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BIOLOGICAL CHARACTERIZATION OF A 

ARATION AFTER CHROMATOFOCUSING OR 
AFTER HIGH PERFORMANCE ANION 

EXCHANGE CHROMATOGRAPHY 

PITUITARY MONKEY LUTROPIN PREP- 

Per Hallin*and Shafiq A. Khan 
Department of Zoology 

Uppsala University 
P. 0. Box 560 

S-751 22 Uppsala, Sweden 
and 

Max-Planck Clinical Research Unit 
for Reproductive Medicine 

Stein furter Strasse 1 0 7 
0-4400 Munster, Federal Republic of Germany 

ABSTRACT 

The Pharmacia Fast Protein Liquid Chromatography System equi- 
ped w i t h  
characterize the distribution of different  bioactive forms of a 
cynomol gus ( Macaca ~ a n c i c u & ~ ~ i ~  ) pitui tary 1 utropi n preparation. 
The resu l t s  were compared w i t h  the prof i les  obtained a f t e r  running 
the preparation on a Waters DEAE anion exchange column usin 
eluants in the pH range from 6.0 to  8.0..The dis t r ibut ion 09 pre- 
served biologica! act ivi ty  were studied i n  respective eluted.frac- 
t ions from the different  experiments of the appl ied preparation. 
Seventy-six ercent of the bioactivity was recovered a f t e r  chroma- 

matography ran ed between 61-78 % a t  pH 6.5 to  7.5. No bioactivity 
was restored a f t e r  elution a t  pH 6.0 or 8.0. 
Present adress : * KabiVitm AB Peptide Hormones, 

Mono P HR 5(10 chromatofocusing column.was used t o  

tofocusing w R ereas preserved bioactivity a f t e r  ion exchayge chro- 

S-112 87 Stockholrn Sweden 
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INTRODUCTION 

HALLIN AND KHAN 

Many p r o t e i n  and polypept ide hormones d i sp lay  s i ze  and charge 

heterogenei ty,  occur ing as m u l t i p l e  forms w i t h  d i f f e r e n t  molecular 

masses and d i f f e r e n t  P I - s  ( 1-6 ) .  For the  most par t ,  these forms 

have been detected by f r a c t i o n a t i o n  using i soe lec t ro focus ing  (IEF) 

and subsequent q u a n t i f i c a t i o n  by bioassay and radioimmunoassay. 

A number o f  s tud ies  have been repor ted  f o r  human l u t r o p i n  (hLH) 

( 1-4 ) as w e l l  as fo r  monkey LH ( 5-6 1. 

( 7 ) detected nine LHa subuni t  components and fou r  LHB subuni t  
components i n  a h i g h l y  p u r i f i e d  standard hLH prepara t ion .  By run- 

n ing  another h i g h l y  p u r i f i e d  hLH standard prepara t ion  on a Pharma- 

c i a  anion exchange column (Mono Q), Stocke l l  Hartree e t  a l . (  8 

repor ted  the  e l u t i o n  o f  t h i s  standard i n t o  14 subf rac t ions ,  a l l  

con ta in ing  d i f f e r e n t  l e v e l s  o f  s i a l i c  ac id  and receptor  b ind ing  

a c t i v i t y .  However, a f t e r  SDS gel e lec t rophores is ,  these subfrac- 

t i o n s  showed a t  l e a s t  four  d i f f e r e n t  molecular masses, i nc lud ing  

the  two subuni ts.  Moreover, when a h i g h l y  p u r i f i e d  bovine LH pre- 

para t ion  was app l i ed  t o  a h igh  performance l i q u i d  chromatography 

(HPLC) column,the mater ia l  e l u t e d  i n  almost a s i n g l e  peak a t  the 

pH used. When t h i s  mater ia l  was subjected t o  polyacrylamide gel 

e lectrophoresis,  n ine molecular forms were detected ( 9 1. 

Using s p e c i f i c  radioimmunoassay systems, Van Ginkel & Loeber 

Based on s tud ies  w i t h  h i  ghl y p u r i  f i  ed human f o l  1 i t r o p i  n ( hFSH) 

( 10 ) and monkey FSH ( 11 1 i t  has been suggested, however, t h a t  
the p u r i f i c a t i o n  procedures employed by d i f f e r e n t  i nves t i ga to rs  

represent a s i g n i f i c a n t  source o f  v a r i a t i o n  w i t h  regard  t o  the 

e lec t ro focus ing  p r o f i l e s  o f  FSH molecular species. 

I n  t h i s  study, the mater ia l  has been handled, very m i ld l y ,  and 

ne i the r  denatura t ion  nor p r e c i p i t a t i o n  was used t o  prepare LH from 

the  p i t u i t a r i e s .  Moreover, t h i s  work was performed t o  c r i t i c a l l y  

assess two d i f f e r e n t  media f o r  f u r t h e r  i s o l a t i o n  and f o r  the  b io -  

l o g i c a l  cha rac te r i za t i on  o f  monkey LH. The p i t u i t a r y  p repara t ion  

was subjected t o  e i t h e r  chromatofocusing on a Mono P column o r  

HPLC using an anion exchange res in .  
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PITUITARY MONKEY LUTROPIN PREPARATION 1263 

METHODS 

Pitui tary preparation 

The pi tui tary glands from adul t  female cynomolgus (Mucuca 

6ucicu[mi~ 1 were removed a t  autopsy. The anterior lobe was homo- 
genized in 3 x 1 ml ice-cold, 250 mnol/l sucrose solution contai- 
n ing  140 mnol/l saline and then centrifuged for 1 h a t  100,000 x 
g. The supernatant was immediately frozen and stored a t  -70 c 
( 6 1. An al iquot,  hereafter abbreviated cpf 1, of t h i s  superna- 
t a n t  was used. 

0 
- 

Standard preparation 

The par t ia l  1 y purified rhesus pi tui tary gonadotropin standard 
LER 1909-2 was provided by NICHD, Bethesda, USA. 

Determination of LH bioacti vi t y  - -- 
An in v i t ro  bioassay method based on the LH-dependent tes- 

tosterone production by mouse Leydig cel l  suspensions was ut i l ized 
( 12 1 .  The standard and the t e s t  materials produced response 
l ines  parallel  t o  one another in the assay. The mean index of pre- 
cision ( h 1 was found t o  be 0.04. 

Fast protein l iquid chromatography - Mono1 

The Pharmacia FPLC system (Uppsala, Sweden) was used, which 
included two P-500 pumps, an LCC-500 liquid chromatography cont- 
ro l l e r ,  an MY-7 motor valve, a UV-M monitor, a 6 ml-mixer, a pH 
monitor and a flow-through pH electrode, a FRAC-100 fraction col- 
lector  and an REC-482 two channel recorder. The samples were run 
in a HR 5/10 chromatofocusing column equilibrated in a 25 mnol/l 
triethanolamine - HCl buffer, pH 9.4. 
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1264 HALLIN AND KHAN 

The column was p re -equ i l i b ra ted  i n  10 m l  o f  b u f f e r  A, and the  
samples were loaded i n  20-200 u l  o f  the  same b u f f e r .  

The grad ien t  was prepared us ing  Pharmacia Po lybuf fe r  96 - HC1 
d i l u t e d  1/10 w i t h  d i s t i l l e d  water, adjusted t o  pH 7.0 and app l ied  

t o  the column, generat ing a g rad ien t  between 9.4 and 7.0. FPLC was 

c a r r i e d  o u t  w i t h  the  technical  parameters as fo l l ows :  Mono P HR 
5/10 prepacked, b u f f e r  A) 25 mmol/l t r ie thano lamine - HC1 pH 9.4 

b u f f e r  B) 10% Po lybu f fe r  96 - HC1 pH 7.0, g rad ien t  0 - 100% B 

dur ing  30 min, de tec t ion  UV-280 nm, Aufs 0.05, f l o w  r a t e  
0.5 ml/min. 

High performance i o n  exchange chromatography - Waters -- DEAE ----- 

Anion exchange chromatography was c a r r i e d  o u t  according t o  the 

method descr ibed by H a l l i n  & Madej ( 9 1. B r i e f l y ,  the HPLC so l -  . 
vent system cons is ted  o f  b u f f e r  A )  20 mmol/l T r i s  - HC1 pH 6.0-8.0 
and b u f f e r  B )  20 mmol/l T r i s  - HC1 conta in ing  500 mnol/ l  sodium 

c h l o r i d e  pH 6.0-8.0. Normally we used 10 u l  samples d i l u t e d  i n  
b u f f e r  A and loaded i n t o  the  DEAE column (Waters P r o t e i n  Pak DEAE 

5PW, Waters Associates, M i l f o r d  MA, USA) .  The loaded mate r ia l  was 

most ly e l u t e d  w i t h  a l i n e a r  g rad ien t  running f o r  20 min from 2 

-100% o f  B (12.5 mmol/ml) d i r e c t l y  a f t e r  i n j e c t i o n  a t  a f l ow  r a t e  
o f  2.0 ml/min. Detect ion o f  the e luan t  was performed a t  UV-210 nm, 

aufs 0.5. A l l  chromatography equipment was from Waters (M-6000 
pumps, M-660 so lvent  p rogramer  , U6K i n j e c t o r )  b u t  t he  samples 

were monitored w i t h  a LDC Spectromonitor 111 (Laboratory Data 
Control  , R i v i e r a  Beach C A Y  USA). A l l  experiments were c a r r i e d  ou t  
a t  room temperature (22 C). A l l  chemicals were o f  a n a l y t i c a l  

grade and the water was HPLC grade. 

0 

RESULTS 

Frac t i ona t ion  o f  cp f  1 on Mono P 

A t y p i c a l  e l u t i o n  p r o f i l e  o f  the p i t u i t a r y  p repara t ion  from 

the a d u l t  female cynomolgus i s  shown i n  Fig.1. The p r o t e i n  content 
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PITUITARY MONKEY LUTROPIN PREPARATION 1265 
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Figure .  1. 
E l u t i o n  p r o f i l e  o f  a monkey p i t u i t a r y  l u t r o p i n  (LH) p repara t ion  

on a prepacked Mono P e lec t ro focus ing  column (HR 5/10) e q u i l i b -  
r a t e d  i n  b u f f e r  A ) :  25 mnol/ l  triethanolamine-HC1 pH 9.4. The pH 
grad ien t  (do t ted  l i n e )  was run f o r  30 min from 0 % o f  b u f f e r  B t o  
100 % o f  b u f f e r  B. Buf fe r  B ) :  10 % Po lybu f fe r  96 -HC1 pH 7.0. 
Flow r a t e  0:5 ml/min, UV-280 nm, Aufs 0.05. Sam l e  approx. 9.5 I U .  
LH b i o a c t i v i t y . ( h a t c h e d  area) i n  e l u t e d  materia! based on tes tos-  
terone product ion by the mouse Leydig c e l l  suspension. 

as we l l  as the  LH b i o a c t i v i t y  were resolved i n t o  m u l t i p l e  compo- 

nents w i t h  t h i s  procedure. 

F rac t i ons  were c o l l e c t e d  every min f o r  30 min s t a r t i n g  immediate- 
l y  a f t e r  i n j e c t i o n .  The m a j o r i t y  o f  the  app l ied  ma te r ia l  (approx. 

9.5 I U )  was recovered (76 % I  dur ing  the chromatofocusing wh i l e  
re ta ined  b i o a c t i v i t y  was e lu ted  a f t e r  a s a l t  wash w i t h  2 mo l / l  
sodium c h l o r i d e  a t  the end o f  the  gradient.  The h ighes t  LH bioac- 
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1266 HALLIN AND KHAN 

t i v i t y  i n  a s i n g l e  f r a c t i o n  was found a f t e r  t h i s  wash. A small 

p a r t  o f  the  ma te r ia l  , conta in ing  weak b i o a c t i v i t y ,  was e l u t e d  i n  

the  vo id  volume, represent ing PI’S above 9.4. Moreover, LH bioac- 

t i v i t y  was s t i l l  r e ta ined  i n  the column a t  pH 7.0, because the 

p i t u i t a r y  p repara t ion  contained ma te r ia l s  w i t h  a c i d i c  PI forms. 

F rac t i ona t ion  o f  c p f  1 on a Waters DEAE i o n  exchanger - 

A previous i n v e s t i g a t i o n  o f  a cynomolgus LH standard prepara- 

t i o n  ( 5 1, showed t h a t  more than 80% o f  the  LH b i o a c t i v i t y  i s  
contained w i t h i n  the  pH range 7 t o  9. Therefore, we s t a r t e d  the 

f r a c t i o n a t i o n  a t  pH 6.5. The f r a c t i o n s  were c o l l e c t e d  every 30 s 
f o r  20 min s t a r t i n g  immediately a f t e r  i n j e c t i o n  ( n o t  shown). The 
b i o a c t i v i t y  was d i s t r i b u t e d  over a wide range. As t he  pH i s  up t o  

1 pH u n i t  h igher  i n  the microenvironment o f  an anion exchanger, 

E 
0.51 C 

pH 6.0 

0 10 20 30 
Fraction number (1.0ml) 

0-1 1 

F igu re  2. 

t a r y  l u t r o p i n  (LH) repara t ion  on a prepacked Waters DEAE 5PW 
column (75 x 7.5 mm! w i t h  20 mmol/l Tris-HC1 b u f f e r  pH 6.0 as 
b u f f e r  A. B u f f e r  B was i d e n t i c a l  as b u f f e r  A b u t  contained 0.5 
mo l / l  sodium ch lo r i de .  The s a l t  g rad ien t  was run  f o r  20 min from 2 
% t o  100 % o f  bu f fe r  B. Sample s i ze  approximately 9.5 I U  i n  s ta r -  
t i n g  bu f fe r .  Flow r a t e  2.0 ml/min, UV-210 nm, Aufs 0.5. No b i o l o -  
g i c a l  a c t i v i t y  was found. 

High performance i o n  exchange chromatography o f  a monkey p i t u i -  
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PITUITARY MONKEY LUTROPIN PREPARATION 1267 

than i n  the surrounding b u f f e r  ( 13 1 , i t  was lowered t o  6.0 i n  
the  second experiment w i t h  the anion exchanger. The f l o w  r a t e  was 

increased t o  1.0 m l  from 0.5 ml/min. The mater ia l  from the  e lu ted  

f r a c t i o n s  e x h i b i t e d  no LH b i o a c t i v i t y  (see Fig.2). 

By inc reas ing  the pH o f  the e l u t i o n  b u f f e r  from 6.0 t o  7.0,the 

same amount o f  ma te r ia l  was app l ied  t o  the column (9.5 IU).  
A l l  cond i t i ons  were the same as i n  the  previous experiments. The 
e l u t i o n  p a t t e r n  o f  t h i s  t h i r d  experiment was changed because more 

p r o t e i n  peaks were observed on the chromatogram (see Fig.3a). Bio- 
l o g i c a l  a c t i v i t y  (78 Z) was found i n  almost a l l  f r ac t i ons .  As 

shown i n  F igure  3b, the chromatographic p r o f i l e  a t  pH 7.5 was d i f -  

f e r e n t  from those o f  a l l  previous runs. B io log i ca l  a c t i v i t y  (61  % I  
was, however, observed over a wide range. 
F i n a l l y ,  a t  pH 8.0 ( n o t  shown) more ma te r ia l  was adsorbed t o  the 

column, and the  p r o t e i n  peaks on the  chromatogram were smal ler .  No 
LH b i o a c t i v i t y  was detected i n  the  e l u t e d  ma te r ia l .  

DISCUSSION 

As has been repor ted  prev ious ly  ( 5 1, the h i g h l y  p u r i f i e d  
cynomolgus LH prepara t ion  ( i  .e. WP-XY-63-2429) exh ib i t ed  a h igh  

degree o f  charge heterogenei ty i n  terms o f  b i o a c t i v i t y  and immu- 
n o r e a c t i v i t y  when f rac t i ona ted  by isoe lec t ro focus ing .  

The s tud ies  presented i n  t h i s  r e p o r t  were performed t o  assess 

two chromatographic methods w i t h  respec t  t o  t h e i r  a b i l i t y  t o  i so -  

l a t e  d i f f e r e n t  bioforms o f  a crude monkey p i t u i t a r y  p repara t ion  

w i thou t  any p r i o r  p u r i f i c a t i o n .  

I n i t i a l  e f f o r t s  t o  p u r i f y  t h i s  p i t u i t a r y  p repara t ion  r e l i e d  
most ly  on the  anion exchange procedure. Later,  the  chromatofocu- 

s i n g  method developed by Pharmacia was employed as an a l t e r n a t i v e  
t o  i o n  exchange chromatography. Th is  l a t t e r  procedure i s  based on 

the  same p r i n c i p l e  as i soe lec t r i c focus ing ,  b u t  i s  much more rapid.  
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Figure  3. (upper panel 

t a r y  l u t r o p i n  (LH) repara t ion  on a prepacked Waters DEAE 5PW 
column (75 X 7.5 mnp w i t h  2O.mnol/l Tris-HC1 b u f f e r  pH.7.0 as 
b u f f e r  A. Buf fe r  B was i d e n t i c a l  as b u f f e r  A b u t  contained 0.5 
mol / l  sodium ch lo r i de .  Otherwise w i t h  the  same cond i t ions  as i n  
Fig.2. LH b i o a c t i v i t y  (hatched area) i n  e lu ted  mater ia l  based on 
testosterone product ion by the  mouse Leydig c e l l  suspension. 

( lower panel 1 
B u f f e r  B was i d e n t i c a l  as b u f f e r  A b u t  contained 0.5 mol/l sodium 
ch lo r ide .  Otherwise w i t h  the same cond i t ions  as i n  Fig.2. LH 
b i o a c t i v i t y  (hatched area) i n  e lu ted  mater ia l  based on tes tos te-  
rone product ion by the  mouse Leydig c e l l  suspension. 

High performance i o n  exchange chromatography o f  a monkey p i t u i -  

E l u t i o n  w i t h  a 20 mnol/ l  Tris-HC1 b u f f e r  pH 7.5 as b u f f e r  A. 
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PITUITARY MONKEY LUTROPIN PREPARATION 1269 

Since the m a j o r i t y  o f  LH-bioactive species i n  the cynomolgus 

standard LH con ta in  b io -  and immunoreact iv i ty i n  the  PI range 

between 7.0 and 9.5 ( 5 ) ,  a b u f f e r  system i n  the  same pH range 

was used t o  e l u t e  the  d i f f e r e n t  LH forms from the chromatofocusing 

( t e r t i a r y  and quarternary amines) res ins  according t o  t h e i r  PI 

(Technical Booklet  Series, Pharmacia, Uppsala, Sweden,l980). The 
“ f i n g e r p r i n t  pa t te rn ”  produced by UV-absorbi ng mater i  a1 , presented 
i n  Fig.1, seems t o  be associated w i t h  the LH-bioactive p r o f i l e .  
Note t h a t  the  molecular species w i t h  PI values between 7.5 and 8.5 
exh ib i t ed  h ighes t  LH potencies. Th is  conf i rms the  previous f i n d i n g  

o f  Khan e t  a l .  ( 5,6,14 w i t h  monkey and baboon LH. 

By using the anion exchanger, a s t rong i n t e r a c t i o n  between the 

charged biomolecule and the amines may take place u n t i l  the  s a l t  

concent ra t ion  reduce t h i s  i n t e r a c t i o n  , and the  components e l  Utes 
from the  column. Th is  method i s  a l so  very e f f e c t i v e  a t  separat ing 
i m p u r i t i e s  o r  degradation products from hormones ( 15 ) o r  t o  i so -  
l a t e  d i f f e r e n t  molecular forms o f  the  rad io iod ina ted  oLH subuni ts 

( 16 1, s ince  the appropr ia te  b u f f e r  composit ion and b u f f e r  pH i s  
establ ished. Our anion exchange r e s u l t s  (see Figs.2, 3a-b) ind ica-  

t e  t h a t  the  recovery o f  LH was maximum when f rac t i ona ted  a t  pH 

7.0, compared t o  a l l  o ther  pH’s. 
It takes a l so  more t ime t o  determined the most s u i t a b l e  b u f f e r  
system f o r  the  i o n  exchange res ins  compared t o  chromatofocusing. 

Moreover, there  was no basel ine separation, v i s u a l i z e d  as a sharp 

“ f i n g e r p r i n t  pa t te rn” ,  when anion exchange chromatography was used 

under any o f  t he  var ious pH cond i t i ons  employed, as was observed 
w i t h  the  chromatofocusing method. 

S tocke l l  Hartree e t  a l .  ( 8 f rac t i ona ted  var ious gonadot- 

rop ins  (e.g. hLH, hFSH, hCG) using a Pharmacia Mono Q anion 
exchanger a t  pH 7.8 and 9.2. I n  t h e i r  study, about 11 % o f  the 

app l i ed  ma te r ia l  was n o t  adsorbed t o  the column, as compared w i t h  
ca. 3 % found i n  our study. The cp f  1 prepara t ion  i t s e l f  a l so  

contained much l e s s  a c i d i c  LH, compared w i t h  the  hLH i n  the  afore- 

mentioned study ( 8 ) .  

- 
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As i n  o ther  heterogenei ty s tud ies  ( 5,14 ) on monkey LH pre- 
parat ions,  we found a b i o l o g i c a l  LH d i s t r i b u t i o n  s i m i l a r  i n  pH 

segments as we l l  as i n  recovery by us ing  the chromatofocusing 
technique. Using the  h igh  reso lu t i on  IEF procedure ( 14 w i t h  

s a l i n e  e x t r a c t s  o f  i nd i v idua l  p i t u i t a r y  glands o f  male and female 
rhesus monkeys, we a l so  found t h a t  the LH molecule cou ld  be sepa- 

r a t e d  up i n t o  n ine  d i f f e r e n t  molecular species,that the IEF pro- 
f i l e s  were very s i m i l a r  t o  those from baboon p i t u i t a r i e s  ( 6 ) and 

t h a t  no sex-related d i f f e rences  i n  PI values existed. No d i f f e r e n -  

ces were found i n  the  chromatograms, o f  male and female monkey 

p i t u i t a r y  e x t r a c t  when subjected t o  chromatofocusing under iden- 
t i c a l  cond i t ions .  

Our r e s u l t s  f u r t h e r  emphasize t h a t  i t  i s  poss ib le  t o  p u r i f y  
and de tec t  d i f f e r e n t  bioforms o f  a p i t u i t a r y  p repara t ion  us ing  a 
m i l d  and simple handl ing procedure be fore  f r a c t i o n a t i o n  on a chro- 

matofocusi ng c o l  umn. 
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