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EXPERIMENTAL STUDIES WITH A BONDED 
N-ACETYLAMINOPROPYLSILICA STATIONARY PHASE FOR THE 

AQUEOUS H I G H  PERFORMANCE EXCLUSION CHROMTOGRPAHY OF 
POLYPEPTIDES AND PROTEINS* 

Heinz Engelhardt ,  Ger t rud  Abr, 
Angewandte Phys i ka l i sche  Chemie, 

U n i v e r s i t a t  des Saarlandes, 
66 Saarbrucken (G.F.R.) 

and 

M i l t o n  T.W. Hearn** 
Immunopathology Research U n i t ,  

Medical  Research Counci l  o f  New Zealand, 
U n i v e r s i t y  o f  Otago Medical  School, 

P . O .  Box 913, Dunedin, 
New Zealand. 

ABSTRACT 

The p o t e n t i a l  o f  t h e  m i c o p a r t i c u l a t e ,  chemica l l y  bonded 
N-acetylaminopropylsilica s t a t i o n a r y  phase o f  nominal pore  
diameter o f  100 angstroms i n  t h e  h i g h  speed ge l  permeat ion 
chromatography o f  po l ypep t ides  and smal l  p r o t e i n s  has been 
f u r t h e r  i n v e s t i g a t e d .  The i n f l u e n c e  o f  i o n i c  s t r e n g t h  on t h e  
e l u t i o n  behav iour  o f  a se lec ted  group o f  po l ypep t ides  and p r o t e i n s  
on t h i s  bonded h y d r o p h i l i c  suppor t  has been examined. The 
r e s u l t s  ob ta ined  w i t h  t h i s  porous, m i c r o p a r t i c u l a t e  bonded 
'amide'  phase s i l i c a  suppor t ,  packed i n t o  s tandard  a n a l y t i c a l -  

* High Performance L i q u i d r o m a t o g r a p h y  o f  Amino Ac ids  
Pept ides and P r o t e i n s  s. For p a r t  see r e f .  [i]. 

** To whom correspondence should be addressed. 
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1362 ENGELHARDT, AHR, AND HEARN 

s i z e  s t a i n l e s s  s t e e l  HPLC columns, i n d i c a t e  t h a t  m i l l i g r a m  quan- 
t i t i e s  o f  po l ypep t ides  and p r o t e i n s  w i t h  mo lecu la r  Tass up t o  
45,000-50,000 da l  tons  can be e f f i c i e n t l y  f r a c t i o n a t e d  w i t h  
e x c e l l e n t  recove r ies  o f  b i o l o g i c a l  a c t i v i t i e s .  The r o l e  
o f  s i l i c a - b a s e d  sorbents i n  t h e  ge l  permeat ion f r a c t i o n a t i o n  
o f  po l ypep t ide  and p r o t e i n  hormones, i n c l u d i n g  those o f  
p i t u i t a r y  and hypothalamic o r i g i n ,  i s  d iscussed. 

INTRODUCTION 

Gel permeation chromatography o f  po l ypep t ides  and p r o t e i n s  

on agaroses, c r o s s - l i n k e d  dex t rans  and c r o s s - l i n k e d  p o l y a c r y l -  

amide copolymer g e l  supports has been e x t e n s i v e l y  used over 

t h e  l a s t  two decades f o r  t h e i r  f r a c t i o n a t i o n ,  i n  d e s a l t i n g  
experiments as w e l l  as f o r  t h e  e s t i m a t i o n  o f  t h e  molecu la r  

we igh ts  o f  these biopolymers i n  t h e i r  n a t i v e  and denatured 

s t a t e s .  Most convent iona l  xerogels,which have been used as 

s ta t ionary -phases  i n  these open column separations, a r e  unsu i ted  
t o  t h e  chromatographic c o n d i t i o n s  now cormnonly employed w i t h  
h igh  performance 1 i q u i d  chromatographic (HPLC) techniques. 
For example, v a r i a t i o n  i n  e l u e n t  compos i t ion  w i l l  r e s u l t  i n  

a change i n  the  degree o f  s w e l l i n g  o f  convent iona l  xeroge ls  

and t h i s  i n  t u r n  w i l l  a f f e c t  t h e  column bed volume and t h e  
pore  s t r u c t u r e  on which t h e  separa t i on  depends. Deformat ion 

o f  t h e  ge l  s t r u c t u r e  i s  a l s o  commonly found w i t h  many o f  t h e  

e a r l i e r  types o f  s o f t  h y d r o p h i l i c  o rgan ic  g e l s  a t  h i g h  f l o w  

r a t e s  o r  v i s c o s i t i e s  o f  t h e  mob i l e  phase. Recent ly,  a t t e n t i o n  
has focused on t h e  use o f  p ressure  s t a b l e  h y d r o p h i l i c  aeroge ls  

o f  smal l  p a r t i c l e  s i z e  as s t a t i o n a r y  phases i n  t h e  h i g h  speed 
ge l  permeation HPLC o f  water s o l u b l e  biomolecules.  Because 

o f  i t s  favourab le  phys i ca l  and chemical p r o p e r t i e s  r i g i d ,  

porous s i l i c a  has been favoured as t h e  suppor t  m a t r i x  f o r  

t he  p repara t i on  o f  these h y d r o p h i l i c  aeroge ls  v i a  m o d i f i c a t i o n  

o f  the  s i l i c a  su r face  w i t h  an a d s o r p t i v e l y  coated o r  chemica l l y  
bonded l i g a n d  o f  s u i t a b l e  f u n c t i o n a l i t y .  
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HPEC OF POLYPEPTIDES AND PROTEINS 1363 

Porous s i l i c a  i t s e l f  i s  g e n e r a l l y  unsu i ted  f o r  t h e  

separa t i on  o f  po l ypep t ides  and p r o t e i n s  due t o  severe i o n  
e x c l u s i o n  and adso rp t i on  e f f e c t s .  

be p a r t i a l l y  reduced by a d s o r p t i v e l y  c o a t i n g  t h e  s i l i c a  su r face  
w i t h  h y d r o p h i l i c  polymers such as po lye thy lene  g l y c o l s ,  t h e  

r e s u l t a n t  phases e x h i b i t  g e n e r a l l y  poor  s t a b i l i t y .  

bonding h y d r o p h i l i c  phases t o  access ib le  s i l a n o l  groups on 

t h e  s i l i c a  sur face ,  many o f  t h e  l i m i t a t i o n s  a r i s i n g  f rom t h e  

s t r o n g  i o n i c  and hydrogen bonding i n t e r a c t i o n s  between charged 
o r  p o l a r  groups i n  t h e  p r o t e i n  o r  po l ypep t ide  and t h e  s i l i c a  

su r face  can be l a r g e l y  avoided. 

p ropy l  m o d i f i e d  s i l i c a s  ( 'g lycophase l -bonded suppor t s )  
developed by Regnier and Noel [ 2 l  and Becker and Unger [ 3 , 4 1  

have been used i n  severa l  s t u d i e s  [5-101 r e l a t e d  t o  t h e  ge l  
permeat ion HPLC o f  n a t i v e  p r o t e i n s .  More r e c e n t l y ,  t h e  Toya 

Soda TSK-Gel SW s e r i e s  and t h e  Waters PAC I - s e r i e s  o f  

chemica l l y  bonded s i l i c a  s t a t i o n a r y  phases have been found t o  
g i v e  s a t i s f a c t o r y  recove r ies  of n a t i v e  p r o t e i n s  i n  a number 

of  smal l  sca le  f r a c t i o n a t i o n  s t u d i e s  as w e l l  as good co r re -  

l a t i o n  between l o g  M.W. and t h e  e l u t i o n  volume f o r  p r o t e i n  

po l ypep t ides  i n  t h e  presence of  dena tu r ing  reagents  [11-201. 
To da te  t h e  p r e c i s e  chemical and p h y s i c a l  compos i t ions  o f  

t h e  bonded phases used i n  bo th  o f  these types  o f  commercial 

suppor t  remain p r o p r i e t a r y  i n f o r m a t i o n .  The chemical m o d i f i -  

c a t i o n  o f  t h e  su r face  s i l a n o l  groups o f  s i l i c a  w i t h  t r i e t h o x y -  
N-acetylaminopropyl  s i l a n e  has been shown by Engel h a r d t  and 

Mathes [21-231 t o  y i e l d  a h y d r o p h i l i c  'amide'  s t a t i o n a r y  phase 
s u i t a b l e  f o r  t h e  exc lus ion  chromatography o f  water  s o l u b l e  
polymers, i n c l u d i n g  p r o t e i n s .  

h y d r o p h i l i c  s i l i c a s  have been concerned more w i t h  t h e  

A l though these e f f e c t s  can 

By chemica l l y  

The 1,2-dihydroxy-3-propoxy- 

Most o f  t h e  prev ious  s t u d i e s  w i t h  chemica l l y  bonded 
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1364 ENGELHARDT, AHR, AND HEARN 

a n a l y t i c a l  p o t e n t i a l  o f  these supports.  I n  t h i s  paper we 

desc r ibe  f u r t h e r  exper imenta l  s t u d i e s  addressed t o  t h e  smal l  

sca le  p r e p a r a t i v e  exc lus ion  chromatography o f  po l ypep t ides  

and p r o t e i n s  us ing  t h i s  'amide'  phase bonded t o  m i c r o p a r t i c -  

u l a t e ,  porous s i l i c a  w i t h  a nominal pore  d iameter  o f  100 

angstroms. The da ta  ob ta ined  on t h e  recove r ies  and e l u t i o n  

c h a r a c t e r i s t i c s  o f  a range o f  po l ypep t ides  and p r o t e i n s ,  

i n d i c a t e s  t h a t  s o l u t e s  i n  t h e  range 2-40 x 10 d a l t o n s  can 

be success fu l l y  f r a c t i o n a t e d  on t h i s  suppor t .  The f e a s i b i l i t y  

of us ing  t h i s ,  and r e l a t e d  bonded h y d r o p h i l i c  phase s i l i c a s ,  

i n  t h e  p u r i f i c a t i o n  of p e p t i d e  and p r o t e i n  hormones by a 
combinat ion o f  ge l  permeation and reversed phase HPLC 

techniques i s  discussed. 

3 

MATERIALS AND METHODS 

High Performance L i q u i d  Chromatography. 

d e l i v e r y  u n i t ,  U6K u n i v e r s a l  i n j e c t o r  and a M450 v a r i a b l e  

wavelength UV mon i to r  ( a l l  f rom Waters Assoc. , M i l f o r d ,  Mass., 

U.S.A.) and a Rikadenki  dual  channel c h a r t  reco rde r .  The 

bonded 'amide' s t a t i o n a r y  phase was prepared from L iChrosorb  

S i l o 0  as p r e v i o u s l y  descr ibed [ 2 3 1 .  Th is  bonded 'amide'  

phase s i l i c a  has an e f f e c t i v e  su r face  coverage of bound l i g a n d  

o f  4 .4 !~mol /m~,  w h i l s t  t h e  s i l i c a  m a t r i x  used had an average 

pore diameter o f  100 A, a s p e c i f i c  pore  volume o f  lcm3/g 

The l i q u i d  chromatograph cons is ted  o f  a M6000A s o l v e n t  

0 

n 

and a s p e c i f i c  su r face  area o f  s. 300mL/g. 

p a r t i c l e  diameter i s  10pm. A l l  separa t ions  were c a r r i e d  o u t  

on a standard d r i l l e d  s t a i n l e s s  s t e e l  column (25cm x 4.1mm 1.0.) 

s l u r r y  packed w i t h  t h e  bonded phase. The column volume was 

3.3ml. 

from t h e  e l u t i o n  t ime (V,) m u l t i p l e d  by f l o w  r a t e ,  and r e l a t e d  

t o  t h e  i n t e r s t i t i a l  volume, V z  and pore  volume, Vp, o f  t h e  

The nominal 

The e l u t i o n  volume (V,) o f  each s o l u t e  was determined 
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HPEC OF POLYPEPTIDES AND PROTEINS 1365 

s ta t ionary  phase in the co lmn by V e  = V z  + K V ~  where K i s  the 
Wheaton-Baumann d i s t r ibu t ion  coe f f i c i en t  [ X I .  The sample 
in jec t ions  ( 1 - 2 5 ~ 1 )  a t  protein concentrations in the  range 
l-20mg/ml were made with Pressure Lok l iquid syringes from 
Precision Sampling Corp., (Baton Rouge, La. U . S . A . ) .  Eluants 
were degassed and f i l t e r e d  as reported previously [ 5 1 .  All 
chromatography was car r ied  o u t  a t  room temperature (c. 18'). 
The mobile phase flow ra t e  was 0.5ml/min unless otherwise 
indicated in the  tex t .  
Chemicals and Reagents. 

Mo., U.S .A . )  orthophosphoric ac id ,  and sodium chlor ide A . R .  were 
obtained from May and Baker (Dagenham, Great Br i t a in ) .  
source of some of the polypeptides and proteins  (Table) used 
in t h i s  study has been given previously 1251, the  remainder 
were e i t h e r  prepared and pur i f ied  in t h i s  laboratory o r  
purchased from Sigma Chemical Co., Miles Laboratories 
(Kankakee, I l l . ,  U.S.A.)  o r  Worthington Biochemical Corp., 
(Freehold, New Jersey,  U . S . A . ) .  

proteins  were i so la ted  by a new procedure t o  be reported 
elsewhere ~ 1 8 1 .  The ovine thyroid binding protein preparation 
was prepared a s  previously described ~ 2 6 , 2 7 1  whi ls t  the 
biological potency of the ovine thyrotrophin and thyroid 
binding protein preparations were assessed by the McKenzie 
mouse bioassay ~ 2 8 1 .  Protein recoveries were determined by 
the Eradford assay [ 2 9 1  and peak area in tegra t ion .  Detection 
was a t  215nm. 

Tr i s  buffer was obtained from Sigma Chemical Co., ( S t  Louis, 

The 

The ovine an te r io r  p i tu i t a ry  

RESULTS AND DISCUSSIONS 
Over the past  several years ,  H P L C  techniques have 

a t t r ac t ed  considerable a t t en t ion  f o r  the  pur i f ica t ion  of 
pept ides ,  polypeptides and proteins  from t i s sue  homogenates. 
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TABLE 

6. Bovine Insulin 

7. Cytochrome C 

8. Lysozyme 

9. Myoglobin 

f I I I 

-5,800 5.3 275 

-12,200 9.3 344 

-14,300 11.0 834 

-17,200 7.1 251 

Polypeptide/Protein 

10. Bovine Growth Hormone 

11. Bovine Trypsin 

12. Chymotrypsinogen 

13. Ovine Thyrotrophin 

14. Bovine 6-Lactoglobul in 

15. Oval burni n 

I M.W. I PI* 1 te(sec) 

-23,000 7.3 239 

-23,300 10.8 297 

-25,700 9.5 309 

-32,000 5.5-6.8 220 

-35,000 5.1 243 

-43,000 4.7 211 

1. Phenylalanine 

16. Catalase 

17. Bovine Haemoglobin 

18. Bovine Serum Albumin 

19. Lactate Dehydrogenase 

20. Aldolase 

-58,000 6.7 184 

-64,500 6.8 287 

-68,000 4.4-4.8 196 

-144,000 5.2 194 

-160,000 9.1-9.7 184 

21. Ferritin 

22. Thyroglobulin 

-440,ooo 4.2-4.5 184 

-660,000 4.5 iai 

* Data from ref. [18, 40-431. 
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Recent p u b l i c a t i o n s  f rom our  and o t h e r  l a b o r a t o r i e s  have 

c l e a r l y  demonstrated t h a t  t h e  separa t i on  and recove ry  o f  

b i o a c t i v e  po lypept ides  and even smal l  p r o t e i n s  up t o  ca 2 x 10 

da l  tons can be achieved by reversed phase HPLC w i t h  a p p r o p r i a t e l y  
chosen mob i le  phase c o n d i t i o n s ,  i . e .  s u i t a b l e  mole f r a c t i o n  and 

e l u t r o p i c  c h a r a c t e r i s t i c s  o f  t h e  o rgan ic  s o l v e n t  m o d i f i e r ,  pH 

b u f f e r  composi t ion,  temperature ( f o r  rev iews of  r e c e n t  a p p l i -  

c a t i o n s  and e l u t i o n  s t r a t e g i e s  see 130-351 ) .  Wi th  c a r e f u l  

a t t e n t i o n  t o  t h e  parameters which c o n t r o l  t he  secondary 

chemical e q u i l i b r i a  e s t a b l i s h e d  between the  s o l u t e  molecules,  

t h e  mob i le  phase and t h e  s t a t i o n a r y  phase and t o  t h e  r o l e  

these e f f e c t s  p l a y  i n  modu la t ing  t h e  o v e r a l l  chromatographic 

d i s t r i b u t i o n  process, g r e a t l y  improved r e s o l u t i o n  and recov- 

e r i e s  can be ob ta ined  on m i c r o p a r t i c u l a t e  reversed phase 
s i l i c a s  when compared t o  open column g e l  o r  ion-exchange 

chromatographic separa t ions .  Wi th  some l a r g e r  p r o t e i n s ,  

u n s a t i s f a c t o r y  r e s o l u t i o n  and recove r ies  have been observed 

w i t h  t h e  c u r r e n t  genera t i on  o f  reversed phase s i l i c a s  due i n  

p a r t  t o  i n a p p r o p r i a t e  p o r o s i t i e s  and surface coverage o f  t h e  

s i l i c a  support ,  un favourab le  s o l u b i l i t y  parameter dependencies 

o f  t h e  p r o t e i n  so lu tes  on t h e  mob i le  phase composi t ion,  t h e  
tendency f o r  l i t t l e ,  o r  no, e l u t i o n  development t o  occur and 

t o  t h e  poor mass t r a n s f e r  k i n e t i c s  e x h i b i t e d  by many macro- 

g l o b u l i n s .  For these reasons alone, t h e  w ider  use o f  
chemica l l y  s t a b l e ,  non-compressible bonded h y d r o p h i l i c  phase 

s i l i c a s  o f  a p p r o p r i a t e  pore  s t r u c t u r e  as ge l  permeat ion HPLC 
supports would cons ide rab ly  supplement e x i s t i n g  c a p a b i l i t i e s  
o f  reversed phase HPLC methods. 

f o r  r e l i a b l e  ge l  permeation HPLC suppor ts  comes f rom t h e  
impor tan t  requirement i n  most p r o t e i n  p u r i f i c a t i o n  s t r a t e g i e s  

and p a r t i c u l a r l y  w i t h  t h e  sma l l -  o r  m ic ro -sca le  p u r i f i c a t i o n  

of  b i o l o g i c a l l y  po ten t  o r  l a b i l e  p r o t e i n s ,  t o  use two o r  more 

4 

A f u r t h e r  s t r o n g  j u s t i f i c a t i o n  
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1368 ENGELHARDT, AHR, AND HEARN 

h igh  r e s o l u t i o n  techniques , p r e f e r a b l y  based on d i f f e r e n t  

separa t i on  phenomena, as e a r l y  and as r a p i d l y  i n  t h e  i s o l a t i o n  

p ro toco l  as poss ib le .  

For a bonded phase suppor t  t o  be e f f e c t i v e  i n  t h e  ge l  

permeation HPLC separa t ions  o f  b iopolymers,  t h e  cho ice  of t h e  

l i g a n d  t o  be used i n  t h e  chemical m o d i f i c a t i o n  o f  t h e  su r face  

o f  t he  porous s i l i c a  must be based on a t  l e a s t  t h e  f o l l o w i n g  

f o u r  cons ide ra t i ons  , namely (1) t h e  d e r i v a t i s a t i o n  r e a c t i o n  

should p rov ide  a dense su r face  coverage o f  t h e  l i g a n d  which 

ac ts  as a water we t tab le ,  non - ion i c  h y d r o p h i l i c  surface, ( 2 )  
t h e  l i g a n d  n e i t h e r  s e l e c t i v e l y  adsorbs o r  r e p e l s  p r o t e i n s  

and i d e a l l y  should be o f  s i m i l a r  p o l a r i t y  t o  t h a t  o f  t h e  b i o -  

polymers t o  be separated,(3) t h e  bonded l i g a n d  must be 

chemica l l y  s t a b l e  t o  the  b u f f e r e d  s o l u t i o n s  and pH c o n d i t i o n s  

commonly used f o r  pep t ide  o r  p r o t e i n  i s o l a t i o n s  and ( 4 )  t h e  

carbonaceous s i l a n e  reagent  shou ld  be e a s i l y  prepared, form 

a s t a b l e  monolayer r a t h e r  than a po lymer ic  bonded l a y e r  and 

have a small  average p lace  requirement.  P r a c t i c a l  c o n s t a i n t s  

i n  t h e  coa t ing  technology do n o t  c u r r e n t l y  a l l o w  these 

requirements t o  be f u l l y  met. 

due t o  s t e r i c  r e s t r i c t i o n s  and o t h e r  l i m i t a t i o n s  i n  t h e  

d e r i v a t i s a t i o n  r e a c t i o n  t o  comple te ly  mod i f y  a l l  t h e  s i l a n o l s  

on t h e  s i l i c a  su r face .  The presence o f  r e s i d u a l  s i l a n o l s  i n  

bonded h y d r o p h i l i c  supports w i l l  l ead  t o  i o n i c  i n t e r a c t i o n s  

most n o t i c a b l e  w i t h  very  bas i c  ( i . e .  PI > 9 )  o r  ve ry  a c i d i c  

( i  .e. PI < 5 )  p r o t e i n s .  These e l e c t r o s t a t i c  i n t e r a c t i o n s  

can be minimised by t h e  approp r ia te  cho ice  o f  mob i le  phase 

i o n i c  s t r e n g t h  or by t h e  use of a c i d i c  amine b u f f e r s  [19,31,32]. 

The c o n t r i b u t i o n  o f  i o n i c  i n t e r a c t i o n s  between t h e  

bonded 'amide'  phase and t h e  po lypep t ides  and p r o t e i n s  shown 

i n  t h e  Table was assessed by comparing t h e  e l u t i o n  volumes 

as a f u n c t i o n  of i o n i c  s t r e n g t h  a t  pH 7.5. Representa t ive  

For example, i t  i s  n o t  p o s s i b l e  
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HPEC OF POLYPEPTIDES AND PROTEINS 1369 

r e s u l t s  a re  shown i n  F igu re  1. It was apparent f rom these 

exper iments t h a t  t h e  more bas i c  p r o t e i n s ,  e.g. lysozyme, 
cytochrome c ,  showed g r e a t e r  dependency o f  t h e i r  e l u t i o n  

volumes on i o n i c  s t r e n g t h  than t h e  weakly bas i c  o r  a c i d i c  

p r o t e i n s  and po lypept ides .  A t  low i o n i c  s t reng th ,  n e g a t i v e l y  

charged po lypep t ides  would be expected t o  be p a r t i a l l y  
excluded from t h e  n e g a t i v e l y  charge pores o f  t he  s t a t i o n a r y  

phase. Th is  w i l l  l ead  t o  sma l le r  e l u t i o n  volumes than 

expected on t h e  bas i s  o f  t h e i r  mo lecu la r  weights.  

t a l l y ,  t h i s  has been observed ~ 9 , 2 2 1  w i t h  bo th  t h e  'amide'  
Experimen- 

F i g u r e  1. 

Re ten t ion  behaviour o f  severa l  po l ypep t ides  and p r o t e i n s  
on t h e  bonded 'amide'  phase L iChrosorb  S i  100 suppor t .  The 
p l o t s  show t h e  v a r i a t i o n  o f  t h e  e l u t i o n  volume o f  d i f f e r e n t  
s o l u t e s  as a f u n c t i o n  of i o n i c  s t r e n g t h .  See t h e  Tab le  f o r  
t h e  s o l u t e  key. 
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1370 ENGELHARDT, AHR, AND HEARN 

M W  10' 

103 

and t h e  'g lyco-phase'  supports.  Weakly b a s i c  and weakly 

a c i d i c  p r o t e i n s  would be expected t o  be t h e  l e a s t  a f fec ted  

by changes i n  t h e  i o n i c  s t r e n g t h  and t h i s  was g e n e r a l l y  

found i n  t h e  p resen t  study. 

p r o t e i n s  examined the  e l u t i o n  volumes were e s s e n t i a l l y  indepen- 
dent o f  i o n i c  s t r e n g t h  above ~=0 .3M.  

25mM Tris-HC1/125mM NaCl (pH 7.5) e l u e n t  was found most 

e f f e c t i v e  i n  severa l  subsequent p r o t e i n  i s o l a t i o n s .  The same 

e l u e n t  was used f o r  t h e  i n v e s t i g a t i o n  o f  t h e  l o g  M.W. depending 

on e l u t i o n  volume. 

For most o f  t h e  pep t ides  and 

For  assay convenience, a 

Shown i n  F igu re  2 and 3 a r e  t h e  p l o t s  of 

, 

105 t- 

1 I I 

0 2 0  a19 

I 

06 

a5 
4' 
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\ 0 9  0 7  

HW 

I 

0 17 

I I I I Y 1.1 

0 1 1  , 0 1 2  0 1 4  
0 10 

J 

Figure 3. 

P l o t  o f  t he  l o g  M.W. versus percentage K o f  represent-  
a t i v e  po lypept ides and p ro te ins .  The c a l i b r a t i o n  curve o f  
po lystyrene standards e l u t e d  w i t h  C H z C I z  from the  same 
h y d r o p h i l i c  support  i s  a l s o  shown ( -0- ) .  Condi t ions as i n  
F igure 2. 

l o g  M.W. versus V e  and l o g  M.W. versus % K f o r  a range of  
pept ides and p ro te ins  determined under these condi t ions.  P ro te ins  

w i t h  a molecularrnassgreaterthan6G,OOO dal tons behave as 
though they are e s s e n t i a l l y  excluded, i . e .  K < 0.1, w h i l s t  some 

low molecular weight pept ides and hydrophobic p r o t e i n s  e.g. 

lysozyme, are r e t a i n e d  beyond the  t h e o r e t i c a l  i n t e r n a l  volume 

(as determined w i t h  D20). 
t he  d ivergencies observed i n  e l u t i o n  behaviour from those 

Under h igh i o n i c  s t reng th  cond i t i ons  
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1372  ENGELHARDT, AHR, AND HEARN 

a n t i c i p a t e d  on t h e  bas i s  s o l e l y  o f  a non - ion i c  ge l  permeat ion 

phenomenon presumably r e f l e c t  t h e  p a r t i c i p a t i o n  o f  hydrophobic,  
r a t h e r  than e l e c t r o s t a t i c ,  i n t e r a c t i o n s  between t h e  s t a t i o n a r y  

phase and t h e  so lu tes .  S i m i l a r  obse rva t i ons  have been made 

by Schmidt e t  a l .  [ g ]  i n  t h e i r  s tudy  on the  chromatographic 

behaviour of p r o t e i n s  on L iChrosorb  DIOL and p a r a l l e l  p rev ious  
f i n d i n g s  [ 3 6 , 3 7 ]  on t h e  r e l a t i v e  h y d r o p h o b i c i t i e s  o f  a number 

o f  p r o t e i n s  on n - a l k y l  s u b s t i t u t e d  agaroses and Spheron-300. 
It i s  noteworthy t h a t  t h e  carbonaceous coverage o f  t h e  'amide'  

phase used i n  t h e  p resen t  s tudy  (4.4pmol/m ) ,  i s  app rox i -  

mate ly  tw ice  the  va lue  repo r ted  [91 f o r  t h e  L iChrosorb  DIOL 

phase, (2.1-2.5pmol/m ).  A d d i t i o n a l  s t u d i e s  have shown [21, 

2 2 , 3 8 1  t h a t  improved c o r r e l a t i o n  f o r  t h e  p l o t  o f  l o g  M.W. 

versus e l u t i o n  volume can be ob ta ined  by us ing  t h e  we igh t  
average molecu la r  we igh t  as de r i ved  f rom t h e  Mark-Houwink 

equat ion  [391 which r e l a t e s  t h e  mo lecu la r  we igh t  o f  a p r o t e i n  

t o  i t s  e f f e c t i v e  Stokes r a d i u s  i n  s o l u t i o n .  

p>0.3M, t h e  recove r ies  f o r  t h e  p r o t e i n s  and enzymes used i n  
t h i s  s tudy  were i n  t h e  range 85-95% w i th  no s i g n i f i c a n t  

changes i n  e l u t i o n  behaviour w i t h  sample l oad ings  rang ing  

f rom 10-5001~g on an a n a l y t i c a l  s i z e  column, 

Based on t h e  above obse rva t i ons  w i t h  t h e  s e l e c t e d  range 
o f  po l ypep t ides  and p r o t e i n s  shown i n  t h e  Table, t h e  use o f  

t h i s  sur face  mod i f i ed  s i l i c a  as a s t a t i o n a r y  phase f o r  t he  

ge l  permeation HPLC f r a c t i o n a t i o n  o f  c rude p r o t e i n  m ix tu res  
f rom t i s s u e  sources was examined. Many o f  t h e  po lypep t ides  
and p r o t e i n s  c u r r e n t l y  o f  i n t e r e s t  i n ,  f o r  example,endocrine 

and neuroendocr ine research  f a l l  i n t o  t h e  mo lecu la r  we igh t  

i n c l u s i o n  range o f  t h i s  s t a t i o n a r y  phase, i.e. between 2-40 X!03. 
I n  a d d i t i o n ,  most o f  these substances a r e  a v a i l a b l e  o n l y  

i n  minu te  amounts, e.g. 1pg per  gram t i s s u e .  Rapid h i g h  

r e s o l u t i o n  micromethodologies are  o b v i o u s l y  needed f o r  t h e i r  

2 

2 

A t  pH 7.5 and 
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HPEC OF POLYPEPTIDES AND PROTEINS 1373 

a n a l y s i s  and p u r i f i c a t i o n .  When o n l y  smal l  amounts of  crude 

po lypep t ide  samples, e.g. l e s s  than lOrng, a re  a v a i l a b l e ,  i t  

shou ld  be g e n e r a l l y  f e a s i b l e  t o  now base t h e i r  f r a c t i o n a t i o n  

s o l e l y  on HPLC methods. A combinat ion o f  convent iona l  open 

column chromatographic and HPLC techniques a re  u s u a l l y  r e q u i r e d  

f o r  reasons o f  economy when l a r g e  amounts o f  c rude p r o t e i n  

p repara t i ons  a r e  a v a i l a b l e .  

procedure i n  use i n  our  l a b o r a t o r y  w i t h  s a l t  o r  s o l v e n t  

f r a c t i o n a t e d  t i s s u e  e x t r a c t s ,  i n c l u d i n g  crude p i t u i t a r y  

p repara t i ons ,  we have found t h a t  ge l  permeat ion and reversed 

phase HPLC methods under severa l  e l u t i o n  c o n d i t i o n s  w i l l  
s a t i s f a c t o r a l l y  f r a c t i o n a t e  z. 1-5mg o f  m a t e r i a l  w h i l s t  w i t h  

amounts above 50mg a sequen t ia l  combinat ion o f  open column 

ge l  permeation chromatography, a l e c t i n  a f f i n i t y  chromatography 
separa t i on  i f  t h e  substances o f  i n t e r e s t  a re  g l y c o p r o t e i n s ,  

ge l  permeation HPLC on t h i s  bonded 'amide l - ,  o r  a l t e r n a t i v e l y  

t h e  bonded g l y c e r y l p r o p y l -  [181, suppor t  and a reversed phase 

HPLC separa t i on  on a 100 A o r  a 500 8 a l k y l s i l i c a ,  most 

e f f i c i e n t  i n  terms o f  t ime, cos t ,  homogeneity and f i n a l  

recovery  y i e l d  o f  a s p e c i f i c  b i o a c t i v e  po lypep t ide  o r  p r o t e i n .  

I n  some cases, a normal phase separa t i on  on a bonded hydro- 

p h i l i c  phase s i l i c a  us ing  a decreasing g r a d i e n t  o f  an o rgan ic  

s o l v e n t  m o d i f i e r  may a l s o  prove advantageous. 

e t  a l .  [ l o ]  have a l s o  employed t h i s  approach f o r  t h e  f r a c t i o n -  

a t i o n  o f  human leucocy te  i n t e r f e r o n  on a L iChrosorb  DIOL 

suppor t .  Typ ica l  o f  t h e  use o f  t h e  bonded 'amide'  phase as a 
gel permeation suppor t  a re  t h e  chromatographic p r o f i l e s  

shown i n  F igu re  4.  These chromatograms rep resen t  t h e  h i g h  

speed exc lus ion  separa t i on  o f  a crude o v i n e  t h y r o t r o p h i n  

p r e p a r a t i o n  ex t h e  1.414 ammnium sulphate (pH 4.0) c u t  and 

d i f f e r e n t  f r a c t i o n s  c o n t a i n i n g  t h i s  g l y c o p r o t e i n  hormone 

s e q u e n t i a l l y  rechromatographed on the  same column. 

For example, as a r o u t i n e  
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Figure 4.  

Chromatography of ( A )  a crude ovine thyrotrophin 
preparation on the bonded amide phase, ( B )  a Sephadex GlOO 
f ract ionated ovine thyrotrophin preparat ion,  and ( C )  a sample 
o f  t h i s  protein a f t e r  th ree  gel permeation HPLC cycles on the  
bonded 'amide' phase column, flow r a t e ,  0.5ml/min., e luent  
lOOmM Tris  HC1-500mM NaC1, pH 7 . 4 .  T h e  regions indicated by 
hatched zones contained the  thyrotrophic a c t i v i t y  as  assessed 
in the mouse bioassay. I n  ( D )  i s  shown the e lu t ion  p ro f i l e s  
of a 1 x chromatographed ovine thyrotrophin preparation before 
and a f t e r  a f f i n i t y  chromatography on Concanaval in A-Sepharose 
CL4B, flow r a t e  0.5ml/min., e luent  25mM T r i s ,  HC1-125mM NaC1, 
pH 7.4. 
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HPEC OF POLYPEPTIDES AND PROTEINS 1375 

t h r e e  e l u t i o n - ,  c o l l e c t i o n - ,  d e s a l t i n g -  and concen t ra t i on -cyc les ,  

t h e  o v e r a l l  recovery  of b i o a c t i v e  ov ine  t h y r o t r o p h i n ,  as 

assessed by t h e  McKenzie mouse bioassay, was 83% w i t h  a t o t a l  

e l u t i o n  t ime f o r  each chromatographic i n j e c t i o n / e l u t i o n /  
c o l l e c t i o n  s tep  o f  g. l 0mins .  As we have shown elsewhere [181 

t h i s  p r e p a r a t i o n  can be used e i t h e r  d i r e c t l y ,  o r  f o l l o w i n g  

f u r t h e r  p u r i f i c a t i o n  on a 500 A bonded o c t y l s i l i c a  w i t h  a 

t r iethylammonium f o r m a t e - a c e t o n i t r i l e  e l u e n t ,  i n  b i n d i n g  

s t u d i e s  w i t h  t h y r o i d  plasma membrane components. Even though 

t h e  sample c a p a c i t y  o f  t h e  a n a l y t i c a l  s i z e  column used i n  t h e  

present  s tudy  was r e l a t i v e l y  low, i .e. maximum 250-500ug/protein 

i n j e c t i o n  depending on the  complex i ty  o f  t h e  p r o t e i n  m ix tu re ,  
when compared t o  convent iona l  Sephadex G l O O  columns o f  bed 

volume ca 3Ohl p r e v i o u s l y  employed f o r  t h e  ge l  f i l t r a t i o n  
o f  crude g l y c o p r o t e i n  hormones, i n c l u d i n g  crude t h y r o t r o p h i n  

p repara t i ons ,  t h e  s h o r t  e l u t i o n  t imes, e x c e l l e n t  recove r ies  
and improved r e s o l u t i o n  s t i l l  a lowed m i l l i g r a m  q u a n t i t i e s  

o f  t h i s  p i t u i t a r y  p r o t e i n  t o  be q u i c k l y  f r a c t i o n a t e d .  
C1 e a r l y ,  1 a rge r  sampl e 1 oadings e. g . 10-100mg/i n j e c t i  on 

cou ld  be accomodated i f  des i red ,  w i t h  HPLC semi -prepara t ive  

o r  p r e p a r a t i v e  columns packed w i t h  t h i s  bonded 'amide'  phase 

suppor t .  

employed as  t h e  f r a c t i o n a t i o n  o f  t he  s o l u b i l i s e d  sheep t h y r o i d  

b i n d i n g  p r o t e i n  s p e c i f i c  f o r  human t h y r o i d  s t i m u l a t i n g  auto- 

a n t i b o d i e s  present  i n  p a t i e n t s  w i t h  Graves' d isease (F ig .5 ) .  
A f t e r  13 consecut ive  i n j e c t i o n s  o f  300ug p r o t e i n / i n j e c t i o n ,  

no change i n  t h e  r e s o l u t i o n  was ev iden t ,  w i t h  a t o t a l  p r o t e i n  

recovery  a f t e r  d e s a l t i n g  and l y o p h i l  i s a t i o n  o f  3.8mg, (97%.!. 

s t a t i o n a r y  phase o f  100 A nominal pore  diameter i s  a u s e f u l  

0 

The bonded 'amide'  phase suppor t  has a l s o  been s u c c e s s f u l l y  

I n  conc lus ion ,  t h e  bonded N-acetylaminopropyl-silica 
0 
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Figure 5. 

Fractionation of the crude solubilised sheep thyroid 
binding protein components specific for human thyroid stimula- 
ting autoantibodies on the bonded 'amide'phase support. The 
profiles correspond to the initial loading ( A )  and the thir- 
teenth consecutive loading ( 6 )  of 300~9 of protein/injection. 
Flow rate O.Pml/min; eluent, lOOmM Tris/HC1-500mM NaCl, pH7.4. 
The hatched zones correspond to regions o f  autoantibody 
binding activity. 

support for the aqueous size exclusion HPLC separation o f  

polypeptides and small proteins. Similar supports o f  larger 
pore diameter, e.g. 500 x, would be expected to extend the 
molecular weight range for exclusion chromatography to larger 
macroglobulins. Preliminary studies [381 on the chromatography 
of several comnon proteins on these large pore bonded 'amide' 
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HPEC OF POLYPEPTIDES AND PROTEINS 1377 

phase s i l i c a s  have conf i rmed t h i s  expec ta t i on .  

a n t i c i p a t e d  t h a t  these and r e l a t e d ,  bonded h y d r o p h i l i c  phase 

s i l i c a s  w i l l  g a i n  i n c r e a s i n g  p o p u l a r i t y  f o r  t h e  r a p i d  

f r a c t i o n a t i o n  o f  b i o l o g i c a l l y  a c t i v e  po lypep t ides  and p r o t e i n s  

by s i z e  exc lus ion  HPLC. 
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