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Description 

This  invention  relates  to  electrophoresis  and  in 
particular  to  an  improved  polyacrylamide  gel 
electrophoretic  carrier  medium. 

Electrophoresis  is  the  term  generally  applied  to 
the  migration  of  charged  particles  through  an 
electrolytic  carrier  medium  under  the  influence  of 
an  electric  field.  Because  of  their  distinct  electrical 
properties  various  classes  of  charged  particles 
move  at  different  rates  through  the  carrier 
medium.  Those  particles  having  the  same  electri- 
cal  properties  migrate  together  in  specific,  identi- 
fiable  zones.  Electrophoresis  has  proved  an 
invaluable  tool  for  the  resolution  and  isolation  of 
complex  biological  substances  such  as  enzymes, 
serums,  carbohydrates  and  proteins  including 
albumin  and  globulins  and  the  like. 

Numerous  types  of  carrier  media,  including  free 
solutions,  buffer-saturated  paper  strips  and  gels 
such  as  agarose  and  agar  have  been  used  in 
carrying  out  electrophoresis. 

From  US—  A—  4  094  832  there  is  known  an  elec- 
trophoretic  gel  composition  comprising  a  copoly- 
mer  of  acrylamide  and  allylglycidyl  dextran.  The 
use  of  an  electrophoretic  gel  composition  on  a 
support  sheet  having  an  activated  surface  to 
promote  adhesion  is  knwon  from  DE  —  A  —  
2  826  895. 

A  few  years  ago  polyacrylamide  gel  capable  of 
resolving  many  more  fractions  than  conventional 
electrophoresis  media,  was  introduced  and 
immediately  found  wide  acceptance.  In  one 
typical  commercial  application,  the  gel  is  formed 
in  place  by  the  in  situ  polymerization  of  a  mixture 
of  acrylamide  and  N,N'-methylenebisacryIamide. 
The  resulting  gel  is  stable,  strong,  transparent, 
completely  insoluble  in  water,  inert  to  most 
chemicals  and  non-ionic.  A  further  advantage  of 
polyacrylamide  gels  is  that  once  formed  and  the 
electrophoretic  pattern  developed,  they  can  be 
stored  indefinitely  in  either  hydrated  or  dehy- 
drated  state.  By  adjusting  the  relative  proportions 
of  the  two  monomers,  pore  size  can  be  controlled 
in  the  gel  and  hence  its  sieving  action. 

The  properties  of  the  polyacrylamide  gel  can  be 
modified  or  varied  to  some  extent  by  changing 
the  composition  of  the  acrylamide  polymerizable 
composition.  For  instance,  N,N'-methylenebisac- 
rylamide  can  be  replaced  by  other  cross-linkers  as 
exemplified  by  ethylene  diacrylate,  N,N'-(1,2- 
dihydroxyethylene)-bis-acrylamide,  N,N'-diallyl- 
tartardimide,  N,N',N"-triallylcitric  triamide,  poly- 
ethylene  glycol)  diacrylate  200,  N,N'-bisacrylyl- 
cystamine,  and  poly(ethylene  glycol)  diacrylate 
400.  Other  approaches  include  the  use  of  substi- 
tuted  acrylamides.  Thus  in  U.S.  Patent  4,189,370 
to  Boschetti  there  are  described  gel  polymers 
prepared  by  the  radical  polymerization  of  N- 
methylolacrylamide  with  a  bifunctional  allylic  or 
acrylic  monomer.  The  gels  were  developed  as  a 
means  of  effecting  the  stepped  gradient  separa- 
tion  of  seric  lipoproteins.  Anionic  polysaccharides 
containing  COOH  groups  may  be  added  to  pro- 
mote  migration  of  the  lipoproteins.  In  a  still 

further  approach,  the  polyacrylamiade  is 
employed  in  admixture  with  other  gels  such  as 
agarose  or  agar-agar.  These  mixed  gels  are  dis- 
closed  in  U.S.  Patent  3  578  604  to  Uriel. 

5  Although  a  decided  advance  in  the  elec- 
trophoresis  art,  polyacrylamide  gels  are  not 
entirely  problem-free.  A  particularly  vexatious 
trait,  for  example,  is  their  propensity  to  pull  away 
from  the  support  base  while  undergoing  dehydra- 

10  tion.  In  fact,  the  gel  by  itself  shrivels  uncontroll- 
ably  unless  special  drying  precautions  are 
followed.  These  include  careful  drying  of  the  gels 
in  a  commercial  vacuum  dryer  which  ensures 
constant  and  controlled  heat.  Even  under  these 

15  conditions  cracking  and  shrinkage  of  the  dried 
films  may  occur.  Some  improvement  in  drying 
characteristics  is  afforded  by  the  polyacrylamide/ 
agarose  mixtures  of  Uriel  aforesaid  provided 
polyacrylamide  gel  composition  is  limited  to  no 

20  more  than  about  12%;  if  this  gel  level  is 
exceeded,  shrinking  and  cracking  is  again 
encountered.  Even  more  difficult  to  dehydrate  are 
the  highly  concentrated  polyacrylamide  gels  —  up 
to  50%  or  more  —  having  restricted  pore  size  for 

25  use  in  separating  lower  molecular  weight  sub- 
stances. 

Therefore,  it  is  an  advantage  of  the  invention  as 
claimed  in  claim  1  to  provide  an  electrophoretic 
gel  composition  which,  in  the  form  of  elec- 

30  trophoretic  gel  films  bearing  electrophoretic 
patterns,  has  improved  drying  characteristics. 
Other  advantages  and  purposes  will  become 
manifest  in  the  ensuing  description. 

By  ethylenically  unsaturated  groups  is  meant 
35  those  hydrocarbon  radicals  containing  isolated 

carbon-carbon  double  bonds  which  undergo 
addition  polymerization  or  copolymerization  in 
the  presence  of  a  catalyst. 

The  ethylenically  unsaturated  polysaccharide 
40  resins  used  in  practicing  the  invention  are 

obtained  following  known  synthetic  procedures 
such  as  the  preparation  of  modified  agarose  and 
agar  described  in  U.S.  Patent  3,956,273  to 
Guiseley.  According  to  this  patent,  the  OH  groups 

45  in  the  hydrophilic  resins  agarose  and  agar  are 
reacted  with  acyl  and  alklyating  reagents 
including  ethylenically  unsaturated  members  to 
provide  a  variety  of  resin  derivatives.  In  carrying 
out  these  reactions  the  resin  is  first  dissolved  in 

so  strong  aqueous  alkali,  about  0.5  to  1.5  molar  in 
alkali  metal  hydroxide,  after  which  the  ethyleni- 
cally  unsaturated  etherification  or  acylating 
reagent  is  added.  Examples  of  etherification 
agents  include  alkenyl  halides,  for  example,  3- 

55  bromopropene,  3-bromo-2-butene,  4-bromo-2- 
hexene,  6-bromo-3-heptene,  etc;  also  allylglycidyl 
ether;  acylating  agents  include  acrylol  chloride, 
crotonyl  chloride,  methacryloyl  chloride,  3- 
butenoyl.  Since  some  discoloration  or  darkening 

60  of  the  solution  tends  to  occur  during  the  reaction 
when  it  is  carried  out  in  aqueous  alkaline  solution, 
producing  a  product  which  is  discolored  although 
otherwise  entirely  satisfactory,  it  is  also  preferred 
to  block  the  aldehyde  end  group  of  the  agarose, 

65  for  example  by  reduction,  before  bringing  the 
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ar  or  agarose  into  contact  with  aqueous  alkali, 
js  preventing  the  color-forming  reaction  which 
/olved  the  aldehyde  group  from  taking  place, 
e  blocking  agent  of  choice  is  a  borohydride, 
rticularly  an  alkali  metal  borohydride  such  as 
dium  borohydride,  which  reduces  the  aldehyde 
d  group  to  an  alcohol  (hydroxy)  group. 
The  reaction  is  preferably  carried  out  at  an 
svated  temperature  from  about  70°C  to  100°C  or 
ore,  but  lower  temperatures  may  be  used  to 
inimize  discoloration  if  the  aldehyde  end  group 
not  blocked  or  to  reduce  loss  when  a  relatively 
ilatile  reagent  is  used.  At  lowertemperatures  the 
action  is  slower  and  in  some  cases  the  selected 
agent  is  decomposed  by  reaction  with  the  water 
jfore  the  desired  extent  of  reaction  with  agarise 
in  be  achieved. 
After  completion  of  the  reaction,  the  mixture  is 
>oled  to  50°C—  60°C  (if  it  is  at  a  higher  tempera- 
ire),  the  alkali  is  neutralized  with  an  acid  or  is 
imoved  by  dialysis  or  other  conventional  proce- 
jre,  and  the  product  is  purified  by  conventional 
rocedures.  For  example,  the  solution  may  be 
elled  bycooiing,frozenandallowed  to  thaw,  then 
'ashed  and  dried,  or  the  product  may  be  precipi- 
ited  from  the  reaction  solution  by  mixing  with  a 
rater-miscible  organic  liquid  which  is  a  non- 
alventforthe  product,  such  as  methanol,  ethanol, 
ropanol,  acetone,  etc.  after  which  the  precipitate 
;  filtered,  washed  with  the  non-solvent  and  dried. 
These  preparations  can  also  be  carried  out  in  an 

rganic  solvent  such  as  N,N-dimethylformamide, 
yridine,  or  the  like,  particularly  for  acylation. 
Inder  these  conditions,  blocking  of  the  aldehyde 
nd  group  is  usually  unnecessary,  little  or  no 
liscoloration  occurring  during  the  reaction.  In 
ddition,  acid  anhydrides  can  be  employed  for 
icylation  instead  of  acyl  halides  if  desired. 

The  precise  amount  of  alkenylating  or  acylating 
igent  employed  depends  upon  the  conditions  of 
he  reaction  and  the  degree  of  substitution  (D.S.) 
lesired.  Usually  a  large  excess  above  the  amount 
heoretically  necessary  is  used  because  of  the 
endency  of  the  agent  to  react  to  some  extent  with 
vater,  when  present. 

The  electrophoretic  compositions  of  the  inven- 
ion  are  prepared  generally  following  the  known 
arocedures  of  forming  cross-linked  polyacry- 
amide  gel  matrices.  Thus  a  mixture  of  the  herein 
sthylenically  unsaturated  agarose  resin  and  acryl- 
amide  is  dissolved  in  a  buffered  solution  contain- 
ing  a  polymerization  catalyst  such  as  N,N,N',  N'- 
tetramethylethylene  diamine  (TEMED)  and  an 
initiator  such  as  ammonium  persulfate, 
ammonium  sulfate  and  the  requisite  aliquot  then 
transferred  to  a  molding  cassette  provided  with  a 
suitable  support  sheet  such  as  polyester  films 
having  an  activated  surface  to  promote  adhesion 
of  the  gel.  After  polymerization  is  complete,  the  gel 
coating  is  used  in  carrying  out  electrophoretic 
separations  and  then  processed  in  the  usual 
manner.  The  finished  gel  can  be  dried  directly  in  an 
oven  with  no  evidence  of  shrinking  or  cracking  and 
with  excellent  preservation  of  the  electrophoretic 
pattern. 

VJCIICluny  ^wMtHiigf  •  w  -1  /  * 
will  considerably  exceed  that  of  the  ethylenically 
unsaturated  agarose  resin  in  the  polymerizing 
mixture.  However,  the  ratio  of  acrylamide  to 
unsaturated  resin  is  usually  lower  than  in  the  case 
of  the  heretofore  simple  cross-linkers,  for 
example,  N,N'-methylenebisacrylamide  or  methy- 
lenebisacrylates  which  contain  a  high  percentage 
of  unsaturation  relative  to  their  molecular  weight. 
Where  the  ethylenically  unsaturated  resin  has  a 
high  degree  of  substitution  (D.S.),  that  is,  many 
hydroxyl  hydrogens  replaced  by  an  unsaturated 
group,  a  lesser  quantity  will  be  used  than  where 
the  resin  has  a  lower  D.S.  value.  Whatever  the  D.S. 
of  the  resin  may  be,  a  satisfactory  polymerizing 
mixture  can  normally  be  formulated  by  adjusting 
the  ratio  of  acrylamide  to  the  resin,  analogously  to 
controlling  pore  sizes  of  conventional  polyacry- 
lamide  gels  by  adjusting  the  acrylamide/bisacry- 
lamide  ratio.  Usually,  a  weight  ratio  of  acrylamide 
to  the  ethylenically  unsaturated  agarose  derivative 
of  from  about  15to  1  provides  electrophoretic  gels 
which  can  be  dehydrated  without  cracking  or 
shrinking. 

i  Reference  is  now  made  to  the  following 
examples: 

Synthesis  of  Derivatized  Polyols 
Example  1 

7  Allylglycidylagarose 
Agarose  (10  grams)  is  dissolved  in  490  ml  of 

boiling  water.  The  solution  is  maintained  at  80°C 
and  10  ml  of  4.4  M  sodium  borohydride  in  14  M 
sodium  hydroxide  is  added  with  constant  stirring. 

5  After  ten  minutes,  100  ml  of  a  10%  sodium 
hydroxide  solution  is  added,  followed  by  the  drop- 
wise  addition  of  25  ml  of  allylglycidyl  ether  over  a 
15-minute  period.  After  one  hour,  an  additional  25 
ml  of  allylglycidyl  ether  is  added  as  before  and 

o  reacted  for  another  hour.  The  reaction  mixture  is 
cooled  to  60°C  and  then  neutralized  by  the  addition 
of  4  M  acetic  acid  as  indicated  by  phenolphthalein. 
The  solution  is  slowly  added  to  3  volumes  of 
isopropanol,  yielding  a  white  precipitate,  which  is 

is  recovered  by  filtering  through  a  dacron  cloth.  After 
two  washings  in  2  liters  of  60%  isopropanol,  the 
precipitate  is  oven  dried  overnight  at  60°C  and 
ground  to  a  fine  powder.  The  derivatives  agarose 
had  its  initial  gelling  temperature  (42°C)  lowered  to 

;o  16°C. 

Example  2 
Electrophoresis  Using  Polyacrylamide/ 
Allylglycidylagarose  Gel 

55  A  30%  weight/volume  (w/v)  solution  of  acryl- 
amide  was  prepared  in  distilled  water.  Two  grams 
of  allylglycidylagarose  were  dissolved  in  a  final 
volume  of  50  ml  of  distilled  water  by  heating  to 
boiling  and  then  cooling  to  room  temperature. 

60  Fifty  ml  of  a  1  .5  M  Tris-HCI  (pH  8.8),  0.4%  sodium 
dodecylsulfate,  0.1  %  tetramethylethylenediamine 
solution  was  then  added  to  the  allylglycidylagar- 
ose  solution  to  yield  a  2%  (w/v)  solution  of  the 
derivatized  agarose.  Finally,  10  ml  of  the  30% 

65  acrylamide  solution  was  added  to  10  ml  of  the  2% 
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allylglycidylagarose  solution  plus  14  mg  of 
ammonium  persulfate.  This  acrylamide/allylgly- 
cidylagarose  solution  was  then  added  to  a  casting 
apparatus  for  formation  of  the  copolymer  gel.  The 
casting  apparatus  consisted  of  a  rectangular  glass 
plate  (15.9  cmx14  cm)  and  a  notched  glass  plate 
supplied  by  Aquebogue  Machine  and  Repair  Shop 
(Aquebogue,  Long  Island,  N.Y.).  A  sheet  of  polyes- 
ter  film  coated  with  a  thin  layer  of  agarose 
(GelBond®  PAG)  was  placed  on  top  of  the  rect- 
angular  glass  plate  so  that  the  hydrophilicside  was 
facing  outwards.  Three  plastic  spacers,  1.2  mm 
thick  were  placed  in  a  U-shape  configuration  over 
the  edges  of  the  glass-supported  plastic  and  the 
notched  glass  plate  placed  on  the  spacers  and  held 
in  place  with  six  spring  clamps.  Following 
polymerization  and  gel  formation  of  the  ary- 
lamide/allylglycidylagarose  solution,  a  stacking 
gel  was  prepared  by  layering  on  top  of  the 
previous  gel  10  ml  of  a  0.125  M  Tris-HCI  (pH  6.8) 
solution  containing  3%  acrylamide,  2.6%  N,N'- 
methylenebisacryiamide,  0.1%  sodium  dodecyl- 
sulfate,  0.025%  tetramethylethylenediamine  and 
ammonium  persulfate.  Sample  slots  are  formed 
using  a  teflon  coomb  and  following  polymeriza- 
tion  of  the  stacking  gel,  the  glass  cassette  is  placed 
into  an  electrophoretic  chamber  manufactured  by 
Aquebogue  Machine  and  Repair  Shop.  Protein 
samples  ranging  in  molecular  weight  from  17,000 
to  200,000  daltons  were  prepared  at  a  concen- 
tration  of  1  mg/1  ml  in  0.625  Tris-HCI  (pH  6.8) 
containing  2%  sodium  dodecylsulfate,  10%  gly- 
cerol,  5%  2-mercaptoethanol  and  0.001% 
bromophenol  blue  and  5  ul  aliquots  were  added  to 
the  sample  wells.  The  upper  and  lower  reservoirs 
contained  0.025  M  Tris,  0.192  M  glycine  and  0.1% 
sodium  dodecyl  sulfate  (pH  8.3).  Electrophoresis 
was  carried  out  at  25  rriAmps  for  2.5  hours.  The 
poiyacrylamide/allylglycidylagarose  gel  was 
removed  from  between  the  glass  plates  firmly 
attached  to  the  GelBond®  PAG  plastic  support.  It 
was  placed  in  a  staining  solution  consisting  of 
0.05%  Coomassie  brilliant,  blue  R  in  25%  iso- 
propanol,  10%  acetic  acid  overnight.  The  gel  was 
destained  for  8  hours  in  a  solution  of  45% 
methanol,  45%  acetic  acid  and  then  placed  in  a 
solution  of  7%  acetic  acid,  5%  glycerol  for  2 
additional  hours.  After  this  time,  the  protein  bands 
were  visible  and  the  gel  was  placed  directly  in  an 
oven  at65°C  until  a  flexible  dried  film  formed.  This 
dried  gel  maintained  a  definitive  protein  band 
pattern  with  no  shrinkage  or  distortion  and  was 
kept  in  a  lab  notebook  as  a  permanent  record. 

Claims 

1.  An  electrophoretic  gel  composition  compris- 
ing  a  copolymer  of  acrylamide  and  an  agarose 
having  a  weight  average  molecular  weight  of  from 
about  5000  to  about  106  daltons  and  wherein  at 
least  some  the  hydroxyl  hydrogens  in  said  agarose 
have  been  substituted  by  an  ethylenically  unsatu- 
rated  group  of  from  2  to  12  carbon  atoms  capable 
of  cross-linking  with  acrylamide  in  the  presence  of 
a  catalyst  to  form  a  cross-linked  polyacrylamide. 

2.  The  composition  of  claim  1,  wherein  the 
ethlyenically  unsaturated  group  is  selected  from 
the  class  consisting  of  aliphatic  hydrocarbon  and 
acyl  groups. 

5  3.  The  composition  of  claim  1  wherein  the 
copolymer  is  a  copolymer  of  acrylamide  and 
allylglycidylagarose. 

4.  The  composition  of  claim  1,  wherein  the 
amount  of  said  agarose  is  6.25  weight  percent 

10  based  on  the  total  weight  of  said  agarose  and 
acrylamide. 

5.  Use  of  the  composition  according  to  any  one 
of  claims  1  to  4  as  a  coating  on  a  support  sheet 
having  an  activated  surface  to  promote  adhesion 

is  of  the  gel. 

Patentanspruche 

1.  Elektrophoretische  Gelzusammensetzung, 
20  umfassend  ein  Copolymeres  von  Acrylamid  und 

einerAgarosemiteinem  durchschnittlichen  Mole- 
kulargewicht  von  etwa  5000  bis  etwa  106  Dalton, 
worin  zumindest  einige  der  Hydroxylwasserstoffe 
in  der  Agarose  durch  eine  ethylenisch  ungesat- 

25  tigte  Gruppe  mit  2  bis  12  Kohlenstoffatomen,  die 
zur  Vernetzung  mit  Acrylamid  in  Gegenwart  eines 
Katalysators  unter  Bildung  eines  vernetzten  Poly- 
acrylamids  befahigt  ist,  substituiert  worden  sind. 

2.  Zusammensetzung  gemalS  Anspruch  1,  worin 
30  die  ethylenisch  ungesattigte  Gruppe  unter  alipha- 

tischen  Kohlenwasserstoff-  und  Acylgruppen  aus- 
gewahlt  ist. 

3.  Zusammensetzung  gemaK  Anspruch  1,  worin 
das  Copolymere  ein  Copolymeres  von  Acrylamid 

35  und  Allylglycidylagarose  ist. 
4.  Zusammensetzung  gemaB  Anspruch  1,  worin 

die  Menge  der  Agarose  6,25  Gew.-%,  bezogen  auf 
das  Gesamtgewicht  der  Agarose  und  des  Acryla- 
mids,  betragt. 

40  5.  Verwendung  der  Zusammensetzung  gemalS 
einem  der  Anspruche  1  bis4als  Uberzug  auf  einer 
Tragerfolie  mit  einer  aktivierten  Oberflache  zur 
Verbesserung  der  Adhasion  des  Gels. 

45  Revendications 

1.  Composition  de  gel  electrophoretique  com- 
prenant  un  copolymere  de  I'acrylamide  et  d'un 
agarose  ayant  une  masse  moleculaire  moyenne 

so  en  poids  d'environ  5000  a  environ  106  daltons  et 
dans  lequel  au  moins  une  partie  des  atomes 
d'hydrogene  des  groupes  hydroxyle  de  cet  aga- 
rose  ont  ete  substitu.es  par  un  groupe  a  insatura- 
tion  ethylenique  en  C2  a  C12,  capable  de  se 

55  reticuler  avec  I'acrylamide  en  presence  d'un  cata- 
lyseur  pour  former  un  polyacrylamide  reticule. 

2.  Composition  de  la  revendication  1,  dans 
laquelle  le  groupe  a  insaturation  ethylenique  est 
choisi  dans  la  classe  constitute  des  hydrocarbures 

60  aliphatiques  et  des  groupes  acyle. 
3.  Composition  de  la  revendication  1,  dans 

laquelle  le  copolymere  est  un  copolymere  d'acry- 
lamide  et  d'allylglycidylagarose. 

4.  Composition  de  la  revendication  1,  dans 
65  laquelle  la  quantite  de  cet  agarose  ets  de  6,25%  en 

4 



ds  par  rapport  au  poms  xoxai  ae  cei  ayaiuoe  «  1  —  —  Y  •„  .  „  „,„„,  „ „  nit  arrviamidP  revetement  sur  une  feuille  de  support  ayant  une 

,  UtiNsation  de  la  composition  suivant  I'une  surface  activee  pour  favoriser  I'adherence  du  gel. 
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