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c ium-free  H a n k s '  so lu t ion  c o n t a i n i n g  i so la ted  h e p a t o -  
cy tes  a n d  t o r n  t i ssue  was f i l tered t h r o u g h  a p l a t i n u m  sieve 
w i t h  150 meshes .  T he  f i l t r a t e  was  cen t r i fuged  a t  a v e r y  
low speed (200 rpm)  for 3 min .  The  s u p e r n a t a n t  was  
decan ted .  The  res idue  was r e suspended  in a b o u t  10 ml  of 
Eag le ' s  m i n i m u m  essen t ia l  m e d i u m  (MEM) a n d  cen t r i -  
fuged aga in  a t  low speed.  T he  s u p e r n a t a n t  was  decan ted .  
The  same  p rocedures  were repea ted .  T he  red  b lood  cells 
were r e m o v e d  b y  t h i s  p rocedu re  a n d  t he  isola ted h e p a t o -  
cy tes  were used for p r i m a r y  cu l tu re .  The  cell v i a b i l i t y  was  
j u d g e d  b y  t h e  fol lowing 3 c r i t e r i a :  a) exclusion of t r y p a n  
blue,  b) t he  ab i l i t y  to  syn thes i ze  glucose f rom a lan ine  or  
l a c t a t e  a n d  c) t h e  u p t a k e  of r ad ioac t ive  amino  acid in to  
t he  newly  syn thes i zed  pro te in .  Glucogenic  ab i l i ty  was  
m e a s u r e d  b y  a d d i n g  a p p r o p r i a t e  a m o u n t s  of a l an ine  or 
l a c t a t e  (2 ~moles /dish)  to  4 ml  of fe ta l -ca l f -serum-free  
M E M  c o n t a i n i n g  5 •  cells. Glucose c o n t e n t  was  
a s sayed  us ing  glucose oxidase .  The  p r o t e i n  b io syn thes i s  
was  judged  b y  i n c o r p o r a t i o n  of L-l~C-leucine (348 mCi /  
mmole ,  The  R a d i o c h e m i c a l  Centre ,  A m e r s h a m ) .  2 ~Ci of 
14C-leucine was a d d e d  to 4 m l  of cu l tu re  med ia  (MEM) 

Glucogenic capacity from alanine or lactate and amino acid incor- 
poration into the newly synthesized protein in the isolated hepato- 
cytes 

Trypan Glucose production Incorporation of 
blue (nmoles/h/10 e cells) 14C-leucine 
staining Alanine Lactate (pmoles/min/10 s cells) 

Exp. 1 5% > 7.67 16.33 2.12 
Exp. 2 5 0  > 8.67 10.87 3.95 

Values are means from duplicated samples. 

c o n t a i n i n g  5 X 106 cells a n d  i n c u b a t e d  for  3 h. Cells were  
washed  severa l  t imes  w i t h  1% cold t r i ch lo race t i c  acid 
so lu t ion  a n d  t h e n  a p p r o p r i a t e  a m o u n t s  were d issolved in 
1.0 m l  of 0.1 N NaOH,  mixed  w i t h  B r a y ' s  so lu t ion  a n d  
a c t i v i t y  of r ad ioac t ive  c a r b o n  was d e t e r m i n e d  b y  P a c k a r d  
T r i c a r b  3115 sc in t i l l a t ion  coun te r .  
Results and discussion. Severa l  wash ings  r e m o v e d  red  
b lood  ceils in  t he  h e p a t o c y t e  suspens ion  a l m o s t  com- 
pletely.  The  r ecove ry  of h e p a t o c y t e s  a f t e r  cen t r i fuga t ions  
was more  t h a n  90% of the  a m o u n t  of t he  in i t i a l ly  i so la ted  
cells, a n d  t h e  ave rage  n u m b e r  of t he  isola ted h e p a t o -  
cy tes  o b t a i n e d  f rom 10 e x p e r i m e n t s  was  (7.86 4- 4.24) • 
10S/g we t  l iver  t issue.  As s h o w n  in the  figure,  t he  i so la ted  
cells were a m i x t u r e  of po lygona l  and  r o u n d  ones, a n d  i t  
was d e m o n s t r a t e d  b y  Roser ' s  a l b u m i n  f l oa t a t i on  m e t h o d  
t h a t  t h e  c o n t a m i n a t i o n  of m e s e n c h y m a l  cells, especia l ly  
Kupf fe r  cells was  less t h a n  1~ . More t h a n  95% of t he  
i so la ted  h e p a t o c y t e s  exc luded  t r y p a n  blue.  As s h o w n  in 
the  t ab le ,  t h e  r a t e  of glucose p r o d u c t i o n  f rom 2 txmoles 
of a l an ine  or l a c t a t e  added  to  the  cu l tu re  m e d i a  was 
7.76 a n d  8.67 nmoles /h /106 cells and  16.33 and  10.87 
nmoles /h /106 cells, respec t ive ly .  The  a m o u n t  of z~C-leucine 
i nco rpo ra t ed  in to  t he  newly  syn thes i zed  p ro t e in  was 
2.12 a n d  3.95 pmole s /min /10  s cells in 2 sepa ra t ed  exper i -  
men t s .  
The  new m e t h o d  for i so la t ing  h e p a t o c y t e s  descr ibed  
above  p r o v e d  to  be  excel lent ,  because  i t  can  be pe r fo rmed  
v e r y  easi ly  in  a sho r t  t i m e  a n d  because  of lower r i sk  of 
bac t e r i a l  a n d  funga l  c o n t a m i n a t i o n  d u r i n g  i so la t ion  
procedure .  

5 B. Roser, J. Retieuloendoth. Soc. 5, 455 (1968). 

L a r g e - s c a l e  p u r i f i c a t i o n  of  i n a c t i v a t e d  i n f l u e n z a  v a c c i n e  u s i n g  m e m b r a n e  m o l e c u l a r  f i l t r a t i o n  
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Summary.  A procedu re  is r epo r t ed  for  t he  e l imina t ion  of a t  leas t  95% of hens '  egg p ro t e in  impur i t i e s  f rom i n a c t i v a t e d  
in f luenza  vaccine ,  b y  se lect ive  molecu la r  f i l t r a t ion  t h r o u g h  a m e m b r a n e  w i t h  a cut -off  l im i t  of 1 X 106 dal tons .  

The  c u r r e n t  p r o b l e m  in t he  p r o d u c t i o n  of i n a c t i v a t e d  
in f luenza  vacc ine  is t h e  comple t e  e l imina t ion  of hens '  egg 
p r o t e i n  impur i t i e s  p r e s e n t  in  t h e  a l lan to ic  fluid,  in o rde r  
to  min imize  t h e  h i g h  inc idence  of pos t -vacc ina l  reac t ions .  
Of t h e  severa l  m e t h o d s  which  h a v e  been  pub l i shed  for  
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Concentration and purification of 30 1 of inactivated influenza 
A (MRC 12) virus suspension. The columns represent the ratio of PN 
in the retentate (black) and filtrate (white). Flow rate (O) and HA 
activity (O) are also given. The purification is represented by an 
analysis of 3 washing volumes. 

large scale pu r i f i ca t ion  of i n a c t i v a t e d  in f luenza  v i rus  
suspens ions  1-6, t he  zonal  u l t r a c e n t r i f u g a t i o n  t e c h n i q u e  is 
the  m o s t  wide ly  used 3,~. As these  m e t h o d s  h a v e  some 
d rawbacks ,  o t h e r  phys i ca l  t e c h n i q u e s  can  offer a more  
a d v a n t a g e o u s  a p p r o a c h  to  fac i l i t a te  e l imina t ion  of soluble  
impur i t i e s  f rom in f luenza  v i ru s  suspens ions .  
M e m b r a n e  u l t r a f i l t r a t i o n  ha s  been  used u n t i l  now on ly  as 
a c o n c e n t r a t i o n  s tep.  I n  t h i s  p a p e r  we h a v e  repor ted  t h e  
resu l t s  o b t a i n e d  us ing  t he  m e m b r a n e  w i t h  cut-off  l imi t s  
of 1 x l06 da l tons ,  in  t h e  large-scale  pur i f i ca t ion  of 
in f luenza  vaccine.  
Results and discussion. Pur i f i ca t i on  of in f luenza  vacc ine  
is ba sed  on  t he  fac t  t h a t  m o s t  impur i t i e s  are soluble  
macromolecu les  w i t h  a mol.  w t  less t h a n  1 x 106 da l tons ,  
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Method Virus Volume (ml) PN (mg/ml) PN HA/mg PN Purification 
Start Final~ Start Final eliminated Start Final factor 

(%) Y 

Virus recovery b 
(%) 

MF B • 1 4100 695 0 . 7 7 6  0 .024  96.9 827 25725 31.1 100 
MF A-MRC 12 30000 3000 0 . 6 4 4  0 .027  95.8 3975 94815 23.8 100 
MF B x i 30000 3000 0.721 0 .029  96.0 718 17655  24.6 100 
MF + chromatography B x i a 50 . 83 0.11 0.026 76.4 72727 280827 3.9 93.3 
MF + chromatography B x 1 e 50 265 0.938 0.600 36 68230 88274 1.3 82.8 
MF + zonal 
ultracentrifuge A-MRC 12 a 3000 100 0.27 0.032 88.1 94815 686185 7.2 86.7 

PN recalculated according to the initial volume; b Virus recovery expressed as HA value. HA tests performed at room temperature in tubes 
using 2fold dilutions of virus in 0.5 ml of PBS + 0.5 ml RBC. HA was read as the highest dilution causing complete RBC agglutination; 
cSepharose 2B chromatography perlormed on 3,7 • 54 cm column; aVirus concentrated 10 • ; eVirus concentrated 100 x.  

and  which  could therefore  be sepa ra t ed  f rom virus  par t i -  
cles by  m e m b r a n e  molecular  f i l t ra t ion.  The process  has  
been  pe r fo rmed  wi th  t he  Pel l icon | Casset te  Sys tem,  
using P S V P  m e m b r a n e s  w i th  a cut -off  l imit  of 1 • 10 s 
da l tons  (Millipore, Bedford ,  Mass., USA),  and  a p i s ton  
p u m p  genera t ing  4 a t  working  pressure.  
Fo r  these  exper iments ,  m e m b r a n e s  w i th  a to ta l  surface 
of 4600 em * were chosen.  Lo ts  of MRC 12 t y p e  A and  
B x i t y p e  B inac t iva ted  inf luenza virus  s t ra ins  were used 
in a m o u n t s  of 4-30 1. The s t a r t i ng  suspensions  had  a pro-  
te in  n i t rogen  con t en t  (PN) of 0.6-0.8 mg/ml ;  hemoag-  
g lu t in in  value (HA/mg PN) 1100-4000 for t y p e  A and  
700-2000 for t ype  B. Posi t ive  po lyac ry lamide  gel electro-  
phores is  (PAGE) and  immunoe lec t rophores i s  ( IEP)  
aga ins t  hens '  egg pro te ins  were found  in all lots. 
The virus suspension was f irs t  c o n c e n t r a t e d  (from 10:1 to  
a m a x i m u m  of 100:1) b y  forced t angen t i a l  flow th ro u g h  
P S V P  membranes .  The r e t e n t a t e  was t h e n  washed  wi th  
0.1 M p h o s p h a t e  buffer  p H  7.3, unt i l  c o n s t a n t  P N  was 
ob ta ined .  
A typ ica l  ana ly t ica l  fol low-up of t he  comple te  cycle is 
shown  in the  figure. The whole cycle was carr ied ou t  in 
9 h. Analys is  of the  r e t e n t a t e  ob ta ined  af ter  washing  
showed 96% el iminat ion  of P N  and  a pur i f ica t ion  fac tor  

of 23-40, expressed  as the  ra t io  be tween  the  final and  
s t a r t ing  H A / m g  P N  value.  I E P  and  P A G E  contro l  for 
hens '  egg p ro te ins  were nega t ive  in all lots p repa red  by  
th is  me thod .  The recovery  of inf luenza viruses calcula ted 
as H A  ac t iv i ty  was 100%. In  order  to find ou t  to w h a t  
e x t e n t  it  is possible to e l imina te  residual  impur i t ies  f rom 
membrane -pu r i f i ed  vaccine,  t he  r e t en t a t e s  were e i ther  
c h r o m a t o g r a p h e d  t h r o u g h  a Sepharose  2B co lumn 
(Pharmac ia  AB Uppsala ,  Sweden) or u l t racen t r i fuged  
wi th  a zonal centr i fuge (Beckman,  t y p e  L2-65B equ ipped  
wi th  a ro tor  t y p e  CF-32 Ti). The resul ts  are shown in the  
table.  W i t h  th is  simple, 1-step concen t ra t ion  and  purifi-  
ca t ion me thod ,  more  t h a n  95% of P N  were e l iminated ,  
as shown in t he  3 lots p re sen ted  in the  table.  
I t  has  also been  shown t h a t  fu r the r  process ing  of M F  
membrane -pu r i f i ed  r e t en t a t e ,  e i ther  wi th  zonal  ul t ra-  
centr i fuge or by  Sepharose  ch ro ma t o g rap h y ,  resul ts  in 
reduc t ion  of P N  to less t h a n  1%, in cases where  e x t r e m e l y  
h igh  p u r i t y  is required.  In  compar i son  wi th  o the r  me t h ods  
used for inf luenza vaccine concen t ra t ion  and  pur i f icat ion,  
MF m e m b r a n e s  w i th  an exclusion l imit  of 1 x 10 e da l tons  
have  the  a d v a n t a g e s  of h igher  yield, more  rap id  working 
cycles, and  e x t r e m e l y  s imple m a n a g e m e n t  of molecular  
f i l t ra t ion.  

A n e w l y  d e s i g n e d  d e c a n t a t i o n  f o r  purified synaptic vesicle 
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Summary. A new decan t ing  device of fine stainless steel  needles  has been  developed,  wh ich  can remove  a layer  f rom a 
g rad ien t  w i th  l i t t le con t amina t i on  f rom the  ad j acen t  uppe r  or lower layers.  This  new a p p a r a t u s  can be used for re- 
mova l  of a ve ry  na r row b a n d  f rom a dens i ty  g rad ien t  and  has  been  sdccessful ly used in the  f rac t iona t ion  of synap t i c  
vesicles f rom bra in  homogena tes .  

There  are m a n y  i n s t r u m e n t s  avai lable  for mark ing  the  
d e n s i t y  g rad ien ts  used in u l t ra -cen t r i fuga l  f rac t ion-  
a t i on l ,  ~. However ,  l i t t le  a t t e n t i o n  has  been paid  to 
d e c a n t a t i o n  and  to  t he  p rob lems  of con t amina t i o n  be- 
tween  ad jacen t  layers  which  are  encoun te red  wi th  the  
rou t ine  m e t h o d  3-5. A new decan t ing  device of fine s ta in-  
less s teel  needles  is shown in figure 1. 
Methods and results. Fine  needles  of ou te r  d i ame te r  0.4 
m m  g were used in t he  device as shown  in figure 1. We  
h a v e  called the  device a 'mul t i - f ine  needle '  decanter .  25 
s ta inless  s tee lneed les  were gen t ly  inser ted  in to  the  solut ion 
in t he  cen t r i fuga t ion  tube  (d iameter  14 mm) and  a layer  
of the  solut ion was pushed  ou t  b y  appl ied  pressure.  The 

out f low ra te  could be cont ro l led  by  a l ter ing the  pressure  
by  using an O-ring. The co n t ami n a t i o n  made  by  tu rbu -  
lence a round  each of the  needle  t ips  was reduced  to a 
m i n i m u m  co mp ared  to t he  conven t iona l  m e t h o d s  shown 
in figure 2. Quant i t ies  as l i t t le  as 0.5 ml  could be r emoved  
f rom the  tube  w i t h o u t  con tamina t ion .  For  a layer  

1 R.J .  Britten and B. B. Roberts, Science 113, 32 (1958). 
2 American Patash and Chemical Corporation. 
3 R.J .  Heckly, Science 127, 233 (1958). 
4 R.J .  Heckly, Analyt. Biochem. 1, 97 (1960). 
5 V.P.  Whittaker, Meth. Neurochem; 2, 1 (1972). 


