r a t s  and  f ro m  r a te  m ad e  g o itro u s  by P T U  a d m in is t ra t io n  

a r e  show n in  fig* 49# F o r  th is  study  co n d itio n s  of u l t r a -  

c e n tr ifu g a tio n  w e re  c h o sen  so th a t p ro te in s  >198 w e re  w ell 

s e p a r a te d  f ro m  th e  b o tto m  of th e  g rad ien t#  I t  w ill  be  n o ted  

th a t a lthough  in  th e  n o rm a l r a t  th e  p re v io u s ly  d e s c r ib e d  

p a t te r n  of p re d o m in a n t 19S p eak  w ith  s m a l le r  278 an d  3-88 

p eak s  is  s e e n , in  th e  g o itro u s  r a t  th e  3-88  p ro te in  p eak  is  

now th e  p re d o m in a n t o n e , w ith  th e  p eak  in  th e  th y ro g lo b u lin  

a r e a  being  an a rk ed ly  d im in ish e d  r e la t iv e  to  th e  3 -88  peak* 

No d e fin ite  278 p e a k  ca n  be  se e n  in  th e  g o itro u s  g la n d , bu t a 

w e ll m a rk e d  OD p e a k  in  ap p ro x im a te ly  th e  328 a r e a  i s  seen# 

T h is  OD p a t te r n  of th y ro id  p ro te in s  w as  found  in  th e  

g o itro u s  r a t  w h e th e r  th e  g o itr e  h ad  b ee n  c a u se d  by th e  

a d m in is t r a t io n  of a  g o itro g e n ic  d ru g  su ch  a s  P T U , MTU 

(m e th y lth io u ra c il) , c a rb im a z o le ,  m e th im a z o le , K C IO ^, o r  

by th e  p ro lo n g e d  a d m in is t ra t io n  of a  low  io d in e  d ie t .
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E ffe c t  of io d in e  su p p le m e n ta tio n  and th y ro x in e  ad m in i a t ra t io n  

on  th e  th y ro id  p ro te in s  of th e  g o itro u e  r a t

W hen a  P T U **trea ted  r a t  w as g iv en  0 .05%  KI in  the  

d rin k in g  w a te r  f o r  one w eek  b e fo re  s a c r i f i c e ,  th e  change in  

OD p a t te r n  f ro m  th e  u n su p p le m a n te d  a n im a l w as  a s  show n in  

f ig . 50 . I t  w il l  be n o te d  th a t  in  th e  a n im a l re c e iv in g  io d in e  

su p p le m e n ta tio n  th e r e  i s  a  r e la t iv e  in c r e a s e  in  th y ro g lo b u lin  

an d  a  r e c ip r o c a l  d e c re a s e  in  3^88 p ro te in .  T h e  3ES p ea k  is  

no lo n g e r  v is ib le .  I t  i s  doubtfu l w h e th e r  any  27S p ea k  is  

p r e s e n t  in  the  io d in e  t r e a te d  a n im a l. A v e ry  s im i la r  p a t te rn  

of r e s u l t s  w a s  o b ta in e d  in  c a rb im a s s o le - tre a te d  r a t s  supple»- 

m e n te d w ith  iodine* O nce ag a in  th e  32S p eak  d is a p p e a re d , 

bu t no co n v in c in g  278 p e a k  co u ld  be seen*

In  c o n t r a s t  to  th i s ,  in  th e  c a s e  of r a t s  r e n d e r e d  g o itro u s  

by K CIO ^ t r e a tm e n t ,  in  w h ich  th e  sa m e  io d id e  su p p le m e n ta tio n  

w as  g iv en  b e fo re  s a c r i f i c e ,  a  d if fe re n t p a t te r n  w as ob tained*

In  th e s e  a n im a ls ,  a lth o u g h  th e  in i t ia l  OD tr a c in g  w as  v e ry  

s im i la r  to  th e  P T Ü -* trea ted  a n im a ls , fo llow ing  io d in e  su p p le 

m e n ta t io n  d is a p p e a ra n c e  of th e  32S OD p ea k  w as  a s s o c ia te d  

w ith  th e  r e tu r n  o f a  27S p e a k  in  ad d itio n  to  th e  e x p e c te d  ch an g es  

in  th e  th y ro g lo b u lin  and  3 -8 8  p ea k s  (fig . 51).
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A s im i la r  p a t te r n  to  th e  K C lO ^-^tren ted  r a t s  w as o b ta in e d  

f ro m  r a t s  r e n d e re d  g o itro u s  by a  low  io d in e  d ie t and  

su b se q u e n tly  su p p le m e n te d  by io d id e  (fig , 52)#

A s w ill  be s e e n  f ro m  th e  lo w e r  p a r t  of f ig , 52 , th e  

achnin i St r a t io n  of in  th e  d ie t of th is  l a s t  g ro u p  o f a n im a ls ,  

in  th e  d o sag e  of 2m g T ^ /K g  d ie t fo r  th e  l a s t  w eek  b e fo re  

s a c r i f i c e ,  r e s u l te d  in  ch an g es  v e ry  s im i la r  to  th o s e  p ro d u c e d  

by  io d in e  su p p le m e n ta tio n . T h e  th y ro g lo b u lin  p e a k  in c r e a s e d  

a s  c o m p a re d  to  th e  a n im a ls  t r e a te d  by the  g o itro g e n ic  d ie t 

a lo n e ; th e  p e a k  d im in ish e d  r e la t iv e  to  th e  th y ro g lo b u lin  

p e a k  an d  a  d e fin ite  27S p e a k  w as s e e n  a s  th e  on ly  OD p ea k  >195.

T he e ffe c t o f T ^  su p p le m e n ta tio n  of a  g o i t r o g e n - t r e a te d  

a n im a l (fo r  escam ple P T U  o r  c a rb im a z o le  t r e a te d )  r e s u l te d  in  a  

s im i la r  d is a p p e a ra n c e  of th e  323 OD p eak  and  th e  fo rm a tio n  of 

a d e fin ite  27S p e a k .
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CHAPTER 26

E F F E C T  O F  D IF F E R E N T  TECHNIQUES O F P R E P A R A T IO N  

O F TH E S O L U B L E  THYROID PR O T EIN S OH T H E  P R E S E N C E  

O F TH E 328 CD P E A K  IN  TH E GOITROUS E A T  THYROID 

In  an a tte m p t to  e n s u re  th a t  th e  32S OD p ea k  w as  no t a  

te c h n ic a l  a r te f a c t  in  p r e p a r a t io n  of th e  so lu b le  th y ro id  p r o te in s ,  

a  v a r ie ty  of s ta n d a rd  te c h n iq u e s  of p r e p a r a t io n  of th e  so lu b le  

th y ro id  p ro te in s  w e re  e x a m in e d . F o r  c o n tro l  p u rp o s e s  th e  

r e s u l t s  of th e  s ta n d a rd  m e th o d s  u s e d  a r e  r e p ro d u c e d  in  fig# 53* 

T h is  m e th o d  h a s  b e e n  d e s c r ib e d  in  d e ta il  in  S e c tio n  2* B r ie f ly , 

i t  c o n s is ts  of a  h o m o g e n isa tio n  s te p  fo llo w ed  by an  in i t ia l  centri* ' 

fu g a tlo n  a t  20#000g f o r  10 m in u te s  to  re m o v e  c e l lu la r  d e b ris#  

T h e  OD p e a k  of th e  r e s u l t a n t  s u p e rn a ta n t i s  show n in  th e  u p p e r  

p a r t  of fig# 53# I t  w ill be n o te d  th a t  m u ch  th e  l a r g e s t  OD pealc 

i s  in  th e  3-8S  reg ion#  A  s m a l le r  p eak  in  th e  th y ro g lo b u lin  

re g io n  ca n  be s e e n  a s  ca n  a  s m a ll  p eak  in  th e  32S re g io n . T h is  

in i t ia l  s te p  is  fo llo w ed  by p re c ip i ta t io n  of th e  so lu b le  th y ro id  

p ro te in s  by  50% s a tu ra t io n  w ith  am m o n iu m  su lp h a te  w ith  

su b se q u e n t r e c e n tr i fu g a t io n  a t  2 0 ,0 0 0 g  fo r  10 m in u te s .  T he OD 

p a t te r n  of th is  m a te r ia l  th e  s ta n d a rd  p r e p a r a t io n  u s e d  in  th is  

w o rk  -  i s  show n in  th e  lo w e r  p a r t  of fig# 53 . I t  w ill  be s e e n
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th a t  th e  s te p  of am m o n iu m  su lp h a te  f ra c t io n a tio n  h a s  c a u se d  

a  r e la t iv e  d im in u tio n  in  th e  3*^8S p e a k , w ith  a  r e la t iv e  in c r e a s e  

in  th e  p e a k  in  th e  th y ro g lo b u lin  re g io n  and  of th e  328 OD p e a k .

In  f ig . 54 i s  i l l u s t r a t e d  th e  r e s u l t s  of th e  m o re  co m p lex  

m e th o d  of p r e p a r a t io n  of th e  so lu b le  th y ro id  p ro te in  u s e d  by 

Dei*r ie n  e t  a l (1948). T h is  m e th o d  c o n s is ts  e s s e n t ia l ly  of a  

s e r i e s  of f ra c t io n a tio n  s te p s  u s in g  am m o n iu m  su lp h a te  an d  th e  

f in a l p r e p a r a t io n  c o n s is ts  of th e  so lu b le  th y ro id  p i’o te in s  p re *  

c ip ita tin g  b e tw een  35% an d  41% s a tu ra t io n  w ith  am m o n iu m  

s u lp h a te . A s con  be s e e n , th e  p a t te r n  of th e  th y ro id  p ro te in s  

o b ta in e d  i s  s im i la r  to  th a t  o b ta in e d  w ith  th e  s ta n d a rd  te ch n iq u e  

u se d  in  th is  t h e s i s ,  i . e .  a  p re d o m in a n t 3*88 p ea k  i s  p r e s e n t ,  

a s  i s  th e  r a th e r  s m a l le r  p e a k  in  th e  th y ro g lo b u lin  r e g io n . A 

32S p ea k  i s  a ls o  p re se n t#

L a s t ly  a  s ta n d a rd  te c h n iq u e  fo r  p r e p a r a t io n  of so lu b le  

c e l lu la r  p ro te in s  w a s  u s e d . F o llo w in g  h o m o g e n isa tio n  of th e  

th y ro id  t i s s u e  th e  p r e p a r a t io n  w as spun  in  a  ty p e  50 r o to r  a t 

10 5 ,0 0 0 g  f o r  one h o u r ,  T he s u p e rn a ta n t f ro m  th is  s te p  w as 

th e n  s u b m itte d  to  s u c ro s e  d en s ity  u l t r a c e n tr i fu g a t io n  a s  show n 

in  th e  u p p e r  p a r t  of f ig . 55 . I t  w ill be n o te d  th a t  th e  3-8S p eak  

i s  v e ry  la rg e  in d eed ; th e  th y ro g lo b u lin  p ea k  i s  r e la t iv e ly  s m a ll
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and  no d e f in ite  pealc >198 ca n  be s e e n , If# how ever#  th e  105# OOOg 

s u p e rn a ta n t  i s  talcen to  50% s a tu ra t io n  w ith  am m o n iu m  su lp h a te , 

th e  p ro te in  p a t te r n  of th e  r e s u l ta n t  p r e c ip i ta te  i s  show n in  th e  

lo w e r  p a r t  of fig* 35 , T h e  p e a k  is  d im in ish e d  in  sizQi  

th e  p ea k  in  th e  th y ro g lo b u lin  re g io n  i s  2*ola tive ly  in c r e a s e d  and  

a  s m a ll  b u t d e f in ite  325 OD p e a k  c a n  now be s e e n ,

. I t  therefox*© ap p e a re d , re a s o n a b le  to  co n c lu d e  th a t  th e  328 

OD p e a k  i s  n o t m e re ly  a  te c h n ic a l  a r te f a c t  of on© m e th o d  of 

p r e p a r a t io n  of th e  so lu b le  th y ro id  p ro te in s#  b u t i s  a  v a lid  

find ing  in  th e  g o itro u s  :cat th y ro id .
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C H A P T E R  27 

E V ID E N C E  O F TH E N A TU RE O F

TH E 32S OD P E A K  M A TER IA L .

i ? 5 3
In c o rp o ra t io n  of I an d  H "Ie tic in e

125A tte m p ts  w e re  m ad e  to  s tu d y  th e  in co x 'p o ra tio n  of I

in to  th e  32S OD p ea k  in  th e  - io d in e  ■ d e f ic ie n t r a t  th y ro id , ' T he

te ch n iq u e  u s e d  w as  to  a%)proach e q u i l ih r iu m  la b e ll in g  of th e  r a t

th y ro id  p ro  te in s  by talcing r a t s  w h ich  h ad  b e e n  11 w eek s  on a

low  io d in e  d ie t and su p p le m e n tin g  th e  d rin k in g  w a te r  fo r  5

w ee k s  b e fo re  s a c r i f i c e  w ith  a  c o n s ta n t c o n c e n tra t io n  of c a r r ie r -^

125f r e e  1, T he r e s u l t s  o b ta in e d  can  be s e e n  in  f ig , 56, T he OD

tr a c in g  i s  ty p ic a l  o f the  th y ro id  p ro te in s  of a g o itro u s  r a t .  T he 

125I is  w e ll in c o rp o ra te d  in to  th e  th y ro g lo b u lin  reg ion#  bu t n o t 

a t a l l  in to  th e  32S OD re g io n . I t  shovdd be n o te d  in  p a s s in g  th a t  

e v e n  w ith  e q u i l ib r iu m  la b e ll in g  th e  la r g e  3-*8S p e a k  i s  no t la b e l le d  

w ith

S im ila r  a t te m p ts  w e re  m ad e  to  s tudy  th e  in c o rp o ra t io n  of

3H -le u c in e  in to  th e  328 OD peak* T he r e s u l t s  a r e  show n in  f ig , 57,

T he s tu d y  w as p e r fo rm e d  a t  tw o t im e s .  In  th e  u p p e r  p a r t  of th e

3f ig u re  is  s e e n  th e  p a t te r n  of in c o rp o ra t io n  of ' H**leucine 15 

m in u te s  a f te r  a  su b c u tan e o u s  in je c t io n  of th e  la b e l le d  am in o  a c id .



0*50.

SHEEP THYROGLOBULIN

0-25,

19s27s
t33sO'SO, .40

RAT THYROID
LOW IODINE DIET-16wks

0-251

CM

33s 5s18s

^ -O -y

•40
FRACTION NUMBER

Fig* 56
125.P a t t e r n  of th y ro id  p ro te in a  and  in c o rp o ra t io n  of I by 

e q u i l ib r iu m  la b e ll in g  of th e  th y ro id  g lan d s of r a t s  on  a  
low  io d in e  d ie t ,  SW 41 r o to r  a t 2 8 ,0 0 0 r * p ,m , fo r  16 h o u r s .
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P a t t e r n  of th y ro id  p ro te in s  and  in c o rp o ra t io n  of H * leu c in e  in  
r a t s  on a low  io d in e  d ie t ,  a) 15 m in u te s  a f te r  in je c t io n  of 
le u c in e  b) a f te r  4 in je c t io n s  of ^ le u c in e  a t in te rv a ls  of 24 
h o u r s ,  the  l a s t  in je c t io n  being  24 h o u rs  b e fo re  s a c id f ic e ,
SW 41 r o to r  a t 2 8 ,0 0 0 r . p ,  m . fo r  16 h o u r s ,

I
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I t  w ill be s e e n  a t th is  e a r ly  t im e  in te rv a l  th a t  th e  la b e l i s  

in c o rp o ra te d  in to  th e  128 and  3-8S  p ro te in ,  b u t n o t in to  th e  

198 o r  32S a rea*

A f u r th e r  g ro u p  of r a t s  r e c e iv e d  a  su b c u ta n e o u s  in je c tio n
3

of H 'd e u c in e  d a ily  fo r  4 days th e  l a s t  o c c a s io n  being  24. 

h o u rs  b e fo re  s a c r i f i c e .  T he r e s u l t s  a r e  show n in  th e  lo w e r
- ' ' ' 3

p a r t  of f ig , 57 . A t th is  s ta g e  i t  can  be s e e n  th a t th e  H " le u c in e  

i s  w e ll in c o rp o ra te d  in to  the  3^88 p ro te in s  an d  in to  th e  thyro*** 

g lo b u lin  re g io n , b u t once  m o re  n o t in to  th e  328 re g io n .

E v id e n c e  th a t  th e  32S OB p e a k  co n ta in s  r ib o n u c le ic  a c id  (RNA) 

T he r e s u l t s  of sc an n in g  of th e  u l t r a c e n tr i f u g a l  p a t te r n  of 

th e  so lu b le  th y ro id  p ro te in s  p re c ip i ta b le  by 50% am m o n iu m  

su lp h a te  a t an  OD of 260m p in s te a d  of th e  u s u a l ZSOmp is  show n 

in  f ig . 58 . In  th e  uppoz' p a r t  of th e  f ig u re  w h ich  show s the  

p a t te r n  of th e  m .a te r ia l  o b ta in e d  f ro m  n o rm a l r a t  th y ro id , i t  can  

be Been th a t  th e  pealc in  th e  th y ro g lo b u lin  r e g io n  i s  s t i l l  th e  

p re d o m in a n t o n e . T h e  3"8S p e a k  is  a ls o  s e e n , bu t th e  278 p eak  

i s  no lo n g e r  v is ib le .  In  c o n t r a s t  to  th is  in  th e  lo w e r  p a r t  of th e  

f ig u re  i s  s e e n  th e  p a t te r n  o b ta in e d  f ro m  r a t s  t r e a t e d  w ith  P T U . 

T he p ea k  in  th e  thy  ro  g lo b u lin  re g io n  is  now  v e ry  s m a l l ,  and  the  

3-*SS OD p e a k  p ro b a b ly  in c r e a s e d .  M uch th e  m o s t  s tr ik in g
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Fig> 58

P a t t e r n  of th y ro id  p ro te in s  f ro m  n o rm a l  and  P T U  t r e a te d  r a t s .  
S can n e d  a t zéOmjx. SW 41 ro to r  a t 28 , O G O r.p^m . fo r  16 h o u r s .
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f e a tu r e ,  h o w e v e r , w as  th e  s tr ik in g  in c r e a s e  in  th e  p ea k  in  

328 region*

T he fa c t  th a t  th e  3ES m a te r ia l  gave a  m a x im a l a b s o rb a n c e  

a t EôGmjjb w as c o n f irm e d  by c o lle c tin g  th e  32S OD p ea k  and  th e  

198 OD p ea k  by f ra c t io n a tio n  of s u c ro s e  d e n s ity  g ra d ie n ts  f ro m  

P T U "rtre a te d  an im als ... A f te r  an  o v e rn ig h t d ia ly s is  a g a in s t 0*9% 

so d iu m  c h lo r id e  th e  m a te r ia l  f r o m  th e s e  OD p e a k s  w as. sc an n ed  

on  a  ITnicam  SP800 s p e c tro p h o to m e te r  * I t  w ill  be  n o te d  (fig* 59) 

th a t  th e  m a x im a l a b s o rb a n c e  of th e  328 m a te r i a l ,  w h ich  show s a  

p eak  a t  E6 0 m ^  c h a r a c te r i s t i c  of RKA, i s  q u ite  d if fe re n t f ro m  the  

c h a r a c te r i s t i c  p ro te in  p a t te r n  of th e  198 m a te r ia l  w ith  a 

m a x im a l a b s o rb a n c e  a t  EBOmji*
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UY s c a n  by U n ica m  3 P 8 0 0  o£ 198 and  32S OD p e a k s  f ro m  a 
P T U  t r e a t e d  ra t#
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C H A P T E R  28 

SUMMARY O F SEC TIO N  6 

In  th is  S e c tio n  th e  co n d itio n s  w h ich  r e s u l t  in  a l te r a t io n  

of th e  OD p a t te r n  ox th e  m a te r i a l  runn ing  in  th e  u l t r a c e n tr i f u g e  

w ith  a n  *S* v a lu e  of >198 h av e  b ee n  e-isplored.

In  th e  g o itro u s  r a t  th e  Z7S OD pealc c o n s ta n tly  d is a p p e a i’s 

and  i s  r e p la c e d  by a  32S OD peak* T h is  i s  r e v e r s ib le  by T ^ 

t r e a tm e n t  and  in  c e r ta in  ty p e s  of g o itro g en * * trea ted  a n im a ls  by 

io d in e  su p p lem en ta tio n #  In  g o i t r e  c a u se d  by a  d ru g  b lo ck in g  

ty ro s in e  io d in a tio n  su c h  a s  P T U  o r  carb im assole*  h o w e v e r, 

a lth o u g h  th e  32S OD pealc d is a p p e a r s ,  th e  27S p ea k  i s  n o t re fo rm ed #  

E v id en c e  i s  p r e s e n te d  th a t  thé  328 p e a k  i s  n o t à  te c h n ic a l  

a r te f a c t  of one m e th o d  of p r e p a ra t io n  of th e  so lu b le  th y ro id  

p r o te in s ,  bu t i s  a  c o n s ta n t finding#

T he fa c t  th a t  n e i th e r  ^^^I o r  ^H-*leucine a r e  in c o rp o ra te d  

in to  th e  328 OD pealc an d  a ls o  the  d e m o n s tra tio n  th a t  th e  m a x im a l 

a b s o rb a n c e  of th is  m atex u a l i s  a t 2 6 0 m p in d ic a te  th a t  th is  m a te r ia l  

i s  no t of an  io d o p ro te in  n a tu re  and  fa v o u rs  th e  v iew  th a t th is  

m a te r ia l  c o n s is ts  of ENA#
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SECTION 7

G E N E R A L  DISCUSSION



1 0 0 .

G E N E R A L  DISCUSSION 

în  S e c tio n  3 th e  d a ta  on the  b io s y n th e s is  of thyx^oglobulin

in  th e  n o rm a l an d  g o itro u s , r a t  i.s p re se n te d #  T he r e s u l t s  of

3the  in c o rp o ra t io n  o f H -*leucine o b ta in ed  a r e  c o m p a ra b le  to

th o se  of C a v a lio r i  and  S e a r le  (1967a)# who found  a  s im i la r
14

p a t te r n  of in  v iv o  in c o rp o ra t io n  of C«^leucine in  th e  r a t  to

th a t  o b ta in e d  in  th e  p r e s e n t  s tu d y , i . e .  in c o rp o ra t io n  of the

iso to p e  in to  th e  3-8S  and  128 p ro te in  b e fo re  in c o rp o ra t io n  in to

the 198 p ro te in  o c c u rre d #  H o w ev er, th e  t im e  se q u en ce  of

in c o rp o ra t io n  in  th e i r  s tu d ie s  w as d if fe re n t th a n  in  th e  p r e s e n t

w ork* T hey  found  in c o rp o ra t io n  in to  th e  3**8S an d  128 p ro te in s

a t  one h o u r , a s  c o m p a re d  w ith  15-30 m in u te s  in  th e  p r e s e n t

s tu d ie s ;  in to  a  16S p ro te in  a t 4 h o u rs  and in to  an  188 p ro te in

a t 20 h o u r s ,  c o m p a re d  w ith  one h o u r in  th e  p r e s e n t  w o rk .

F o r ty - e ig h t  h o u rs  w as r e q u ir e d  in  both  s tu d ie s  b e fo re  a  t r u ly

193 p ro te in  w as  lab e lled *

3 . .A p a t te r n  of H '^ leuc ine  in c o rp o ra t io n  s im i la r  to  th a t  o b ta in ed  

in  th e  r a t  in  th e  p r e s e n t  s tudy  w as found  in  th e  g u in e a  p ig  and the  

r a t  by E k h o lm  an d  S tra n d b e rg  (1967a and  b)# H o w e v e r , Y ecch io  

e t  a i ( 1 966b) found  th a t  a lthough  th e  la b e lle d  am in o  a c id  w as 

in c o rp o ra te d  in to  th e  128 p ro te in  of th e  g u in ea  p ig , th is  w as no t 

th e  c a s e  in  th e  rat#
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F u r th e r  s tu d ie s  by E k h o lm  and  S tra n d b e rg  (1967a) and  by 

G av a lie .ri an d  S e a r le  (1967b) h av e  p ro v id e d  p a r t  a t l e a s t  of 

th e  e x p la n a tio n  of th e  d if fe re n t t im e  se q u e n c e s  of in  v ivo  

la b e ll in g  of th e  th y ro id  p ro te in  by am ino  a c id s  by d e m o n s tra tin g  

th a t  in  v ivo  a d m in is t r a t io n  of th y ro id  s tim u la tin g  h o rm o n e  (TSH) 

a c c e le r a te d  th e  in c o rp o ra t io n  of th e  la b e lle d  am in o  a c id  in to  th e  

196 p ro te in *  I n  th is  co n te x t th e  d if fe re n c e  b e tw e e n  th e  s tu d ie s  

of C a v a lie r !  and  5 e a r  le  (1967a) and  th e  p r e s e n t  w o rk  i s  s u r p r i s in g ,  

a s  the  f o r m e r  a u th o rs  u t i l i s e d  a  low  io d in e  d ie t w h ich  sh o u ld , <,

th e o re t ic a l ly  a t l e a s t ,  h av e  r e s u l te d  in  in c r e a s e d  TSH le v e ls  in  

th e i r  an im als*  In  th e  c o n tro l a n im a ls  u s e d  in  th e  p r e s e n t  s tu d y , 

a s  can  be s e e n  f ro m  th e  h is to lo g y  of th e  th y ro id  g lan d , th e r e  is  

no e v id en c e  of undue TSH s tim u la tio n *  TSH in c r e a s e s  no t only  

the  sp e e d  of in c o rp o ra t io n  of am ino  a c id s  in to  th e  th y ro id  p ro te in  

and  th e i r  p re s u m e d  s u b -u n i ts ,  bu t a lso  th e  d e g re e  o f in c o rp o ra t io n . 

A d m in is tra t io n  of T ,, w h ich  d im in ish e s  TSH s e c r e t io n  by th e  

p i tu i ta ry  by th e  w e ll re c o g n is e d  n eg a tiv e  fe e d b a c k  m e c h a n is m , 

r e s u l t s  in  a lm o s t co m p le te  ab o litio n  of uptalxe of in  v ivo  

a d m in is te r e d  la b e lle d  am ino  a c id s  by e i th e r  th e  n o rm a l  o r  

g o itro u s  thy ro id#
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A lthough  no s tu d ie s  of TSH e ffec t on th e  in c o rp o ra t io n  of
3
' H - le u c in e  w e re  m a d e  in  th e  p r e s e n t  e x p e r im e n ts ,  th e  d a ta

p ro d u c e d .f ro m  r a t s  on  a  low  io d in e  d ie t w h e re  th e r e  w as

3
x n co i'p o ra tio n  of H -le u c in e  in to  th e  198 p ro te in  w ith in  15 

m in u te s  of i t s  in  v ivo  a d m in is t r a t io n , i s  c o n s is te n t  w ith  th is  

being  a  TSH in d u c ed  e f fe c t .

T he f i r s t  q u e s tio n  to  be- s e t t le d  i s  th e  p o s s ib le  re la tio n s h ip  

of th e  128 an d  3 -88  p r o te in s  to  th e  198 m a te r ia l .  T he f in d in g s  

of E d e lh o ch  and  h is  c o l la b o ra to r s  d e s c r ib e d  in  th e  In tro d u c tio n , 

m ak e  i t  te m p tin g  to  a s s u m e  th a t  th e  128 and  3 -8 8  la b e lle d  

m a te r ia l  found  d u rin g  in  v ivo  o r  in  v i t r o  b io s y n th e s is  e x p e r im e n ts
Ï-

c o r r e s p o n d  to  th e  128 and  65 p ro te in s  found  on c h e m ic a l 

f ra c t io n a tio n  of p u r if ie d  198 m a te r ia l .  I s  th is  ju s t i f ie d ?

T he p o s s ib i l i ty  w h ich  h a s  b een  p re v io u s ly  r a i s e d  (T h o m so n
3

* and  G o ld b e rg , 1968) th a t  th e  128 m a te r ia l  la b e l le d  by H -le u c in e  

r e p r e s e n ts  th e  b reak d o w n  of an  e s p e c ia lly  la b i le  l a r g e r  p ro te in  

of 17-198 s is e  can n o t be c o m p le te ly  ex c lu d e d . In  fa v o u r  of th is  

h y p o th e s is  is  th e  fa c t  th a t i t  h a s  p re v io u s ly  show n th a t  new ly 

fo rm e d  th y ro g lo b u lin  i s  m o re  l ia b le  to  d is s o c ia t io n  in to  th e  128 

s u b -u n it  th a n  i s  m a te r ia l  w h ich  h a s  b een  fo rm e d  fo r  a  lo n g e r  tim e  

(S e iiin  and G o ld b e rg , 1965).
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H o w e v e r , the  w eig h t of ev id en ce  f ro m  th e  p r e s e n t  s tu d ie s  

a n d  f ro m  th e  s tu d ie s  o f th e  in  v ivo  . in c o rp o ra t io n  r e p o r te d  by 

th e  o th e r  a u th o rs  c i te d  ab o v e , is  th a t th e  p a t te r n  of la b e ll in g  

of the  128 m a te r i a l  i s  c o n s is te n t  w ith  th is  be ing  a  p r e c u r s o r  

u n it of the  198 p ro te in ,  ■

T he fa c t  th a t  th e  a d m in is t r a t io n  of cy lo h e x im id e  in  a  d o se

3su ffic ien t: to  b lo c k  th e  f u r th e r  u p tak e  in  v ivo  of H - le u c in e  by 

th e  r a t  th y ro id  d id  n o t p re v e n t  th e  fo rm a tio n  of th e  198 p ro te in ,  

a lso  a rg u e s  s tro n g ly  in  fa v o u r  of th e  128 (and  3 -88) p ro te in s  

b eing  p r e c u r s o r  u n its  of th e  198 p ro te in .

I t  h a s  b een  n o te d  th a t  w hen  T i s  a d m in is te r e d  to  a  n o rm a l 

an d  e s p e c ia l ly  to  a  goitr*ous a n im a l 12S p ro te in  a c c u m u la te s  to  

su ch  an e x te n t a s  to  p ro d u c e  a v is ib le  p io te in  p e a k  in  th e  OD

t r a c in g .  W hen T i s  g iv en  and TSH r e le a s e  by th e  p i tu i ta ry  i s . :%

c u t o ff, b o th  th e  s y n th e s is  an d  brealcdow n of th y ro g lo b u lin  a r e  

h a l te d . I t  w ou ld  s e e m  th e n  re a s o n a b le  to  %Dostulate th a t  th e  

a c c u m u la tio n  of 125 j:>rotem in  th is  s i tu a tio n  i s  due to  the  

a c c u m u la tio n  of 128 u n its  w h ich  canno t be f u r th e r  in c o rp o ra te d  

in to  th e  198 px’O tein b e c a u s e  of th e  la c k  of T SH , T he a l te rn a t iv e  

e x p la n a tio n , i , e ,  th a t  th e  a c c u m u la tio n  of 128 p ro te in s  r e p r e s e n ts  

th e  in c r e a s e d  b reak d o w n  of th y ro g lo b u lin  w hen  i s  g iv en , w ould
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oeem  u n lik e ly . T he ra,te of th y ro g lo b u lin  d e g ra d a tio n  in  the  

n o rm a l g lan d  i s  a lrea ,dy  slow  and  w ould  be f u r th e r  s lo w ed  by

th e  ac tio n  of T , dam ping  down TSH. px 'oduction, and  th u s  the
4*

p ro d u c tio n ,o f  a  s ta b le  12S OD p ea k  w hen T is  g iv en  to  n o rm a l4'

an irh a ls  is  s tro n g  ev id en ce  in  fav o u r of th is  be ing  an accu m u la tio n

of s u b -u n its  due to la c k  of s y n th e s is  of 19F> th y ro g lo b u lin  a s

o p p o se d  to deg rada tlox i. The. h is to lo g ic a l f in d in g s  in, th e  r a t s

on the P T U  i- T d ie t, w h e re .n o  ev id en ce  of T8 H e ffe c t on the  4

th y ro id  w as se e n  i s  a lso  com p Edible w ith  th is  h y p o th esis#

I t  h a s  b ee n  show n (G oldberg  and S eed , 1965; Po^.nm ier 

e t  cil, 1966) th a t in  v i t r o  the  e a s e  of d e g ra d a tio n  of thy  ro  g lobu lin
•  *m w **vwiF"i» !.  i nm, ■> .# f mnw

d ep en d ed  on th e  d e g re e  of io d in  a tio n  of th e  p ro te in ,  S im o n  e t al 

(1966) have  show n th a t pooxTy xodinated  th y ro g lo b u lin  f ro m  r a t s  

t r e a te d  w ith  P T U  is  m o re  lia b le  to  b reak d o w n  as th e  r e s u l t  of 

f re e z in g  and  th aw in g . T h is  w o rk  h as  been  re c e n tly  ex ten d ed  by 

Inoue and T au ro g  ( 1968b) who show ed the  e f fe c t o f f re e z in g  on 

th e  b reak d o w n  of th y ro g lo b u lin  Wcis m o s t m a .rked  in  th e  p re s e n c e  

of 0 ,05%  m e th y l-m ercE ip to im idaeîo le , In  th e  p r e s e n t  s tudy  so m e  

128 x>rotein w as p ro b ab ly  p r e s e n t  d u rin g  the  a d m in is t ra t io n  of 

a n tith y ro id  d ru g s  a lthough  no d efin ite  OD p ea k  could  be se e n  

due to  th e  co n flu en ce  of th e  la rg e  3-88  and  th y ro g lo b u lin
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125p e a k s .  I la b e l le d  12S m a te r ia l  w as p r e s e n t  in  m a x im a l 

am o u n ts  d u rin g  w ith d ra w a l of a n t ith y ro id  d ru g s . T h is  

in c r e a s e  in  128 p ro te in  la b e lle d  d u rin g  w ith d ra w a l of th e  

g o itro g e n ic  re g im e  is  .agcvinst th is  e ffec t b e in g  s im p ly  a  d o s e -  

r e la te d  e f fe c t of th e  a n ti th y ro id  d ru g  ca u s in g  b reak d o w n  of 

th y ro g lo b u lin , a s  one w ou ld  i n  th is  c i rc u m s ta n c e  h av e  e x p e c te d  

th e  b reak d o v /n  to  be m a x im a l d u rin g  th e  a d m in is t r a t io n  of th e  

d ru g . I t  m a y  be th a t a t so m e  c r i t i c a l  c one en t r  a tio n  th e  r e  i s  a  

m s^xim um  e ffe c t on b lack in g , of in c o rp o r a t io n  of th y ro g lo b u lin  

su b -u n its  in to  th e  198 p ro te in ,

 ̂ T he r e la t io n s h ip  of th e  3-8S  m a te r ia l  to  th e  193 p ro te in  is  

le ss , c l e a r .  T he m a in  p ro b le m  is  th a t  th is  i s  an  e x tre m e ly  

h e te ro g e n o u s  c o lle c tio n  of p i’b te in s , so m e  of w h ich , lik e  h a e m o 

g lob in  and  th e  s e 3m m  p iro te in s , h av e  no re le v a n c e  to  th y ro g lo b u lin , 

U n fo rtu n a te ly  w hen  g o i t r e s  a r e  in d u c ed  e x p e r im e n ta l ly ,  th e s e  

p ro te in s  a r e  a lso  in c r e a s e d  in  am ount due to  th e  in c r e a s e d  

v a s c u la r i ty  of th e  th y ro id  g lan d .

T he p a t te r n  of in c o rp o ra t io n  of la b e lle d  am ino  a c id s  in to  

th e  3 -83  i s  c o n s is te n t w ith  th e s e  being  p 3:e c u r s o 3; u n its  of the  

128 and  198 p r o te in s .  T h is  i s  c o n s is te n t w ith  p re v io u s  in  v i t r o  

w o rk  (S eed  and G o ld b e rg , 1965) a s  w e ll a s  th e  in  v ivo  r e s u l t s  in
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th e  13 r e  s e n t w o rk  and to  th o s e  a llu d ed  to  ab o v e . T h e re  a r e ,  

h o w e v e r , so m e d isc rep < in c ie s  w h ich  m ak e  i t  im p o s s ib le  to  

a c c e p t th a t  th e  on ly  ro le  of in c o rp o ra tio n  of la b e lle d  am ino  

a c id s  in to  th e  3 -88  m o ie ty  i s  as  p r e c u r s o r  su b -u n its  of the 19S 

m a te r ia l#  S eed  and G o ld b e3.’g (1965) show ed w ith  in  v i t r o  

in c u b a tio n  s tu d ie s  u s in g  a thyx’o id  s lic e  s y s te m  th a t  p ro lo n g ed  

in c u b a tio n  r e s u l te d  in  in c j/e a se d  la b e lle d  3 -8 8  p ro te in  being  

fo rm ed*  T h is  c o r re s p o n d e d  in  tim e  to  le a c h in g  of c o llo id  f ro m  

th e  th y ro id  slicee; in to  th e  m e d iu m  as d e m o n s tra te d  by s ta n d a rd  

h is to lo g ic a l  te c h n iq u e s . T hey  su g g e s te d  th a t  th is  m ig h t 

r e p r e s e n t  e i th e r  a  b lo ck  in  su b -u n it  a g g re g a tio n  a t long  tim e  

in te rv a ls  of in c u b a tio n  o r  a  le a c h in g  off of th y ro g lo b u lin  su b 

u n its  f ro m  th e  s u b c e llu la r  p a r t i c le s .

S im ila r ly ,  in  th e  p r e s e n t  in  v ivo  s tu d ie s ,  e s p e c ia l ly  w hen  

a  g o itro u s  s ta te  h a d  b e e n  ac h iev e d  by u s e  of one of th e  g o i t r o 

g en ic  d ru g s , th e r e  w as an in c r e a s e d  p ro p o r tio n  of the  la b e l  in

th e  3 -88  f r a c t io n  a t la te  tim e  in te rv a ls  a f te r  a ,d m in is tra tio n  of a 

3p u lse  of H - le u c in e . T he p a t te rn  of la b e ll in g  found  w ould  

th e r e fo r e  be c o n s is te n t  w ith  th e  la b e lle d  3 -88  f r a c t io n  being  no t 

on ly  a p r e c u r s o r  u n it of th e  198 p ro te in ,  b u t a ls o  p e rh a p s  a 

b reak d o w n  p ro d u c t. A s im i la r  la te  la b e llin g  of 3 -88  p ro te in  in  

h ig h  s p e c if ic  a c tiv i ty  h a s  b een  found by E k h o lm  an d  S tra n d b e rg  (1967a)
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T he i’e s u i ts  o b ta in e d  in  th e  g ro u p s  of jrats on a low  io d in e

d ie t show  curlox is ly  l i t t l e  in c o rp o ra t io n  of the  la b e l le d  am ino

a c id  in to  th e  3-8S  f r a c t io n  a t e i th e r  e a r ly  o r  la te  t im e s  a f te r

in je c tio n .' T he  r e a s o n  fo r  th is  d is c re p a n c y  i s  n o t c l e a r .  >

O b v io u sly  th e  e f fe c ts  of an  a n ti th y ro id  d ru g  are  no t s t r ic t ly

c o m p a ra b le  to  g o i tr e  %)rodUced so le ly  as  a r e s u l t  of io d in e

d e f ic ie n c y , evCn w hen  a s im i la r  a l te r a t io n  in  th e  s ta b le  th y ro id

p ro te in s  o c c u r s .  T h is  fin d in g  in  a h y p e rp la s t ic  v a s c u la r  g o i t r e

in d u c ed  by a low  io d in e  d ie t i s  a t l e a s t  r e a s s u r in g  in  th a t  th e

3in c o rp o ra t io n  of ' H - le u c in e  in to  th e  3-8S  p ro te in s  of g o itro u s  

g la n d s  does n o t s e e m  to  r e p r e s e n t  th e  incoiqxora t io n  of the  la b e l 

to  any e x te n t in to  n o n - th y ro id a l  p ro te in s  su c h  as  th e  s e ru m  p ro te in s*  

In  c o n t r a s t  to  th e  s i tu a tio n  w hen  lab e lled , am in o  a c id s  a r e  u s e d , 

io d in e  is  no t in c o rp o ra te d  to  any e x te n t in  v ivo  in to  125 an d  3 -8 8  

p ro te in s  in  th e  n o rm a l  a n im a l. In s te a d  i t  i s  in c o rp o r a te d  in to  a  

p ro te in  of a p p ro x im a te ly  188 s is e  in i t ia l ly  fo llo w ed  a f te r  an 

in te rv a l  of t im e  (48 h o u r s  in  the  p r e s e n t  wox'k) b e fo re  a t r u ly  198 

p ro te in  i s  fo rm e d . T h is  i s  c o n s is te n t w ith  p re v io u s  in  v i t r o  

w o rk  (S eed  an d  G o ld b e rg , 1963). L is  s i t  sky  e t al (1964) a ls o  

found, in  v i t r o  th a t  th y ro id  s l ic e s  in c o rp o ra te d  in to  the  12S and  

3-88 f r a c t io n s .  T h is  w as n o t found  in  th e  p r e s e n t  in  v ivo  w o rk ,
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e x c e p t fo r  a  s m a ll  d e g re e  of la b e ll in g  of th e  128 p ro te in  by 

125X a t e a id y  t im e  in te r v a ls  a f te r  c id m in is tra tio n  of th e  label*

125A t a ll  t im e s ,  h o v /ev e3.% th e  . I la b e l le d  peal.c in  th e  thyro*^

g lo b u lin  a r e a  w as a lw ay s th e  m a jo r  rad ioa-c tive  com ponent*

A s w ill be d is  c u s s e d  l a t e r ,  only  u n d e r  v e ry  a b n o rm a l c i r  c u m - .

s ta n c e s  in  th e  in  v i t r o  s tu d ie s  r e p o r te d  in  th is  w o3*k, w as  th e r e  

X ? sla b e ll in g  by "  I of p ro te in s  o th e r  th a n  19S th y ro g lo b u lin *

In  th e  c a s e  of r a t s  on a low  iocli.ne d ie t w h e re  p re s u m a b ly

125TSH w as  in c r e a s e d ,  th e  t im e  ta k e n  fo r  in c o rp o ra t io n  of I

in to  a t r u ly  198 p ro te in  w as g re a t ly  d im in ish ed *  T h is  i s  s im i la r

3to  th e  e ffe c t on X i-leu c in e  in c o rp o ra t io n  n o te d  above* .

T he r e la t io n s h ip  of th é  12S and  3 -8 8  p ro te in  to  th y ro g lo b u lin  

h a s  b ee n  s tu d ie d  by o th e r  w o r k e r s  by im m u n o lo g i c a l m e a n s  

(G o ld b erg  e t a l ,  1964; S e ll in  and  G o ld b e rg , 1965; M o ra ls  and  

G o ld b e rg , 1967)* T h e re  i s  g e n e ra l  a .g reem en t th a t  th e  128 

m a te r ia l  is  r e la te d  im m u n o lo g ie  a lly  to  th e  198 th y ro g lo b u lin , bu t 

th e  s i tu a tio n  w ith  r e g a r d  to  the  3 -88  m a te r ia l  is  m u c h  le s s  ce rta in *  

A t th e  m o s t ,  i t  h a s  b ee n  found th a t  only  a  f r a c t io n  o f th e  3-88  

p r o te in  i s  p r e c ip i ta b le  w ith  anti**'198 th y ro g lo b u lin  a n tib o d ie s . I t  

i s ,  h o w e v e r , im p o s s ib le  to  say  th a t th e  r e m a in d e r  of th e  3-8S  

p ro te in  i s  no t r e la te d  to  th e  198 p ro te in .  B e c a u se  o f i t s  know n
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h e te rp g e n e o u s  n a tu r e ,  one w ould not a n tic ip a te  th a t  a l l  th is  

f r a c t io n  of the  so lu b le  th y ro id  p ro te in s  w ou ld  be r e la te d  to  

th y ro g lo b u lin . T h e re  m ay  h o w ev e r be th y ro g lo b u lin  s u b -u n its  

in  th is  f r a c t io n  w hich  la c k  th e  co m p le te  an tig e n ic  c o n s tru c tio n , 

fo r  in s ta n c e  due to  la c k  of c o r r e c t  sp a tia l  a lig m e n t of an tig e n ic  

g ro u p s , o r  due to  la c k  of in c o rp o ra tio n  of th e  c a rb o h y d ra te  m o ie ty  

of th y ro g lo b u lin  a t th is  s ta g e ,, w hich  r e n d e r  th e m  n o n -p re c ip ita b le  

and  th e r e fo r e  n o n - id e n tif ia b le  by th e se  te c h n iq u e s .

T he a l te r a t io n s  of th e  s ta b le  th y ro id  p ro te in s  found w hen a  

g o itro g e n ic  re g im e  is  em p lo y ed  is  s im i la r  to , bu t no t id e n tic a l  

w ith , th e  e f fe c ts  found by o th e r  a u th o rs  ( P e r e lm u t te r  e t a l ,  1965 ) . 

In  bo th  s tu d ie s  a  d e c re a s e  in  198 p ro te in  and  an  in c r e a s e  in  l ig h t

w e ig h t (3-88) p ro te in  w e re  found; in  bo th  an  in c r e a s e  of p ro te in  in  

th e  11-12S re g io n  w as found  d u rin g  in d u c tio n  of g o itr e  but th is  w as 

no t a p p a re n t once th e  g o itro u s  s ta te  h ad  b e e n  a c h ie v e d . T he 

ajxparen t lo s s  of 11 -lE S  p ro te in  in  g o itro u s  s ta te s  w as p ro b ab ly  due 

m e re ly  to  th e  ra p id ly  in c re a s in g  3-88  p eak  o b sc u r in g  a  d is c re te  

128 p ro te in  peak*

T he a d m in is t ra t io n  of a  g o itro g e n ic  d ru g , o r  low  iod ine  d ie t,

3en h an ced  th e  p e rc e n ta g e  in c o rp o ra tio n  of ’ H - le u c in e  in to  the  

th y ro id  p r o te in s .  A s p o in te d  out in  S ec tio n  2, th e r e  w e re  s lig h t
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d if fe re n c e s  found  w ith  th e  d if fe re n t g o itro g e n ic  r e g im e s  

em p lo y ed , PT'O ten d in g  to  d im in ish  th e  r e la t iv e  p ro p o r t io n  

of th e  la b e l  in  th e  th y ro g lo b u lin  re g io n  a s  c o m p a re d  to  

m efchim azole and  KCIO^^, In  a l l  th e  p ro te in  in  th e  th y ro g lo b u lin  

re g io n  fa ile d  to  r e a c h  198 s iz e  due to  th e  b lo ck in g  of th e  

io  d in a tio n  p r o c e s s  s to p p in g  m a tu ra t io n  of th e  p ro te in  to  i t s  fu lly  

io d in a te d  sta te#

T he d is s o c ia t io n  of th e  p r o c e s s  o f in c o rp o ra t io n  of am ino  

125a c id s  f ro m  I a s  show n in  th e  above e x p e r im e n ts  i s  s im i la r  

to  the  in  v i t r o  f in d in g s  of S eed  and G o ld b e rg  (1963) and  the  

in  v ivo  f in d in g s  of M aloof e t a l (1964) who bo th  d e m o n s tra te d  th a t 

io  d in a tio n  cou ld  be b lo c k ed  by th io u re a  o r  P T Ü  w ith o u t a ffec tin g  

am in o  a c id  in co rp o i"a tio n  and  c o n v e rs e ly  th a t  am in o  a c id  

in c o rp o ra t io n  co u ld  foe p re v e n te d  by a c tin o m y c in  w ith o u t, in  the  

s h o r t  t e r m ,  a ffec tin g  ra d io io d in e  in c o rp o ra t io n  in to  th e  th y ro id  

p r o te in s .

T h e  v a r io u s  g o itro g e n ic  d ru g s  u s e d  in  th e  p r e s e n t  s tudy  

show ed  a  v a r ia b le  e f fe c t iv e n e s s  in  b lo ck in g  ^^'^I in c o rp o ra tio n *  

A ll w e re  re a s o n a b ly  e f fe c t iv e , bu t th e  m o s t  co m p le te  e ffe c t 

w as o b ta in e d  w ith  P T U  an d  th e  l e a s t  w ith  KCIO^* L ik e w ise  

d u rin g  w ith d ra w a l of th e  a n ti th y ro id  d ru g s , th e  e f fe c t of P T U

1



1:11#

w as a p p a re n t f o r  a  lo n g e r  t im e  th a n  w ith  th e  o th e r  d ru g s ,

KClO^^ b e in g  th e  s h o r te s t  acting* R e c e n tly  A le x a n d e r  e t  a l

(1969) h av e  p r e s e n te d  so m e  p r e l im in a r y  d a ta  d e m o n s tra tin g

m a rk e d  d if fe re n c e s  in  th e  d u ra tio n  of e ffe c t of a n t i th y ro id

35drugs#  G u rio u s ly  in  th e i r  s tu d ie s  in  m a n , * S - la b e l le d  P T Ü

35h a d  a  s h o r t e r  b io lo g ic a l h a l f - l i f e  th a n  S m e th im a z o le .

O b v io u sly  m u ch  m o re  w o rk  r e m a in s  to  be done in  th e  a r e a  of 

m e ta b o l is m  of a n t i th y ro id  d ru g s  in  d if fe re n t  v e r te b ra te s *

U sing  a  low  io d in e  d ie t ,  th e  r e s u l t s  o b ta in e d  in  th e  p r e s e n t  

s tu d ie s  d if fe r  in  c e r t a in  r e s p e c ts  f ro m  th o s e  r e p o r te d  re c e n tly  

by Inoue an d  T a u ro g  (1968a) who show ed  in  r a t s  on  a  low  io d in e

d ie t th a t  no s ta b le  p r o te in  p ea k  co u ld  be v is u a l i s e d  in  th e  th y r o -

125 14g lo b u lin  a r e a  and  th a t  I an d  G- la b e l le d  am in o  a c id s  w e re

in c o rp o r a te d  in to  a  p ro te in  s ig n if ic a n tly  l ig h te r  th a n  th y ro g lo b u lin ,

th is  e f fe c t being  r e v e r s ib le  w ith  th e  a c u te  a d m in is t r a t io n  of s ta b le

io d in e . B e c a u se  of th is  d is c re p a n c y  th e  d e g re e  of io d in e

d e f ic ie n c y  u s e d  in  th e  p r e s e n t  w o rk  w as e x te n d e d  to  a c h iev e  a

d e g re e  of g o itr e  fo rm a tio n  s im i la r  to  th a t  u s e d  by th e  above w o r k e r s .

125 3H o w e v e r , in  th e  p r e s e n t  s tu d ie s  I and  H - le u c in e  w o re  no t 

in c o rp o r a te d  in to  a  p ro te in  in  th e  th y ro g lo b u lin  r e g io n  of l e s s  

th a n  188 s iz e .  I t  i s  im p o s s ib le  to  ex c lu d e  so m e  b reak d o w n  of th e
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p o o r ly  io d in a te d  p ro te in  in  th e  s tu d ie s  of Inoue and  T a u ro g .

T h e  find ing  of a  19S p r o te in  w hen  s ta b le  io d in e  w as a d m in is te r e d  

co u ld  be c o n s is te n t  w ith  th e  know n e ffe c t of io  d in a tio n  in  

re n d e r in g ' p o o r ly  io d in a te d  th y ro g lo b u lin  l e s s  l ia b le  to  d is 

s o c ia tio n .

T he r e s u l t s  of the  s tu d y  of a  g ro u p  of 100 h u m a n  th y ro id  

g lan d s  w as p r e s e n te d  in  S e c tio n  4.- T he ^norm al* h u m an  th y ro id  

c o n ta in e d , as  e x p e c te d  f ro m  p re v io u s ly  p u b lis h e d  w o rk  on 

v e r te b r a te  th y ro id  p ro te in s  (S a lv a to re  e t a l ,  1965a), th r e e  

p ro te in  p e a k s  -  a  p re d o m in a n t 19S i^eak ( th y ro g lo b u lin ) w ith  

s m a l le r  Z7S an d  3-8S' peal<a.

In  th y ro to x ic  g la n d s , p r e p a r e d  w ith  c a rb im a z o le  and  io d in e  

p re -o ]p e ra tiv e  m e d ic a tio n , u s u a lly  no 27S p ro te in  w as p r e s e n t .  

T h is  i s  s im i la r  to  th e  e x p e r ie n c e  of o th e rs  (S ta n ley , 1964; 

R a m ag o p a l e t a l , 1965). N e ith e r  of th e s e  a u th o rs  gave  d e ta i ls  

of the  p r o -o p e ra t iv e  d ru g  t r e a tm e n t  and  c u r io u s ly  no co m m en t 

w as m ad e  abou t th e  la c k  of fo rm a tio n  of p ro te in  >19S in  m o s t  

th y ro to x ic  g lan d s s tu d ie d . T h is  la c k  of 278 p r o te in  w as a lso  

t r u e  of th y ro to x ic  g la n d s  t r e a te d  p r e - o p e r a t iv e ly  w ith  KCIO .# 

T he 278 p ro te in  w ith  i t s  r a t io  of io d in e / p ro te in  of a p p ro x im a te ly  

2 / 1 , a s  c o m p a re d  to  th e  198 p ro te in  in  th e  n o rm a l  g lan d , h a s
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b e e n  p o s tu la te d  a s  a  s lo w ly  m e ta b o l is e d  s to r e  of h ig h ly  

io d in a ted , p ro te in .  T he la c k  of the  27S p ro te in  in  th y ro to x ic  

g lan d s  m ay . ju s t  th en  m e r e ly  r e f le c t  th e  in c re a s e d ,  s t im u la tio n  

to  w h ich  th e s e  g la n d s  h av e  b een  e x p o sed , r e s u lt in g  in  th e  

u t i l i s a t io n  of th e s e  s to r e s .  T h is  w ould  c e r ta in ly  be th e  

s im p le s t  e x p la n a tio n , H o w e v e r, th e  am o u n t of th y ro g lo b u lin  

w h ich  can  be d e m o n s tr a te d  in  a c a rb im a z o le / io d id e  trea ted *  

g la n d 'a n d  in  a  KClO^ t r e a te d  g lan d  e i th e r  by study  o f th e  u l t r a -  

c e n tr ifu g a l .p a tte rn  of th e  th y ro id  p ro te in s ,  o r  by e x a m in a tio n  

o f h is to lo g ic a l  s e c tio n s  of the  th y ro id  g lan d , a r e  v e ry  d if fe re n t -  

y e t  th e  sa m e  la c k  of 278 p ro te in  i s  p r e s e n t  in  b o th  c a s e s  (w ith a  

few  ex c e p tio n s  in  th e .c a rb im a z o le / io d id e  t r e a te d  g ro u p ). I t  m ay  

be  th a t  th e  io d id e  h a d  b e e n  g iv en  fo r  in su f f ic ie n t t im e  to  a llow  

th e  278 p ro te in  to r e a c c u m u la te .  In  th is  co n tex t th e  d a ta  on th e  

g o itro g e n  t r e a te d  r a t s  re c e iv in g  io d in e  su p p le m e n ta tio n  b e fo re  

s a c id f ic e  to  m im ic  th e  h u m a n  th y ro to x ic  s i tu a tio n  i s  of in te r e s t  

(S ection  6). In  th e s e  r a t s  a  g o itro g e n ic  d ru g  su ch  a s  F T Ü  o r  

c a rb im a z o lo , w h ich  a c ts  by b lock ing  ty ro s in e  io  d in a tio n , h a d  a 

d if fe re n t e f fe c t th a n  KGIO (o r  a low  io d in e  d ie t a lo n e ) . In  th e  

f o rm e r  c a s e ,  no 278 p ro te in  w as r e fo rm e d  a f te r  io d in e  su p p le 

m e n ta t io n , w h e re a s  in  th e  l a t t e r  g ro u p s  a  278 peal^ w as r e fo rm e d .
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T h is  d if fe re n c e  can  e i th e r  be a t t r ib u te d  to  th e  g r e a t e r  p o ten cy

o r  d u ra tio n  of a c tio n  of th e  th io u ra c i l  groups of d ra g s  in

b lo ck in g  io  d in a tio n  of th e  th y ro id  psro te ins, a s  c o m p a re d  to

KCIO * A lte rn a tiv e ly  th e r e  m ay  ;bo so m e a s  y e t  unknow n 4

e f fe c t of th e  d ru g s  v /b ich  in h ib it th e  fo rm a tio n  of a  27S p ro te in  

f ro m  th y ro g lo b u lin  and  i t s  su b u n its , ,

In  two th y ro to x ic  th y ro id  g lan d s  (C ase  20 a n d '3.8) a s ig n if i

ca n t am o u n t of 128 p ro te in  w as p r e s e n t .  A s m e n tio n e d  in  : 

Section . 4 bo th  th e s e  sp e c im e n s  h ad  b een  s to r e d  fo r  a  p e r io d  

of t im e  b e fo re  a n a ly s is ,  S tan le y  (1964) found  12S j> rotein  in  th e  

th y ro to x ic  g lan d s and  o th e r  g o i t r e s ,  bo th  s im p le  and  m a lig n a n t, 

s tu d ie d  by h im . T h is  w as no t found in  th e  s tu d ie s  of R am ag o p a l 

e t a l (1965), T he te ch n iq u e  u s e d  by S tan ley  in v o lv e d  a s te p  of 

f r e e z e  d ry in g  of th e  th y ro id  p ro te in s  and t r a n s p o r ta t io n  by a i r  

f ro m  A u s t r a l ia  to  th e  U .S .A . w h e re  th e  s p e c im e n s  w e re  r e 

c o n s ti tu te d  and  ana lysed*  I t  h a s  b een  show n by Inoue and  T au ro g  

( 1968b) th a t  f r e e z in g  in d u c ed  b reak d o w n  of th e  th y ro id  p ro te in s  

o f io d in e  d e f ic ie n t r a t s ,  In  the  e x p e r ie n c e  of o u r  la b o ra to ry ,  

th e  s to ra g e  of th y ro id  p ro te in s  f ro m  g o itro u s  g lan d s  in  a  f ro z e n  

s ta te  h a s  r e s u l te d  in  th e  lo s s  of th y ro g lo b u lin - lik e  %)roteins w ith  

th e  fo rm a tio n  of a  s ta b le  128 th y ro id  p ro te in  p e a k . T h is  d id  

n o t, h o w e v e r , o c c u r  in  p r e p a ra t io n s  of n o rm a l sh e ep  p r o te in s .
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S u rp r is in g ly ,  c o n s id e r in g  the  d o se s  of io d in e  g iv en , th e  

degi*ee of io  d in a tio n  of th e  th y ro id  p ro te in s  f r o m  th y ro to x ic  

g lan d s  t r e a te d  by c a rb im a z o le / io d id e ,  as  c o m p a re d  to  KCIO . 

i s  v e ry  s im i la r  (0 ,8 ?  a s  c o m p a re d  to  O.TSpG io d in e /m g  p ro te in )

-  e s p e c ia l ly  w hen  i t  is  r e m e m b e re d  th a t th e  io d in e  co n ten t w as esti* 

m a te d  on th e  to ta l  so lu b le  th y ro id  p ro te in s  p r e c ip i ta b le  by 50% 

am m o n iu m  su lp h a te  and n o t on a  p u r if ie d  th y ro g lo b u lin  f r a c t io n .  

T h u s , in  th e  KClO t r e a te d  g lan d s w ith  th e i r  p ro p o r t io n a lly  

g r e a t e r  q u an tity  of 3-8S  p ro te in ,  th e  d e g re e  of io  d in a tio n  of th y ro 

g lo b u lin  m u s t  be  a t l e a s t  a s  h ig h  as  th e  c a rb m ia z o le / io d id e  t r e a te d  

g ro u p  and  both  a r e  c o m p a ra b le  to th e  g ro u p  of n o n - to x ic  g o i t r e .  

T h is  w ould  s tro n g ly  su g g e s t th a t  th e  la c k  of th e  27S p ro te in  in  

th y ro to x ic  g lan d s i s  n o t s im p ly  due to  a la c k  of io  d in a tio n .

I t  w ou ld  o b v io u s ly  h av e  b een  of g r e a t  i n t e r e s t  to  s tudy  th e  OD 

tr a c in g  and  io d in e  co n ten t of the  th y ro id  p ro te in s  f ro m  u n tr e a te d  

th y ro to x ic  th y ro id  g la n d s . E th ic a l  c o n s id e ra t io n s  m ak e  th is  

im p o s s ib le  to  a c h ie v e  in  th e  h u m a n . I t  i s  p o s s ib le ,  m e re ly  a s  a  

h y p o th e s is ,  th a t  in  a  th y ro to x ic  g lan d , o r  in  so m e o n e  p re d is p o s e d  

to  deve lop  th e  d is e a s e ,  so m e  su b tle  a b n o rm a lity  of th e  th y ro id  

p r o te in  e x is ts  w h ich  a c ts  a g a in s t th e  fo rm a tio n  of a  slow ly  

tu rn in g  o v e r  s to r e  of h ig h ly  io d in a te d  p ro te in  and  th a t  th e re fo r e  

th e  th y ro id  p ro te in s  a r e  m o re  l ia b le  to  the  n o rm a l  d e g ra d a tiv e
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p r o c e s s  w ith  r é s u l ta n t  undue r e le a s e  of T . an d  T,, in to  th e

c i r c u la t io n ,  w ith  c o n se q u e n t p ro d u c tio n  of c l in ic a l  th y ro to x ic o s is .

T h is ,  h o w e v e r , a t p r e s e n t  x 'em ains p u re ly  c o n je c tu ra l  an d  f u r th e r

s tu d ie s  a r e  r e q u ir e d  to  confix’m  o r  re fu te  th is  p o s s ib i l i ty .

W hat is  th e  s i tu a tio n  in  n o n -to x ic  g o i t r e ?  G an  th e  2>ro-

d u c tlo n  of th is  d is e a s e  be in  any w ay a t t r ib u te d  to  a b n o rm a li t ie s

of th e  th y ro id  p ro te in s  by the  .tech n iq u es u s e d  in  th e  s tu d y ?  T he

OD p a t te r n  of th e  th y ro id  p ro te in s  we:ce a lm o s t  u n iv e r s a l ly  n o rm a l

in  d iffu se  o r  m u lt in o d u la r  non-.tox ic g o itre  and th e .in c o rp o ra t io n  

125 3in  v i t r o  of I and  H - le u c in e  in to  s l ic e s  f ro m  th e s e  g lan d s  w as 

a ls o  n o rm a l .  T he d e g re e  of io  d in a tio n  of th e  th y ro id  p ro te in s  

w as  c e r ta in ly  lo w e r  th a n  n o rm a l ,  bu t of c o u rs e  th is  gives, no 

in d ic a t io n  of th e  to ta l  io d in e  co n ten t of th e  th y ro id  g lan d . O n th e  

p r e s e n t  e v id e n c e , i t  m u s t be co n c lu d ed  th a t n o n - to x ic  g o itre  is  

no t p ro d u c e d  by a b n o rm a li t ie s  in  fo rm .a tion  of th e  th y ro id  p ro te in s  

u n le s s  th is  i s  a c h ie v e d  by m e a n s  so su b tle  a s  to  be  no t r e c o g 

n is a b le  by c u r r e n t  te c h n iq u e s . Such a  p o s s ib le  d e fe c t co u ld  be 

so m e  m in o r  a b n o rm a lity  in  th e  s y n th e s is  of th e  p o ly p ep tid e  

b ack b o n e  of th y ro g lo b u lin  w h ich  r e n d e i-ed i ts  ty r o s y l  g ro u p in g s

ale s s  a c c e s s ib le  fo r  io  d in  a tio n , w ith  r e s u l ta n t  d e f ic ie n t T . and  T
4 o

p ro d u c tio n  th u s  p ro d u c in g  a  g o itre  by c o m p e n s a to ry  TSH
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s tim iü a tio n  o£ th y ro id  g ro w th  by th e  p i tu i ta ry  gland* In  th is  

co n n ec tio n  i t  is  of in te r e s t  th a t in  a  r e c e n t s m a ll  s e r ie s  

B ism u th  e t a l (1966) show ed  no d if fe re n c e  in  am ino  a c id  compo** 

s it io n  of th e  19S th y ro g lo b u lin  in  n o rm a l h u m a n  t h y r o id s , • th y ro -  

to x ic o s is ,  f a m il ia l  g o itr e  a.nd n o n ^ to x ic  g o itre*

T he r e s u l t s  of th e  th y ro id  p im te in  a n a ly s is  and  d e g re e  of 

io  d in  a t io n  of th e  th y ro id  %.)roteins f ro m  c a s e s  of s o l i ta r y  th y ro id  

n o d u les  gave r e s u l t s  b ro a d ly  s im i la r  to  th o s e  o b ta in ed  in  th e  n o n 

to x ic  g o i t r e .  T h e se  n o d u le s  o b ta in ed  abundan t c o llo id  on h is to 

lo g ic a l e x a m in a tio n . O nly tw o g lan d s (Ca.se 88 and  89) gave r e s u l t s  

of th y ro id  p ro te in  a n a ly s is  w h ich  w e re  d if fe re n t f ro m  th e  r e s t .

In  bo th  of th e s e  th e  h is to lo g ic a l  ex a m in a tio n  of th e  r e s e c te d  

sp e c im e n  gave am p le  c o n f irm a tio n  of the v i r tu a l  a b se n c e  of th y ro -  

g lo b u lin , S in a lla r  r e s u l t s  h av e  b een  o b ta in ed  in  c e r ta in  th y ro id  

n o d u le s  by R am ag o p a l e t a l (1965) and by S ta n le y  (1964),

In  H ash im o to * s th y r o id i t i s ,  as  h a s  b ee n  show n, a v a r ie ty  of 

p ro te in  p a t te r n s  w e re  o b ta in e d . In  a l l ,  a r e la t iv e  lo s s  of th y r o -  

g lo b u lin  w as found w hich  c o r r e la te s  w e ll w ith  a  la c k  of th y ro -  

g lo b u lin  on  h is to lo g ic a l  e x a m in a tio n  of the  th y ro id .  An in c r e a s e d  

3-*8S p ro te in  p e a k  w as s e e n  in  a l l .  I t  is  difficult; to  know  how m uch  

of th is  in c r e a s e  is  due to  th y ro g lo b u lin  s u b -u n its  and  how m u ch  is  

due to th e  g r e a t  in c r e a s e  in  c e l lu la r  co n ten t of th e  g lan d  a ffec ted
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by H ash im o to * s th y r o id i t i s ,  a s  c o m p a re d  to  th e  n o r m a l .  T he

m a jo r i ty  of th is  c e l lu la r  in c r e a s e  is  of c o u rs e  due to .n o n -

th y ro id  co m p o n e n ts , fo r  e x a m p le , ly m p h o cy te  and p la s m a  c e ll  •

in f i l t r a t io n .  T he th y ro id  e p ith e liu m  w hich  i s  p r e s e n t  is  a lso

abnox*mal -  th é  A skancisy  c e ll  e p ith e liu m . A 328 OD p eak  w as

se e n  in  tw o of fiv e  p a t ie n ts  s tu d ie d .

In  c e r ta in  in te r e s t in g  w ays the  th y ro id  p ro te in s  in  th is

co n d itio n  w e re  d if fe re n t f ro m  a l l  o th e r  th y ro id  g lan d s  s tu d ie d .

T h is  d is e a s e  w as th e  on ly  one in  w hich  in  v i t r o  in c o rp o ra t io n  

12.5of ' I in to  128 and  3-88  -p ro te in s in  ad d itio n  to  th e  198 p ro te in

w as  r e g u la r ly  p u 'e sen t. A b n o rm a lit ie s  in  th e  io d in a te d  p ro te in s

found in  H ash im o to*s d is e a s e  h av e  b een  p re v io u s ly  r e p o r te d

(M u rra y  and  M c G ir r ,  I960 ; De G ro o t e t a.l, 1962; S ta n le y , 1964;

Ram.8,gopal e t  a l , 1965), T h e se  h av e  b ee n  d e m o n s tra te d  by the

131low  b u tan o l e x tra c ta b le  I le v e l in  th e  p la s m a  a;tter t r a c e r  

131d o se s  of I; by e le c t ro p h o r e s i s  and a u to ra d io g ra p h y  of th e  

th y ro id  p ro te in s  and by u l t r a c e n tr i f u g a l  te c h n iq u e ’s .

In  ad d itio n , a  c o n s ta n t and  c u r io u s  d if fe re n c e  in  the  in c o rp o -

125 3 3ra t io n  of I and  Id -le u c in e  w as s e e n , “H - le u c in e  w as n e v e r

in c o rp o ra te d  in to  th y ro g lo b u lin  in  v i tro  ev en  w hen  th is  w as show n

h is to lo g ic a lly  to  be p r e s e n t  in  th e  g lan d . N one of th e  p a t ie n ts



119,

s tu d ie d  w as c l in ic a lly  hypo tby i’o id  and o b v io u sly  w e re  

sy n th e s is in g  so m e th y ro g lo b u lin . P e rh a p s  in  th is  co n d itio n  

th e  th y ro id  e p ith e liu m  w h ich  is, le f t  is  so d is e a s e d  th a t  i ts  

a b ility  to  in c o rp o ra te  am ino  a c id s  in to  the  p o ly p e p tid e  b a c k 

bone o£ th y ro g lo b u lin  i s  s e v e re ly  c u r ta i le d ,  R e s u lts  s im i la r  

to  th o se  of th e  p r e s e n t  sex 'ies h a v e .b e e n  r e c e n tly  r e p o r te d  by 

E tlin g  e t al (1968).

O nly a s m a ll  n u m b e r  of m a lig n a n t th y ro id s  w e re  s tu d ie d . 

T he 3 c a s e s  of a n a p la s tic  tu m o u r  gave I’c s u i ts  in  k eep in g  w ith  

th e  m u c h  l a r g e r  s e r i e s  of V a len t a ot al (1968), A s s ta te d  in  

th a t %xaper the  r e s u l t s  of u l t r a c e n tr i fu g a t io n  of the . th y ro id  

p ro te in s  and th e  in c o rp o ra t io n  of ra d io io d in e  d ep en d  on how 

m u ch  r e la t iv e ly  n o rm a l th y ro id  t is s u e  i s  p r e s e n t  in  th e  p a r t  

u n d e r  s tu d y , S tan le y  (1964) h a s  show n s im i la r  r e s u l t s  in  

a n a p la s tic  tu m o u r s ,

In  th e  one c a s e  of p a p i l la ry  c a rc in o m a  s tu d ie d , th e  n o rm a l 

r e s u l t s  o b ta in e d  w e re  undoub ted ly  due to  th e  low  ra t io  of th e  

p a p i l la ry  e le m e n ts  in  th e  th y ro id  g lan d  in  relatio?^ to  th e  

su rro u n d in g  r e la t iv e ly  n o rm a l t i s s u e .  S im ila r ly ,  th e  o th e r  

d if fe re n tia te d  th y ro id  tu m o u r  s tu d ie d  -  a f o l l ic u la r  c a rc in o m a  -  

a lthough  co n ta in in g  co m jp ara tiv e ly  l i t t l e  th y ro g lo b u lin , d id
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3 . 125in c o r p o r a te  H - le u c in e  and  I in to  th e  th y ro g lo b u lin  re g io n

of the tu m o u r ,

Ca.se 100, in  w hom  a ^presum ptive d ia g n o s is  o£ dycihoi-mono- 

g e n e s is  (type unlciiown) w as  m a d e ,  show ed  no p r o te in  >19S, T h is  

g la n d  w as  h y p e r p la s t i c ,  a lthough  the  p a t ie n t  w a s  c l in ic a l ly  h y p o 

th y r o id ,  T h is  p a t ie n t  w o u ld -p ro v id e  fu r  th e  e v id e n c e  fo r  one 

m e c h a n i s m  at l e a s t  fo r  th e  lo s s  of th e  27S p r o te in  being  due to  

th y r o id  s t im u la t io n .  I t  m u s t  he  a d m it te d ,  h o w e v e r ,  th a t  so m e  

m o r e  su b tle  abx io rm ality  in  thy ro id  p r o te in  s y n th e s i s  in  th is  

p a r t i c u l a r  g lan d  canno t be e x c lu d ed . T he only  o th e r  dys« 

ho r  m ono g e n e t ic  g la n d  w h ich  w as  s tu d ie d  w as  th e  g o i t ro u s  m e r in o  

sh e e p  in  w h ich  an  OD p a t t e r n  of a g r e a t ly  d im in is h e d  th y ro g lo b u lin  

p e a k  and  i n c r e a s e d  3-SS p e a k  w e re  found , A  m a r k e d  32S OD pealc 

v/as a lso  s e e n .  F a l c o n e r  (1966) and  R ac  e t  a l (1968) h av e  

d esc 'c ib e d  in  d e ta i l  the  f in d in g s  in  th e s e  a n im a l s .  T he e v id e n ce  

i s  th a t  the  a n im a ls  s u f fe r  f r o m  co n g e n ita l  g o i t ro u s  c r e t i n i s m  

a s s o c ia te d  w ith  th e  p ro d u c t io n  of an  a b n o rm a l  io d in a te d  p r o te in ,  

Such  a b n o r m a l i t i e s  h av e  b e e n  p r e v io u s ly  d e s c r ib e d  in  h u m a n s  

(De G ro o t  e t  a l ,  1958; M c G i r r  e t a l ,  I960). T he  u s u a l  a b n o rm a l i ty  

found  is  a  p r o te in  w ith  th e  e l e c t ro p h o r e t i c  c h a r a c t e r i s t i c s  of an 

io d in a te d  a lb u m in  p r e s e n t  bo th  in  th e  th y ro id  g lan d  and in  the
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p e r ip h e r a l  c i r c u la t io n .  One m a jo r  p ro b le m  h a s  b e e n  to 

d ec id e  w h a t ,  i f  any th ing , h a s  th is  abnox'mal m a t e r i a l  to  do 

w ith  th e  p ro d u c t io n  of g o i t ro u s  h y p o th y ro id is m . D id  th is  

c l in ic a l  s ta te  r e s u l t  f r o m  the  io d in a tio n  of th is  n o n -b io lo g ic  a l ly  

a c tiv e  p r o te in  as  th e  p r i m a r y .d e fe c t ,  o r ,  a s  h a s  b e e n  r e c e n t ly  

c la im e d  (L is  s i t  sky  e t a l ,  1968), i s  the p ro d u c t io n  of th is  

a b n o rm a l  com pound  co n se q u e n t on the  p r e s e n c e  of the  g o i t r e ?  

L i s s i t s k y  e t a l  (1968) hevve r e c e n t ly  p ro d u c e d  ev id en ce  of su ch  

an  a b n o rm a l  io d in a te d  a lb u m in  in  the  th y r o id  g la n d  of a  young 

g i r l  w h o se  b a s ic  d e fec t  a p p e a re d  to be la c k  of th e  d e h a lo g e n a se  

(d e io d in ase )  en z y m e  s y s t e m .  T h is  jls c o n t r a r y  to the e x p e r ie n c e  

of the  th y r o id  l a b o r a to r y  of the  U n iv e rs i ty  D eps-rtm en t of 

M e d ic in e ,  G lasg o w  R o y a l I n f i r m a r y .  H o w e v e r ,  suppo i't  f o r  th e  

p ro p o s a l  th a t  th e  a b n o rm a l  io d in a te d  p r o te in  w as  th e  c o n seq u en c e  

of the  g o i t ro u s  p r o c e s s  and  no t i t s  c a u s e ,  c o m e s  f r o m  the d e 

s c r ip t io n  of su ch  a  com pound  f r o m  a  w ide v a r i e ty  of th y ro id  

d i s e a s e s ,  su ch  as  th y ro id  c a n c e r  (R obbins e t a l ,  1955; T a ta  e t  a l ,  

1936), th y r o to x ic o s is  (S tanbury  a t a l ,  1962), au to n o m o u s  th y ro id  

n o d u le s  (Kahn e t a l ,  1962), a s  w ell a s  in  H ash im o to ^s  th y ro id i t i s  

and  c o n g e n ita l  g o i t ro u s  hy% )othyroidism .
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L is s i t z k y  e t  a l (1968) su g g e s t  th a t  the a b n o rm a l  io d in a te d  

a lb u m in  i s  in  fa c t  io d in a te d  s e r u m  a lb u m in  w hich  h a s  been  

c a s u a l ly  io d in a te d  d u r in g  p a s s a g e  of the b lood  th ro u g h  a 

g lan d  r e n d e r e d  h y p e r p la s t ic  by sonae o th e r  p r i m a r y .d is e a s e  

p r o c e s s .  T h e o r e t i c a l  su p p o r t  fo r  su ch  a p o s s ib i l i ty  co m es  . 

f r o m  th e  w o rk  of S h im o ak a  and T h o m p so n  (1965), v/ho showed, 

th a t  bovine a lb u m in  in je c te d  in  th e  r a t  can  b e c o m e  io d in a te d  

i n  vxyo if  ra d io io d in e  i s  su b se q u e n tly  in je c te d ,  T o r r e s a n i  e t  

a l (1968) have  f u r th e r  show n an io d o -a lb u m in  to  be n o rm a l ly  

p r e s e n t  in. the  r a t .  T h is  co n ta in ed  M IT, D IT , and  .

T h is  \yo rk  i s  y e t  h o w ev e r  to be con.fi.rmed by o th e r  la b o ra to r ie s *

To f u r th e r  c o m p lic a te  the  i s s u e ,  a co n g e n ita l  g o i t r e  

a s s o c ia te d  w ith  th e  p ro d u c t io n  of an a b n o rm a l  io d in a te d  p r o te in  

h a s  b e e n  d e s c r ib e d  in  South A fr ic a n  ca t t le  (Robbins e t a l ,  1966b). 

In  th e s e  a n im a ls  th e  a b n o rm a l  io d in a te d  px^otein a p p e a re d  to be 

h e te r o g e n e o u s , L a rg e  q u a n t i t ie s  of c i rc u la t in g  io d in a te d  albtxmin 

w e re  p r e s e n t ,  bu t th e s e  w e re  only p r e s e n t  in  s l ig h t  d e g re e  in  the  

th y ro id  g land . One of th e  a b n o rm a l  io d o p ro te in s  in  th e  th y ro id  

show ed  im m u n o lo g ic a l  c h a r a c t e r i a t i c s  w h ich  su g g e s te d  th a t  i t  

m ig h t  be an  abno:rm aI io d in a te d  im m u n o g lo b u lin .  A s im i l a r  

io d in a te d  l ig h t-w e ig h t  p ro te in  w ith  im m u n o lo g ic a l  c h a jm c te r i s t ie s
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s u g g e s t in g  th a t  i t  w a s  an io d in a te d  g a m m a  g lo b u lin  h a s  

r e c e n t ly  b e e n  d e s c r ib e d  in  d i f f e r e n t ia te d  h u m a n  th y r o id  

c a n c e r s  (L u p u le s c u  e t  a i ,  1968). O b v io u s ly  a  g r e a t  d ea l  

of w o rk  r e m a in s  to  be done in  th is  a r e a  b e fo r e  any d o g m a tic  

s t a te m e n ts  of the  ro le  of a b n o rm a l  iociincitod p r o te in s  in  the  

p a th o g e n e s is  of g o i t r e  can  be m a d e ,

M e d e i ro s -N e to  e t  a l (196.B) h av e  d e s c r ib e d  t h e i r  f in d in g s  

in  two p a t ie n t s  w ith  P e n d r e d*s s y n d ro m e  -  c o n g e n ita l  g o i t r e  

a s s o c ia te d  w ith  perc^ jp tive  d e a fn e s s .  In  th is  co n d it io n  th e  

b a s i c  p r o b le m  in  th e  th y r o id  g land  i s  a  l a c k  of io  d in a t io n  of 

ty r o s in e  in  thyI’o g lo b u lin  w h ich  i s  p r e s u m e d  to  be due to  la c k  

of th e  p e r o x id a s e  e n z y m e  s y s te m  in  th e  th y ro id ,  a l th o u g h  a 

r e c e n t  c a s e  d e s c r ip t io n  by L ju n g g re n  and  V ec ch io  (1969) h a s  

c a s t  doubt on  th i s  h y p o th e s i s .  M e d e i ro s -N e to  e t  a l  (1968) 

show ed , a s  e x p e c te d ,  t h a t ' t h e s e  h y p e r p la s t i c  g la n d s  c o n ta in e d  

l i t t l e  th y ro g lo b u lin  (about 15% of the  to ta l  th y r o id  p r o te in s ) ,  

th e  m a in  p r o te in  p r e s e n t  be in g  in  th e  3-8S  reg ion*  T hey  

f u r th e r  n o te d  an  i n c r e a s e d  am o u n t of r a d io io d in e  a s s o c ia t e d  

w ith  th e  p a r t i c u la t e  f r a c t io n  of th e  th y r o id  c e l l s .  T h is  

a b n o r m a l i ty  hao  a lso  b e e n  d e s c r ib e d  in  a t r a n s p l a n ta b le  r a t  

th y ro id  tu m o u r  (R obbins e t  a l ,  1959), bu t i t s  r e la t io n s h ip  to  

th y ro g lo b u l in  i s  n o t c l e a r .
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M o st of th e  v e r t e b r a t e  thyx’oid  g lands  gave  a  s i m i l a r  p a t t e r n  

of th y ro id  p ro te in s  to  the  r a t  and h u m a n . P r e v io u s  s tu d ie s  by 

Salvatorce e t  a l (1965a) h a v e  g iven  b ro a d ly  s i m i l a r  r e s u l t s ,  

a l though  in  thé  p r e s e n t  w o rk  an a p p re c ia b le  am o u n t of 12S p r o t e i n  

in  the  g u in e a  pig axid r a b b i t  a s  d e s c r ib e d  by th e s e  w o r k e r s  w as  

n o t found . I t  shou ld  be n o te d , h o w e v e r ,  th a t  in  t h e i r  s tu d ie s  the  

th y ro id  t i s s u e  w as  f ro z e n  b e fo re  a n a ly s is  and  i t  m a y  b e , 

e s p e c ia l ly  in  th e  gu inea  p ig  w i th . i t s  p o o r ly  io d in a te d  thyx'oglobulin, 

th a t  th is  h a s  r e s u l t e d  in  th e  b reak d o w n  of so m e  of the  198 p r o te in .

T he h o r s e  h a s  no p r o te in  >198$ co n f irm in g  th e  r e s u l t s  of 

S a lv a to re  e t  a l ( l9 6 5 a ) .  H is to lo g ic a l  ex ;rm ination  of th e  h o r s e  

th y ro id  g lan d  su g g e s te d  th a t  i t  w as  u n d e r  e x c e s s iv e  TSH 

s t im u la t io n  as  c o m p a r e d  to th e  o th e r  a n im a ls  s tu d ie d .  Not enough 

i s  known Exbout th y r o id  m e ta b o l i s m  in  the  h o r s e  to  s a y  if  th is  i s  a  

p h y s io lo g ic a l  s ta te  o r  n o t.  C e r ta in ly ,  th e  l a c k  of 278 p ro te in  

cou ld  no t be a t t r ib u te d  to  la c k  of io  d ina tion  s in c e  th e  v a lu e s  

o b ta in ed  in  th e  h o r s e  fe l l  in to  the  sa m e  ra n g e  fo r  io  d in a tio n  of 

th y ro id  p r o te in  a s  fo r  m o s t  of th e  o th e r  v e r t e b r a t e s  s tu d ie d ,  

e x c e p t  th e  dog and  c a t  -  p r e s u m a b ly  due to  f i s h -c o n ta in in g  foods -  

and  th e  g u in e a  pig -  p r e s u m a b ly  due to  i t s  v e g e ta r i a n  h a b i t s .
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In  S e c t io n  6 pi'O teins l a r g e r  th an  thy  r  o g lohu lin  a r e  

c o n s id e r e d .  T he  lo s e  of the  275 px'otein w hen  a  g o i t r e  i s  

p ro d u c e d  in  th e  r a t  an d  i t s  I’e c o v e ry  w hen  TSH a c t iv i ty  i s  

d im in is h e d  by T . m e d ic a t io n ,  h a s  b e e n  a l re a d y  d is  c u s s e d ,  as  

h a s  th e  d i f fe re n c e  in  iresponse  of the  d r u g - t r e a t e d  g o i t r e s  to 

io d in e  s.upjdem entation ,. depend ing  on  th e  p a r t i c u l a r  a n t i th y ro id  

d ru g  u s e d .

E v id e n c e  ia  p r e s e n te d  th a t  the  328 m a t e r i a l  found  in  the  

goit:cous g la n d s  i s  no t of io d o p ep tid e  n a tu r e ,  bu t i s  c o m p o se d  of 

ENA* I t s  v i r tu a l  a b s e n c e  f r o m  n o r m a l  g lan d s  (ex ce p t f o r  a  

t r a c e  am oun t in  th e  sh e e p ,  and  v e r y  o c c a s io n a l ly  in  th e  hum an) 

and  i t s  c o n s ta n t  f ind ing  in  the  g o i t ro u s  r a t ,  w ou ld  f i t  in  w e ll  

w ith  i t s  o r ig in  in  h y p e r p la s i a  of the  thy?;oid cell* E v id e n c e  in  

s u p p o r t  of th is  th e o ry  of o r ig in  c o m e s  f ro m  the  w o rk  of G o ld b e rg  

e t  al (1968), who show ed  th a t  in  th y r o to x ic o s is ,  and  e s p e c ia l ly  

in  H ash im o to * s  th y r o id i t i s ,  th e  ENA con ten t of th e  th y r o id  g lan d  

w a s  i n c r e a s e d ,  a s  w as  th e  DNA content* T he r e s u l t s  o b ta in e d  in  

th y ro id  a d e n o m a  d id  no t d i f fe r  f r o m  n o r m a l  th y r o id  t i s s u e .  In  

th e  p r e s e n t  s tu d y ,  in  ad d i t io n  to  a r t i f i c ia l ly  in d u c e d  g o i t r e s  in  

th e  r a t ,  a  328 OD p e a k  w a s  s e e n  in  H ash im o to * s  th y r o id i t i s  and 

in  a g o i t ro u s  sh e ep  th y r o id .  If  the  m e c h a n i s m  of i t s  p ro d u c t io n
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i s  s im p ly  th y ro id  c e l l  h y p e r p la s i a ,  i t  w as  s u r p r i s in g  th a t  i t  

w a s  not found  in  thyx-otoxic g la n d s ,  e s p e c ia l ly  in  o n es  p r e 

p a r e d  fo r  su  1' g o ry  by K C ÎO , in. w hich  the  g r e a t e s t  d e g re e  of 

th y ro id  h y p e r p la s ia  s e e n  in  th e  p r e s e n t  w o rk  w as  found, 

P 'e rh a p s  in  so m e  w ay th e  a n t i th y ro id  d rug  i r a te r fe re s  w ith  i t s  

Xoreduction in  th e  h u m a n ,  bu t not in  th e  r a t .  No obvious, 

e x p la n a t io n  fo r  th is  d i s c re p a n c y  i s  a v a i la b le  and  th i s  too  m u s t  

aw a it  f u r th e r  e x p e r im e n ta t io n  b e fo re  I t  can  be se ttled*

P r e v io u s  w o rk  by o th e r s  (Nunez e t a l ,  1965a an d  R obbins 

e t  a t ,  1966a) h a s  In d ic a te d  th e  p r e s e n c e  of a  s m a l l  am oun t of 

31-338  io d o p ro te in  m a tex u a l fx-om n o n - s t im u la te d  r a t  th y ro id  

g la n d s .  T he  ev id en ce  p r e s e n t e d  fo r  i t s  io d o p ro te in  n a tu re  i s  

b a s e d  on the  f a c t  th a t  r a d io io d in e  w as  incorj>c>rated in to  th is  

f r a c t io n  bo th  in  e q u i l ib r iu m  la b e l l in g  e x p e r im e n ts  in  v ivo and 

in  s l ic e  in c u b a t io n  e x p e r im e n ts  in  v i t r o . T h is  w a s  no t found in  

th e  p r e s e n t  w o rk  and  if  an io d o p ro te in  com pound  of th is  S v a lu e  

i s  c o n f i rm e d  by othe*r w o r k e r s ,  i t  s t i l l  r e m a in s  to  be fu lly  

c h a r a c t e r i s e d  and  i t s  r e la t io n s h ip  to  198 th y ro g lo b u l in  and  i t s  

r o le  in  th y ro id  m e ta b o l i s m  r e m a in s  to be d ef in ed .
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SUMMARY
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SUMMARY

T h is  w o rk  p r e s e n t s  d a ta  on th e  b io s y n th e s is  o f  t h y r o -  

g lo b u lin .  T h is  p r o te in  of 198 s iz e  c o n s t i tu te s  d ie  m a in  

th y r o id  p r o te in  in  m o s t  n o r m a l  v e r t e b r a t e  th y r o id  g la n d s ;  

s m a l l e r  a m o u n ts  of 3 -88  an d  278 p r o te in  a r e  u s u a l ly  p r e s e n t .

In i t ia l ly  i t  i s  show n th a t  in  v ivo  in  th e  r a t ,  a s  h a s  b e e n  

p r e v io u s ly  show n in  v i t r o  by o th e r  w o r k e r s ,  l a b e l l e d  am in o  

a c id s  a r e  i n c o r p o r a t e d  in to  p r o te in s  of 3-8S an d  128 s iz e  

b e fo re  th e  la b e l  i s  i n c o r p o r a t e d  in to  th y ro g lo b u l in .  T he 

p a t t e r n  of in c o rp o r a t io n  i s  c o n s is te n t  w ith  th e  128 an d  w ith  

l e s s  c e r t a in ty  w ith  th e  3-8S  p r o te in s  be ing  p r e c u r s o r  s u b 

u n i ts  of th e  198 p r o te in .  A t long  t im e  in t e r v a l s  a f t e r  a d m in is -
3

t  r a t  io n  of a  p u ls e  of H - le u c in e ,  th e  p a t t e r n  of la b e l l in g  of th e

3 -8 8  f r a c t i o n  co u ld  a l s o  be c o n s is te n t  w ith  th i s  l a b e l l e d  f r a c t io n

be ing  a  b re a k d o w n  p ro d u c t  of th e  l a b e l l e d  198 p r o te in ,

3T h e s e  f in d in g s  w ith  H - le u c in e  a r e  in  c o n t r a s t  to  th o s e  s e e n

125 125w h en  I i s  u s e d .  In  th i s  c a s e  X i s  no t i n c o r p o r a te d  in to

p r o te in s  <188, e x c e p t  f o r  a  s m a l l  p e r c e n ta g e  t r a n s i e n t l y  in c o rp o 

r a t e d  in to  a  128 p r o te in  a t  v e r y  e a r ly  t im e  i n t e r v a l s  a f te r  

a d m in i s t r a t io n  of th e  l a b e l .  A t no t im e ,  h o w e v e r ,  w as  a  p r o te in  

l i g h t e r  th a n  188 p r e s e n t  a s  th e  p re d o m in a n t  l a b e l l e d  p e a k .
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T he |jï;odiiction of a  g o i t ro u s  s ta te  in  th e  r a t ,  by m e a n s

of one of th e  a n t i th y ro id  d ru g s  w h ich  b lock  a t  v a r io u e  p o in ts

th e  b io sy n th es ir i  of th y ro x in e ,  a ilters the d is t r ib t i t io n  of the

thyx’o id  p r o t e i n s , T h y ro g lo b u l in  d im in i  she  a in  a m o u n t w h e r e a s

th e  3-8S p r o te in s  i n c r e a s e ;  the  n o r m a l ly - p r e s e n t  Z7S peale i s

l o s t  and  a new  OD p e a k  i s  s e e n  in  th e  328 region* In  th e s e

3g o i t ro u s  g lande  th e  m cox-'poration of H - le u c in e  in to  th e  th y ro id  

p r o te in s  i s  e n h a n ce d ,  bu t a  t r u ly  198 p r o te in  i s  no t fo rm ed*  A s 

w o u ld  be a n t ic ip a te d ,  th e  incorx>oration of X i s  b lo c k e d  to a 

v a ry in g  d e g re e  depend ing  on the  po tency  of the  g o i t ro g e n  u s e d .

W hen a  m i ld  io d in e  d e f ic ie n c y  s ta te  io in d u c e d  by feed in g  a

3 125low  iod ine  d ie t ,  th e  in c o rp o r a t io n  of H - le u c in e  o r  I in to

th y ro g lo b u l in  i s  a c c e l e r a t e d ,  %) r e  su m  ably  due to i n c r e a s e d  TSH

p ro d u c t io n  by th e  p i tu i ta ry * ' W hen a m o r e  s e v e r e  d e g re e  of

io d in e  d e f ic ien c y  is  p i^esent, an  18S, as  o p p o se d  to  a  t r u ly  198

p r o te in ,  i s  labe lled*  T h e r e  is  c o m p a ra t iv e ly  l i t t l e  la b e l l in g  of

3th e  3-JBS p r o te in s  of io d in e  d e f ic ie n t  g lan d s  by H - l e u c in e ,  as

c o m p a r e d  to d ru g - in d u c e d  g o itre s*

T he  ad m in is t i 'a . t io n  of T . to a g o i t r o u s ,  o r  n o r m a l ,  a n im a l

3v i r tu a l ly  in h ib i ts  the  incorpo% 'ation of ‘ H - le u c in e  an d , to  a  

125le sse - r  e x te n t ,  I in to  th e  th y ro id  p r o t e in s .  A s ta b le  128
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p r o te in  p e a k  i s  s e e n  u n d e r  th e s e  c o n d it io n s ,  w h ich  s u g g e s ts

th a t  th is  m a y  r e p r e s e n t  a  f a i lu r e  of in c o r p o r a t io n  of s u b -u n i ts

125in to  198 th y ro g lo b u lin .  A n  I  l a b e l l e d  128 p r o te in  of h ig h

s p e c i f ic  a c t iv i ty  i s  found  d u r in g  w ith d ra w a l  of a n t i th y ro id

d ru g s  in  th e  rat*

T h e  p r o te in  p a t t e r n s  of a  s e r i e s  of 100 h u m a n  th y r o id

g lan d s  w e r e  studied* T h e  ’norm al*  h u m a n  th y r o id  g la n d

sh o w ed  a  p r o te in  p a t t e r n  s i m i l a r  to  th e  r a t  and  s l i c e s  of the

3t i s s u e  in co i* p o ra ted  H - le u c in e  in to  the  198 p r o te in  a u d i t s

125p r e s u m e d  s u b -u n i ts  in  v i t r o * I on th e  o th e r  h a n d  w as  

i n c o r p o r a te d  only  in to  an  18-198 p r o te in .

In  th y r o to x ic o s i s ,  w h e th e r  p r e p a r e d  p r e - o p e r a t i v e l y  by 

c a r b im a z o le / io d id e  o r  by K G IO ^, th e  n o ta b le  f e a tu r e  w as  the  

l o s s  of p r o te in s  >198* T h is  o c c u r r e d  d e s p i te  d i f f e r e n c e s  in  

d is t id b u t io n  of th e  th y r o id  p r o te in s  in  th y r o id  g lan d s  t r e a t e d  p r e -  

o p e r a t iv e ly  w ith  th e s e  two d i f fe re n t  r e g i m e s .  T h e  g la n d s  f r o m  

p a t ie n t s  t r e a t e d  w ith  c a rb im a z o le /  io d id e  c o n ta in e d  m o r e  th y r o 

g lo b u lin  and  a  s m a l l e r  am o u n t of 3 -88  p r o te in  th a n  g lan d s  t r e a t e d  

w ith  KGIO ,.  T h e  l a c k  of a 278 p ro te in  cou ld  n o t be c o r r e l a t e d/j.

w ith  io d in e  d e f ic ie n c y  -  th e  th y ro to x ic  g la n d s  t r e a t e d  by e i th e r  

m e th o d  of p r o - o p e r a t iv e  p r e p a r a t io n  hav ing  a  s i m i l a r  iod ine
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co n ten t  w h ich  w as  f u r th e r m o r e  s im i l a r  to  th a t  found  in  n o n 

to x ic  g o i t r e  in  w h ich  a  2.7S p r o te h i  w as  r e g u la r ly  found.

M o s t  non***toxic .g o i t re s  and  th y ro id  a d e n o m a s  show ed  a

3p r o te in  p a t t e r n  and  p a t t e r n  of in c o rp o r a t io n  of H - le u c in e  and  

1.25I s i m i l a r  to  th e  ’no rm al*  h u m a n  m a t e r i a l .  In  on ly  tw o of

17 a d e n o m a s  stuclied w a s  a  3-88  p r o te in  found as  th e  p re d o m in a n t

th y r o id  p r o te in .  I n  bo th  of th e s e  g lands  no th y ro g lo b u l in  w as

h is to lo g ic a l ly  d e m o n s t r a b l e .

In  I - ïa sh im o to ’s th y ro id i t i s  a- r e la t iv e  lo s s  of. th y ro g lo b u lin

w ith  i n c r e a s e d  3.-88 p r o te in  w as  p r e s e n t ,  A 32S OD p ea k  w as

3s e e n  in  two of .the 5 g lan d s  s tu d ie d ,  H - le u c in e  w as  n o t in c o r p o -

123r a t e d  in to  p ro te in s  >3-83$ bu t X w as in c o r p o r a te d ,  not only

in to  th y ro g io b it l in ,  bu t a ls o  in to  128 and  3 -88  p r o t e in s .

In  m a l ig n a n t  th y ro id  g la n d s ,  as  in  the  o th e r  h u m a n  th y r o id

g la n d s  s tu d ie d ,  t h e r e  w a s  a  good c o r r e l a t io n  b e tw e e n  th e  f r a c t io n

of th e  th y r o id  p r o te in s  p r e s e n t  a s  th y ro g lo b u lin  an d  th e  px^esence

of h is to lo g ie  a l ly  demonstx*able c o llo id ,  In  p o o r ly  d i f f e re n t ia te d

125 3tu m o u r s ,  n e i th e r  I ox’ H - le u c in e  w e re  in c o r p o r a te d  in to  th e  

th y r o id  p r o t e in s ,

T he io d in e  co n ten t of 'n o rm al*  humaxi th y r o id  p r o te in  w as  

a p p ro x im a te ly  3 t im e s  th a t  of any g ro u p  of p a th o lo g ic a l  g lan d s
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s tu d ie d ,  Ttimoux* t i s s u e ,  a s  a n t ic ip a te d ,  c o n ta in e d  th e  l e a s t  

io d in e .

In  a  s e r i e s  of v e r t e b r a t e  th y r o id  g lan d s  s tu d ie d ,  th e  th y ro id  

p r o te in  p a t t e r n  w as  s i m i l a r  to  th a t  of th e  noxuxxaX r a t  ox' hum an ; 

th e  e x c e p t io n  b e in g  th e  h o r s e  in  w h ich  no 278 p r o te in  w a s  found* 

T h e  io d in e  co n ten t  of th e  m a jo r i ty  of v e r t e b r a t e s  w as  a p p ro x i 

m a te ly ,  tw ic e  th a t  of th e  n o rm a l ,  h u m a n , the  on ly  e x c e p tio n s  

being, th e  g u in e a  p ig ,  w h ich  c o n ta in e d  l e s s ,  an d  th e  c a t  and  dog, 

in  w h o m  th e  th y r o id  p r o te in s  .w ere  m o r e  h ig h ly  io d in a te d  th a n  in  

th e  o th e r  a n im a ls  s tu d ie d .  ■

E v id e n c e  i s  p r e s e n te d  th a t  th e  328 OD pealc p r e s e n t  in  th e  

g o i t ro u s  r a t  c a n  be d e m o n s t r a te d  a f te r  a  v a r i e t y  of te c h n iq u e s  

o f  p r e p a r a t io n  of th e  solxxble th y r o id  p ro te in s*  S tudy  of th is  

p e a k  sh o w ed  th a t  i t  w a s  xrot of io d o p ro te in  n a t u r e ,  bu t w as  

c o n s i s te n t  w ith  i t  beiirg c o m p o se d  of RNA*
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