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Large- sca le  purif ication of hepatit is  B surface ant igen  us ing  affinity c h r o m a t o g r a p h y  ~ 

A. R. N e u r a t h ,  A. M. P r ince  and  J. Giaca lone  

The Lindsley F. Kimball Research Institute o/ The New York Blood Center, New York (New York 10021, USA), 
27 June 1977 

Summary. Large-scale  pu r i f i ca t ion  of hepa t i t i s  B surface  an t igen ,  app l icab le  to  the  p r e p a r a t i o n  of p o t e n t i a l  vacc ines  
for p r e v e n t i o n  of h e p a t i t i s  t3, is descr ibed.  The  m e t h o d  invo lves  t he  fol lowing s teps  : p r ec ip i t a t i on  of se rum w i t h  poly-  
e thy l ene  glycol 6000, a f f in i ty  c h r o m a t o g r a p h y  on  c o n c a n a v a l i n  A-Sepharose  and  on  o~-aminononyl-Sepharose ,  a n d  
isopycnic  cen t r i fuga t ion .  

I sopycn ic  b a n d i n g  in dens i t y  g rad ien t s  is a powerfu l  tool  
for s e p a r a t i o n  of h e p a t i t i s  B surface  a n t i g e n  (HBsAg) f rom 
p ro t e ins  2. However ,  t he  m e t h o d  becomes  c u m b e r s o m e  
a n d  expens ive  w h e n  large vo lumes  of HBsAg-pos i t i ve  
s e rum h a v e  to  be processed.  This  d i s a d v a n t a g e  can  be  
ove rcome  b y  p a r t i a l  pu r i f i ca t ion  and  c o n c e n t r a t i o n  of 
H B s A g  before  cen t r i fuga t ion .  W e  r e p o r t  here  t he  appl ica-  
t ion  of a f f in i ty  c h r o m a t o g r a p h y  4, 5 for large-scale  pur i f ica-  
t ion  of H B s A g  p o t e n t i a l l y  useful  for t he  p r e p a r a t i o n  of 
vacc ines  for p r e v e n t i o n  of h e p a t i t i s  B. 
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Fig. 1. Partial purification of HBsAg on a 3.5 l column of concana- 
valin A linked to Sepharose. Starting material = 9.5 1 of serum from 
which tubular forms of HB~Ag, Dane particles and about 20% of 
human serum proteins had been removed by precipitation with 6% 
polyethylene glycol. Arrows indicate start of elutioi1 with 0.14 M 
NaC1 10 -3 M CaCI=, 10 -s MnC1 s 0.01 Tris pH 7.2 (1) and with 5% ot- 
methylmannoside in 0.14 M NaC1 - 0.01 M Tris pH 7.2 (2). Shaded 
area: HBsAg. 
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Fig. 2. Partial purification of HBsAg on a 3.5 1 column of eo-amino- 
nonyl Sepharose. Starting material = HB~Ag partially purified by 
affinity chromatography on insolubilized concanavalin A (material 
corresponding to 4 1 of original serum). Arrows indicate start of elu- 
tion with 0.5 M NaC1 0.01 M Tris (1) and with 3 M NaSCN (2). 
Shaded area: HBsAg. 

S e r u m  (a pool  o b t a i n e d  f rom several  donors)  c o n t a i n i n g  
e i t he r  t he  d or y s u b t y p e  of HB~Ag was  p rec ip i t a t ed  w i th  
6% p o l y e t h y l e n e  glycol 60003. The  s u p e r n a t a n t  f luid 
c o n t a i n i n g  t he  sher ica l  fo rms  of H B s A g  a p p r o x i m a t e l y  
20 n m  in d i a m e t e r  was  c h r o m a t o g r a p h e d  on  a 3.5 1 
c o l u m n  (K100/45, P h a r m a c i a  F ine  Chemicals ,  Uppsa la ,  
Sweden)  of c o n c a n a v a l i n  A l inked  to Sepharose.  200 ml  
samples  were col lected us ing  a PF-30  f rac t ion  col lector  
(Pha rmac ia ) .  H B s A g  was d e t e r m i n e d  in the  f rac t ions  
b y  r a d i o i m m u n o a s s a y  3-5. Resu l t s  shown  on f igure 1 
i nd i ca t e  t h a t  85% of t o t a l  p r o t e i n  was  r e m o v e d  f rom 
HBsAg.  F r a c t i o n s  c o n t a i n i n g  H B s A g  were pooled a n d  
app l ied  to  a co lum of eo-amino-nonyl -Sepharose .  Resu l t s  
on  f igure  2 ind ica te  t h a t  91% of p r o t e i n  was r e m o v e d  
f rom H B s A g  in th i s  second c h r o m a t o g r a p h i c  s tep.  
F r a c t i o n s  c o n t a i n i n g  H B s A g  (purif ied approx .  92fold) 
were c o n c e n t r a t e d  300fold in a model  2000 u l t r a f i l t r a t i o n  
cell (Amicon  Corpora t ion ,  Lex ing ton ,  Mass.) us ing  a 
PM30 Diaf lo  m e m b r a n e .  
The  c o n c e n t r a t e d  a n d  p a r t i a l l y  pur i f ied  H B s A g  can  be  
f u r t h e r  pur i f ied  b y  isopycnic  g r a d i e n t  cen t r i fuga t ion .  W e  
used  an  SZ-28 r eo r i en t ing  dens i t y  g r a d i e n t  zonal  ro to r  
(Sorva l l  I n s t r u m e n t s  Newton ,  Conn.) for th i s  purpose .  
The  sample  (300 ml) a d j u s t e d  to a d e n s i t y  of 1.3 g /cm 3 
b y  a d d i t i o n  of solid KBr ,  was  p u m p e d  in to  t he  ro to r  
on  t o p  Of 150 ml  of 40% (w/w) K B r  fol lowed b y  a g r a d i e n t  
(900 ml)  of 7 to  31% (w/w) KBr .  The  r o t o r  was cen t r i fuged  
in  t h e  OTD-2  u l t r a cen t r i f uge  (Sorval l)  ope ra t ing  in  t h e  
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Fig. 3, Isopycnic banding of HBsAK in a EBr gradient in the Sorvall 
SZ-28 rotor (volume = 1,350 ml). Partially purified HB,Ag, pre- 
pared as described under Figure 1 and 2 and corresponding to 9.5 1 
of original serum was centrifuged in the rotor for 42 h at 28,000 rpm. 
Shaded area corresponds to fractions (50 ml each) containing HBsAg. 
-O-  OD2s0, - � 9  density. 
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zona l - reograd  mode.  H B s A g  and  0.18 % of p ro te in  or ig ina l ly  
p r e s e n t  in the  s e rum (as d e t e r m i n e d  b y  m e a s u r e m e n t s  
of OD a t  280 nm)  were recovered  in t he  midd le  of t he  
g r a d i e n t  (figure 3). Due  to mix ing  d u r i n g  g r a d i e n t  
reor ien t ing ,  t he  reso lu t ion  of molecules  w i t h  d i f fe ren t  
b u o y a n t  dens i t ies  was  less comple te  t h a n  would  be 
expec t ed  for n o n r e o r i e n t i n g  g r ad i en t  cen t r i fuga t ion .  Fo r  
t h i s  reason,  the  samples  c o n t a i n i n g  H B s A g  were re- 
cen t r i fuged  unde r  the  same condi t ions .  The  f inal  r e cove ry  
of HB~Ag af te r  all  pu r i f i ca t i on  s teps  was a p p r o x i m a t e l y  
50% as ca lcu la ted  f rom resul t s  of r a d i o i m m u n o a s s a y s  
a n d  c o m p l e m e n t  f ixa t ion  tests .  T he  a m o u n t  of n o r m a l  
h u m a n  se rum p r o t e i n  pe r  m g  of HB~Ag was no t  more  
t h a n  60 ~tg as d e t e r m i n e d  b y  a r a d i o i m m u n o a s s a y  in- 
h i b i t i o n  t e s t  a even  t h o u g h  th i s  t e s t  does no t  d i s c r imina t e  

b e t w e e n  p ro t e in  impur i t i e s  a n d  an t igen ic  s i tes  r e l a t ed  
to  n o r m a l  h u m a n  prote in(s)  wh ich  are a n  i n t eg ra l  p a r t  
of HB~Ag par t ic les .  
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S u r  u n e  m 6 t h o d e  d e  r 6 c o l t e  d e  d i a t o m 6 e s  v i v a n t e s  a p r ~ s  c u l t u r e  
A m e t h o d  f o r  c o l l e c t i n g  l i v i n g  d i a t o m s  af ter  c u l t u r e  
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Summary. The  bes t  cond i t ions  for  col lec t ing l iv ing  d i a t o m s  (Chaetoceros simplex calcilrans) a f t e r  cu l tu re  a n d  t h e i r  
i n t r o d u c t i o n  in to  a r e p l a c e m e n t  m e d i u m  h a v e  been  de t e rmined .  T r a u m a t i s m s  (such as ionic, t he rmic ,  g rav imet r i c )  
h a v e  been  min imized .  

Au cours  de recherches  pr6c6dentes  nous  avons  6t6 amen6s  
r6col ter  des d ia tom6es  i n t ac t e s  A p a r t i r  d ' u n  mil ieu de 

cu l tu re  et  ceci dans  des cond i t ions  sa t i s fa i san tes  de  
st6rili t6,  af in  de pouvo i r  les r6 in t rodu i re  dans  un  mil ieu 
neuf .  Dans  la p r6sen te  no te  nous  r epo r tons  les cond i t ions  
qui  nous  on t  fourn i  les mei l leurs  r6sul ta ts l  De tel les 
ope ra t i ons  n6cess i ten t  en effet  de ce rner  c o n v e n a b l e m e n t  
un  ensemble  de fac teurs  t r a u m a t i s a n t ,  qu ' i l  s 'agisse de la 
t e m p e r a t u r e ,  de l ' acc6Mrat ion  d u r a n t  la centrifugation, 
de la press ion o smo t ique  e t  de la force ionique.  
Les d ia tom6es  ou t  6t6 s fpar6es  du  mil ieu pa r  cen t r i fuga -  
t ion,  ce qui  a m i n e  ~ circonscrire  4 ph6nom6nes  p h y s i q u e s :  
1. Nous  avons  t rava i l l6  avec  les d ia tom6es  Chaetoceros 
simplex calcitrans Pau l sen  cut t iv6es  /~ +18- t -0 ,1  ~ elles 
d o i v e n t  ~tre r6colt6es en t r e  + 1  ~ e t  + 5  ~ af in  d ' a u g -  
m e n t e r  la r6s is tance  de leur  p r o t o p l a s m e  e t  de d i m i n u e r  le 
pouvo i r  d ' 6change  de leur  m e m b r a n e  cel lulai re :  d 'ofl  le 
r i sque  d ' u n  choc t h e r m i q u e  capab le  de m e t t r e  les a lgues  
en ~dormance  ~. 
2. L 'acc61drat ion cen t r i fuge  utilis6e do i t  6tre inf6r ieure 

la r6s is tance  A l ' 6c r a semen t  de la ca rapace  p6ricel lulaire  
ex t e rne  des d ia tom6es :  le choc d y n a m i q u e  es t  donc  
r6duire  au m i n i m u m .  
3. Ces ca rapaces  siliceuses p r e n n e n t  f ac i l emen t  des charges  
61ectriques p a r  f r ic t ion lors de leur  d6p l acem en t  darts un  
f lu ide :  ces charges  m a i n t i e n n e n t  les d ia tom6es  agglom6-  
r6es en t re  elles si t o u t e  d6charge  es t  impossible .  
4. Le passage  des d ia tom6es  d ' u n  mil ieu us6 A p H  8,6-8,7 
d a n s  u n  milieu neuf  ~ p H  7,5 ne se fa i t  pas  sans  choc 
ionique  : a t t 6 n u e r  ce choc e t  une  v a r i a t i o n  t r op  b r u s q u e  de 
la press ion osmot ique  du milieu pa r  r a p p o r t  A celle des 
a lgues  es t  n6cessaire p o u r  qu 'e l les  p o u r s u i v e n t  leur  crois- 
sance  n o r m a l e m e n t .  
Mdthodes. Apr~s lavage,  e t  double  r in~age /~ l ' eau  bidis-  
till6e, rou te  la ver re r ie  util is6e es t  st6rilis6e 5. + 140~ ~t 
l ' 6 tuve  d u r a n t  1 h ;  t o u s l e s  l iquides  son t  fi l tr6s sur  co ton  
h y d r o p h i l e  puis  st6rilis~s ~ l ' au toc l ave  5. + 120 ~ d u r a n t  
20 rain  : les per tes  en vo lume  A l ' au toc l ave  son t  compens6es .  
Les gode t s  de cen t r i f uga t i on  en po lypropy l~ne ,  apr~s la- 
vage  e t  rin~age, son t  immerg~s  d a n s  l ' ~ thano l  & 98%,  

puis  emba lms  dans  des feuilles d ' a l u m i n i u m  st6riles ils 
son t  s6ch6s ~ l ' 6 tuve  s%rile ~ + 6 0 ~  on opbre de m6me 
p o u r  les bouchons  en  d u r a l u m i n  e t  les jo in t s  en  la tex .  
Les e r l enmeyers  c o n t e n a n t  une  cu l tu re  en mil ieu st6rile 
de d ia tom6es  Chaetoceros simplex calcitrans Pau l s en  ag6e 
de 8 /~ 10 jour s l ,  ~ son t  mis  d u r a n t  5 h dans  une  c h a m b r e  
froide s tabi l is6e ~ + 1  ~ la t e m p 6 r a t u r e  de + 8  ~ 6 t a n t  
a t t e i n t e  d a n s  la cu l ture ,  on  la t r a n s v a s e  s t6 r i l emen t  d a n s  
les godets  de 500 ml en p o l y p r o p y l b n e  qui  son t  plac6s 
d a n s  u n  ro to r  angu la i re  de cen t r i fugeuse  c l imat i s6  
+ 5  d_0,1 ~ 
Le ro to r  es t  lanc6 ~ 10000 t / m i n  d u r a n t  20 rain,  fournis -  
s a n t  a insi  une  acc~16ration cen t r i fuge  de 16500 •  au 
fond,  9000 • g au milieu,  e t  7000 • g en  t~te  des godets .  
L ' a r r ~ t  du  ro to r  es t  o b t e n u  sans f re inage e t  d e m a n d e  
13-15 min  (cent r i fugueuse  M a r t i n  Chr i s t  module  Ze ta  20). 
Nous  avons  pu  aba isser  la force cen t r i fuge  utilis~.e 5. 
15000 •  au fond,  8000 •  au mil ieu e t  6000 •  en  t6 te  
des godets ,  d u r a n t  15 min  ( ro tor  6 �9 500 ml,  9000 t / ra in)  : 
la s6para t ion  es t  t o u t  aussi  bonne ,  ma i s  la d 6 c a n t a t i o n  du  
s u r n a g e a n t  es t  plus  d61icate b ien  que  possible.  
La  t e m p d r a t u r e  dans  le ro to r  es t  surveilMe p a r  la t h e r m i s -  
t ance  de c o m m a n d e  du  g roupe  r6f r igdran t :  de + 1 ~  en  
f in d 'acc616rat ion elle passe  g + 5  ~ g la fin de  l 'op6ra t ion .  
Apr~s d 6 c a n t a t i o n  du  su rnagean t ,  les cu lo ts  s o n t  r6unis  
s t 6 r i l emen t  d a n s  50 ml  de mil ieu us6 e t  homog6n6is6s  
p e n d a n t  6 m in  5. 200 t / m i n  avec  u n  a g i t a t e u r  m a g n 6 t i q u e  : 
la t e m p 6 r a t u r e  progresse  a ins i  de + 5 ~  ~ + 1 2 ~  On 
a jou te  alors, p a r  f rac t ions  de 50 ml,  150 ml  de mil ieu neu f  
st6rile c l imat i s6  ~ + 12 ~ et  l ' homoggn6 i sa t ion  es t  pour -  
su ivie  5-6  m i n  A 300 t / m i n :  la t e m p 6 r a t u r e  r e m o n t e  de 
+ 1 2 ~  ~ + 1 8 ~  
Sans  a t t e n d r e ,  on r 6 p a r t i t  6ga l emen t  le v o l u m e  o b t e n u  
(200 ml) d a n s  le vo lume  choisi  p o u r  la nouvel le  cu l tu re  
st6rile e t  c l imat is6e ~ + 18 ~ 
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