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©  Method  for  forming  proteoliposome  and  method  for  forming  giant  proteoliposome. 

©  A  method  for  forming  a  proteoliposome  comprises  incorporating  into  a  liposome  a  membrane  protein  w  
combined  with  a  carrier  (1).  Further,  a  method  for  preparing  a  giant  proteoliposome,  comprises  freezing  and 

thawing  an  alkali  metal  salt  solution  containing  a  membrane  protein  and  a  lipid,  and  subsequently  dialyzing 
against  a  second  salt  solution  or  a  buffer  solution  having  a  lower  osmotic  pressure  that  that  of  said  alkali  metal 

PMsalt  solution.  Further,  a  metai  for  forming  a  proteoliposome,  comprises  by  freezing  and  thawing  an  alkali  metal 
^sal t   solution  containing  a  membrane  protein  combined  with  a  carrier  and  a  lipid. 
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Method  for  Forming  Proteoliposome  and  Method  for  Forming  Giant  Proteoliposome 

BACKGROUND  OF  THE  INVENTION 

Held  of  the  Invention 
s 

The  present  invention  relates  to  a  method  for  forming  a  proteoliposome  which  has  a  membrane  protein 
incorporated  in  a  membrane  of  a  vesicle  such  as  of  a  liposome,  and  particularly  to  a  method  for  forming  a 
proteoliposome  in  which  a  membrane  protein  is  incorporated  in  a  manner  of  controlling  molecular 
orientation. 

70  The  present  invention  also  relates  to  a  method  for  preparing  a  giant  proteoliposome  having  a  diameter 
of  5  um  or  more  in  a  simple  process  and  in  a  large  amount  under  mild  conditions. 

The  present  invention  further  relates  to  a  method  for  forming  a  giant  proteoliposome  having  a 
membrane  protein  incorporated  in  a  preferable  molecular  orientation. 

75 
Related  Background  Art 

A  liposome  is  an  assembly  of  biologically  functional  molecules  and  is  formed  by  dispersing  and  re- 
associating  a  lipid,  which  is  a  biomembrane-constituting  molecules,  in  an  aqueous  solution  and  has  a 

20  structure  like  a  cellular  membrane.  The  application  of  the  liposome  is  under  investigation  to  medical 
diagnosis  and  treating  medicines  in  medical  care,  and  to  production  of  useful  material  in  industrial  fields. 

The  proteoiiposomes  which  have  a  protein  incorporated  into  the  above  mentioned  liposomes  can  have  a 
further  higher  function  in  addition  to  the  function  of  the  liposome  because  a  functional  molecule  can  be 
added  thereto. 

25  Proteoiiposomes  are  prepared  by  various  known  methods  corresponding  to  the  uses  thereof  and  the 
types  of  the  protein.  The  known  methods  include  a  dialysis  method,  a  sonication,  a  freeze-thaw  method, 
etc. 

In  the  dialysis  method,  a  protein  is  solubilized  together  with  a  lipid  by  use  of  a  detergent,  and  then  the 
detergent  is  removed  by  dialysis  to  give  small  proteoiiposomes  having  a  diameter  of  100  nm  or  less.  In  the 

30  sonication  method,  a  protein  is  treated  with  a  liposome  by  sonication,  which  gives  small  proteoiiposomes 
having  a  small  diameter  of  100  nm  or  less  also.  In  the  freeze-thaw  method,  a  mixed  solution  of  a  protein 
and  a  liposome  is  freezed  and  thawed  repeatedly  to  incorporate  the  protein  into  a  lipid  membrane,  which 
gives  relatively  a  large  proteoiiposomes  of  several  hundred  nm  in  diameter. 

On  the  other  hand,  a  biomembrane  comprises  a  membrane  protein  embedded  with  preferable 
35  molecular  orientation.  Such  anisotropic  membrane  constitution  realizes  vectorial  transfer  of  a  substance  or 

of  information  such  as  reception  and  conduction  of  excitation,  and  transportation  of  a  substance.  Hence,  in 
applications  of  the  proteoliposome  to  medical  treatment  and  industry  also,  a  constant  orientational  incor- 
poration  of  the  membrane  protein  is  advantageous  to  realize  the  function  effectively. 

Conventional  methods  for  producing  proteoiiposomes  are  based  on  the  process  of  chemical  or  physical 
40  dissolution  or  partial  destruction  of  a  lipid  membrane,  and  subsequent  reconstruction  of  a  membrane  with 

inclusion  of  a  membrane  protein.  In  the  process,  no  means  for  controlling  positively  the  molecular- 
orientation  of  the  membrane  protein  is  achieved. 

Practically,  in  proteoliposome  membranes  prepared  in  conventional  methods,  the  proteins  are  incor- 
porated  with  random  orientation. 

45  Further,  the  diameter  of  the  proteoiiposomes  depends  on  the  respective  method  of  preparation,  and 
cannot  be  optionally  selected. 

Detailed  studies  on  inclusion  of  membrane  protein,  especially  a  protein  inherent  in  cellular  membrane, 
into  a  lipid  bilayer  membrane  in  the  formation  of  proteoliposome  is  not  found  with  only  exceptional  reports 
such  as  "Zakim:  Biochimica  et  Biophysica  Acta,  906,  33-68  (1987)"  which  discloses  that  a  spontaneous 

so  insertion  of  a  membrane  protein  solubilized  by  a  detergent  or  a  membrane  protein  free  from  both  the 
detergent  and  membrane  lipid  into  a  lipid  bilayer  membrane  may  occur  in  appropriate  conditions  with 
activation  energy  lower  than  that  of  fusion  between  liposomes,  regarding  cytochrome,  UDP  glucuronosyl- 
transferase,  bacteriorhodopsin,  etc.  The  inserted  protein,  however,  is  not  preferably  oriented,  and  is  not 
orientationally  controlled  at  all. 

On  the  other  hand,  a  giant  proteoliposome  having  a  diameter  of  5  um  or  more  is  applicable  as  an 
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artificial  cell  because  it  has  a  size  equivalent  to  a  cell  and  tneretore  can  easily  mimic  various  runcuon  ot  me 
cell. 

Its  larger  inner  volume  gives  the  advantages  of  a  higher  efficiency  of  substance  retention,  a  higher 
efficiency  of  substance  incorporation,  etc.,  which  allows  development  of  high-performance  microcapsules, 

5  and  chemical  sensors,  etc.  Further,  the  size  exceeding  5  um  in  diameter  thereof  enables  the  easy 
observation  with  an  optical  microscope  and  permits  a  mechanical  operation  by  means  of  a  micro- 
manipulation  or  a  microinjection,  which  is  hopeful  for  applications  inherently  different  from  the  conventional 
proteoiiposomes  having  smaller  diameters. 

Heretofore,  known  preparation  methods  of  giant  proteoiiposomes  are  limited  to  only  few  methods  based 

o  on  such  as  an  electric  field  fusion  method  and  a  giant  liposome  preparation  method,  none  of  which  is 

practical. 
The  known  methods  for  preparation  of  giant  proteoiiposomes,  including  an  electric  field  fusion  method, 

a  stationary  hydration  method,  a  reverse  phase  evaporation  method,  and  a  freeze-thaw  method  are  all  under 

severe  restriction,  and  are  impractical  except  for  only  restricted  applications. 
'5  In  the  electric  field  fusion  method,  a  suspension  of  small-diameter  proteoiiposomes  prepared  preliminar- 

ily  in  the  conventional  method  is  subjected  to  application  of  an  electric  field,  leading  to  formation  of  giant 
proteoiiposomes  by  aggregating  and  fusing  the  proteoiiposomes.  This  method  has  the  disadvantages  that 
the  ionic  concentration  of  the  solution  needs  to  be  maintained  low  because  of  the  high  electric  field 

required,  and  that  only  a  small  number  of  giant  proteoiiposomes  can  be  prepared  in  one  operation,  and 

>o  further  that  the  diameter  of  proteoiiposomes  suitable  for  the  fusion'  are  limited  and  their  preparation  is  not 

easy. 
The  stationary  hydration  method  and  the  reverse  phase  evaporation  method  are  both  based  on  the 

application  of  a  method  for  preparation  of  a  giant  liposome.  The  stationary  hydration  method  which  hydrates 
a  thin  lipid  film  formed  on  a  glass  wall  under  low  ion  strength  to  give  a  giant  liposome,  has  serious 

?5  disadvantages  that  the'  ionic  concentration  of  the  solution  should  be  1  M  or  less  and  further  that  the 

presence  of  a  protein  inhibits  the  formation  of  a  proteoliposome.  Thus  this  method  is  difficult  for  wide 

applications.  The  reverse  phase  evaporation  method  which  employs  an  emulsion  formed  by  mixing  a 
solution  containing  a  protein  with  an  ether  solution  of  a  lipid  tends  to  cause  denaturation  or  deactivation  of 
the  protein,  and  thus  incorporatable  proteins  are  strictly  limited. 

?o  The  freeze-thaw  method  which  has  been  employed  for  reconstruction  of  membrane  protein  and  is 

applicable  to  preparation  of  a  proteoliposome  having  a  diameter  of  1  um  or  less  is  known  to  be  able  to  form 

only  a  small  amount  of  giant  proteoiiposomes  of  5  -  10  um  in  diameter,  but  is  of  no  practical  use  because 
of  the  limited  small  number  and  the  small  diameter  of  the  particles. 

As  mentioned  above,  few  methods  are  applicable  in  preparation  of  giant  proteoiiposomes.  All  of  the 

35  methods  are  strictly  restricted  and  thus  are  not  suitable  for  practical  preparation.  Accordingly,  development 
of  a  method  are  desired  which  enables  the  preparation  of  proteoiiposomes  by  a  simpler  process  under 
milder  conditions  in  a  larger  amount. 

Moreover,  also  for  the  giant  proteoiiposomes,  a  method  is  desired  which  allows  the  membrane  protein 
to  be  incorporated  into  the  membrane  with  the  orientation  of  the  membrane  protein. 

40 

SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide  a  novel  method  for  preparing  a  proteoliposome 
45  comprising  a  process  for  controlled  orientation  of  a  membrane  protein  differentiating  the  inside  and  the 

outside  of  the  vesicle  so  that  the  incorporated  membrane  protein  may  be  effectively  utilized. 
Another  object  of  the  present  invention  is  to  provide  a  method  for  forming  a  giant  proteoliposome. 
A  further  object  of  the  present  invention  is  to  provide  a  method  for  forming  a  giant  proteoliposome 

which  contains  a  membrane  protein  incorporated  therein  with  a  controlled  orientation. 
50  According  to  an  aspect  of  the  present  invention,  there  is  provided  a  method  for  forming  a  prot- 

•  eoliposome,  comprising  incorporating  a  membrane  protein  combined  with  a  carrier  into  a  liposome. 
According  to  another  aspect  of  the  present  invention,  there  is  provided  a  method  for  preparing  a  giant 

proteoliposome,  comprising  freezing  and  thawing  an  alkali  metal  salt  solution  containing  a  membrane 
protein  and  a  lipid,  and  subsequently  dialyzing  against  a  second  salt  solution  or  a  buffer  solution  having  a 

55  lower  osmotic  pressure  than  that  of  the  alkali  metal  salt  solution  to  form  a  giant  proteoliposome. 
According  to  a  further  aspect  of  the  present  invention,  there  is  provided  a  method  for  preparing  a  giant 

proteoliposome,  comprising  freezing  and  thawing  an  alkali  metal  salt  solution  containing  a  membrane 

protein  combined  with  a  carrier  and  a  lipid,  and  subsequently  dialyzing  against  a  second  salt  solution  or  a 
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buffer  solution  having  a  lower  osmotic  pressure  than  that  of  the  alkali  metal  salt  solution  to  incorporate  the 
membrane  protein  into  a  liposome. 

According  to  a  still  further  aspect  of  the  present  invention,  there  is  provided  a  method  for  preparing  a 
giant  proteoliposome,  comprising  freezing  and  thawing  an  alkali  metal  salt  solution  containing  a  membrane 

5  protein  combined  with  a  carrier  and  a  lipid,  and  subsequently  dialyzing  against  a  second  salt  solution  or  a 
buffer  solution  having  a  lower  osmotic  pressure  than  that  of  the  alkali  metal  salt  solution  by  separating  the 
membrane  protein  from  the  carrier  to  incorporate  the  membrane  protein  into  a  liposome. 

According  to  a  still  further  aspect  of  the  present  invention,  there  is  provided  a  method  for  forming  a 
proteoliposome,  comprising  by  freezing  and  thawing  an  alkali  metal  salt  solution  containing  a  membrane 

to  protein  combined  with  a  carrier  and  a  lipid  to  incorporate  the  membrane  protein  into  a  liposome. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

rs  Figs.  1A  to  1D  illustrate  schematically  the  fundamental  principle  of  a  method  for  forming  a 
proteoliposome  of  the  present  invention. 

Figs.  2A  and  2B  illustrate  a  method  for  practicing  the  present  invention  by  column  chromatography. 
Fig.  3  illustrates  a  method  for  practicing  the  present  invention  by  employing  a  carrier  having  a 

continuous  curved  surface. 
20 

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

One  aspect  of  the  present  invention  is  to  provide  a  method  for  forming  a  proteoliposome  which 
comprises  steps  of  modifying  a  membrane  protein  with  a  carrier,  subsequently  mixing  it  with  a  liposome 

25  liquid  dispersion  to  incorporate  the  membrane  protein  into  the  liposomes,  and  further  separating  the 
membrane  protein  from  the  carrier. 

The  liposome,  a  component  of  the  proteoliposome  can  be  prepared  in  various  ways  according  to  the 
constituting  lipid,  solution  conditions,  etc.  in  an  optional  size  within  the  range  of  from  several  decade  nm  to 
several  hundred  um.  The  inventors  of  the  present  invention  noticed  the  possibility  of  preparation  of  a 

30  proteoliposome  having  a  desired  diameter  thereof,  and  controlled  orientation  of  the  protein  provided  that  a 
membrane  protein  could  be  inserted  into  a  preliminarily  prepared  liposome  with  preferable  orientation. 

The  inventors  of  the  present  invention,  studying  various  modification  of  membrane  proteins,  found  that 
modification  of  a  membrane  protein  by  an  appropriate  carrier  limits  the  portion  of  the  membrane  protein 
capable  of  being  inserted  into  a  lipid  bilayer  membrane  and  enables  the  control  of  the  orientation  of  the 

35  membrane  protein,  and  have  completed  the  present  invention. 
The  method  for  forming  a  proteoliposome  of  the  present  invention  is  characterized  in  that  a  specific 

sites  of  hydrophilic  side  chains  of  a  membrane  protein  are  modified  with  a  carrier  which  will  not  enter  the 
lipid  bilayer  membrane,  and  thereafter  the  membrane  protein  is  mixed  with  a  liposome  dispersion  prepared 
preliminarily.  The  membrane  protein  combined  with  a  carrier  is  incorporated  into  the  lipid  bilayer  membrane 

40  with  the  limited  inserted  portions,  thus  allowing  the  incorporation  into  the  membrane  with  retention  of  a 
certain  orientation. 

In  the  present  invention,  any  liposome  can  be  employed  which  is  capable  of  incorporating  the 
membrane  protein,  and  the  diameter,  lipid  composition,  etc.  of  the  liposome  can  be  selected  optionally 
since  the  step  of  incorporation  of  the  membrane  protein  into  the  liposome  is  independent  of  the  step  of 

45  formation  of  the  liposome. 
Accordingly,  the  orientation  of  the  membrane  protein  can  be  controlled  as  desired  in  a  proteoliposome 

having  any  diameter  by  selecting  the  site  of  the  membrane  protein  modified  by  a  carrier  and  the  method  of 
preparation  of  the  liposome.  The  resulting  membrane  protein  is  incorporated  into  the  proteoliposome  in  a 
direction  of  "right-side-out"  or  "inside-out". 

so  The  membrane  protein  in  the  present  invention  may  have  hydrophilic  side  chains,  existing  in  biomem- 
brane,  particularly  an  intrinsic  membrane  protein  existing  through"  the  biological  membrane.  Additionally,  a 
natural  or  synthetic  peptide  may  also  be  employed  if  it  can  enter  the  membrane. 

The  specific  examples  of  the  membrane  protein  are:  metabolism-catalysing  enzymes  such  as  a 
cytochrome  oxidase,  a  cytochrome  P-450,  a  membrane  bound  phospholipase,  and  an  ATP  synthesizing 

55  enzyme;  channels  which  transport  substances  through  a  membrane  such  as  a  potassium  channel,  a  sodium 
channel,  and  calcium  channel;  pumps  such  as  a  sodium-potassium  pump,  and  a  proton  pump;  photorecep- 
tive  chromoproteins  for-reception  and  conduction  of  biological  information  such  as  rhodopsin  and  bac- 
teriorhodopsin;  neurotransmitter  receptors  such  as  an  acetylcholine  receptor  and  a  glutamate  receptor; 

4 
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hormon  receptors  such  as  a  thyroid-stimulating  hormon  (ist-i)  receptor,  ana  a  glucagon  ^uo,  recepiur,  anu 
the  like. 

Such  membrane  proteins  which  are  generally  insoluble  in  water,  and  some  of  which  accompanies  a 
membrane  lipid  may  be  employed  as  they  are,  or  as  a  solution  in  a  detergent  within  the  range  of 

5  controllability  of  the  orientation  by  the  modified  carrier. 
At  a  higher  ratio  of  the  membrane  protein  to  the  lipid,  the  remaining  un-incorporated  amount  of  the 

membrane  protein  will  increase  practically,  contrary  to  the  expectation  for  higher  amount  of  incorporation. 
Therefore,  it  is  desirable  that  the  ratio  of  the  protein  to  the  lipid  by  weight  is  1:1  at  the  highest,  preferably 
within  the  range  of  from  1:10  to  1:100.  The  concentration  of  the  lipid  at  the  formation  of  liposome  is 

o  preferably  in  the  range  of  from  1  to  20  mM  (0.75  to  15  mg/ml)  depending  on  the  method  of  preparation. 
Any  liposome  may  be  employed  in  the  present  invention  provided  that  it  is  capable  of  incorporating  a 

membrane  protein  and  of  taking  a  bimolecular  lamella  structure.  The  examples  are  phospholipids, 
glycolipids,  neutral  lipids,  etc.  A  synthetic  bilayer-forming  lipid  may  be  employed  which  is  not  produced 
naturally.  Various  additives  may  also  be  added  within  the  range  that  the  bilayer  structure  is  not  destroyed. 

5  The  size  and  the  lipid  composition  of  the  liposome  may  be  optionally  selected  without  a  special 
restriction. 

Such  liposomes  may  be  formed  from  various  lipids  and  addition  products  thereof  by  methods  capable 
of  forming  a  liposome  of  optional  diameter.  The  methods  include,  for  example,  a  sonication  treatment,  a 
detergent-dialysis  method,  a  freeze-thaw  method,  and  reverse  phase  evaporation  method.  (See,  for 

>o  example,  Zoku-Seikagaku  Jikken  Koza  (Supplemental  Textbook  on  Biochemical  Experiment),  Volume  3, 
"Membrane  Lipid  and  Serum  Lipoprotein  (Continued)",  edited  by  Biochemical  Society  of  Japan,  published 
by  Tokyo  Kagaku  Dojin  (1987). 

The  carrier  for  modifying  the  membrane  protein  employed  are  those  having  a  property  of  not  entering 
the  lipid  bilayer  membrane.  For  this  purpose  in  the  present  invention,  the  carriers  are  employed  which  have 

>s  a  volume  equal  to  or  larger  than  the  volume  of  the  liposome  prepared  preliminarily.  The  shape  of  the  carrier 
is  not  limited.  For  example,  the  carrier  may  be  in  a  spherical  shape  having  a  diameter  equal  to  or  larger 
than  that  of  the  preliminarily  prepared  liposome,  or  may  be  planar,  or  of  a  curved  shape  having  a  radius  of 
curvature  equal  to  or  larger  than  the  radius  of  the  preliminarily  prepared  liposome. 

Liposomes  usually  have  diameters  of  several  ten  nm  to  1  um,  and  some  larger  ones  have  diameters  of 

30  10  um  to  several  hundred  um.  Thus  the  size  of  the  carrier  may  be  1  um  to  10  um,  and  100  um  to  1  mm 
corresponding  to  the  above  diameters  of  the  liposomes.  The  shape  of  the  carrier  need  not  be  spherical  as 
mentioned  above.  Any  other  shape  of  the  carrier  may  be  used.  Continuous  curved  surfaces  and  inside 
surface  of  hollow  tubes  are  also  included  in  the  carriers  defined  in  the  present  invention. 

The  modification  (or  combination)  of  the  specific  portion  of  the  hydrophilic  side  chain  of  the  membrane 

?5  protein  with  the  carrier  and  the  dissociation  thereof  are  preferably  conducted  under  mild  conditions  so  that 
the  protein  may  not  be  denatured. 

For  this  purpose,  a  chromatographic  technique  for  proteins  may  be  applicable.  The  chromatography  for 

proteins  is  intended  to  purify  proteins,  wherein  combination  and  dissociation  of  a  suitably  modified  carrier 
and  a  protein  are  conducted  by  use  of  electrostatic  attraction  (ion  exchange  chromatography),  hydrophobic 

40  interaction  (hydrophobic  chromatography),  hydrogen  bonding  (hydrogen  bond  chromatography),  specific 
affinity  (affinity  chromatography),  etc. 

Carriers  made  of  a  material  capable  of  causing  the  above-mentioned  interaction  and  modifying  a 
specific  portion  of  the  hydrophilic  side  chain  of  the  membrane  protein  may  be  employed  in  the  present 
invention:  for  example,  the  material  having  on  the  surface  an  acitve  functional  group  such  as  an  amino 

45  group,  a  hydroxyl  group,  an  epoxy  group,  and  a  sulfylsuifide  group.  Specific  examples  of  the  carriers  are 

gels  such  as  of  agarose,  cellulose  employed  in  chromatography;  organic  materials  such  as  plastics; 
inorganic  materials  such  as  glass  having  oxygen  on  the  surface,  ceramics  and  metal  oxide  surface  capable 
of  being  activated  by  cyanogen  bromide  and  so  forth.  Among  them,  gels  for  chromatography  are  easily 
handled  because  the  gels  have  usually  a  diameter  of  approximately  10  um,  and  may  be  used  with  a 

so  column  for  protein  chromatography.  In  some  cases,  the  purification  of  a  membrane  protein  and  the 
reconstruction  of  the  proteoliposome  may  simultaneously  performed. 

The  dissociation  of  the  membrane  protein  incorporated  into  the  liposome  from  the  carrier  may  be 

performed  by  adding  to  the  column  a  substance  antagonistically  acting  on  the  combination  of  the  carrier 
with  the  membrane  protein,  or  by  changing  the  physicochemical  condition  (such  as  pH,  and  salt  concentra- 

55  tion)  of  the  solution,  and  so  forth. 
In  an  example  of  the  former  method,  utilizing  sugar  portions  existing  at  the  end  portions  of  most  of 

membrane  proteins,  and  a  carrier  bonded  with  a  protein  lectin  having  an  ability  to  combine  with  sugar,  the 
addition  of  excess  sugar  antagonistically  combine  with  lectin  to  liberate  the  membrane  protein.  In  another 



EP  0  355  845  A2 

example,  in  a  site  specific  combination  of  a  monoclonal  antibody  with  a  specified  portion  of  the  membrane 
protein,  utilizing  an  antigen-antibody  reaction,  the  addition  of  excessive  amount  of  hapten  can  dissociate 

.  antagonistically  the  membrane  protein  from  the  carrier.  However,  the  bonding  between  an  antigen  and  an 
antibody  is  so  strong  that  the  dissociation  is  not  easy  even  with  a  large  excess  of  the  hapten,  and 

5  moreover,  preparation  of  a  large  amount  of  hapten  is  often  difficult.  Therefore,  the  method  by  use  of  lectin 
is  more  advantageous. 

The  methods  of  changing  the  physicochemical  condition  of  the  solution  are  considerably  restricted  in 
the  application,  since  the  proteoiiposomes  formed  may  often  destroyed  by  the  change  of  the  physicochem- 
ical  condition. 

ro  The  process  of  formation  of  proteoliposome  of  the  present  invention  is  schematically  illustrated  by  Figs. 

Fig.  1A  to  1D  illustrate  schematically  the  fundamental  principle  of  a  method  for  forming  a  prot- 
eoliposome  of  the  present  invention.  In  the  Figures,  the  treatment  is  performed  through  the  steps  of  Figs. 
1A  to  1D.  Firstly,  a  specific  portion  of  the  hydrophilic  side  chain  of  the  membrane  protein  2  is  modified  by 

75  and  combined  with  the  carrier  1.  Secondly,  a  liquid  dispersion  of  a  liposome  3  is  mixed  to  the  membrane 
protein  2  supported  by  the  carrier  1  to  incorporate  the  membrane  protein  into  the  liposome,  and 
subsequently  the  membrane  protein  2  is  dissociated  from  the  carrier  1  to  form  a  proteoliposome  4. 

The  above  formation  process  may  be  carried  out  by  use  of  the  carrier  1  packed  in  a  columnar  vessel  5 
as  shown  in  Figs.  2A  and  2B,  or  otherwise  may  be  carried  out  by  use  of  a  carrier  in  a  form  of  a  curved 

20  membrane  sheet  6  as  shown  in  Fig.  3. 
According  to  a  second  aspect  of  the  present  invention,  an  alkali  metal  salt  solution  containing  a  protein 

and  a  lipid  is  frozen  to  form  a  micellar  protein-lipid  complex  dissolved  in  the  solution  concentrated  by 
freezing,  and  subsequent  thawing  of  the  frozen  salt  solution  at  a  room  temperature  leads  to  a  micelle- 
lamella  transition  of  the  protein-lipid  complex  to  form  a  bilayer  membrane,  and  the  further  dialysis  against  a 

25  salt  solution  or  a  buffer  solution  having  an  osmotic  pressure  lower  than  the  above  salt  solution  to  give  a 
proteoliposome  of  5  -  50  um  diameter,  or  under  a  certain  condition,  of  a  diameter  as  large  as  300  um. 

Heretofore  it  is  known  that  a  lipid  can  form  a  liposome  having  bilayer  membrane  structure  through 
dissolution  as  micelles  into  a  solution  of  a  detergent,  a  chaotropic  cation,  a  high  concentration  of  alkali  metal 
salt,  or  the  like,  and  subsequent  removal  of  the  subsidiary  substances  by  dialysis  to  cause  the  micelle- 

30  lamella  transition,  sometimes  giving  a  giant  liposome  having  a  diameter  of  as  large  as  20  um.  The  inventors 
of  the  present  invention  found  that  addition  of  a  membrane  protein  and  a  lipid  into  a  high  concentration  of 
an  alkali  metal  salt  solution  and  freezing  and  thawing  the  solution  will  cause  incorporation  of  the  membrane 
protein  into  the  lipid  bilayer  membrane,  and  the  subsequent  dialysis  gives  giant  proteoiiposomes  having  a 
diameter  of  5  -  300  um  in  a  large  amount,  thus  having  accomplished  the  present  invention. 

35  The  protein  to  be  incorporated  into  the  giant  proteoliposome  in  the  present  invention  may  be  any  of  the 
proteins  generally  called  as  membrane  proteins.  The  membrane  proteins  need  not  necessarily  be  refined 
into  a  pure  state.  The  protein  may  contain  an  attached  lipid  membrane  fragment.  Proteins  other  than  the 
membrane  protein  may  be  used  provided  that  the  protein  has  a  hydrophobic  sites  at  a  portion  of  the 
surface  capable  of  combining  with  the  membrane. 

40  The  material  for  the  lipid  in  the  present  invention  may  be  a  known  amphiphilic  compound  capable  of 
constituting  a  monomolecular  membrane  or  a  multimolecular  membrane.  Such  membrane-forming  lipid 
molecule  is  constituted  of  a  long-chain  alkyl  group  having  8  or  more  carbons  and  a  hydrophilic  group.  The 
hydrophilic  group  may  be  a  cation  such  as 

1  ,  2,  and  3. 

45 C H 3 ( C H 2 ) n  1 
\  •f N B r  

50 2 C l ) ,  

an  anion  such  as 

55 
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The  examples  of  the  lipids  include  phospholipids,  glycoiipids,  neutral  lipids  etc.  Further,  non-natural 

synthetic  biiayer-forming  lipid  may  be  used.  Various  additives  may  be  added  within  the  range  that  the 

bilayer  structure  is  not  destroyed. 
Among  the  lipid  materials,  there  may  be  used  giycerophospholipids  such  as  phosphatidylcholine 

(lechitin),  phosphatidylethanolamine,  and  diphosphatidylglycerol;  sphingophospholipids  such  as  sphin- 
gomyelin  and  ceramide  ciliatin;  sphingoglycolipids  such  as  cerebroside,  sulfatide,  and  ceramide  oligohex- 
ide;  and  giycoglycerolipids  such  as  glycosyldiacylglycerol  having  a  carbohydrate  as  a  hydrophilic  moiety. 
Lipid  materials  in  the  present  invention  are  not  limited  to  the  above  examples  but  any  material  may  be  used 
which  can  form  lipid  bilayer  vesicles. 

The  additives  include  a  membrane-structure  reinforcing  factor  such  as  cholesterol,  and  charge  donor 
such  as  stearylamine  and  dicetyl  phosphate. 

In  the  formation  of  a  proteoliposome  of  the  present  invention,  a  salt  solution  is  prepared  which  contains 

a  membrane  protein  modified  by  a  carrier  at  a  specific  sites  and  a  membrane  lipid. 
The  salt  solution  in  the  present  invention  contains  mainly  an  alkali  metal  ion  or  ions  at  a  high 

concentration,  and  may  contain  additionally  other  metal  ion,  an  inorganic  compound  or  an  organic 
compound  and  the  like.  However,  substances  exhibiting  antifreezing  effect  such  as  sucrose  are  undesirable. 
Preferable  alkali  metals  are  potassium  and  rubidium,  and  sodium  may  be  used.  Lithium  is  not  suitable.  The 
salt  concentration  depends  on  the  kind  of  the  salt:  in  the  case  of  potassium  chloride,  high  concentration  of  2 

M  or  higher  is  desirable.  The  pH  of  the  solution  may  be  optionally  selected  within  the  range  that  neither  the 

membrane  protein  nor  the  membrane  lipid  is  not  deactivated. 
In  the  salt  solution,  the  concentration  of  the  membrane  protein  is  as  such  that  the  ratio  of  the  membrane 

protein  to  the  lipid  is  in  the  range  of  from  1:1  to  1:200  by  weight,  preferably  1:10  to  1:120.  The 
concentration  of  the  lipid  is  usually  in  the  range  of  1  to  30  mg/ml,  preferably  10  to  20  mg/ml. 

"Subsequently,  the  above  salt  solution  is  subjected  to  freezing  and  thawing,  and  then  to  dialysis  against 



EP  0  355  845  A2 

another  salt  solution  having  an  osmotic  pressure  lower  than  that  of  the  above  salt  solution,  whereby  a  giant 
proteoliposome  is  prepared. 

In  freezing  the  salt  solution  in  the  above  process,  the  membrane  protein  and  the  membrane  lipid  form  a 
micellar  complex  and  dissolved  into  the  solution  concentrated  by  freezing.  In  the  later  thawing  of  the  frozen 

5  salt  solution  at  a  room  temperature,  the  protein-lipid  complex  undergoes  micelle-lamella  transition  to  form  a 
bilayer  membrane,  and  further  by  dialysis  of  the  salt  solution  against  a  salt  solution  having  a  lower  osmotic 
pressure,  it  forms  proteoiiposomes  usually  having  a  diameter  of  5  to  50  urn,  in  a  certain  condition,  having  a 
diameter  of  300  urn. 

The  repetition  of  the  freezing  and  thawing  is  preferably  three  times  or  more,  but  6  times  of  repetition  is 
w  sufficient.  Agitation  by  means  of  a  vortex  mixer  after  the  freezing-thawing  is  desirable. 

The  salt  solution  used  for  dialysis  may  be  a  solution  of  alkali  metal  salt  or  an  alkaline  earth  metal  at  a 
concentration  of  0.1  to  100  mM,  preferably  from  1  to  20  mM. 

The  third  aspect  of  the  present  invention  is  a  combination  of  the  first  aspect  and  the  second  aspect  of 
the  invention,  and  relates  to  a  method  of  preparing  a  membrane  giant  proteoliposome,  comprising  steps  of 

75  modifying  a  membrane  protein  at  a  specific  sites  thereof  with  a  carrier;  preparing  a  salt  solution  containing 
the  membrane  protein  and  a  membrane  lipid;  freezing  and  thawing  the  salt  solution;  and  dialyzing  the  salt 
solution  with  a  second  salt  solution  having  a  lower  osmotic  pressure  than  the  above  solution. 

The  invention  also  relates  to  a  method  of  preparing  a  giant  proteoliposome,  comprising  steps  of 
combining  a  membrane  protein  with  a  carrier;  preparing  a  salt  solution  containing  the  membrane  protein 

20  combined  with  the  carrier  and  a  membrane  lipid  to  form  a  proteoliposome;  freezing  and  thawing  the  salt 
solution;  dialyzing  the  salt  solution  with  a  second  salt  solution  having  a  lower  osmotic  pressure  than  the 
above  salt  solution;  and  then  dissociating  the  membrane  protein  from  the  carrier. 

The  giant  proteoliposome  formed  according  to  the  present  invention  has  a  diameter  as  large  as  from  5 
to  300  um.  In  case  where  diameter  of  the  giant  proteoliposome  distributes  in  a  certain  range,  the  carrier 

25  should  preferably  have  a  volume  equal  to  or  larger  than  the  the  proteoliposome  to  be  formed  in  order  to 
limit  the  orientation  of  all  the  incorporated  proteins.  The  shape  of  the  carrier  is,  for  example,  spherical  as 
mentioned  above,  and  the  size  is  equal  to  or  larger  than  the  diameter  of  the  proteoliposome  to  be  formed, 
or  otherwise  planar  or  curved  and  the  radius  of  the  curvature  is  equal  to  or  larger  than  the  radius  of  the 
liposome  for  the  proteoliposome  to  be  formed. 

30  The  spherical  carrier,  for  example,  has  a  diameter  of  at  least  100  um,  and  more  preferably  300  um  or 
more  in  consideration-  of  the  modification  efficiency  of  the  protein  and  the  void  for  proteoliposome  formation. 
A  carrier  for  cell  affinity  chromatography  having  diameter  exceeding  300  um  is  commercially  available  for 
this  purpose. 

The  shape  of  the  carrier  is  not  necessarily  spherical  but  may  be  of  any  shape.  Specific  examples  of 
35  planar  or  curved  carrier  are  those  in  a  plate  structure  or  a  laminated  plate  structure  having  on  the  surface 

thereof  an  active  group  for  combining  with  a  protein,  or  having  the  surface  capable  of  accepting  a  donated 
active  group.  For  example,  1  mm  square  fragments  of  a  cellulose  type  membrane  filter  or  of  nitrocellulose 
membrane  for  dialysis  use  are  preferably  employed  for  modifying  a  specific  portion  of  the  membrane 
protein  since  the  hydroxyl  groups  on  the  surface  thereof  can  be  activated  as  desired  by  cyanogen  bromide, 

40  etc.  Porous  glass  plates  having  large  pore  size  (larger  than  100  um)  are  also  employed  as  a  carrier 
exhibiting  high  efficiency  of  membrane  protein  modification. 

The  membrane  protein  is  modified  by  and  dissociated  from  the  carrier  as  mentioned  above. 
The  examples  below  illustrate  the  present  invention  more  specifically. 

45 
Example  1 

Bovine  rhodopsin  was  isolated  and  purified  by  the  procedure  shown  below.  The  operation  was  all 
conducted  under  dark  red  light  (with  Red  Filter  No.  1  of  Eastman  Kodak  Co.). 

so  From  a  bovine  retina,  a  disc,  which  is  a  membrane-constituting  material  containing  rhodopsin,  was 
isolated  and  purified  according  the  the  Ficoll  flotation  method  (Smith  et  al.:  Exp.  Eye  Res.  20,  211-217 
(1975)).  The  purified  disc  was  solubilized  by  the  solution  consisting  of  50  mM  octyl  glucoside,  0.1  M  NaCI, 
1  mM  MnCb,  1  mM  CaCl2,  and  10  mM  Mops-NaOH  (pH  7.0),  and  then  the  rhodopsin  was  purified  by 
affinity  chromatography  employing  a  column  (5  mm  x  10  cm)  of  Con  A-Sepharose  4B;  agarose  gel 

55  (supplied  by  Pharmacia  Co.,  average  gel  particle  diameter:  ca.  100  um).  More  specifically,  the  solubilized 
disc,  in  an  amount  of  5  mg  as  protein,  was  added  to  the  column  to  combine  the  rhodopsin  with 
concanavalin  A,  and  then  the  column  was  washed  sufficiently  with  a  buffer  solution  (0.1  M  NaCI,  1  mM 
MnCb,  1  mM  CaCh,  10  mM  Mops-NaOH  (pH  7.0))  to  eliminate  impurities.  The  rhodopsin  having  been 

8 



P  0  355  845  A2 

combined  through  concanavaiin  A  with  the  carrier  gei  particles  was  usea,  as  n  is,  ror  rormmy  m>ui- 
eoliposome. 

On  the  other  hand,  a  liposome  was  formed  as  below  by  a  freeze-thaw  method.  A  thin  film  of  15  mg  of 
asolectin  (soy  bean  phosphatidylcholine,  type  IV  S,  supplied  by  Sigma  Co.)  was  formed  on  the  inside  wall 

;  of  a  test  tube  of  10  x  130  mm.  Thereto  1  ml  of  a  solution  of  0.1  M  NaCI,  10  mM  Mops-NaOH  (pH  7.0)  was 
added  and  treated  by  a  vortex  mixer  for  1  minute  (at  highest  power  level)  to  disperse  the  lipid  thin 
membrane.  The  lipid  dispersion  was  transferred  into  a  polypropylene  tube  (12  x  75  mm:  Becton  Dickinson 
Co.:  Falkon®  2063)  provided  with  a  cap  and  was  saturated  with  nitrogen.  It  was  subjected  to  sonication 
treatment  with  a  water-bath-type  sonicator  (made  by  Branson  Co.:  Sonifier  B-15  (200W),  with  cup-horn)  for 

o  40  minutes  (at  power  level  2,  duty  cycle  60  %,  water-cooled)  to  give  a  sonicated  liposome  dispersion 
having  an  average  particle  diameter  of  100  nm  or  less). 

This  liposome  dispersion  was  subjected  to  the  three  cycles  of  treatments  comprising  freezing  by  dry 
ice-acetone  bath,  thawing  at  a  room  temperature,  and  treatment  by  water-bath-type  sonication  apparatus  for 
30  seconds  (at  power  level  1),  thus  giving  the  intended  liposome  dispersion  (average  diameter:  ca  1  um, 

5  volume:  0.5  um3). 
The  liposome  dispersion  was  added  to  the  above  column,  and  was  incubated  at  a  room  temperature  for 

1  hour  to  incorporate  the  rhodopsin  into  the  liposome  and  to  form  proteoliposome. 
Subsequently,  for  the  purpose  of  dissociating  the  rhodopsin  from  the  carrier  and  eluting  the  prot- 

eoliposome  from  the  column,  a  buffer  solution  (50  mM  methyl-a-D-mannoside,  50  mM  methyi-a-D- 

io  glucoside,  0.1  M  NaCI,  10  mM  Mops-NaOH  (pH  7.0))  was  made  to  flow  through  the  column  which  contains 

methyl-a-D-mannoside  and  methyl-a-D-glucoside  capable  of  combining  with  the  sugar  chain  of  the 

rhodopsin  antagonistically  to  concanavaiin  A.  The  solution  leaving  the  column  was  collected,  and  was 
dialyzed  against  a  buffer  solution  (0.1  M  NaCI,  10  mM  Mops-NaOH  (pH  8.0))  to  eliminate  free  sugar 
molecules. 

>5  The  incorporation  of  the  rhodopsin  into  the  resultant  proteoliposome  membrane  was  confirmed  as 
below.  The  proteoliposome  liquid  dispersion  was  freezed  by  a  liquid  helium  rapid-freeze  apparatus  (Eiko 
Engineering  Co.:  RF-23),  and  the  replica  of  the  membrane  surface  prepared  by  a  freeze-fracture  replica 
preparation  apparatus  (Eiko  Engineering  Co.:FD-5A)  was  observed  by  a  transmission  type  electron  micro- 

scope  (JEOL,  Ltd.:  JEM  100U).  Particle  of  about  4  nm  diameter  were  observed,  which  proves  the 

jo  incorporation  of  rhodopsin. 
On  the  proteoliposome  liquid  dispersion,  /3-N-acetylglucosaminidase  (Sigma  Co.)  was  made  to  act.  As 

the  result,  free  sugar  was  detected  in  the  external  liquid,  which  proves  that  the  sugar  residue  is  incorporated 
toward  the  outside  of  the  proteoliposome. 

35 
Example  2 

A  purple  membrane,  a  membrane  fragment  containing  bacteriorhodopsin,  was  obtanined  by  extraction 
from  a  hyperhalophilic  Halobacterium  halobium  according  to  the  method  of  P.  Oesterhelt  and  W.  Stoec- 

40  kenius  (Methods  of  Enzymology,  31_,  667-678  (1974)).  The  purple  membrane  was  delipidated  according  to 
the  method  of  K.  S.  Huang  et  al.  (Proceedings  of  National  Academy  of  Science,  USA,  77  323  (1980))  to 

purify  the  bacteriorhodopsin. 
A  monoclonal  antibody  which  will  specifically  combine  with  the  carboxyl  ends  of  the  bacteriorhodopsin 

was  prepared  according  to  the  method  of  K.  Kimura  (J.  Biol.  Chem.  257,  2859-2867  (1980)).  This 

45  monoclonal  antibody  specifically  combines  with  fragments  comprising  39  residues  having  carboxyl  ends 
from  among  the  peptide  fragments  obtained  by  cyanogen  bromide  treatment  of  the  bacteriorhodopsin. 

This  CNBr-6  monoclonal  antibody  was  immobilized  by  a  covalent  bond  onto  the  CNBr-activated 

Sepharose  4B,  an  agarose  gel  supplied  by  Pharmacia  Co.  (gel  particle  diameter:  approximately  100  um)  at 
ratio  of  2  mg  of  the  antibody  per  ml  of  the  swelled  gel.  It  was  made  to  react  overnight  at  the  condition  of 

so  the  coupling  buffer  of  0.5  M  NaCI,  0.2  M  NaHC03  (pH  8.5)  at  4°  C.  The  unreacted  active  groups  were 
blocked,  and  then  the  excess  of  antibody  was  washed  off.  The  gel  having  combined  with  the  antibody  was 

put  into  a  column  of  5  mm  x  10  cm,  which  was  washed  with  0.1  M  NaCI. 
A  0.1  M  NaCI  solution  containing  0.2  mg  of  purified  bacteriorhodopsin  was  made  to  flow  in  the  column 

to  combine  the  carboxyl  ends  of  the  bacteriorhodopsin  with  the  CNBr-6  monoclonal  antibody  immobilized 

55  on  the  gel. 
A  liposome  liquid  dispersion  was  prepared  in  the  same  manner  as  in  Example  1  . 
The  liposome  suspension  was  added  to  the  column  which  had  0.2  mg  of  immobilized  bac- 

teriorhodopsin,  and  was  incubated  for  one  hour  to  incorporate  the  bacteriorhodopsin  into  the  liposome. 

9 



EP  0  355  845  A2 

Through  the  column,  0:1  M  NaCI  which  was  adjusted  to  pH  11  with  ammonia  was  made  to  flow  to 
dissociate  the  bacteriorhodopsin  from  CNBr-6  monoclonal  antibody  and  to  elute  the  proteoliposome.  The 
proteoliposome  having  been  eluted  was  immediately  dialyzed  against  0.1  M  NaCI.  Approximately  40  %  of 
the  bacteriorhodopsin  was  recovered  as  incorporated  in  the  proteoliposome. 

5  The  proteoliposome  prepared  by  the  above  procedure  incorporated  the  bacteriorhodopsin  with  the 
carboxyl  end  directing  outside,  which  was  confirmed  by  pH  change  of  the  external  liquid  to  alkaline  side  on 
light  irradiation  to  the  proteoliposome  suspension,  and  formation  of  peptide  having  carboxyl  ends  as  the 
digested  product  on  enzymatic  treatment  of  the  proteoliposome. 

70 
Example  3 

Bacteriorhodopsin  and  CNBr-6  monoclonal  antibody  were  prepared  by  the  methods  described  in 
Example  2.  A  liposome  liquid  dispersion  was  prepared  in  the  method  described  in  Example  1  . 

rs  A  cellulose  type  membrane  filter  (pore  diamter:  0.22  um)  supplied  by  Millipore  Co.  was  employed  as  a 
planar  carrier.  The  filter  was  cut  into  small  pieces  of  about  1  mm  square,  and  was  subjected  to  cyanogen 
bromide  treatment  to  activate  the  hydroxyl  group  on  the  surface  so  that  it  can  combine  with  a  protein 
having  amino  groups.  To  this  membrane  filter,  the  CNBr-6  monoclonal  antibody  prepared  as  above  was 
added  in  an  amount  of  1  mg  per  100  mg  of  the  membrane  filter,  and  was  made  to  react  to  combine  the 

20  monoclonal  antibody  with  the  filter.  The  excess  antibody  was  removed  by  washing. 
The  membrane  filter  having  the  combined  monoclonal  antibody  (dry  weight:  10  mg,  0.1  mg  as 

monoclonal  antibody)  was  added  to  1  ml  of  a  0.1  M  NaCI  solution  containing  0.2  mg  of  the  purified 
bacteriorhodopsin  to  combine  the  carboxyl  ends  of  the  bacteriorhodopsin  with  the  CNBr-6  monoclonal 
antibody  immobilized  on  the  membrane  filter.  Then  the  membrane  filter  was  washed  with  0.1  M  NaCI  to 

25  remove  free  protein,  and  was  added  to  the  liposome  dispersion  prepared  as  above,  which  was  incubated  for 
one  hour  to  incorporate  the  bacteriorhodopsin  into  the  liposome. 

Subsequently,  the  pH  of  the  dispersion  was  adjusted  to  11  by  adding  1  N  aqueous  ammonia  to 
dissociate  the  bacteriorhodopsin  from  the  antibody.  Thereafter,  the  dispersion  was  made  neutral  by  adding 
1N  hydrochloric  acid,  and  the  membrane  filter  was  removed  by  centrifugation. 

30  The  recovery  ratio  of  the  bacteriorhodopsin  was  approximately  20  %. 
The  proteoliposome  prepared  by  the  above  procedure  incorporated  the  bacteriorhodopsin  with  the 

carboxyl  ends  directing  outside,  which  was  confirmed  by  pH  change  of  the  external  liquid  to  alkaline  side 
on  light  irradiation  to  the  proteoliposome  suspension,  and  formation  of  peptide  having  carboxyl  ends  as  the 
digested  product  on  enzymatic  treatment  of  the  proteoliposome. 

35 

Example  4 

A  method  for  introducing  bacteriorhodopsin  into  a  lipid  bilayer  membrane  in  a  uniform  orientation  is 
40  shown  by  employing  an  affinity  chromatographic  column  in  which  an  anti-bacteriorhodopsin  antibody  is 

immobilized  as  a  ligand  to  a  cyanogen-bromide-activated  agarose  carrier. 
The  bacteriorhodopsin  was  prepared  by  extracting  a  purple  membrane  from  a  hyperhalophilic  bacteria, 

Halobacterium  halobium,  according  to  the  method  of  P.  Oesterhelt  and  W.  Stoeckenius  (Method.  Enzymol. 
31_,  667-678  (1974)),  and  delipidating  it  according  to  the  method  of  K.  S.  Huang,  et  al.  (Proc.  Natl.  Acad.  Sci. 

45  USA,  77,  323  (1980)). 
A  monoclonal  antibody  which  specifically  combines  with  the  carboxyl  end  of  the  bacteriorhodopsin  was 

prepared  according  to  the  method  of  K.  Kimura  (J.  Biol.  Chem  257,  2859-2867  (1980)).  This  monoclonal 
antibody  specifically  combines  with  fragments  comprising  39  residues  having  carboxyl  ends  from  among 
the  peptide  fragments  obtained  by  cyanogen  bromide  treatment  of  the  bacteriorhodopsin. 

so  This  CNBr-6  monoclonal  antibody  was  immobilized  by  a  covalent  bond  on  the  CNBr-activated 
Sepharose  4B,  an  agarose  gel  supplied  by  Pharmacia  Co.  at  a  ratio  of  2  mg  of  the  antibody  per  ml  of  the 
swelled  gel.  It  was  made  to  react  overnight  at  the  condition  of  the  coupling  buffer  of  0.5  M  NaCI,  0.2  M 
NaHC03  (pH  8.5)  at  4°  C.  The  unreacted  active  groups  were  blocked,  and  then  excess  of  antibody  was 
washed  off.  Then  the  gel  was  washed  with  0.1  M  NaCI. 

55  A  0.1  M  NaCI  solution  containing  0.2  mg  of  purified  bacteriorhodopsin  was  made  to  flow  in  the  column 
to  combine  the  carboxyl  end  of  the  bacteriorhodopsin  with  the  CNBr-6  monoclonal  antibody  immobilized  on 
the  gel.  The  gel  was  washed  again  0.1  M  NaCI  to  remove  unreaeted  bacteriorhodopsin. 

A  thin  film  of  15  mg  of  soy  bean  phospholipid  (asolectin)  was  hydrated  in  1  ml  of  0.1  M  NaCI  by  means 
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of  a  vortex  mixer,  and  was  treated  by  means  ot  a  prooe  type  sonicaior  ror  ou  minutes,  it  was  mixeu  wwi  <* 
gel  .having  the  combined  bacteriorhodopsin.  The  mixture  was  subjected  to  three  cycles  of  treatments 

comprising  freezing  in  dry  ice-acetone,  thawing  at  room  temperature,  and  mild  sonication  treatment,  giving 
a  proteoliposome  incorporated  with  bacteriorhodopsin. 

i  The  pH  of  the  mixture  was  adjusted  to  11  by  addition  of  0.1  N  aqueous  ammonia  to  dissociate  the 

bacteriorhodopsin  incorporated  in  the  liposome  from  the  CNBr-6  monoclonal  antibody.  The  proteoliposome 
was  separated  from  the  carrier  gel,  and  the  mixture  was  made  neutral  again.  Finally,  the  proteoliposome 
was  collected  by  centrifugation. 

The  proteoliposome  prepared  by  the  above  procedure  incorporated  the  bacteriorhodopsin  with  the 

o  carboxyl  ends  directing  outside,  which  was  confirmed  by  pH  change  of  the  external  liquid  to  alkaline  side 

on  light  irradiation  to  the  proteoliposome  suspension,  and  formation  of  peptide  having  carboxyl  ends  as  the 

digested  product  on  enzymatic  treatment  of  the  proteoliposome. 

5  Example  5 

Soy  bean  phospholipid  (asolectin)  corresponding  to  15  mg  of  lipid  dissolved  in  chloroform  was  placed 
in  a  test  tube  of  10  mm  in  diameter  and  about  130  mm  in  length.  The  solvent  was  evaporated  off  by  means 
of  a  rotary  evaporator,  and  further  the  solvent  was  completely  removed  in  a  desiccator  in  vacuo.  Thereto,  1 

\o  ml  of  3  M  aqueous  potassium  chloride  solution  which  had  been  adjusted  to  a  certain  pH  by  addition  of  an 

aqueous  hydrochloric  acid  or  an  aqueous  potassium  hydroxide  solution  was  added.  It  was  treated  by  a 
vortex  mixer  for  30  seconds  to  disperse  the  lipid  thin  membrane,  and  then  was  treated  by  a  probe  type 
sonicator  for  30  minutes,  giving  a  suspension  of  unilamellar  liposome  having  a  diameter  of  100  um. 

.A  membrane  protein  was  added  to  the  liposome  suspension.  Bacteriorhodopsin  was  used  as  an 

is  example  of  the  membrane  protein  for  forming  a  proteoliposome.  The  bacteriorhodopsin  was  prepared  by 
extracting  a  purple  membrane  from  a  hyperhalophilic  bacteria,  Halobacterium  halobium,  according  to  the 
method  of  P.  Oesterhelt  and  W.  Stoeckenius  (Method.  Enzymol.  31_,  667-678  (1974))  and  delipidating  it 

according  to  the  method  of  K.  S.  Huang,  et  al.  (Proc.  Nail.  Acad.  Sci.  USA,  77,  323  (1980)).  The 
bacteriorhodopsin  was  added  to  the  liposome  suspension  in  a  ratio  of  lipid  to  protein  within  a  range  of  from 

io  40  to  200  by  weight. 
The  suspension  was  subjected  to  three  cycles  of  the  treatments  comprising  freezing  by  liquid  nitrogen 

or  dry  ice-acetone,  thawing  at  room  temperature,  and  vortex  mixer  treatment  for  30  seconds.  The 

suspension  was  then  transferred  to  a  dialysis  tube,  and  subjected  to  dialysis  against  10  mM  aqueous 
'  potassium  chloride  solution  for  2  days.  Thus  a  giant  proteoliposome  having  a  diameter  exceeding  10  um 

35  was  prepared  in  a  large  amount. 
The  diameter  of  the  resultant  proteoliposome  depends  on  the  pH  during  the  preparation.  In  the  case 

where  the  preparation  operation  was  conducted  at  the  pH  within  3  to  1  1  from  beginning  to  freezing  and 

thawing,  the  diameter  distributed  within  the  range  of  about  5  to  50  um,  most  of  the  particles  having 
diameter  of  about  20  to  30  um,  while  in  the  case  where  the  operation  was  performed  below  pH  2,  the 

to  particle  size  distributed  non-uniformly  over  a  broad  range  of  from  about  5  to  300  um. 
In  order  to  test  whether  the  incorporated  protein  retained  the  inherent  function  without  being  denatured 

nor  inactivated  in  the  prepared  proteoliposome,  the  suspension  of  the  giant  proteoliposome  having  the 

incorporated  bacteriorhodopsin  was  exposed  to  light  of  560  nm,  and  the  change  of  pH  in  the  external  liquid 
was  measured.  When  the  suspension  of  the  giant  proteoiiposomes  was  practically  irradiated  with  light 

45  through  a  suitable  filter  coming  from  a  halogen  light  source,  pH  in  the  external  liquid  changed  indepen- 
dently  of  the  pH  in  the  preparation  step  (in  most  cases,  to  alkaline  side),  from  which  the  bacteriorhodopsin 
was  confirmed  to  be  incorporated  with  retention  of  its  function. 

50  Example  6 

A  thin  film  of  15  mg  of  asolectin  (soy  bean  phosphatidylcholine,  type  IV  S,  supplied  by  Sigma  Co.)  was 
formed  on  the  inside  wall  of  a  test  tube  of  10  x  130  mm.  Thereto  1  ml  of  a  solution  of  3  M  KCI.  50  mM 

MgCI2,  1  M  Hepes-KOH  (pH  7.5)  was  added  and  treated  by  a  vortex  mixer  for  1  minute  (at  highest  power 
55  level)  to  disperse  the  lipid  thin  membrane.  The  lipid  dispersion  was  transferred  into  a  polypropylene  tube 

(12  x  75  mm;  Becton  Dickinson  Co.:  Falkon®  2063)  provided  with  a  cap  and  was  saturated  with  nitrogen.  It 

was  subjected  to  sonication  treatment  with  a  water-bath-type  sonicator  (made  by  Branson  Co.:  Sonifier  B-1  5 

(200W),  with  cup-horn)  for  40  minutes  (at  power  level  2,  duty  cycle  60  %,  water-cooled)  to  give  a  liposome 
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liquid  dispersion. 
A  human  erythrocyte  sugar  transporting  protein  was  prepared  according  to  the  method  of  M.  Kasahara 

and  P.  C.  Hinkle,  (J.  Biol.  Chem.  252,  7384  (1977).  40  ug  of  the  preparation  having  made  free  from  a 
detergent  was  added  to  the  previously  prepared  liposome  liquid  dispersion,  which  was  subjected  to  a  mild 

5  sonication  treatment  by  means  of  a  water-bath-type  sonicator.  Subsequently,  the  mixture  was  subjected  to 
three  cycles  of  treatments  comprising  freezing  in  a  dry  ice-acetone  bath,  thawing  at  room  temperature,  and 
dispersing  by  a  vortex  mixer.  The  liquid  dispersion  thus  prepared  was  dialyzed  for  2  days  against  2  liters  of 
2  mM  MgCb,  10  mM  Hepes-KOH  (pH  7.5),  and  observed  by  a  phase  contrast  microscope.  It  was  found  that 
giant  proteoiiposomes  having  diameters  exceeding  10  nm  had  formed  in  a  large  amount. 

70  The  giant  proteoliposome  liquid  dispersion  was  freezed  rapidly  by  a  liquid  helium  rapid-freeze 
apparatus  (Eiko  Enginnering  Co.:  RF-23),  and  the  replica  of  the  membrane  surface  prepared  by  a  freeze- 
fracture  replica  preparation  apparatus  (Eiko  Engineering  Co.:FD-5A)  was  observed  by  a  transmission  type 
electron  microscope  (JEOL,  Ltd.:  JEM  100U).  Particle  of  about  several  nm  in  diameter  were  observed, 
which  proves  directly  the  incorporation  of  the  protein  into  the  giant  proteoliposome  membrane. 

75 

Example  7 

A  purple  membrane,  a  membrane  fragment  containing  bacteriorhodopsin,  was  obtained  by  extraction 
so  from  a  hyperhalophilic  Halobacterium  halobium  according  to  the  method  of  P.  Oesterhelt  and  W.  Stoec- 

kenius  (Methods  of  Enzymology,  31,  667-678  (1974)).  The  purple  membrane  was  delipidated  according  to 
the  method  of  K.  S.  Huang  (Proceedings  of  National  Academy  of  Science,  USA,  77,  323  (1980))  to  purify 
the  bacteriorhodopsin. 

A  monoclonal  antibody  which  will  specifically  combine  with  the  carboxyl  ends  of  the  bacteriorhodopsin 
25  was  prepared  according  to  the  method  of  K.  Kimura  (J.  Biol.  Chem.,  257,  2859-2867  (1980)).  This 

monoclonal  antibody  specifically  combines  with  fragments  comprising  39  residues  having  carboxyl  ends 
from  among  the  peptide  fragments  obtained  by  cyanogen  bromide  treatment  of  the  bacteriorhodopsin. 

A  cellulose  type  membrane  filter  (pore  diamter:  0.22  um)  supplied  by  Millipore  Co.  was  cut  into  small 
pieces  of  about  1  mm  square,  and  was  subjected  to  cyanogen  bromide  treatment  to  activate  the  hydroxyl 

30  group  on  the  surface  so  that  it  can  combine  with  a  protein  having  amino  groups.  To  this  membrane  filter, 
the  CNBr-6  monoclonal  antibody  prepared  as  above  was  added  in  an  amount  of  1  mg  per  100  mg  of  the 
membrane  filter,  and  was  made  to  react  to  combine  the  monoclonal  antibody  with  the  filter.  The  excess 
antibody  was  removed  by  washing. 

Separately,  15  mg  of  soy  bean"  phospholipid  dissolved  in  chloroform  was  placed  in  a  test  tube.  The 
35  solvent  was  evaporated  off  by  means  of  a  rotary  evaporator  and  a  vacuum  pump,  to  form  a  thin  film  of  the 

lipid  on  the  wall  of  the  test  tube.  Thereto  1  ml  of  3  M  KCI  solution  (pH  8.0)  was  added.  The  lipid  was  made 
suspend  by  a  vortex  mixer,  and  the  solution  was  treated  by  a  probe  type  sonicator,  giving  a  dispersion  of 
liposome  having  a  diameter  of  100  nm  or  less. 

To  this  liposome  dispersion,  the  small  pieces  of  the  membrane  filter  having  monoclonal  antibody 
40  combined  were  added.  The  suspension  was  subjected  to  three  cycles  of  the  treatments  comprising  freezing 

by  liquid  nitrogen  or  dry  ice-acetone,  thawing  at  room  temperature,  and  vortex  mixer  treatment  for  30 
seconds.  The  suspension  was  then  transferred  to  a  dialysis  tube,  and  subjected  to  dialysis  against  10  mM 
aqueous  potassium  chloride  solution  for  2  days.  Thus  a  giant  proteoliposome  having  a  diameter  exceeding 
1  0  um  in  a  large  amount. 

45  The  giant  proteoliposome  prepared  by  the  above  procedure  incorporated  the  bacteriorhodopsin  with  the 
carboxyl  end  directing  outside,  which  was  confirmed  by  pH  change  of  the  external  liquid  to  alkaline  side  on 
light  irradiation  to  the  proteoliposome  suspension,  and  formation  of  peptide  having  carboxyl  ends  as  the 
digested  product  on  enzymatic  treatment  of  the  proteoliposome. 

50 
Example  8 

A  giant  proteoliposome  was  prepared  in  the  same  manner  as  in  Example  7.  The  pH  of  the  prot- 
eoliposome  was  made  to  be  11  by  adding  1  N  aqueous  ammonia  to  dissociate  the  bacteriorhodopsin 

55  incorporated  into  the  liposome  from  the  CNBr-6  monoclonal  antibody,  thus  giving  a  giant  proteoliposome 
having  a  diameter  exceeding  5  um. 

The  giant  proteoiiposomes  prepared  by  the  procedure  above  incorporated  the  bacteriorhodopsin  with 
the  carboxyl  ends  directing  outside,  which  was  confirmed  by  pH  change  of  the  external  liquid  to  alkaline 
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de  on  light  irradiation  to  the  proteoliposome  suspension,  ana  rormauun  ui  pe^uuc  navmy  wu^yi   c.uo  aa 
le  digested  product  on  enzymatic  treatment  of  the  proteoliposome. 

;  Example  9 

Bovine  rhodopsin  was  isolated  and  purified  by  the  procedure  shown  below.  The  operation  was  all 

conducted  under  dark  red  light  (with  Red  filter  No.1  of  Eastman  Kodak  Co.). 
From  a  bovine  retina,  a  disc  which  is  a  membrane  constituting  material  containing  rhodopsin  was 

o  isolated  and  purified  according  to  the  Ficoll  flotation  method  (Smith  et  al.:  Exp.  Eye  Res.  20,  211-217 

(1975)).  The  purified  disc  was  solubilized  by  the  solution  consisting  of  50  mM  octyl  glucoside,  0.1  M  NaCI, 

1  mM  MnCI2,  1  mM  CaCI2,  and  10  mM  Mops-NaOH  (pH  7.0),  and  then  the  rhodopsin  was  purified  by 

affinity  chromatography  employing  wheat  germ  Lectin-Sepharose  6MB;  agarose  gel,  (supplied  by  Phar- 

macia  Co.,  average  gel  particle  diameter:  ca.  300  urn)  by  batchwise  treatment  (wet  volume  of  2  mi).  More 

5  specifically,  the  gel,  in  an  amount  of  5  mg  as  protein,  was  added  to  the  solution  of  the  solubilized  disc, 
combine  the  rhodopsin  with  the  lectin,  and  then  the  gel  was  washed  sufficiently  with  a  buffer  solution  (0.1  M 

NaCI,  1  mM  MnCI2,  1  mM  CaCI2,  10  mM  Mops-NaOH  (pH  7.0))  to  eliminate  impurities.  The  rhodopsin 

having  been  combined  through  the  lectin  with  the  carrier  gel  particles  was  used,  as  it  is,  for  forming 

proteoliposome. 
o  Separately,  15  mg  of  soy  bean  phospholipid  dissolved  in  chloroform  was  placed  in  a  test  tube.  The 

solvent  was  evaporated  off  by  means  of  a  rotary  evaporator  and  a  vacuum  pump  to  form  a  thin  film  of  the 

lipid  on  the  wall  of  the  test  tube.  Thereto  1  ml  of  a  solution  of  3  M  NaCI,  1  mM  MnCI2,  1mM  CaCI2,  and  0.1 

M  Mops-NaOH  (pH  7.0)  were  added,  and  made  suspend  by  a  vortex  mixer,  and  the  suspension  was  treated 

by  a  probe  type  sonicator,  giving  a  dispersion  of  liposome  having  a  diameter  of  100  nm  or  less. 

5  The  gel  having  rhodopsin  combined  was  added  to  the  liposome  liquid  dispersion  and  mildly  stirred  for 

30  minutes.  The  suspension  was  subjected  to  three  cycles  of  the  treatments  comprising  freezing  by  liquid 

nitrogen  or  dry  ice-acetone,  thawing  at  room  temperature,  and  mixing  by  vortex  mixer  for  30  seconds.  The 

suspension  was  then  transferred  to  a  dialysis  tube,  and  was  dialyzed  against  a  solution  of  10  mM  NaCI,  10 

mM  Mops-NaOH  (pH  7.0)  for  2  days.  Thus  a  giant  proteoliposome  having  a  diameter  exceeding  10  urn  in  a 

io  large  amount. 
To  1  ml  of  the  dispersion,  2  ml  of  a  solution  of  20  mM  N-acetyl-a-D-glucosamine,  10  mM  NaCI,  and  10 

mM  Mops-NaOH  (pH  7.0)  was  added,  and  was  incubated  for  one  hour  in  order  to  dissociate  the  rhodopsin 
from  the  carrier  and  to  separate  the  proteoliposome  from  the  carrier.  The  giant  liposome  dispersion  was 
recovered  as  the  supernatant.  Further  the  dispersion  was  dialyzed  against  a  solution  of  10  mM  NaCI,  10 

is  mM  Mops-NaOH  (pH  7.0)  to  remove  N-acetyl-a-D-glucosamine.  The  yield  was  approximately  30  %  in  terms 
of  protein. 

The  incorporation  of  the  rhodopsin  into  the  resultant  proteoliposome  membrane  was  confirmed  as 
below.  The  proteoliposome  liquid  dispersion  was  freezed  by  a  liquid  helium  rapid-freeze  apparatus  (Eiko 

Enginnering  Co.:  RF-23),  and  the  repiica  of  the  membrane  surface  prepared  by  a  freeze-fracture  replica 

«?  preparation  apparatus  (Eiko  Engineering  Co.:  FD-5A)  was  observed  by  a  transmission  type  electron 

microscope  (JEOL,  Ltd.:  JEM  100U).  Particle  of  about  4  nm  diameter  were  observed,  which  proves  the 

incorporation  of  rhodopsin. 
On  the  giant  proteoliposome  liquid  dispersion,  /3-N-acetylglucosaminidase  (Sigma  Co.)  was  made  to  act. 

As  the  result,  free  sugar  was  detected  in  the  external  liquid,  which  proves  that  the  sugar  residue  is 

45  incorporated  toward  the  outside  of  the  proteoliposome. 
In  the  present  invention  as  described  above,  in  forming  a  proteoliposome  by  incorporating  a  membrane 

protein  into  a  liposome,  the  orientation  of  the  protein  relative  to  the  interior  and  exterior  of  a  vehicle 

membrane  can  be  controlled.  Therefore,  incorporation  of  a  membrane  protein,  having  a  function  of 

transporting  a  substance  in  one  direction  through  the  membrane  such  as  a  substance  transporting  ATPase, 

50  membrane  allows  the  control  of  the  substance  transfer  direction  from  the  interior  to  the  exterior  of  the 

vesicle  or  the  reverse  direction,  which  raises  remarkably  the  efficiency  of  the  substance  transfer  since 

inappropriate  protein  orientation  is  decreased  and  the  required  amount  of  the  inappropriate  protein  is 
decreased. 

Further,  a  protein  such  as  an  enzyme  and  an  antibody  which  can  combine  specifically  with  a  substrate 

55  or  an  antigen-antibody  and  so  forth  is  made  possible  to  be  embedded  membrane,  and  the  embedding  can 
be  made  in  such  an  orientation  that  the  combining  sites  are  directed  toward  the  exterior  of  the  liposome,  so 
that  the  unsuitably  orienting  protein  may  -be  decreased,  and  the  required  amount  of  the  protein  can  be 

reduced. 

i  o 



EP  0  355  845  A2 

As  descreibed  above,  the  present  invention  has  made  it  possible  to  prepare  a  giant  proteoliposome 
having  a  diameter  of  5  u.m  or  larger  in  a  simple  procedure  under  mild  conditions  in  a  large  amount  without 
deactivation  nor  denaturation  of  the  protein,  which  could  not  be  achieved  practically  by  prior  art. 

Additionally,  the  present  invention  has  achieved,  in  formation  of  a  giant  proteoliposome,  the  advantage 
5  of  controlling  the  orientation  of  the  membrane  protein  incorporated  into  the  giant  proteoliposome. 

A  method  for  forming  a  proteoliposome  comprises  incorporating  into  a  liposome  a  membrane  protein 
combined  with  a  carrier.  Further,  a  method  for  preparing  a  giant  proteoliposome,  comprises  freezing  and 
thawing  an  alkali  metal  salt  solution  containing  a  membrane  protein  and  a  lipid,  and  subsequently  dialyzing 
against  a  second  salt  solution  or  a  buffer  solution  having  a  lower  osmotic  pressure  than  that  of  said  alkali 

10  metal  salt  solution.  Further,  a  metal  for  forming  a  proteoliposome,  comprises  by  freezing  and  thawing  an 
alkali  metal  salt  solution  containing  a  membrane  protein  combined  with  a  carrier  and  a  lipid. 

Claims 
15 

1.  A  method  for  forming  a  proteoliposome,  comprising  incorporating  into  a  liposome  a  membrane 
protein  combined  with  a  carrier. 

2.  The  method  of  Claim  1,  wherein  the  volume  of  said  carrier  is  equal  to  or  more  than  the  volume  of 
said  iiposome. 

20  3.  The  method  of  Claim  1  ,  wherein  the  shape  of  said  carrier  is  spheric  and  the  size  thereof  is  equal  to 
or  larger  than  the  diameter  of  said  liposome. 

4.  The  method  of  Claim  1,  wherein  the  shape  of  said  carrier  is  planar  or  curved,  and  the  radius  of 
curvature  thereof  is  equal  to  or  larger  than  the  radius  of  said  liposome. 

5.  The  method  of  Claim  1,  wherein  said  carrier  is  combined  with  hydrophilic  side  chains  of  said 
25  membrane  protein. 

6.  The  method  of  Claim  1,  wherein  said  membrane  protein  incorporated  into  said  liposome  is 
subsequently  separated  from  said  carrier. 

7.  A  method  for  preparing  a  giant  proteoliposome,  comprising  freezing  and  thawing  an  alkali  metal  salt 
solution  containing  a  membrane  protein  and  a  'lipid,  and  subsequently  dialyzing  against  a  second  salt 

30  solution  or  a  buffer  solution  having  a  lower  osmotic  pressure  than  that  of  said  alkali  metal  salt  solution  to 
form  a  giant  proteoliposome. 

8.  A  method  for  preparing  a  giant  proteoliposome,  comprising  freezing  and  thawing  an  alkali  metal  salt 
solution  containing  a  membrane  protein  combined  with  a  carrier  and  a  lipid,  and  subsequently  dialyzing 
against  a  second  salt  solution  or  a  buffer  solution  having  a  lower  osmotic  pressure  than  that  of  said  alkali 

35  metal  salt  solution  to  incorporate  said  membrane  protein  into  a  liposome. 
9.  A  method  for  preparing  a  giant  proteoliposome,  comprising  freezing  and  thawing  an  alkali  metal  salt 

solution  containing  a  membrane  protein  combined  with  a  carrier  and  a  lipid,  and  subsequently  dialyzing 
against  a  second  salt  solution  or  a  buffer  solution  having  a  lower  osmotic  pressure  than  that  of  said  alkali 
metal  salt  solution  by  separating  said  membrane  protein  from  said  carrier  to  incorporate  said  membrane 

40  protein  into  a  liposome. 
10.  The  method  of  Claim  8  or  9,  wherein  the  volume  of  said  carrier  is  equal  to  or  larger  than  the  volume 

of  said  liposome. 
11.  The  method  of  Claim  8  or  9,  wherein  the  shape  of  said  carrier  is  spheric  and  the  size  thereof  is 

equal  to  or  larger  than  the  diameter  of  said  liposome. 
45  12.  The  method  of  Claim  8  or  9,  wherein  the  shape  of  said  carrier  is  planar  or  curved,  and  the  radius  of 

curvature  thereof  is  equal  to  or  larger  than  the  radius  of  said  liposome. 
13.  The  method  of  Claim  8  or  9,  wherein  said  carrier  is  combined  with  hydrophilic  side  chains  of  said 

membrane  protein. 
14.  A  method  for  forming  a  proteoliposome  comprising  by  freezing  and  thawing  an  alkali  metal  salt 

so  solution  containing  a  membrane  protein  combined  with  a  carrier  and  a  lipid  to  incorporate  said  membrane 
protein  into  a  liposome. 

15.  The  method  of  Claim  14,  wherein  the  volume  of  said  carrier  is  equal  to  or  more  than  the  volume  of 
said  liposome. 

16.  The  method  of  Claim  14,  wherein  the  shape  of  said  carrier  is  spheric  and  the  size  thereof  is  equal 
55  to  or  larger  than  the  diameter  of  the  said  liposome. 

17.  The  method  of  Claim  14,  wherein  the  shape  of  said  carrier  is  planar  or  curved,  and  the  radius  of 
curvature  thereof  is  equal  to  or  larger  than  the  radius  of  said  liposome. 

18.  The  method  of  Claim  14,  wherein  said  carrier  is  combined  with  hydrophilic  side  chains  of  said 

14 
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nembrane  protein. 
19.  The  method  of  Claim  14,  wherein  said  membrane  protein  incorporated  into  said  liposome  is 

subsequently  separated  from  said  carrier. 
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