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ABSTRACT 

The aim of t h i s  s tudy was t o  i n v e s t i g a t e  t h e  use of 

immunological techniques i n  t h e  i s o l a t i o n  of p r o l a c t i n .  

F i r s t ,  ant iserum t o  ovine p r o l a c t i n  was produced. The 

r a b b i t s  used showed cons iderable  d i f f e r e n c e s  i n  t h e  i ~ r u i t u i i e  

response with regard  t o  t h e  t i t e r  of t h e  ant iserum and i n  

g e n e r a l  t h e  response was weak. Those a n t i s e r a  t h a t  were 

t o  be used i n  subsequent s t u d i e s  d i d  no t  c ross - reac t  with 

o t h e r  p i t u i t a r y  hormones i n  agar  d i f f u s i o n  t e s t s .  

Secondly, two methods were used i n  a t tempts  t o  p u r i f y  

p r o l a c t i n .  One was a p r e c i p i t a t i o n  technique which involved 

t h e  d i s s o c i a t i o n  of a p r e c i p i t a t e d  pro1actin:anti-prolactin 

complex. The o the r  was an imrnunosorption technique. Both 

techniques were f i r s t  analysed with a bovine serum albumin 

( ~ s A ) : a n t i - ~ S ~  system. In  connection with t h e  f i t s t  i s o l a -  

t i o n  technique,  a micro-prec ip i t in  curve f o r  p r o l a c t i n  was 

f i rs t  e s t a b l i s h e d  t o  e s t ima te  t h e  r a t i o  of ant igen:ant ibody 

r e q u i r e d  t o  produce maximum p r e c i p i t a t i o n .  The p r e c i p i t a t i o n  

technique was then  app l i ed  t o  a p r o l a c t i n :  a n t i - p r o l a c t i n  

system, using glycine-HC1 b u f f e r  t o  d i s s o c i a t e  t h e  complex. 

While some p r o l a c t i n  was obtained,  t h e  ant ibody could no t  be 
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re-used and it was suspected t h a t  t h e  d i s s o c i a t i o n  was 

incomplete. 

Immunosorption gave b e t t e r  r e s u l t s .  I n  t h i s  method t h e  

ant ibody f r a c t i o n  was coupled t o  a c t i v a t e d  Sepharose. An 

anti-BSA immunosorbent was found t o  be capable of binding 

BSA s p e c i f i c a l l y  and could be re-used a t  l e a s t  9 t imes with- 

o u t  l o s s  of a c t i v i t y .  When t h e  technique was then  a p p l i e d  

t o  a  pro1actin:anti-prolactin system, much smaller  y i e l d s  

of an t igen  were obtained.  When t h e  a n t i - p r o l a c t i n  

immunosorbent was used t o  i s o l a t e  p r o l a c t i n  from a  sheep 

p i t u i t a r y  homogenate, some concent ra t ion  of p r o l a c t i n  was 

accomplished but a l s o  some non-specif ic  p r o t e i n  binding took 

p lace .  

F ina l ly ,  t h e  f r a c t i o n s  obta ined  by t h e  immunosorpt ion 

procedure were q u a n t i f i e d  using a  solid-phase radioimrnunoassay 
- .  

a s  we l l  a s  t h e  pigeon crop b ioassay  ( l o c a l  method). Some- 

what lower p r o l a c t i n  va lues  were obta ined  by t h e  b ioassay  

than  by t h e  radioimmunoassay. This  may i n d i c a t e  a  s l i g h t  

r educ t ion  i n  b i o l o g i c a l  a c t i v i t y  during immunosorption. 

Poss ib le  approaches t h a t  could be taken t o  overcome t h e  

probleks of y i e l d ,  s p e c i f i c i t y ,  and decrease i n  b i o l o g i c a l  

a c t i v i t y  a r e  discussed.  
i v  
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GENERAL INTRODUCTION 

This  i n v e s t i g a t i o n  was prompted by my i n t e r e s t  t o  

i s o l a t e  "salmon p r o l a c t i n " .  I n  a  r e c e n t  review concerning 

t h e  comparative endocrinology of p r o l a c t i n ,  Bern and NicolP 

IlnCO\ m.-- - - - t -A t L ~ t  - v n l ~ n t 4 m  4 -  1 4 b - l - v  m v n m n m t  4 -  4-Ln \r2uuJ D U ~ Y C Z D L C Z U  Lr luL  y~ u r u b L r r r  r m  r r r r b r y  y r b o b r r c .  ArA r r r b  

p i t u i t a r y  gland of a l l  v e r t e b r a t e s  and t h a t  "no o t h e r  

hormone - v e r t e b r a t e  o r  i n v e r t e b r a t e  - h a s  s o  many widely 

d i f f e r e n t  e f f e c t s ,  t h a t  is ,  s o  many d i f f e r e n t  ' t a r g e t  

organs ' , a s  have been claimed f o r  p r o l a c t i n " .  Although t h e  

occurrence of p r o l a c t i n  i n  t h e  p i t u i t a r y  gland of P a c i f i c  

salmon h a s  been shown (Mc~eown and van Overbeeke, 1969; 

McKeown, 1970) , t h e  phys io log ica l  s i g n i f i c a n c e  of t h i s  

pro te inaceous  hormone remains l a r g e l y  t o  be e l u c i d a t e d .  No 

success fu l  a t tempts  t o  i s o l a t e  t h i s  hormone have been 

publ ished.  

Normally, t h e  i s o l a t i o n  of a  p r o t e i n  from i t s  n a t u r a l  

source i s  achieved by f r a c t i o n a t i o n ,  and t h e  s p e c i f i c  

a c t i v i t y  of t h e  p repara t ion  must be evalua ted  a f t e r  each 

s t e p .  I n  t h e  case of hormones t h i s  eva lua t ion  would r e q u i r e  

a  b ioassay .  To d a t e ,  no b ioassay  f o r  f i s h  p r o l a c t i n  is 

a v a i l a b l e .  The observat ion  t h a t  "salmon p r o l a c t i n "  c ross -  



,, 
r e a c t s  immunologically wi th  an t ibod ies  t o  ovine (sheep) 

p r o l a c t i n  (McKeown and van Overbeeke, 1969) ,  suggested an 

a l t e r n a t i v e  p o s s i b i l i t y  t o  ob ta in  t h i s  hormone, namely t o  

use an immunochemical technique.  

when using immunochemical methods t o  remove a  p r o t e i n -  

an t igen  o r  i t s  ant ibody from a mixture,  one b e n e f i t s  from 

t h e  supposedly h i g h l y  s p e c i f i c  a f f i n i t y  between t h e s e  two 

components. The success  of such methods obviously depends 

upon t h e  s p e c i f i c i t y  of t h e  a n t i s e r a  which i n  t u r n  w i l l  

depend on t h e  p u r i t y  of t h e  p r o t e i n  used a s  an t igen .  

Very few r e p o r t s  concerning t h e  a p p l i c a t i o n  of t h e  

above technique f o r  t h e  p u r i f i c a t i o n  of hormones have been 

publ ished.  With rega rd  t o  p r o l a c t i n ,  Emmart and Bates (1968) 

r e p o r t e d l y  succeeded i n  p u r i f y i n g  ovine p r o l a c t i n  a s  wel l  a s  

p r o l a c t i n  from a t e l e o s t ,  t h e  pol lack  (Po l l ach ius  v i r e n s )  . 
This  l a s t  observa t ion  i s  of p a r t i c u l a r  i n t e r e s t  s i n c e  t h e  

pol lack  p r o l a c t i n  was p r e c i p i t a t e d  with ant i -ovine  p r o l a c t i n .  

This  would i n d i c a t e  t h a t  immunochemical p u r i f i c a t i o n  methods 

a r e  u s e f u l  even i n  those  cases  where t h e  immune r e a c t i o n ,  

which c o n s t i t u t e s  t h e  b a s i s  of t h i s  technique,  has  t h e  na tu re  

of a  c ross - reac t ion  or  heterologous r e a c t i o n  ( a  r e a c t i o n  

between an an t igen  and an ant ibody t o  t h e  corresponding 



an t igen  from another spec ies)  . 
For t h i s  s tudy,  it was decided t h a t  p r i o r  t o  at tempting 

t h e  i s o l a t i o n  of salmon p r o l a c t i n ,  it was necessary  t o  

f i r s t  r e - i n v e s t i g a t e  t h e  p u r i f i c a t i o n  of ovine p r o l a c t i n .  

During t h i s  phase of t h e  i n v e s t i g a t i o n ,  cons iderable  t e c h n i c a l  

d i f f i c u l t i e s  were encountered. Also, t h e  ques t ion  a rose  

whether t h e  conjugat ion and subsequent s e p a r a t i o n  of t h e  

hormone-antigen from i t s  ant ibody would a f f e c t  i t s  b i o l o g i c a l  

a c t i v i t y .  The s o l u t i o n  of t h e s e  va r ious  problems involved 

i n  pur i fy ing  ovine p r o l a c t i n  c o n s t i t u t e s  t h e  con ten t s  of 

t h i s  t h e s i s .  

The report consists of three parts.  The f i r s t  d e a l s  

with t h e  problems involved i n  producing a n t i s e r a  t o  ovine 

p r o l a c t i n  and t h e  subsequent a n a l y s i s  of these  s e r a .  The 

second and most ex tens ive  p a r t  concerns i n v e s t i g a t i o n s  i n t o  

t h e  use of two immunochemical techniques t o  i s o l a t e  ovine 

p r o l a c t i n .  The t h i r d  p a r t  desc r ibes  t h e  q u a n t i f i c a t i o n  of 

t h e  i s o l a t e d  p r o l a c t i n  f r a c t i o n s  using both a b ioassay  and 

a  radioimmunoassay. 



1. PRODUCTION AND ANALYSIS OF ANTISERA TO BOVINE SERUM 
ALBUMIN AND OVINE PROLACTIN. 

In t roduc t ion  

The product ion and a n a l y s i s  of a n t i s e r a  commonly 

fol lows s tandard  procedures and i s  t h e  s u b j e c t  of s e v e r a l  

textbooks (campbell e t  a l . ,  1964; Kabat and Mayer, 1967; 

Nowotny, 1969) , Of major importance is  t h e  phenomenon 

t h a t  ind iv idua l s  of t h e  same s p e c i e s  respond d i f f e r e n t l y  t o  

i n j e c t i o n  of a p a r t i c u l a r  an t igen  with r e s p e c t  t o  t i t e r  

and s p e c i f i c i t y  of t h e  ant iserum ( ~ o w o t n y ,  1969) . For t h i s  

reason it is  advisable  t o  immunize a number of animals with 

the same an t igen  whenever p o s s i b l e .  Of a l l  of t h e s e  animals,  

t h e  t i t e r  and s p e c i f i c i t y  of t h e  a n t i s e r a  is  then  analysed 

f o r  some time, and when one o r  more adequate producers of 

ant ibody a r e  found, t h e  immunization of t h e  o t h e r s  is  

d iscont inued.  

An ant iserum t o  be used f o r  i s o l a t i o n  of a p a r t i c u l a r  

an t igen  must r e a c t  s p e c i f i c a l l y  wi th  t h i s  an t igen .  I n  a s tudy 

such a s  t h e  p resen t  one, where t h e  hormone must be i s o l a t e d  

from a p i t u i t a r y  homogenate, it i s  of paramount importance 

t h a t  t h e  ant iserum does n o t  r e a c t  with any o the r  p i t u i t a r y  



hormone. I t  fol lows t h a t  t h e  hormone-antigen used t o  

produce t h e  ant iserum must be of s u f f i c i e n t  p u r i t y .  

One of t h e  i s o l a t i o n  procedures used i n  my s tudy 

involves p r e c i p i t a t i o n  of t h e  ant igen  with t h e  ant ibody.  

P r e c i p i t a t i o n  i s  t h e  f i n a l  v i s i b l e  r e a c t i o n  between a  

so lub le  an t igen  and i t s  antibody. This  r e a c t i o n  cha rac te r -  

i s t i c a l l y  t akes  p lace  only when t h e  an t igen  and ant ibody a r e  

p r e s e n t  i n  a  p a r t i c u l a r  r a t i o  (Carpenter ,  1965) .  When 

e i t h e r  compound i s  p r e s e n t  i n  excess ,  t h e  complex w i l l  s t i l l  

form b u t  i t s  p r e c i p i t a t i o n  i s  i n h i b i t e d  ( ~ a b a t  and Mayer, 

1967) .  Because of t h i s  phenomenon it was necessary  t o  

determine the  ~ptimum r a t i o  f o r  prolactin:anti-=rol;rcti,n_. 

Mate r i a l s  and Methods 

Hormone p repara t ions .  Two p r o l a c t i n  p repara t ions  *.  were 

used a s  an t igens  : Sigma Ovine P r o l a c t i n  (20 ~ ~ / m g )  , and 

Ovine P r o l a c t i n  donated by t h e  Nat ional  I n s t i t u t e  of Heal th,  

Bethesda, Md. (NIH-P-S9; 30 1u/mg). 

The fol lowing hormones were used i n  t e s t s  f o r  s p e c i f i -  

c i t y  of t h e  ovine p r o l a c t i n  a n t i s e r a :  Ovine Growth Hormone 

( N I H - d ~ - ~ 9 ,  1.09 1~/mg)  ; Ovine Lute in iz ing  Hormone (NIH-LH- 



S13, 0.93 1u/mg); Ovine F o l l i c l e  St imulat ing Hormone (NIH-  

FSH-S5, 1.42 1u/mg); Ovine Thyroid St imulat ing Hormone 

(NIH-TSH-S5, 1.44 1 ~ / m g ) ;  and Porcine Adrenocorticotrophic 

Hormone (Sigma, 140 1u/mg) . 
- Sheep p i t u i t a r y  homogenate. .ro prepare a crude 

p r o l a c t i n  prepara t ion ,  one hundred sheep p i t u i t a r y  glands 

were homogenized with 100 m l  of 0.01 M phosphate-buffered 

s a l i n e  (pH 7.4) i n  a V i r t  i s  t i s s u e  homogenizer. The suspen- 

s i o n  was cent r i fuged f o r  30 min, a t  20,000 g and t he  super- 

na t an t  saved. Agar d i f fu s ion  t e s t s  (Ouchterlony, 1953) 

showed t h e  presence of p r o l a c t i n  i n  t h e  supernatant ,  

Production of a n t i s e r a ,  Of seven female New Zealand 

White r a b b i t s ,  approximately 6 months o ld ,  two were i n j e c t e d  

with Sigma Wine Prolac t in ,  one with N I H  Ovine Pro lac t in ,  and 

two were kep t  a s  uninjec ted  con t ro l s  t o  provide a source of 

normal r a b b i t  serum, The two remaining r a b b i t s  were 

immunized with bovine serum albumin (Sigma BSA, f r a c t i o n  V) . 
The BSA:anti-BSA system was used i n  t h e  i n i t i a l  i nves t i ga t i ons  

of var ious  t echn ica l  procedures i n  order  t o  economize on t h e  

p r o l a c t i n  antiserum. A l l  an t igens  were i n j ec t ed  i n  a dosage 

of 1.5 mg i n  1 m l  of 0.15 M NaCl and p r i o r  t o  i n j e c t i o n  each 



s o l u t i o n  was mixed with an equal  volume of Freund 's  

complete adjuvant  (Hyland Lab.) .  The i n j e c t i o n  of adjuvant  

with t h e  an t igen  enhances t h e  product ion of ant ibody (Freund 

and Bonanto, 1944).  These 2 ml / in jec t ions  were given i n t r a -  

muscularly once per  week. Three days a f t e r  t h e  f o u r t h  

i n j e c t i o n ,  t h e  p r o l a c t i n - i n j e c t e d  r a b b i t s  were b l e d  from 

t h e  marginal e a r  v e i n  and t h e  t i t e r  of t h e  ant iserum was - 
es t imated  a s  descr ibed  below. This  w a s  continued weekly 

f o r  8 weeks a f t e r  which l a r g e r  blood volumes of approxi- 

mately 30 m l  were taken from t h e  r a b b i t  producing t h e  

h i g h e s t  t i t e r  antiserum. This  l a s t  r a b b i t  was then  given 

monthly boos ter  i n j e c t i o n s  of N I H  ovine p r o l a c t i n .  The 

BSA-injected r a b b i t s  were f i r s t  b l e d  3 days a f t e r  t h e  

seventh i n j e c t i o n  t o  e s t ima te  t h e  t i t e r .  The r a b b i t  wi th  

t h e  h i g h e s t  t i t e r  was given monthly boos ter  i n j e c t i o n s  and 
a. 

b l e d  weekly. I n  a l l  cases  t h e  blood c o l l e c t e d  was allowed 

t o  c l o t ,  and was then  r e f r i g e r a t e d  f o r  2 hours ,  cen t r i fuged  

a t  10,000 g f o r  5 min., and t h e  serum was removed with a 

Pas teur  p i p e t t e .  Mer th io la te  was added a s  a  p r e s e r v a t i v e  

i n  a  f i n a l  concent ra t ion  of 1:10,000 and t h e  serum was 

s t o r e d  f rozen .  
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Pro lac t in  antiserum t h a t  was kindly  made ava i l ab l e  by 

D r .  E l  Ernmart from the  National I n s t i t u t e  of Health, 

Bethesda, Md., was a l s o  used (antiserum E ) .  

Estimation of t i t e r  and determination of s p e c i f i c i t y ,  

A l l  t i t e r s  were estimated by passive haemagglutination 

(campbell e t  a l . ,  1964)- Washed sheep erythrocytes  were 

t r e a t e d  with t ann ic  ac id  and then coated with the  antigen.  

Seria1,twofold d i lu t i ons  of t he  antiserum sample were 

prepared and a constant  volume of the  antigen-coated 

erythrocytes  was added t o  each of them. The s e t t l i n g  

pa t t e rns  were observed fo r  agglut inat ion so  t h a t  the  t i t e r  

could be obtained, 

The p ro l ac t in  an t i s e r a  were t e s t ed  f o r  s p e c i f i c i t y  by 

Ouchterlony g e l  d i f fus ion  with p ro l ac t in  (LTH) ,  growth 

hormone (GH) , l u t e in i z ing  hormone (LH) , f o l l i c l e  s t imulat ing 

hormone (FSH), thyroid  s t imulat ing hormone (TSH),  and 

adrenocort icotrophic hormone (ACTH) . 
Microprecipi t in t e s t s .  To determine the  optimum r a t i o  

of ant igen t o  antibody t o  produce maximum p rec ip i t a t i on  one 

can simply add a constant amount of antiserum t o  a s e r i a l ,  two- 

fo ld  d i l u t i o n  of the antigen and observe which r a t i o  produces 



t h e  most p r e c i p i t a t e ,  Na tu ra l ly  t h e  ant igen-ant ibody 

complex must be  separa ted  from t h e  so lub le  p r o t e i n s  and 

t h i s  is  u s u a l l y  accomplished by c e n t r i f u a t i o n  (Campbell 3 

a l . ,  1964) .  Such an approach employs l a r g e r  q u a n t i t i e s  of - 

both ant igen  and ant iserum than  could be a f fo rded  i n  t h i s  

s tudy.  For t h i s  reason t h e  microtechnique descr ibed  by 

Miquel -- e t  a l .  (1960) was used wi th  some modif ica t ions .  I n  

t h i s  procedure t h e  i n s o l u b l e  complex i s  separa ted  from t h e  

so lub le  serum p r o t e i n s  using an e l e c t r o p h o r e t i c  technique.  

The procedure was f i r s t  analysed wi th  a  BSA:anti-BSA 

system and then  subsequent ly app l i ed  t o  p ro1ac t in :an t i -  

p ro lac t in .  The fol lowing d e s c r i p t i o n  a p p l i e s  t o  both systems. 

I n  10,  6  x 50 mrn c u l t u r e  tubes ,  50 p1 of a  s e r i a l  two- 

f o l d  d i l u t i o n  of an t igen  was prepared,  t o  which was added 

50 p 1  of antiserum. The tubes  were incubated overnight  a t  

37OC. They were then cen t r i fuged  and each superna tan t  

analysed i n  agar  d i f f u s i o n  t e s t s  f o r  t h e  presence of excess  

an t igen  o r  ant ibody.  The p r e c i p i t a t e s  were resuspended i n  

2 drops of 0  . O 1  M phosphate-buffered s a l i n e  (pH 7.4) . The 

con ten t s  of each tube was app l i ed  on e l e c t r o p h o r e s i s  paper 

strips (4.5 x 20 cm) with a  c a p i l l a r y  tube.  The paper 



used (Schleicher  and Schuel l ,  2043A) was non-absorptive, t o  

al low maximum movement of so lub le  p ro t e in s .  p r i o r  t o  sample 

app l i c a t i ons ,  t h e  paper s t r i p s  were dampened with (0.01 M 

1 
phosphate-buf f e r ed  s a l i n e  (pH 7.4) . Elec t rophores i s  was 

c a r r i e d  ou t  i n  a co ld  room ( 9 ' ~ )  using p r e c h i l l e d  0.01 M 

phosphate-buffered s a l i n e  (pH 7 .4 ) .  The po in t  of app l i c a t i on  

on t h e  paper s t r i p  was moved 4 cm from the  cen te r  of t h e  

e l e c t ropho re s i s  chamber toward t h e  cathode and 250 v o l t s  w e r e  

app l i ed  f o r  30 min. The s t r i p s  were then  d r i e d  f o r  30 min., 

s t a i n e d  f o r  10 min. with brom phenol b lue  and de-stained i n  

3 changes of 1% a c e t i c  ac id .  The inso lub le  antigen-antibody 

complex remained a t  t h e  o r i g i n  during e l ec t ropho re s i s ,  we l l  

separa ted  from so lub le  serum p ro t e in s  ( ~ i g .  1).  This s t a i n e d  

complex was e l u t e d  with an alcohol-NaOH so lu t i on  (10 m l ,  1 M 

NaOH, 70 m l  e t h y l  alcohol-95%, and 20 m l  ~ ~ 0 )  and t h e  o p t i c a l  

dens i t y  (O.D.)  of t h e  e l u a t e  determined a t  595 nm t o  es t ima te  

t h e  amount of complex p resen t .  

Resu l t s  and Discussion 

T i t e r  and s p e c i f i c i t y  of antiserum. Considerable - 

1 
0.01 M phosphate-buffer ( p ~  7 -4)  d issolved i n  0.15 M NaCl 



Fig .  1. E l e c t r o p h o r e t i c  sepa ra t ion  of a BSA: anti-BSA com- 

p lex  from excess  so lub le  p r o t e i n s .  A: 50 p,1 BSA 

s o l u t i o n ( 1  mg/ml) was app l i ed  a t  t h e  o r i g i n  (ar row) .  

No s t a i n i n g  could be de tec ted  a t  t h i s  concent ra t ion .  

B: 50 p , l  BSA antiserum. The so lub le  serum p r o t e i n s  

moved toward t h e  anode. C: a mixture conta in ing  

t h e  inso lub le  antigen-antibody complex. The i n s o l -  

uble  complex remained a t  t h e  o r i g i n ,  we l l  sepa ra ted  

from t h e  so lub le  p r o t e i n s  t h a t  moved towards t h e  

anode. 
& 





d i f f e r e n c e s  were found between t h e  t h r e e  r a b b i t s  i n j e c t e d  

with p r o l a c t i n ,  wi th  r e s p e c t  t o  t h e  maximum t i t e r  of t h e  

a n t i s e r a  (Fig.  2 ) .  The b e s t  response was found i n  t h e  

r a b b i t  i n j e c t e d  with N I H  p r o l a c t i n  b u t  i n  a l l  cases  t h e  

response was r a t h e r  weak. The t i t e r s  were much lower than  

t h a t  of ant iserum E which was found t o  be 128,000, while  t h e  

immunizing procedure used f o r  t h e  product ion of t h i s  l a s t  

ant iserum (Emmart eta., 1963) was n o t  d i f f e r e n t  from 

t h a t  employed i n  my study.  I t  i s  unfor tunate  t h a t  due t o  

t h e  s c a r c i t y  of p r o l a c t i n ,  I was unable t o  immunize a  l a r g e r  

number of r a b b i t s ,  Consequently, my d a t a  do n o t  provide 

information on the causes of variability i n  t h e  i ~ m u n e  

response.  

I t  was decided t o  u t i l i z e  t h e  ant iserum from t h e  N I H  

p r o l a c t i n - i n j e c t e d  r a b b i t  a s  we l l  as ant iserum E f o r  

subsequent i n v e s t i g a t i o n s  and t h e r e f o r e  these  a n t i s e r a  were 

t e s t e d  f o r  s p e c i f i c i t y .  I n  Ouchterlony t e s t s  both a n t i s e r a  

were found t o  g ive  p r e c i p i t i n  bands with ovine p r o l a c t i n ,  

b u t  f a i l e d  t o  r e a c t  wi th  any o the r  p i t u i t a r y  hormone used 

(Fig .  3) . 
The t i t e r  of t h e  BSA ant iserum was found t o  be between 

64,000 and 128,000. 



Fig. 2. Variability in immune response by rabbits to ovine 

prolactin. Titers were estimated by passive 

haemagglutination test. 
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Fig. 3 .  Gel d i f fus ion  t e s t .  Antiserum t o  ovine p r o l a c t i n  

(Anti LTH) t e s t e d  fo r  s p e c i f i c i t y  with the  following 

p i t u i t a r y  hormones: ovine p ro l ac t in  (LTH) , l u t e in -  

i z ing  hormone ( L H ) ,  f o l l i c l e  s t imulat ing hormone 

(FSH) , growth hormone (STH) , thyroid  s t imulat ing 

hormone (TSH) , and porcine adrenocort icotrophic 

hormone (ACTH) . Each wel l  contained antigen i n  a  

concentration of 1.0 mg/ml. The antiserum reac ted  

only with pro]-actin. 





Optimum antiqen-antibody r a t i o  for p r e c i p i t a t i o n .  I n  

a  pre l iminary  experiment 50 y l  of anti-BSA was added t o  50 p 1  
i 

of a  s e r i a l  twofold d i l u t i o n  of BSA. Maximum p r e c i p i t a t i o n  

was obtained wi th  a  d i l u t i o n  of BSA conta in ing  0.313 mg/ml 

(Fig .  4 ) .  This  i s  c o n s i s t e n t  with t h e  f a c t  t h a t  i n  t h e  

supernatant  t h i s  tube an t igen  nor ant ibody could 

be de tec ted  ("equivalence zone") .  In  cases  where p r e c i p i -  

t a t i o n  was low, an excess  of e i t h e r  an t igen  or  ant ibody 

could be shown (Fig.  4 ) .  I n  determining t h e  p r e c i p i t i n  

curve f o r  p r o l a c t i n ,  ant iserum E was used. Maximum p r e c i p i -  

t a t i o n  was obtained when 50 y l  of t h i s  serum was added t o  a  

s o l u t i o n  of p ro lac t in  conta in ing  0.0625 mg/ml (Fi9 .  5 ) .  

Again, maximum p r e c i p i t a t i o n  was found t o  coinc ide  with t h e  

"equivalence zone"; where smaller  amounts of p r e c i p i t a t e  

were formed, e i t h e r  an t igen  o r  ant ibody was p r e s e n t  i n  excess  

i n  t h e  supernatant  (F ig .  5 ) .  

These r e s u l t s  a r e  c o n s i s t e n t  wi th  t h e  now w e l l -  

documented opinion t h a t  an excess  of e i t h e r  an t igen  o r  a n t i -  

body i n h i b i t s  p r e c i p i t a t i o n  of t h e  antigen-antibody complex 

( ~ a b a t  and Mayer, 1967) .  It is  g e n e r a l l y  agreed t h a t  t h e r e  

e x i s t s w  a b iva lence  o r  mult ivalence of t h e  an t igen ,  t h e  a n t i -  



Fig. 4 -  Prec ip i t in  curve for  BSA and its ant iserum.  I n  

each tube 50 p1 of antiserum was added t o  50 pl  

of a s e r i a l ,  twofold d i l u t i o n  of ant igen.  
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Fig .  5.  P r e c i p i t i n  curve f o r  ovine p r o l a c t i n  and i t s  

antiserum. I n  each tube 50 p 1  of ant iserum E 

was added t o  50 pl of a  s e r i a l ,  twofold d i l u t i o n  

of an t igen .  
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body or  both, which makes poss ib le  t he  union of these  

components i n  va r i ab l e  proport ions.  When ant igen and a n t i -  

body a r e  ava i l ab le  i n  a proper r a t i o ,  a thre,e-dimensional 

l a t t i c e  i s  formed which is insoluble .  With o the r  proport ions 

of these  components, complexes of a d i f f e r e n t  geometrical 

conf igura t ion  a r e  formed which a r e  so luble  t o  varying degrees 

( see  Carpenter,  1965).  

The above da ta  concerning maximum p r e c i p i t a t i o n  of pro- 

l a c t i n  w e r e  used t o  es t imate  t he  p r o l a c t i n  concentra t ion  i n  

t h e  sheep p i t u i t a r y  homogenate. The d i l u t i o n  of t h i s  

homogenate a t  thk equivalence zone was assumed t o  have t h e  

same prolactin zorxentratic?n (0 ,0625 mg/ml!  as  t h a t  a t  t he  

equivalence zone obtained with t h e  purer  p ro lac t in -an t i -  

p r o l a c t i n  system (see  Fig. 5) s i nce  t he  same antibody 

s o l u t i o n  was used. The r e s u l t s  i nd i ca t e  t h a t  t h e  p r o l a c t i n  

content  of t he  p i t u i t a r y  homogenate is  approximately 0.125 

mg/ml. This  r e s u l t  w i l l  be f u r t h e r  used i n  t h e  i s o l a t i o n  

of p r o l a c t i n  a s  repor ted  i n  Chapter 2 .  



2 .  THE IMMUNOCHEMICAL P U R I F I C A T I O N  OF BOVINE SERUM ALBUMIN 
AND OVINE PROLACTIN. 

In t roduc t ion  

I n  genera l  t h e r e  e x i s t  two approaches t o  i s o l a t e  an 

an t igen  immunochemically. The f i r s t ,  t h e  so-ca l led  

" p r e c i p i t a t i o n  technique",  involves p r e c i p i t a t i o n  of t h e  

an t igen  by ant iserum, uncoupling of t h e  ant igen-ant ibody 

complex, and t h e  separa t ion  of t h e  two components by e l e c t r o -  

phores i s ,  column chromatography o r  another  appropr ia t e  

method. The second technique i s  a modif ica t ion  of t h e  f i r s t  

one and i s  known as "immunosorption". Here, t h e  ant ibody 

is  f i r s t  made inso lub le  by e i t h e r  coupling it t o  an i n s o l u b l e ,  

i n e r t  matr ix ,  or  by polymerizing it. Both procedures have 

been s u c c e s s f u l l y  app l i ed  i n  t h e  i s o l a t i o n  of an t igens  and 

a n t i b o d i e s ,  b u t  i n  r e c e n t  s t u d i e s ,  immunosorption i s  more 
a. 

commonly employed. This  genera l  preference  f o r  imrnunosorp- 

t i o n  i s  r e l a t e d  t o  t h r e e  disadvantages inheren t  t o  t h e  

p r e c i p i t a t i o n  technique. F i r s t ,  p r e c i p i t a t i o n  is a secondary 

r e a c t i o n  and does no t  i n  a l l  cases  fol low t h e  formation of 

t h e  antigen-antibody complex. This  then  l i m i t s  t h e  use of 

t h e  p r e c i p i t a t i o n  technique. Furthermore, s a t i s f a c t o r y  

p r e c i p i t a t i o n  of t h i s  complex r e q u i r e s  t h e  an t igen  and 



ant iserum t o  be p r e s e n t  i n  a proper r a t i o  ( s s e  previous 

c h a p t e r ) .  F i n a l l y ,  t h e  s e p a r a t i o n  of t h e  s o l u b l e  components 

a f t e r  d i s s o c i a t i o n  of t h e  complex is  o f t e n  d i f f i c u l t ,  

e s p e c i a l l y  i f  they  have s i m i l a r  c h a r a c t e r i s t i c s .  Immuno- 

s o r p t i o n ,  on t h e  o t h e r  hand, is  based s o l e l y  on t h e  primary 

r e a c t i o n  of an t igen  and antibody, and is  t h e r e f o r e  r a t i o -  

independent. Also, wi th  t h i s  method t h e  s e p a r a t i o n  of t h e  

r e a c t a n t s  a f t e r  d i s s o c i a t i o n  is  f a c i l i t a t e d  by t h e  f a c t  

t h a t  one of them i s  inso lub le .  

A u s e f u l  immunosorbent must have t h e  fol lowing 

p r o p e r t i e s  (Silman and ~ a t c h a l s k i ,  1966) : (1) it should 

specifically bind a ~ i v e n  p r o t e i n  from a mixture;  ( 2 )  it 

should possess  a high c a p a c i t y  f o r  binding t h a t  p r o t e i n ;  

( 3 )  it should r e l e a s e  t h e  bound m a t e r i a l  q u a n t i t a t i v e l y  

under condi t ions  s u f f i c i e n t l y  mild t o  al low f u l l  r e t e n t i o n  

of i t s  s p e c i f i c  b i o l o g i c a l  a c t i v i t y ;  (4)  it should be re- 

usable .  I n  most cases ,  immunosorbents a r e  prepared by 

cova len t ly  l i n k i n g  e i t h e r  ant ibody o r  an t igen  t o  an 

inso lub le  c a r r i e r .  P r o t e i n s  can a l s o  be made inso lub le  by 

adsorp t ion  t o  i n e r t  c a r r i e r s ,  i n c l u s i o n  i n s i d e  t h e  l a t t i c e  

of a g e l ,  o r  by covalent  cross- l inkage (polymerizat ion)  . 



This subject is extensively reviewed by Silman and Katchalski 

(1966) . 
A problem common to both immunosorption techniques and 

procedures involving precipitation is that of dissociating 

the antigen-antibody complex. In most cases this is accom- 

plished at a pH of 2 to 3. Frequently employed solvents 

are acetic acid (Robbins -- et al., 1967; Akanuma et al., 1970; 

Anderson et &., 1970) and glycine-HC1 buffer (Avrameas and 

Ternynck, 1967a; Childlow -- et al., 1968; Emmart and Bates, 

1968). In some cases effective dissociation requires more 

acidic solutions such as 0.5 M HC1 (webb and Lapresle, 1961) 

and even 1 M and 3 M HC1 (Cuatrecasis, 1969). 

Dissociation of antigen-antibody complexes at near 

neutral pH has recently been accomplished with thiocyanate, 

perchlorate, or iodide by Dandliker et al. (1967) . It is 

felt by these authors that these "chaotropic ions" disrupt 

hydrophobic, ionic, and hydrogen bonds, probably involved in 

the linkage of antigens to antibodies. Avrameas and 

Ternynck (1967a; 1967b) showed that 3.5 M and 5 M iodide 

solutions are as effective as acid (pH 2.2) in removing 

antibody from its immunosorbent and that the iodide-eluted 



ant ibody appeared t o  be more s t a b l e .  I n  a s i m i l a r  s tudy,  

Bata e t  a l .  (1964) s u c c e s s f u l l y  employed urea  s o l u t i o n s  t o  

e l u t e  ant ibody.  

I n  a l l  cases ,  t h e  d i s s o c i a t i o n  of antigen-antibody com- 

p lexes  r e q u i r e s  condi t ions  which may cause dena tu ra t ion  o r  

p a r t i a l  hydro lys i s  of t h e  p r o t e i n s .  For t h i s  reason it is  

necessary  t o  determine t h e  e f f e c t  of t h e  chosen procedure 

on t h e  b i o l o g i c a l  a c t i v i t y  of t h e  r e a c t a n t s .  When dea l ing  

with hormones, t h e r e f o r e ,  t h e  f i n a l  product must be bioassayed. 

T o  d a t e ,  very  l i t t l e  h a s  been publ ished concerning t h e  

use of immunochemical procedures t o  p u r i f y  hormones. Removal 

of contaminating p r o t e i n s  by immunological p r e c i p i t a t i o n  h a s  

been used t o  p u r i f y  growth hormone (L i  -- e t  a l . ,  1962; Grumbach 

and Kaplan, 1962) .  Of p a r t i c u l a r  i n t e r e s t  i s  t h e  s tudy  by 

Enunart and Bates (1968) who repor ted  t h e  imrnunochemical 
-. 

p u r i f i c a t i o n  of ovine and p i s c i n e  p r o l a c t i n  by p r e c i p i t a t i o n  

of t h e s e  p r o t e i n s  with ant i -ovine  p r o l a c t i n  serum. The a n t i -  

gen-antibody complex thus  formed was d i s s o c i a t e d  with g lyc ine-  

H C 1  b u f f e r  ( p ~  2 .3 )  and t h e  two components were separa ted  by 

passage through a Sephadex G - 1 0 0  column. The only  known 

hormone t h a t  has  been i s o l a t e d  irnrnunochemically from i t s  



n a t u r a l  source (blood plasma) is  i n s u l i n  (Akanuma -- e t  a l . ,  

1970) .  I n  t h i s  case ,  i n s u l i n  ant ibody was coupled cova len t ly  

t o  Sepharose a f t e r  a c t i v a t i n g  t h e  Sepharose with cyanogen 

bromide (CNBr)  . The polysaccharide p o r t i o n  of t h e  Sepharose 

i s  presumably ac ted  upon by t h e  cyanogen h a l i d e ,  forming imino 

carbonic e s t e r s  and t h e s e  i n  t u r n  r e a c t  with t h e  primary amino 

groups of p r o t e i n s  (Porath e t  a l . ,  1967) . 
Because of t h e  s i m i l a r i t y  of my study,  aimed a t  immuno- 

chemical ly  i s o l a t i n g  p r o l a c t i n ,  t o  t h a t  of Emrnart and Bates 

(1968),  it was decided t o  f i r s t  i n v e s t i g a t e  t h e  p r e c i p i t a t i o n  

method used by t h e s e  i n v e s t i g a t o r s .  In  view of t h e  r e s u l t s ,  

an irnmunosorption technique was employed i n  l a t e r  s t a g e s  of 

t h e  work. 

Mate r i a l s  and Methods 

P r e c i p i t a t i o n  technique. One mg of ovine p r o l a c t i n  (NIH- 

P-S9, 30,1~/mg) was d isso lved  i n  1 m l  of 0.01 M phosphate- 

buf fe red  s a l i n e  (pH 7 .4 )  and added t o  15 m l  an t i -ovine  p ro lac -  

t i n  serum. These amounts were der ived  using t h e  microprecipi-  

t i n  t e s t  ( s e e  Chapter 1).  Af te r  12 hours  (overnight)  t h e  

p r e c i p i t a t e  was cen t r i fuged ,  washed twice with 0.01 M phosphate- 

buf fe red  s a l i n e  (pH 7.4) and f i n a l l y  d i s so lved  i n  4 m l  of 0.2 M 



glycine-HC1 b u f f e r  ( p ~  2.3) . This  s o l u t i o n  was then  passed 

through a  Sephadex column (1.3 x 90 cm) t h a t  had p rev ious ly  

been f i l l e d  t o  60 cm with Sephadex G-100 and e q u i l i b r a t e d  wi th  

t h e  glycine-HC1 b u f f e r .  The chromatographic s e p a r a t i o n  was 

c a r r i e d  ou t  a t  9 ' ~  and t h e  e l u a t e  was monitored with a  U.V. 

ana lyser  (Uvicord) . I n i t i a l l y  200 f r a c t i o n s  (2.8 m l  each) 

were c o l l e c t e d .  Since however, absorpt ion  was recorded only 

i n  t h e  f i r s t  40 a l i q u o t s ,  only  those  were subsequent ly analysed 

using a Perkin-Elmer spectrophotometer (model no. 1 3 9 ) .  The 

absorbing f r a c t i o n s  were then  n e u t r a l i z e d  with 0.5 M NaOH and 

t e s t e d  f o r  t h e  presence of an t igen  o r  ant ibody i n  agar  d i f f u s i o n  

t e s t s .  

Irnmunosorption technique.  The technique used w a s  a  

modif ica t ion  of t h e  method of Akanuma e t  a l .  (1970).  The 

g l o b u l i n  f r a c t i o n  of t h e  ant iserum was p r e c i p i t a t e d  with 

(NH4)2S04. washed. d isso lved  i n  and d ia lyzed  a g a i n s t  s a l i n e  

f o r  24 hours  (campbell e t  a l . ,  1964) . The p r o t e i n  concentra- 

t i o n  of t h i s  p repara t ion  was then  determined using t h e  s i u r e t  

t e s t  (campbell e t  a 1  . , 1964) . Subsequently, t h e  y -globul in 

was coupled t o  Sepharose (Sepharose 2B, Pharmacia). The 

Sepharose was washed with d i s t i l l e d  water and then  a c t i v a t e d  

wi th  CNBr (1 m l  of a  25 mg/ml CNBr s o l u t i o n  per  2  g wet 



weight Sepharose) f o r  6 min. The r e a c t i o n  mixture was kep t  

a t  pH 11-12 using 2 M NaOH. The a c t i v a t e d  Sepharose thus  

formed was washed by f i l t r a t i o n  with i c e - c h i l l e d  d i s t i l l e d  

water and 0.1 M NaHCO 
3 -  

It w a s  then  mixed with t h e  g lobu l in  

(1.4 g wet weight Sepharose/lO mg p r o t e i n ) ,  and a 0.14 M NaC1- 

0.1 @ NaHC03 s o l u t i o n  was added (1 m l i l u  mg p r o t e i n j  . The g e i  

was s t i r r e d  g e n t l y  i n  an i c e  b a t h  f o r  20 hours  and f i n a l l y  

washed by f i l t r a t i o n  with s a l i n e  and 0.01 M Tris-HC1 b u f f e r  

(pH 8.4) t o  remove unbound p r o t e i n s ,  

The imrnunosorbent was poured i n t o  a column ( 0 - 9  x 15 o r  

0.9 x 60 cm) and e q u i l i b r a t e d  with 0.01 M T r i s - H C 1  b u f f e r  ( p ~  

8-4)  . On t h i s  column, t h e  an t igen  was app l i ed ,  and t h e  column 

was washed with a volume of b u f f e r  equal  t o  approximately 

twice t h e  void volumne of  t h e  column. The column was then  

e l u t e d  with an uncoupling agent  ( a c e t i c  a c i d ,  c i t r i c  a c i d ,  HC1,  

o r  u rea ;  s e e  below) . The e l u a t e  w a s  monitored wi th  a U.V. 

ana lyse r  and c o l l e c t e d  i n  2 - 8  m l  a l i q u o t s .  A l l  s t e p s  of t h i s  

irnmunosorption procedure were c a r r i e d  o u t  a t  gUc .  The p r o t e i n  

concent ra t ion  of each f r a c t i o n  was then  determined us ing  a 

Perkin-Elmer U.V, spectrophotometer.  When a c i d  uncoupling 

agen t s  were used, t h e  absorbing f r a c t i o n s  were immediately 



n e u t r a l i z e d  with NaOH. When urea was used t o  uncouple 

bound an t igen ,  t h e  urea-containing tubes  were d ia lyzed  f o r  

24  hours i n  t h r e e  4 - l i t e r  changes of s a l i n e  a t  4 * ~ .  

when pure p r o t e i n  p repara t ions  were added t o  immunosorbent 

columns, t h e  U.V. absorp t ion  of t h e  e l u a t e s  was taken as a  

measure of p r o t e i n  conc n t r a t i o n .  When t h e  p i t u i t a r y  e 
homogenates were app l i ed ,  t h e  B iu re t  t e s t  w a s  used t o  

estimate p r o t e i n  concent ra t ions .  

Some f r a c t i o n s  were analysed by disk-gel  e l e c t r o p h o r e s i s .  

The procedure used was s i m i l a r  t o  t h a t  descr ibed  by Steward 

e t  a 1  1965. The g e l s  were 7?/0 acrylamide and were run  - * 

a t  pE 8.7'. The rna+n~ J -- d e v i a t i o n  f r o m  t h i s  technique was 

t h a t  t h e  running g e l s  were polymerized using ammonium 

p e r s u l f a t e  and t h e  samples were app l i ed  i n  a g l y c e r o l  so lu-  

t i o n  (Shapiro e t  a l . ,  1967) , The g e l s  were s t a i n e d  overnight  

with Coomassie b r i l l i a n t  b lue  and de-stained with a methanol- 

a c e t i c  a c i d  s o l u t i o n  ( ~ e b e r  and Osborn, 1969) .  

Resu l t s  and Discussion 

Experiment - 1. Separa t ion  of ovine p r o l a c t i n  us ing  t h e  

p r e c i p i t a t i o n  technique. The r e s u l t s  of t h e  chromatographic 



s e p a r a t i o n  a r e  presented  i n  Fig.  6 .  Two peaks were obtained.  

The r e s u l t s  of t e s t i n g  t h e  n e u t r a l i z e d  a l i q u o t s  from each 

peak f o r  t h e  presence of an t igen  and ant ibody a r e  shown i n  

Table I. The second peak contained immunologically a c t i v e  

p r o l a c t i n  and t h e  m a t e r i a l  with t h e  h i g h e s t  o p t i c a l  d e n s i t y  

a t  280 nm ( tube  21)  a l s o  produced t h e  s t r o n g e s t  p r e c i p i t i n  

band i n  t h e  Ouchterlony test .  The f i r s t  peak, however, 

gave no p r e c i p i t i n  r e a c t i o n  with e i t h e r  an t igen  o r  antibody. 

About 1 hour a f t e r  n e u t r a l i z i n g  t h e  tubes of t h i s  peak, a  

white  f l o c c u l a n t  p r e c i p i t a t e  resembling an ant igen-ant ibody 

complex began t o  form. This  could i n d i c a t e  t h a t  peak P 

contains antigen-antibody c o ~ p l e x  that has been d i s so lved  

b u t  only  p a r t l y  d i s s o c i a t e d  by t h e  glycine-KC1 b u f f e r ,  and 

that,when t h e  pH i s  r a i s e d  t o  7 .5 ,  it becomes inso lub le .  To 

t e s t  t h i s  idea ,  t h e  p r e c i p i t a t e  formed was washed, re -d isso lved  

i n  glycine-HC1 b u f f e r ,  and again  passed through t h e  Sephadex 

G-100 column. A s  be fo re ,  two peaks were obtained b u t  t h e  

second peak was b a r e l y  v i s i b l e .  I t  diahowever,  con ta in  pro- 

l a c t i n  as was shown i n  agar d i f f u s i o n  t e s t s .  The m a t e r i a l  

of t h e  f i r s t  peak again  p r e c i p i t a t e d  a f t e r  n e u t r a l i z i n g  it. 

The appearance of two peaks, t h e  second one conta in ing  



precipitate, using glycine-HC1 buffer (pH 2.3) . 
Optical density was measured at 280 nm. Each tube 

contained 2.8 ml. The void volume of the column 

is 25 ml. 





TABLE 1 - Gel d.iffusion tests for the presence 
of antigen and antibody in Sephadex 
P inn ..-I K?I.--.-- 
U' IUU gel I l l  I IUIPJ.  

- - 

Tube No. 1, 
Reaction with 

antigen 
Reaction with 

an ti body 

1 refer t o  figure 6 - 
symbols - (-) = no precipitation band; (2) = f a i n t  

precipitation band; (+) = clear precipitation 
band; (++) = strong precipitation band. 

. - *. 



pro lac t in ,  i s  s imi la r  t o  t he  r e s u l t s  obtained by Emmart and 

Bates (1968) . They, however, showed the  f i r s t  peak t o  cons i s t  

of an t i -p ro lac t in  and the  quest ion a r i s e s  why i n  my study,  

the  mater ia l  i n  the  f i r s t  peak probably contained antigen- 

antibody complex r a t h e r  than f ree  antibody. ~t should be 

r ea l i s ed ,  however, t h a t  i n  E m m a r t  and B a t e s '  s t u G y  excess 

antigen was used i n  the  p r e c i p i t a t i o n  reac t ion  whereas i n  my 

study, ant igen and antibody were added i n  a  r a t i o  t o  produce 

optimum p rec ip i t a t i on .  Bata e t  a l .  (1964) suggested t h a t  

when e i t h e r  ant igen or  antibody is  present  i n  excess,  t he  

p r e c i p i t a t e  d i f f e r s  from t h a t  formed a t  the  equivalence zone 

and t h a t  i n  t he  f i r s t  case d i ssoc ia t ion  of t he  complex takes  

place more r ead i ly .  

The discrepancy between my r e s u l t s  and those obtained by 

Emmart and Bates was not  inves t igated fu r the r .  Perhaps by 

employing d i f f e r e n t  uncoupling agents t h i s  technique might 

have been more successful .  It was decided however, t o  try an 

immunosorption procedure i n  view of the  obvious advantages 

mentioned above. 

Experiment - 2 .  Separation of BSA with immunosorption 

using d i f f e r e n t  e lu t inq  aqents.  In  the  f i r s t  t e s t  100 mg of 

anti-BSA y-globulin was reacted with 14 g  wet weight of 



a c t i v a t e d  Sepharose. The g e l  was suspended i n  a 0.9 x 15 cm 

column and e q u i l i b r a t e d  with 0 . O 1  M T r i s - H C 1  b u f f e r  (pH 8.4) . 
i 

To t h i s  anti-BSA column was added 4 mg BSA i n  1 m l  of 0.01 M 

Tris-HC1 b u f f e r  ( p ~  8.4) and t h e  column was washed wi th  approx- 

imate ly  30 m l  of T r i s - H C 1  b u f f e r  t o  remove t h e  excess  BSA. 

The column w a s  then  e l u t e d  with 1 M a c e t i c  a c i d  wi th  t h e  

o b j e c t i v e  of uncoupling t h e  bound BSA. The r e s u l t s  a r e  shown 

i n  Fig .  7 .  It  was es t imated  t h a t  approximately 25% of t h e  BSA 

came through t h e  column a s  excess  (peak 1, tubes  1-9) . How- 

ever ,  of t h e  3 mg p o s s i b l y  bound t o  t h e  column, only  0.9 mg 

was e l u t e d  with a c e t i c  a c i d  (peak 2 ,  tubes  11-18). It seems 

t h e r e f o r e  t h a t  t h e  uncoupling of BSA was incomplete and it was 

decided t o  t r y  more a c i d i c  e l u t i n g  agents  i n  a subsequent t e s t .  

A new immunosorbent was prepared (112.5 mg anti-BSA- 

g lobu l in  with 15 g a c t i v a t e d  Sepharose) .  Again 4 mg BSA was 

added. The column was e l u t e d  success ive ly  i n  3 s t ages :  f i r s t  

with 0.5 M c i t r i c  a c i d ,  then  with 1 M c i t r i c  a c i d ,  and f i n a l l y  

wi th  1 M HC1. The bound BSA was obtained i n  3 f r a c t i o n s  (Fig.  

8 ) .  Apparently,  both  c i t r i c  a c i d  s o l u t i o n s  removed it incom- 

p l e t e l y ,  while  t h e  remainder w a s  e l u t e d  by 1 M HC1. The t o t a l  

amount recovered was 3 . 8  mg o r  approximately 95%. 



F i g .  7 .  Immunosorption of BSA by anti-BSA-Sepharose and 

subsequent e l u t i o n  wi th  1 M a c e t i c  a c i d .  Four mg 

R c A  in 1 m l  of Tris-HC1 buffer was a p p l i e d .  The ---a 

f i r s t  peak r e p r e s e n t s  excess  BSA n o t  bound by t h e  

immunosorbent ( e s t i m a t e d  a s  1 mg p r o t e i n ) .  The 

second peak c o n t a i n s  t h e  BSA e l u t e d  wi th  a c e t i c  

a c i d  ( e s t ima ted  a s  0.9 mg p r o t e i n ) .  The d o t t e d  

l i n e  r e p r e s e n t s  t h e  pH of t h e  e l u a t e .  Each tube  

conta ined  2 . 8  m l .  





Fig. 8, Immunosorption of BSA by anti-BSA-Sepharose and 

subsequent stepwise elution with 0.5 M citric 

acid, 1.0 M citric acid, and 1.0 M HC1. Four mg 

sf BSA in 1 ml of 0,01 M m-: --UP1 'C-.-FFn- -..-,c. -nnl ;nd 
L A  r a - u ~ r  UULIGL waa app&&C;u 

to the column. The first peak represents excess 

BSA not bound by the immunosorbent and estimated 

as 0.5 mg protein. 0.5 M and 1.0 M citric acid 

eluted 0.6 and 0.7 mg protein respectively; the 

remainder, approximately 2 mg, was eluted by 1 M 

HC1, The dotted line represents the pH of the 

eluate. Each tube contained 2.8 ml. 
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F i n a l l y ,  t h i s  l a s t  t e s t  was repeated  using a new 

irnmunosorbent (100 mg anti-BSA y-globul in wi th  14  g  a c t i v a t e d  

Sepharose) b u t  with 1 M H C 1  only  a s  an e l u t i n g  agent .  The 

r e s u l t s  were compared t o  those  of a  c o n t r o l  t e s t ,  using an 

immunosorbent prepared by r e a c t i n g  100 mg of c o n t r o l  r a b b i t  

y-globul in with 14  g  a c t i v a t e d  Sepharose. I n  t h e  c o n t r o l  

experiment a l l  of t h e  BSA app l i ed  came through t h e  column 

with t h e  T r i s - H C 1  b u f f e r  wash and none was bound (Fig .  9 ) .  

Of t h e  4  mg of BSA t h a t  was app l i ed  t o  t h e  anti-BSA column, 

2.5 mg was bound and subsequent ly e l u t e d  with 1 M HC1 (F ig .  

9 ) .  The tubes  from t h i s  H C 1  peak were n e u t r a l i z e d  and t e s t e d  

i n  agar d i f f u s i ~ n  t e s t s .  A l l  gave a p o s i t i v e  r e a c t i m  wi th  

homologous antiserum. An a l i q u o t  of t h e  tube with t h e  

h i g h e s t  o p t i c a l  d e n s i t y  a t  280 nm ( tube  11) was t e s t e d  i n  

d isk-gel  e l e c t r o p h o r e s i s .  The e l e c t r o p h o r e t i c  p a t t e r n  was 

i d e n t i c a l  t o  t h a t  of un t rea ted  BSA (Fig.  10) . 
Although t h e  r e s u l t s  of t h e s e  agar  d i f f u s i o n  and d isk-  

g e l  e l e c t r o p h o r e s i s  t e s t s  suggest  t h a t  t h e  separa ted  BSA was 

n o t  a f f e c t e d ,  I f e l t  t h a t  1 M HC1 could poss ib ly  hydrolyze 

p r o t e i n s  and might t h e r e f o r e  no t  be a  s u i t a b l e  uncoupling 

agent .  Thus, I i n v e s t i g a t e d  o the r  uncoupling agents  which 



Fig. 9 .  Immunosorption of BSA by anti-BSA-Sepharose and 

subsequent e l u t i o n  with 1 M' HC1. Four mg BSA i n  

1 m l  T r i s - H C 1  buffer  was applied t o  both the  

experimental and con t ro l  column. Sol id  l i n e  

represents  excess BSA ( f i r s t  peak, approximately 

1.3 mg pro te in )  and HC1- e lu t ed  BSA (second peak, 

approximately 2.5 mg p r o t e i n ) .  The broken l i n e  

represents  a control  t e s t  whereby BSA was appl ied  

t o  a column containing normal r a b b i t  y-globulin- 

-L - -- - - - acp la lusc .  T h e  d o t t e d  l i n e  ~epieserlis pH uf tile 

e lua t e .  Each tube contained 2 . 8  m l .  





Fig .  10. Disk-gel e l e c t r o p h o r e s i s  of HC1- e l u t e d  ( l e f t ) ,  

urea-  e l u t e d  ( c e n t e r ) ,  and u n t r e a t e d  ( r i g h t )  BSA. 

The g e l s  w e r e  s t a i n e d  wi th  Coomassie b r i l l i a n t  

b lue .  





a r e  presumably l e s s  d r a s t i c .  "Chaotropic ions"  have been 

s u c c e s s f u l l y  app l i ed  t o  e l u t e  ant ibody from i t s  immunosorbent 

(Dandliker e t  a l . ,  1967; Avrameas and Ternyck, 1967a, b ) .  

However, I found such ions ,  notably  t h i o s u l f a t e  and iodide  

i n  concent ra t ions  of 2.0 M t o  5.0 M I  t o  d i s s o l v e  t h e  Sepharose. 

Another molecule r e l a t e d  t o  t h e s e  "chaot ropic  ions"  i n  t h a t  

it, t o o , d i s r u p t s  t h e  in t ramolecular  and in termolecular  non- 

covalent  bonding of p r o t e i n s ,  is  urea  (Schachman, 1963) .  

Urea, u s u a l l y  i n  a  concent ra t ion  of 8  M, i s  commonly used 

t o  unfold p r o t e i n s  ( s e e  Mahler and Cordes, 1968) . This  

process  is  moreover r e v e r s i b l e  as ,  upon removal of t h e  

urza, t%e native state of the p r o t e i n  is r e s t o r e d  ( ~ p s t e i n  

e t  a l . ,  1963; Mahler and Cordes, 1968) . -- 
To determine t h e  e f f i c i e n c y  of 8  M urea  a s  an uncoupling 

agent ,  an anti-BSA column was prepared a s  before  (100 mg 

anti-BSA y-globul in with 14 g a c t i v a t e d  Sepharose) and 8 M 

urea  was used t o  e l u t e  t h e  bound ant igen .  The r e s u l t s  were 

compared t o  a  c o n t r o l  t e s t  us ing  an immunosorbent prepared 

by r e a c t i n g  100 mg of c o n t r o l  r a b b i t  y-globul in wi th  14  g 

a c t i v a t e d  Sepharose. I t  appeared t h a t  8  M urea is  j u s t  a s  

e f f e c t i v e  a s  1 M HC1 i n  uncoupling t h e  BSA from i t s  

immunosorbent (Fig.  11) . I n  f a c t ,  t h e  urea-e lu ted  BSA 



F i g *  11. Imrnunosorption of BSA by anti-BSA-Sepharose and 

subsequent e l u t i o n  w i t h  8 M u r e a ,  Four mg BSA 

was a p p l i e d  t o  t h e  c o n t r o l  and t h e  anti-BSA column. 

S o l i d  l i n e  r e p r e s e n t s  t h e  excess  BSA ( f i r s t  peak, 

approximately 1 . 2  mg p r o t e i n )  and urea- e l u t e d  

BSA (second peak, approximately 2.8 mg p r o t e i n ) .  

The broken l i n e  r e p r e s e n t s  t h e  c o n t r o l  t e s t  

whereby BSA was app l i ed  t o  a column conta in ing  

normal r a b b i t  y -globulin-sepharose.  Each tube 

contained 2.8 m l .  
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was obtained i n  a smaller  volume than  t h a t  of t h e  HC1-eluted 

p r o t e i n .  After  d i a l y s i s  t o  remove t h e  urea ,  t h e  s o l u t i o n s  

comprising t h e  urea  peak were t e s t e d  f o r  an t igen  a c t i v i t y  

i n  agar d i f f u s i o n  and a l l  tubes  gave s t rong  p r e c i p i t i n  bands 

with BSA ant iserum. An a l i q u o t  of t h e  tube with t h e  h i g h e s t  

o p t i c a l  d e n s i t y  a t  280 nm ( tube  12) was t e s t e d  i n  d isk-gel  

e l e c t r o p h o r e s i s .  The e l e c t r o p h o r e t i c  p a t t e r n  was i d e n t i c a l  

t o  t h a t  of un t rea ted  BSA (Fig .  10) which sugges ts  t h a t  no 

dena tu ra t ion  had occurred during t h e  procedure.  The column 

could be re-used up t o  10 t imes wi th  no l o s s  i n  binding 

capac i ty .  This  i n d i c a t e s  t h a t  8 M urea  had no e f f e c t  on 

t h e  anti-BSA immunosorbent either, 

Bata -- e t  a l .  (1964) a l s o  a p p l i e d  urea  s o l u t i o n s  t o  

d i s s o c i a t e  antigen-antibody complexes; t h e y  e l u t e d  anti-BSA 

from a BSA-cellulose immunosorbent. I n  t h i s  case,  however, . 

t h e  h i g h e s t  concent ra t ion  used was 6 M and t h i s  s o l u t i o n  

was found t o  be l e s s  e f f e c t i v e  than glycine-HC1 b u f f e r  ( p ~  

3.0) i n  removing immunologically bound antibody. 

To t e s t  t h e  s p e c i f i c i t y  of t h e  anti-BSA immunosorbent, 

2 mg of ovine p r o l a c t i n  (Sigma) i n  1 m l  0.01 M ~ r i s - H C ~  

b u f f e r  (pH 8.4) was app l i ed  t o  t h e  column. A n e g l i g i b l e  



amount of t h e  p r o l a c t i n  appeared t o  be bound (Fig .  12) and 

it seems t h e r e f o r e ,  t h a t  t h e  binding of BSA i n  t h e  previous 

t e s t s  was n o t  t h e  r e s u l t  of unspec i f i c  p r o t e i n  adsorpt ion .  

These l a s t  t e s t s  i n d i c a t e d  t h a t  an immunosorbent 

prepared by cova len t ly  l i n k i n g  ant ibody t o  Sepharose has  t h e  

p r o p e r t i e s  r equ i red  t o  i s o l a t e  an ant igen .  The anti-BSA- 

Sepharose had a  h igh ,  s p e c i f i c  capac i ty  t o  bind BSA. The 

bound an t igen  could be e l u t e d  under mild condi t ions  and, on 

t h e  b a s i s  of agar  d i f f u s i o n  and e l e c t r o p h o r e s i s  experiments,  

t h e  BSA d i d  n o t  appear t o  be a f f e c t e d  by t h i s  process .  

F i n a l l y ,  t h e  immunosorbent was re-usable .  I t  w a s  decided 

the re fo re ,  t o  apply t h i s  procedure t o  t h e  p u r i f i c a t i o n  of 

p r o l a c t i n .  

Experiment - 3. Separa t ion  - of p r o l a c t i n  with immuno- 

s o r p t i o n .  The ant iserum used i n  t h i s  t e s t  was t h a t  produced .. . 
with NIH-ovine p r o l a c t i n  a s  an an t igen ,  and had a  t i t e r  of 

8000 ( s e e  Chapter 1). The a n t i - p r o l a c t i n  immunosorbent was 

prepared by r e a c t i n g  300 mg of ant i -ovine p r o l a c t i n  y -  

g lobu l in  with 37 g  a c t i v a t e d  Sepharose. The r e s u l t i n g  g e l  

was poured i n t o  a  0.9 x  90 cm column, and i n  t h e  f i r s t  t e s t  

( ~ e s t  * a ) ,  2 mg Sigma ovine p r o l a c t i n  i n  1 m l  of 0.01 M T r i s -  



Fig. 12. Specificity test of anti-BSA-Sepharose. Three 

mg ovine prolactin (Sigma) was applied to the 

column; 8 M urea was used as an uncoupling agent 

(compare with Fig. 10). Each tube contained 2.8 

ml . 
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HC1 b u f f e r  (pH 8.4) was appl ied .  The bound an t igen  was 

.uncoupled with 8 M urea .  A c o n t r o l  immunosorbent was 

prepared by r e a c t i n g  290 mg normal r a b b i t  y -g lobul in  wi th  37 

g a c t i v a t e d  Sepharose. I n  t h e  c o n t r o l  t e s t , a  n e g l i g i b l e  

amount of p r o l a c t i n  was bound whereas about 0.6 mg p r o l a c t i n  

----  - l . - c - A  C w - n  tL- --t: - - r r r l - m t ; v r  1 (Fig, 13)  . ;fiec w a a  G r u ~ c z u  ~ ~ u r u  Lrrcz  u r r b r  y r v r u ~ b r r i  r v s w l r u r  

twice a s  much p r o l a c t i n  was added t o  t h e  same column ( ~ e s t  

b ) ,  t h e  amount of p r o l a c t i n  bound d i d  no t  s u b s t a n t i a l l y  

inc rease  (Fig.  14) . This  then  i n d i c a t e s  t h a t  t h e  c a p a c i t y  

of t h e  a n t i - p r o l a c t i n  immunosorbent is  approximately 0.6 mg. 

The column r e t a i n e d  t h i s  capac i ty  during 6  success ive  t e s t s .  

The s p e c i f i c i t y  of t h e  a n t i - p r o l a c t i n  imrnunosorbent w a s  

t e s t e d  by applying BSA t o  t h e  column. No binding could be 

demonstrated. 

Although t h e  above d a t a  i n d i c a t e  the  usefu lness  of an 

immunosorption technique f o r  t h e  i s o l a t i o n  of prol 'actin,  t h e  

y i e l d  was low when compared t o  t h e  binding of BSA by i t s  

homologous immunosorbent. This  r e l a t i v e l y  low capac i ty  of 

t h e  a n t i - p r o l a c t i n  immunosorbent i s  ve ry  l i k e l y  t o  be asc r ibed  

t o  t h e  low t i t e r  of t h e  p r o l a c t i n  antiserum. 

p in ally, t h e  same a n t i - p r o l a c t i n  column was used i n  an 

a t tempt  t o  i s o l a t e  p r o l a c t i n  from a  crude sheep p i t u i t a r y  



Fig .  13.  Immunosorption of ovine p r o l a c t i n  by ant i -ovine  

prolact in-Sepharose and subsequent e l u t i o n  with 

8 M urea .  Two mg p r o l a c t i n  (Sigma) was a p p l i e d  

t o  both t h e  c o n t r o l  and t h e  a n t i - p r o l a c t i n  column. 

S o l i d  l i n e  r e p r e s e n t s  excess  p r o l a c t i n  ( f i r s t  peak, 

approximately 1.1 mg p r o t e i n )  and urea-e lu ted  

p r o l a c t i n  (second peak, approximately 0 .6  mg 

p r o t e i n )  . The broken l i n e  r e p r e s e n t s  a c o n t r o l  

t e s t  whereby BSA was app l i ed  t o  a column conta in ing  

m a  1 - a ---A t - - -  E s &  t-&e 

contained 2 . 8  m l .  





Fig. 14. Irnrnunosorption of ovine p ro l ac t in  by anti-ovine 

nrnl a p t  i n - C n n h a r n c n  a n A  ~ i & ~ e q ~ e n t  e l u t i c n  w i t h  ,yL V I U I  I&** V b , f a l U *  " Y b  

8 M urea. Four mg p ro l ac t in  (Sigma) was applied.  

The excess p ro l ac t in  was estimated a s  3.2 mg 

while t h a t  e lu t ed  by urea was estimated a s  0.70 

mg (compare with Fig. 13) . Each tube contained 

2.8 m l .  





homogenate. I n  view of t h e  es t imated  capac i ty  of t h e  

column (0.6 mg) and s i n c e  t h e  mic roprec ip i t in  curve (Chapter 

1) showed t h a t  10 m l  of sheep p i t u i t a r y  homogenate con ta ins  

approximately 1 mg p r o l a c t i n ,  i n  t h i s  t e s t  (Tes t  c )  10 m l  

of t h e  homogenate was app l i ed  t o  t h e  a n t i - p r o l a c t i n  column. 

This  presumably r e p r e s e n t s  excess  an t igen .  Ten m l  homogenate 

w a s  a l s o  app l i ed  t o  t h e  c o n t r o l  column (Tes t  d) . The r e s u l t s  

of t h e s e  2 t e s t s  a r e  i l l u s t r a t e d  i n  F igs .  15 and 16.  A 

cons iderable  amount of p r o t e i n  was bound and subsequent ly 

e l u t e d  from both t h e  c o n t r o l  and t h e  a n t i - p r o l a c t i n  column. 

I t  seemed l i k e l y  t h a t  these  peaks a r e  comprised of more than  

one pro te in .  A slight red coloration of these eluates 

i n d i c a t e s  t h e  presence of hemoglobin a s  a  contaminant. To 

f u r t h e r  i n v e s t i g a t e  t h e  p o s s i b i l i t y  t h a t  a  mixture of pro- 

t e i n s  was bound by these  columns, t h e  f r a c t i o n  obbained from 

t h e  a n t i - p r o l a c t i n  column, was analysed by column chromato- 

graphy. Eleven m l  of t h i s  f r a c t i o n  was concent ra ted  by 

d i a l y s i s  i n  a  s a t u r a t e d  s o l u t i o n  of dextran t o  a  volume of 

2.5 m l .  This  s o l u t i o n  was then  app l i ed  t o  a  Sephadex column 

(1.5 x 90 cm) t h a t  had p rev ious ly  been f i l l e d  t o  80 cm with 

Sephadex G-100 and e q u i l i b r a t e d  wi th  0.05 M phosphate b u f f e r  



Fig .  15.  Imrnunosorption of p r o l a c t i o n  from a  sheep 

p i t u i t a r y  homogenate by ant i -ovine  p r o l a c t i n -  

Sepharose. Ten m l  of homogenate was appl ied .  

The f i r s t  peak r e p r e s e n t s  extraneous p r o t e i n  n o t  

bound by t h e  column. The second peak r e p r e s e n t s  

t h e  p r o t e i n  e l u t e d  with urea  and es t imated  t o  

conta in  approximately 6 .2  mg p r o t e i n .  Each tube  

contained 2 . 8  m l  . 





F i g .  16. Control  t e s t  f o r  t h e  imrnunosorption of p r o l a c t i n  

from a sheep p i t u i t a r y  homogenate. The immuno- 

sorbent  was prepared with c o n t r o l  r a b b i t  y -  

g lobu l in .  Ten m l  homogenate was app l i ed .  Each 

tube contained 2 . 8  m l  (compare with Fig.  15) . 





( p ~  7 . 5 ) .  The e l u a t e  was c o l l e c t e d  i n  2 . 8  m l  f r a c t i o n s  

and t h e  o p t i c a l  d e n s i t y  a t  280 nm of each tube was 

measured. A t  l e a s t  5 components were separa ted  by t h i s  

procedure,  which f u r t h e r  i n d i c a t e s  t h a t  t h e  a n t i - p r o l a c t i n  

column had bound a mixture of p r o t e i n s  ( F i g .  1 7 )  . This  

o k e r v a t i o n  is  d iscussed  f u r t h e r  i n  Chapter 3 .  



F i g .  1 7 .  Separation by Sephadex G-100 f i l t r a t i o n  of 

prote ins  present  i n  an urea-eluted fraction from 

the  an t i -p ro lac t in  column (see  Fig. 1 5 ) ;  11 m l  

of t h i s  t o t a l  f r a c t i o n  was concentrated by dextran 

t o  2.5 m l  before applying it t o  the  Sephadex 

column (2.5 x 90 cm) . Each tube contained 2.8 m l .  





3 .  BIOASSAY AND RADIOIMMUNOASSAY OF PROLACTIN OBTAINED BY 
IMMUNOSORPTION . 

In t roduc t ion  

I n  t h e  previous chapter ,  t h e  amount of p r o t e i n  i n  t h e  

var ious  f r a c t i o n s  was es t imated  by U.V. absorpt ion  o r  by 

t h e  B iu re t  t e s t .  These methods, however, l ack  both t h e  

s p e c i f i c i t y  and t h e  s e n s i t i v i t y  r equ i red  f o r  measuring t h e  

amounts of p r o l a c t i n .  Therefore,  it was decided t o  use a 

radioimmunoassay t o  q u a n t i f y  t h i s  hormone. This  method seemed 

most s u i t a b l e  s i n c e  it may be considered very  u n l i k e l y  t h a t  

t h e  i s o l a t i o n  procedure employed would have i n t e r f e r e d  with 

the c a p a c i t y  cf t h e  prolactin t o  be bound by i t s  ant ibody.  

The r e s u l t s  of t h e  radioimmunoassay were a l s o  compared with 

those  of a b ioassay  t o  determine whether immunosorption and 

subsequent e l u t i o n  h a s  any e f f e c t  on t h e  s p e c i f i c  hormonal 

a c t i v i t y  o f  p r o l a c t i n .  

Radioimrnunoassays have been s u c c e s s f u l l y  app l i ed  i n  t h e  

q u a n t i t a t i v e  a n a l y s i s  of a number of hormones. Thei r  main 

advantages, a s  compared with bioassays,  a r e  g r e a t e r  s e n s i t i v i t y  

and r e l a t i v e  s i m p l i c i t y .  The b a s i c  p r i n c i p l e  of t h e  r ad io -  

immunoassay involves competi t ion between r a d i o a c t i v e  i so tope-  



l a b e l e d  and unlabeled an t igen  f o r  t h e  ant ibody.  The amount 

of l abe led  an t igen  bound t o  t h e  ant ibody i s  i n v e r s e l y  

p ropor t iona l  t o  t h e  concent ra t ion  of t h e  unlabeled an t igen .  

S p e c i f i c  radioimrnunoassay techniques have been developed t o  

measure p r o l a c t i n  i n  t h e  fo l lowing mammalian spec ies :  r a t  

(Kwa and Verhofstad,  1967a; Niswender -- e t  a l . ,  1969) ;  mouse 

( ~ w a  and Verhof s t a d ,  1967b) ; sheep (Arai and Lee, 1967; 

Brayant and Greenwood, 1968; McNeilly, 1971);  cow (Johke, 

1969; Raud and Odel l ,  1971) and man ( p l a c e n t a l  lactogen)  

( ~ e a k e  and Burt ,  1969) . 
I n  genera l ,  t h e  va r ious  radioimmunoassays a v a i l a b l e  

d i f f e r  pr imar i ly  in the means by w h i c h  labeled antibody- 

bound an t igen  is  separa ted  from l a b e l e d  unbound an t igen .  The 

method used i n  my s tudy i s  t h e  " s o l i d  phase technique" of 

C a t t  and Tregear (1967).  This  procedure involves coa t ing  

p l a s t i c  tubes  with ant ibody.  The a b i l i t y  of t h e s e  antibody- 

coated  tubes  t o  s p e c i f i c a l l y  b ind  an t igen  forms t h e  b a s i s  

of t h e  assay .  

Severa l  b ioassays  a r e  a v a i l a b l e  f o r  mammalian p r o l a c t i n .  

They s t e m  from t h i s  hormone's t r o p h i c  a c t i o n s  on t h e  mammary 

g land,  t h e  crop  s a c  of pigeons,  and t h e  corpus luteum of 



r a t s  and mice ( f o r  a  review, see Nicol l ,  1967 ; Bern and 

Nicoll ,  1968). Pigeon crop assays a r e  most widely employed, 

whereby p ro l ac t in  i s  administered e i t h e r  sys temical ly  by 

subcutaneous or  intramuscular i n j ec t ion ,  o r  l o c a l l y  by 

intradermal i n j ec t ion  over one or  both s ides  of the  crop 

(Niccall, 1967).  The crop sac  response i n  the  systemic 

method is  quant i f i ed  by weighing the  l a t e r a l  lobes of the  

organ (Riddle e t  a l . ,  1933) . In the  l o c a l  method of Lyons 

(1937) the  response i s  determined by measuring the  a f fec ted  

area  of the  crop-sac. Although t h i s  l o c a l  technique is much 

more s e n s i t i v e  than the  systemic method, it has the  d i s -  

advantage nf being sifijective Nicoll  (1967) introduced 

a modification of the  l o c a l  method which made t h i s  technique 

more object ive  and improved considerably on i t s  s e n s i t i v i t y .  

In view of the  presumably small q u a n t i t i e s  of p ro l ac t in  i n  

my samples, it was decided t o  use t h i s  l a s t  bioassay. 

Mater ia ls  and Methods 

Radioiodination of p ro l ac t in .  The procedure followed 

was s imi la r  t o  t h a t  used by Greenwood e t  a l .  (1963) fo r  t he  

125 
iodinat ion of growth hormone. To 1 m C i  of a  Na I so lu t ion  



(Amersham) , was added 1 2  .5 p, 1 of 0.5 M phosphate b u f f e r  (pH 

7.5) conta in ing  2.5 p,g ovine p r o l a c t i n  (NIH-P-S9, 30 1u/mg) 

and 25 p,g chloramine-T d i s so lved  i n  25 p,l 0.05 M phosphate 

b u f f e r  (pH 7 . 5 ) .  The chloramine-T was used t o  ox id ize  t h e  

iodide  t o  iodine  which could then  r e a c t  with t h e  t y r o s i n e  

r e s i d u e s  of t h e  p r o l a c t i n .  Af ter  20 seconds, 50 p,l of sodium 

m e t a b i s u l f i t e  i n  50 p,l of 0 .O5 M phosphate b u f f e r  ( p ~  7.5) ' 

was added t o  convert  unreacted iodine  back t o  iodide .  This  

r e a c t i o n  mixture was then d i l u t e d  wi th  300 v 1  of a ca r ry ing  

s o l u t i o n  of potassium iodide  (1 mg/ml) i n  0.05 M phosphate 

b u f f e r  (pH 7.5) . 
The r e a c t i o n  mixture was then  t r a n s f e r r e d  t o  a  column 

(0.9 x  30 cm) of Sephadex G-50 t o  sepa ra te  l abe led  p r o l a c t i n  

from t h e  unreacted iodide .  The column was e q u i l i b r a t e d  with 

0.07 M ba rb i tone  b u f f e r  (pH 8.6) and p r i o r  t o  use 20 mg of 
-. 

human serum albumin i n  1 m l  ba rb i tone  b u f f e r  was passed 

through it. This  p r o t e i n  becomes p a r t i a l l y  adsorbed t o  t h e  

column and thereby prevents  adsorpt ion  of t h e  l abe led  hormone. 

The column was e l u t e d  with t h e  ba rb i tone  b u f f e r  and each 1.0 

ml-fract ion was c o l l e c t e d  i n  a  s o l u t i o n  of 1.0 m l  of human 

serum albumin (50 mg/ml) i n  ba rb i tone  b u f f e r .  Ten v 1  of each 



f r a c t i o n  was t r a n s f e r r e d  t o  a 12 x 75 mm t e s t  tube and i t s  

r a d i o a c t i v i t y  counted using a 3 i n .  x 3 i n .  NaI ( ~ 1 )  w e l l  

c r y s t a l  connected t o  a s i n g l e  channel ana lyzer  (Hewlett 

Packard Co.) .  Those f r a c t i o n s  which contained most of t h e  

l a b e l e d  hormone ( tubes  7 and 8, see  Fig.  18) were pooled 

and d i l u t e d  wi th  a s o l u t i o n  of human serum albumin (0.5 mg/ 

m l )  i n  ba rb i tone  b u f f e r  t o  a d i l u t i o n  of 300,000 counts/ml. 

Radioimmunoassay. The procedure followed f o r  t h e  s o l i d -  

phase method was s i m i l a r  t o  t h a t  of C a t t  and Tregear (1967).  

For t h i s  type of a s say  12 x 75 rnrn disposable  polys tyrene  

t e s t  tubes  ( ~ a b - ~ e k )  were coated wi th  1.0 m l  of an ant iserum 

prepara t ion  d i l u t e d  1:50 with 0.025 M carbonate-bicarbonate 

b u f f e r  (pH 9 .0 ) .  Adsorption of t h e  ant ibody t o  t h e  t e s t  tube 

continued f o r  2 h r  a t  room temperature.  To remove t h e  unad- 

sorbed a n t i b o d i e s ,  t h e  coat ing  s o l u t i o n  was poured .. o u t  and 

t h e  tubes were washed t h r e e  t imes with s a l i n e .  F i n a l l y ,  t h e  

tubes  were washed once with 5% (v/v) normal r a b b i t  serum t o  

block t h e  remainder of t h e  t e s t  tube  su r face .  The tubes  thus  

coated were used immediately o r  s t o r e d  f rozen  f o r  f u t u r e  

assays .  

TO e s t a b l i s h  a s tandard  curve,  t e n  0.6 m l  samples con- 



Fig. 18. Separation of 
125 

I- labeled ovine p ro l ac t in  from 

125 
Iodide on a Sephadex G-50 column. Ten m l  

from each tube was counted. Background count was 

approximately 1200 cpm. 



6 10 14 18 22 

TUBE NO. 



t a i n i n g  0  t o  200 ng ovine p r o l a c t i n  (NIH-p-S9, 30 1 ~ / m g )  

were added in t r i p l i c a t e  t o  t h e  a n t i b o d y - c ~ a t e d  tubes .  

Labeled p r o l a c t i n  was then added (150,000 cpm i n  0 .5  m l )  and 

t h e  tubes were incubated f o r  16  h r  a t  room temp. Af ter  

pouring out  t h e  r e a c t i o n  mixture and washing twice with t a p  

water ,  t h e  tubes  were placed i n  a  p r o t e c t i v e  capsule  and 

counted i n  t h e  gamma wel l  d e t e c t o r  f o r  1 min. The s tandard  

curve i s  shown i n  Fig .  19.  

procedure was approximately 

i s  comparable t o  t h a t  found 

McNeilly (1971).  The f r a c t  

The s e n s i t i v i t y  range f o r  t h e  

2-25 ng ovine p r o l a c t i n  which 

by Arai  and Lee (1967) and 

ions  t o  be analysed were assayec 

a t  t h r e e  d i f f e r e n t  d i l u t i o n s  t o  ensure t h a t  t h e  p r o l a c t i n  

concent ra t ion  would be wi th in  t h e  s e n s i t i v i t y  range.  

Piqeon-crop assay.  The procedure was l a r g e l y  t h e  same 

a s  t h a t  descr ibed  by Nico l l  (1967) .  S i x  t o  eight-week-old 

White-King pigeons were obta ined  from a  l o c a l  dea le r  and were 

plucked i n  t h e  crop region .  For each dosage, 3  b i r d s  were 

used. Each b i r d  was i n j e c t e d  in t rade rmal ly  over both s i d e s  

of t h e  crop sac .  The i n j e c t i o n  s i t e s  were marked t o  ensure 

t h a t  during subsequent i n j e c t i o n s  and d i s s e c t i o n ,  t h e  loca-  

t i o n s  could be i d e n t i f i e d .  The i n j e c t i o n  volume was 0 . 1  m l  

and t h i s  was adminis tered i n  t h e  morning (9-10 AM) and 



Fig. 19. Standard curve for ovine prolactin (NIH-P-S9: 30 

1u/mg) obtained by a solid-phase radioimmunoassay. 

The data are presented as the mean of three 

determinations f the standard deviation. 
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evening (4-5 PM) f o r  2 consecut ive days. On t h e  t h i r d  day 

(18-24 hours  a f t e r  t h e  l a s t  i n j e c t i o n ) ,  t h e  b i r d s  were 

k i l l e d  by chloroform. Contro l  b i r d s  were i n j e c t e d  with 0  . I5  

M NaC1. P r o l a c t i n  was always d isso lved  i n  0.15 M NaCl and 

t h e  same so lven t  was used t o  d i l u t e  t h e  f r a c t i o n s  t o  be 

analysed.  

Af ter  t h e  b i r d s  were k i l l e d ,  t h e  e n t i r e  crop-sac was 

removed and halved by a  median i n c i s i o n .  Each hemicrop was 

mounted on t h e  hold ing  appara tus  (Nico l l ,  1967) ,  i n  such a  

way t h a t  t h e  marked i n j e c t i o n  s i t e  was c e n t r a l  on t h e  metal  

sc reen ,  t h e  mucosal t i s s u e  fac ing  upward. Suct ion was then  

a p p l i e d  t o  t h e  appara tus  and t h e  mucosal ep i the l ium,  which 

l i e s  wi th in  t h e  per imeter  of t h e  metal  d i sk  was scraped from 

t h e  underlying submucosal t i s s u e .  The holding appara tus  

used i n  t h i s  work was i d e n t i c a l  t o  t h a t  used by N i c o l l  except  
&. 

a  s t a i n l e s s  s t e e l  f i l t e r  support  (Mi l l ipore)  was used a s  t h e  

t o p  of t h e  cy l inder  r a t h e r  than  s c i n t e r e d  s t a i n l e s s  s t e e l .  

F ig .  20 shows a  c r o s s  s e c t i o n a l  view of t h e  hemicrop t i s s u e  

i n  an a r e a  near t h e  i n j e c t i o n  s i t e  of a  c o n t r o l  b i r d ,  a  

c o n t r o l  b i r d  a f t e r  scraping ,  and a  p r o l a c t i n - i n j e c t e d  b i r d .  

A v a r i a b l e  i n  t h i s  method concerns t h e  u l t ima te  degree 



.. 
Fig.  20 .  Comparable t r ansve r sa l  sect ions  of the  pigeon 

crop sac  i n  areas  near the  i n j ec t ion  s i t e s .  A: 

b i r d  i n j e c t e d  with urea-eluted Sigma p ro l ac t in ;  

R: Sal ine  -injected con t ro l  b i r d .  Note the  - 

s t rong hypertrophy of t he  mucosa (m)  i n  A. C: 

submucosal layer  of the  crop sac  i n  con t ro l  b i r d  

a f t e r  mucosa has been scraped o f f .  Note t h a t  due 

t o  considerable s t r e t c h  of t h i s  t i s s u e  on the  

holding apparatus,  t h i s  submucosal layer  appears 

much th inner  than i n  B. A l l  t i s s u e s  were f ixed  

i n  i3ouin:s f i x a t i v e ;  sect ions  were s ta ined  w i t h  

hematcxylin-eosin. x 300. 





of s t r e t c h  of t h e  mounted t i s s u e  and, consequently,  t h e  a c t u a l  

s u r f a c e  a r e a  of t h e  mucosa. For t h i s  reason,  a modif ica t ion  

was introduced. Not only  was t h e  mucosal ep i the l ium c o l l e c t e d  

and weighed, b u t  a l s o  t h e  submucosal l a y e r s  of t h e  same a rea .  

The v a r i a b i l i t y  introduced by s l i g h t  d i f f e r e n c e s  i n  t h e  s i z e  

of t h e  a r e a  analysed should be e l imina ted  i f  t h e  r a t i o  between 

t h e s e  two weights is  used a s  t h e  index of response.  A l l  

samples of t i s s u e  were c o l l e c t e d  on pre-weighed aluminum 

pans,  d r i e d  overnight  a t  100•‹C and weighed t o  t h e  n e a r e s t  

0 .1 mg. The modif ica t ion  descr ibed  above w a s  compared wi th  

t h e  o r i g i n a l  method i n  t h e  composition of t h e  s t andard  curve.  

$-- LW - establish a s tandard  curve,  &sages of 12.5, 25,  5 O E  

and 100 mu of ovine p r o l a c t i n  (NIH-P-S9; 30 1u/mg) were admin- 

i s t e r e d .  Table 111 shows t h e  response f o r  each dose expressed 

as mucosal d ry  weights and a s  t h e  r a t i o  of t h i s  weight t o  t h e  

d ry  weight of t h e  underlying t i s s u e .  There i s  l e s s  v a r i a -  

t i o n  wi th in  each group (smal ler  s t andard  dev ia t ions )  and t h e  

d i f f e r e n c e s  between t h e  groups (analyzed by S t u d e n t ' s  t - t e s t )  

a r e  more s i g n i f i c a n t  when t h e  r e s u l t s  a r e  expressed a s  a 

r a t i o .  This  l a s t  parameter was t h e r e f o r e  used i n  drawing 

t h e  s tandard  curve (Fig.  21) . The dose-response r e l a t i o n s h i p  



W V V V  



Fig .  2 1 .  Standard curve f o r  ovine p r o l a c t i n  (NIH-P-S9; 

30 IU/;;;~) obtained by the pigeon crop bioassay. 

Response i s  presented  a s  t h e  mean & t h e  s tandard  

dev ia t ion .  (See a l s o  Table 111) . 



TOTAL DOSE OVINE PROLACTIN 
(IN m u )  



was l i n e a r  up t o  a  dose of 50 mu.  This  i s  i n  agreement 

with t h e  f ind ings  of Nico l l  (1967) who showed a  s i m i l a r  

s e n s i t i v i t y  range,  namely 1.5 t o  37.5 mu ovine p r o l a c t i n .  

Presumably, a t  h igher  dosages t h e  time requ i red  f o r  t h e  

hormone t o  e x e r t  i t s  a c t i v i t y  i s  t h e  l i m i t i n g  f a c t o r .  

Resu l t s  and Discussion 

Imrnunosorption of Sigma p r o l a c t i n ,  The r e s u l t s  of t h e  

b ioassay  a r e  compiled i n  Table 111. Using t h e  N I H  p r o l a c t i n  

as a  s tandard  ( s e e  Fig.  21) it appeared t h a t  t h e  Sigma 

p r o l a c t i n  p repara t ion  had an a c t i v i t y  of 12.6k3.2 I . U .  per  

mg. Bioassay of t h e  urea-e lu ted  Sigma p r o l a c t i n  showed t h a t  

t h i s  m a t e r i a l  had an a c t i v i t y  I . U .  

p r o t e i n ,  The assay  of t h i s  f r a c t i o n  was conducted a t  two 

d i l u t i o n s  t o  determine whether t h e  hormone shows a dose- 
-. 

response r e l a t i o n s h i p .  The importance of such a  r e l a t i o n s h i p  

was s t r e s s e d  by  Nico l l  (1967),  who repor ted  t h a t  non-prolact in  

p r o t e i n  w a s  capable of causing an inc rease  i n  mucosal d ry  

weight bu t  t h a t  t h i s  e f f e c t  was i n  no way dose-dependent. 

My values  do r e f l e c t  a dose-response r e l a t i o n s h i p .  Radio- 

immundassay of t h e  urea-eluted p repara t ion  i n d i c a t e d  t h a t  
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it contained a  t o t a l  of 450 pg p r o l a c t i n  (Table I V ) .  Since 

t h e  s tandard  N I H  p r o l a c t i n  had an a c t i v i t y  of 30 1u/mg, t h e  

urea-e lu ted  f r a c t i o n  should,  i n  theory ,  possess  a  t o t a l  

p r o l a c t i n  a c t i v i t y  of 13 IU. A s  t h i s  f r a c t i o n  was es t imated  

a t  0.7 mg p r o t e i n ,  i t s  expected p r o l a c t i n  a c t i v i t y  per  mg 

p r o t e i n  would then  be 19.3.  However, i t s  a c t u a l  a c t i v i t y  

as determined by t h e  b ioassay  is  lower ( 1 2  .@1.7 1u/mg) . 
This  then ,  i s  an i n d i c a t i o n  t h a t  t h e r e  has  been some l o s s  

of b i o l o g i c a l  a c t i v i t y .  Support f o r  t h i s  p o s s i b i l i t y  comes 

from a  comparison of t h e  c a l c u l a t e d  a c t i v i t i e s  of t h e  Sigma 

p repara t ion  before  and a f t e r  immunosorption (12.6k3.2 and 

12.841.7 1u/mg r e s p e c t i v e l y )  . The Sigma p r o l a c t i n  very  

l i k e l y  contained impur i t i e s  ( c f .  i t s  a c t i v i t y  wi th  t h a t  of 

t h e  N I H  p r e p a r a t i o n ) .  Presumably, t h e s e  contaminating p r o t e i n s  

would n o t  be bound t o ,  and subsequent ly e l u t e d  from t h e  
a. 

immunosorbent, s o  t h a t  t h e  e l u t e d  p r o t e i n  f r a c t i o n  should be 

of a  h igher  p u r i t y  and consequently have a  h igher  a c t i v i t y  

per  mg p r o t e i n .  The f a c t  t h a t  t h e  a c t i v i t y  had no t  markedly 

increased ,  might be explained by assuming t h a t  t h e  hormonal 

a c t i v i t y  of t h i s  p r o l a c t i n  had been somewhat reduced by t h e  

imrnunoSorption procedure. 
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Immunosorption of sheep p i t u i t a r y  homoqenate. A s  was 

repor ted i n  Chapter 2 ,  immunosorption of sheep p i t u i t a r y  

homogenate r e su l t ed  i n  an unexpectedly la rge  amount of 

p ro te in  i n  the  urea-eluted f r a c t i o n  from both the  con t ro l  

and the  an t i -p ro lac t in  column. Radioimmunoassay of these  

f r a c t i o n s  showed t h a t  150 pg p ro l ac t in  was obtained from 

the  an t i -p ro lac t in  column while the  control  column bound a 

neg l ig ib le  amount of hormone (<11 p,g) . It can be concluded 

from these  r e s u l t s  t h a t  the  nature  of p ro l ac t in  binding must 

be d i f f e r e n t  from t h a t  concerning the  non-prolactin p ro te ins .  

The binding of p r o l a c t i n  by the  an t i -p ro lac t in  column was 

...,-" t likely a r e s u l t  of s p e c i f i c  immunnsnrpt ion while the  

binding of t he  o ther  mater ia ls  by both the  con t ro l  and the  

an t i -p ro lac t in  column was probably the  r e s u l t  of non-specific 

protein-protein or  protein-gel  i n t e r ac t ion .  

The y i e l d  of p ro l ac t in  obtained from the  an t i -p ro lac t in  

column was su rp r i s ing ly  low: the  same column bound 450 kg of 

p r o l a c t i n  from the  Sigma preparat ion.  The homogenate added 

t o  the  column (10 m l )  was est imated t o  contain 1 mg p ro l ac t in  

on the  b a s i s  of the  microprecipi t in  t e s t  (see  Chapter 1) .  

This l a s t  quan t i ty  is  i n  agreement with t he  r e s u l t s  of the  



bioassay  of t h e  sheep p i t u i t a r y  homogenate which i n d i c a t e d  

a  p r o l a c t i n  content  of about 2.4 1 u / m l  homogenate ( s e e  

Table 11) which i s  equ iva len t  t o  0.8 mg prolact in/ lOml.  

The low p r o l a c t i n - y i e l d  might be t h e  r e s u l t  of i n t e r f e r e n c e ,  

e  .g . by s t e r i c  hindrance of t h e  ant igen-ant ibody r e a c t i o n ,  

by t h e  non-specif ic  binding of o the r  p r o t e i n s .  The problem 

of non-specif ic  binding of p r o t e i n s  can, i n  a l l  l i k e l i h o o d ,  

be minimized by p a r t l y  pur i fy ing  t h e  sheep p i t u i t a r y  

homogenate p r i o r  t o  imrnunosorption. 

I t  i s  i n t e r e s t i n g  t o  compare t h e  r e s u l t s  of t h e  b io-  

a s say  of t h e  urea-eluted p r o l a c t i n  f r a c t i o n  with those  of 

. . the  radioimnunoassay, The t o t a l  hormonal a c t i v i t y  of t h i s  

f r a c t i o n  was es t imated  a s  1.23f0.18 I U  (Table 111). On t h e  

o t h e r  hand, t h e  t h e o r e t i c a l  a c t i v i t y  of 150 vg p r o l a c t i n  

should be 4.5 I U .  This  i n d i c a t e s  t h a t  i n  t h i s  experiment 
-. 

too ,  a  s l i g h t  l o s s  of s p e c i f i c  hormonal a c t i v i t y  may have 

occurred.  

A l a s t  cons ide ra t ion  concerns t h e  p u r i f i c a t i o n  of 

p r o l a c t i n .  The homogenate i s  es t imated  t o  possess  an 

a c t i v i t y  of 0  .l6&O ,016 1u/mg p r o t e i n  while  t h e  e l u t e d  f r a c t i o n  

had ari a c t i v i t y  of 0.20k0.014 1u/rng p r o t e i n .  Since moreover, 



some l o s s  of hormonal a c t i v i t y  had presumably taken place, 

a s  mentioned above, it i s  evident  t h a t  some degree of 

pu r i f i ca t i on  of the  p r o l a c t i n  preparat ion had been 

accomplished. 



EPILOGUE 

Most r e p o r t s  d e a l i n g  wi th  imrnunosorption procedures 

i n d i c a t e  t h a t  t h e  s o l i d  phase an t igen  o r  ant ibody is h i g h l y  

s t a b l e  and re-usuable .  The r e s u l t s  from my s tudy  seem t o  

comfirm t h i s  obse rva t ion  and it may t h e r e f o r e  be concluded 

t h a t  f o r  t h e  i s o l a t i o n  of p r o l a c t i n ,  t h e  immunosorption 

technique  i s  t o  be p r e f e r r e d  t o  t h e  p r e c i p i t a t i o n  technique.  

I t  seems however, t h a t  be fo re  t h i s  technique can be 

s u c c e s s f u l l y  a p p l i e d  t o  t h e  i s o l a t i o n  of "salmon p r o l a c t i n " ,  

t h r e e  problems have t o  be solved.  The f i r s t  problem i s  t h a t  

concerning t h e  y i e l d .  Less than  1 mg p r o l a c t i n  was bound 

b y  an  immunosorbent prepared from 300 mg a n t i - p r o l a c t i n  Y -  

g l o b u l i n  whereas 2-3 mg BSA could be obta ined  from an immuno- 

s o r b e n t  prepared  wi th  only  100 mg anti-BSA Y-globulin. These 

y i e l d s  a r e  i n  a l l  l i k e l i h o o d  r e l a t e d  t o  t h e  ant ibody t i t e r  

s i n c e  t h e  BSA ant i serum had a  much h igher  t i t e r  than  t h e  

p r o l a c t i n  ant iserum. A h igh- t i t e r -an t ibody  may be of 

p a r t i c u l a r  importance i n  t h e  case  of a  c ross - reac t ion  between 

"salmon p r o l a c t i n "  and ant i -ovine  p r o l a c t i n  s i n c e  t h i s  

he te ro logous  r e a c t i o n  is  much weaker than  t h e  homologous 

r e a c t i o n  (Mc~eown, 1970) . 



Secondly, t h e r e  is  t h e  problem of s p e c i f i c i t y .  My 

a t tempts  t o  e x t r a c t  p r o l a c t i n  from t h e  p i t u i t a r y  homogenate 

s u f f e r e d  from a  h igh  degree of binding of extraneous p r o t e i n s .  

This binding was l i k e l y  of a  non-immunological na tu re .  While 

3 . ~  i n i t i a l  p u r i f i c a t i o n  s t e p  should minimize t h e  u n s p e c i f i c  

binding it i s  u n l i k e l y  t h a t  it would abo l i sh  it. Anderson 

e t  a l .  (1970) a l s o  showed non-specif ic  binding of extraneous -- 

p r o t e i n s  t o  a  bromacetyl-cel lulose immunosorbent. These 

workers showed t h a t  a  3 M urea s o l u t i o n  would remove t h e  

contaminating p r o t e i n s  without  e l u t i n g  t h e  immunologically 

bound ant igen .  The l a t t e r  was then e l u t e d  with a c e t i c  ac id .  

  his approach shouid be i n v e s t i g a t e d  f o r  the  Sepiiarose 

immunosorbent used i n  my study.  I f  t h i s  s p e c i f i c i t y  problem 

cannot be minimized t o  a  s a t i s f a c t o r y  l e v e l ,  a new immuno- 

s o r p t i o n  procedure w i l l  have t o  be invest . igated.  

Thi rd ly ,  t h e  apparent  l o s s  of s p e c i f i c  hormonal a c t i v i t y  

during t h e  immunosorption procedure r e q u i r e s  f u r t h e r  i n v e s t i -  

ga t ion .  It must be determined what p a r t  of t h e  procedure 

a f f e c t s  t h i s  hormone. Urea t rea tment  might have some dena- 

t u r i n g  e f f e c t ,  b u t  pre l iminary  experiments have shown t h a t  

it a f f e c t s  n e i t h e r  t h e  hormonal nor t h e  immunological 
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a c t i v i t y  of ovine p ro l ac t in .  This p a r t i c u l a r  aspect  i s  i n  

agreement with the  general  observation t h a t  e f f e c t s  of 

urea on pro te in  molecules a r e  r eve r s ib l e  (Epstein et &., 

1963; Mahler and Cortez, 1968)-  Another aspect  t h a t  should 

be invest igated i s  the  e f f e c t  of f reezing and thawing on the  

p ro l ac t in  molecule, I t  was inev i tab le  t h a t  during t h i s  

procedure i s o l a t e d  p ro l ac t in  so lu t ions  were frozen and 

thawed, sometimes repeatedly,  It is  general ly  agreed t h a t  

p ro te in  prepara t ions  remain more s t a b l e  i f  they a r e  

lyophi l ized before s to r ing  (Mahler and Cordes, 1968) . 
Perhaps then, i f  the  i so l a t ed  p ro l ac t in  f r ac t ions  a r e  

immediately concentrated and lyophi l ized, the  l o s s  of 

p ro l ac t in  a c t i v i t y  would be minimal. 
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