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Position of the Methionine Residue in Bovine Neurophysin I I  ~ 

I n  1942 VAN DYKE et  al. ~ descr ibed a p ro te in  f r ac t ion  
f r o m  bovine  pos te r io r  p i t u i t a r y  lobes which  exh ib i t ed  
oxytocic ,  p ressor  and  an t id iu re t i c  act ivi t ies .  Subse-  
quen t ly ,  s tud ies  ~ h a v e  shown t h a t  t h i s  'VAN DYKE 
p ro t e in '  consis ts  of n e u r o h y p o p h y s e a l  h o r m o n e s  asso- 
c i a t ed  in non -cova l en t  l inkage w i t h  several  c losely 
r e l a t ed  pro te ins ,  w h i c h  CHAUVET et  at. 4 des igna ted  as 
neurophys in .  Ev idence  has  a c c u m u l a t e d  wh ich  sugges ts  
t h a t  u n d e r  a va r i e t y  of cond i t ions  neu rophys ins  revers ib ly  
fo rm aggregates .  Fo r  bov ine  neu rophys in s  a m o n o m e r i c  
molecular  we igh t  of a p p r o x i m a t e l y  10,000 has  been  
r e p o r t e d L  One of t he  ma jo r  c o m p o n e n t s  of t h e  neuro-  
phys in  fract ion,  neu rophys in  II ,  has  been  descr ibed  by  
HOLLENBERG and  HOPE6; a conspicuous  fea ture  of th is  
p ro t e in  is i ts  single me th ion ine  residue.  The  successful  
scission of t he  amide  cha in  a t  t he  ca rboxy l  si te of a 
m e t h i o n i n e  residue by  the  n o n - e n z y m a t i c  c leaving 
r eagen t  cyanogen  b rom ide  ~ has  been  d e m o n s t r a t e d  wi th  
m a n y  pep t i dy l  subs t r a t e s  s. I t  was  hoped  t h a t  the  
c leavage of n e u r o p h y s i n  I I  a t  t h e  me th ion ine  pos i t ion  
would  resul t  in 2 f r agmen t s  of su i table  size for a va r i e ty  
of fu r the r  s tudies .  

W i t h  th i s  as b a c k g r o u n d  neu rophys in  I I  was pur i f ied  
by  a modi f i ca t ion  of the  p rocedure  of HOLLENBERG and  
HoPE s, and  checked  for t he  absence  of n e u r o h y p o p h y s e a l  
h o r m o n e s  by  av i an  vasodepressor  s and  ra t  pressor  assay  10 
a n d  b y  the  lack of p rec ip i t a t i on  w i t h  specific an t ibod ies  
to  o x y t o c i n l l ;  neu rophys in  I I  was  t e s t ed  for  h o m o -  
gene i ty  by  disc e lec t rophores is  19", isoelectric focusing 13 
a n d  amino  acid ana lys isZ!  This  ma te r i a l  (10 nag), dis-  
so lved  in  6 mt  of 0 . 1 N  HC1, was  al lowed to  r eac t  w i t h  
60 m g  of  cyanogen  bromide .  The  mix ture ,  s t i r red  un t i l  
a homogenous  so lu t ion  resu l ted  and  al lowed to  s t a n d  a t  
r o o m  t e m p e r a t u r e  for 16 h, was  d i lu ted  w i t h  12 ml  of 
glass dis t i l led w a t e r  and  lyophi l ized.  This  p o w d e r  was  
t h e n  t a k e n  up  in a m in ima l  a m o u n t  of N formic  acid 
and  sub jec ted  to  gel f i l t ra t ion  on  a S e p h a d e x  G-75 
column.  E lu t ion  w i t h  N formic  acid resul ted  in two  
U V - a b s o r b i n g  peaks  (254 nm) ;  t he  f i rs t  (CNBr-1) emerged  
a b o u t  m i d w a y  be tw een  the  void-  and  bed -vo lume  and  
t h e  second (CNBr-2) a t  the  bed-vo lume.  The N - t e r m i n a l  
of CNBr-1 was  found  to  be serine. Amino  acid analys is  
a f t e r  acid hydro lys i s  w i th  6 N  HC1 a t  l l 0 ~ C  for 22 h 
showed t h a t  CNBr-2 con ta ined  2 n inhyd r in - ac t i ve  com-  
ponen t s ,  a lanine  and  homoser ine  lactone,  t he  l a t t e r  
resu l t ing  f rom me th ion ine  dur ing  the  cyanogen  b romide  
react ion.  These  resul ts  conf i rm t h a t  a lanine is t he  
N- t e rmina l  residue of bovine  neu rophys in  I I sa  and  show 
t h a t  m e t h i o n i n e  occupies t h e  p e n u l t i m a t e  N - t e r m i n a l  
posi t ion,  and  serine the  t h i r d  posi t ion,  in th is  prote in .  

Zusammenlassung. D u r c h  Spa l tung  m i t  CNBr  wurde  
gezeigt,  dass  N e u r o p h y s i n  I I  aus 1Rinderhypophyse nu r  
eine M e t h i o n i n - E i n h e i t  enth~tlt und dass  die N- t e rmina l e  
Sequenz  Ala-Met  ist .  
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Identification of Teleost  Gonadotrope Cells Using Methallibure ( I . C . I .  3 3 , 8 2 8 )  and Thiourea 

I n  r ecen t  years  increas ing  a t t e n t i o n  has  been  p a i d  to  
t he  e x p e r i m e n t a l  iden t i f i ca t ion  of func t iona l  cell t y p e s  
in the  te leos t  p i t u i t a r y  (see review b y  VAN OORDT1). 
Associa ted  wi th  th is  has  been  the  rea l iza t ion  t h a t  em-  
pir ical  s ta in ing  t echn iques  have,  by  themselves ,  only  a 
morphologica l  value,  a fac t  emphas i zed  in te leos ts  by  
the  general  failure of t inc tor ia l  m e t h o d s  to  d is t inguish  
be tween  t h y r o t r o p e  and  gonado t rope  ceils in the  p rox ima l  
pars  distal is  (PPD)  of t h e  p i t u i t a r y  g land s. 

In  a t t e m p t s  to  iden t i fy  these  cell t y p e s  the  m o s t  
c o m m o n  approach  has been  to  look for paral lel  changes  

in t h e  p i t u i t a ry  following expe r imen ta l l y - i nduced  changes  
in  i ts  t a rge t  organs.  In  t h i s  way  t h e  iden t i f i ca t ion  of 
t h y r o t r o p e  cells has  been  successful ly accompl i shed  in 
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m a n y  species,  b o t h  b y  r a d i o t h y r o i d e c t o m y  3 a n d  b y  
t r e a t m e n t  w i t h  go i t rogens  4. Only  a few a t t e m p t s  h a v e  
b e e n  made ,  however ,  to  i den t i fy  g o n a d o t r o p e  ceils exper i -  
m e n t a l l y .  SOKOL 4 obse rved  changes  in  t he  a d e n o h y p o -  
p h y s i s  fo l lowing g o n a d e c t o m y  in  Poedlie  (Lebis tes)  
reticulata, a n d  GESKI?; 5 used  sex s t e ro id  a d m i n i s t r a t i o n  
to  i d e n t i f y  g o n a d o t r o p e s  in  t h e  s a m e  species. 

The  r e c e n t  d e v e l o p m e n t  of non - s t e ro ida l  c h e m i c a l  
i n h i b i t o r s  of g o n a d o t r o p i c  f u n c t i o n  al lows a new  ap-  
p r o a c h  to  t h i s  p rob lem.  T h e  c o m p o u n d  1-oC-methyl -  
a l t y l - 6 - m e t h y l d i t h i o b i u r e a  (Metha l l ibure ,  I .C.I .  33, 828) 
was  used  in t h i s  s tudy .  M e t h a l l i b u r e  ha s  been  s h o w n  t o  
i n h i b i t  g a m e t o g e n e s i s  in  m a m m a l s  6,7, frogs 8 a n d  t e l eos t  
fishg, 1°. T h e r e  is s t r o n g  ev idence  f rom work  on  m a m -  
malsS, n ,  1. t h a t  t h i s  c o m p o u n d  i n h i b i t s  t h e  p r o d u c t i o n  
or  s e c r e t i o n  of p i t u i t a r y  gonado t rop in s ,  r a t h e r  t h a n  
i n h i b i t i n g  gametogenes i s  b y  a d i r ec t  effect  on  t he  gonads .  
T h e  resu l t s  r e p o r t e d  here  i nd i ca t e  t h a t  M e t h a l l i b u r e  m a y  
be  a useful  tool  in  t h e  i den t i f i c a t i on  of f u n c t i o n a l  cell 
t y p e s  in  t he  t e leos t  hypophys i s .  

Twe lve  m a t u r e  f emale  spec imens  of t h e  large  fresh-  
w a t e r  Ser ran id ,  Plectroplites ambiguus R i cha r ds on ,  were 
d iv ided  i n to  4 groups  of 3 fish. E a c h  g roup  was housed  
in a 300 1 a q u a r i u m  w i t h  a e r a t e d  f i l te red  w a t e r  a t  22°C 
a n d  u n d e r  long  (14 h) d a y l e n g t h  cond i t ions .  T he  f ish 
were fed r egu la r ly  a n d  t r e a t e d  as fol lows:  

G r o u p  1 - Metha l l ibu re .  A suspens ion  c o n t a i n i n g  1.0 g 
M e t h a l l i b u r e  in  100 ml  of d is t i l led  w a t e r  was  p repa red .  
The  suspens ion  was  m a i n t a i n e d  w i t h  T w e e n  80 (2 d rops /  
10 nil)  a n d  was  a d d e d  to  t h e  a q u a r i u m  w a t e r  4 t i m e s  pe r  
week  in  5.0 m l  doses. 

G r o u p  2 - Th iourea .  These  f ish rece ived  4 × 5 . 0  m l  
doses  pe r  week  of a so lu t ion  c o n t a i n i n g  2.0 g t h i o u r e a  
in 100 ml  d is t i l led  wa te r .  

G r o u p  3 - M e t h a l l i b u r e  + T h i o u r e a .  T h i s  g r o u p  re-  
ce ived  b o t h  c o m p o u n d s  in t h e  s ame  dosages  as  above .  

G r o u p  4 - Control .  B o t h  t h e  con t ro l  g r o u p  a n d  t h e  
t h i o u r e a - t r e a t e d  f ish rece ived  t h e  s ame  a m o u n t s  of t he  
w e t t i n g  a g e n t  T w e e n  80 as t he  o t h e r  g roups  (i.e. 4 d rops /  
week).  

H a l f  of t h e  w a t e r  in each  t a n k  (150 1) was  rep laced  
each  week  w i t h  fresh,  d e c h l o r i n a t e d  water .  Af te r  5 weeks  
t he  f ish were  sacr i f iced a n d  t h e i r  p i t u i t a r y  g lands  dis- 
sec ted  free a n d  f ixed in  10% formal in .  Ser ia l  sec t ions  

Median saggital section of pituitary of PlectropIites ambiguus. 
Diagram showing distribution of main cell types. Ac, acidophils of 
proximal pars distalis (PPD); B I, Type I basophils (thyrotropes) 
in PPD; BII, Type II basophils (gonadotropes) in PPD; B III, 
basophils of pars intermedia; Ch, ehromophobes of pars inter- 
media; NH, neurohypophysis; RPD, rostral pars distalis. 

were  cu t  a t  5 [Lm a n d  s t a i ned  w i t h  a l d e h y d e - t h i o n i n e -  
P A S - y e l l o w  naphto113. 

Results. P i t u i t a r y  g l ands  f rom the  con t ro l  f i sh  showed  
deep ly - s ta in ing ,  g r a n u l a r  ba soph i l  (i.e. PAS-pos i t i ve )  
ceils t h r o u g h o u t  t h e  P P D  (Figure) .  T h e  dorsa l  edge of  
t h e  P P D  is occupied  b y  ac idoph i l  cells s u r r o u n d i n g  t h e  
b r a n c h e s  of t h e  n e u r o h y p o p h y s i s .  Be low these  small ,  
r ounded ,  t i g h t l y - p a c k e d  basoph i l s  (Type  1 in  F igure)  
o c c u p y  t h e  bu lk  of t h e  c e n t r a l  r eg ion  of t h e  P P D ,  w i t h  
s c a t t e r e d  g roups  of ac idophi l s  a m o n g s t  t h e m .  I n  t h e  
r o s t r o - v e n t r a l  r eg ion  of t he  P P D ,  a n d  e x t e n d i n g  pos te-  
r ior Iy  as  a v e n t r a l  r i m  to  t h e  pa r s  i n t e rmed ia ,  are  l a rger  
ba soph i l s  of more  a n g u l a r  a p p e a r a n c e  (Type  II) .  W i t h  
t h e  a l d e h y d e t h i o n i n e - P A S - y e l l o w  n a p t h o l  t e c h n i q u e  t h e  
c y t o p l a s m i c  g r anu l a  of these  p e r i p h e r a l  cells s t a i n e d  a 
l iver - red  co lour  whi le  those  of t he  T y p e  I basoph i l s  
s t a i ned  deep  purp le ,  p r e s u m a b l y  due  to  a g r ea t e r  a f f in i ty  
for  a l d e h y d e  t h i o n i n e  (cf. 2VIugil cephalis 14). 

T h i o u r e a  t r e a t m e n t  caused  d e g r a n u l a t i o n  a n d  vacuol iza -  
t i on  of t h e  T y p e  I basophi l s .  The  T y p e  I I  cells were 
unaf fec ted ,  r e m a i n i n g  large  a n d  g ranu la r .  T h e  f ish in 
t h i s  g roup  showed  t h y r o i d  h y p e r p l a s i a  ( increase in fol- 
licle cell h e i g h t  a n d  loss of colloid). A t  t he  dosage level  
used he re  t h i o u r e a  did  n o t  adve r se ly  a f fec t  t h e  gonads ;  
all f ish in  t h i s  g roup  r e m a i n e d  in b r e e d i n g  cond i t ion .  

P i t u i t a r i e s  f r o m  M e t h a l l i b u r e - t r e a t e d  f ish showed  
m a r k e d  d e g r a n u l a t i o n  of t h e  Type  I I  basophi ls .  They  
a p p e a r e d  sma l l  a n d  f l a t t ened ,  b u t  no  vacuo le s  were 
obse rved  in  t he se  cells. T h e  ovar i e s  f r o m  these  f i sh  
showed  a d v a n c e d  a t r e s i a  of y o l k y  eggs a n d  i n h i b i t i o n  
of v i te l logenes is  in  deve lop ing  oocytes .  

T h e  T y p e  I basophi l s ,  a l t h o u g h  s t a i n i n g  m u c h  more  
deep ly  t h a n  those  on  t h e  pe r iphe ry ,  were  n o n e  t h e  less 
n o t  una f f ec t ed  b y  Metha t l i bu re .  These  cells a p p e a r e d  
to  be  s l igh t ly  d e g r a n u l a t e d  as  c o m p a r e d  to  t h e  cont ro ls ,  
a n d  some v a c u o l i z a t i o n  was  a p p a r e n t .  

A l t h o u g h  no  h is to logica l  a b n o r m a l i t i e s  could  be  d e t e c t e d  
in t h e  t h y r o i d  follicles of these  fish,  t he  s i t u a t i o n  m a y  
be  complex .  I n  r a t s  a n d  mice,  TULLOCH e t  at. ~5 found  
t h a t  M e t h a l l i b u r e  affects  t h y r o i d  f u n c t i o n  b o t h  d i rec t ly ,  
b y  i n h i b i t i n g  t h e  p r o t e i n - b i n d i n g  of iodine,  a n d  ind i rec t ly  
b y  in f luenc ing  p i t u i t a r y  t h y r o t r o p i c  ac t i v i t y .  The  ex- 
p e c t e d  goi t rogenic  effect  of M e t h a l l i b u r e  was m a s k e d  
b y  i ts  i n h i b i t o r y  effect  on  T S H  secre t ion.  

I t  t h u s  seems no t  u n l i k e l y  t h a t  t h e  p a r t i a l  d e g r a n u l a -  
t i on  of T y p e  I ba soph i l s  fo l lowing M e t h a l l i b u r e  t r e a t m e n t  
r e p r e s e n t s  a n  i n h i b i t i o n  of T S H  p r o d u c t i o n  w h i c h  is 
n o t  re f lec ted  b y  t h y r o i d  cytology.  
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F i sh  t h a t  rece ived  b o t h  Me t ha l l i bu r e  a n d  t h i o u r e a  
showed  d e g r a n u t a t i o n  of b o t h  t y p e s  of ba soph i l  in  t he  
P P D .  T h e  ovar ies  f rom these  f ish showed  a t r e s i a  a n d  
b lockage  of v i te l logenesis .  T h y r o i d  follicle cells a p p e a r e d  
to  show a s o m e w h a t  less m a r k e d  loss of col loid t h a n  in 
f ish t r e a t e d  w i t h  t h i o u r e a  alone.  

O n  t he  bas is  of t he se  r e su l t s  i t  seems  r e a s o n a b l e  to  
sugges t  t h a t  t h e  sma l l  c e n t r a l  T y p e  I basoph i l s  a re  
t h y r o t r o p e s  a n d  t he  l a rger  v e n t r a l  T y p e  I I  cells a re  
gonado t ropes .  M e t h a l l i b u r e  a p p e a r s  to  a c t  b y  i n h i b i t i n g  
t h e  p r o d u c t i o n  of p i t u i t a r y  gonado t rop in ( s )  a n d  r educ ing  
t h e  p r o d u c t i o n  of T S H .  

P r e l i m i n a r y  resu l t s  for  a n o t h e r  te leost ,  Hypseleotris 
galii ~6, sugges t  a s imi la r  d i s t r i b u t i o n  of these  cell types .  
T h e  work  r e p o r t e d  here  is p a r t  of a s t u d y  of t h e  repro-  
duc t i ve  phys io logy  of severa l  t e leos t  species us ing  
M e t h a l l i b u r e  t r e a t m e n t  to  replace  t h e  c lass ical  t e c h n i q u e  
of surgical  h y p o p h y s e c t o m y  17. 

Zusammen/assung. Die versuchsweise  I d e n t i f i z i e r u n g  
g o n a d o t r o p e r  Zel len de r  T e l e o s t i e r - H y p o p h y s e  (Plecto- 
plites ambiguus) ge lang  n a c h  B e h a n d l u n g  m i t  Metha l l i -  
b u r e  (I.C.I. 33, 828) u n d  Th iourea .  
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Pineal Weight Response  to a Dietary Variable in 

Severa l  i n v e s t i g a t o r s  h a v e  d e m o n s t r a t e d  a co r r e l a t i on  
b e t w e e n  changes  in t h e  p inea l  g l and  a n d  t h e  r e p r o d u c t i v e  
s y s t e m  re l a t i ve  to  pho tope r iod .  T h e  l a b o r a t o r y  r a t  m a i n -  
t a i n e d  u n d e r  c o n s t a n t  d a r k  has  a decreased  inc idence  
of es t rus  assoc ia ted  w i t h  a n  increase  in p inea l  w e i g h t  
a n d  h y d r o x y - i n d o l e - 0 - m e t h y l  (HIOMT)  t r a n s f e r a s e  ac t i -  
v i t y  1. I n  c o n s t a n t  l ight ,  e s t rus  is p ro longed ,  o v a r i a n  
h y p e r t r o p h y  is o b s e r v e d  a n d  p inea l  w e i g h t  a n d  H I O M T  
a c t i v i t y  are dec reased  ~. HOFFMAN a n d  P-EITER 3 d e m o n -  
s t r a t e d  in h a m s t e r s  t h a t  gonada l  a t r o p h y  w h i c h  occurs  
as a r e su l t  of b l i n d i n g  or  a r t i f ic ia l  s h o r t  d a y s  (1 h of 
l ight)  is p r e v e n t e d  in p i n c a l e c t o m i z e d  an ima l s .  

I t  h a s  b e e n  e s t ab l i shed  for  a n u m b e r  of d i f f e r en t  species 
t h a t  long  p h o t o p e r i o d  is h i g h l y  s t i m u l a t o r y  to  r ep roduc -  
t i on  whi le  s h o r t  p h o t o p e r i o d  ha s  no  effect  or  is a n e g a t i v e  
s t imulus .  The  m o n t a n e  m e a d o w  vole,  Microtus montanus, 
a s t r i c t  he rb ivo re ,  shows a pos i t ive  r e p r o d u c t i v e  response  
to  long  p h o t o p e r i o d  4. F u r t h e r m o r e ,  :NEGUS a n d  PINTER 5 
h a v e  d e m o n s t r a t e d  a pos i t i ve  r e p r o d u c t i v e  response  to  
s u p p l e m e n t s  of f resh  g reen  p l a n t s  in  t h e  d ie t  of t h i s  
species. 

T h e  p r e s e n t  s t u d y  was  u n d e r t a k e n  to  d e t e r m i n e  w h e t h e r  
or  no t  changes  in p h o t o p e r i o d  or a d d i t i o n  of f resh  green  
p l a n t s  to  t h e  d ie t  could  af fec t  w e i g h t  changes  in t he  
p i n e a l  g l and  of 2V/. montanus. Most  of t h e  a n i m a l s  used  
in  t h i s  s t u d y  were  y o u n g  s u b a d u l t s  of u n i f o r m  age a n d  
size, o b t a i n e d  f r o m  a n  o u t b r e d  co lony  of M. monlanus 
m a i n t a i n e d  in ou r  l a b o r a t o r y .  One  g roup  of e x p e r i m e n t a l  
a n i m a l s  was  o b t a i n e d  d i r ec t l y  f r o m  wild  p o p u l a t i o n s  a t  

M i c r o t u s  m o n t a n u s  

t h e  J a c k s o n  Hole  Biological  Resea rch  S ta t ion ,  W y o m i n g .  
Th i s  g roup  was t a k e n  in to  c a p t i v i t y  d u r i n g  la te  October ,  
1968, w h e n  t he  en t i r e  p o p u l a t i o n  was  in a n o n - b r e e d i n g  
cond i t ion .  F r o m  t i m e  of c a p t u r e  and  t h r o u g h o u t  t h e  
e x p e r i m e n t a l  per iod,  t h e s e  a n i m a l s  were  m a i n t a i n e d  
u n d e r  sho r t  p h o t o p e r i o d  (SL, 16D). 

A n i m a l s  were caged e i t h e r  in  pa i r s  or  s ingly  a n d  were 
g iven  P u r i n a  r a b b i t  chow a n d  w a t e r  ad  l i b i t u m .  T h e  
o u t e r  leaves  of h e a d  l e t t uce  were fed as a d i e t a r y  sup-  
p l e m e n t  to  e x p e r i m e n t a l  an ima l s .  Da i ly  a r t i f ic ia l  i l lumi-  
n a t i o n  p r o v i d e d  b y  cool  w h i t e  f luorescen t  l igh t s  (250 I t  
candles)  was  con t ro l l ed  b y  a 24-h c lock-swi tch .  Tem-  
p e r a t u r e  was m a i n t a i n e d  a t  70-72  °F. 

Genera l ly ,  t he  l a b o r a t o r y  a n i m a l s  were m a i n t a i n e d  
u n d e r  a p a r t i c u l a r  l i g h t  r eg ime  for  21 d a y s  p r io r  to  a 
succeed ing  21 d a y s  of e x p e r i m e n t a l  d i e t  a d m i n i s t r a t i o n .  
A t  t he  t e r m i n a t i o n  of e ach  e x p e r i m e n t ,  a n i m a l s  were 
sacr i f iced in t h e  m i d d l e  of t he  d a r k  per iod  (Tab le  I). 
The  wild c a u g h t  a n i m a l s  were  m a i n t a i n e d  u n d e r  8 h 
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Table I. Effect of daily dietary supplement of fresh plant substances on pineal weight in Microtus montanus 

Group No. of Sex Light Treatment x Pineal weight Level of 
animals regime (rag) significance (P) 

1 9 ~ 8L 16D Greens 0.096 + 0.047 • 0.025 
9 ~ 8L 16D No greens 0.152 -4- 0.057 

2 18 c~ 8L 16D Greens 0.096 4- 0.028 0.025 
16 6' 8L 16D No greens 0.123 4- 0.043 

3 16 C7 12L 12D Greens 0.091 4- 0.040 0.025 
19 (~ 12L 12D No greens 0.130 4- 0.068 

4 27 ~ 16L 8D Greens 0.086 4- 0.040 0.01 
24 ~ 16L 8D No greens 0.116 4- 0.047 

Standard Deviation. 


