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SEPARABLE FORMS OF RADIOIODINATED 
OVINE LUTROPIN (oLH) SUBUNITS, 

FRACTIONATED BY ANION EXCHANGE HIGH 
PERFORMANCE LIQUID CHROMATOGRAPHY 
AND ANALYZED BY RADIOIMMUNOASSAY 

Per Hallin l ,  Malgorzata Madej2, and Andrzej Madej2 
IDepartm en t of Zoo ph ysio logy 

Uppsala University 
P.O. Box 560 

,5751 22 Uppsala, Sweden 
2Department of Clinical Chemistry 

Faculty of veterinary Medicine 
Swedish University of Agricultural Sciences 

S-750 07 Uppsala, Sweden 

ABSTRACT 

Radioiodinated oLHa and oLH B subunits were fractionated with 
the aid of high performance liquid chromatography (HPLC)  using a 
Waters Protein Pak DEAE 5PW anion exchange column. The content o f  
these subfractions differed i n  the i r  binding maxima to  the i r  res- 
pective s u b u n i t  antisera.  An increase o f  the pH from 6.5 t o  1.5 
and 8.5 affected the chromatogra hic profile of 8-week-old 
radioiodinated B-subunit. Overal!, material from the various 
radioactive peaks exhibited binding to  @ s u b u n i t  antiserum in the 
range of 32.0% - 81.0%, depending on the storage tlme of the t ra-  
cer and the pH. Shifting s t ra tegies ,  we ei ther  applied the label- 
led subunits t o  a Pharmacia gel f i l t r a t ion  column o r  subjected 
them to  cellulose adsorption prior t o  HPLC. The radioiodinated a- 
andbsubunits subjected to  HPLC a f t e r  gel f i l t r a t ion  were both 
eluted in only one peak with respective immunoreactivi t i e s  of 
46.6% and 73.2%. 
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2966 HALLIN, MADEJ, AND MADEJ 

When rad io iod ina ted  Bsubun i t  was app l ied  f i r s t  t o  a c e l l u l o -  
se column and then t o  HPLC, the chromatographic p r o f i l e  showed two 
rad ioac t i ve  peaks w i t h  re ten t i on  times o f  5 min (73.2% immunoreac- 
t i v i t y )  and 7.5 min (43.0% immunoreactivi ty) , respec t ive ly .  

studies,  owing t o  i t s  h i g h l y  s tab le  immunoreactivi ty a f t e r  repu- 
r i f i c a t i o n  on an anion exchange HPLC. 

I t  was concluded t h a t  an 8-week-old-tracer i s  useful i n  such 

INTRODUCTION 

Recently, l i q u i d  chromatography has been used t o  study the 

microheterogeneity o f  g lycopro te in  hormones ( 1-3 1. It has even 

been shown by using i soel ec t ro focus i  ng t h a t  subuni ts o f  human 1 u t -  

p l e  forms, each o f  them w i t h  a d i f f e r e n t  rop in  (hLH) e x i s t  i n  mult  

P I  ( 4 1. 
I n  an e a r l i e r  study 

a-subuni t  o f  ovine LH on 

5 1, a f rac t i ona ted  rad io iod ina ted  

reverse-phase h igh  performance l i q u i d  

column) showed a chromatogram w i t h  a sym- chromatography (C 

met r i c  peak o f  r a d i o a c t i v i t y .  However, i n  the same study a 

rad io iod ina ted  oLH B subuni t  y ie lded  an asymmetric peak. S im i la r  

asymmetry was a l so  repor ted  by Stanton e t  a1 . ( 6 ) , who ana- 

l yzed  rad io iod ina ted  B-subunit o f  bTSH w i t h  a C reverse- 

phase system. 

rad io iod ina ted  l u t r o p i n  a- and &subunits subjected t o  h igh  

performance anion exchange chromatography. 

18 

18 

The aim o f  present work was t o  study the behaviour o f  the 

MATER I ALS 

Standard preparat ions o f  ovine l u t r o p i n  a-subunit 

(NIAMDD-WRR-1-a) and ovine l u t r o p i n  B-subuni t (NIAMDD-WRR-2-B) , 
provided by the Nat ional  Hormone and P i t u i t a r y  Pro ram , NIADDK, 

Bethesda, Maryland, USA, were rad io iod ina ted  w i t h  1:Na 

(The Radiochemical Centre, Amersham, UK) and analyzed w i t h  h igh  

performance i o n  exchange medium (Pro te in  Pak DEAE 5PW, Waters 

ASSOC., M i l f o r d ,  USA). HPLC was performed w i t h  a Waters Associates 
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RADIOIODINATED OVINE LUTROPIN SUBUNITS 2961 

chromatographic system acco rd ing  t o  t h e  method desc r ibed  by H a l l i n  

and Madej ( 7 1. The e l u t e d  m a t e r i a l s  were c o l l e c t e d  eve ry  30 s 
and t h e  r a d i o a c t i v i t y  i n  an a l i q u o t  o f  0.05 m l  f r om each f r a c t i o n  

was measured i n  a gamma-ray coun te r  ( S e a r l e  A n a l y t i c  I nc .  Illi- 

no is ,  USA). 
Water o f  HPLC grade was ob ta ined  by pass ing  d i s t i l l e d  water  

th rough  a M i l l i +Wate r  System u s i n g  an Organex-Q c a r t r i d g e  and a 

s t e r i l e  f i l t e r  a t t a c h e d  t o  i t s  o u t l e t  ( M i l l i p o r e  Corp. Bedford,  

USA). A l l  reagents used were o f  a n a l y t i c a l  grade. 

I n  some exper iments t h e  subun i t s  were f r a c t i o n a t e d  by  gel  

f i l t r a t i o n  on a Pharmacia P D l O  column (see gel  f i l t r a t i o n  s e c t i o n )  

o r  a p p l i e d  on c e l l  u l o s e  CF-11 medium (see c e l l  u l o s e  a d s o r p t i o n  

s e c t i o n ) .  

t h e  N a t i o n a l  Hormone and P i t u i t a r y  Program, USA (NIAMDD-anti-oLH-a 

-1 and NIAMDD-anti-oLH-8-11, 

A n t i s e r a  t o  o v i n e  LHa and g s u b u n i t s  were a l s o  ob ta ined  f rom 

METHODS 

-- I o d i n a t i o n  o f  oLHa (WRR-1-a) and oLH@ (WRR-2-6) was p e r f o r -  

med by  a m o d i f i e d  Chloramine-T method ( 8 ) u s i n g  8 ug o f  t h i s  

reagent ,  2 ug o f  p r o t e i n  and an exposure t i m e  o f  40 s. The speci -  

f i c  a c t i v i t y  o f  oLHa was 58 uCi/ug and t h a t  o f  oLHB was 30 uCi/ug. 

A f t e r  i o d i n a t i o n  t h e  m a t e r i a l  was sub jec ted  t o  e i t h e r  ge l  f i l t r a -  

t i o n  f o l l o w e d  by  HPLC, c e l l u l o s e  a d s o r p t i o n  f o l l o w e d  by  HPLC or  
HPLC on ly .  The t r a c e r  was s t o r e d  a t  + 4 C f o r  2 days, o r  up t o  8 
weeks a f t e r  i o d i n a t i o n  b e f o r e  u s i n g  i t  i n  t h e  d i f f e r e n t  chromatog- 
r a p h i c  t reatments.  

0 

Gel f i l t r a t i o n  on PDlO (Sephadex G-25M, Pharmacia AB, Uppsa- 

l a ,  Sweden) was employed on a prepacked column (d imensions 0.9 x 

10 cm) and e l u t e d  w i t h  a 50 mmol/l phosphate b u f f e r ,  pH 7.5, con- 

t a i n i n g  0.2% bov ine  serum albumin (BSA). 

-- 
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2968 HALLIN, MADEJ, AND MADEJ 

C e l l u l o s e  a d s o r p t i o n  on Whatman CF-11 was conducted accord- 

i n g  t o  J e f f c o a t  ( 9 ). The r a d i o i o d i n a t e d  l u t r o p i n  subun i t s  were 

a p p l i e d  t o  a column (dimensions 0.4 x 4.0 cm) and e l u t e d  f rom 

t h e  c e l l u l o s e  w i t h  10 nnnol/l phosphate b u f f e r ,  pH 7.5, c o n t a i n i n g  

6% BSA. 

The HPLC s o l v e n t  system c o n s i s t e d  o f  two b u f f e r s ,  A and B. ---- 
B u f f e r  A c o n s i s t e d  o f  20 mmol/l T r i s - h y d r o c h l o r i d e .  The composi- 

t i o n  o f  b u f f e r  6 was s i m i l a r  t o  t h a t  o f  b u f f e r  A i n  a l l  f r a c t i o n a -  

t i o n s ,  excep t  t h a t  t h e  former a l s o  con ta ined  0.5 mol/l o f  sodium 

c h l o r i d e .  The samples were e l u t e d  (2.0 ml/min) u s i n g  a l i n e a r  gra- 

d i e n t  (12.5 m o l / m l )  r u n n i n g  d i r e c t l y  a f t e r  i n j e c t i o n  f o r  20 min 

(98%/2% o f  b u f f e r s  A/B t o  100% o f  b u f f e r  B). F r a c t i o n s  were c o l -  

l e c t e d  eve ry  30 s d u r i n g  t h e  experiment a t  ambient temperature. 

To a v o i d  l o s s e s  o f  r a d i o a c t i v i t y  due t o  adso rp t i on ,  each 

f r a c t i o n  tube  was p r e f i l l e d  w i t h  0.5 m l  o f  a 50 nnnol/l sodium 

phosphate b u f f e r ,  pH 7.5, c o n t a i n i n g  0.45 % sodium c h l o r i d e ,  10 
mmol/l EDTA, 0.001% m e r t h i o l a t e ,  and 0.2% BSA. 

Radioimmunoassays o f  oLHa were performed u s i n g  t h e  r e f e r e n c e  

s tandard  oLHa (WRR-1-a) and oLHa an t i se rum (NIAMDD-anti-oLH-a-1) 

a t  a f i n a l  d i l u t i o n  o f  1:90,000. The reference s tandard oLH6 

(WRR-2-6) and an t i se rum (NIAMDD-anti-oLH-6-1) a t  a f i n a l  d i l u t i o n  

o f  1:90,000 were used i n  t h e  radioimmunoassay o f  oLHB . A f t e r  

s e p a r a t i o n  o f  r a d i o i o d i n a t e d  a- and B-subuni ts  (ca.  - 10 uCi /  

s u b u n i t  o r  370 kBq), t h e  amount o f  r a d i o a c t i v i t y  was measured i n  

0.05 ml o f  each f r a c t i o n .  The e l u t e d  f r a c t i o n s  were d i l u t e d  w i t h  

phosphate b u f f e r  t o  o b t a i n  8000 cpm/ 0.1 m l .  These s o l u t i o n s  were 

i ncuba ted  o v e r n i g h t  a t  room temperature w i t h  an t i se rum a g a i n s t  

e i t h e r  a- o r  &subun i t s  o f  oLH, bo th  a t  a f i n a l  d i l u t i o n  o f  

1:90,000. The separa t i on  o f  f r e e  and bound hormone was c a r r i e d  o u t  

u s i n g  t h e  new system, c o n s i s t i n g  of second-antibody coupled t o  

micro-Sepharose acco rd ing  t o  t h e  manufacturer  (Techn ica l  note,  

Pharmacia AB, Sweden). A l l  assays were performed i n  50 mmol/l 

sodium phosphate b u f f e r ,  pH 7.5, c o n t a i n i n g  0.45% sodium c h l o r i d e ,  

10 mno7/1 EDTA, 0.001% m e r t h i o l a t e ,  and 0.2% BSA. 
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RADIOIODINATED OVINE LUTROPIN SUBUNITS 2969 

RESULTS 

The chromatograms r e s u l t i n g  from the app l i ca t i on  o f  the  

rad io iod ina ted  ovine LHa subuni t  e i t h e r  d i r e c t l y  t o  an anion 

exchange HPLC o r  i n d i r e c t l y  v i a  a Pharmacia PDlO p r i o r  t o  anion 

exchange HPLC, using a b u f f e r  system a t  pH 6.5, are shown i n  

Fig.1. The f i r s t  peak o f  rad ioac t i ve  mater ia l  appeared 1.5 min 

a f t e r  i n j e c t i o n ,  regardless the treatment. D i r e c t  i n j e c t i o n  o f  the  

rad io iod ina ted  a-subunit using HPLC resu l ted  i n  a t  l e a s t  two peaks 

o f  r a d i o a c t i v i t y  w i t h  a re ten t i on  t imes ( r . t )  o f  1.5 and 6.5 min. 

The immunoreactivi ty of the mater ia l  from these two peaks was 

46.6% and 51.0%, respec t ive ly .  

e lu ted  i n  on ly  one main peak, having a re ten t i on  t ime o f  1.5 min 

and w i t h  an immunoreactivi ty o f  53.0%. 

s to red  a t  + 4 C f o r  4 weeks before use i n  the assay. 

The mater ia l  app l ied  t o  HPLC a f t e r  gel f i l t r a t i o n  on PDlO 

The rad io iod ina ted  t r a c e r  (WRR-1-a) was i n  t h i s  experiment 
0 

Figure  2 shows the chromatographic p r o f i l e s  o f  the r a d i o i o d i -  

nated @-subunit w i t h  and w i thout  gel f i l t r a t i o n  p r i o r  t o  HPLC a t  

pH 6.5. As f o r  the a-subunit the &subuni t  subjected t o  gel f i l t -  

r a t i o n  showed one main peak, e l u t i n g  1.5 min a f t e r  i n j e c t i o n  and 

conta in ing  73.2% o f  the immunoreactivi ty. 

HPLC showed a pa t te rn  w i t h  three d i f f e r e n t  peaks conta in ing  
r a d i o a c t i v i t y .  The imnunoreactive mater ia l  i n  these peaks were 

65.0%, 81.0% and 75.4%, respec t ive ly .  

Moreover, the mater ia l  no t  app l ied  t o  gel f i l t r a t i o n  p r i o r  t o  

The rad io iod ina ted  t r a c e r  (WRR-2-B) was i n  t h i s  experiment 
0 

s tored  a t  + 4 C f o r  4 weeks before use i n  the assay. 

The chromatographic p r o f i l e s  o f  the rad io iod ina ted  oLHB sub- 

u n i t  f rac t i ona ted  a t  pH 6.5, 7.5 and 8.5 are presented i n  Fig.3. 
A t  pH 6.5 the f i r s t  non adsorbed mater ia l  con ta in ing  r a d i o a c t i v i t y  
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0-0 OLH& pH 6.5 
500 N-s oLH& + PO10 p H  6.5 

250 

0 
0 5 10 15 20 

Retent ion  time (min) 

Figure  1. 
High performance i o n  exchange chromatography o f  rad io iod ina ted  
oLHa a t  pH 6.5 ( 0 
7.5 mn I.D.), and e l  f i l t r a t i o n  on PDlO ( + )  p r i o r  t o  DEAE. 
Buf fe r  A: 20 mol/? Tris-HC1 
Bu f fe r  B: 20 mol/l Tris-HC1 + 0.5 mol/l NaCl 
Flow ra te :  2.0 ml/min; gradjent 2% - 100% o f - b u f f e r  B /  20 min 
The b ind ing  o f  tes ted  f r a c t i o n s  t o  oLHa antiserum i s  expressed as 
a percentage o f  the  t o t a l  r a d i o a c t i v i t y  added. 

on a Waters Pro te in  Pak DEAE 5PW column (75 x 

e l u t e d  i n  a broad peak ( r . t  2.5 min) fo l lowed by another peak w i t h  

a r e t e n t i o n  t ime o f  5.5 min. The l e v e l  o f  immunoreactivi ty was 

on ly  40.0% i n  the former mater ia l ,  bu t  reached 75.4% i n  the l a t -  

t e r .  When using the  e luan t  b u f f e r  adjusted t o  pH 7.5, the  OLHB 

subuni t  was f rac t i ona ted  i n t o  three main rad ioac t i ve  peaks; the 

f i r s t  e l u t i n g  a f t e r  1.5 min, the second a f t e r  3 min (72.2% immuno- 

r e a c t i v i t y )  and the t h i r d  a f t e r  5.5 min (70.0% immunoreact iv i ty) .  

subuni t  r e s u l t e d  i n  an e l u t i o n  pa t te rn  w i t h  th ree  d i s t i n c t  peaks 

o f  r a d i o a c t i v i t y ,  fo l lowed by a very small f o u r t h  peak. The f i r s t  

With the e luant  b u f f e r  a t  pH 8.5, the chromatographed oLHB 
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300 
+-+ oLHB pH 6.5 
0-0 OLHB + PDlO pH 6.5 

150 

0 
0 5 10 15 20 

Retent i o n  time (min) 

F i g u r e  2. 
H igh  performance i o n  exchange chromatograph o f  r a d i o i o d i n a t e d  
oLHB a t  pH 6.5 ( + I  on a Waters P r o t e i n  Pa{ DEAE 5PW column (75 x 
7.5 mn I.D.), and ge l  f i l t r a t i o n  on P D l O  ( 0 )  p r i o r  t o  DEAE. 
(see d e s c r i p t i o n  o f  F ig .1 )  
The b i n d i n g  o f  t e s t e d  f r a c t i o n s  t o  oLHB an t i se rum i s  expressed as 
a percentage o f  t h e  t o t a l  r a d i o a c t i v i t y  added. 

m a t e r i a l  e l u t e d  a f t e r  1.5 min r e t e n t i o n  t i m e  and e x h i b i t e d  68.0% 

i m m u n o r e a c t i v i t y  t o  i t s  ant iserum, w h i l e  t h e  second ( r . t  3.5 min) 

and t h i r d  ( r . t  5.5 m in )  peaks b o t h  e x h i b i t e d  70.0% immunoreact iv i -  

ty. The m a t e r i a l  i n  t h e  f o u r t h  peak ( r . t  11.5 min)  showed 32.0% 
immunoreac t i v i t y  t o  t h e  antiserum. 

The r a d i o i o d i n a t e d  t r a c e r  (WRR-2-B) i n  t h i s  exper iment  was 
0 

s t o r e d  a t  t 4 C f o r  8 weeks b e f o r e  use i n  t h e  assay. 

The chromatograms o f  t h e  r a d i o i o d i n a t e d  & s u b u n i t  when 

sub jec ted  t o  e i t h e r  ge l  f i l t r a t i o n  o r  c e l l u l o s e  a d s o r p t i o n  b e f o r e  
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2912 HALLlN, MADEJ , AND MADEJ 

250 

125 

n " 

0 5 10 15 20 
R e t e n t i o n  t i m e  (min] 

F i g u r e  3. 
H igh  performance i o n  exchange chromatography o f  r a d i o i o d i n a t e d  
oLHB a t  pH 6.5 (.Iy pH 7.5 ( A ) y  and pH 8.5 ( + )  on a Waters 
P r o t e i n  Pak DEAE 5PW column (75 x 7.5 mn I.D.). 
( see  d e s c r i p t i o n  o f  F i  -1) 
The b i n d i n g  o f  t e s t e d  %ac t ions  t o  oLH8 an t i se rum i s  expressed as 
a percentage o f  t h e  t o t a l  r a d i o a c t i v i t y  added. 

i o n  exchange HPLC a r e  shown i n  F i g .  4. Gel f i l t r a t i o n  p r i o r  t o  

HPLC r e s u l t e d  i n  one peak w i t h  a r e t e n t i o n  t i m e  o f  2 min and w i th  
an i m m u n o r e a c t i v i t y  o f  73.2%. 

The r e t e n t i o n  t imes  f o r  t h e  two main r a d i o a c t i v e  peaks i n  

t h e  m a t e r i  a1 

were 5.0 and 7.5 min and t h e  i m n u n o r e a c t i v i t y  o f  t h e  m a t e r i a l  was 

73.2% and 43.0%, r e s p e c t i v e l y .  

e l  u t e d  u s i  ng c e l l  u l  ose a d s o r p t i o n  f o l  1 owed by HPLC 

The r a d i o i o d i n a t e d  t r a c e r  (WRR-2-61 i n  t h i s  exper iment  was 
0 

s t o r e d  a t  + 4 C f o r  2 days b e f o r e  use i n  t h e  assay. 
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F igure  4. 
High performance i o n  exchange chromato raphy o f  rad io iod ina ted  
oLHB a t  pH 6.5 w i t h  e l  f i l t r a t i o n  (03 and ce l l u lose  adsorpt ion 
on Whatman CF-11 ( A 4 p r i o r  app l i ca t i on  on a Waters P ro te in  Pak 
DEAE 5PW column (75 x 7.5 nm I.D.) 
(see desc r ip t i on  o f  Fig.1) 
The b ind ing  of t es ted  f r a c t i o n s  t o  oLH6 antiserum i s  expressed as 
a percentage o f  the t o t a l  r a d i o a c t i v i t y  added. 

Chromatography o f  rad io iod ina ted  oLHa and B lsubun i ts  l e d  t o  

a mean recovery o f  48%. When the rad io iod ina ted  OLHB subuni t  was 

f i r s t  f rac t i ona ted  on a Pharmacia PDlO column and the rea f te r  sub- 

j e c t e d  t o  HPLC, the mean recovery increased t o  60%. When oLH8 was 

f i n a l l y  chromatographed a f t e r  ce l l u lose  adsorpt ion on CF-l1,the 
recovered r a d i o a c t i v i t y  increased t o  almost 100%. 

DISCUSSION 

The r e s u l t s  o f  the present study i n d i c a t e  t h a t  i o n  exchange 

HPLC i s  more s u i t a b l e  than the reverse-phase system ( 5 1, 
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2974 HALLIN, MADEJ, AND MADE1 

f o r  e l u t i n g  i nd i v idua l  forms o f  rad io iod ina ted  oLHa and oLHB sub- 

un i t s .  By d i r e c t  apply ing the iod ina ted  mater ia l  t o  the above- 

described i o n  exchange HPLC system, we were able t o  de tec t  a t  

l e a s t  two forms o f  rad io iod ina ted  oLHa and fou r  forms o f  rad io io -  

d i  nated oLH 8. 

( 4 1 reported the presence o f  n ine d i f f e r e n t  a-subuni t  subfrac- 

t i o n s  ( P I  4.76 t o  9.32) and four  d i f f e r e n t  &subuni t  sub f rac t ions  

o f  hLH (P I :  7.60 t o  9.61). It i s  tempting t o  speculate t h a t  forms 

o f  rad io iod ina ted  oLH 8 subuni t  reported here are s i m i l a r  t o  those 

repor ted  by van Ginkel and Loeber ( 4 1. For the rad io iod ina ted  

a-subunit o f  oLH, we used a pH t h a t  could no t  poss ib ly  have been 

optimal f o r  a l l  e x i s t i n g  a-subunit forms. 

With the a i d  o f  isoelectrofocusing, van Ginkel and Loeber 

As was reported by Stanton e t  a l .  ( 10 1 t h a t  the optimal 

separat ion on a Pharmacia Mono-Q anion exchange column ( l i n e a r  

gradient:  17.5 mmol/ml) occurs when the pH o f  the e luent  i s  0.5 - 
1.0 pH u n i t  below the PI o f  the most a l k a l i n e  component o f  the 

p r o t e i n  i n  question. 

However, because o f  the Donnan e f f e c t ,  the pH o f  the microen- 

vironment i n  an anion exchange column can be up t o  1 pH u n i t  abo- 

ve t h a t  o f  the  e luan t  b u f f e r  ( 11 1. Based on the chromatographic 

p r o f i l e  f o r  the oLHB subuni t  (Fig.21, the bes t  reso lu t i on  w i t h  the 

h ighes t  res to red  innnunoreactivi ty was achieved a t  pH 6.5 (maximum 

81.0%). Consequensly, a b u f f e r  o f  pH 6 .5  may a c t u a l l y  increase t o  

about 7.5 i n  the column matr ix,  and may thereby f a l l  w i t h i n  the  

6-subuni t  PIS. It would there fore  perhaps be b e t t e r  t o  use a 

c a t i o n  exchanger f o r  the  f r a c t i o n a t i o n  of the most a c i d  forms o f  

the  a-subunit, need t o  be elucidated. 

I n  concl u s i  on, i t  seems t h a t  the 8-week-01 d r a d i  o i  odi  nated 

8-subuni t t r a c e r  can be used f o r  radioimmunoassay s tud ies  a f t e r  

repu r i  f i c a t i o n  w i t h  the  anion exchange procedure described here, 

owing t o  the tracer’s s tab le  innnunoreactivi ty over time. 
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RADIOIODINATED OVINE LUTROPIN SUBUNITS 2915 

Imaoka and Funae ( 12 1 reported an 86-92% recovery o f  the 

var ious forms o f  cytochrome P-450 on a Waters Pro te in  Pak DEAE 5PW 

column. I n  the present study we found t h a t  the recovery o f  rad io -  

l a b e l l e d  hormone increased as the amount o f  bovine serum albumin 

added was increased ( i .e.  almost 100% recovery when oLHB radioac- 
t i v i t y  was d isso lved i n  3% BSA). 
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