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Field  of  Industrial  Application 

The  present  invention  relates  to  a  stationary 
phase  material  for  chromatography. 

Background  Art 

Stationary  phase  materials  for  chromatography 
have  conventionally  been  prepared  from  silica  gel, 
chemically  modified  silica  gel,  organic  polymer  etc. 
Hydroxyapatite  in  particular  has  recently  been  used 
as  adsorbent  for  biochromatography,  due  to  its 
excellent  biocompatibility  as  well  as  to  its  outstand- 
ing  capability  of  separating  and  purifying 
biopolymers,  such  as  proteins  or  nucleic  acids, 
under  mild  conditions.  In  the  field  of  biotechnology, 
chromatography  has  now  been  recognized  to  be 
useful,  and  in  fact  has  been  increasingly  utilized,  as 
means  for  separating  and  purifying  substances  of 
use  from  biomolecules  containing  different  con- 
taminants.  Existing  stationary  phase  materials  for 
chromatography,  however,  are  not  perfect  enough 
to  satisfy  all  the  properties  required  for  means  for 
separating  and  purifying  specific  substances  from 
biomolecules  containing  complex  component  sub- 
stances.  For  example,  where  biomolecules  contain- 
ing  monoclonal  antibodies  are  handled,  in  which 
proteins  such  as  albumin  and  transferrin  are  nor- 
mally  present  together,  it  is  not  easy  to  carry  out 
their  separation  in  simple  operations  using  conven- 
tional  means.  In  such  cases  where  separation  and 
purification  of  biomolecules  cannot  easily  be  made 
due  to  cumbersomeness  involved  in  separation  and 
purification  operations,  the  development  of  novel 
stationary  phase  materials  for  chromatography  has 
been  keenly  desired,  which  materials  make  it  pos- 
sible  to  perform  mass  separation  and  purification 
simply,  rapidly  and  hence  at  a  low  cost. 

Objects  of  the  Invention 

The  object  of  the  present  invention  is,  in  view 
of  the  state  of  the  art  as  described  above,  to 
provide  a  stationary  phase  material  for  chromatog- 
raphy  having  suitable  properties  for  the  separation 
and  purification  of  particular  substances  from 
biomolecules  such  as  proteins,  enzymes,  nucleic 
acids  and  saccharides. 

In  the  state  of  the  art,  solid  materials  the  sur- 
face  of  which  is  coated  with  pyrophosphate  and/or 
metaphosphate  have  not  been  known  at  all  as 
stationary  phase  materials  for  chromatography.  It 
has  previously  been  reported  to  utilize  a 
pyrophosphate  gel  for  chromatography  [G.  C. 
Schito  and  A.  Pesce,  Giornale  di  Microbiologia,  13, 
31-43  (1965)]  .  The  magnesium  pyrophosphate  gel 
used  therein,  however,  has  the  following  disadvan- 
tages.  Thus,  there  occur,  with  the  lapse  of  time 

after  preparation  of  the  gel,  changes  in  its  physical 
properties,  e.g.  a  decrease  in  particle  size  due  to  a 
change  in  the  state  of  hydration.  For  example,  the 
lapse  of  several  weeks  will  result  in  particle  size 

5  reduction  to  such  an  extent  that  the  particles  will 
pass  through  the  sintered  glass  filter  of  the 
chromatographic  column,  which  necessitates  the 
use  of  the  gel  immediately  after  its  preparation.  In 
addition,  when  directly  packed  into  a  column,  such 

io  a  gel  will  give  rise  to  high  resistance  upon  elution 
with  buffers  and  therefore  is  needed  to  be  used  in 
admixture  with  Sephadex  (Pharmacia;  a  packing 
material  for  gel  filtration).  Thus,  due  to  the  prob- 
lems  with  respect  to  physicochemical  stability  as  a 

75  material  for  chromatography,  the  means  of  using 
such  a  gel  has  not  been  widely  put  to  industrial 
application  in  practice. 

Disclosure  of  the  Invention 
20 

In  accordance  with  the  present  invention,  there 
is  provided  a  novel  stationary  phase  material  for 
chromatography  which  meets  the  object  as  de- 
scribed  above. 

25  The  novel  material  of  the  present  invention  is 
characterized  by  comprising  a  solid  material  the 
surface  of  which  is  coated  with  pyrophosphate 
and/or  metaphosphate. 

In  the  following  will  now  be  described  the 
30  present  invention  in  detail. 

As  solid  carrier  materials  for  use  as  the  sub- 
strate  of  the  stationary  phase  material  for 
chromatography  according  to  the  present  invention, 
there  may  be  used  a  wide  variety  of  materials  such 

35  as  glass,  ceramics,  metals  and  resins.  Where  such 
solid  carrier  materials  are  to  be  used,  the  surface 
thereof  will  be  coated  with  pyrophosphate  or 
metaphosphate.  Alternatively,  pyrophosphate  or 
metaphosphate  as  such  may  be  used  as  the  solid 

40  phase  carrier  material.  In  this  case,  the  surface  of 
the  stationary  phase  material  consists  of  such 
phosphate  as  a  matter  of  course  since  the  whole  of 
the  stationary  phase  material  is  composed  of  that 
phosphate.  Accordingly,  the  stationary  phase  ma- 

45  terial  for  chromatography  according  to  the  present 
invention  may  take,  roughly,  the  following  two 
forms: 

1)  Stationary  phase  material  wherein  a  solid 
material  consisting  of  a  material  different  from 

50  pyrophosphate  or  metaphosphate  is  used  and 
its  surface  is  coated  with  pyrophosphate  and/or 
metaphosphate; 
2)  Stationary  phase  material  consisting  entirely 
of  pyrophosphate  or  metaphosphate. 

55  The  pyrophosphate  or  metaphosphate  to  be 
used  in  the  present  invention  may  be  in  the  form  of 
a  solid  composed  of  crystallites  grown  to  such  an 
extent  that  diffraction  peaks  can  be  observed  by  X- 
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ray  diffraction  analysis  (i.e.  crystalline  solid)  or  in 
the  form  of  a  solid  composed  of  fine  crystallites 
such  that  no  apparent  diffraction  peaks  can  be 
observed  by  X-ray  diffraction  analysis  (i.e.  non- 
crystalline  solid).  Thus,  the  size  of  crystallites  con- 
stituting  such  phosphate  is  by  no  means  limited  in 
any  way.  Such  phosphate  is  to  be  understood  to 
mean  any  solid  phosphate  capable  of  forming  a 
physicochemically  stable  coating  layer.  According- 
ly,  physicochemically  unstable  pyrophosphate  or 
metaphosphate  gels  do  not  fall  within  the  meaning 
of  the  stationary  phase  material  phosphate  in  ac- 
cordance  with  the  present  invention. 

As  the  component  metal  of  the  pyrophosphate 
which  constitutes  the  surface  coating  of  the  station- 
ary  phase  material  for  chromatography  according 
to  the  present  invention,  there  may  be  used  a 
metal  selected  from  a  variety  of  metals  including 
alkaline  earth  metals,  iron  family  metals,  magne- 
sium,  manganese,  copper,  zinc  and  zirconium.  In 
particular,  the  use  of  calcium  or  magnesium  is 
extremely  preferred  due  to  its  excellent  perfor- 
mance  as  stationary  phase  material  for  chromatog- 
raphy  on  biomolecules.  The  component  metal  in 
the  phosphate  may  be  present  in  combination  of 
two  or  more  of  the  metallic  elements  described 
above.  Thus,  for  example,  there  may  be  used  with- 
out  any  inconvenience  phosphate  materials  having 
CaMgP207,  Cai.5Sr0.5P2C7  or  the  like  composition 
as  well  as  those  materials  the  composition  of  which 
is  such  that  the  component  metal  content  is  dero- 
gated,  in  respect  of  charge  or  number  of  atoms, 
from  that  in  phosphate  materials  having  the 
stoichiometric  composition,  e.g.  Cai.5Mg0.4P2C7  or 
Ca2.o5P2  07,  if  only  diffraction  peaks  of 
pyrophosphate  are  observed  by  X-ray  diffraction 
analysis  or  if,  even  where  biproduct  peaks  are 
observed  by  X-ray  diffraction  analysis  in  addition  to 
the  peaks  of  the  main  product  pyrophosphate,  the 
phosphate  is  substantially  pyrophosphate.  Accord- 
ingly,  pyrophosphate  having  a  nonstoichiometric 
composition  also  should  be  understood  to  fall  with- 
in  the  term  "pyrophosphate"  as  used  herein. 

The  combination  of  component  metals  may  be 
varied  with  respect  to  the  kind  and/or  proportion  of 
the  components,  so  that  the  interaction  of  the  phos- 
phate  with  the  biomolecule(s)  to  be  applied  to 
chromatography  may  be  suitably  adjusted. 

In  the  present  invention,  where  the 
pyrophosphate  or  metaphosphate  is  crystalline,  it  is 
understood  to  mean  hydrated  or  nonhydrated 
pyrophosphate  or  metaphosphate  which  is  a  solid 
in  the  crystal  state  of  single  crystal  or  polycrystal, 
the  crystallites  of  the  solid  having  being  grown  to  a 
size  such  that  the  substance  identification  can  be 
made  on  the  basis  of  diffraction  peaks  from  X-ray 
diffraction  analysis,  or  to  a  larger  size  than  such  a 
size.  With  regard  to  the  crystal  structure  of  such 

phosphate,  there  exist  varied  pyrophosphate  and 
metaphosphate  having  many  different  crystal  struc- 
tures.  In  the  case  of  calcium  pyrophosphate,  for 
example,  four  and  three  different  kinds  of  crystal 

5  structure  exist  for  the  hydrated  and  the  nonhydrat- 
ed  calcium  pyrophosphate,  respectively.  The 
present  inventors  have  also  found  that  the  interact- 
ing  force  between  pyrophosphate  or 
metaphosphate  and  biomolecules  vary  with  such 

io  differences  in  crystal  structure  as  described  above. 
By  means  of  combining,  while  taking  advantage  of 
such  variation,  different  kinds  of  pyrophosphate 
and/or  metaphosphate  having  different  crystal 
states  or  structures,  various  aspects  of  perfor- 

15  mance  can  be  adjusted. 
In  the  case  of  pyrophosphate  or 

metaphosphate  gels,  extremely  fine  particles  of 
such  phosphate  in  colloidal  dispersion  aggregate 
together  to  form  a  three-dimensional  framework 

20  with  many  spaces  therein,  and  liquid  is  incorpo- 
rated  into  the  very  fine  capillaries  between  the 
particles  as  well  as  into  the  very  small  spaces  in 
the  framework  to  form  a  solid-liquid  gel,  so  that 
swelling  and  shrinkage  take  place  due  to  the  influx 

25  and  efflux  of  the  liquid  in  these  capillaries  or 
spaces.  In  contrast  to  these  phosphate  gels,  the 
crystalline  pyrophosphate  and  metaphosphate  are 
stable,  both  physically  and  chemically,  causing  no 
swelling  or  shrinkage  upon  drying.  Accordingly, 

30  they  have  the  advantageous  properties  that  they 
can  easily  be  stored  in  the  atmosphere  for  a  long 
period  without  changes  with  time,  and  also  that 
they,  being  a  crystalline  solid,  possess  high  me- 
chanical  strength  such  that  possible  troubles  upon 

35  their  packing  into  a  column,  such  as  an  increase  in 
back  pressure  due  to  compression,  can  be  avoid- 
ed. 

Even  in  the  case  of  noncrystalline 
pyrophosphate  and  metaphosphate,  such  phos- 

40  phate  in  which  the  particles  are  firmly  bound  to- 
gether  to  give  high  mechanical  strength  can  stably 
be  used  as  a  stationary  phase  material  in  the  same 
manner  as  in  the  case  of  the  above  mentioned 
crystalline  phosphate.  Thus,  for  example,  a  zirco- 

45  nium  pyrophosphate-based  noncrystalline  solid  ob- 
tained  by  reacting  zirconium  oxynitrate  with  phos- 
phoric  acid  to  give  a  precipitate,  drying  the 
precipitate  and  subjecting  the  dried  precipitate  to 
heat  treatment  at  800  °C  can  be  stably  used,  even 

50  when  repeatedly  employed,  as  a  stationary  phase 
material  for  chromatography. 

In  coating  the  surface  of  solid  materials  with 
the  above  mentioned  pyrophosphate,  the  coating 
method  and  the  state  of  coatings  are  not  limited  in 

55  any  particular  way,  whether  the  binding  between 
the  pyrophosphate  and  the  solid  carrier  is  chemical 
or  physical  in  nature,  so  long  as  the  pyrophosphate 
covering  the  surface  of  the  solid  carrier  material 

3 
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functions  as  stationary  phase  for  chromatography. 
Thus,  for  example,  the  surface  of  a  solid  carrier 
material  may  be  filmwise  coated  with 
pyrophosphate  to  form  a  layer  of  a  given  thickness, 
or  fine  particles  of  pyrophosphate  may  be  bound 
onto  the  surface  of  a  solid  carrier  material  by  laying 
the  latter  with  the  former.  These  layers  and  bound 
fine  particles  may  take  a  variety  of  states,  ranging 
from  dense  and  pore-free  to  porous,  and  any  such 
state  may  be  chosen,  depending  upon  the  purpose 
of  the  chromatography.  Thus,  for  example,  where 
the  carrier  used  is  physicochemically  so  stable 
under  the  operating  conditions  for  the  chromatog- 
raphy  as  to  cause  no  adverse  interaction  with  the 
buffer  or  sample,  or  where  the  pyrophosphate  as 
such  is  used  as  the  solid  carrier,  it  is  not  necessar- 
ily  required  to  coat  the  surface  of  the  solid  carrier 
material  densely  with  a  pyrophosphate  layer.  It  is 
effective  for  enhancing  the  sample-loading  capacity 
that  the  surface  of  the  solid  carrier  is  made  porous 
with  pyrophosphate  particles  coarsely  bound  in 
such  a  manner  as  not  to  cause  any  inconvenience 
to  chromatography,  because  the  specific  surface 
area  of  the  pyrophosphate  becomes  larger. 

Stationary  phase  materials  consisting  entirely 
of  pyrophosphate  may  be  used.  For  their  prepara- 
tion,  for  example,  the  hydrogen  phosphate  or  am- 
monium  phosphate  of  such  as  alkaline  earth  metal, 
magnesium  or  manganese  or  the  like  may  be  sub- 
jected  to  pyrolysis  to  give  crystalline  nonhydrated 
pyrophosphate,  or  an  aqueous  solution  of  calcium 
acetate  and  an  aqueous  solution  of  calcium 
dihydrogen  diphosphate  may  be  mixed  together 
and  then  allowed  to  stand  to  give  calcium 
pyrophosphate  tetrahydrate.  In  either  case,  there  is 
obtained  a  stationary  phase  material  consisting  of 
pyrophosphate  in  which  the  solid  carrier  material 
and  the  coating  layer  are  integrated  together.  It  is 
also  possible  to  prepare  a  stationary  phase  material 
in  which  the  state  of  the  pyrophosphate  constituting 
the  carrier  portion  is  different  from  that  of  the 
pyrophosphate  constituting  the  surface  layer,  in 
order  to  render  even  higher  the  mechanical 
strength  of  the  pyrophosphate  used  as  the  station- 
ary  phase  material  and  also  in  order  to  enhance 
sample-loading  capacity.  For  this  purpose,  the  solid 
carrier  material  pyrophosphate  having  previously 
been  formed  into  spheres  in  a  known  manner  such 
as  by  spray  drying  is  sufficiently  fired  at  an  ele- 
vated  temperature  to  produce  particles  of  high  me- 
chanical  strength,  the  surface  of  which  is  then 
coarsely  coated  with  and  bound  to  separately  pre- 
pared  fine  pyrophosphate  particles  of  different 
sizes.  For  preparing  a  stationary  phase  material  in 
which  a  material  other  than  pyrophosphate  is  used 
as  the  solid  carrier  material  with  its  surface  coated 
with  pyrophosphate,  any  of  a  variety  of  methods 
may  be  employed.  Thus,  for  example,  in  one  such 

method,  a  slurry  of  pyrophosphate  is  sprayed  onto 
the  surface  of  a  carrier  material  and  then  dried  by 
heating.  In  another  such  method,  a  carrier  material 
is  dipped  in  a  solution  or  slurry  of  phosphoric  acid 

5  and  a  metal  compound  and,  after  separation  of  the 
solution  or  slurry  and  subsequent  drying,  is  heated 
to  form  a  coating  of  the  pyrophosphate  on  its 
surface. 

Reference  is  now  made  to  the  above  described 
io  metaphosphate. 

What  is  meant  by  the  term  metaphosphate  is 
not  necessarily  standardized.  Metaphosphate  has 
been  classified  in  accordance  with  the  component 
metal/phosphorus  ratio  based  on  the  number  of 

is  atoms  (atomic  ratio),  or  with  whether  the  molecular 
is  chain  or  ring  structure.  Therefore  what  is  meant 
by  the  term  metaphosphate  used  by  researchers  in 
papers  published  to  date  in  scientific  journals  is  not 
necessarily  the  same.  The  term  metaphosphate  is 

20  used  herein  to  mean  any  condensed  phosphate, 
whether  the  molecular  is  chain  or  ring  structure, 
that  is  composed  of  metal  ion  M  (charge  number  : 
m)  and  metaphosphate  ion  (PO3-)  in  a  M  to  P 
atomic  ratio  (M/P)  of  1/m.  Thus,  for  example,  where 

25  M  is  a  monovalent  metal,  the  concept  of  the  phos- 
phate  as  used  in  the  present  invention  includes,  not 
to  speak  of  cyclic  structures  designated  strictly  as 
(MP03)n  (n  =  3,  4,  5  etc.),  long  chain  structures 
which  have  hitherto  been  customarily  designated, 

30  aside  from  academic  arguments,  by  the  approxi- 
mate  formula  (MP03)n-  (Although  the  latter  struc- 
tures,  being  chains,  should  be  polyphosphate  of 
Mn+2Pn03n+1,  they  have  been  interpreted  to  be 
representable  approximately  by 

35  Mn+2Pn03n+1=MnPn03n  =  (MP03)n  because  of  the  n 
being  extremely  large.)  In  another  example,  alu- 
minum  tetrametaphosphate  is  represented,  in 
ASTM  data  collection  or  scientific  papers,  by  AI+- 
(P+  012)3  or  customarily  by  AI(P03)3-  Any  materials 

40  comprised  essentially  of  metaphosphate  ion 
(P03-),  irrespective  of  how  they  are  represented, 
are  understood  to  be  included  in  the  concept  of  the 
metaphosphate  as  used  in  the  present  invention. 

As  the  component  metal  of  the  above  men- 
45  tioned  metaphosphate,  there  may  be  used  a  metal 

selected  from  a  variety  of  metals  including  magne- 
sium,  alkaline  earth  metals,  manganese,  iron  family 
metals,  copper,  zinc,  aluminum  and  zirconium.  In 
particular,  the  use  of  aluminum,  calcium  or  magne- 

50  sium  is  extremely  preferred  due  to  its  excellent 
performance  as  a  stationary  phase  material  for 
chromatography  on  biomolecules.  The  component 
metal  in  the  metaphosphate  may  be  present  in 
combination  of  two  or  more  of  the  component 

55  metals  described  above.  The  combination  of  com- 
ponent  metals  may  be  varied  with  respect  to  the 
kind  and/or  proportion  of  the  components  so  that 
the  interaction  of  the  metaphosphate  with  the 
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biomolecule(s)  to  be  subjected  to  chromatography 
may  be  suitably  adjusted. 

The  metaphosphate  to  be  used  in  accordance 
with  the  present  invention  may  be  in  any  of  the 
noncrystalline,  glassy  and  crystalline  states.  In  par- 
ticular,  the  crystalline  metaphosphate  is  more  pref- 
erably  used  as  a  stationary  phase  material  for 
chromatography  because  it  has  lower  citrate  solu- 
bility  than  the  noncrystalline  or  glassy 
metaphosphate  and  hence  higher  chemical  durabil- 
ity  in  liquids. 

The  metal  ion/metaphosphate  ion  (PO3-)  ratio 
in  the  metaphosphate  mentioned  above  may  not 
necessarily  be  stoichiometric.  Furthermore,  the 
metaphosphate  need  not  be  a  material  consisting 
solely  of  metaphosphate  and  may  be  a  material 
which  owes  its  function  as  stationary  phase  for 
chromatography  substantially  to  the  presence  of 
metaphosphate  therein  and  which  is  able  to  exist 
stably  in  the  eluent  used.  Thus,  it  is  to  be  under- 
stood  that  the  "metaphosphate"  as  used  in  the 
present  invention  also  includes  metaphosphate 
having  a  composition  slightly  departing  from  the 
stoichiometric  composition  as  well  as 
metaphosphate  contaminated  with  minor  amounts 
of  substances  other  than  metaphosphate. 

As  is  the  case  for  example  with  aluminum 
tetrametaphosphate  or  calcium  metaphosphate,  the 
crystal  structure  of  metaphosphate  shows  polymor- 
phism,  that  is  to  say,  there  exist  various  kind  of 
metaphosphate  having  different  crystal  structures. 
The  present  inventors  have  also  found  that  the 
interacting  force  between  the  metaphosphate  and 
the  biomolecule(s)  vary  with  differences  in  crystal 
structure.  By  means  of  combining,  while  taking 
advantage  of  such  variation,  different  kinds  of 
metaphosphate  having  different  crystal  states  or 
structures,  various  aspects  of  performance  as  sta- 
tionary  phase  material  can  be  adjusted. 

As  for  the  molecular  structure  of 
metaphosphate,  it  may  be  chain  or  ring  depending 
upon  the  manufacturing  conditions  used.  Thus,  for 
example,  magnesium  metaphosphate  may  occur  in 
the  form  by  [Mg(P03)2]n,  ie.  magnesium 
metaphosphate  having  a  long-chain  structure,  or 
Mg2P+Oi2,  i.e.  magnesium  tetrametaphosphate 
having  a  ring  structure,  depending  upon  the  kind  of 
the  starting  material,  the  preparation  conditions, 
etc.  It  is  to  be  understood  that  metaphosphate  with 
any  of  these  molecular  structures  is  included  in  the 
"metaphosphate"  as  used  in  the  present  invention. 

In  coating  the  surface  of  solid  materials  with 
the  above  mentioned  metaphosphate,  the  coating 
method  and  the  state  of  coatings  are  not  limited  in 
any  particular  way,  whether  the  binding  between 
the  metaphosphate  and  the  solid  carrier  is  chemi- 
cal  or  physical  in  nature,  so  long  as  the 
metaphosphate  covering  the  surface  of  the  solid 

carrier  material  functions  as  stationary  phase  for 
chromatography.  Thus,  for  example,  the  surface  of 
a  solid  carrier  material  may  be  filmwise  coated  with 
metaphosphate  to  form  a  layer  of  a  given  thick- 

5  ness,  or  fine  particles  of  metaphosphate  may  be 
bound  onto  the  surface  of  a  solid  carrier  material 
by  laying  the  latter  with  the  former.  These  layers 
and  bound  fine  particles  may  take  a  variety  of 
states,  ranging  from  dense  and  pore-free  to  porous, 

10  and  any  such  state  may  be  chosen,  depending 
upon  the  purpose  of  the  chromatography.  Thus,  for 
example,  where  the  carrier  used  is 
physicochemically  so  stable  under  the  operating 
conditions  for  the  chromatography  as  to  cause  no 

15  adverse  interaction  with  the  buffer  or  sample,  or 
where  the  metaphosphate  as  such  is  used  as  the 
solid  carrier,  it  is  not  necessarily  required  to  coat 
the  surface  of  the  solid  carrier  material  densely 
with  metaphosphate  layer.  It  is  effective  for  enhanc- 

20  ing  the  sample-loading  capacity  that  the  surface  of 
the  solid  carrier  is  made  porous  with 
metaphosphate  particles  coarsely  bound  in  such  a 
manner  as  not  to  cause  any  inconvenience  to 
chromatography,  because  the  specific  surface  area 

25  of  the  metaphosphate  becomes  larger. 
Stationary  phase  materials  consisting  solely  of 

metaphosphate  may  be  used.  For  their  preparation, 
various  known  methods  may  be  used.  Thus,  for 
example,  a  mixture  of  aluminum  hydroxide  and 

30  phosphoric  acid  is  evaporated  to  dryness  and  then 
subjected  to  pyrolysis,  or  the  dihydrogen  phos- 
phate  of  such  a  metal  as  an  alkaline  earth  metal, 
magnesium  and  nickel  is  subjected  to  pyrolysis. 
There  is  thus  obtained  a  stationary  phase  material 

35  consisting  of  metaphosphate  in  which  the  solid 
carrier  material  and  the  coating  layer  are  integrated 
together.  It  is  also  possible  to  prepare  a  stationary 
phase  material  in  which  the  state  of  the 
metaphosphate  constituting  the  carrier  portion  is 

40  different  from  that  of  the  metaphosphate  constitut- 
ing  the  surface  layer,  in  order  to  render  even 
higher  the  mechanical  strength  of  the 
metaphosphate  used  as  the  stationary  phase  ma- 
terial  and  also  in  order  to  enhance  sample-loading 

45  capacity.  Thus,  for  this  purpose,  metaphosphate 
having  previously  been  formed  into  spheres  in  a 
known  manner  such  as  by  spray  drying  is  suffi- 
ciently  fired  at  an  elevated  temperature  to  produce 
particles  of  high  mechanical  strength,  the  surface 

50  of  which  is  then  coarsely  coated  with  and  bound  to 
separately  prepared  fine  metaphosphate  particles 
of  different  sizes.  For  preparing  a  stationary  phase 
material  in  which  a  material  other  than 
metaphosphate  is  used  as  the  solid  carrier  material 

55  with  its  surface  coated  with  metaphosphate,  any  of 
a  variety  of  methods  may  be  used.  Thus,  for  exam- 
ple,  in  one  such  method,  a  slurry  of  metaphosphate 
is  sprayed  onto  the  surface  of  a  carrier  material 

5 



9 EP  0  607  459  A1 10 

and  then  dried  by  heating.  In  another  such  method, 
a  carrier  material  in  dipped  in  a  solution  or  slurry  of 
phosphoric  acid  and  a  metal  compound  and,  after 
separation  of  the  solution  or  slurry  and  subsequent 
drying,  is  heated  to  form  a  coating  of  the 
metaphosphate  on  its  surface. 

The  stationary  phase  material  for  chromatog- 
raphy  according  to  the  present  invention  is  not 
limited  in  any  particular  way  with  respect  to  its 
shape  and  size,  and  any  shape  of  any  size  such  as 
particles,  fibers  and  membranes  may  be  designed 
that  will  fit  best  the  particular  purpose  of  use.  For 
use  as  an  adsorbent  for  column  chromatography  or 
thin  layer  chromatography,  any  particulate  material 
may  be  used,  and  in  particular  for  use  as  a  packing 
material  for  column  chromatography  the  material  is 
preferably  spherical.  To  prepare  such  stationary 
phase  materials,  those  which  are  porous  and  which 
have  large  specific  surface  areas  as  well  as  high 
loading  capacity  for  proteins,  nucleic  acids  etc. 
may  be  prepared  by  any  known  process  such  as 
spray  drying  and  spray  pyrolyzing,  using  a  slurry 
of  the  above  described  pyrophosphate  or 
metaphosphate  or  a  slurry  in  which  such  a  compo- 
nent  as  will  be  converted  upon  heating  into  such 
pyrophosphate  or  metaphosphate  is  incorporated. 

The  hydration  state  and  crystal  structure  of 
pyrophosphate  or  metaphosphate  may  be  altered 
by  changing  variously  heat  treatment  conditions 
such  as  heating  temperatures  and  times.  By  taking 
advantage  of  this,  it  is  possible  to  prepare 
pyrophosphate  or  metaphosphate  with  controlled 
ability  to  interact  with  biomolecules  such  as  pro- 
teins  and  nucleic  acids.  Thus,  for  example,  if  it  is  to 
be  applied  to  acidic  proteins,  which  are  in  principle 
weak  in  interaction  with  pyrophosphate  or 
metaphosphate,  the  pyrophosphate  or 
metaphosphate  may  be  adjusted,  with  respect  to 
its  ability  to  interact  with  them,  by  changing  heat 
treatment  conditions  in  its  preparation,  in  such  a 
manner  that  the  proteins  will  be  retained,  albeit 
extremely  weakly,  or  will  not  be  retained  at  all 
thereon. 

The  pyrophosphate  or  metaphosphate  in  the 
stationary  phase  material  for  chromatography  of 
the  present  invention  is  excellent  in  physicochem- 
ical  stability  and  easy  to  handle,  and  allows  ad- 
sorbed  biomolecules  such  as  proteins  and  nucleic 
acids  easily  to  be  eluted  under  mild  conditions,  i.e. 
by  gradient  elution  of  phosphate  anion  concentra- 
tion  in  normally  neutral  phosphate  buffer,  so  that 
there  occurs  little  denaturation  in  the  sample  ap- 
plied  thereto,  a  possible  problem  associated  with 
the  elution  by  reverse  phase  chromatography.  As 
will  be  described  below  in  detail  in  illustrative  ex- 
amples,  phosphoproteins  have  been  found  to  show 
too  strong  an  interaction  with  hydroxyapatite  but  a 
moderate  interaction  with  pyrophosphate  or 

metaphosphate.  The  pyrophosphate  or 
metaphosphate  in  the  stationary  phase  material  ac- 
cording  to  the  present  invention  shows  an  ability  of 
fractionating  different  proteins  into  the  group  of 

5  acidic  proteins  and  that  of  basic  proteins.  Accord- 
ingly,  the  stationary  phase  material  of  the  present 
invention  exhibits  a  number  of  excellent  properties 
in  chromatography.  Albumin  and  globulin  are  the 
two  major  serum  proteins  in  the  blood.  The  propor- 

io  tion  of  globulin  present  varies  markedly  in  different 
diseases,  and  such  variation  is  a  subject  of  evalu- 
ation  which  is  important  both  physiologically  and 
medically.  The  stationary  phase  material  according 
to  the  present  invention  shows  excellent  perfor- 

15  mance  in  the  separation  of  such  serum  albumin 
and  7-globulin  and  hence  is  extremely  useful  as  a 
medical  material  for  blood  purification. 

When  a  pyrophosphate  column  is  used  to  ef- 
fect  chromatography  on  acidic  proteins  which  tend 

20  to  be  poorly  retained,  it  often  happens  that  the 
proteins  fail  to  be  retained  to  give  no  reproducible 
elution  behavior  unless  the  column  conditioning 
time  is  taken  sufficiently  long.  In  contrast, 
chromatography  using  a  metaphosphate  column 

25  has  the  advantage  that  the  column  conditioning  can 
be  carried  out  rapidly.  Thus,  for  example,  on  an 
aluminum  metaphosphate  column,  chromatography 
can  be  reproducibly  made  even  when  the  time  for 
column  conditioning  is  as  short  as  30  minutes  or 

30  less.  This  leads  for  example  to  a  shortened  period 
of  time  required  for  performing  chromatography  as 
well  as  to  a  decrease  in  the  amount  of  eluent  used, 
which  is  quite  favorable  for  enhancing  productivity 
and  attempting  cost  reduction.  As  is  the  case  with 

35  pyrophosphate,  metaphosphate  has  the  advantage 
that  the  separation  and  purification  therewith  can 
be  made  under  mild  conditions  using  an  eluent  of 
approximately  neutral  pH.  It  also  permits 
chromatography,  if  necessary,  to  be  carried  out 

40  using  a  strongly  acidic  or  a  strongly  alkaline  eluent. 
Thus,  for  example,  when  chromatography  was  re- 
peatedly  performed  at  pH  4  on  a  magnesium 
metaphosphate  column,  it  was  stable  without  caus- 
ing  any  variation  in  retention  time.  Further,  while 

45  very  few  kinds  of  pyrophosphate,  such  as  magne- 
sium  pyrophosphate,  show  the  property  of  poorly 
retaining  particular  phosphoproteins,  quite  a  few 
kinds  of  metaphosphate  including  not  only  magne- 
sium  metaphosphate  but  also  aluminum 

50  metaphosphate  and  calcium  metaphosphate  show 
poor  retaining  ability  for  a  number  of 
phosphoproteins  such  as  phosvitin  and  casein. 

The  present  invention  will  now  be  illustrated 
below  by  way  of  illustrative  examples  of  the 

55  present  invention  and  comparative  examples.  It  is 
to  be  understood  that  the  present  invention  be  by 
no  means  limited  to  these  examples. 

6 
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Example  1 

A  slurry  prepared  by  dispersing  finely  pow- 
dered  magnesium  ammonium  phosphate  hex- 
ahydrate  in  a  mixed  solution  of  water  and  methanol 
was  subjected  to  spray  pyrolyzing  at  1,000°C  to 
afford  spherical  magnesium  pyrophosphate  having 
a  particle  size  of  4-10  microns.  The  spherical  mag- 
nesium  pyrophosphate  was  packed  into  a  stainless 
steel  tube  (8  x  100mm)  and  a  mixed  sample  of 
serum  albumin,  transferrin  and  7-globulin  was  sub- 
jected  to  chromatography  thereon  at  a  flow  rate  of 
1  ml/min  by  a  linear  gradient  in  which  the  phos- 
phate  anion  concentration  in  sodium  phosphate 
buffer,  pH  6.8,  was  changed  over  a  60  minutes 
from  10  mM  to  300  mM.  The  back  pressure  at  the 
time  of  measurement  was  a  suitable  pressure  of  as 
low  as  4  kg/cm2.  The  chromatogram  thus  obtained 
is  shown  in  Fig.  1.  As  is  apparent  from  Fig.  1,  only 
the  7-globulin  was  retained  in  the  column  and  the 
serum  albumin  and  transferrin  flowed  through  it 
without  being  retained  therein.  It  was  thus  possible 
easily  to  separate  the  7-globulin  from  the  mixed 
sample. 

Using  the  enzyme-linked  immunosorbent  assay 
(ELISA),  each  of  the  thus  separated  fractions  was 
assayed  for  activity  with  the  result  that  only  the 
serum  albumin  activity  and  transferrin  activity  were 
detected  in  the  flow-through  fractions  and  only  the 
7-globulin  activity  in  the  fractions  retained  in  the 
column.  Further,  antibody  activity  was  also  de- 
tected  concurrently  with  the  7-globulin  activity, 
which  demonstrated  that  antibody  activity  was  re- 
tained  after  the  separation  operations  on  the  col- 
umn. 

Comparative  Example  1 

A  commercially  available  spherical  hydrox- 
yapatite  packing  material  was  packed  into  a  col- 
umn  in  the  same  manner  as  in  Example  1  and 
chromatography  was  carried  out  thereon  in  the 
same  manner  as  in  Example  1.  The  results  are 
shown  in  Fig.  2.  In  the  chromatogram  were  ob- 
served  overlapping  peakes  of  the  three  different 
components,  i.e.  serum  albumin,  transferrin  and  7- 
globulin,  in  the  sample  applied  to  the  hydrox- 
yapatite. 

Comparative  Example  2 

In  accordance  with  the  procedure  as  described 
in  G.  C.  Schito  and  A.  Pesce,  Giornale  di  Micro- 
biologia,  31_,  31-43  (1965),  a  sodium  pyrophosphate 
solution  was  gradually  added  to  a  stirred  magne- 
sium  chloride  solution  to  prepare  a  milky  gel  of 
magnesium  pyrophosphate.  The  gel  was  then  cen- 
trifuged  (at  2000  rpm  for  5  minutes)  and  washed 

with  deionized  water.  It  was  then  dispersed  in  so- 
dium  phosphate  buffer,  pH  6.8,  to  prepare  a  slurry, 
and  an  attempt  was  made  to  pack  the  slurry  into  a 
column  having  the  same  standard  as  for  the  col- 

5  umn  used  in  Example  1  .  The  slurry  passed  though 
the  outlet  filter  of  the  column  at  the  initial  phase  of 
packing  and  then  gradually  caused  clogging  in  the 
filter  until  the  packing  pressure  increased  to  an 
extraordinary  point.  It  was  after  all  not  possible  to 

10  prepare  a  column  using  the  gel  as  a  packing  ma- 
terial.  The  gel  was  found  to  be  in  an  amorphous 
state  as  a  result  of  X-ray  diffraction  analysis. 

Example  2 
15 

0.5  mg  of  phosphoprotein  phosvitin  was  in- 
jected  into  the  same  magnesium  pyrophosphate 
column  as  prepared  in  Example  1  and  the  elution 
behavior  was  examined  with  a  linear  gradient  of  1 

20  mM  to  1.5  M  (Fig.  3).  The  results  are  shown  in  Fig. 
3.  With  potassium  phosphate  buffer  the  phosvitin 
was  successfully  eluted  at  an  extremely  low  con- 
centration  of  10  mM  or  less. 

25  Comparative  Example  3 

Using  the  same  hydroxyapatite  column  as  used 
in  Comparative  Example  1,  chromatography  was 
carried  out  under  the  same  conditions  as  in  Exam- 

30  pie  2  to  determine  the  molar  concentration  at  which 
the  phosvitin  was  eluted.  The  results  are  shown  in 
Fig.  4.  As  is  apparent  from  Fig.  4,  the  phosvitin  did 
not  elute  even  when  the  phosphate  anion  con- 
centration  in  the  phosphate  buffer  was  increased  to 

35  as  high  as  1  .5  M. 

Example  3 

Calcium  hydrogen  phosphate  dihydrate  was 
40  pyrolyzed  at  1,250°C  and  600  °C  to  prepare  a- 

and  7-type  calcium  pyrophosphate  powder,  respec- 
tively.  Each  powder  was  ground  and  classified  to  a 
uniform  particle  size  of  5-15  microns  and  then 
packed  into  a  stainless  steel  tube.  Two  kinds  of 

45  protein,  i.e.  serum  albumin  and  transferrin,  were 
chromatographed  thereon  under  the  same  mea- 
surement  conditions  as  in  Example  1.  As  a  result, 
with  the  a-type  calcium  phosphate  column,  neither 
of  the  two  proteins  flowed  through  it  without  being 

50  retained  therein,  while  with  the  7-type  calcium 
phosphate  column,  both  of  them  were  retained  in 
the  column  and  eluted  with  phosphate  buffer  at  a 
concentration  of  as  low  as  about  20  mM. 

55  Example  4 

Magnesium  hydrogen  phosphate  trihydrate  was 
pyrolyzed  at  900  °C  to  prepare  magnesium 
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pyrophosphate  powder.  The  powder  was  used  to 
pack  a  column  in  the  same  manner  as  in  Example 
1.  As  acidic  protein  samples  having  an  isoelectric 
point  of  5.0  or  less  were  used  urease,  serum  al- 
bumin,  ovalbumin,  a-lactalbumin,  fetuin  and  pepsin, 
and  as  basic  protein  samples  having  isoelectric 
points  of  7.0  or  more  were  used  myoglobin,  a- 
chymotrypsin,  papain,  a-chymotrypsinogen, 
cytochrome  c  and  lysozyme.  These  samples  were 
subjected  to  chromatography  on  the  column.  As  a 
result,  all  the  acidic  protein  samples  tested  flowed 
through  the  column  without  being  retained  therein, 
while  all  the  basic  protein  samples  were  retained  in 
the  column.  The  fractionation  of  proteins  into  the 
group  of  acidic  ones  and  that  of  basic  ones  was 
thus  successfully  effected. 

Example  5 

Calcium  hydrogen  phosphate  and  magnesium 
hydrogen  phosphate  were  dissolved  in  dilute  nitric 
acid  so  that  the  calcium/magnesium  atomic  ratio 
became  1:1,  and  the  solution  was  dried  up  at 
150°C  and  then  pyrolyzed  at  850  °C  to  prepare 
pyrophosphate  with  the  two  component  metals,  cal- 
cium  and  magnesium.  The  X-ray  diffraction  data 
obtained  with  this  pyrophosphate  coincided  with 
the  X-ray  diffraction  data  for  CaMgP207  filed  in  the 
ASTM  data  collection  (X-ray  Powder  Diffraction  File 
No.  24-135).  The  thus  obtained  powder  was  packed 
into  a  column,  and  lysozyme  and  cytochrome  c 
were  chromatographed  thereon  in  the  same  man- 
ner  as  in  Example  1.  As  a  result,  the  properties  of 
this  column  were  found  to  be  intermediate  between 
those  of  calcium  phosphate  and  magnesium  phos- 
phate  columns,  and  the  elution  behavior  thereof  to 
be  closer  to  that  of  magnesium  phosphate  col- 
umns. 

Example  6 

a-Type  strontium  pyrophosphate  powder  ob- 
tained  by  pyrolyzing  strontium  hydrogen  phosphate 
at  1,000°C  was  packed  into  a  column,  and  ad- 
enosine  5'-phosphate  (AMP)  and  adenosine  5'- 
triphosphate  (ATP)  were  chromatographed  thereon. 
The  AMP  was  found  to  flow  through  the  column 
without  being  retained  therein  and  the  ATP  to  be 
weakly  retained  in  the  column. 

Example  7 

An  aqueous  manganese  acetate  solution  and 
phosphoric  acid  were  mixed  together  so  that  the 
manganese/phosphorus  atomic  ratio  became  1:1. 
The  mixture  was  dried  up  at  150-1  80  °C  with  stir- 
ring  and  the  solid  product  was  pyrolyzed  at  800  °  C 
for  4  hours.  The  resultant  powder  was  confirmed 

by  X-ray  diffraction  analysis  to  be  manganese 
pyrophosphate.  A  column  was  packed  with  the 
powder  in  the  same  manner  as  in  Example  1  ,  and 
a  mixed  sample  of  serum  albumin,  lysozyme  and 

5  cytochrome  c  was  chromatographed  thereon.  As  a 
result,  they  were  found  to  be  completely  separated 
at  the  retention  times  of  9,  19  and  35  minutes, 
respectively,  in  the  chromatogram  obtained. 

io  Example  8 

Porous  titanium  oxide  particles  having  a  par- 
ticle  size  of  about  100  microns  were  dipped  in  a 
saturated  solution  of  magnesium  hydrogen  phos- 

15  phate  trihydrate  in  dilute  nitric  acid,  and  the  solids 
were  filtered  off,  dried  and  fired  at  700  °C.  This 
dipping-filtering-drying-firing  step  cycle  was  repeat- 
ed  six  times  and  the  thus  obtained  product  was 
fired  at  900  °  C  to  afford  a  material  composed  of  the 

20  titanium  oxide  on  the  surface  of  which  a  magne- 
sium  pyrophosphate  layer  was  formed.  The  resul- 
tant  particulate  material  was  packed  into  a  glass 
tube  having  an  internal  diameter  of  25  mm  and  a 
length  of  100  mm,  and  separation  of  serum  al- 

25  bumin,  transferrin  and  7-globulin  was  attempted 
with  the  result  that  an  excellent  resolution  was 
shown  as  in  Example  1  . 

Example  9 
30 

An  aqueous  calcium  chloride  solution  and  an 
aqueous  sodium  pyrophosphate  solution  were 
mixed  together  so  that  the  calcium/phosphorus 
atomic  ratio  became  1:1,  and  the  mixture  was 

35  allowed  to  stand  for  a  whole  day  to  form  calcium 
diphosphate  dihydrate  (Ca2P2  07  •2H20)  crystals, 
which  were  then  filtered  off.  The  thus  prepared 
material  was  packed  into  a  column  in  the  same 
manner  as  in  Example  1,  and  a  mixed  sample  of 

40  serum  albumin,  lysozyme  and  cytochrome  c  was 
chromatographed  thereon.  As  a  result  the  serum 
albumin  flowed  through  the  column  without  being 
retained  therein,  while  the  lysozyme  and  cytoch- 
rome  c  were  retained  therein. 

45 
Example  10 

Triethyl  phosphite  was  added  to  a  methanol 
solution  of  calcium  nitrate  so  that  the  cal- 

50  cium/phosphorus  atomic  ratio  was  1:1,  whereafter 
aqueous  ammonia  was  added  thereto  to  prepare  a 
solution  having  a  pH  of  6.5  -  7.  Commercially 
available  spherical  apatite  of  the  same  type  as 
described  in  Comparative  Example  1  was  dipped 

55  immediately  thereafter  in  this  solution,  dried  at 
150°C  and  pyrolyzed  at  800  °C.  This  dipping-filter- 
ing-drying-pyrolyzing  operation  cycle  was  repeated 
three  times  and  the  thus  obtained  particulate  ma- 
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terial  was  dipped  in  a  saturated  solution  of  calcium 
hydrogen  phosphate  in  dilute  nitric  acid,  filtered  off, 
dried  and  then  pyrolyzed  at  1  ,000  °  C.  The  resultant 
particulate  material  was  confirmed  both  by  X-ray 
diffraction  analysis  and  by  scanning  electron  beam 
microscopy  to  be  composed  of  apatite  particles  the 
surface  of  which  was  coated  with  calcium 
pyrophosphate.  This  particulate  material  was 
packed  into  a  column  in  the  same  manner  as 
described  in  Example  1  and  chromatography  was 
carried  out  in  the  same  manner  as  described  in 
Example  1.  As  in  Example  1,  serum  albumin  and 
transferrin  flowed  through  the  column  without  being 
retained  therein  and  7-globulin  was  retained  in  the 
column. 

Example  1  1 

A  methanol  solution  of  calcium  nitrate  was 
mixed  with  phosphoric  acid  so  that  the  cal- 
cium/phosphorus  ratio  became  1.05:1,  and  the  mix- 
ture  was  spray-pyrolyzed  at  1,000°C  to  obtain 
powder  of  spherical  material.  This  powdery  ma- 
terial  was  found  by  X-ray  diffraction  analysis  to  be 
composed  mainly  of  calcium  pyrophosphate.  Some 
other  extremely  small  peaks  were  also  observed 
but  their  intensity  was  too  weak  to  identify  the 
corresponding  by-products.  This  powdery  material 
was  packed  into  a  column  in  the  same  manner  as 
in  Example  1  and  chromatography  was  carried  out 
in  the  same  manner  as  in  Example  1.  As  a  result, 
serum  albumin  and  transferrin  flowed  through  the 
column  without  being  retained  therein,  while  7- 
globulin  was  retained  in  the  column. 

Example  12 

Phosphoric  acid  was  added  to  an  aqueous 
zirconium  oxynitrate  solution  so  that  the  zirco- 
nium/phosphorus  atomic  ratio  became  1:2  and  the 
mixture  was  stirred  to  prepare  a  slurry.  The  slurry 
was  washed  with  water  and  then  with  methanol  and 
dried  at  150°C.  It  was  then  heated  at  5°C/min  in 
the  atmosphere  for  heat  treatment  at  800  °C  for  6 
hours.  The  product  was  determined  by  X-ray  dif- 
fraction  analysis  to  be  noncrystalline.  This  non- 
crystalline  powder  was  packed  into  a  column  in  the 
same  manner  as  in  Example  1  and  separation  of 
serum  albumin  and  7-globulin  was  attempted  with 
the  result  that  only  the  7-globulin  was  retained  in 
the  column  and  hence  separated  from  the  serum 
albumin.  Furthermore,  column  chromatography  was 
performed  with  a  mixed  sample  of  serum  albumin, 
lysozyme  and  cytochrome  c  in  the  same  manner 
as  in  Example  7  to  give  a  chromatogram  which 
indicated  a  complete  separation  as  in  Example  7. 

Example  13 

The  dried  product  from  the  slurry  prepared  in 
Example  12  was  heated  at  5°C/min  in  the  at- 

5  mosphere  to  1  ,000  0  C,  at  which  heat  treatment  was 
carried  out  for  6  hours.  The  resultant  powder  was 
determined  by  X-ray  diffraction  analysis  to  be  cry- 
stalline  powder  of  single  phase  zirconium 
pyrophosphate.  This  crystalline  zirconium 

10  pyrophosphate  powder  was  packed  into  a  column 
in  the  same  manner  as  in  Example  12,  and  the 
same  chromatography  as  in  Example  12  was  per- 
formed.  The  separation  properties  for  the  respec- 
tive  proteins  were  the  same  as  the  results  in  Exam- 

15  pie  12  where  noncrystalline  zirconium 
pyrophosphate  was  used,  although  there  was  only 
a  slight  difference  in  the  concentrations  at  which 
the  elution  took  place. 

20  Example  14 

A  slurry  prepared  by  dispersing  fine  magne- 
sium  dihydrogen  phosphate  trihydrate  powder  in  a 
mixed  solution  of  water  and  methanol  was  sub- 

25  jected  to  spray  pyrolyzing  at  800  0  C  and  further  to 
heat  treatment  at  500  °C  for  4  hours  to  afford 
spherical  magnesium  metaphosphate.  This  product 
was  then  classified  and  only  particles  having  a 
particle  size  in  the  range  of  5-15  microns  were 

30  packed  into  a  stainless  steel  tube  (8  x  100  mm).  A 
mixed  sample  of  serum  albumin  and  7-globulin  was 
subjected  to  chromatography  thereon  at  a  flow  rate 
of  1  ml/min  by  a  linear  gradient  in  which  the 
phosphate  anion  concentration  in  sodium  phos- 

35  phate  buffer,  pH  6.8,  was  changed  over  a  60  min- 
utes  from  1  mM  to  300  mM.  As  a  result,  only  the 
7-globulin  was  retained  in  the  column  and  the 
serum  albumin  flowed  through  it  without  being  re- 
tained  therein.  It  was  thus  possible  easily  to  sepa- 

40  rate  the  7-globulin  from  the  mixed  sample. 

Comparative  Example  4 

A  commercially  available  spherical  hydrox- 
45  yapatite  packing  material  was  packed  into  a  col- 

umn  in  the  same  manner  as  in  Example  14  and 
chromatography  was  carried  out  thereon  in  the 
same  manner  as  in  Example  14.  Both  serum  al- 
bumin  and  7-globulin  were  retained  and  the  elution 

50  peaks  of  the  respective  samples  overlapped  each 
other,  meaning  no  complete  separation. 

Example  15 

55  Calcium  dihydrogen  phosphate  monohydrate 
was  pyrolyzed  at  800  °C  for  4  hours  and  the  thus 
produced  mass  was  ground  in  a  ball  mill  and  then 
subjected  to  heat  treatment  again  at  800  °C  for  4 
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hours  to  afford  /3-calcium  metaphosphate  powder. 
This  powder  was  packed  into  a  column  in  the  same 
manner  as  in  Example  14,  the  phosphoproteins 
phosvitin  and  a-casein  were  processed  for  elution 
under  the  same  chromatographic  conditions  as  in 
Example  14.  Both  of  them  were  found  to  elute  at 
extremely  low  phosphate  buffer  concentrations  of 
10  mM  or  less. 

Comparative  Example  5 

Calcium  hydrogen  phosphate  dihydrate  was 
pyrolyzed  at  1,250°C  to  afford  a-calcium 
pyrophosphate  powder.  The  particles  were  packed 
into  a  column  in  the  same  manner  as  in  Example 
15  and  chromatography  was  carried  out  thereon  in 
the  same  manner  as  in  Example  15.  Phosvitin  did 
not  elute  with  phosphate  buffer  even  at  a  con- 
centration  of  as  high  as  800  mM  and  a-casein 
required  317  mM  phosphate  buffer  for  its  elution. 

Example  16 

Porous  titanium  oxide  particles  having  a  par- 
ticle  size  of  about  200  microns  were  dipped  in  a 
saturated  solution  of  magnesium  dihydrogen  phos- 
phate  trihydrate  in  dilute  nitric  acid,  removed  there- 
from  by  filtration,  dried  and  fired  at  600  °C.  This 
dipping-filtering-drying-firing  sequence  was  repeat- 
ed  six  times  and  then  fired  at  800  °C  to  form  a 
magnesium  metaphosphate  layer  on  the  surface  of 
the  titanium  oxide.  The  thus  prepared  particles 
were  packed  into  a  glass  tube  having  an  internal 
diameter  of  25  mm  and  a  length  of  100  mm,  and  a 
mixed  sample  solution  of  serum  albumin  and  y- 
globulin  was  loaded  thereonto.  Only  the  7-globulin 
was  retained  in  the  glass  column  and  it  was  suc- 
cessfully  separated  from  the  serum  albumin. 

Example  17 

Aluminum  hydroxide  and  phosphoric  acid  were 
mixed  together  at  a  molar  ratio  of  1:3  and  the 
mixture  was  heated  with  stirring  on  a  sand  bath  to 
solidify  the  same.  The  resultant  solid  product  was 
subjected  to  heat  treatment  at  450  °C  to  afford  B- 
type  aluminum  tetrametaphosphate.  This  product 
was  classified  and  only  particles  having  a  particle 
size  of  5-15  microns  were  packed  into  a  stainless 
steel  tube  and  a  mixed  sample  of  phosvitin, 
lysozyme  and  cytochrome  c  was  subjected  to 
chromatography  in  the  same  manner  as  in  Exam- 
ple  14.  As  a  result,  the  basic  proteins,  i.e. 
lysozyme  and  cytochrome  c,  were  retained  in  the 
column,  the  lysozyme  eluting  at  123  mM  and  the 
cytochrome  c  at  211  and  229  mM.  The 
phosphoprotein  phosvitin  eluted  at  a  concentration 
of  as  low  as  10  mM  or  less. 

Example  18 

In  order  to  obtain  aluminum 
tetrametaphosphate  showing  different  retention  per- 

5  formance  from  that  of  B-type  aluminum 
tetrametaphosphate,  the  aluminum 
tetrametaphosphate  obtained  in  Example  17  was 
further  subjected  to  heat  treatment  at  800  0  C  for  4 
hours  to  afford  A-type  aluminum 

10  tetrametaphosphate.  This  particulate  stationary 
phase  material  was  packed  into  a  column  in  the 
same  manner  as  in  Example  17,  and  a  mixed 
sample  of  serum  albumin,  lysozyme  and  cytoch- 
rome  c  was  chromatographed  thereon.  The  station- 

15  ary  phase  material  had  less  ability  to  retain  pro- 
teins  than  B-type  aluminum  tetrametaphosphate,  so 
that  the  serum  albumin  flowed  through  the  column 
without  being  retained  therein,  the  lysozyme  eluting 
at  83  mM  and  the  cytochrome  c  at  155  and  165 

20  mM. 

Example  19 

Nickel  carbonate  was  mixed  with  phosphoric 
25  acid  used  in  7%  excess  of  the  theoretical,  and  the 

mixture  was  dried  up  and  then  subjected  to  heat 
treatment  at  450  0  C  for  2  hours.  The  thus  obtained 
product  was  coarsely  ground  and  then  caused  to 
react  under  heating  at  800  0  C  for  4  hours  to  afford 

30  crystalline  nickel  metaphosphate  powder.  This 
powder  was  classified  and  particles  having  a  par- 
ticle  size  in  the  range  of  150-300  microns  were 
packed  into  a  glass  tube  of  25  mm  in  internal 
diameter  and  100  mm  in  length  while  tapping  the 

35  tube  to  prepare  a  nickel  metaphosphate  column. 
The  acidic  proteins  serum  albumin,  ovalbumin, 
fetuin  and  pepsin  and  the  basic  proteins  a- 
chymotrypsin,  papain,  lysozyme  and  cytochrome  c 
were  dissolved  in  1  mM  sodium  phosphate  buffer 

40  to  prepare  a  mixed  sample.  The  sample  was  load- 
ed  onto  the  column  for  chromatography  in  a  step- 
wise  mode,  whereby  acidic  proteins  were  success- 
fully  separated  from  the  basic  proteins. 

45  Example  20 

Zirconium  oxide  was  mixed  with  diphosphorus 
pentaoxide  used  in  5%  excess  of  the  theoretical, 
and  the  mixture  was  caused  to  react  at  430  0  C  for 

50  2  days  to  afford  a  product  composed  mainly  of 
zirconium  metaphosphate.  This  product  was 
ground  and  particles  having  a  particle  size  in  the 
range  of  150-300  microns  were  packed  into  a  glass 
tube  in  the  same  manner  as  in  Example  19  to 

55  prepare  a  zirconium  metaphosphate  column.  With 
this  column,  acidic  proteins  were  successfully  sep- 
arated  from  basic  proteins  as  in  Example  19. 

10 
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Example  21 

Manganese  carbonate  was  mixed  with  phos- 
phoric  acid  used  in  7%  excess  of  the  theoretical 
and  the  mixture  was  allowed  to  stand  on  a  water 
bath  at  80  °  C  to  crystallize  manganese  dihydrogen 
phosphate  monohydrate.  The  product  was  washed 
with  acetone  to  remove  excess  phosphoric  acid 
and  then  heated  at  700  °C  for  4  hours  to  afford 
manganese  metaphosphate  powder.  When  the 
powder  was  packed  into  a  column  and  serum  al- 
bumin  and  7-globulin  chromatographed  thereon  as 
in  Example  14,  the  7-globulin  could  easily  be  sepa- 
rated. 

Example  22 

Zinc  oxide  was  mixed  with  phosphoric  acid 
used  in  1%  excess  of  the  theoretical,  and  the 
mixture  was  caused  to  react  under  heating  at 
600  °C  for  4  hours  to  afford  a  product  composed 
mainly  of  zinc  tetrametaphosphate.  When  the  prod- 
uct  was  packed  into  a  column  and  serum  albumin 
and  7-globulin  chromatographed  thereon  as  in  Ex- 
ample  14,  the  7-globulin  could  easily  be  separated 
as  in  Example  21  . 

Brief  Description  of  Drawings 

Fig.  1  shows  the  chromatogram  obtained  in 
Example  1  of  a  mixed  sample  of  serum  albumin, 
transferrin  and  7-globulin,  wherein  the  reference 
signs  a,  b  and  c  represent  the  peaks  of  the  serum 
albumin,  transferrin  and  7-globulin,  respectively. 

Fig.  2  shows  the  chromatogram  obtained  in 
Comparative  Example  1  of  a  mixed  sample  of 
serum  albumin,  transferrin  and  7-globulin,  wherein 
the  reference  signs  a,  b  and  c  represent  the  peaks 
of  the  serum  albumin,  transferrin  and  7-globulin, 
respectively. 

Fig.  3  shows  the  chromatogram  of  phosvitin 
obtained  in  Example  2. 

Fig.  4  shows  the  chromatogram  of  phosvitin 
obtained  in  Comparative  Example  3. 

Claims 

1.  A  material  for  use  as  a  stationary  phase  for 
chromatography,  characterized  by  being  a  sol- 
id  material  the  surface  of  which  is  coated  with 
pyrophosphate  and/or  metaphosphate. 

2.  The  material  as  claimed  in  claim  1,  wherein 
the  pyrophosphate  or  metaphosphate  is  that  of 
a  metal  selected  from  alkaline  earth  metals, 
magnesium,  iron  family  metals,  manganese, 
copper,  zinc,  aluminum  and  zirconium. 

3.  The  material  as  claimed  in  claim  2,  wherein 
the  alkaline  earth  metal  is  calcium  or  strontium. 
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