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Description 

FIELD  OF  THE  INVENTION 

This  invention  relates  to  a  method  for  purifying  s 
nucleic  acids,  such  as  DNA  and  RNA  and  mixtures 
thereof  from  a  sample,  as  well  as  kits  useful  in  perform- 
ing  such  purification. 

BACKGROUND  AND  PRIOR  ART  10 

Nucleic  acids,  i.e.,  DNA  and  RNA,  are  well  known 
as  the  so-called  "genetic  blueprint"  of  all  cell  types.  Be 
they  prokaryotes  or  eukaryotes,  cells  require  DNA  and 
RNA  for  the  production  of  various  proteins  needed  for  is 
viability. 

Much  of  the  current  work  being  performed  in  the 
biological  sciences  requires  manipulation  of  pure 
nucleic  acids.  Transformation,  transfection,  Northern 
and  Southern  blots,  polymerase  chain  reactions,  and  so  20 
forth,  all  require  a  ready  source  of  purified  nucleic  acid 
material.  In  addition,  purified  nucleic  acids  are  used  in 
applications  such  as  "DNA  fingerprinting"  in  forensic 
sciences,  so-called  "RFLP"  analysis,  and  other  applica- 
tions  where  purified  DNA  or  RNA  is  necessary.  25 

Nucleic  acids  do  not  exist  in  free  form  in  cells;  rather 
they  interact  with  various  molecules  and  organelles  in 
vjyo  forming,  e.g.,  nucleo-protein  complexes.  Biological 
materials  present  nucleic  acid  material  that  is  encapsu- 
lated  in  protein  coats  or  in  association  with  membranes.  30 
See,  in  this  regard  Rodriquez  and  Tait,  Recombinant 
DNA  Techniques.  An  Introduction  (Benjamin  Cum- 
mings,  1983),  pg.  37-38. 

Standard  methods  for  isolation  of  DNA  call  for  lysis 
of  the  sample  (tissue  or  cell),  by  various  methods,  in  35 
connection  with  various  enzymes  such  as  proteinase  K. 
These  procedures  yield  a  mix  of  DNA  and  macromole- 
cules  which  must  be  separated.  One  classic  method  for 
DNA  purification  utilizes  an  extraction  reagent  contain- 
ing  organic  solvents,  such  as  phenol  and  chloroform,  40 
optionally  with  isoamyl  alcohol.  See,  in  this  regard  Mur- 
mur,  J.  Mol.  Biol.  3:  208-218  (1961);  Gross-Bellard,  et 
al.,  Eur.  J.  Biochem.  36:  32-38  (1973);  Blin,  et  al.,  Nucl. 
Acid.  Res.  3:  2303-2308  (1976).  In  these  methods,  the 
nucleic  acids  are  separated  into  the  aqueous  phase  of  a  45 
two  phase  organic/non-organic  (i.e.,  water)  system.  The 
aqueous  layer  having  a  lower  density  than  the  organic 
portion  of  the  reagent,  rises  to  the  top  of  a  mixture,  from 
which  it  can  be  removed  or  extracted. 

While  this  methodology  is  a  standard  one,  it  so 
requires  expensive  reagents  and  equipment  to  perform, 
and  a  good  deal  of  time.  Additionally,  phenol  and  chloro- 
form  are  both  noxious  to  use,  cause  burns  on  contact  to 
skin  and  mucus  membranes,  require  cumbersome 
safety  apparatus,  such  as  hoods  to  prevent  inhalation  55 
and  have  been  implicated  as  potential  carcinogens.  In 
addition,  contamination  of  the  aqueous,  DNA  containing 
layer  by  the  organic  solvent  (phenol)  is  a  ubiquitous 
problem.  This  contamination  renders  the  DNA  useless 

for  further  manipulations  without  additional  purification 
procedures.  Awareness  of  this  problem  leads  to  a  need 
for  the  investigator  to  exercise  extreme  caution,  espe- 
cially  with  respect  to  the  interface  between  the  organic 
and  non-organic  layers.  This  can,  and  frequently  does, 
lead  to  decreased  yields  of  nucleic  acids,  and  additional 
processing  steps,  such  as  "back-extraction"  (i.e.,  the 
extraction  of  the  remaining,  mostly  organic  material, 
with  additional  aqueous  solvents). 

The  patent  literature  describes  the  use  of  tech- 
niques  such  as  those  described  supra  in  connection 
with  other  biochemical  inventions.  For  example,  U.S. 
Patent  No.  4.623.627  teaches  obtaining  double 
stranded  DNA  using  the  phenol/chloroform  methodol- 
ogy  described  supra. 

Another  method  used  to  separate  DNA  is  cesium 
chloride  gradient  ultracentrifugation.  See,  Glisin,  et  al., 
Biochemistry  13:  2633-2637  (1974).  In  this  methodol- 
ogy,  a  DNA  solution  is  mixed  with  a  cesium  chloride 
solution  or  a  mixture  of  cesium  chloride  and  ethidium 
bromide.  The  mixture  is  then  centrifuged,  resulting  in  a 
gradient  of  increasing  salt  concentrations.  DNA  mole- 
cules  band  at  positions  within  the  gradient  correspond- 
ing  to  their  buoyant  density. 

This  methodology,  however,  requires  the  use  of  an 
ultracentrifuge  as  well  as  expensive  chemicals,  and  a 
good  deal  of  time.  While  of  interest,  it  is  not  the  optimum 
approach,  as  is  evidenced  by  the  number  of  papers 
teaching  variations  on  this  general  technique.  See,  e.g., 
Meese,  et  al.,  Gene  Anal.  Tech.  4:  45-49  (1986),  where 
guanidine  HCI  is  used  in  combination  with  the  cesium 
chloride  gradient  technique. 

A  second  group  of  methodologies,  which  may  be 
referred  to  collectively  as  "column  purification",  is  of 
more  pertinence  to  the  subject  invention.  In  column 
purification,  the  nucleic  acid  containing  sample  is 
applied  to  a  solid  phase  matrix.  For  example,  Shoyab,  et 
al.,  Meth.  Enzymol.  68:199-206  (1979)  describe  purifi- 
cation  of  genomic  DNA  using  hydroxyapatite  column 
chromatography.  U.S.  Patent  No.  4,649,119  teaches 
that  hydroxyapatite  may  be  used  as  a  support  to  recover 
plasmids  from  Corynebacterium  bacteria. 

An  additional  type  of  column  purification  is  taught 
by  Potter,  et  al.,  Cancer  Lett.  26:  335-341  (1985).  This 
method  uses  a  matrix  of  diethylamino  ethyl  (DEAE) 
sepharose,  referred  to  hereafter  as  a  "DEAE  matrix". 

A  DEAE  matrix  presents  a  positively  charged  ion 
(N+)  covalently  bound  to  the  matrix,  together  with  a 
mobile  counterion  (CI").  These  mobile  counterions  are 
available  for  exchange,  under  suitable  conditions,  with 
other  negatively  charged  ions,  such  as  proteins  and 
nucleic  acid  molecules.  DEAE  matrices  are  quite  com- 
mon  in  column  separation,  as  is  taught  by  Maniatis,  et 
al.,  Molecular  Cloning.  A  Laboratory  Manual  (Cold 
Spring  Harbor  Laboratories),  pp.  130  and  164. 

The  first  step  in  ion  exchange  column  separation  is 
application  of  the  sample  to  the  column.  Standard  meth- 
odologies  instruct  the  investigator  to  apply  the  sample 
without  disturbing  the  matrix  bed.  This  is  followed  by  a 
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washing  step,  generally  using  a  low  salt  buffer.  Potter,  et 
al.,  supra,  call  for  washing  the  sample  containing  col- 
umn  with  a  buffer  of  10  mM  Tris,  1  mM  EDTA,  and  0.1  M 
NaCI.  Variations  may  be  seen  in,  e.g.,  European  Patent 
Application  270  017,  to  Molecular  Biosystems,  Inc., 
teaching  washing  with  a  salt  strength  of  from  0.2  to  0.5 
M. 

The  step  as  described  in  these  references  removes 
impurities  that  are  present  in  the  applied  sample.  The 
salt  concentration  is  kept  low  (i.e.,  a  weak  ionic  strength 
buffer  is  used)  because  the  ions  in  the  salt  solution  will 
complete  with  the  the  DNA  bound  to  the  column. 

Following  the  wash  step  in  which  impurities  are 
eluted,  DNA  is  collected  from  the  column  via,  e.g.,  elu- 
tion.  Here,  a  higher  concentration  of  salt  is  required, 
because  the  very  effect  avoided  in  the  washing  step  is 
now  desired.  Hence,  in  Potter,  supra,  elution  is  at  1  .0  M 
NaCI,  while  the  European  Patent  Application  referred  to 
supra  elutes  at  anywhere  from  0.5  M  to  1  .0  M,  depend- 
ing  upon  the  nature  of  the  nucleic  acid  and  the  column 
used.  The  amount  of  elution  buffer  used  is  desirably 
kept  as  low  as  possible.  In  practice,  however,  this  aim  is 
in  conflict  with  the  need  to  use  a  larger  amount  of  buffer 
so  as  to  elute  all  or  as  much  of  the  nucleic  acids  as  pos- 
sible. 

Other  references  teach  different  elution  reagent 
strengths.  U.S.  Patent  No.  4.389.396.  to  d'Hinterland 
e.g.,  teaches  gradient  elution  using  from  0.0  to  0.5  M 
NaCI.  U.S.  Patent  No.  4.649.119  to  Sinskey  teaches 
elution  using  1.0  M  potassium  phosphate.  Indeed,  the 
strongest  elution  solution  currently  observed  in  the  art  is 
1.0  M. 

In  EP-A-0  268  946  a  method  for  separating  long 
chain  nucleic  acids  is  disclosed  by  introducing  a  sample 
containing  the  nucleic  acids  to  a  cartridge  containing  a 
porous  matrix  delimited  by  filters,  allowing  extraction  of 
the  nucleic  acids  to  the  matrix  and  leaving  of  the 
remaining  liquid  through  an  outlet,  washing  out  other 
substances  from  the  matrix  with  a  wash  solution  of  low 
ionic  strength  and  then  eluting  the  long  chain  nucleic 
acids  with  a  solution  of  high  ionic  strength. 

The  ion  exchangepurif  ication  methodologies  elabo- 
rated  upon  supra  all  adhere  to  the  teaching  in  the  art 
that  instructs  one  to  apply  the  same  to  the  matrix  sur- 
face  without  disrupting  the  matrix  surface. 

It  has  been  found  that  by  including  a  "priming  step" 
in  which  a  high  strength  ionic  salt  solution  is  applied  to 
the  ion  exchange  matrix  before  elution  of  the  nucleic 
acid  allows  the  nucleic  acid  to  be  recovered  in  a  smaller 
volume  of  elution  buffer.  This  is  a  result  not  to  be 
expected  from  the  prior  art. 

SUMMARY  OF  THE  INVENTION 

The  invention  is  a  method  for  obtaining  a  sample  of 
pure  nucleic  acid.  The  method  involves  applying  a 
nucleic  acid  containing  sample,  such  as  lysed  prokary- 
ote  or  eukaryotic  cells,  eukaryotic  tissue,  etc.,  or  a 
"crude"  or  "semi-purified"  sample  of  nucleic  acids  to  an 

anionic  exchange  support.  The  sample  is  applied  to  the 
column  in  a  manner  which  ensures  uniform  distribution 
of  the  sample  thereon.  Following  this  a  weak  ionic  salt 
solution  is  added  to  the  column.  This  acts  to  remove 

5  impurities  therefrom.  This  wash  solution  is  then 
removed  via,  e.g.,  elution.  The  column  is  then  "primed" 
by  addition  of  a  defined  volume  of  a  strong  ionic  salt 
solution.  The  priming  solution,  when  added  in  a  defined 
volume,  surprisingly  does  not  elute  the  nucleic  acid  from 

10  the  column,  but  instead  permits  recovery  of  the  nucleic 
acids  in  a  more  concentrated  form,  because  the  elution 
buffer  which  is  then  applied  may  be  added  in  a  smaller 
volume  than  is  usually  required. 

After  the  priming  step,  an  elution  buffer  or  solution 
15  is  applied.  This  removes  purified  nucleic  acid  from  the 

column  or  matrix.  The  nucleic  acid  is  then  collected. 
In  applying  the  wash,  priming,  and  elution  reagents, 

the  column  bed  (i.e.,  the  DEAE  matrix)  is  not  disturbed, 
in  contrast  to  the  uniform  distribution  of  the  nucleic  acid 

20  sample  throughout  the  column  bed. 
The  invention  as  described  herein  is  a  method  uni- 

versally  adaptable  for  purification  of  nucleic  acids  of  any 
type  including  prokaryotic  and  eukaryotic  DNA,  such  as 
genomic  DNA,  as  well  as  total  RNA.  In  addition  to  the 

25  advantages  described  supra,  the  methodology  uses  no 
organic  solvents  in  a  simple  process.  It  is  thus  safer, 
more  time  efficient  and  straightforward  then  the  method- 
ologies  currently  used  in  the  art. 

30  DETAILED  DESCRIPTION  OF  PREFERRED  EMBOD- 
IMENTS 

The  invention  as  described  herein  is  useful  in  the 
separation  of  nucleic  acids  from  a  sample,  regardless  of 

35  the  source  of  the  sample. 
As  is  well  known,  when  nucleic  acids  derive  from 

prokaryotic  and  eukaryotic  cells,  lysis  prior  to  the  appli- 
cation  of  the  sample  to  the  column  or  support  is 
required.  The  details  of  this  preparation  steps  are  set 

40  forth,  infra,  for  various  types  of  cells.  Among  the  types  of 
cells  and  tissues  which  can  be  used  for  purification  of 
nucleic  acids  are  all  strains  of  E.  coli.  yeast,  murine 
myeloma,  and  human  buffy  coat  cells.  Solid  tissues  are 
exemplified  by  rat  hepatoma  and  homologous  liver  tis- 

45  sues.  Mice  tails,  and  other  types  of  tissue  may  also  be 
used. 

The  lysed  sample  is  applied  to  an  anion  exchange 
support  or  column  which  has  been  equilibriated  with  a 
sample  of  low  ionic  strength  solution,  which  is  elabo- 

50  rated  upon  infra.  The  anion  exchange  support  is  a  mate- 
rial  which  permits  exchange  of  a  mobile  negative  ion 
with  negatively  charged  nucleic  acids.  Many  anionic 
exchange  materials  are  known  to  the  art.  Preferred  are 
DEAF  sepharose  supports. 

55  Following  equilibration,  the  prepared  sample  is 
applied  to  the  matrix,  column  or  support,  in  a  manner 
which  permits  uniform,  distribution  of  the  sample 
throughout.  This  is  accomplished  via  progressive  distur- 
bance  of  the  matrix  to  form  a  uniform  slurry  of  sample 
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and  matrix.  By  so  doing,  a  uniform  distribution  of  sample 
through  the  column,  bed  is  achieved.  This  can  be  per- 
formed  via  various  methods  available  to  the  skilled  arti- 
san. 

While  the  sample  may  be  applied  "neat",  it  is  espe- 
cially  preferred  to  dilute  it  prior  to  addition  to  the  column. 
Dilution  is  performed  using  the  low  ionic  strength  solu- 
tion  referred  to  supra.  The  sample  may  be  diluted 
almost  ad  libitum,  practical  considerations  such  as  col- 
umn  capacity  determining  what  degree  of  dilution  is 
appropriate.  Any  dilution  with  reason  is  feasible  but  is 
preferable  to  dilute  the  sample  anywhere  from  about  a 
1  :1  to  about  a  1  :3  ratio  (sample:  diluent). 

After  the  sample  is  added  to  the  column  and 
remains  for  an  amount  of  time  sufficient  to  permit 
exchange  of  nucleic  acid  and  bound  ions,  preferably 
about  10  minutes,  but  this  can  vary,  impurities  are 
washed  from  the  column  or  matrix.  In  the  following 
description  of  the  wash  step,  removal  of  the  wash  solu- 
tion  via  centrifugation  gravity  or  other  types  of  removal 
may  be  used. 

A  wash  solution  is  added  to  the  column  following 
application  of  the  sample.  Application  of  the  wash  solu- 
tion  is  performed  without  disturbance  of  the  matrix  bed. 
This  solution  is  a  weak  ionic  salt  solution.  "Weak",  as 
used  herein  refers  to  a  concentration  of  from  about  0.05 
M  to  about  0.5  M.  "Salt"  as  used  refers  to  an  ionic  salt, 
preferably  NaCI.  Other  salts,  for  example  LiCI,  K3P04, 
NaF,  or  Kl,  are  also  encompassed  by  the  invention.  The 
aim  is  to  provide  an  anion  which  competes  with  the 
counter  ion  associated  with  the  matrix. 

In  terms  of  concentration,  the  preferred  concentra- 
tion  of  the  wash  solution  is  about  0.3  M. 

Following  the  removal  of  the  wash  solution,  the 
priming  step  takes  place.  The  priming  step  involves 
application  of  an  amount  of  a  strong  salt  solution  to  the 
column  without  disturbing  the  matrix.  "Strong"  as  used 
herein  refers  to  a  concentration  which  is  greater  than 
the  concentration  of  the  weak  ionic  salt  solution,  and  is 
preferably  from  about  0.75  M  to  about  2.25  M.  The  vari- 
ous  salts  which  may  be  used  are  the  same  as  those 
useful  in  the  wash  solution.  The  preferred  concentration 
of  the  priming  solution  is  about  1  .75  M.  The  volume  of 
priming  solution  used  is  critical,  and  may  range  from 
about  1/3  to  about  2/3  of  the  volume  of  the  matrix  bed 
volume.  The  volume  of  the  matrix  column  bed  is  an  eas- 
ily  determined  value,  and  methods  for  determining  it 
need  not  be  elaborated  upon  herein. 

This  priming  step,  surprisingly,  does  not  cause  the 
nucleic  acid  to  elute  from  the  column.  Instead,  it  permits 
elution  thereafter  of  column  bound  nucleic  acids  in  a 
smaller  amount  of  elution  buffer. 

An  elution  buffer  is  added  to  the  column,  matrix  or 
support  after  the  priming  step.  The  elution  buffer  is  a 
strong  ionic  salt  solution,  as  described  above.  Again, 
the  preferred  strength  is  1.75  M,  and  the  preferred  salt 
is  NaCI.  The  elution  buffer  is  applied  to  the  matrix  with- 
out  disturbing  it.  The  volume  of  elution  buffer  required  to 
remove  all  of  the  DNA  is  less  than  that  required  without 

this  step.  A  minimum  amount  of  elution  buffer  equal  to 
about  4/3  of  the  column  bed  volume  is  all  that  is 
required  when  a  priming  step  is  used.  For  example,  if 
the  column  bed  has  a  volume  of  1.5  ml,  than  .5  ml  of 

5  priming  solution  and  2.0  ml  of  elution  buffer  are  suffi- 
cient.  Upon  removal  via  elution,  e.g.,  the  elution  buffer 
contains  the  nucleic  acids.  The  nucleic  acid  may  then  be 
precipitated,  or  otherwise  treated,  depending  upon  the 
requirements  of  the  particular  investigation. 

w  The  foregoing  is  a  generalized  protocol  for  the  oper- 
ation  of  the  invention.  The  following  examples  are  pro- 
vided  to  teach  the  preferred  embodiments  of  the 
generalized  protocol  given  supra.  They  are  not  intended 
and  should  not  be  read,  as  limitations  on  the  scope  of 

15  the  invention. 

Example  1  :  Sample  Preparation 

The  following  examples  deal  with  purification  of 
20  DNA  from  different  cell  and  tissue  samples.  The  proce- 

dure  for  sample  preparation  and  lysis  will  be  seen  to 
vary  with  different  sample  sources.  Once  the  cell  lysate 
is  obtained,  however,  it  is  treated  the  same,  regardless 
of  source,  throughout  the  remaining  stages  of  DNA  puri- 

25  fication. 

A.  Bacterial  Cells 
Up  to  1010  cells  may  be  prepared  in  this  proce- 

dure  when  a  matrix  bed  volume  equal  to  1  .5  ml  is 
30  used.  Cells  are  spun  at  12,000  x  g  for  5  minutes  at 

4  °C.  This  yields  a  pellet  and  supernatant.  The 
supernatant  is  discarded,  and  the  pellet  is  washed 
with  cold,  sterile  H20. 

The  pellet  is  resuspended  in  2  ml  of  lysis  solu- 
35  tion  (0.5  M  guanidine  HCI,  10  mM  Tris,  1  mM  EDTA, 

10  %  betaine  and  2  %  Triton-X),  together  with  60  nl 
RNase  A  (10  mg/ml)  and  160  nl  lysozyme  (50 
mg/ml).  This  is  mixed  via  inversion  and  is  incubated 
at  37  °C  for  30  minutes. 

40  The  lysis  reagent  used  herein  is  new.  It  is 
adaptable  for  use  with  both  prokaryotic  and  eukary- 
otic  samples,  which  is  atypical.  The  lysis  reagent  is 
a  composition  comprising  from  about  1  to  about  1  5 
mM  Tris®,  from  about  1  to  about  2  mM  EDTA,  from 

45  about  1  %  to  about  20  %  (w/v)  an  amphoteric  sur- 
factant,  such  as  betaine,  from  about  .1  to  about  5  % 
(v/v)  of  a  neutral  surfactant,  such  as  Triton-X,  and 
from  about  0.5  to  about  5  M  guanidineHCI.  A  partic- 
ularly  preferred  embodiment  comprises  about  10 

so  mM  Tris,  about  1  mM  EDTA,  about  10  %  (w/v) 
betaine,  about  2  %  Triton-X,  and  about  0.5  M  guani- 
dine  HCI.  The  lysis  reagent  may  be  in  the  form  of  a 
"one  pot"  composition  or  in  the  form  of  a  kit  present- 
ing  separate  containers  of  each  of  the  recited  ele- 

55  ments,  plus  a  means  for  holding  these  such  as  a 
box.  The  skilled  artisan  will  note  the  absence  of  an 
anionic  solvent  in  the  reagent.  This  is  generally 
required  in  cell  lysis  reagents,  as  exemplified  by, 
e.g.,  SDS. 
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A  quantity  of  1  00  nl  proteinase  K  (20  mg/ml)  is 
then  added,  and  mixed  by  inversion,  followed  by 
incubation  is  at  55  -  60  °C  for  30  minutes. 

The  sample  is  then  diluted  in  a  3  fold  volume  of 
wash  solution  (10  mM  Tris,  1  mM  EDTA  and  0.3  M  s 
NaCI). 

The  sample  is  now  ready  for  application  to  the 
column. 

B.  Mammalian  Cells  to 
The  same  protocol  is  followed  as  for  bacterial 

cells,  except  that  the  cells  are  washed  with  1X  PBS 
prior  to  lysing  and  lysozyme  is  not  added  to  the 
sample.  Up  to  1  09  cell  may  be  used  with  a  matrix 
bed  volume  equal  to  1  .5  ml.  15 

C.  Solid  Tissue 
A  100  mg  solid  tissue  sample  is  transferred  to 

liquid  nitrogen  to  freeze  it.  The  frozen  product  is 
then  ground  to  fines  in  a  precooled  mortar.  This  20 
powder  is  then  dissolved  in  2  ml  of  lysis  solution,  as 
described  supra,  together  with  60  nl  RNAse  A  (10 
mg/ml).  This  is  mixed  by  gentle  inversion,  and  is 
incubated  at  37  °C  for  30  minutes.  This  is  then 
mixed  by  inversion  with  100  nl  proteinase  K  (20  25 
mg/ml),  and  is  incubated  at  55  -  60  °C  for  3  hours. 
The  sample  is  then  diluted  3-fold  by  direct  addition 
of  4  ml  wash  solution,  as  described  supra. 

D.  Buffy  Coat  Sample  30 
Draw  up  to  30  ml  whole  blood  in  the  presence 

of  an  anticoagulant.  Prepare  a  buffy  coat  sample 
from  the  whole  blood  using  a  Ficoll®  gradient  using 
standard  techniques  well  known  in  and  recognized 
by  the  art.  Remove  clarified  buffy  coat  cells  to  a  35 
conical  screw  tap  tube. 

Resuspend  the  buffy  coats  in  2  ml  lysis  buffer 
supra  and  add  60  nl  RNase  A  (10  mg/ml).  Mix  by 
gentle  inversion  and  incubate  at  37  °C  for  30  min- 
utes.  Add  100  nl  proteinase  K  (20  mg/ml).  Mix  by  40 
inversion  and  incubate  at  55  -  60  °C  for  30  minutes. 
Dilute  3-fold  by  direct  addition  of  4  ml  wash  solution. 

E.  Mouse  Tail 
Place  a  1  .5  cm  piece  of  fresh  mouse  tail  in  a  45 

precooled  Eppendorf  tube  and  set  on  ice.  Singe  off 
hair  and  dip  tail  in  95  %  ethanol.  Wipe  tail  and 
mince  well. 

Resuspend  the  sample  in  2  ml  of  lysis  buffer, 
as  above,  add  1  00  nl  Proteinase  K  (20  mg/ml)  and  so 
incubate  at  55  -  60  °C  overnight  with  constant  shak- 
ing.  After  this  incubation,  the  mixture  should  appear 
as  a  brownish  sludge.  Add  60  nl  RNase  A  (10 
mg/ml).  Mix  by  inversion  and  incubate  at  55  -  60  °C 
for  30  minutes.  Dilute  3-Fold  by  direct  addition  of  4  ss 
ml  wash  solution.  Briefly  spin  sample  to  sediment 
large  debris.  Carefully  pipette  supernatant  and 
apply  to  column. 

B7A2  8 

Example  2:  Column  Equilibration 

During  the  lysis  procedure,  the  purification  column 
is  equilibrated.  The  column  has  applied  thereto  6  ml  of 
wash  solution,  as  described  supra,  to  the  matrix  sur- 
face.  The  wash  solution  is  eluted  by  gravity,  and  is  dis- 
carded.  Tightly  cap  the  bottom  or  the  column  prior  to 
addition  of  sample. 

Example  3:  Purification  Procedure 

Using  a  10  ml  sterile  pipette,  the  6  ml  sample,  as 
prepared,  e.g.,  in  Example,  supra,  is  applied  to  the  col- 
umn  bed  which  has  been  equilibrated  as  in  Example  2. 
The  matrix  surface  is  progressively  disturbed,  creating  a 
uniformly  mixed  slurry. 

In  the  best  method  of  forming  the  lysate-matrix 
slurry  known  at  the  present  time,  the  dispensing  tip  of  a 
pipette  containing  the  lysate  is  held  just  out  of  contact 
with  the  surface  of  the  matrix.  The  lysate  is  then 
released  to  that  it  flows  from  the  tipe  in  a  slow  stream 
which  disturbs  the  surface  or  the  matrix  so  that  the  par- 
ticles  of  the  matrix  mix  with  the  lysate  to  form  a  cloudy 
dispersion.  The  tip  of  the  pipette  is  progressively  low- 
ered  into  the  matrix  while  the  stream  is  maintained  so 
that  a  cloudy  dispersion  of  matrix  particles  in  the  lysate 
is  steadily  produced  from  the  top  to  the  bottom  of  the 
column,  resulting  in  a  substantially  uniformly  mixed 
lysate-matrix  slurry. 

Although  this  is  the  preferred  method,  other  less 
desirable  methods  of  mixing  can  be  used  and  are  within 
the  scope  of  the  invention.  For  example,  mixing  can  be 
by  inversion,  although  this  method  can  result  in  sticking 
of  matrix  particles  throughout  the  inside  of  the  column. 
It  also  undesirably  increases  shearing  forces  on  the 
DNA  so  that  the  DNA  risks  fragmentation.  Stirring  can 
also  be  used,  but  it  is  less  desirable  because  it  threat- 
ens  the  integrity  of  the  matrix  material.  This  column  bed 
is  then  allowed  to  settle  for  10  minutes. 

A  bottom  cap  is  removed  and  the  column  drains  via 
gravity.  If  necessary,  a  10  ml  syringe  may  be  used  to 
apply  pressure,  but  the  flow  rate  should  not  exceed  0.5 
ml/min. 

The  column  matrix  is  then  washed  by  adding  about 
3  ml  of  wash  solution  as  described  supra.  This  wash 
solution  is  eluted  by  gravity.  Alternatively,  the  column  is 
centrifuged  at  a  low  speed  in  a  swinging  bucket  rotor  for 
1  minute  at  41  x  g,  to  elute  the  wash  solution. 

The  wash  solution  is  then  collected  and  discarded. 
Following  this,  0.5  ml  of  priming  solution,  as  described, 
is  applied  to  the  matrix  bed  and  is  eluted  by  gravity  or  by 
centrifugation. 

The  priming  solution  is  then  collected  and  dis- 
carded. 

The  column  is  then  carefully  placed  in  a  new  collec- 
tion  tube,  where  2  ml  of  elution  solution  are  applied. 
Again,  either  gravity  or  centrifugation  can  be  used.  The 
eluate  contains  the  purified  DNA,  which  can  be  further 
treated  as  indicated  supra. 

EP  0  747  387  A2 
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Example  4 

The  protocol  described  in  Examples  1  -  3  was  fol- 
lowed  in  extracting  nucleic  acids  from  procaryote  cells. 

A  sample  E.  coli  strain  MM294  (1010  cells),  were  s 
centrifuged  at  12,000  x  g  for  5  minutes  at  4  °C  yielding 
a  pellet  and  supernatant.  The  supernatant  was  dis- 
carded  and  the  pellet  was  washed  with  cold,  sterile  H20. 

The  pellet  was  resuspended  in  2  ml  of  lysis  solution 
described  in  Example  1  ,  with  60  nl  RNase  A  (10  mg/ml)  10 
and  160  nl  lysozyme  (50  mg/ml).  The  resulting  combi- 
nation  was  mixed,  via  inversion,  and  incubated  at  37  °C 
for  30  minutes.  Following  this,  100  nl  proteinase  K  (20 
mg/ml)  was  added. 

Following  incubation,  the  sample  was  diluted  3-fold  is 
with  washing  solution,  as  described  in  Example  1  (10 
mM  Tris,  0.1  M  EDTA  and  0.3  M  NaCI). 

During  sample  lysis,  the  purification  column  had 
been  equilibrated.  In  this  example,  a  DEAE  sepharose 
"Fast  Flow"  (Pharmacia;  exclusion  limit  for  globular  pro-  20 
tein:  4  x  106  daltons;  dry  bead  diameter  45  -  165  urn; 
ionic  capacity  100-  160  mmol/g;  pH  stability  2-14)  col- 
umn,  was  used,  in  a  cartridge  equipped  with  an  entry 
and  an  exit  port.  Column  equilibration  was  performed 
under  the  conditions  described  in  Example  2.  25 

Purification  then  took  place  following  the  protocol 
described  in  Example  3.  The  6  ml  lysed  sample  was 
applied  to  the  DEAE  Sepharose  bed,  progressively  dis- 
turbing  the  matrix  creating  a  uniformly  mixed  slurry.  This 
step  is  important,  and  differs  from  standard  and  known  30 
protocols  which  require  the  user  not  to  disturb  the 
matrix  surface. 

The  matrix  settled  for  10  minutes.  The  exit  port  was 
then  opened,  which  results  in  drainage  by  gravity. 
Again,  the  provisos  of  Example  3  apply  in  terms  of  the  35 
application  of  pressure  to  secure  steady  flow  rate. 

The  matrix  was  then  washed  via  application  of  3  ml 
wash  solution  (10  mM  Tris,  0.1  M  EDTA  and  0.3  M 
NaCI),  followed  by  centrifugation  at  low  speed  in  a 
swinging  bucket  rotor  for  1  minute  at  41  x  g  to  elute  the  40 
wash  solution.  Alternatively,  the  wash  solution  may  be 
removed  by  gravity. 

Next  approximately  0.5  ml  priming  solution  (1.75  M 
NaCI)  was  applied  carefully  to  the  column  without  dis- 
turbing  the  matrix  bed.  The  same  centrifugation  step  45 
used  to  elute  the  wash  solution  was  used  to  elute  the 
priming  solution.  Again,  gravity  may  also  be  employed. 

The  priming  step  facilitates  elution  of  the  nucleic 
acids.  Surprisingly,  the  priming  step  does  not  itself 
result  in  the  loss  of  nucleic  acids  from  the  column,  but  it  so 
makes  it  possible  to  elute  the  nucleic  acids  using  far 
less  elution  solution  than  previously  believed  possible. 
As  a  result,  a  more  concentrated  sample  of  nucleic  acid 
results  in  the  elution  step,  which  is  now  described. 

A  2  ml  sample  of  elution  reagent  (1  0  mM  Tris,  1  mM  ss 
EDTA  and  1.75  M  NaCI)  was  added  to  the  column,  fol- 
lowed  by  centrifugation  as  described  supra.  Use  of  such 
a  small  volume  of  elution  buffer  is  unique  and  is  made 
possible  through  the  priming  step.  The  elution  buffer 

was  removed  together  with  the  purified  DNA  using  cen- 
trifugation  as  descsribed  supra.  Alternatively,  gravity 
can  be  used. 

The  DNA  was  then  analyzed  via  the  use  of  various 
restriction  endonucleases  well  known  to  the  art.  The 
digested  DNA  was  electrophoresed  on  agarose  and 
compared  to  sample  of  lambda  phage/Hind  III  DNA 
molecular  weight  markers. 

Example  5 

Eukaryotic  nucleic  acids  were  purified  from  a  sam- 
ple  of  rat  hepatoma  3924A,  following  the  protocol  used 
in  Example  4,  except  RNase  was  not  used.  The  result- 
ing  purified  nucleic  acids  thus  contain  RNA  and  DNA. 

In  both  Examples  4  and  5,  the  column  purified  DNA 
was  digested  by  various  restriction  endonucleases 
requiring  different  salt  concentrations.  The  digestion 
patterns  displayed  discrete  bands. 

The  control  DNA  was  intact  high  molecular  weight 
DNA.  The  molecular  weight  of  the  control  undigested 
column  purified  DNA  as  determined  by  pulsed  field  gel 
electrophoresis  ranged  between  50  and  200  kb.  The 
260/280  ratio  of  this  column  purified  DNA  ranged 
between  1  .8  and  2.0. 

The  foregoing  examples  illustrate  the  use  of  the 
invention  and  its  applicability  to  purification  of  total 
nucleic  acids,  as  well  as  DNA.  The  skilled  artisan  will 
recognize  that  the  substitution  of  DNase  for  RNase  per- 
mits  separation  of  either  RNA  or  DNA  when  desired. 

The  examples  show  the  applicability  of  the  inven- 
tion  to  both  eukaryotic  and  prokaryotic  samples.  Among 
the  types  of  samples  which  can  be  used  are  blood, 
serum,  stool,  urine,  and  other  biological  fluids.  Various 
cell  types,  including  bacteria,  buffy  coats  (white  blood 
cells),  tumor  cells,  hybridomas,  etc.,  may  be  treated  to 
purify  nucleic  acid  therefrom.  With  routine  adaptation  of 
protocols,  one  may  also  purify  crude  nucleic  acid  sam- 
ples  to  obtain  pure  "subsamples"  of  desired  DNA.  Tech- 
niques  such  as  polymerase  chain  reactions,  RFLP 
analysis,  sequencing,  cloning,  obtaining  DNA  for  prepa- 
ration  of  nucleic  acid  probes,  and  so  forth  are  adaptable 
to  the  methodology  described  herein.  Additional  appli- 
cations  include  pulsed  field  gel  electrophoresis,  and 
detection  methodologies  such  as  Southern  and  North- 
ern  Blotting. 

The  choice  of  anion  exchange  material  used  for  the 
matrix  may  vary,  the  one  critical  factor  being  that  it  must 
be  a  material  which  facilitates  exchange  of  a  negative 
ion,  such  as  chloride,  with  a  negatively  charged  nucleic 
acid  molecule.  Generally  the  so-called  "weak"  exchang- 
ers  are  preferred.  These  "weak"  anionic  exchangers  are 
ionized  over  a  limited  pH  range  (generally  from  about  6 
to  about  9).  Where  practicable,  a  so-called  "strong" 
anion  exchanger  may  also  be  used.  There  are  many 
examples  of  both  known  to  the  art,  and  these  need  not 
be  described  here. 

As  well  as  the  method  described  supra,  the  inven- 
tion  includes  a  reagent  kit  which  is  useful  in  separating 
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nucleic  acids  from  a  sample.  The  kit  contains  at  least  a 
separate  sample  of  each  of  the  anionic  exchange  mate- 
rial,  the  weak  salt  solution  which  serves  as  the  washing 
buffer,  and  the  strong  salt  solution  which  serves  as  the 
elution  buffer,  and,  optionally,  as  the  priming  solution  as 
well.  Optionally  the  kit  may  contain  a  reagent  system 
useful  in  releasing  nucleic  acids  from  a  cell  sample, 
e.g.,  these  reagents  systems  include  various  materials 
such  as  lysozyme,  RNase,  proteinase  K  and  so  forth.  A 
cell  lysis  reagent  may  be  included  in  such  systems. 
When  it  is,  the  novel  reagent  described  herein  may  be 
used. 

It  will  be  understood  that  the  specification  and 
examples  are  illustrative  but  not  limitative  of  the  present 
invention  and  that  other  embodiments  within  the  spirit 
and  scope  of  the  invention  will  suggest  themselves  to 
those  skilled  in  the  art. 

Claims 

1  .  Method  for  obtaining  a  pure  sample  of  nucleic  acid 
comprising: 

(a)  applying  a  sample  containing  nucleic  acid  to 
an  anionic  exchange  material  in  a  column, 
(b)  applying  a  weak  ionic  salt  solution  which 
contains  no  organic  solvents  to  said  anionic 
exchange  material,  wherein  said  weak  ionic 
salt  solution  has  concentration  of  from  about 
0.05  M  to  about  0.5  M, 
(c)  removing  said  weak  ionic  salt  solution  from 
said  anionic  exchange  material, 
(d)  applying  a  strong  ionic  salt  priming  solution 
which  contains  no  organic  solvents  thereto, 
said  strong  ionic  salt  solution  having  a  concen- 
tration  of  from  0.75  M  to  about  2.25  M  in  an 
amount  ranging  from  about  1/3  to  about  2/3  of 
the  volume  of  said  anionic  exchange  material 
and  removing  said  solution, 
(e)  eluting  nucleic  acid  from  said  anionic 
exchange  material  by  applying  a  strong  ionic 
salt  solution  which  contains  no  organic  sol- 
vents  thereto,  said  strong  ionic  salt  solution 
having  a  concentration  of  from  about  0.75  M  to 
about  2.25  M. 

2.  Method  of  claim  1  ,  further  comprising  equilibrating 
said  anionic  exchange  material  with  said  weak  ionic 
salt  solution  prior  to  applying  said  sample  thereto. 

3.  Method  of  claim  1,  wherein  said  weak  ionic  salt 
solution  has  a  concentration  of  about  0.3  M. 

4.  Method  of  claim  1,  wherein  said  strong  ionic  salt 
solution  has  a  concentration  of  about  1  .75  M. 

5.  Method  of  claim  1,  further  comprising  diluting  said 
sample  with  an  amount  of  said  weak  ionic  salt  solu- 

tion  equal  to  up  to  about  3  times  the  volume  of  said 
sample. 

6.  Method  of  claim  1,  wherein  said  anionic  exchange 
5  material  is  DEAF  sepharose. 

7.  Method  of  claim  1  ,  wherein  said  ionic  salt  is  NaCI. 

8.  Method  of  claim  1  ,  wherein  said  weak  solution  and 
10  said  strong  solution  of  ionic  salt  are  removed  by 

gravity. 

9.  Method  of  claim  1  ,  wherein  said  weak  solution  and 
said  strong  solution  of  ionic  salt  are  removed  by 

is  centrifugation. 

10.  Method  of  claim  1,  wherein  said  eluting  comprises 
applying  said  strong  ionic  salt  solution  in  an  amount 
which  is  at  least  4/3  the  volume  of  said  anionic 

20  exchange  material. 

11.  Method  of  claim  1,  wherein  said  priming  solution 
has  a  concentration  of  about  1  .75  M. 

25  1  2.  Method  of  claim  1  1  ,  wherein  said  priming  solution  is 
a  strong  NaCI  solution. 

13.  Method  of  claim  1,  wherein  said  nucleic  acid  is 
DNA. 

30 
14.  Kit  useful  in  a  method  for  obtaining  a  pure  sample 

of  nucleic  acid  according  to  any  of  claims  1  to  13, 
comprising  a  separate  portion  of  each  of 

35  (i)  an  anionic  exchange  material, 
(ii)  a  weak  ionic  salt  solution  which  contains  no 
organic  solvents  at  a  concentration  of  from 
about  0.05  M  to  about  0.5  M, 
(iii)  a  strong  ionic  priming  solution  which  con- 

40  tains  no  organic  solvents  at  a  concentration  of 
from  about  0.75  M  to  about  2.25  M, 
(iv)  a  strong  ionic  salt  elution  solution  which 
contains  no  organic  solvents  at  a  concentration 
of  from  about  0.75  M  to  about  2.25  M,  and 

45  (v)  a  container  means  for  holding  (i),  (ii),  (iii) 
and  (iv). 

1  5.  Kit  of  claim  1  4,  further  comprising  a  reagent  system 
for  lysing  a  sample  containing  cells. 

50 
16.  Kit  of  claim  15,  further  comprising  lysozyme  and 

proteinase  K. 

17.  Kit  of  claim  14,  wherein  said  anionic  exchange 
55  medium  is  DEAF  sepharose. 

1  8.  Kit  of  claim  1  4,  wherein  said  weak  ionic  salt  solution 
is  at  a  concentration  of  about  0.3  M. 

7 
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19.  Kit  of  claim  14,  wherein  said  strong  ionic  salt  solu- 
tion  is  at  a  concentration  of  about  1  .75  M. 

20.  Kit  of  claim  14,  wherein  said  ionic  salt  for  both  said 
weak  and  said  strong  solution  is  NaCI.  s 

21.  Kit  of  claim  15,  wherein  said  lysing  solution  com- 
prises  from  about  1  to  about  15  mM  Tris 
(hydroxymethyl)  aminomethane,  from  about  0.1  to 
about  2  mM  EDTA,  from  about  1  to  about  20  %  w/v  10 
of  an  amphoteric  surfactant,  from  about  0.1  to 
about  5  %  v/v  of  a  neutral  surfactant,  and  from 
about  0.5  to  about  5  M  guanidine  HCI. 

22.  Kit  of  claim  21  ,  wherein  said  amphoteric  surfactant  is 
is  betaine,  and  said  neutral  surfactant  is  octylphe- 
noxy  polyethoxyethanol. 

23.  Kit  of  claim  22,  wherein  said  lysing  solution  com- 
prises  about  10  mM  Tris  (hydroxymethyl)  ami-  20 
nomethane,  about  1  mM  EDTA,  about  10  %  w/v 
betaine,  about  2  %  v/v  octylphenoxy  polyethoxyeth- 
anol,  and  about  0.5  M  guanidine  Hcl. 

30 
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