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Description 

Immobilization  of  nucleic  acids  to  solid  supports  is  essential  for  the  separation  and/or  identification  of 

specific  genes.  The  step  associated  with  the  gel  electrophoresis  for  the  hybridization  and  detection  ot 

specific  genomes  can  be  eliminated  by  using  a  separation  probe  properly  immobilized  to  a  solid  support. 
In  European  Patent  Applications  Nos.  130523  and  152886  we  have  described  two  methods  of 

immobilizing  nucleic  acid  probes  to  solid  supports.  The  present  invention  is  another  method  of 
immobilizing  nucleic  acids  to  solid  supports.  This  method  is  superior  to  the  other  methods  because  of  the 

specificity  involved  and  the  efficiency  involved  in  the  process.  This  method  has  several  other  advantages. 
For  example  the  method  of  the  invention  can  be  used  to  immobilize  some  primers  which  can  be  used  to 

synthesize  oligonucleotides  on  a  solid  support  by  using  an  enzyme  represented  in  solid  supports 
comprising  cellulose,  Sephadex,  agarose,  nylon,  polystyrene,  etc.,  in  paper  or  bead  form.  This  method 
eliminates  the  problem  of  purification,  non-specific  absorption,  non-specific  coupling  and  the  problem  ot 
analysis.  The  invention  can  be  described  as  follows. 

A  nuceloside  phosphate  is  first  immobilized  to  a  solid  support.  The  solid  support  should  be  such  that  it 
will  not  trap  the  probe  and  specifically  it  should  have  the  porosity  to  exclude  the  separation  probe  and  it 
should  be  nonreactive  when  the  separation  probe  or  the  immoblized  material  has  to  be  recovered  from  the 
reaction  products.  An  adenosine  triphosphate  and  related  coenzyme  immobilized  matrix  has  been  used  for 
affinity  chromatography  of  enzymes  (U.S.  Patent  4,011,377  and  4,012,283).  A  similar  reaction  scheme  can 
be  used  to  immobilize  other  nucleic  acid  phosphates  oligonucleotides,  and  the  immobilized  residues  can 
be  used  for  nucleic  acid  synthesis  and  probe  immobilization  of  nucleic  acid  hybridization.  UTP  has  also 
been  immobilized  by  oxidatively  reaction  the  sugar  residue.  G.  Azzar  et  al.  Anal.  Biochem  142,  518  (1984). 
The  destruction  of  sugar  residues  makes  it  impossible  to  use  this  kind  of  support  for  the  pucpose  where 
nucleoside  phosphates  are  required  for  reaction.  ,  . 

The  method  can  be  used  in  several  different  ways.  A  typical  example  can  be  given  in  the  following 
way  5-aIlylamino  UTP  or  5-allylaminodeoxy  UTP  or  5-allylamino  UDP  or  5-allylaminodeoxy  UDP  or  8- 

hexylamino  ATP  or  deoxy  ATP  can  be  coupled  to  a  solid  support  via  its  NH2  residues  and  then  the  residua 
nucloeside  triphosphate  immobilized  onto  the  solid  support  will  be  used  as  a  substrate  for  terminal 
deoxynucleotidyl  transferase  or  polynucleotide  phosphorylase  to  react  with  the  3'  hydroxyl  residue  of  a 
DNA  or  RNA  thus  immobilizing  the  nucleic  acid  via  a  phosphodiester  linkage  to  the  immobilized 
nucleoside  phosphates.  The  immobilized  nucleoside  phosphate  can  be  immobilized  in  such  a  manner  that 
the  3'  hydroxyl  or  the  5'  phosphate  will  be  available  for  the  enzyme.  The  nucleoside  diphosphate  to 
triphosphates  can  be  part  of  a  polynucleotide  or  oligonucleotide  or  a  mononucleotide. 

A  purine  nucloside,  which  may  be  immobilized  in  accordance  with  the  invention,  has  the  following 
structural  formula: 
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and  a  pyrimidine  nucleoside,  which  may  be  immobilized  in  accordance  with  the  invention,  has  the 

so  following  structural  formula: 
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m  WRand  R,  each  independently  is  -OH,  -NH2,  —  SH,  -COOH  or  alkyl,  allyl,  aryl  or  alkenyl  optionally 
substituted  by  —  NH2,  —  SH,  —OH  or 

0  
5  II 

—  C—  OH, 

at  least  one  of  R  and  Rn  including  an  —  NH2,  —  SH,  —OH  or  —COOH  moiety,  R2  is  —  H,  —  NH2  or  —OH, 

YisHor  4  P-O—  \ -  

\   OH  /   n 
15 

n  is  1  to  3, 
R'  is  H  or  OH,  and 

n \  
20  R"  is  H,  OH  or  -f  P""0")" 

\   OH  J   n 

The  immobilization  can  be  done  to  a  solid  support  via 
25  0  0  

"  H  ii  J  L. 
—  S—  S—  ,  —  C—  N—  ,  —  C—  0—  R,  —  C—  C—  ,  —  C—  N 

I  I 

30  linkages  using  known  reactions. 
Chemical  synthesis  of  deoxyoligonucleotides  or  ribonucleotides  have  been  done  in  a  method  of 

stepwise  addition  of  one  residue  to  an  immobilized  nucleotide.  Examples  of  such  methods  are  described  in 
PCT-Application  WO  85/01051,  EP—  A  180  945,  EP—  A  174  879,  DE—  A  28  41  414  and  in  Chemische  Berichte, 
Vol.  107  (1974),  pages  24—33.  The  methods  available  are  difficult  and  the  purification  and  deprotection 

35  reactions  produce  many  side  products.  The  present  method  of  utilization  of  solid  phase  enzymatic 
synthesis  eliminates  some  of  these  problems  and  the  probe  can  be  used  to  label  the  nucleic  acid  before  it  is 
even  removed  from  the  solid  support.  The  necleic  acid  probe  can  also  be  used  as  a  separation  probe 
without  removal  from  the  support.  An  illustrative  example  is  presented  for  the  synthesis  of 
oligoribonucleotide  and  oligodeoxyribonucleotide.  The  method  utilizes  an  enzyme  called  T4RNA  ligase. 

40  Other  enzymes  which  are  primer  independent,  e.g.,  terminal  nucleotidyl  transferase  can  also  be  used  with 
minor  modification  of  the  method. 

The  enzyme  RNA  ligase  was  first  isolated  by  Silber  et  al,  Proc.  Natl.  Acad.  Sci.,  USA,  69,  3009  (1972) 
from  T4  phage  infected  E.  coli.  It  catalyses  a  reaction  between  a  3'  hydroxyl  containing  oligonucleotide  and 
a  5'  phosphorylated  nucleotide  (Snopeck  et  al,  Biochem,  Biophys,  Res.  Communication  68,  417,  (1976)).  It 

45  has  been  shown  that  3'-,  5'-diphosphates  of  ribo  and  deoxyribo-nucleosides  also  serve  as  donors  in  the 
presence  of  ATP.  (England  et  al,  Proc.  Natl.  Acad.  Sci.,  USA.,  74,  4839  (1977).)  The  principle  of  the  synthesis 
can  be  described  as  follows:  (see  also  Chem.  Abs.,  95:164  568d). 
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T4ligasse 
NpNpNpNpNp* NpNpNpN  +  P  N*  P 

ATP 

Alkaline 
phosphatase solid  support 

10 

PN*'  P 
—  NpNpNpNpN* NpNpNpNpN*N*' 

T4ligase,  ATP, 
Alkaline  phosphatase 

15 

etc. 

cleavage  reaction 

+  NpNpNpNpN*N*'  etc. 

20 

25 

N  —  stands  for  nucleoside. 

30 
Experimental 

In  the  following  experimental  discussion  abbreviations  are  used  as  indicated: 

g  =  gram 
HPLC  =  high  performance  liquid  chromatography 
L  =  liter 
mL  =  milliliter 
M  =  molar 
mM  =  millimolar 
N  =  normal 
eq  =  equivalents 
mol  =  gram  molecular  formula  (moles) 
mmol  =  gram  molecular  formula  x  10~3  (millimoles) 
aq  =  aqueous 
hr  =  hour 

Organic  reagents  were  obtained  from  Aldrich  Chemical  Company  and  were  used  without  purification, 
unless  otherwise  noted.  Inorganic  reagents  were  ACS  reagent  grade  from  Fisher  Scientific  Company  or 
other  major  vendor.  Reaction  solvents  were  ACS  reagent  grade.  Reagents  used  in  oligonucleotide 
synthesis  were  obtained  from  Applied  Biosystems,  Inc.  Brine  refers  to  a  saturated  aqueous  sodium  chloride 
solution. 

Example 
Immobilization  of  separation  probe  for  sickle  cell  anemia  detection  via  TdT  reaction 

—  About  1  mg  of  CNBr  activated  Sepharose  Cl—  4B  (prepared  by  conentional  manner)  is  washed  with 
1  mM  HCI.  5-allylamino  dUTP  prepared  according  to  Lager  et.  al.  Proc.  Natl.  Acad.  Sci.  U.S.A.  78,  6633 
(1981)  is  dissolved  in  water  (concn  1  mg/ml)  and  kept  frozen.  After  the  solid  support  activated  with 
cyanogenbromide  is  washed  with  HCI  they  are  kept  submersed  under  0.1  M  NaHCO3  (pH  8.3)  for  30 
minutes  The  buffer  is  then  washed  and  fresh  solution  of  NaHCO3  is  added.  The  washing  process  is 
repeated  for  3  times.  Then  the  support  is  allowed  to  settle  by  gravity  and  the  buffer  is  removed.  Once  the 
solid  cake  is  formed  5-allylamino  dUTP  is  added  ~  10  ml  of  dUTP  solution  to  1  ml  of  the  solid,  fo l lowed^ 
5  ml  NaHCO,  buffer.  The  mixture  is  shaken  by  hand  and  gently  shaken  in  the  cold  room  for  16  hours.  After 
this  time  the  support  is  washed  to  remove  the  unreacted  AAdUTP.  Then  3  x  2  ml  0.2  M  glycerine  solution 
is  added  to  block  other  unreacted  active  site.  The  solid  is  then  finally  washed  with  TdT  buffer  (0.2  M  —  K- 
cacodylate  buffer  (pH  7.2). 
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The  probe  which  is  immoblized  is  prepared  by  digestion  of  a  plasmid  pSS737  or  (3  pbr322  pst.  These 
plasmids  have  a  pstl  segment  of  human  DNA  that  includes  p-hemoglobin  gene.  It  is  easily  prepared  by 
published  procedure  (obtained  from  Dr  J.  Wilson,  Medical  College  of  Gerogia  Research  Institute  and 
published  in  Geever  et  al.,  Proc.  Natl,  Acad.  Sci.,  U.S.A.,  5081  (1981).  One  sample  of  the  plasmid  pSS737  is 

5  digested  to  completion  with  Ddel;  another  sample  is  digested  with  Hinf  I.  The  resulting  DNA  segments  are 
separated  according  to  size  by  electrophoresis  in  a  preparative,  low  melting  temperature  agarose  gel.  The 
gel  is  stained  with  ethidium  bromide  for  visualization  and  DNA  bands  0.34  Kb  from  the  Hinfl  digest  and  0.20 
Kb  from  Ddel  digest  are  excised  0.34  Kb  fragment  is  immobilized  and  0.20  Kb  fragment  is  labeled  with  32p 
by  using  a  polynucleotide  kinase. 

w  100—200  ul  of  the  solid  with  immobilized  A—  UTP  is  suspended  in  200  mM  cacodylate  buffer  and 
100  ug  of  the  separation  probe,  0.34  Kb.  Hinfl  segment  of  pSS  737,  Application  Serial  No.  511,063, 
(European  Patent  Application  No.  841  072  48.1),  supra,  in  the  same  buffer  are  mixed  in  an  Eppendorf  tube. 
To  this  MgCI2  (final  cone  4  mM);  1  mM  dithiothreitol  and  1  0  units  of  TdT  from  BRL  are  added,  the  mixture  is 
incubated  at  37°C  for  16  hours.  Then  the  support  is  washed  with  cacodylate  buffer. 

15  In  order  to  estimate  the  capacity  of  such  a  supporing  material,  calf  thymus  DNA  is  used.  Using  p 
labeled  or  12SI  labeled  DNA  it  is  possible  to  estimate  the  maximum  capacity  of  the  support. 

As  the  hybridization  procedure  involves  single-stranded  DNAs,  the  solid  support  upon  which  the 
selector  probe  is  immobilized  must  be  pretreated  so  that  the  unknown  DNA  and  the  detector  probe  do  not 
bind  to  it  indiscriminately.  The  pretreatment  is  done  with  a  solution  known  as  Denhardt's  solution  (0.2% 

20  each  of  bovine  serum  albumin,  ficoll  and  polyvinylpyrrolidone  in  water),  in  which,  along  with  some  salt  and 
buffer  (e.g.,  6  x  SSC,0.1  MTris,  pH  8),  the  solid  is  suspended  for  a  few  hours  at  the  temperature  to  be  used 
for  hybridization  (e.g.,  65°C).  This  solution  is  then  replaced  with  hybridization  medium  that  includes 
denatured  sample  (unknown)  DNA  from  a  patient  and  denatured  detector  probe,  and  DNA  annealing  is 
allowed  to  proceed  for  a  few  hours.  Two  representative  hybridization  conditions  are:  (i)  6  x  SSC,  0.1  M 

25  Tris,  pH  8,  65°C,  the  inclusion  of  Denhardt's  solution  being  optional;  (ii)  4  x  SSC,  40%  formamide,  40°C,  ± 
Denhardt's  solution. 

After  hybridization,  DNAs  that  have  not  been  faithfully  base  paired  to  the  selector  probe  are  washed 
from  the  support  by  a  series  of  solutions  that  demand  extensive  annealing  for  hybrid  stability  to  be 
maintained.  For  example,  the  solid  particles  are  washed  with  a  large  volume  of  0.2  x  SSC  at  65°C  (at  which 

30  low  salt  concentration  poorly  base  paired  hybrids  will  dissociate),  then  it  is  washed  with  a  large  volume  of 
02  x  SSC  at  room  temperature.  The  particles  then  are  air  dried.  If  the  detector  probe  is  labeled  with  p,the 
particles  are  counted  in  a  scintillation  counter.  Alternatively,  autoradiographic  detection  can  be  done.  The 
extent  of  radioactivity  associated  with  the  particle  is  an  indication  of  the  disease,  sickle  cell  anemia. 

It  will  be  understood  that  the  specification  and  examples  are  illustrative  but  not  limitative  of  the  present 
35  invention  and  that  other  embodiments  within  the  spirit  and  scope  of  the  invention  will  suggest  themselves 

to  those  skilled  in  the  art. 

Claims 

40  1.  A  process  for  immobilization  of  a  nucleic  acid  comprising 
a)  linking  a  nucleoside  phosphate  to  a  solid  support  through  the  nitrogen  heterocychc  moiety  of  the 

nucleoside  phosphate  and  . 
b)  enzymatically  covalently  coupling  a  nucleic  acid  to  the  resultant  immobilized  nucleoside  phosphate 

from  step  a)  via  a  phosphodiester  linkage. 
45  2.  A  process  according  to  claim  9,  wherein  the  nucleic  acid  is  a  sickle  cell  anemia  nucleic  acid  probe. 

3!  A  process  according  to  any  of  claims  1  to  2,  wherein  the  enzymatic  coupling  is  conducted  in  the 

presence  of  an  enzyme,  wherein  the  enzyme  is  terminal  deoxynucleotidyl  transferase. 

Patentanspriiche 
50  1.  Verfahren  zur  Immobilisierung  einer  Nucleinsaure  wobei  man 

a)  ein  Nucleosidphosphat  an  einen  festen  Trager  durch  den  Stickstoff-Heterozyklus  des 
Nucleosidphosphats  bindet  und 

b)  eine  Nucleinsaure  enzymatisch  an  das  entstandene  immobilisierte  Nucleosidphosphat  aus  btute  a) 

„  iiber  eine  Phosphodiesterbindung  kovalent  kuppelt.  _ 
2.  Verfahren  gemaB  Anspruch  1,  dadurch  gekennzeichnet,  dafc  die  Nucleinsaure  eine  Sichelzellen- 

anamie-Nucleinsauresonde  ist. 
3  Verfahren  gemaG  jedem  der  Anspriiche  1  bis  2,  dadurch  gekennzeichnet,  dalS  die  enzymatische 

Kupplung  in  der  Gegenwart  eines  Enzyms  durchgefuhrt  wird,  wobei  das  Enzym  terminale 

60  Desoxynucleotidyl-Transferase  ist. 

Revendications 

1.  Procede  pour  immobiliser  un  acide  nucleique,  comprenant: 
a)  la  liaison  de  fixation  d'un  nucleoside  phosphate  (ou  phosphate  de  nucleoside)  sur  un  support  solide, 
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a  I'aide  du  fragment  heterocyclique  azote  du  nucleotide  phosphate,  et 
b)  le  couplage  enzymatique  par  covalence,  par  I'intermediaire  d'un  chainon  diester  phosphonque  de 

liaison,  d'un  acide  nucleique  au  nucleoside  phosphate  immobilise,  resultant,  de  I'etape  a). 
2.  Procede  selon  la  revendication  1,  dans  lequel  I'acide  nucleique  est  une  sonde  de  recherche  d'un 

acide  nucleique  d'anemie  drepanocytaire  (anemie  a  hematies  falciformes). 
3.  Procede  selon  I'une  quelconque  des  revendications  1  a  2,  dans  lequel  le  couplage  enzymatique  est 

conduit  en  presence  d'une  enzyme,  I'enzyme  etant  une  desoxynucleotidyltransferase  terminale. 
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