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Description 

Background  of  the  Invention 

5  This  invention  relates  to  the  specific  detection  of  DNA  of  a  specific  base  sequence.  In  particular,  it 
relates  to  the  construction  of  a  DNA  molecule,  termed  a  "probe-vector",  which  is  complementary  to  the 
DNA  sequence  that  one  wishes  to  detect,  called  the  "target"  sequence,  and  which  will  transform  bacteria  at 
high  efficiency  if  and  only  if  it  has  hybridized  with  the  target  sequence. 

Deoxyribonucleic  acid,  or  DNA,  is  a  long  linear  polymer  of  units  called  nucleotides.  Each  nucleotide 
io  contains  any  one  of  the  four  nitrogenous  bases  adenine  (A),  guanine  (G),  cytosine  (C),  and  thymine  (T).  The 

sequence  of  bases  in  an  organism's  DNA  specifies  the  genetic  characteristics  of  the  organism.  Most  of  the 
individual  organisms  belonging  to  a  species  share  most  of  their  respective  DNA  sequences  in  common. 
Accordingly  it  is  possible  to  identify  DNA  sequences  which  all  or  most  of  the  individual  organisms  of  a 
species  contain  but  which  do  not  exist  in  organisms  outside  the  species.  Such  a  DNA  sequence  is 

75  characteristic  of  the  species,  and  is  in  a  sense  "diagnostic"  of  it. 
The  ability  to  detect  and  identify  particular  species  has  application  in  the  diagnosis  of  infectious 

diseases.  Various  pathogens,  for  example,  viruses,  bacteria,  fungi,  and  protozoa,  can  be  detected  and 
identified  by  detecting  particular  DNA  sequences  in  clinical  specimens  by  this  invention.  Further  genetic 
characteristics  of  an  infecting  organism  which  affect  the  pathogenicity  or  resistance  to  therapeutic  agents 

20  (for  example  antibiotic  resistance)  can  also  be  detected  and  identified  by  this  invention. 
Within  a  species,  individual  organisms  exhibit  genetic  differences  from  one  another.  In  some  cases 

these  differences  are  manifested  as  inherited  diseases,  such  as  sickle  cell  anemia  in  man.  These 
differences  can  be  detected  as  differences  in  the  base  sequence  of  the  DNA  of  the  various  organisms. 
Other  diseases  such  as  diabetes  and  heart  disease  have  genetically  determined  predispositions  which  can 

25  be  identified  by  characteristic  variations  in  the  DNA  sequence  of  the  individual.  This  invention  can  be 
applied  to  detect  and  identify  these  variations,  and  thereby,  the  genetic  predispositions  they  indicate. 

Rearrangements  of  genomic  DNA  can  result  in  sequences  which  were  formerly  far  away  from  each 
other  being  brought  into  close  proximity.  Such  genetic  transpositions  occur  during  development  of  the 
immune  system,  and  are  implicated  in  the  etiology  of  some  cancers.  The  probe-vector  of  this  invention 

30  requires  close  linkage  between  two  target  sequences  for  detection  of  those  sequences.  Thus  suitable 
probe-vectors  can  be  used  to  detect  rearranged  sequences  resulting  from  genetic  transpositions. 

Since  the  characteristic  DNA  sequence  one  wishes  to  identify  may  (is  likely  to)  be  found  in  the 
presence  of  a  vast  abundance  of  DNA  of  different  sequence  it  is  necessary  that  its  method  of  detection  be 
highly  specific.  Further,  since  little  DNA  of  the  characteristic  sequence  may  be  available  for  analysis,  a 

35  method  of  high  sensitivity  is  also  desirable. 
DNA  possesses  a  fundamental  property  called  base  complementarity.  In  nature  DNA  ordinarily  exists  in 

the  form  of  pairs  of  anti-parallel  strands,  the  bases  on  each  strand  projecting  from  that  strand  toward  the 
opposite  strand.  The  base  adenine  (A)  on  one  strand  will  always  be  apposed  to  the  base  thymine  (T)  on  the 
other  strand,  and  the  base  guanine  (G)  will  be  apposed  to  the  base  cytosine  (C).  The  bases  are  held  in 

40  apposition  by  their  ability  to  hydrogen  bond  in  this  specific  way.  Though  each  individual  bond  is  relatively 
weak,  the  net  effect  of  many  adjacent  hydrogen  bonded  bases,  together  with  base  stacking  effects,  is  a 
stable  joining  of  the  two  complementary  strands.  These  bonds  can  be  broken  by  treatments  such  as  high 
pH  or  high  temperature,  and  these  conditions  result  in  the  dissociation,  or  "denaturation",  of  the  two 
strands.  If  the  DNA  is  then  placed  in  conditions  which  make  hydrogen  bonding  of  the  bases  ther- 

45  modynamically  favorable,  the  DNA  strands  will  anneal,  or  "hybridize",  and  reform  the  original  double 
stranded  DNA.  If  carried  out  under  appropriate  conditions,  this  hybridization  can  be  highly  specific.  That  is, 
only  strands  with  a  high  degree  of  base  complementarity  will  be  able  to  form  stable  double  stranded 
structures.  The  relationship  of  the  specificity  of  hybridization  to  reaction  conditions  is  well  known.  Thus 
hybridization  may  be  used  to  test  whether  two  pieces  of  DNA  are  complementary  in  their  base  sequences. 

50  Many  genera  of  bacteria  harbor  DNA  molecules  called  plasmids.  Plasmids  are  circular  molecules  which 
are  separate  from  the  main  set  of  bacterial  genes.  Plasmids  can  be  taken  up  by  bacteria  under  appropriate 
conditions,  in  a  process  called  transformation.  They  contain  the  sequences  necessary  to  insure  their  own 
replication,  and  commonly,  they  also  contain  other  sequences  giving  the  bacteria  an  easily  detectable 
phenotype,  such  as  antibiotic  resistance. 

55  Plasmids  have  been  modified  in  vitro  by  a  variety  of  biochemical  techniques.  Most  notable  among  these 
are  the  recombinant  DNA  procedures  whereby  sections  of  foreign  DNA  are  inserted  into  plasmids.  This  is 
accomplished  with  the  aid  of  various  enzymes,  in  particular  restriction  endonucleases,  which  cleave  DNA  at 
sites  determined  by  specific  base  sequences,  and  ligases,  which  can  be  used  to  re-join  the  ends  of  DNA. 
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See  U.S.  Letters  Patent  No.  4,237,224  to  Cohen  et  al. 
Of  fundamental  importance  to  our  invention  is  the  fact  that  in  order  to  efficiently  transform  a  bacterial 

cell  such  as  Escherichia  coli,  a  plasmid  DNA  must  have  a  circular  configuration.  Transformation  of  E.  coli 
with  intact  double  stranded  plasmids  containing  2-15  kilobase  pairs  can  proceed  with  an  efficiency  on  the 

5  order  of  1  X  10s  transformed  cells  per  microgram  of  input  DNA  (see  D.  Hanahan,  J.  Mol.  Biol.  166:557-580, 
1983),  or  one  transformed  cell  per  103  DNA  molecules  for  plasmids  of  about  4  kilobase  pairs.  In  contrast, 
linear  plasmid  DNA  (that  is,  formerly  circular  DNA  molecules  in  which  both  strands  have  been  cut  once  at 
the  same  point)  transforms  E.  coli  very  poorly,  perhaps  one  thousand  times  less  well  than  the  same  DNA  in 
a  circular  form.  Plasmids  may  remain  circular  even  if  both  strands  have  been  cut,  if  the  cut  sites  are 

io  separated  by  enough  base  pairs  that  the  interactions  between  the  strands  are  strong  enough  to  hold  the  two 
cut  strands  together.  Such  cut,  but  still  circular,  plasmids  transform  almost  as  efficiently  as  uncut  molecules 
(see  D.  Hanahan,  supra). 

Circular  single  stranded  DNA  molecules  exist  in  nature  as  the  genomes  of  certain  viruses.  These  DNAs 
can  also  enter  and  establish  within  E.  coli  cells,  but  with  decreased  efficiency  (around  1/1  0th  as  well  as 

is  otherwise  equivalent  double  stranded  circles).  Linear  single  stranded  forms  of  plasmids  transform  E.  coli 
with  efficiencies  so  low  as  to  be  difficult  to  quantify. 

The  invention  described  herein  combines  the  specificity  of  DNA  hybridization  with  the  sensitivity  of 
bacterial  transformation  to  yield  a  method  for  the  specific  and  sensitive  detection  of  DNA  sequences.  An 
additional  benefit  of  this  method  is  that  it  is  possible,  with  the  appropriate  DNA  reagents,  to  clone  a  portion 

20  of  the  sequence  being  detected.  This  permits  further  study  of  the  DNA  by  methods  such  as  sequencing 
and  restriction  enzyme  cleavage. 

Summary  of  the  Invention 

25  According  to  the  present  invention,  a  target  DNA  sequence  is  detected  by  the  hybridization  of  that  DNA 
with  a  special  probe  DNA.  That  special  probe,  called  herein  a  "probe-vector",  is  constructed  such  that  it 
becomes  capable  of  efficiently  transforming  a  bacterial  cell-that  is,  entering  a  cell  and  becoming  a  part  of 
its  genetic  material-if  and  only  if  hybridization  with  the  target  has  occurred  in  such  a  way  as  to  convert  the 
probe-vector  from  a  linear  configuration  to  a  circular  configuration.  A  further  necessary  feature  of  the  probe- 

30  vector  is  that  it  confers  upon  transformed  cells  a  heritable  detectable  phenotype(s)  so  that  the  existence  of 
transformed  cells  may  be  readily  ascertained.  With  appropriate  probe-vectors,  a  portion  of  the  target  may 
be  cloned  during  the  detection  assay.  Important  information  may  then  be  obtained  by  examining  these 
cloned  regions. 

35  Brief  Description  of  the  Drawings 

Figure  1  is  a  schematic  drawing  of  the  detection  of  a  DNA  target  using  a  probe-vector  according  to  the 
invention.  The  segments  A  and  A',  B  and  B'denote  complementary  strands  and  do  not  imply  any  biological 
function. 

40  Figure  2  is  a  schematic  representation  of  the  derivation  of  plasmids  pHBV13,  pHBV4102  and  pKH4004. 
The  segments  A  and  A',  B  and  B',  C  and  C,  D  and  D'  denote  complementary  strands  and  do  not  imply  any 
biological  function. 

Figures  3  and  4  are  schematic  drawings  which  illustrate  the  generation  of  probe-vector  strands  from 
pHBV4102  and  pKH4004,  respectively. 

45  Figure  5  shows  in  schematic  form  the  generation  of  target  I  hepatitis  B  virus  (HBV)  DNA  from  plasmid 
pHBV13. 

Figure  6  illustrates  the  detection  of  a  cloned  hepatitis  B  virus  target  DNA  with  a  partially  double 
stranded  probe-vector.  The  segments  A  and  A',  B  and  B',  C  and  C,  D  and  D',  are  complementary  to  each 
other  do  not  imply  any  biological  function. 

50  Figure  7  is  a  schematic  drawing  showing  the  detection  of  a  cloned  hepatitis  B  virus  target  DNA  with  a 
single  stranded  probe-vector  according  to  an  embodiment  of  the  invention. 

Figure  8  shows  schematically  the  derivation  of  plasmid  pHBV4711,  in  which  the  HBV  insert  has  been 
cloned  in  a  different  arrangement,  and  the  Xba  I  site  has  been  removed. 

Figure  9  is  a  schematic  drawing  showing  the  generation  of  strands  from  pHBV4711  and  pBR322,  and 
55  their  hybridization  to  form  a  shortened  probe-vector. 

Figure  10  shows  schematically  the  detection  and  cloning  of  HBV  target  DNA  using  a  shortened  probe- 
vector  which  lacks  a  portion  of  the  target  sequence. 

3 



EP  0  175  689  B1 

Detailed  Description  of  the  Invention 

Referring  first  to  Figure  1  ,  the  probe-vector  of  our  invention  is  shown  as  a  linear,  partially  or  completely 
single  stranded,  derivative  of  a  circular,  autonomously  replicating  DNA  molecule,  conveniently  a  plasmid. 

5  Base  sequences  A',  B'  at  the  ends  of  the  probe-vector  are  complementary  to  portions  of  the  target  DNA, 
and  are  arranged  so  that  when  the  probe-vector  is  mixed  with  target  under  hybridizing  conditions,  the  ends 
of  the  probe-vector  will  be  hybridized  to  a  single  target  molecule  strand,  and  the  target  strand  will  hold  the 
probe-vector  in  a  circular  configuration  capable  of  transforming  bacteria.  In  some  other  region  the  probe- 
vector  also  carries  a  replicon,  which  may  be  of  viral  or  plasmid  origin,  and  the  genetic  information  for  a 

io  phenotype(s)  which  allows  transformed  bacteria  to  be  selected  or  identified. 
In  the  detection  process  of  Figure  1  ,  the  probe-vector  is  added  to  a  sample  of  DNA  which  may  or  may 

not  contain  the  target  sequence.  After  denaturation  and  hybridization,  the  mixture  is  combined  with 
appropriate  host  bacteria,  conveniently  Escherichia  coli,  under  proper  conditions  for  transformation  and 
under  conditions  for  the  selection  of  the  phenotypic  marker.  If  no  target  is  in  the  sample,  the  probe  is  not 

is  circularized  and  few  or  no  transformed  cells  result.  But  if  the  target  is  present  many  cells  will  be 
transformed.  The  phenotypic  marker  permits  those  cells  to  be  identified.  For  example  the  marker  may 
encode  resistance  to  a  particular  antibiotic  to  which  all  the  cells  are  exposed.  Only  the  transformed  cells 
survive  and  form  colonies.  When  there  is  a  sufficient  excess  of  probe-vector  over  target  DNA,  the  number 
of  colonies  will  be  a  direct  function  of  the  amount  of  target  in  the  sample.  Any  means  of  measuring  the 

20  number  of  transformants  may  be  used  to  measure  the  amount  of  target  DNA  in  the  sample.  Potentially 
useful  phenotypes  include  antibiotic  resistance,  luminescence,  complementation  of  nutritional  deficiencies, 
induction  or  spread  of  a  virus,  production  of  a  gene  product  which  can  be  detected  by  a  colorimetric  or 
fluorescent  assay,  or  combinations  of  the  above. 

The  virtue  of  this  approach  lies  in  the  amplifying  effect  of  the  biological  system.  In  the  examples  cited 
25  below,  a  visible  colony  containing  perhaps  ten  million  bacteria  arises  from  a  single  event,  that  is,  the  entry 

of  a  single  target/probe-vector  hybrid  molecule  into  a  single  cell.  Further,  the  probe-vector  can  be 
constructed  so  that  detection  of  the  target  results  in  cloning  a  portion  of  the  target.  Plasmids  isolated  from 
transformed  cells  contain  segments  derived  only  from  the  target.  These  segments  can  be  analyzed  for 
features  of  interest,  such  as  mutations  characteristic  of  certain  inherited  diseases. 

30  The  probe-vector  sequences  complementary  to  the  target  can  be  large  or  small,  so  long  as  sufficiently 
stable  double  stranded  hybrids  form  between  the  single  stranded  target  and  single  stranded  regions  of  the 
probe-vector  so  as  to  circularize  the  probe-vector.  In  fact,  there  may  be  unhybridized  regions  of  the  target 
(without  complementary  regions  present  on  the  probe-vector)  extending  from  the  hybrid  or  within  the 
hybridized  regions  of  the  two  molecules.  Such  unhybridized  regions  of  DNA  may  affect  (generally  reduce) 

35  the  efficiency  of  transformation  of  the  hybridized  probe-vector,  but  these  differences  are  small  compared  to 
the  difference  in  transformation  efficiency  between  circular  and  linear  probe-vector,  i.e.,  between  probe- 
vector  in  the  presence  and  absence  of  target. 

Description  of  a  Preferred  Embodiment 
40 

The  performance  of  the  partially  double  stranded  probe-vector  of  our  invention  in  transforming  bacteria 
after  hybridization  is  shown  by  the  following  experimental  example,  in  which  the  target  sequence  was  a 
cloned  viral  DNA. 

45  Example 

The  hepatitis  B  virus  (HBV)  genome  was  cloned  into  the  EcoR  I  site  of  the  plasmid  pKH47  (see  K. 
Hayashi,  Gene  11:109-115,  1980),  yielding  a  plasmid  called  pHBV13  as  shown  in  Figure  2.  The  size  of 
pHBV13  was  then  reduced  by  digesting  with  Ava  I,  repairing  the  ends  with  DNA  polymerase  I  and 

50  deoxynucleoside  triphosphates,  and  ligating  the  ends  together,  to  give  pHBV4102.  Plasmid  pHBV4102  was 
cut  within  the  hepatitis  B  region  with  the  enzyme  Hpa  I,  and  its  "A"  strand  (containing  a  long  sequence  of 
adenosine  nucleosides)  was  purified  by  chromatography  on  oligo-dT  cellulose.  The  plasmid  pKH4004  was 
cut  at  its  EcoR  I  site,  and  the  "T"  strand  (containing  a  long  sequence  of  thymidine  nucleosides)  was 
isolated  with  oligo-dA  cellulose.  See  Figures  3  and  4  and  Hayashi,  supra.  When  these  two  strands  were 

55  mixed  under  hybridizing  conditions,  a  partially  double  stranded  molecule  was  formed.  Target  I  for  the  assay 
was  prepared  by  digesting  pHBV13  with  EcoR  I  and  purifying  the  small  fragment,  as  shown  in  Figure  5. 

The  "T"  strand  of  pKH4004  (8.4  ngj~and  the  "A"  strand  of  pHBV4102  (10.2  ng),  each  dissolved  in 
water,  were  mixed  in  the  presence  or  absence  of  25.4  ng  of  target  I  (the  3.2  kilobase  EcoR  I  HBV  fragment 
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of  pHBV13)  in  a  total  volume  of  6  ul.  The  reactions  were  denatured  by  adding  6  ul  of  0.2  N  NaOH,  and 
then  were  neutralized  by  adding  6  ul  of  a  solution  comprised  of  equal  volumes  of  0.4  N  HCI  and  0.3  M  Tris 
HCI  pH  8.1.  The  tubes  were  incubated  for  60  minutes  at  65  °C,  cooled,  and  half  of  each  reaction  was  added 
to  E.  coli  cells  which  had  previously  been  made  competent  for  transformation.  After  completion  of  the 

5  transformation  protocol,  aliquots  of  cells  were  spread  on  agar  plates  containing  nutrients  and  ampicillin  and 
the  plates  were  incubated  overnight  at  37  °C.  The  reaction  lacking  the  target  gave  13  colonies,  while  the 
reaction  containing  the  target  gave  2332  colonies  (calculated  from  aliquots). 

The  identical  experiment  was  performed  using  23.8  ng  of  the  above  target  which  had  been  previously 
digested  with  Hpa  I.  This  treatment  left  the  target  unchanged  in  its  ability  to  hybridize  to  the  probe-vector, 

io  but  destroyed  its  ability  to  convert  the  probe-vector  to  a  circular  configuration,  as  shown  in  Figure  6.  The 
reaction  yielded  only  68  colonies,  or  about  3%  of  the  colonies  produced  by  the  identical  but  uncut  target. 
This  result  demonstrated  the  requirement  for  cirularity  of  the  target/probe-vector  hybrid  for  efficient  probe- 
vector  transformation. 

Note  that  this  result  was  obtained  when  the  target  fragment  (3.2  kilobase  pairs  long)  was  1  .8  kilobase 
is  pairs  longer  than  the  complementary  regions  of  the  probe-vector.  Thus  the  target/probe-vector  hybrid,  while 

circular,  contained  a  long  single  stranded  "tail"  of  target  DNA  as  illustrated  in  Figure  6. 

Other  Experimental  Examples 

20  Single  Stranded  Probe-vector 

In  the  following  experiment  the  ability  of  completely  single  stranded  probe-vector  to  detect  a  target  was 
demonstrated.  Plasmid  pHBV4102  was  linearized  by  cutting  with  Hpa  I,  and  the  "T"  strand  (containing  a 
long  sequence  of  thymidine  nucleosides)  was  purified  on  oligo-dA  cellulose.  The  "T"  strand  was  digested 

25  with  Pst  I  to  lower  background  by  digesting  any  contaminating  duplex  DNA  (single  stranded  DNA  was  not 
digested).  HBV  target  I  sequence  was  prepared  from  pHBV13  as  described  above. 

To  detect  this  cloned  HBV  target,  3  ul  (4.5  ng)  of  probe-vector  "T"  strand  in  66  mM  NaCI,  50  mM  Tris 
HCI  pH8.1,  5  mM  MgCI2,  were  added  to  5  ul  of  0.16  N  NaOH  containing  12.7  ng  of  target  I.  See  Figure  7. 
Appropriate  control  reactions  were  carried  through  the  same  protocol.  Following  denaturation  the  reactions 

30  were  neutralized  with  4  ul  of  a  solution  comprised  of  equal  volumes  of  0.4  N  HCI  and  0.3  M  Tris  HCI  pH 
8.1,  and  incubated  at  65  °C  for  80  minutes.  After  chilling  the  tubes  on  ice,  E.  coli  cells  previously  made 
competent  for  transformation  were  added  to  the  reactions  and  carried  through  a  transformation  protocol. 
Aliquots  of  cells  were  spread  on  agar  plates  containing  nutrients  and  ampicillin,  and  incubated  overnight  at 
37  °C.  The  reaction  which  contained  both  probe-vector  and  target  yielded  14,888  transformants  (calculated 

35  from  the  aliquots),  while  the  negative  control  reactions  (containing  either  target  alone  or  "T"  strand  alone) 
yielded  no  colonies. 

Effect  of  Non-target  DNA  on  Detection  of  Hepatitis  Target  DNA 

40  Plasmid  pKH4004  "T"  strand  (2.1  ng),  and  pHBV4102  "A"  strand  (2.5  ng),  both  prepared  as  described 
above,  were  mixed  with  6.2  ng  of  target  I  DNA  (the  EcoR  I  fragment  of  pHBV13)  which  had  been  digested 
with  Ava  I.  The  target/probe-vector  hybrid  formed  by  this  combination  had  virtually  no  single  stranded 
character  and  therefore  approximated  a  double  stranded  plasmid  molecule.  These  DNAs  were  mixed  with 
different  amounts  of  herring  sperm  DNA  (which  should  contain  no  sequences  related  to  hepatitis  virus)  in  a 

45  total  volume  of  3  ul,  denatured  with  3  ul  of  0.2  N  NaOH,  neutralized  with  3  ul  of  a  solution  composed  of 
equal  volumes  of  0.4  N  HCI  and  0.3  M  Tris  HCI  pH  8.1,  and  incubated  at  65°  for  45  minutes.  The  cooled 
reactions  were  used  to  transform  E.  coli  and  yielded  the  following  numbers  of  transformants: 

50 

55 
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ng  h e r r i n g   sperm  DNA  added c o l o n i e s   ( t r a n s f o r m a n t s )  

0,  no  t a r g e t  

10 

0,  t a r g e t   added  

10,  " 

946 

2178 

15 

20 

100,  

1000, 

5000 ,  

957 

1133 

2420 

Thus  the  addition  of  a  1000-fold  excess  of  heterologous  DNA  had  no  significant  effect  on  the  signal 
25  (colonies)  from  the  assay.  The  failure  of  herring  sperm  DNA  to  significantly  increase  or  decrease  the  yield 

of  transformants  indicates  that  it  does  not  base  pair  to  probe-vector  so  as  to  either  circularize  the  probe- 
vector  DNA  or  prevent  the  HBV  target  DNA  from  circularizing  it. 

Dose-response  Relationship;  Detection  of  Increasing  Target 

The  "T"  strand  of  pKH4004  (2.0  ng)  and  the  "A"  strand  of  pHBV4102  (2.4  ng)  were  mixed  with 
increasing  amounts  of  HBV  target  DNA  (which  had  been  cut  with  Ava  I,  so  that  the  hybrid  produced  would 
have  no  "tail").  These  components  were  taken  through  denaturation,  neutralization,  hybridization,  and 
transformation  steps  similar  to  those  above,  and  yielded  the  following  results: 

picograms  target  colonies  (transformants) 

0  7 
4  9 

20  36 
100  88 
500  383 

2500  1540 
12500  3784 

The  signal  corresponds  directly  to  the  amount  of  target  in  the  assay. 

Detection  with  Shortened  Probe-vector  Molecules;  Cloning  while  Detecting 

Probe-vector  was  made  by  the  procedure  described  below,  and  the  resulting  partially  double  stranded 
molecule  lacked  1419  base  pairs  from  the  HBV  region.  When  hybridized  to  HBV  target  DNA,  the  probe- 
vector  was  held  in  a  circular  configuration,  but  the  two  ends  of  the  probe-vector  were  1419  bases  apart, 
instead  of  being  precisely  juxtaposed  as  in  the  previous  examples.  This  type  of  target/probe-vector  hybrid 
was  able  to  transform  E.  coli  at  high  efficiency,  and  plasmids  extracted  from  transformed  E.  coli  cells 
contained  the  1419  base  pairs  derived  only  from  target  DNA. 

Plasmid  pHBV4711,  whose  derivation  is  shown  in  Figure  8,  was  digested  with  EcoR  V.  Deoxynucleoside 
thiotriphosphates  (S-dNTPs,  analogs  of  the  normal  deoxynucleoside  triphosphates  in  which  one  of  the 
oxygen  atoms  at  the  alpha  phosphate  was  replaced  by  a  sulfur  atom)  were  incorporated  into  the  3'  ends  of 
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the  DNA  strands  by  incubating  the  linear  molecule  for  5  minutes  at  37  °C,  then  20  minutes  on  ice,  at  0.25 
mg  DNA/ml  in  the  following  reaction  mixture:  33  mM  Tris  acetate  pH  7.9,  66  mM  potassium  acetate,  10  mM 
Mg  acetate,  0.5  mM  dithiothreitol,  0.1  mg/ml  bovine  serum  albumin,  2.5  mM  each  S-dA,  S-dG,  S-dC,  and  S- 
dT  (purchased  from  P-L  Biochemicals),  and  250  units/ml  T4  DNA  polymerase.  Preliminary  experiments 

5  showed  DNA  treated  in  this  way  became  resistant  to  the  3'->5'  exonuclease  activity  of  exonuclease  III,  by 
virtue  of  the  thionucleotides  which  were  incorporated  into  their  3'  ends  (see  S.D.  Putney,  et  al.,  Proc.  Natl. 
Acad.  Sci.  USA  78:7350-7354,  1981). 

The  protection  reaction  was  phenol  extracted,  ethanol  precipitated,  and  cut  with  BstE  II,  which  exposed 
two  unprotected  3'  ends.  After  the  BstE  II  digestion  the  DNA  was  phenol  extracted  and  applied  to  a 

io  Sephadex  G-50  column.  Fractions  containing  DNA  were  pooled,  ethanol  precipitated,  and  the  DNA  was 
dissolved  at  0.25  mg/ml  in  50  mM  Tris  HCI  pH  7.5,  10  mM  MgCI2,  5mM  2-mercaptoethanol.  To  this  mixture 
were  added  10  units  exonuclease  III  per  ug  DNA.  After  30  minutes  at  37  °C,  the  reaction  mixture  was 
applied  to  a  preparative  low  melting  point  agarose  gel,  and  the  4263  base  pHBV4711  "EB"  strand  was 
purified,  as  shown  in  Figure  9. 

is  To  make  the  opposite  strand  of  the  shortened  probe-vector,  plasmid  pBR322  was  cut  with  EcoR  V, 
protected  from  exonuclease  III  by  the  incorporation  of  thionucleotides  as  above,  then  cut  with  Pvu  II. 
Following  exonuclease  III  digestion,  the  2482  base  pBR322  "EP"  strand  was  purified  by  preparative  agarose 
gel  electrophoresis.  See  Figure  9. 

When  1.4  ng  (1  femtomol)  of  the  pHBV4711  "EB"  strand  and  0.8  ng  (1  fmol)  of  pBR322  "EP"  strand 
20  were  used  to  detect  0.5  ng  of  target  II  (Mst  I  cut  HBV  circles),  1429  colonies  ("assay  colonies")  resulted.  In 

the  absence  of  target,  12  background  colonies  were  seen.  Target  II  alone  without  any  strands  yielded  no 
colonies.  Plasmids  from  16  of  the  assay  colonies  and  8  of  the  background  colonies  were  prepared.  All  16  of 
the  assay  colony  plasmids  were  indistinguishable  in  size  from  pHBV4711,  as  expected  if  the  target/probe- 
vector  hybrid  was  accurately  repaired  in  vivo.  All  8  background  plasmids  were  considerably  smaller  than 

25  pHBV4711.  An  explanation  consistent  with  these  data  is  that  the  1419  base  gap  between  the  5'  BstE  II  end 
and  the  3'  EcoR  V  end  of  the  probe-vector  in  the  target/probe-vector  hybrid  was  repaired  in  vivo  by  the  E. 
coli  cells,  using  the  hybridized  target  strand  as  a  template.  When  10  randomly  chosen  assay  plasmids  were 
analyzed,  expected  EcoR  I  and  Xba  I  sites  were  confirmed  in  the  gap  region  of  all  10  plasmids.  Since  the 
Xba  I  site  was  absent  from  the  plasmid  from  which  the  strands  were  made  (pHBV4711),  but  was  present  in 

30  the  target,  its  presence  is  strong  evidence  that  this  region  of  the  assay  plasmids  was  derived  from  target 
DNA. 

In  effect,  this  region  of  the  target  has  been  cloned  during  the  detection  process.  This  ability  to  both 
detect  and  clone  a  nucleic  acid  sequence  is  likely  to  have  value  in  the  diagnosis  of  genetic  defects  in 
humans.  For  example,  following  detection  of  the  beta  globin  gene  with  a  probe  lacking  the  sickle  cell 

35  mutation  site,  plasmid  DNA  could  be  isolated  from  the  assay  colonies.  The  presence  of  the  sickle  cell 
mutation  (in  this  case,  the  presence  or  absence  of  a  restriction  enzyme  site)  could  then  be  assessed. 

The  invention  has  been  described  in  detail  with  particular  emphasis  on  the  preferred  embodiments,  but 
it  should  be  understood  that  variations  and  modifications  within  the  spirit  and  scope  of  the  invention  may 
occur  to  those  skilled  in  the  art  to  which  the  invention  pertains. 

40 
Claims 

1.  A  method  for  determining  the  presence,  in  a  mixture  of  DNA,  of  a  target  nucleic  acid  containing  a 
particular  base  sequence  Xi  X2  X3...Xm...Yi  Y2  Y3...Yn,  said  method  requiring  the  use  of  a  probe-vector 

45  having  a  long  strand  and  a  short  strand  or  just  a  long  strand,  wherein  the  long  strand  comprises  the 
sequence  X'm  X'm.i-X'3  X'2  X'i...Z'i  Z'2  Z'3...Z'p...Y'n  Y'n.i...Y'3  Y'2  Y:  ,  and  the  short  strand  comprises 
the  sequence  Zi  Z2  Z3...Z'P,  where  m,  n,  p  and  k  are  integers  and  wherein 

-  for  any  k,  X'k  is  the  base  complementary  to  Xk,  Y'k  is  the  base  complementary  to  Yk,  and  Z'k  is 
the  base  complementary  to  Zk,  the  ends  of  said  long  strand  of  said  probe-vector  being 

50  complementary  to  sections  of  said  target  nucleic  acid, 
-  m  +  n  is  equal  or  greater  than  1400  so  that  when  said  probe-vector  is  added  to  said  target  nucleic 

acid  under  hybridizing  conditions,  such  as  0.4  N  HCI,  0.3  M  Tris  HCI,  pH  8.1  for  about  45 
minutes,  stable  hybridization  will  occur  between  the  ends  of  said  complementary  section  of  said 
target  DNA  forming  thereby  a  circular  hybrid,  the  probe-vector  being  circularized  if  the  particular 

55  target  sequence  is  present  and  has  hybridized  to  said  probe-vector,  and 
-  the  regions  Zi  Z2  Z3...ZP  and  Z'i  Z'2  Z'3...Z'P  of  said  probe-vector  strands  contain  a  replicon  and 

confer  a  detectable  phenotype  such  that  bacteria  transformed  by  said  hybrid  are  detectable  and 
distinguishable  from  untransformed  bacteria  by  detection  of  said  phenotype, 
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-  said  method  comprising  the  following  steps: 
(A)  introducing  laid  probe-vector  to  the  sample  containing  nucleic  acid,  said  nucleic  acids  being 
single  stranded  or  being  made  single  stranded  before  or  after  the  addition  of  probe-vector,  said 
mixture  of  sample  and  probe-vector  comprising  the  test  mixture; 

5  (B)  adjusting  the  conditions  of  the  test  mixture  to  hybridization  conditions,  such  conditions  being 
favorable  for  the  formation  of  circular  hybrids  between  said  long  strand  and  short  strand  or  only 
with  said  long  strand  together  with  said  target  if  said  target  is  present  in  the  sample,  but  such 
conditions  being  unfavorable  for  the  formation  of  hybrids  between  non-target  nucleic  acids  and 
probe-vector,  the  test  mixture  after  hybridization  comprising  the  hybridization  mixture; 

io  (C)  introducing  said  hybridization  mixture  to  bacterial  cells,  said  bacterial  cells  being  predisposed 
to  transformation  by  circular  DNA  molecules  but  not  by  linear  DNA  molecules,  said  introduction 
being  made  under  conditions  which  allow  transformation  by  said  circular  hybrid  but  not  by  linear 
probe-vector,  said  bacterial  cells  lacking  the  detectable  phenotype  conferred  by  said  probe- 
vector,  said  mixture  of  bacterial  cells  and  hybridization  mixture  comprising  the  transformation 

15  mixture; 
(D)  adjusting  the  conditions  of  the  transformation  mixture  to  allow  detection  of  the  phenotypic 
marker,  said  phenotypic  marker  being  exhibited  only  by  transformed  cells,  such  a  mixture 
comprising  the  detection  mixture;  and 
(E)  detecting  the  phenotypic  marker  in  the  detection  mixture. 

20 
2.  The  method  of  claim  1  in  which  the  X'm  X'm.i-X'3  X'2  X':  and  Y'n  Y'n  YVi-  Y'3  Y'2  Y'i  segments  are 

complementary  to  target  regions  Xm  X ^ . . ^   X2  Xi  and  Yn  Yn.-|...Y3  Y2  Yi  ,  said  target  regions  being 
non  contiguous  and  separated  by  a  segment  Wi  W2  W3...Wq,  said  method  resulting  in  the  detection  of 
the  target  and  also  resulting  in  the  cloning  of  the  region  Wi  W2  W3...Wq  of  the  target,  said  region 

25  lacking  a  complementary  region  on  the  probe-vector,  wherein  q  is  an  integer. 

3.  The  method  of  claims  1  or  2  in  which  the  bacteria  are  Escherichia  coli  and  the  region  Z'i  Z'2  Z'3...Z'P 
of  the  probe-vector  contains  a  replicon  which  functions  in  E.  coli  and  a  phenotypic  marker  which  is 
detectable  in  E.  coli. 

30 
4.  The  method  of  claims  1  or  2  in  which  the  region  Z'i  Z'2  Z'3...Z'P  of  the  probe-vector  contains  the 

replicon  of  the  plasmid  pBR322  and  the  ampicillin  resistance  gene  of  the  plasmid  pBR322. 

5.  The  method  of  claims  1  ,  2  or  4  in  which  the  conditions  of  the  detection  mixture  are  adjusted  by  placing 
35  the  detection  mixture  on  solid  agar  plates  formulated  to  allow  the  growth  of  bacterial  cells  which  have 

been  transformed  by  the  circular  hybrid,  but  which  will  not  allow  the  growth  of  bacterial  cells  which 
have  not  been  transformed  by  said  hybrid,  incubating  said  agar  plates  under  appropriate  conditions  to 
effect  section  of  transformed  bacterial  cells  and  determining  the  number  of  bacterial  colonies  on  the 
plates,  this  number  constituting  a  measure  of  the  amount  of  target  nucleic  acid  present  in  the  sample. 

40 
6.  The  method  of  claims  1,  2,  4  or  5  in  which  the  conditions  of  the  detection  mixture  are  adjusted  by 

placing  the  detection  mixture  on  solid  agar  plates  containing  the  antibiotic  ampicillin  present  in  an 
amount  sufficient  to  allow  the  growth  of  bacterial  cells  which  have  been  transformed  by  the  circular 
hybrid,  but  which  prevents  growth  of  bacterial  cells  which  have  not  been  transformed  by  said  hybrid, 

45  said  hybrid  containing  a  gene  conferring  resistance  to  ampicillin  on  bacterial  cells  harboring  the  hybrid; 
incubating  said  agar  plates  at  a  suitable  temperature  to  effect  selection  of  transformed  bacterial  cells 
and  determining  the  number  of  ampicillin  resistant  colonies,  said  number  constituting  a  measure  of  the 
amount  of  target  nucleic  acid  present  in  the  sample. 

50  7.  The  method  according  to  any  claims  1  to  4  in  which  the  target  is  viral  DNA  and  in  which  the  regions 
X'm  X'm.-|...X'3  X'2  X'i  and  Y'n  Y'n.i...Y'3  Y'2  Y'i  of  the  probe-vector  are  complementary  to  a  region  of 
the  viral  DNA. 

8.  The  method  according  to  any  of  claims  1  to  7  in  which  the  target  is  hepatitis  B  DNA  and  the  probe- 
55  vector  contains  regions  X'm  X'm.-|...X'3  X'2  X'i  and  Y'n  Y'n.i...Y'3  Y'2  Y'i  which  are  complementary  to  a 

region  of  the  hepatitis  B  viral  DNA  or  to  the  entire  hepatitis  B  viral  DNA. 

Revendicatlons 
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Precede  pour  determiner  la  presence  dans  un  melange  d'ADN  d'un  acide  nucleique  cible  contenant 
une  sequence  de  bases  particuliere  Xi  X2  X3...Xm...Yi  Y2  Y3...Yn,  ledit  procede  necessitant  I'emploi 
d'une  sonde-vecteur  ayant  un  brin  long  et  un  brin  court  ou  juste  un  brin  long,  ou  le  brin  long  comprend 
les  sequences  X'm  X'm.i-X'3  X'2  X'i...Z'i  Z'2  Z'3...Z'p...Y'n  Y  Y3  Y'2  Y'i  ,  et  le  brin  court  comprend 
la  sequence  Zi  Z2  Z3...Z'P,  ou  m,  n,  p  et  k  sont  des  entiers  et  ou 

-  pour  tout  k,  X'k  est  la  base  complementaire  de  Xk,  Y'k  est  la  base  complementaire  de  Yk  et  Z'k 
est  la  base  complementaire  de  Zk,  les  extremites  dudit  brin  long  de  ladite  sonde-vecteur  etant 
complementaires  de  sections  dudit  acide  nucleique  cible, 

-  m  +  n  est  egal  ou  superieur  a  1  400,  si  bien  que  lorsque  ladite  sonde-vecteur  est  ajoutee  audit 
acide  nucleique  cible  dans  des  conditions  d'hybridation,  telles  que  HCI  0,4  N,  Tris  HCI  0,3  M,  pH 
8,1  pendant  environ  45  minutes,  une  hybridation  stable  se  produit  entre  les  extremites  de  ladite 
section  complementaire  dudit  ADN  cible  pour  former  ainsi  un  hybride  circulaire,  la  sonde-vecteur 
etant  circularised  si  la  sequence  cible  particuliere  est  presente  et  a  ete  hybridee  a  ladite  sonde- 
vecteur,  et 

-  les  regions  Zi  Z2  Z3...ZP  et  Z'i  Z'2  Z'3...Z'P  desdits  brins  de  la  sonde-vecteur  contiennent  un 
replicon  et  conferent  un  phenotype  detectable  tel  que  les  bacteries  transformees  par  ledit  hybride 
sont  detectables  et  differenciables  des  bacteries  non  transformees  par  detection  dudit  phenotype, 

-  ledit  procede  comprenant  les  etapes  suivantes  : 
(A)  introduction  de  ladite  sonde-vecteur  dans  I'echantillon  contenant  I'acide  nucleique,  lesdits 
acides  nucleiques  etant  monocatenaires  ou  etant  rendus  monocatenaires  avant  ou  apres  I'addition 
de  la  sonde-vecteur,  ledit  melange  d'echantillon  et  de  sonde-vecteur  constituant  le  melange 
d'essai  ; 
(B)  ajustement  des  conditions  du  melange  d'essai  a  des  conditions  d'hybridation,  ces  conditions 
etant  favorables  a  la  formation  d'hybrides  circulaires  entre  ledit  brin  long  et  ledit  brin  court,  ou 
uniquement  ledit  brin  long,  et  ladite  cible,  si  ladite  cible  est  presente  dans  I'echantillon,  mais  ces 
conditions  etant  defavorables  a  la  formation  d'hybrides  entre  les  acides  nucleiques  non-cibles  et 
la  sonde-vecteur,  le  melange  d'essai  apres  I'hybridation  constituant  le  melange  d'hybridation  ; 
(C)  introduction  dudit  melange  d'hybridation  dans  des  cellules  bacteriennes,  lesdites  cellules 
bacteriennes  etant  predisposees  a  la  transformation  par  les  molecules  d'ADN  circulaires,  mais 
non  par  les  molecules  d'ADN  lineaires,  ladite  introduction  etant  effectuee  dans  des  conditions  qui 
permettent  la  transformation  par  ledit  hybride  circulaire  mais  non  par  la  sonde-vecteur  lineaire, 
lesdites  cellules  bacteriennes  etant  depourvues  du  phenotype  detectable  confere  par  ladite 
sonde-vecteur,  ledit  melange  de  cellules  bacteriennes  et  de  melange  d'hybridation  constituant  le 
melange  de  transformation  ; 
(D)  ajustement  des  conditions  du  melange  de  transformation  pour  permettre  la  detection  du 
marqueur  phenotypique,  ledit  marqueur  phenotypique  n'etant  presente  que  par  les  cellules 
transformees,  un  tel  melange  constituant  le  melange  de  detection  ;  et 
(E)  detection  du  marqueur  phenotypique  dans  le  melange  de  detection. 

Procede  selon  la  revendication  1,  dans  lequel  les  segments  X'm  X'm.-|...X'3  X'2  X'i  et  Y'n  Y'n  Y'n.i...Y'3 
Y'2  Y'i  sont  complementaires  des  regions  cibles  Xm  X ^ . . ^   X2  Xi  et  Yn  Yn.!  ...  Y3  Y2  Yi  ,  lesdites 
regions  cibles  etant  non  contigues  et  separees  par  un  segment  Wi  W2  W3...Wq,  ledit  procede  ayant 
pour  resultat  la  detection  de  la  cible  et  egalement  le  clonage  de  la  region  Wi  W2  W3...Wq  de  la  cible, 
ladite  region  etant  depourvue  d'une  region  complementaire  sur  la  sonde-vecteur,  ou  q  est  un  entier. 

Procede  selon  les  revendications  1  ou  2,  dans  lequel  les  bacteries  sont  Escherichia  coli  et  la  region  Z'i 
Z'2  Z'3...Z'P  de  la  sonde-vecteur  contient  un  replicon  qui  fonctionne  dans  E.  coli  et  un  marqueur 
phenotypique  detectable  dans  E.  coli. 

Procede  selon  les  revendications  1  ou  2,  dans  lequel  la  region  Z'i  Z'2  Z'3...Z'P  de  la  sonde-vecteur 
contient  le  replicon  du  plasmide  pBR322  et  le  gene  de  resistance  a  I'ampicilline  du  plasmide  pBR322. 

Procede  selon  les  revendications  1,  2  ou  4,  dans  lequel  les  conditions  du  melange  de  detection  sont 
ajustees  par  mise  en  place  du  melange  de  detection  sur  des  boltes  de  gelose  solide  formulee  pour 
permettre  le  developpement  des  cellules  bacteriennes  qui  ont  ete  transformees  par  I'hybride  circulaire, 
mais  ne  permettant  pas  le  developpement  des  cellules  bacteriennes  qui  ont  ete  transformees  par  ledit 
hybride,  incubation  desdites  boltes  de  gelose  dans  des  conditions  appropriees  pour  effectuer  la 
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selection  des  cellules  bacteriennes  transformees  et  determination  du  nombre  des  colonies  bacteriennes 
sur  les  boltes,  ce  nombre  constituant  une  mesure  de  la  quantite  de  T'acide  nucleique  cible  present 
dans  I'echantillon. 

5  6.  Procede  selon  les  revendications  1  ,  2,  4  ou  5,  dans  lequel  les  conditions  du  melange  de  detection  sont 
ajustees  par  mise  en  place  du  melange  de  detection  sur  des  boltes  de  gelose  solide  contenant 
I'antibiotique  ampicilline  present  en  une  quantite  suffisante  pour  permettre  le  developpement  des 
cellules  bacteriennes  qui  ont  ete  transformees  par  I'hybride  circulaire,  mais  empechant  le  developpe- 
ment  des  cellules  bacteriennes  qui  n'ont  pas  ete  transformees  par  ledit  hybride,  ledit  hybride  contenant 

io  un  gene  conferant  la  resistance  a  I'ampicilline  aux  cellules  bacteriennes  hebergeant  I'hybride  ; 
incubation  desdites  geloses  a  une  temperature  appropriee  pour  effectuer  la  selection  des  cellules 
bacteriennes  transformees  et  determination  du  nombre  des  colonies  resistantes  a  I'ampicilline,  ce 
nombre  constituant  une  mesure  de  la  quantite  de  I'acide  nucleique  cible  present  dans  I'echantillon. 

is  7.  Procede  selon  I'une  quelconque  des  revendications  1  a  4,  dans  lequel  la  cible  est  de  I'ADN  viral  dans 
lequel  les  regions  X'm  X'm.-|...X'3  X'2  X'i  et  Y'n  Y'n.i...Y'3  Y'2  Y'i  de  la  sonde-vecteur  sont  complemen- 
taires  d'une  region  de  I'ADN  viral. 

8.  Procede  selon  I'une  quelconque  des  revendications  1  a  7,  dans  lequel  la  cible  est  I'ADN  de  I'hepatite  B 
20  et  la  sonde-vecteur  contient  les  regions  X'm  X'm.-|...X'3  X'2  X'i  et  Y'n  Y'n.i...Y'3  Y'2  Y'i  qui  sont 

complementaires  d'une  region  de  1'ADN  viral  de  I'hepatite  B  ou  de  la  totalite  de  I'ADN  viral  de 
I'hepatite  B. 

Patentanspruche 
25 

1.  Ein  Verfahren  zum  Bestimmen  der  Anwesenheit,  in  einer  Mischung  von  DNA,  von  einer  gezielten 
Nukleinsaure,  enthaltend  eine  bestimmte  Basensequenz  Xi  X2  X3...xm...Yi  Y2  Y3...Yn,  wobei  die 
Methode  die  Verwendung  einer  Vektorprobe  mit  einem  langen  Strang  und  einem  kurzen  Strang  oder 
nur  einem  langen  Strang  verlangt,  worin  der  lange  Strang  die  Sequenz  X'm  X'm.i...X'3X'2X'i  ...Z'i  Z'2 

30  Z'3...Z'p...Y'nY'n.1...Y,3  Y'2  Y'i  umfa/St,  und  der  kurze  Strang  die  Sequenz  Zi  Z2  Z3...Z'P  umfa/St,  worin  m, 
n,  p  und  k  ganze  Zahlen  sind,  und  worin 

-  fur  jedes  k,  X'k  die  komplementare  Base  zu  Xk  ist,  Y'k  die  komplementare  Base  zu  Yk  ist  und  Z'k 
die  komplementare  Base  zu  Zk  ist,  wobei  die  Enden  des  langen  Strangs  der  Vektorprobe 
komplementar  zu  Abschnitten  der  Zielnukleinsaure  sind, 

35  -  m  +  n  gleich  oder  gro/Ser  als  1400  sind,  so  da/S,  wenn  die  Vektorprobe  zu  der  Zielnukleinsaure 
unter  Hybridisierungsbedingungen,  wie  0,4  N  HCL,  0,3  M  Tris  HCL,  pH  8,1  fur  ungefahr  45 
Minuten,  zugesetzt  wird,  stabile  Hybridisierung  zwischen  den  Enden  des  komplementaren  Ab- 
schnitts  der  Ziel-DNA  erfolgen  wird,  wodurch  ein  zirkulares  Hybrid  gebildet  wird,  wobei  die 
Vektorprobe  zirkularisiert  wird,  wenn  die  spezielle  Zielsequenz  anwesend  ist  und  an  die  Vektor- 

40  probe  hybridisiert  hat,  und 
-  die  Regionen  Zi  Z2  Z3...ZP  und  Z'i  Z'2  Z'3...Z'P  der  Vektorprobenstrange  ein  Replikon  enthalten 

und  einen  nachweisbaren  Phanotyp  verleihen,  derart,  da/S  mit  dem  Hybrid  transformierte  Bakte- 
rien  nachweisbar  und  unterscheidbar  von  nichttransformierten  Bakterien  sind  durch  Nachweis  des 
Phanotyps, 

45  -  wobei  das  genannte  Verfahren  die  folgenden  Stufen  umfa/St: 
(A)  Einfuhren  der  Vektorprobe  in  die  Analysenprobe,  enthaltend  Nukleinsaure,  wobei  die  Nuklein- 
sauren  einzelstrangig  sind  oder  einzelstrangig  gemacht  werden  vor  oder  nach  dem  Zusatz  von 
Vektorprobe,  wobei  die  Mischung  aus  Analysenprobe  und  Vektorprobe  die  Testmischung  umfa/St; 
(B)  Einstellen  der  Bedingungen  der  Testmischung  auf  Hybridisierungsbedingungen,  wobei  solche 

50  Bedingungen  fur  die  Bildung  zirkularer  Hybride  zwischen  dem  langen  Strang  und  dem  kurzen 
Strang  oder  nur  zwischen  dem  langen  Strang  zusammen  mit  dem  Ziel,  falls  das  Ziel  in  der 
Analysenprobe  vorhanden  ist,  bevorzugt  sind,  aber  solche  Bedingungen  nicht  bevorzugt  sind,  die 
zur  Bildung  von  Hybriden  zwischen  Nicht-Zielnukleinsauren  und  Vektorprobe  fuhren,  wobei  die 
Testmischung  nach  Hybridisierung  die  Hybridisierungsmischung  umfa/St; 

55  (C)  Einfuhren  der  Hybridisierungsmischung  in  Bakterienzellen,  wobei  die  Bakterienzellen  emp- 
fanglich  gegenuber  Transformation  durch  zirkulare  DNA-Molekule  aber  nicht  durch  lineare  DNA- 
Molekule  sind,  wobei  das  Einfuhren  unter  Bedingungen  erfolgt,  die  die  Transformation  durch  das 
zirkulare  Hybrid  aber  nicht  durch  lineare  Vektorprobe  zulassen,  wobei  die  Bakterienzellen  den 

10 
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durch  die  Vektorprobe  verliehenen  nachweisbaren  Phanotyp  nicht  besitzen,  wobei  die  Mischung 
aus  Bakterienzellen  und  Hybridisierungsmischung  die  Transformationsmischung  umfa/St; 
(D)  Einstellen  der  Bedingungen  der  Transformationsmischung,  urn  den  Nachweis  des  phanotypi- 
schen  Markers  zu  ermoglichen,  wobei  der  phanotypische  Marker  nur  von  transformierten  Zellen 

5  gezeigt  wird,  wobei  eine  solche  Mischung  die  Nachweismischung  umfa/St;  und 
(E)  Nachweisen  des  phanotypischen  Markers  in  der  Nachweismischung. 

2.  Das  Verfahren  nach  Anspruch  1,  in  dem  die  X'm  X'm.i-X'3  X'2  XV  und  Y'n  Y'n  Y'n.i...Y'3  Y'2  YV 
Segmente  komplementar  zu  den  Zielregionen  Xm  X ^ . . ^   X2  Xi  und  Yn  Yn.-|...Y3  Y2  Yi  sind,  und  wobei 

io  die  Zielregionen  nicht  zusammenhangen  und  durch  ein  Segment  Wi  W2  W3...Wq  getrennt  sind,  wobei 
das  Verfahren  zu  dem  Nachweis  des  Ziels  fuhrt  und  auch  zu  dem  Klonieren  der  Region  Wi  W2 
W3...Wq  des  Ziels  fuhrt,  wobei  der  Region  eine  komplementare  Region  auf  der  Vektorprobe  fehlt,  worin 
q  eine  ganze  Zahl  ist. 

is  3.  Das  Verfahren  nach  Anspruchen  1  oder  2,  in  dem  die  Bakterien  Escherichia  coli  sind  und  die  Region 
Z'i  Z'2  Z'3...Z'P  der  Vektorprobe  ein  Replikon,  das  in  E.  coli  arbeitet,  und  einen  phanotypischen  Marker, 
der  in  E.  coli  nachweisbar  ist,  enthalt. 

4.  Das  Verfahren  nach  Anspruchen  1  oder  2,  in  dem  die  Region  Z'i  Z'2  Z'3...Z'P  der  Vektorprobe  das 
20  Replikon  des  Plasmids  pBR322  und  das  Ampizillin-Resistenzgen  des  Plasmids  pBR322  enthalt. 

5.  Das  Verfahren  nach  Anspruchen  1,  2  oder  4,  in  dem  die  Bedingungen  der  Nachweismischung 
eingestellt  werden  durch  Aufbringen  der  Nachweismischung  auf  Festagarplatten,  der  so  zusammenge- 
setzt  ist,  da/S  er  das  Wachstum  der  Bakterienzellen,  die  mit  dem  zirkularen  Hybrid  transformiert  worden 

25  sind,  zula/St,  aber  der  das  Wachstum  der  Bakterienzellen,  die  nicht  mit  dem  Hybrid  transformiert 
worden  sind,  nicht  zula/St,  Inkubieren  der  Agarplatten  unter  geeigneten  Bedingungen,  urn  die  Selektion 
der  transformierten  Bakterienzellen  zu  bewirken,  und  Bestimmen  der  Anzahl  von  Bakterienkolonien  auf 
den  Platten,  wobei  diese  Anzahl  ein  Mali  fur  die  Menge  an  in  der  Analysenprobe  vorhandener 
Zielnukleinsaure  darstellt. 

30 
6.  Das  Verfahren  nach  Anspruchen  1,  2,  4  oder  5,  in  dem  die  Bedingungen  der  Nachweismischung 

eingestellt  werden  durch  Aufbringen  der  Nachweismischung  auf  Festagarplatten  enthaltend  das  Antibio- 
tikum  Ampizillin,  das  in  einer  ausreichenden  Menge  vorhanden  ist,  urn  das  Wachstum  der  Bakterienzel- 
len,  die  durch  das  zirkulare  Hybrid  transformiert  worden  sind,  zuzulassen,  aber  die  das  Wachstum  von 

35  Bakterienzellen,  die  nicht  durch  das  Hybrid  transformiert  worden  sind,  verhindert,  wobei  das  Hybrid  ein 
Gen  enthalt,  das  den  das  Hybrid  tragenden  Bakterienzellen  Resistenz  gegenuber  Ampizillin  verleiht; 
Inkubieren  der  Agarplatten  bei  einer  geeigneten  Temperatur,  urn  die  Selektion  von  ampizillinresistenten 
Kolonien  zu  bewirken,  und  Bestimmen  der  Anzahl  der  ampizillinresistenten  Kolonien,  wobei  die  Anzahl 
ein  Mali  fur  die  Menge  an  in  der  Analysenprobe  vorhandener  Zielnukleinsaure  darstellt. 

40 
7.  Das  Verfahren  gema/S  einem  der  Anspruche  1  bis  4,  in  dem  das  Ziel  eine  virale  DNA  ist,  und  in  dem 

die  Regionen  X'm  X'm.i-X'3  X'2  X'i  und  Y'n  YVi-Y'3  Y'2  Y'i  der  Vektorprobe  komplementar  zu  einer 
Region  der  viralen  DNA  sind. 

45  8.  Das  Verfahren  gema/S  einem  der  Anspruche  1  bis  7,  in  dem  das  Ziel  eine  Hepatitis  B  DNA  ist,  und  die 
Vektorprobe  Regionen  X'm  X'm.i-.  X'3  X'2  X'i  und  Y'n  YVi-Y'3  Y'2  Y'i  enthalt,  die  komplementar  zu 
einer  Region  der  Hepatitis  B  viralen  DNA  oder  zu  der  gesamten  Hepatitis  B  viralen  DNA  sind. 

50 

55 
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