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Description 

This  invention  relates  to  a  method  for  purifying 
single-chain  and/or  double-chain  tissue  plas- 
minogen  activator  (hereinafter  referred  to  as  sc-tPA 
and  dc-tPA,  respectively)  from  a  mixture  containing 
sc-tPA  and/or  dc-tPA. 

tPA  (tissue  plasminogen  activator)  is  a  protein 
which  is  produced  in  a  tissue  of  a  higher  animal, 
serves  to  activate  plasminogen,  a  precursor  of 
plasmin  which  is  known  to  be  a  proteolytic  enzyme 
specifically  to  fibrin,  and  has  now  being  brought 
into  a  focus  as  a  potential  thrombolytic  agent. 

tPA  has  two  molecular  forms,  single-chain  tPA 
and  double-chain  tPA,  having  the  same  molecular 
weight  (about  70,000  daltons)  and  is  obtained  as  a 
mixture  in  ordinary  procedures  for  tPA  production. 
A  double-chain  form  has  about  10-fold  higher  activ- 
ity  for  activation  of  plasminogen  than  a  single-chain 
form  (European  Patent  Publication  No.  112122A). 
However,  it  is  known  that  sc-tPA  has  a  stronger 
capacity  of  binding  to  fibrin  than  dc-tPA  and,  once 
bound  to  fibrin,  is  quickly  converted  to  dc-tPA  (D.C. 
Rijken  et  al.,  J.  Biol.  Chem.  257,  2920-2925,  1982). 
Consequently,  in  the  treatment  of  thrombosis  by 
tPA,  an  increased  binding  capacity  of  tPA  to  fibrin 
in  the  clotting  of  blood  should  be  obtained  by  using 
a  tPA  mixture  containing  an  increased  amount  of 
sc-tPA  or  by  using  a  preparation  containing  sc-tPA 
only. 

Under  these  circumstances  and  also  in  order  to 
investigate  properties  and  functions  of  tPA  in  more 
detail,  there  has  been  a  need  for  improved  meth- 
ods  for  obtaining  the  single-chain  form  exclusively 
and  for  isolating  the  single-chain  and  double-chain 
forms  separately  from  a  mixture  thereof. 

A  method  previously  known  for  preparing  tPA, 
for  example,  comprises  culturing  cells,  which  are 
indigenously  capable  of  producing  tPA  or  manipu- 
lated  to  carry  tPA  gene,  and  then  isolating  tPA 
from  the  resultant  cultured  cells  and/or  from  the 
culture  supernatant.  For  example,  the  above-men- 
tioned  European  Patent  Publication  No.  112122A 
disclosed  a  method  of  purifying  tPA  using  an 
Erythrina  trypsin  inhibitor  (hereinafter  referred  to  as 
ETI),  or  an  immobilized  Kunits  inhibitor,  which  is 
produced  in  seeds  of  Erthrina  latissima  and  other 
Erythrina  plants  and  acfs  as  an  inhibitor  to  trypsin, 
plasmin  and  tPA  but  not  to  urokinase.  In  this  meth- 
od,  however,  a  separate  isolation  of  sc-tPA  from 
dc-tPA  was  not  taken  into  consideration. 

In  a  method  previously  known  for  preparing  sc- 
tPA,  a  proteinase  inhibitor  such  as  Aprotinin  is 
added  to  a  culture  medium  to  suppress  conversion 
of  tPA  from  single-chain  to  double-chain  form  (D.C, 
Rijken  et  al.,  J.  Biol.  Chem.  256,  7035-7041,  1981). 

In  another  method  for  purifying  sc-tPA,  an  im- 
mobilized  monoclonal  antibody  which  adsorbs  spe- 

cifically  sc-tPA  is  used  (catalogue  by  BioPool,  Swe- 
den).  This  method,  however,  is  inferior  to  the  meth- 
od  with  ETI  in  respect  of  the  capacity  for  adsorbing 
tPA  and  stability  of  the  column  to  be  used.  More- 

5  over  and  disadvantageously,  this  method  cannot 
remove  a  protein  impurity  with  a  molecular  weight 
of  110,000  ±  20,000  daltons  and  which  potentially 
acts  as  an  antigen  to  react  with  an  anti-human  tPA 
antibody. 

io  In  the  course  of  various  investigations  on  meth- 
ods  for  purifying  tPA  from  a  crude  tPA  preparation 
in  tPA  production,  four  of  the  present  inventors 
developed  a  method  for  isolating  and  removing  the 
protein  which  has  a  molecular  weight  of  110,000  ± 

75  20,000  daltons  and  reacts  with  an  anti-human  tPA 
antibody  produced  in  a  culture  medium  containing 
fetal  calf  serum;  and  a  method  for  culturing  trans- 
formed  cells  produced  by  gene  manipulation  and 
separating  selectively  human-cell  derived  tPA  from 

20  host-cell  derived  tPA  (European  Patent  Application 
No.  0210870). 

And  further,  in  the  course  of  extensive  inves- 
tigations  on  various  characteristics  of  sc-tPA  and 
dc-tPA,  the  present  inventors  found  out  that  these 

25  two  forms  of  tPA  vary  in  an  affinity  with  ETI. 
An  object  of  the  present  invention  is  to  provide 

a  method  for  isolating  sc-tPA  and  dc-tPA  effec- 
tively  and  easily  from  a  mixture  thereof. 

Another  object  of  the  present  invention  is  to 
30  provide  a  method  for  isolating  sc-tPA  and/or  dc-tPA 

from  a  crude  tPA  preparation  which  contains  sc- 
tPA  and/or  dc-tPA. 

Methods  embodying  the  invention  comprise 
the  steps  of  bringing  a  mixture  containing  sc-tPA 

35  and/or  dc-tPA  into  close  contact  with  an  immo- 
bilized  ETI  column  to  adsorb  tPA  and  then  eluting 
selectively  desired  sc-tPA  and/or  dc-tPA  by  chang- 
ing  the  pH  of  eluents  to  elute  tPA. 

Either  one  of  the  two  forms  may  be  purified  or 
40  the  two  forms  can  be  isolated  from  each  other  and 

purified  as  desired. 
The  invention  provides  a  method  for  separately 

purifying  single-chain  tissue  plasminogen  activator 
(tPA)  and  double-chain  tPA  characterised  by  the 

45  steps  of:  (a)  bringing  a  mixture  containing  single- 
chain  and  double-chain  tPA  into  close  contact  with 
an  adsorbent  (e.g.  contained  in  a  column)  carrying 
an  immobilized  Erythrina  trypsin  inhibitor  as  an 
affinity  agent  to  adsorb  these  tPAs  onto  said  adsor- 

50  bent;  (b)  treating  said  adsorbent  with  an  eluent 
having  a  pH  ranging  from  4.5  to  6.0  to  elute  single- 
chain  tPA  selectively;  and  (c)  treating  said  adsor- 
bent  with  an  eluent  having  a  pH  lower  than  4.5  to 
elute  double-chair  tPA  selectively. 

55  The  invention  also  provides  a  method  for  pu- 
rifying  single-chain  tPA  from  a  mixture  containing 
single-chain  tPA,  characterised  by  the  steps  of 
bringing  a  mixture  containing  single-chain  tPA  into 

3 
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close  contact  with  an  adsorbent  (e.g.  contained  in  a 
column)  carrying  an  immobilized  Erythrina  trypsin 
inhibitor  as  an  affinity  agent  and  then  selectively 
eluting  single-chain  tPA  which  has  been  adsorbed 
onto  said  adsorbent  with  an  eluent  with  a  pH  rang- 
ing  from  4.5  to  6.0. 

The  invention  also  provides  use  of  single-chain 
tPA  purified  by  a  method  according  to  the  invention 
for  the  manufacture  of  a  medicament  for  use  in  the 
treatment  of  thrombosis. 

In  another  aspect  of  this  invention,  sc-tPA 
and/or  dc-tPA  can  be  effectively  isolated  and  puri- 
fied  by  adding  guanidine  or  amidine  derivatives, 
such  as  arginine  or  benzamidine,  to  the  eluent. 

The  present  invention  is  applicable  indepen- 
dently  of  the  type  of  cells  producing  the  tPA;  sc- 
tPA  and/or  dc-tPA  can  be  isolated  from  any  of 
mammalian  cells  such  as  melanoma  cells  and  hu- 
man  normal  cells  or  from  cells  with  human  tPA 
gene  incorporated  by  gene  manipulation.  In  addi- 
tion,  sc-tPA  and  dc-tPA  may  be  isolated  and  puri- 
fied  from  a  serum-added  medium  as  well  as  from  a 
serum-free  medium,  that  is,  independently  of  con- 
stituents  of  the  culture  medium. 

There  now  follows  a  description  of  embodi- 
ments  of  the  invention.  This  description  is  given  by 
way  of  example  only  and  not  by  way  of  limitation  of 
the  invention. 

In  one  embodiment  a  mixture  containing  sc-tPA 
and  dc-tPA  is  first  run  through  a  column  carrying 
an  immobilized  ETI  to  adsorb  tPA;  sc-tPA  is  then 
eluted  with  an  eluent  having  a  pH  ranging  from  4.5 
to  6.0  and  dc-tPA  is  eluted  with  an  eluent  with  a  pH 
lower  than  4.5. 

In  another  embodiment,  a  mixture  containing 
sc-tPA  and/or  dc-tPA  is  run  through  a  column  car- 
rying  an  immobilized  ETI,  and  then  if  sc-tPA  exclu- 
sively  is  desired,  the  column  is  treated  with  an 
eluent  with  a  pH  ranging  from  4.5  to  6.0  and  if  dc- 
tPA  exclusively  is  desired,  the  column  is  treated 
with  an  eluent  with  a  pH  lower  than  4.5.  Thus, 
either  of  sc-tPA  or  dc-tPA  can  be  isolated  and 
purified  as  needed. 

The  above-mentioned  procedure  for  isolation 
and  purification  can  be  efficiently  carried  out  by 
adding  an  amidine  derivative  or  a  guanidine  deriva- 
tive,  such  as  arginine  or  benzamidine,  as  an  ad- 
ditive  to  the  eluent.  For  example,  an  eluting  pattern 
with  sufficiently  sharp  activity  peak(s)  for  tPA  can 
be  always  obtained  under  various  eluting  condi- 
tions  which  include  varieties  in  column  size  and  the 
like. 

Preferred  examples  of  a  carrier  for  ETI  immo- 
bilization  include  insoluble  agarose,  dextran,  cel- 
lulose,  polyacrylamide,  and  polyethylene  glycidyl- 
metacrylate  polymer.  Preferred  examples  of  a 
method  for  ETI  immobilization  include  known  meth- 
ods  such  as,  typically,  a  method  of  binding  ETI  to 

a  carrier  being  pre-activated  with  cyanogen- 
bromide,  a  carbo-imido  coupling  method  in  which  a 
free  amino  group  is  bound  to  a  free  carboxyl 
group,  and  a  glutar-aldehyde  coupling  method  in 

5  which  an  amino  group  is  bound  to  a  carrier  pre- 
viously  converted  to  an  aminoalkyl  form.  Another 
example  for  an  immobilized  ETI  carrier  is  a 
periodate-activated  one,  in  which  an  aldehyde 
group  formed  therein  reacts  with  an  amino  group  in 

io  ETI  at  a  pH  between  4  to  6  to  form  a  Schiff  base, 
and  is  then  reduced  by  sodium  borohydride  or 
sodium  cyanoborohydride.  Further,  a  material  for  a 
carrier  can  be  converted  to  a  hydrazid-succinyl 
derivative  in  which  a  carboxyl  ligand  is  to  be  bound 

is  to  an  amino  group  through  EDC  (1-ethyl-3-(3- 
dimethylaminopropyl)carbodiimide)  or  diazoniza- 
tion.  Cellulose  fibers  and  particles  are  to  be  con- 
verted  to  hydrazid  derivatives  and  can  be  applied 
according  to  the  method  of  Parikh  et  al  (Methods  in 

20  Enzymology,  34,  77-102,  editors;  W.B.  Jakobi  and 
Wilcheck,  Academic  Press,  N.Y.).  Polyacrylamide 
particles  can  be  bound  directly  by  a  glutar-al- 
dehyde  coupling  method  or  through  diazonization 
of  a  p-aminobenz-amidoethyl  derivative  or  a 

25  hydrazid  derivative. 
Eluents  to  be  used  for  eluting  tPA  include  acid 

solutions  having  pHs  below  6,  water-soluble  salt 
solutions  and  buffer  solutions. 

Preferred  examples  of  such  an  acid  solution 
30  include  those  containing  at  least  one  acid  selected 

from  the  group  of  acids  comprising,  typically,  citric 
acid,  oxalic  acid,  lactic  acid,  succinic  acid,  acetic 
acid,  phthalic  acid,  glutamic  acid,  aspartic  acid, 
adipic  acid,  phosphoric  acid,  and  hydrochloric  acid. 

35  Preferred  examples  of  such  a  water-soluble  salt 
solution  include  aqueous  solutions  containing  at 
least  one  salt  selected  from  the  group  of  salts 
comprising,  typically,  sodium  chloride,  potassium 
chloride,  lithium  chloride,  ammonium  chloride,  bari- 

40  urn  chloride,  calcium  chloride,  magnesium  chloride, 
sodium  sulfate,  ammonium  sulfate,  potassium  ni- 
trate,  potassium  thiocyanate,  sodium  thiocyanate, 
ammonium  thiocyanate. 

Further,  preferred  examples  of  such  a  buffer 
45  solution  include  a  sodium  phosphate  buffer,  a  po- 

tassium  phosphate  buffer,  a  Veronal  buffer,  admix- 
tures  in  a  combination  such  as  sodium  phosphate- 
phosphoric  acid,  potassium  phosphate-phosphoric 
acid,  citric  acid-sodium  citrate,  succinic  acid-bo- 

50  rate,  lactic  acid-sodium  lactate,  acetic  acid-sodium 
acetate,  oxalic  acid-sodium  oxalate, 
glycinehydrochloric  acid,  and  potassium 
hydrogenphthalate-sodium  hydroxide. 

These  eluents  may  further  contain  one  or  more 
55  water  soluble  organic  solvents. 

Preferred  concentrations  of  an  additive  consist- 
ing  of  an  amidine  derivative  or  a  guanidine  deriva- 
tive  to  be  used  for  eluting  tPA  range  from  1  mM  to 
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maximum  solubility  thereof.  For  example,  at  a  pH 
between  4.5  to  6.0,  the  concentration  applicable 
decreases  in  proportion  to  approach  of  the  pH  to 
4.5,  while  a  higher  concentration  is  needed  in  pro- 
portion  to  an  approach  of  the  pH  to  6.0. 

An  embodiment  of  the  present  invention  com- 
prises  running  a  cell  culture  supernatant  containing 
human  tPA  through  an  ETI  column  to  adsorb  tPA, 
removing  undesired  proteins  by  washing,  subse- 
quently  recovering  from  the  column  sc-tPA  using 
an  eluent  with  a  pH  ranging  from  4.5  to  6.0  with  an 
additive  and  then  recovering  dc-tPA  by  changing 
the  pH  of  the  eluent  to  below  4.5. 

It  is  known  to  those  skilled  in  the  art  that  an 
amidine  derivative  or  a  guanidine  derivative  binds 
competitively  to  an  active  center  of  a  trypsin-like 
proteinase  to  dissociate  an  enzyme-inhibitor  com- 
plex.  However,  it  is  entirely  a  novel  technique  to 
apply  this  phenomenon  to  such  a  specific  case  as 
isolation  of  sc-tPA  and  dc-tPA  in  appropriate  con- 
ditions  for  the  isolation. 

If  the  starting  material  to  be  treated  possibly 
contains  a  small  quantity  of  undesired  substances 
such  as  trypsin-like  enzymes,  etc.,  these  sub- 
stances  may  be  adsorbed  to  or  desorbed  from  ETI 
and  act  as  interfering  factors  in  the  purification 
process  Consequently,  if  necessary,  a  pre-treat- 
ment  for  removing  these  undesired  substances  is 
to  be  recommended. 

This  removing  procedure  is  carried  out  by  us- 
ing  an  immobilized  soybean  trypsin  inhibitor 
(hereinafter  referred  to  as  STI),  or  another  Kunits- 
type  inhibitor,  which  is  produced  in  soybean  seeds 
and  has  a  similar  molecular  weight  to  ETI  and  an 
amino  acid  sequence  80%  or  more  of  which  is 
homologous  to  ETI. 

STI  is  very  similar  to  ETI  in  its  specificity,  but 
does  not  inhibit  tPA.  A  combined  use  of  these  two 
inhibitors  results  in  a  selectivity  comparable  to  that 
accomplished  by  using  an  immobilized  anti-human 
tPA  monoclonal  antibody.  This  procedure  com- 
prises  running  a  cell  culture  supernatant  containing 
human  tPA  through  an  immobilized  STI  column  to 
bind  for  removal  a  portion  of  a  small  quantity  of 
undesired  proteinases  included  in  the  culture 
supernatant,  then  running  the  resultant  effluent 
through  an  immobilized  ETI  column  to  bind  tPA, 
washing  the  ETI  column  to  remove  undesired  pro- 
teins,  and  finally  isolating  and  purifying  sc-tPA  and 
dc-tPA  separately  by  changing  the  eluent  pH. 

The  method  may  be  applicable  independently 
of  the  type  of  cells  containing  tPA.  It  is  possible  to 
isolate  and  purify  sc-tPA  and/or  do-tPA  from  any 
type  of  cells  such  as  melanoma  cells,  human  nor- 
mal  cells  and  cells  transformed  with  human  tPA 
gene  by  gene  manipulation.  In  addition,  it  is  possi- 
ble  to  isolate  and  purify  sc-tPA  and/or  dc-tPA  from 
a  serum-added  culture  supernatant  as  well  as  from 

a  serum-free  culture  supernatant,  that  is,  indepen- 
dently  of  the  constituents  of  the  culture  medium. 

The  method  provided  is  appropriately  applica- 
ble  at  any  desired  stage  of  isolation  and  purification 

5  of  sc-tPA  and/or  dc-tPA  in  various  treatments  of,  or 
preparative  procedures  for,  tPA.  For  example,  isola- 
tion  and  purification  of  desired  sc-tPA  and/or  dc- 
tPA  is  accomplished  by  culturing  cells  capable  of 
producing  tPA  to  produce  tPA  and  then  treating  the 

io  resultant  mixture  derived  from  the  culture  by  a 
method  embodying  the  invention.  The  mixture  de- 
rived  from  the  culture  may  be  a  crude  extract  of 
culture  cells,  a  cell-free  culture  supernatant  or  a 
processed  material  of  these. 

15 
Example  1  : 

A  column  carrying  an  immobilized  affinity 
agent,  ETI  or  STI,  to  be  used  in  the  examples 

20  hereinafter  was  prepared  in  the  following  manner. 
In  accordance  with  the  method  of  Joubert  et  al. 

(Hoppe-Seyler's  Z.  Physiol.  Chem.  362,  531-538, 
1981),  seeds  of  Erythrina  latissima  were  collected 
and  prepared.  Ground  and  defatted  seeds  were 

25  allowed  to  stand  overnight  at  10°  C  in  a  0.5  M  NaCI 
solution  for  extraction.  The  solution  with  the  seeds 
was  centrifuged  to  collect  supernatant  and  the  in- 
tended  substance  was  collected  from  the  super- 
natant  by  ammonium  sulfate  precipitation.  The  ma- 

30  terial  thus  prepared  was  subjected  to  chromatog- 
raphy  successively  on  Sephadex  G-50  (Pharmacia 
Fine  Chemicals),  DEAE-cellulose  (Phoenix  Chemi- 
cals)  and  DEAE-Sepharose  (Pharmacia  Fine 
Chemicals).  The  resultant  purified  preparation,  ex- 

35  hibited  a  single  band  of  an  apparent  molecular 
weight  of  22,000  daltons  when  subjected  to  elec- 
trophoresis  in  a  15%-polyacrylamide  gel  containing 
0.1%  sodium  dodecylsulfate  (SDS). 

Twenty  six  milligrams  of  [his  purified  prepara- 
40  tion  was  to  be  bound  onto  5  ml  of  bromocyanide- 

activated  agarose  (Sepharose,  Pharmacia  Fine 
Chemicals),  equilibrated  with  a  phosphate  buffer, 
pH  7.4,  containing  0.4  M  NaCI,  0.1%  Triton  X-100 
(Wako  Jun-yaku  Co.,  Japan)  and  0.02%  sodium 

45  azide  as  an  stabilizer,  and  was  finally  packed  into  a 
disposable  plastic  syringe  to  form  a  5-ml  column 
(hereinafter  referred  to  as  ETI-Sepharose  column). 

Twenty  five  milligrams  of  Chromatographic 
pure  STI  (from  Sigma  Co.)  was  bound  to  5  ml  of 

50  bromocyanide-activated  agarose,  equilibrated  with 
a  phosphate  buffer,  pH  7.4,  containing  0.4  M  NaCI 
and  0.1%  Triton  X-100,  and  finally  packed  into  a 
disposable  plastic  syringe  to  form  a  5-ml  column 
(hereinafter  referred  to  as  STI-Sepharose  column). 

55 
Example  2: 

Two  liters  of  a  culture  supernatant  of  human 

5 
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melanoma  cells  (Bowes,  ATCC  CRL  1224  G361) 
containing  10%  heat-inactivated  (at  56  °C  for  30 
minutes)  fetal  calf  serum  and  20  KIU  (kallikrein 
inhibitor  units)/ml  Aprotinin  was  stabilized  with 
0.02%  Tween  80  (Wako  Jun-yaku  Co.,  Japan)  and 
0.4  M  NaCI  and  subjected  to  the  STI-Sepharose 
column. 

The  effluent  from  the  STI  column  was  collected 
and  the  plasminogen-dependent  fibrinolytic  activity 
was  measured.  About  98%  of  the  activity  applied  to 
the  column  was  detected.  The  effluent  was  stabi- 
lized  with  1  .0  M  NaCI  (final  concentration)  and  then 
subjected  to  an  ETI-Sepharose  column. 
The  effluent  from  the  ETI  column  was  collected 
and  the  plasminogen-dependent  fibrinolytic  activity 
was  measured.  About  10%  of  the  activity  applied  to 
the  column  was  detected.  By  zymography  with  an 
anti-human  tPA  antibody  after  SDS-polyacrylamide 
gel  electrophoresis,  the  effluent  exhibited  two  frac- 
tions  for  plasminogen  activator,  one  with  a  molecu- 
lar  weight  of  110,000  ±  20,000  daltons  and  the 
other  with  a  molecular  weight  of  70,000  daltons. 
After  running  all  the  effluent  through  the  column, 
the  column  was  washed  with  a  20-fold  column 
volume  of  a  fluid  containing  1  .0  M  NaCI  and  0.2% 
Tween  80.  The  fluid  recovered  had  about  5%  of 
the  activity  applied  on  the  column  and  exhibited 
two  plasminogen  activator  fractions  by  zymog- 
raphy,  one  with  a  molecular  weight  of  110,000  ± 
20,000  daltons  and  the  other  with  a  molecular 
weight  of  70,000  daltons. 

Proteins  adsorbed  on  the  column  were  eluted 
applying  a  linear  pH  gradient  from  5.5  to  3.0  using 
0.2  M  citric  acid  buffers  containing  0.15  M  NaCI. 

By  this  elution,  two  activity  peaks  were  ob- 
served,  one  peak  eluted  at  the  pH  between  5.2  to 
4.5  and  the  other  at  the  pH  between  4.5  to  3.7. 
These  two  fractions  exhibited  a  common  molecular 
weight  of  70,000  daltons  on  SDS-polyacrylamide 
gel  electrophoresis.  The  activity  of  these  fractions 
combined  was  about  80-85  %  of  the  activity  ap- 
plied  on  the  column. 

These  two  fractions  after  the  reduction  with 
betamercaptoethanol  were  subjected  to  SDS- 
polyacrylamide  gel  electrophoresis,  and  then  a  sil- 
ver  staining  analysis.  It  was  revealed  that  the  frac- 
tion  eluted  at  the  pH  ranging  from  5.2  to  4.5 
exhibited  a  band  with  a  molecular  weight  of  70,000 
daltons  or  rather  slower  migrating  band  on  the  gel 
after  the  reduction,  whereas  the  fraction  eluted  at 
the  pH  ranging  from  4.5  to  3.7  exhibited  a  band 
with  molecular  weight  of  30,000  to  40,000  daltons 
but  the  band  with  a  molecular  weight  of  70,000 
daltons  disappeared  after  the  reduction.  From  this 
result,  the  tPA  eluted  with  the  buffer  at  the  pH 
between  5.2  to  4.5  was  identified  as  sc-tPA  and  the 
tPA  eluted  at  the  pH  between  4.5  to  3.7  was 
identified  as  dc-tPA. 

Example  3: 

Two  liters  of  a  culture  supernatant  of  human 
fetal  foreskin  cells  (Flow  7000  (Flow  Laboratories 

5  Inc.  USA))  containing  10%  heat-inactivated  (at 
56  °C  for  30  minutes)  fetal  calf  serum  and  20  KIU 
/ml  Aprotinin  was  stabilized  with  0.02%  Tween  80 
and  0.4  M  NaCI  and  subjected  to  a  STI-Sepharose 
column  in  the  same  manner  as  described  in  Exam- 

io  pie  2. 
The  effluent  from  the  STI  column  was  collected 

and  the  plasminogen-dependent  fibrinolytic  activity 
was  measured.  About  98%  of  the  activity  applied  to 
the  column  was  detected.  The  effluent  was  stabi- 

15  lized  with  1  .0  M  NaCI  (final  concentration)  and  then 
subjected  to  an  ETI-Sepharose  column. 

The  effluent  from  the  ETI  column  was  collected 
and  the  plasminogen-dependent  fibrinolytic  activity 
was  measured.  About  45%  of  the  activity  applied  to 

20  the  column  was  detected.  By  zymography  with  an 
anti-human  tPA  antibody  after  SDS-polyacrylamide 
gel  electrophoresis,  the  effluent  exhibited  several 
fractions,  or  bands,  for  plasminogen  activator,  a  few 
bands  approximate  molecular  weight  of  100,000 

25  daltons,  several  bands  approximately  50,000  to 
70,000  daltons  and  one  band  approximately  35,000 
daltons. 

The  ETI-sepharose  column  was  washed  with  a 
20-fold  column  volume  of  0.1  M  NH4HCO3,  pH  7.5, 

30  containing  1.0  M  NaCI  and  0.2%  Tween  80.  The 
fluid  recovered  had  about  5%  of  the  activity  ap- 
plied  on  the  column  and  exhibited  the  same 
zymographic  bands  as  described  above. 

Elution  was  carried  out  in  the  same  manner  as 
35  described  in  Example  2,  except  that  buffers  con- 

taining  0.1  5M  NaCI  and  0.1  M  glycine,  pH  4.5  and 
pH  3.5,  were  applied. 

As  a  result,  an  eluting  pattern  similar  to  that  in 
Example  2  was  observed.  The  activity  of  the  frac- 

40  tions  combined  was  about  40-50  %  of  the  activity 
applied  on  the  column.  These  two  fractions  exhib- 
ited  a  common  molecular  weight  of  70,000  daltons 
on  SDS-polyacrylamide  gel  electrophoresis.  These 
two  fractions  after  the  reduction  with  beta-mercap- 

45  toethanol  were  subjected  to  SDS-polyacrylamide 
gel  electrophoresis,  and  then  a  silver  staining  ana- 
lysis.  It  was  revealed  that  fraction  eluted  with  the 
pH  4.5  buffer  had  a  molecular  weight  of  70,000 
daltons  and  did  not  exhibit  a  change  in  molecular 

50  weight  or  rather  slower  migrating  band  on  the  gel 
after  the  reduction,  whereas  the  fraction  eluted  with 
the  pH  3.5  buffer  exhibited  a  band  for  molecular 
weight  of  30,000  to  40,000  daltons  but  no  band 
corresponding  to  a  band  for  the  molecular  weight 

55  of  70,000  daltons  after  the  reduction.  From  this 
result,  the  tPA  eluted  at  pH  4.5  was  identified  as 
sc-tPA  and  the  tPA  eluted  at  pH  3.5  was  identified 
as  dc-tPA. 

6 
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Example  4: 

Two  liters  of  a  culture  supernatant  of  mouse 
fibroblast  cells  transformed  with  human  tPA  gene 
(European  Patent  Application  No.  86  30  9250.8), 
supplemented  with  2%  heat-inactivated  (at  56  °  C 
for  30  minutes)  fetal  calf  serum  and  20  KlU/ml 
Aprotinin,  was  stabilized  with  0.02%  Tween  80  and 
0.4  M  NaCI  and  subjected  to  a  STI-Sepharose 
column. 

The  effluent  from  the  STI  column  was  collected 
and  the  plasminogen-dependent  fibrinolytic  activity 
was  measured.  About  98%  of  the  activity  applied  to 
the  column  was  detected.  The  effluent  was  stabi- 
lized  with  1  .0  M  NaCI  (final  concentration)  and  then 
subjected  to  an  ETI-Sepharose  column. 

The  effluent  from  the  ETI  column  was  collected 
and  the  plasminogen-dependent  fibrinolytic  activity 
was  measured.  About  10%  of  the  activity  applied  to 
the  column  was  detected.  By  zymography  with  an 
anti-human  tPA  antibody  after  SDS-polyacrylamide 
gel  electrophoresis,  the  effluent  exhibited  two  frac- 
tions  for  plasminogen  activator,  one  with  a  molecu- 
lar  weight  of  110,000  ±  20,000  daltons  and  the 
other  with  a  molecular  weight  of  70,000  daltons. 
After  running  all  the  effluent  through  the  column, 
the  column  was  washed  with  a  20-fold  column 
volume  of  a  fluid  containing  2.0  M  NaCI  and  0.2% 
Tween  80.  The  fluid  recovered  had  about  5%  of 
the  activity  applied  on  the  column  and  exhibited 
two  plasminogen  activator  fractions  by  zymog- 
raphy,  one  with  a  molecular  weight  of  110,000  ± 
20,000  daltons  and  the  other  with  a  molecular 
weight  of  70,000  daltons. 

Proteins  adsorbed  on  the  column  were  eluted 
with  0.2  M  sodium  phosphate  solutions  containing 
0.15  M  NaCI,  pH  4.5  and  pH  3.5.  The  eluting 
pattern  similar  to  that  in  Example  2  was  obtained. 
The  activity  of  the  resultant  two  fractions  combined 
was  about  80%  of  the  activity  applied  on  the  col- 
umn.  These  two  fractions  exhibited  a  common  mo- 
lecular  weight  of  70,000  daltons  on  SDS- 
polyacrylamide  gel  electrophoresis. 

These  two  fractions  after  the  reduction  with 
beta-mercaptoethanol  were  subjected  to  SDS- 
polyacrylamide  gel  electrophoresis,  and  then  a  sil- 
ver  staining  analysis.  It  was  revealed  that  the  eluate 
with  pH  4.5  solution  exhibited  a  band  with  a  molec- 
ular  weight  of  70,000  daltons  and  thus  no  change 
in  molecular  weight  or  rather  slower  migrating  band 
on  the  gel  after  the  reduction,  whereas  the  eluate 
with  pH  3.5  solution  exhibited  a  band  with  a  molec- 
ular  weight  of  30,000  to  40,000  daltons  but  no  band 
corresponding  to  the  the  band  with  a  molecular 
weight  of  70,000  daltons  after  the  reduction.  From 
this  result,  it  was  confirmed  that  the  tPA  eluted  at 
pH  4.5  is  sc-tPA  and  the  tPA  eluted  at  pH  3.5  was 
dc-tPA. 

Example  5: 

Two  liters  of  a  culture  supernatant  of  human 
melanoma  cells  (Bowes,  ATCC  CRL  1224  G361) 

5  containing  10%  heat-inactivated  (at  56  °C  for  30 
minutes)  fetal  calf  serum  and  20  KlU/ml  Aprotinin 
was  stabilized  with  0.02%  Tween  80  and  1  M  NaCI 
and  subjected  to  an  ETI-Sepharose  column. 

The  effluent  from  the  column  was  collected 
io  and  the  plasminogen-dependent  fibrinolytic  activity 

was  measured.  About  10%  of  the  activity  applied  to 
the  column  was  detected.  By  zymography  with  an 
anti-human  tPA  antibody  after  SDS-polyacrylamide 
gel  electrophoresis,  the  effluent  exhibited  two  frac- 

15  tions  for  plasminogen  activator,  one  having  a  mo- 
lecular  weight  of  110,000  ±  20,000  daltons  and  [he 
other  having  a  molecular  weight  of  70,000  daltons. 

After  running  all  the  effluent  through  the  col- 
umn,  the  column  was  washed  with  a  20-fold  col- 

20  umn  volume  of  a  fluid  containing  2  M  NaCI  and 
0.2%  Tween  80.  The  fluid  recovered  had  about  5% 
of  the  activity  applied  on  the  column  and  exhibited 
two  plasminogen  activator  fractions  by  zymog- 
raphy,  one  with  a  molecular  weight  of  110,000  ± 

25  20,000  daltons  and  the  other  with  a  molecular 
weight  of  70,000  daltons. 

Proteins  adsorbed  on  the  column  were  eluted 
applying  a  linear  pH  gradient  from  6.5  to  3.0  using 
0.2  M  Veronal  buffers  containing  0.2  M  ben- 

30  zamidine  and  0.15  M  NaCI. 
By  this  elution,  two  activity  peaks  were  ob- 

served,  one  peak  eluted  at  the  pH  ranging  from  6.0 
to  4.5  and  the  other  at  the  pH  ranging  from  4.5  to 
3.5.  These  two  fractions  exhibited  a  common  mo- 

35  lecular  weight  of  70,000  daltons  on  SDS- 
polyacrylamide  gel  electrophoresis.  The  activity  of 
these  fractions  combined  was  about  80-85  %  of  the 
activity  applied  on  the  column. 

These  two  fractions  after  the  reduction  with 
40  beta-mercaptoethanol  were  subjected  to  SDS- 

polyacrylamide  gel  electrophoresis,  and  then  a  sil- 
ver  staining  analysis.  It  was  revealed  that  the  frac- 
tion  eluted  at  the  pH  ranging  from  6.0  to  4.5 
exhibited  a  band  with  a  molecular  weight  of  70,000 

45  daltons  and  thus  no  change  in  the  molecular  weight 
or  rather  slower  migrating  band  on  the  gel  after  the 
reduction,  whereas  the  fraction  eluted  at  the  pH 
ranging  from  4.5  to  3.5  exhibited  a  band  with  a 
molecular  weight  approximating  to  30,000  to 

50  40,000  daltons  but  the  band  with  a  molecular 
weight  of  70,000  daltons  disappeared  after  the  re- 
duction.  From  this  result,  the  tPA  eluted  with  the 
buffer  at  the  pH  between  6.0  to  4.5  was  identified 
as  sc-tPA  and  the  tPA  eluted  at  the  pH  between 

55  4.5  to  3.5  was  identified  as  dc-tPA. 

Example  6: 

7 
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Two  liters  of  a  culture  supernatant  of  human 
fetal  foreskin  cells  (Flow  7000)  containing  10% 
heat-inactivated  (at  56  °  C  for  30  minutes)  fetal  calf 
serum  and  20  KlU/ml  Aprotinin  was  stabilized  with 
0.02%  Tween  80  and  1  M  NaCI  and  subjected  to 
an  ETI-Sepharose  column. 

The  effluent  from  the  ETI  column  was  collected 
and  the  plasminogen-dependent  fibrinolytic  activity 
was  measured.  About  45%  of  the  activity  applied  to 
the  column  was  detected. 

According  to  zymography  with  an  anti-human 
tPA  antibody  after  SDS-polyacrylamide  gel  elec- 
trophoresis,  the  effluent  exhibited  several  fractions, 
or  bands,  for  plasminogen  activator,  a  few  bands 
with  molecular  weights  approximate  100,000  dal- 
tons,  several  bands  with  molecular  weights  approxi- 
mately  50,000  to  70,000  daltons  and  one  band  with 
a  molecular  weight  approximately  35,000  daltons. 

The  ETI-sepharose  column  was  then  washed 
with  a  20-fold  column  volume  of  0.1  M  disodium 
phosphate-sodium  hydroxide  buffer,  pH  9.5,  con- 
taining  2.0  M  NaCI.  The  fluid  recovered  had  about 
5%  of  the  activity  applied  on  the  column  and 
exhibited  the  same  bands  as  described  above  by 
zymography. 

Elution  was  carried  out  with  0.1  M  sodium 
phosphate-phosphoric  acid  solution  containing  0.3 
M  arginine  and  0.15  M  NaCI  (pH  5.5)  and  0.2  M 
citric  acid  buffer  (pH  3.0)  containing  0.15  M  NaCI. 

As  a  result,  two  fractions  were  obtained  from 
the  eluate  with  buffers  having  different  pHs.  The 
activity  of  the  fractions  combined  was  about  40-50 
%  of  the  activity  applied  on  the  column.  These  two 
fractions  exhibited  a  common  molecular  weight  of 
70,000  daltons  on  SDS-polyacrylamide  gel  elec- 
trophoresis. 

These  fractions  after  the  reduction  with  beta- 
mercaptoethanol  were  subjected  to  SDS- 
polyacrylamide  gel  electrophoresis,  and  then  a  sil- 
ver  staining  analysis.  It  was  revealed  that  the  eluate 
with  the  pH  5.5  buffer  exhibited  a  band  with  a 
molecular  weight  of  70,000  daltons  and  thus  no 
change  in  molecular  weight  or  rather  slower  migrat- 
ing  band  on  the  gel  after  the  reduction,  whereas 
the  eluate  with  the  pH  3.0  buffer  exhibited  a  band 
with  a  molecular  weight  of  30,000  to  40,000  daltons 
but  the  band  corresponding  to  the  band  with  a 
molecular  weight  of  70,000  daltons  disappeared 
after  the  reduction. 

From  this  result,  the  tPA  eluted  at  pH  5.5  was 
identified  as  sc-tPA  and  the  tPA  eluted  at  pH  3.0 
was  identified  as  dc-tPA. 

Example  7: 

Two  liters  of  a  culture  supernatant  of  mouse 
fibroblast  cells  transformed  with  human  tPA  gene 
(European  Patent  Application  No.  86  30  9250.8), 

supplemented  with  2%  heat-inactivated  (at  56  °  C 
for  30  minutes)  fetal  calf  serum  and  20  KlU/ml 
Aprotinin,  was  stabilized  with  1  M  NaCI  and  sub- 
jected  to  an  ETI-Sepharose  column. 

5  The  effluent  from  the  ETI  column  was  collected 
and  the  plasminogen-dependent  fibrinolytic  activity 
was  measured.  About  10%  of  the  activity  applied  to 
the  column  was  detected.  By  zymography  with  an 
anti-human  tPA  antibody  after  SDS-polyacrylamide 

io  gel  electrophoresis,  the  effluent  exhibited  two  frac- 
tions  for  plasminogen  activator,  one  with  a  molecu- 
lar  weight  of  110,000  ±  20,000  daltons  and  the 
other  with  a  molecular  weight  of  about  70,000  dal- 
tons.  After  running  all  the  effluent  through  the  col- 

15  umn,  the  column  was  washed  with  a  20-fold  col- 
umn  volume  of  2  M  NaCI  solution.  The  fluid  recov- 
ered  had  about  5%  of  the  activity  applied  on  the 
column  and  exhibited  two  bands  for  plasminogen 
activator  by  zymography,  one  with  a  molecular 

20  weight  of  110,000  ±  20,000  daltons  and  the  other 
with  a  molecular  weight  of  about  70,000  daltons. 

Proteins  adsorbed  on  the  column  were  then 
eluted  with  0.1  M  sodium  phosphate  buffer  (pH  6.0) 
containing  0.5  M  benzamidine  and  0.15  M  NaCI 

25  and  0.1  M  citric  acid  buffer  (pH  3.0)  containing  0.15 
M  NaCI.  Two  different  fractions  were  obtained  in 
two  different  eluates.  The  activity  of  the  resultant 
two  fractions  combined  was  about  80%  of  the 
activity  applied  on  the  column.  These  two  fractions 

30  exhibited  a  common  molecular  weight  of  70,000 
daltons  on  SDS-polyacrylamide  gel  electrophoresis. 

These  two  fractions  after  the  reduction  with 
beta-mercaptoethanol  were  subjected  to  SDS- 
polyacrylamide  gel  electrophoresis,  and  then  a  sil- 

35  ver  staining  analysis.  It  was  revealed  that  the  eluate 
with  pH  6.0  buffer  exhibited  a  band  with  a  molecu- 
lar  weight  of  about  70,000  daltons  and  thus  no 
change  in  molecular  weight  or  rather  slower  migrat- 
ing  band  on  the  gel  after  the  reduction,  whereas 

40  the  eluate  with  pH  3.0  buffer  exhibited  a  band  with 
a  molecular  weight  of  30,000  to  40,000  daltons  but 
no  band  corresponding  to  the  molecular  weight  of 
about  70,000  daltons  after  the  reduction.  From  this 
result,  the  tPA  eluted  at  pH  6.0  was  identified  as 

45  sc-tPA  and  the  tPA  eluted  at  pH  3.0  was  identified 
as  dc-tPA. 

Example  8: 

50  Two  liters  of  a  culture  supernatant  of  Chinese 
hamster  ovary  cells  transformed  with  human  tPA 
gene  (CHO-cell  C1271,  ATCC  CRL  1616)  sup- 
plemented  with  10%  heat-inactivated  (at  56  °C  for 
30  minutes)  fetal  calf  serum  and  40  KlU/ml 

55  Aprotinin  was  stabilized  with  1  M  NaCI  and  sub- 
jected  to  a  5  ml  volume  of  ETI-Sepharose  column 
having  been  equilibrated  with  0.05  M  sodium  phos- 
phate  buffer  (pH  7.5)  containing  1.0  M  NaCI.  The 
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column  was  then  washed  with  0.05  M  Na2HP04  - 
(pH  9.5)  containing  2.0  M  NaCI  and  10  mM  ar- 
ginine. 

The  whole  effluent  from  the  ETI  column  had 
about  10%  of  the  plasminogen-dependent 
fibrinolytic  activity  applied  to  the  column  and  exhib- 
ited  by  zymography  a  band  with  a  molecular 
weight  of  110,000  ±  20,000  daltons  and  a  band  with 
a  molecular  weight  of  about  70,000  daltons. 

Proteins  adsorbed  on  the  column  were  first 
eluted  with  0.05  M  Na2HPCvNaOH  buffer  (pH  4.5) 
containing  0.01  M  arginine  and  0.1  M  NaCI.  The 
fibrinolytic  activity  of  the  eluate  was  about  60  %  of 
the  activity  applied  on  the  column.  Proteins  remain- 
ing  on  the  column  were  eluted  with  0.1  M  citric 
acid  buffer  (pH  3.0)  containing  0.1  M  NaCI.  About 
25%  of  the  activity  applied  on  the  column  was 
recovered.  These  two  fractions  exhibited  a  com- 
mon  molecular  weight  of  70,000  daltons  on  SDS- 
polyacrylamide  gel  electrophoresis. 

The  eluate  fractions  after  the  reduction  with 
beta-mercaptoethanol  were  subjected  to  SDS- 
polyacrylamide  gel  electrophoresis,  and  then  a  sil- 
ver  staining  analysis.  It  was  revealed  that  the  eluate 
with  the  pH  4.5  buffer  exhibited  a  band  with  a 
molecular  weight  of  about  70,000  daltons  and  thus 
no  change  in  a  molecular  weight  or  rather  slower 
migrating  band  on  the  gel  after  the  reduction, 
whereas  the  eluate  with  the  pH  3.0  buffer  exhibited 
a  band  with  a  molecular  weight  of  30,000  to  40,000 
daltons  but  the  band  with  a  molecular  weight  of 
about  70,000  daltons  disappeared  after  the  reduc- 
tion.  From  this  result,  it  was  confirmed  that  the  tPA 
eluted  at  pH  4.5  was  sc-tPA  and  the  tPA  eluted  at 
pH  3.0  was  dc-tPA. 

From  experimental  results,  the  relation  between 
the  pH  and  concentration  of  arginine  for  eluting  sc- 
tPA  was  revealed  as  follows.  At  pH  4.5,  1mM  -  50 
mM;  at  pH  5.0,  0.03  M  or  more;  at  pH  5.5,  0.10  M 
or  more;  and  at  pH  6.0,  0.2  M  or  more. 

Example  9: 

One  mol  NaCI  (final  concentration)  was  added 
to  2  liters  of  a  culture  supernatant  of  human  fetal 
amniotic  cells  (FL,  ATCC  CCL-62)  transformed  with 
human  tPA  gene  associated  with  human 
cytomegalovirus  (HCMV)  as  a  promoter  for  human 
tPA  expression.  The  cell  culture  supernatant  was 
then  subjected  to  purification  of  single-chain  tPA 
and  double-chain  tPA  using  an  ETI  column  in  the 
same  manner  as  described  in  Example  8. 

The  fibrinolytic  activity  of  the  fractions  eluted  at 
4.5  and  at  3.0  was  about  70%  and  about  15%, 
respectively,  of  that  applied  on  the  column. 

EXample  10: 

Most  cells,  Saccharomyces  cerevisiae,  trans- 
formed  with  human  tPA  gene  were  cultured  accord- 
ing  to  the  known  method  (  Principles  and  Practice 
of  Recombinant  DNA  Research  with  Yeast  in  the 

5  Molecular  Biology  of  Yeast  Saccharomyces: 
Matabolism  and  Gene  Expression,  pp  603-636, 
Cold  Spring  Harbor  Laboratory,  Cold  Spring  Har- 
bor,  N.Y.,  1982). 

The  cells  were  broken  with  glass  beads  and 
io  allowed  to  immerse  in  0.05  M  sodium  phosphate 

buffer  (pH  7.5)  containing  1M  NaCI  and  0.02% 
Tween  80  for  extraction.  The  filtered  extract  was 
subjected  to  purification  of  tPA  in  the  same  manner 
as  described  in  Example  6. 

is  The  eluate  with  the  pH  5.5  buffer  had  a  molec- 
ular  weight  of  70,000  daltons  which  was  not 
changed  by  the  reduction  as  carried  out  in  the 
above  examples  2  -  8,  and  exhibited  the  activity 
85%  of  that  applied  on  the  column.  The  eluate  with 

20  the  pH  3.0  buffer  changed  its  molecular  weight 
(70,000  daltons)  by  the  reduction,  that  is,  a  band 
with  a  molecular  weight  of  70,000  daltons  disap- 
peared  and  a  band  with  a  molecular  weight  of 
30,000  to  40,000  daltons  appeared,  instead.  About 

25  10%  of  the  activity  applied  to  [he  column  was 
observed  in  this  eluate. 

Claims 

30  1.  A  method  for  separately  purifying  single-chain 
tissue  plasminogen  activator  (tPA)  and  double- 
chain  tPA  characterised  by  the  steps  of: 
(a)  bringing  a  mixture  containing  single-chain 
and  double-chain  tPA  into  close  contact  with 

35  an  adsorbent  (e.g.  contained  in  a  column)  car- 
rying  an  immobilized  Erythrina  trypsin  inhibitor 
as  an  affinity  agent  to  adsorb  these  tPAs  onto 
said  adsorbent;  (b)  treating  said  adsorbent  with 
an  eluent  having  a  pH  ranging  from  4.5  to  6.0 

40  to  elute  single-chain  tPA  selectively;  and  (c) 
treating  said  adsorbent  with  an  eluent  having  a 
pH  lower  than  4.5  to  elute  double-chain  tPA 
selectively. 

45  2.  A  method  for  purifying  single-chain  tPA  from  a 
mixture  containing  single-chain  tPA,  charac- 
terised  by  the  steps  of  bringing  a  mixture 
containing  single-chain  tPA  into  close  contact 
with  an  adsorbent  (e.g.  contained  in  a  column) 

50  carrying  an  immobilized  Erythrina  trypsin  in- 
hibitor  as  an  affinity  agent  and  then  selectively 
eluting  single-chain  tPA  which  has  been  ad- 
sorbed  onto  said  adsorbent  with  an  eluent  with 
a  pH  ranging  from  4.5  to  6.0. 

55 
3.  A  method  according  to  claim  or  claim  2,  in 

which  said  eluent  contains  an  amidine  deriva- 
tive  or  a  guanidine  derivative,  at  a  concentra- 
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tion  of  for  example  at  least  1  mM. 

4.  A  method  according  to  claim  3,  in  which  said 
derivative  is  benzamidine  or  arginine. 

5.  A  method  according  to  any  one  of  the  preced- 
ing  claims,  in  which  said  mixture  is  derived 
from  a  culture  of  tPA  producing  cells,  e.g. 
melanoma  cells,  human  fetal  foreskin  cells,  or 
recombinant  cells  transformed  by  introducing 
human  tPA  gene. 

6.  A  method  according  to  c  laim  5,  in  which  said 
recombinant  cells  are  Chinese  hamster  ovary 
cells,  human  fetal  amniotic  cells,  yeast  cells  or 
mouse  fibroblast  cells. 

7.  Use  of  single-chain  tPA  purified  by  a  method 
according  to  claim  1  or  claim  2,  for  the  manu- 
facture  of  a  medicament,  for  use  in  the  treat- 
ment  of  thrombosis. 

Revendicatlons 

1.  Un  procede  pour  purifier  separement  I'activa- 
teur  tissulaire  du  plasminogene  (tPA)  a  chaTne 
unique  et  le  tPA  a  chaTne  double,  caracterise 
par  les  etapes  de  :  (a)  mise  d'un  melange 
contenant  du  tPA  a  chaTne  unique  et  du  tPA  a 
chaTne  double  en  contact  etroit  avec  un  adsor- 
bant  (par  exemple  contenu  dans  une  colonne) 
portant  un  inhibiteur  de  la  trypsine  d'Erythrina 
immobilise  comme  agent  d'affinite  pour  adsor- 
ber  ces  tPA  sur  ledit  adsorbant  ;  (b)  traitement 
dudit  adsorbant  avec  un  eluant  ayant  un  pH 
dans  la  gamme  de  4,5  a  6,0  pour  eluer  selecti- 
vement  le  tPA  a  chaTne  unique  ;  et  (c)  traite- 
ment  dudit  adsorbant  avec  un  eluant  ayant  un 
pH  inferieur  a  4,5  pour  eluer  selectivement  le 
tPA  a  chaTne  double. 

2.  Un  procede  de  purification  de  tPA  a  chaTne 
unique  a  partir  d'un  melange  contenant  du  tPA 
a  chaTne  unique,  caracterise  par  les  etapes  de 
mise  d'un  melange  contenant  du  tPA  a  chaTne 
unique  en  contact  etroit  avec  un  adsorbant  (par 
exemple  contenu  dans  une  colonne)  portant  un 
inhibiteur  de  la  trypsine  d'Erythrina  immobilise 
comme  agent  d'affinite,  puis  d'elution  selective 
du  tPA  a  chaTne  unique  qui  a  ete  adsorbe  sur 
ledit  adsorbant  avec  un  eluant  ayant  un  pH 
dans  la  gamme  de  4,5  a  6,0. 

3.  Un  procede  selon  la  revendication  1  ou  la 
revendication  2,  dans  lequel  ledit  eluant 
contient  un  derive  d'amidine  ou  un  derive  de 
guanidine  a  une  concentration  par  exemple 
d'au  moins  1  mM. 

4.  Un  procede  selon  la  revendication  3,  dans 
lequel  ledit  derive  est  la  benzamidine  ou  I'argi- 
nine. 

5  5.  Un  procede  selon  I'une  quelconque  des  reven- 
dications  precedentes,  dans  lequel  ledit  melan- 
ge  derive  d'une  culture  de  cellules  productri- 
ces  de  tPA,  par  exemple  des  cellules  de  mela- 
nome,  des  cellules  de  prepuce  de  foetus  hu- 

io  main  ou  des  cellules  recombinantes  transfor- 
mers  par  introduction  du  gene  du  tPA  humain. 

6.  Un  procede  selon  la  revendication  5,  dans 
lequel  lesdites  cellules  recombinantes  sont  des 

is  cellules  ovariennes  de  hamster  chinois,  des 
cellules  amniotiques  foetales  humaines,  des 
cellules  de  levure  ou  des  fibroblastes  de  sou- 
ris. 

20  7.  Utilisation  d'un  tPA  a  chaTne  unique  purifie 
selon  le  procede  de  la  revendication  1  ou  de  la 
revendication  2  pour  la  preparation  d'un  medi- 
cament  utile  dans  le  traitement  de  la  thrombo- 
se. 

25 
Patentanspruche 

1.  Verfahren  zur  getrennten  Reinigung  von  einket- 
tigem  Gewebeplasminogenaktivator  (tPA)  und 

30  zweikettigem  tPA,  gekennzeichnet  durch  fol- 
gende  Schritte: 

(a)  dichtes  Inberuhrungbringen  eines  Gemi- 
sches,  enthaltend  einkettigen  und  zweiketti- 
gen  tPA  mit  einem  Adsorbtionsmittel  (z.B.  in 

35  einer  Saule  enthalten),  welches  einen  immo- 
bilisierten  Erythrin-trypsin-lnhibitor  als  Affini- 
tatsmittel  fur  die  Adsorbtion  des  tPA's  an 
das  Adsorbtionsmittel  hat; 
(b)  Behandeln  des  Adsorbtionsmittels  mit 

40  einem  Elutionsmittel,  das  einen  pH-Wert  im 
Bereich  von  4,5  bis  6,0  hat,  zur  selektiven 
Elution  des  einkettigen  tPA;  und 
(c)  Behandeln  des  Adsorbtionsmittels  mit 
einem  Elutionsmittel,  das  einen  pH-Wert  un- 

45  ter  4,5  hat,  zur  selektiven  Elution  von  zwei- 
kettigem  tPA. 

2.  Verfahren  zum  Reinigen  von  einkettigem  tPA 
aus  einem  Gemisch,  das  einen  einkettigen  tPA 

50  enthalt,  gekennzeichnet  durch  die  Schritte 
des  dichten  Inberuhrungsbringens  eines  Gemi- 
sches,  das  den  einkettigen  tPA  enthalt,  mit 
einem  Adsorbtionsmittel  (z.B.  enthalten  in  einer 
Saule)  das  einen  immobilisierten 

55  Erythrintrypsin-lnhibitor  als  Affinitatsmittel  ent- 
halt  und  danach  selektives  Eluieren  von  einket- 
tigem  tPA,  der  auf  dem  Adsorbtionsmittel  ad- 
sorbiert  ist,  mit  einem  Elutionsmittel  mit  einem 
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pH-Wert  im  Bereich  von  4,5  bis  6,0. 

3.  Verfahren  nach  Anspruch  2,  bei  dem  das  Elu- 
tionsmittel  ein  Amidinderivat  oder  Guanidinde- 
rivat  in  einer  Konzentration  von  z.B.  wenigstens  5 
1  mMol  enthalt. 

4.  Verfahren  nach  Anspruch  3,  bei  dem  das  Deri- 
vat  Benzamidin  oder  Arginin  ist. 

10 
5.  Verfahren  nach  einem  der  vorhergehenden  An- 

spruche,  bei  dem  das  Gemisch  abgeleitet  ist 
von  einer  Kultur  von  tPA-erzeugenden  Zellen, 
z.B.  Melanomzellen,  menschlicher  Foten-Vor- 
hautzellen  oder  rekombinierenden  Zellen,  die  is 
durch  Einfuhren  menschlicher  tPA-Gene  urn- 
geformt  sind. 

6.  Verfahren  nach  Anspruch  5,  bei  dem  die  re- 
kombinierenden  Zellen  Ovarienzellen  des  chi-  20 
nesischen  Hamsters,  Amnionzellen  von 
menschlichen  Foten,  Hefezellen  oder  Mause- 
Fibroblastenzellen  sind. 

7.  Verwendung  von  einkettigem  tPA,  der  nach  25 
einem  Verfahren  gema/S  Anspruch  1  oder  An- 
spruch  2  gereinigt  worden  ist,  zur  Herstellung 
eines  Arzneimittels  zur  Verwendung  bei  der 
Behandlung  von  Thrombosen. 

30 
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