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F igu re  1 shows t h a t  t h e  mi lk -e j ec t ion  a c t i v i t y  a n d  t he  
n e u r o p h y s i n  c o n t e n t  of t h e  i n c u b a t i o n  m e d i a  fol lowing 
e lect r ica l  s t i m u l a t i o n  a re  r e l a t ed  to  s t i m u l a t i o n  in t ens i ty ,  
t h e  2 cu rves  be ing  S-shaped .  I n  F igu re  2, resu l t s  f rom each  
i n d i v i d u a l  i n c u b a t i o n  h a v e  been  p l o t t e d  acco rd ing  to i t s  
n e u r o p h y s i n  (abscissa) a n d  h o r m o n e  (ord ina te)  con ten t .  
T h e  2 regress ion  l ines (x = - 1 4 . 6  + 0.79y, a n d :  y = 
21.4 + 1.14x) h a v e  been  c o m p u t e d ;  t h e i r  co r re l a t ion  
coeff ic ient  is equa l  to  0.95. T h e  fac t  t h a t  t h e  i n t e r c e p t  is 
d i f f e r e n t  f rom zero is n o t  u n c o m m o n  w h e n  biological  a n d  
i m m u n o r e a c t i v e  po tenc ie s  of s u b s t a n c e s  are  d e t e r m i n e d ,  
a n d  m a y  also d e p e n d  o n  t h e  d i f f e ren t  sens i t iv i t i es  of t h e  
2 assays .  

S tud ie s  on  t h e  b i n d i n g  of t h e  p o l y p e p t i d e  h o r m o n e s  to  
neu rophys ins~ ,  5 h a v e  led to  t h e  sugges t ion  t h a t  neuro -  
p h y s i n s  a re  i n v o l v e d  in  t h e  i n t r a c e l l u l a r  s to rage  a n d  
t r a n s p o r t  of t h e  h o r m o n e s ;  t h e i r  f a t e  d u r i n g  t h e  sec re to ry  
process  h a s  h o w e v e r  long  r e m a i n e d  obscure .  T h e  p r e s e n t  
s t u d y  i n d i c a t e s  t h a t  n e u r o p h y s i n s  a n d  p o l y p e p t i d e  
h o r m o n e s  a re  re leased  in  a f ixed  r a t i o  f r o m  i so la ted  r a t  
n e u r o h y p o p h y s e s  ove r  a t  l eas t  a 10-fold r a n g e  of h o r m o n e  
output.  UTTENTHAL e t  al.  ~4 h a v e  r e c e n t l y  s h o w n  t h a t  
i so la ted  porc ine  n e u r o h y p o p h y s e s  l i be ra t e  lys ine-vaso-  
p re s s in  a n d  n e u r o p h y s i n  w h e n  exposed  to  so lu t ions  
c o n t a i n i n g  a h i g h  KC1 c o n c e n t r a t i o n .  These  resu l t s  sugges t  
t h a t  t h e  d e t e r m i n a t i o n  of p l a s m a  n e u r o p h y s i n  levels  could  
se rve  as  a c l in ical ly  useful  i ndex  of  t h e  sec re to ry  a c t i v i t y  
of t h e  n e u r o h y p o p h y s i s ,  s ince  t h e  a s say  of t h e  v e r y  s m a l l  
q u a n t i t i e s  of p o l y p e p t i d e  h o r m o n e s  in  b lood  poses  impor -  
t a n t  t e chn i ca l  p rob lems .  I t  r e m a i n s  to  be  s h o w n  h o w e v e r  

t h a t  t he  r a t io  is a lways  f ixed w i t h  d i f f e ren t  e x p e r i m e n t a l  
cond i t ions ,  a n d  w h e t h e r  i t  ref lects  t h e  r a t i o  found  in the  
n e u r o s e c r e t o r y  granulesaL 

Rdsumd. L a  s t i m u l a t i o n  ~lec t r ique  de n e u r o h y p o p h y s e s  
de  r a t  in  v i t r o  p r o v o q u e  la  l ib6ra t ion  c o n j o i n t e  d ' h o r -  
m o n e s  e t  de  n e u r o p h y s i n e .  Ce t te  o b s e r v a t i o n  sugg~re 
que  la  secr6 t ion  n e u r o h o r m o n a l e  imp l ique  l ' ex t ru s ion  du  
c o n t e n u  des g ranu les  neurosecr6to i res .  
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Subcellular Distribution o f  ~2p L a b e l l e d  Phospholipids: Stimulation by T h y t r o p a r  a n d  L o n g  Acting 
Thyroid Stimulator 

T h y t r o p a x  (TSH) el ici ts  n u m e r o u s  b i o c h e m i c a l  re- 
sponses  in  i t s  t a r g e t  t i s sue - thyro id ,  b o t h  in v i v o  a n d  in 
v i t r o  ~, 2. I nc r ea sed  i n c o r p o r a t i o n  of 32Pi i n to  t he  p h o s p h o -  
l ip ids  of t h y r o i d  is one  of t he  ear l ies t  effects  of T S H S - L  
Long  ac t ing  t h y r o i d  s t i m u l a t o r  (LATS) p r e s e n t  in  t h e  
s e r u m  of p a t i e n t s  suffere ing  w i t h  Graves '  disease h a s  also 
b e e n  s h o w n  to  m i m i c  t h e  a c t i o n  of T S H  on t h y r o i d a l  
p h o s p h o l i p i d  m e t a b o l i s m  8, 9. 

Subce l lu la r  d i s t r i b u t i o n  of 32P-labelled p h o s p h o l i p i d s  
in  con t ro l  a n d  T S H - s t i m u l a t e d  t h y r o i d s  ha s  b e e n  s t ud i ed  
b y  KOGL a n d  VAN DEENEN x0 a n d  KERKOF a n d  TATA ll. I n  
t h e  p r e s e n t  s tud ies  subce l lu l a r  f r a c t i o n a t i o n  a n d  locatisa-  
t i o n  of t he  r a d i o a c t i v i t y  in  t h e  T S H  a n d  L A T S  s t i m u l a t e d  
t h y r o i d s  h a v e  b e e n  a t t e m p t e d  w i t h  a v iew to  ana lyze  
t h e  d i s t r i b u t o r y  p a t t e r n  of t h e  ~2P-labelled p h o s p h o l i p i d s  
in  t he se  organel les .  

Materials and methods. T h y t r o p a r  (TSH) was  a generous  
g i f t  of A r m o u r  P h a r m a c e u t i c a l  C o m p a n y ,  Chicago.  L A T S  
was  g i f t  of MRC,  London .  N a 2 H ~ P O 4  was  t h e  p r o d u c t  of 
I so tope  Divis ion,  B A R e ,  Ind ia .  

B o v i n e  t h y r o i d s  f rom f resh ly  s l augh t e r ed  a n i m a l s  were 
sl iced (100-150 m g  bi t s )  a n d  5 g of b o v i n e  t h y r o i d  slices 
(pooled slices f rom a t  l eas t  6 t hy ro id s )  were  i n c u b a t e d  in 
150 m l  Tris-Ct buf fe r  (pH 7.4; 50 m M )  c o n t a i n i n g  NaC1 
131 r a M ;  KC1 5 m]l,I, MgSO4 1.2 r a M ;  CaCI~ 0.8 m M  a n d  
Na~H a~PO 4 - 1 mCi  for  I h a t  37 °C in  a m e t a b o l i c  s h a k e r  
u n d e r  100% oxygen .  T S H  a n d  L A T S  were  used  a t  a con-  
c e n t r a t i o n  of 100 m U / m l  a n d  1.5 M R C  mil l i  u n i t s / m l  re-  
spec t ive ly .  A f t e r  t h e  i n c u b a t i o n  per iod,  t he  slices were  
w a s h e d  seve ra l  t i m e s  w i t h  0.1 M K H , P O 4  a n d  n o r m a l  sali- 
ne. Subce l lu l a r  f r ac t ions  were  p r e p a r e d  b y  t h e  d i f fe ren t i a l  
c e n t r i f u g a t i o n  of t h e  t h y r o i d a l  h o m o g e n a t e  in  4 vo l umes  

of 0 . 2 5 M  sucrose.  T h e  1000 g s e d i m e n t  (10 mil l  cen t r i fu -  
ga t ion)  was  d i scarded .  T h e  10,000 g s e d i m e n t  o b t a i n e d  
a f t e r  20 ra in  c e n t r i f u g a t i o n  was  t a k e n  as t he  m i t o c h o n -  
d r i a l  f rac t ion .  The  m i c r o s o m a l  f r ac t i on  was  t h e  105,000 g 
s e d i m e n t  (1 h cen t r i fuga t ion ) .  L ip ids  were e x t r a c t e d  f rom 
t h e  h o m o g e n a t e ,  subce l lu la r  f r ac t i on  a n d  a p o r t i o n  of t h e  
105,000 g s u p e r n a t a n t  w i t h  20 vo lumes  of CHC13: CH3OH 
(2:1 v /v )  m i x t u r e  a n d  pur i f i ed  accord ing  to  t h e  m e t h o d  of 
FOLC~I e t  al, 1~. T h e  t o t a l  l ip id  r a d i o a c t i v i t y  was m e a s u r e d  
us ing  15.0 ml  of t he  sc in t i l l a to r  f luid (PPO-5  g a n d  d ime-  
t h y l  P O P O P - 0 . 3  g in  I L  Toluene)  a n d  c o u n t e d  in N u c l e a r  
Chicago L iqu id  Sc in t i l l a t ion  Counter .  I n d i v i d u a l  p h o s p h o -  
l ipids  were  reso lved  on  TLC a n d  t he  p h o s p h o l i p i d  zones  
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Table I. Subcellular distribution of a2p into bovine thyroidal phospholipids - effect of TSH and LATS 

EXPERIENTIA 27[11 

Specific radioactivity 
s~p incorporation into phospholipids (counts/min/[Lg P) 

Experiments 
I II III IV 

Cone. TSH Cone. TSH Cone. TSH Cone. TSH 

Homogenate 252 430 221 470 450 531 463 563 
Mitochondria 130 259 161 249 146 213 197 216 
Mierosomes 244 456 244 489 570 665 551 604 
Supernatant 169 372 224 407 242 340 345 471 

5 g bovine thyroid slices (pooled slices from at least 6 different thyroids) were incubated in Erlenmeyer flasks in 150 mt of the buffer medium 
given in 'Methods' in the presence of 1 ~ci NaH~ 3~PO 4 for 1 h at 37 °C under 100% O~ before subcellular fractionation and isolation. TSH 
concentration studied was 100 mU]ml and LATS was used at 1.5 MRC mU/mL 

Table II. Distribution of a2Pi into phospholipids of subcellular components of bovine thyroids 

Phospholipid Radioactivity in phospholipids (% of total activity spotted) 
fraction 

Homogenate Mitochondria Microsomes 

Cone. TSH Cone. LATS Cone. TSH Cone. LATS Cone. TSH Cone. LATS 

PE 6.66 4.33 4.88 5.66 6.08 5.16 6.30 5.74 1.88 2.69 9.38 13.39 
PI 45.50 64.67 44.25 41.87 37.29 63.66 37.13 15.18 62.02 71.59 57.36 51.07 
PC 44.60 28.81 49.95 51.63 54.41 29.56 56.12 78.80 34.56 24.68 31.87 34.90 
SP 3.18 2.37 0.89 0.83 2.20 1.67 0.43 0.26 1.52 1.01 1.36 0.82 

Experimental details as in Table I. The results from a typical experiment are expressed as the percentage of the total activity spotted. 

were  scraped and  coun ted  by  fo rming  a homogenous  sus- 
pens ion  of these  scrapings  wi th  t h ixo t rop ic  gel (40 g/l) in 
the  above  scint i l la tor .  Tota l  l ipid P was  d e t e r m i n e d  by  t h e  
m e t h o d  of FISKE and  SUBBAROW 18 and  indiv idua l  phos -  
phol ip id  P by  BARTLETT procedure  14. 

Results and discussion. The  subcel lular  d i s t r ibu t ion  of 
t he  T S H  and  LATS s t imu la t ed  32Pi incorpora t ion  in to  t he  
phospho l ip ids  are s u m m a r i z e d  in Table  I. The mic rosomal  
f rac t ion  of t he  cont ro l  slices showed  the  h ighes t  specif ic  
ac t iv i ty .  Thyro ida l  s t imula t ion  b y  T S H  a n d  L A T S  aug- 
m e n t e d  ~ P i  incorpora t ion  in all  t he  subcel lular  compo-  
n e n t s  examined ,  b u t  t h a t  in t he  mic rosomal  c o m p o n e n t  
was  p r o m i n e n t .  

The  ind iv idua l  phospho l ip id  c o m p o n e n t s  of t hese  s u b -  
cellular f rac t ions  resolved on  TLC reveals  a d i f fe ren t ia l  
d i s t r ibu t ion  of  3~Pi in  t h e  phospho l ip ids  oi subcel lu lar  or- 
ganeltes (Table II) .  W h e r e a s  all  t h e  snbcet lu lar  compo-  
nen t s  and  the  h o m o g e n a t e  in T S H  p rovoked  t h y r o i d s  h a v e  
the  h ighes t  coun t s  in PI ,  t h e  m a x i m u m  rad ioac t i v i t y  was  
p re sen t  in PC in t he  cont ro l  and  L A T S  t r e a t e d  m i t o c h o n -  
dr ia  and  homogena te .  However ,  t h e  P I  of the  mic rosomes  
of these  t hy ro ids  exh ib i t ed  the  h ighes t  r ad ioac t iv i ty .  

According  to  KERKOF and  TATA n the  r a t e  of incorpo-  
ra t ion  of 3~Pi in to  t he  mi tochondr i a l  phospho l ip ids  was  
70-100% higher  t h a n  t h a t  in to  t he  mic rosomal  l ipids over  
a 6-hour  period.  They  sepa ra t ed  the  rough  and  the  s m o o t h  
mic rosomal  f rac t ions  and  the i r  s tudies  were  pe r fo rmed  for 
2, 3, 4 and  6 h. The resul ts  of t he  p re sen t  s tudies,  where  t he  
bovine  thyro ids  were incuba ted  for 1 h, show the  micro-  
somal  l ipids  to be h ighly  labelled. M a n y  of t he  enzymes  
involved  in the  b iosyn thes i s  of phosphol ip ids  have  been  
localized in the  microsomes  ~5. The exchange  of phosp h o -  
l ipids b e t w e e n  the  l iver mi tochondr i a  and  mic rosomes  in 
v i t ro  has  been  es tab l i shed  ~s. MGMI_IRRAY and  DAWSON 1~, 
work ing  wi th  t h e  isolated p repa ra t ions  of m i t o c h o n d r i a  
and  microsomes  of ra t  liver, have  es tab l i shed  t h a t  t he  mi-  

c rosomes  are t he  seat  of aaPi incorpor ta ion  in to  phospho-  
l ipids and  t h a t  m i tochondr i a  fail  to  show this  effect.  In  the  
l ight  of these  repor ts ,  i t  is n o t  unreasonab le  to  a s sume  t h a t  
our  obse rva t ions  r ep re sen t  the  earl ier  phase  of th is  label-  
ling, and  those  of IKERKOF and  TATA fo rm the  la ter  phase  
w h e n  the  ~*P-phospholipids have  been  t r a n s p o r t e d  to  t h e  
o the r  s i tes  w i t h i n  t he  cell. T h e y  have  shown t h a t ,  a t  t he  
end  of 6 h incubat ion ,  2-to 3-fold of t he  label  a c c u m u l a t e d  
in t h e  m i t o c h o n d r i a  c o m p a r e d  to  t h e  microsomes .  T S H  
a n d  L A T S  m i g h t  be expec ted  to  e n h a n c e  b o t h  the  micro-  
somal  phosphol ipogenes i s  as well  as t r ans fe r  of these  
phospho l ip ids  t o  o the r  in t racel lu lar  sites.  The  h igh  ac t iv i ty  
of P I  in the  mic rosomes  of t h e  control ,  T S H  and  L A T S  
s t i m u l a t e d  t h y r o i d s  f u r t h e r  l ends  s u p p o r t  to  th is  con ten-  
t ion.  

Zusammen/assung. An Sch i lddr i i senschn i t t en  wurde  der  
subzellulRre E i n b a u  yon  P h o s p h o r  in  Phospho l ip ide  n n d  
die W i r k u n g  yon  T h y r e o t r o p i n  und  y o n  L A T S  un te r such t ,  
wobei  die mik rosomale  F r a k t i o n  die h6chs te  Rad ioak t iv i -  
t~ t  aufwies.  
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